
UNIVERSITY OF PRETORIA 


SECURITY SERVICES 


A Safety Guide for our International Visitors


Crime happens ~ere, at anytime, to anyone! 

Safety Tips 

Do not leave attractive or valuable items near windows, on car seats, or anywhere where they can be seen by 
passers-by. 

When out waiking 
o Never waik alone, always in groups of 2 or more. 
o Avoid the same route every time. 
o Teli someone where you are going and how long you will be away. 

Always carry your cellphone either on a belt or in a travel wallet around your waist. 

Never accept a lift from a stranger. 

When shoppirig, keep your wallet, purse, and credit cards on your person. Be wary when negotiating or 
examining merchandise. Make sure that you are not being pick-pocketed. Wallets and purses should never be 
put into the back pockets of trousers. 

• Avoid carrying large amounts of money with you. 
• Do not flash large amounts of money in public. 
• Always limit the number of bags, parceis, or packages that you carry so that you are not overloaded 

and vulnerable. 

Keep valuables locked up. 

Keep rooms locked. Do not lend your keys to anyone. 

Criminals target easy victims. Do not afford them the opportunity. Show a confident attitude. 

Criminals often target tourists whom they identify by different languages or clothing, as they know that court 
proceedings will take longer than the tourist's holiday —if they are caught! 

Crimes that frequently occur: 
o Theft of and from motor vehicles 
• Theft of cellphones and purses 
• Hi-jacking 
• Robbery (ATM's) 
• Muggings 

Criminals of every category rely on opportunity and so it is sensible to reduce that opportunity wherever 
possible. 

We have to stop thinking "It's never going to happen to me" and start thinking What can 1 do to prevent it 
from happening to me?" 

Important telephone number 
Police (Flying Squad) 	 -	 10111	 UP Crisis Line	 - 0800 006428 
University Security 	 -	 (012) 420 2310	 Brooklyn Police	 -	 (012) 362 1500 
Services (24 hours) 	 -	 083 654 0476	 Fire Brigade	 - 10177 ¡(012) 342 5979 

Any other safety related enquiries 

Bes Liebenberg	 -	 (012) 420 4344 

Welcome, enjoy your stay in South Africa
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We are most grateful to the foliowing sponsors who have contributed so 


generously towards the success of this IUFRO meeting: 

City of Tshwane	 Sepa ration 

Metropolitan (jePSi 	
Contribution towards 
Scientif,c - 

Municipality - Mayoral 
CITY OF TSHWNE Opening Banquet	 conference costs 

SAPPI - Gala Forest Molecular 

sappi Farewell Dinner, Genetics Programme - 

abstracts book, pens Contribution towards (J) conference costs - 
Eucalyptus Genome

Mondi Business Paper Breakfast 
South Africa - Gala 

mondi Farewell Dinner, desk 
pad boxes and MondiBP Gauteng Tourism 

caps Authority - Beaded 
photo frames; use of 
information kiosk at 

SweTree Technologies international arrivals 
— Conferencebagsand hall, Johannesburg 
Tshiils Airport 

DST/NRF Centre of Central Timber Co-

Q
Excellence in Tree operative (CTC) - 
Health Biotechnology Contribution towards 

C11-B (CTHB) - Conference conference costs 
centre hire 

National Research 
Foundation (NRF) - Bio-rad - Keyrings 

Contribution towards 
RF keynote speaker 

costs 

Forestal Oriental SA Tshwane Visitors 

(FOSA) - Lanyards CC - Visitors' Guide

Tree Protection Co-	 Roche Molecular 
operative Programme	 Diagnostics - Pens 

p P - Group photo 
L-c

SAA - Special rates on	 AEC - Amersham Pty 
Ud - Mineral water 

AIRWAYS	 - flight tickets	 AEC-Amersham 



CONFERENCE ORGANISATION 
Hosted by: University of Pretoria, Pretoria, South Africa 
Forestry and Agricultura¡ Biotechnology Institute (FABI) 

Organised by: Prof. Brenda Wingfield and Dr. Zander Myburg 

Current Working Party Committee (IUFRO Division 2, Unit 2.04.06 Molecular biology of forest trees) 
Bjrn Sundberg (Coordiriator, Sweden), Zander Myburg (Deputy, South Africa) and Dave Ellis (Deputy, USA) 

2005 Organislng Committee 

.

Zander Myburg (FABI) Zander.Myburg@fabi.up.ac.za 

Brerida Wingfield (FABI) Brenda.Wingfield@fabi.up.ac.za 

Mike Wingfield (FABI) Mike.Wingfield@fabi.up.ac.za  

Teresa Coutinho (FABI) Teresa.Coutinho@fabi.up.ac.za  

Jolanda Roux (FABI) Jolanda.Roux@fabi.up.ac.za 

Jenny Hale (FABI) Jenny.Hale@fabi.up.ac.za 

Arlene Bayley (Sappi) Arlene.Bayley@sappi.com 

Nicci Edwards (Mondi) Nicola.Edwards@mondibp.com 

Sascha Beck (ICFR) Sascha@icfr.unp.ac.za  

Terry Stanger (Sappi) Terry.Stanger@sappi.com 

2005 Scientific Planning Committee: 

Zander Myburg (South Africa) - 
Scientífic Coordinator zander.myburg@fabi.up.ac.za 

Jerry Tuskan (USA) tuskanga@ornl.gov  
Wout Boerjan (Belgium) woboe@gengenp.rug.ac.be  
Darlo Grattapaglia (Brazil) dario@cenargen.embrapa.br 
Mike Wirigfield (South Africa) Mike.wingfield@fabi.up.ac.za  
Bjorn Sundberg (Sweden) Bjorn.sundberg@genfys.slu.se 
Arlene Bayley (South Africa) Arlene.Bayley@isappi.com  
Bernard SÍippers (South Africa) bernard.slippers@fabi.up.ac.za  
Symposium Organisers 
Jerry Tuskan (Si) tuskanga@ornl.gov 
Darlo Grattapaglia (Si) dario@cenargen.embrapa.br 
Jan Stenlid (52) Jan.Stenlid@mykopat.slu.se  
Mike Wingfield (S2) Mike.wingfield@fabi.up.ac.za 
Magnus Hertzberg (S3) Magnus.Hertzberg@SweTree.com  
Joerg Bohlmann (S3) bohlmann@msl.ubc.ca 
Maud Hinchee (54) mahinch@arborgen.com  
Susan McCord (S4) susan_mccord©forestbiotech.org 
Christophe Plomion (S5) plomion@pierroton.inra.fr  
Matias Kirst (55) mkirst@ifas.ufl.edu 
Rishi Bhalerao (S6) Rishi.Bhalerao@genfys.slu.se 
Antje Rohde (S6) anroh@psb.ugent.be 
Amy Brunner (56) amy.brunner@oregonstate.edu 
Ulrika Egertsdotter (57) uegertsd@vt.edu 
Rick Mellan (S7) rmeilan©purdue.edu 
Wout Boerjan (58) woboe@gengenp.rug.ac.be  
Bjbrn Sundberg (58) Bjorn.sundberg©genfys.slu.se 
Arle Altman (S9) altman@agri.huji.ac.il 
Andrea Polle (S9) apolle@gwdg.de

Conference Secretariat 
Sane Mehl, Corrie Moil and Althea Holworthy 
(iufro2OO5@conferencecontacts.co.za , TeP 083 252 7094) 
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DIRECTIONS TO SAMMY MARKS CON VENTION 
CENTRE 

(Monday 7 November 2005) 
Tel: 
Danie (012) 358 4931 
Chantel (012) 358 4775 

From the University main gate turn Ieft into Lynnwood Road, turn Ieft into 
Duncan Street and left into Pretorius Street (one-way). 
Turn right mio Van der Walt Street (one-way) and right into Vermeulen Street 
(one-way). 

Keep to your right. 
On the right hand side (just past the bridge leading to Munitoria), you will see 
Interpark "Public Parking" and a sign to the Sammy Marks Convention Centre 
Turn right into the parking area. 

•	 Follow the signs ¡n the parking to the lift. 
Select the first floor - there is a Sammy Marks Convention Centre Label next 
to it. 
FoIlow signage from the lift to the entrance to the Sammy Marks Convention 
Centre.
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BUS SCHEDULE 

SUN DAY 6 NOVEMBER 
DEPARTURE TIMES FROM HOTEIS FOR REGSITRATION 

Bus No 1 2 3 
SHERATON HOTEL 13:30 15:15 17:00 
COURTCLASSIQUE 13:45 15:30 17:15 
COURTYARD 14:00 15:45 17:30 
HOUDAY INN HATFIELD 14:15 16:00 17:45 
HATFIELD MANOR HOTEL 14:30 16:15 18:00 
HATFIELD LODGE 14:45 16:30 18:15

RETURN TO ALL HOTELS AFTER FUNCTION AT 21:30 

7 - 11 NOVEMBER 2005. 
ROUTE 1— SHERATON 
MORNING: 
07:40 Depart Sheraton Hotel 
08:00 Arrival University of Pretoria 

AFTERNOON 
17:15 Departure University of Pretoria 
17:25 Arrival Sheraton Hotel 

ROUTE 2— ARCADIA 
MORNING: 
07:30 Depart Court Classique 
07:45 Depart Courtyard Arcadia 
08:00 Arrival University of Pretoria 

AFTERNOON 
17:15 Departure University of Pretoria 
17:25 Arrival Courtyard Arcadia 
17:35 Arrival Court Classique 

.	 ROUTE 3— HATFIELD 
MORNING: 
07:30 Depart Holiday Inn Hatfietd 
07:45 Depart Hatfield Manor Hotel 
08:50 Depart Hatfield Lodge 
08:00 Arrival University of Pretoria 

AFTERNOON 
17:15 Departure University of Pretoria 
17:25 Arrival Hatfield Lodge 
17:30 Arrival Hatfield Manor Hotel 
17:40 Arrival Holiday Inn Hatfield 



CONFERENCE PROGRAMME OVERVIEW 

Sunday —6 November 2005 
14:00 Conference Secretariat opens 

Conference registration from 14:00 to 18:00 

Poster boards available - afl posters must be on display by 18:00 

18:00 Official welcoming on behalfofthe University of Pretoria 

18:15 Official welcoming on behalfofFABl and IUFRO (Mike Wingfield) 

18:30 Overview of Conference Schedule and General Information (Zander Myburg and Brenda Wingfield) 

19:00 Cheese & Wine Cocktail Welcome Reception at San lam Auditorium 

Monday - 7 November 2005 
• 08:15 Official welcoming on behalf of the IUFRO Working Party (Bjórn Sundberg) 

08:30 Symposium 1. Tree biotechnology in the postgenomic era 

12:00 IUFRO 2005 Group Photo 

12:15 Lunch and poster viewing 

13:30 Symposium 2. Tree interactions with pests, pathogens and symbionts 

19:00 Opening Gala Reception, hosted by the Mayor of the City of Tshwane 

Tuesday - 8 November 2005 
08:30 Symposium 3. Breakthrough and high-throughput technologies for functional and structural genomics in 

trees 

12:00 Lunch and poster viewing 

13:40 Symposium 4. Forest biotechnology adoption and the impact of the economic, scientific and societal value .  

chains 

19:00 African palette cuisine at the Sunset Boma (Overlooking the Cradie of Humankind), Blue HilIs, Midrand, 

Wednesday - 9 November 2005 
07:00 Euca/yptus Genome Breakfast (Sanlam Auditorium Dining Hall) 

07:30 Business Meeting of the International Euca/yptus Genome Consortium (SRC Hall) 

08:30 Symposium 5. Genome-directed tree improvement: Application of genomics to understand the genetics, 
evolution and ecology of tree populations 

12:00 Lunch and poster viewing 

14:00 Visit De Wildt Cheetah Sanctuary (optional) 

19:30 Traditional Afrikaner dinner and entertainment at Voortrekker Monument
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Thursday - 10 November 2005 
08:30 Symposium 6. Molecular biology and biotechnology of tree development 

12:00 Business Meeting of IUFRO Working Party 2.04.06 (Molecular biology offoresttrees) 

12:30 Lunch and posterviewing 

13:30 Symposium 6. (continue). Molecular biology and biotechnology of tree development 

14:50 Symposium 7. (Parallel Session). From somatic embryos to genetic engineering 

14:50 Symposium 8. Part 1. (Parallel Session) Biotechnology and metabolic engineering of wood formation in 

trees 

19:00 Gala Farewell Dinner at Pretoria Country Club 

Friday - 11 November 2005 
08:30 Symposium 8. Part II. Biotechnology and metabolic engineering of wood formation in trees 

11:50 Lunch (Al¡posters have to be removed by the end of lunch) 

13:20 Symposium 9. Abiotic stress: Interaction of trees with the environment 

16:50 Meeting ends

9



DETAILED SCIENTIFIC PROGRAMME 

Sunday -6 November 2005 

13:30 Buses start departing from Conference Accommodation to the Conference Venue (Sanlam Auditorium) - 

three buses will depart from each hotel at the times indicated below 

Bus No	 1	 2	 3 

Sheraton Hotel 13:30 15:15 17:00 

CourtClassique 13:45 15:30 17:15 

Courtyard Arcadia 14:00 15:45 17:30 

Holiday Inn Hatfield 14:15 16:00 17:45 

Hatfield Manor Hotel 14:30 16:15 18:00 

1	 Hatfield Lodge 14:45 16:30 18:15 

14:00 Conference Secretariat opens 

Conference registration from 14:00 to 18:00 

Poster boards available - ah posters must be on display by 18:00 

18:00 Official welcoming on behalf of the University of Pretoria 

18:15 Official welcoming on behalf of FABI and IUFRO (Míke Wingfield) 

18:30 Overview of Conference Schedule and General Information (Zander Myburg and Brenda Wingfield) 

19:00 Cheese & Wine Cocktail Welcome Reception at Sanlam Auditorium 

21:30 Buses depart for Conference Accommodation 

• Monday - 7 November 2005 

07:30 Buses depart for Conference Venue (Sanlam Auditorium) 

08:15 Official welcoming on behalf of the IUFRO Working Party (Bjórn Sundberg) 

Symposium 1. Tree biotechnology in the postgenomic era 

Chairs: Jerry Tuskan, Dario Grattapaglia (Venue, Sanlam Auditorium) 

08:30 Amy Brunner Pienary presentation: FROM GENOME SEQUENCE TO TRANSCRIPTOME: STUDIES 
USING A WHOLE-GENOME POPLAR MICROARRAY (51,1) 

09:00 Gerald Tuskan Pienary presentation: THE POPULUS GENOME: GENOME-WIDE DUPLICATION, 
SUBFUNCTIONALJZATION AND PERENNIAL WOODY HABIT (51.2) 

09:30 Tea and Coffee Break 

10:00 Simon Southerton IDENTIFICATION OF GENES CONTROLLING WOOD FIBRE PROPERTIES IN FUCALYPTUS 
NITENS (51.3) 

10:20 Carlos Labate PROTEOMIC ANALYSIS OF WOOD FORMATION AT DIFFERENT STAGES OF DEVELOPMENT 
OF EUCALYPTUS GRANDIS (S1.4)



10:40 Udaya Kalluri 	 FUNCTIONAL GENOMIC STUDIES OF AUXIN SIGNAUNG ANO RESPONSE GENES IN 
POPULUS (51.5) 

11:00 Chung-Jui Tsai	 A FUNCTIONAL GENOMICS INVESTIGATION OF CARBON PARTITIONING AMONG 
SECONDARY METABOLITE POOLS IN POPULUS (51.6) 

11:20 Jan Karlsson	 UPSC-BASE - TREE TRANSCRIPTOMICS ONLINE (S1.7) 

11:40 Georgios Pappas 	 SAMPLE SEQUENCING OF 3 MEGABASES OF SHOTGUN DNA OF EUCALYPTUS GRANDIS: 
GENOME STRUCTURE, REPETITIVE ELEMENTS ANO GENES (51.8)	 --

12:00 IUFRO 2005 Group Picture (ah attend please) 

12:15 Lunch and posterviewing (odd numbers manned) 

Symposium 2. Tree interactions with pests, pathogens and symbionts 

Chairs: Jan Stenlid, Mike Wingfield (Venue, Sanlam Auditorium) 

13:30 Louis Bernier	 Plenary presentation: GENOME EXPLORATION IN THE DUTCH ELM DISEASE FUNGUS, 
OP/-IIOSTQMA NOVO-ULMI (52.1) 

14:00 Jan Stenlid	 Pienary presentation: RECENT STUDIES IN THE CONIFER - HETEROBASIDION 
PATHOSYSTEM (52.2) 

14:30 Guillermo Salvatierra TRANSCRIPTIONAL PROFILE OF THE METABOLIC RESPONSE OF EUCALYPTUS GRANDJS 

TO THE FUNGAL PATHOGEN PUCCINIA PSIDII (52.3) 

14:50 Carl Gunnar Fossdah DEFENSE REACTIONS IN NORWAY SPRUCE TOWARD THE PATHOGENIC ROOT-ROT 
CAUSING FUNGUS HETEROBASIDION ANNOSUM (S2.4) 

15:10	 Tea and Cotfee Break 

REGULATION OF CARBON TRANSFER IN THE MISTLETOE-HOST (POPLAR) INTERFACE 15:40 Elisabeth Magel	 (525) 

16:00 Bongani Maseko	 SCREENING AND SELECTION OF HALF-SIB FAMILIES OF EUCALYPTUS SMITHII FOR 
TOLERANCE TO PHYTOPHTHORA C1NNAMOMIAND P. NICOTIANAE (S2.6) 

16:20 Armand Séguin	 INTERACTING GENOMES IN TREE-PEST RESPONSE (S2.7) 

16:40 V. Legué	 STUDIES OF SIGNALLING PATHWAYS IN RESPONSE TO HYPAPHORINE AND TO 
HYPAPHORINE/IAA COMPETITIVE INTERACTION IN EUCALYPTUS ANO POPLAR ROOTS 
(S2.8) 

17:15 Buses departfor Conference Accommodation 

18:15 Buses depart for Evening Social Programme 

19:00 Opening Gala Reception, hosted by the Mayor of the Metropohitan City of Tshwane 

22:00 Buses start departing for Conference Accommodation 

Tuesday - 8 November 2005 

07:30 Buses depart for Conference Venue (Sanlam Auditorium) 

Symposium 3. Breakthrough and high-throughput technologies for tunctional and structural 
genomics in trees 

Chairs: Magnus Hertzberg, Joerg Bohlmann (Venue, Sanlam Auditorium) 

08:30 Thomas Moritz	 Pienary presentation: METABOLITE PROFILING OF POPULUS: INSTRUMENTATION, 
CHEMOMETRICS AND DATABASES FOR INTEGRATION IN TREE BIOTECHNOLOGY (53.1) 

09:00 John MacKay	 Pienary presentation: A FUNCTIONAL GENOMICS APPROACH TO IDENTIFYING



POTENTIAL REGULATORS OF TREE GROWTH, DEVELOPMENT AND DEFENSE RESPONSES 
(S3.2) 

09:30 Tea and Coifee Break 
10:00 Joerg Bohlmann THE NEED FOR HIGH-THROUGHPUT BIOCHEMICAL GENOMICS: TERPENOID SYNTHASES 

AND P450 ENZYMES IN CONIFER DEFENSE (S3.3) 
10:20 Armin Wagner FUNCTIONAL GENE TESTING IN PINUS RADIATA CALLUS CULTURES (S3.4) 

10:40 Timothy Tschaplinski COMBINING METABOLOMICS AND QTL ANALYSIS FOR IDENTIFYING MQTL ANO GENE 
DISCOVERY IN POPLAR (S35) 

11:00 Fredrik Sterky CHARACTERIZATION OF REGULATORY GENES IN THE SECONDARY MERISTEM OF POPULUS 
BY IN SITU PROTEIN LOCALIZATION (3.6) 

11:20 Dustin Lippert THE INTRICACIES AND INCENTIVES OF HIGH-THROUGHPUT PROTEOMICS IN ITS APPLICATION 
TO TREE BIOLOGY (S37) 

11:40 Sergio A BAC LIBRARY OF EUCALYPTUS GRANDIS: CHARACTERIZATION, FINGERPRINTING, BAC-
Brommonschenkel END SEQUENCING AND SHOTGUN ASSEMBLY OF LIGNIFICATION GENES (53.8) 

12:00 Lunch and posterviewing (even numbers manned) 

Symposium 4. Forest biotechnology adoption and the impact of the economic, scientific and 
societal value chains 

Chairs: Maude Hinchee and Susan McCord (Venue, Sanlam Auditorium) 

The Economic Value Chain 

13:40 Peter Farnum (Weyerhaeuser Company) HOW BIOTECHNOLOGY WILL IMPACT THE FOREST PRODUCTS 
INDUSTRY (S4.1) 

14:05 Maud Hinchee (ArborGen, LLC) THE BENEFIT OF THE APPLICATIONS OF FOREST BIOTECHNOLOGY 
(54.2) 

The Scientlfic Value Chain 

14:30 Ove Nilsson (Urneao Plant Science Centre) BASIC KNOWLEDGE EVOLUTION THROUGH TREE 
BIOTECHNOLOGY RESEARCF-I (S4.3) 

14:55 Timothy Strabala (Scion Research) AN ASSOCIATION GENETICS ANO FUNCTIONAL GENE TESTING 
PIPELINE FOR TREE IMPROVEMENT (S4.4) 

15:20 Tea and Cotfee Break

The Societal Value Chain 

15:40 Marie Connett 	 (CAMBIA) UNBLOCKING THE OBSTACLES TO OPEN USE (S4.5) 

16:05 Steven Burke	 (North Carolina Biotechnology Center) ADOPTION OF FOREST BIOTECHNOLOGY 
WORLDWIDE: PROCESS, IMPLICATIONS, AND SOCIETAL ISSUES (S4.6) 

16:30 Speaker Panel	 QUESTION ANO ANSWER SESSION: KEY QUESTIONS ON FOREST BIOTECHNOLOGY 
ADOPTION 
(PANEL DISCUSSION LEO BY SUSAN MCCORO, INSTITUTE OF FOREST BIOTECHNOLOGY) 

17:15 Buses depart for Conference Accommodation 

Optional Evening Programme 

18:15 Buses depart for Evening Social Programme 

19:00 African palette cuisine atthe Sunset Boma (Overlooking the Cradie of Humankind), Blue HilIs, Midrand, 

22:00 Buses start departing for Conference Accommodation 



Wednesday - 9 November 2005 

06:30 Early buses depart for International Euca/yptus Genome Consortium meeting 

07:00 Euca/yptus Gen ome Breakfast (San lam Auditor¡ um Reception Area) 

07:30 Business Meeting of the International Euca/yptus Genome Consortium (SRC Council Chamber) 

07:30 Regular buses depart for Conference Venue (Sanlam Auditorium) 

Symposium 5. Genome-directed tree improvement: Application of genomics to understand the 
genetics, evolution and ecology of tree populations 

Chairs: Christophe Plomion, Matias Kirst (Venue, Sanlam Auditorium) 

08:30 Michele Morgante 

09:00 Jerry Tuskan (for 

Stephen DiFazio) 

09:30 

10:00 Brad Potts 

10:20 Dudley Huber 

10:40 Bala Thumma 

11:00 Dana Nelson

11:20 BettyPelgas 

11:40 SteveHanley

Pienary presentation: SEQUENCE DIVERSITY IN PLANTS: 15 THERE FUNCTIONAL 
VARIATION BEYOND SNPS? (S5.1) 
Pienary presentation: TOOLS AND STRATEGIES FOR IDENTIFYING CANDIDATE GENES 
FOR COMPLEX TRAITS IN POPULUS (S5.2) 

Tea and Coifee Break 
MOLECULAR INSIGHTS INTO THE GENE POOL OF EUC.4LYPTUS GLOBULUS (S5.3) 

ASSOCIATION GENETICS IN PINE - THE ADEPT2 PROJECT (S5.4) 

ASSOCIATION STUDIES IN EUCALYPTUS SPP (55.5) 

TOWARDS A COMPLETE LOBLOLLY PINE GENET!C MAP FOR APPLICATION IN MARKER-
DIRECTED POPULATION IMPROVEMENT (MDPI) (S5.6) 
COMPARATIVE MAPPING WITHIN THE GENUS PICEA AND ANALYSIS OF SYNTENY WITH 
OTHER PINACEAE (55.7) 
GENETIC ANALYSIS OF COMPLEX TRAITS IN WILLOW (S5.8) 

12:00 Lunch and postor viewing (odd numbers manned) 

13:30 Buses depart for Conference Accommodation (Attendees that do not go on the optional afternoon trip) 

Optional Afternoon Programme 	
o 

12:30 Buses depart for De Wildt Cheetah Sanctuary 

13:30 Visit De Wildt Cheetah Sanctuary 

16:30 Buses depart for Conference Accommodation 

Optional Evening Programme 

18:30 Buses depart for Evening Social Programme 

19:00 Traditional Afrikaner dinner and entertainment at Voortrekker Monument 

21:30 Buses start departing for Conference Accommodation 



Thursday - 10 November 2005 

07:30 Buses depart for Conference Venue (Sanlam Auditorium) 

Symposium 6. Molecular biology and biotechnology of tree development 

Chairs: Antje Rohde, Amy Brunner and Rishi Bhalerao (Venue, Sanlam Auditorium) 

08:30 Andrew Groover Pienary presentation: GENETIC MECHANISMS REGULATING THE VASCULAR CAMBIUM 
AND SECONDARY GROWTH (S6,1) 

09:00 Rishikesh Bhalerao Pienary presentation: ANALYSIS OF REGULATION OF CAMBIAL MERISTEM ACTIVITY 
USING A GENOMICS APPROACH (S6.2) 

09:30 Tea arid Coffee Break 

10:00 Antje Rohde THE DORMANCY TRANSCRIPTOME IN APICAL BUDS OF POPLAR (56.3) 

10:20 Daniel Eriksson DIURNAL RHYTHMS OF TRANSCRIPTOME AND METABOLOME DURING PHOTOPERIODIC 
REGULATION OF SHOOT GROWTH CESSATION IN POPULUS (56.4) 

10:40 Henrik Bóhlenius REGULATION OF FLOWERING TIME IN TREES (56.5) 

11:00 Jeanette Nilsson 	 TRANSCRIPTIONAL CONTROL OF CELL IDENTITY AND DIFFERENTIATION IN THE 
VASCULAR CAMBIUM IN RELATION TO SEASONAL CHANGES AND GROWTH ACTIVITY 
(56.6) 

11:20 Taku Demura	 MASTER REGULATORS OF PROTOXYLEM AND METAXYLEM VESSEL FORMATION (S6.7) 

11:40 Gerd Bossinger 	 UNDERSTANDING CAMBIAL DEVELOPMENT AND WOOD FORMATION 15 A PATCHY 
BUSINESS (S6.8) 

12:00 Business Meeting of IUFRO Working Party 2.04.06 (Molecular biology of forest trees) 
Presentation of bid committees for next meeting 

Election of next workíng party coordinator and deputies 

12:30 Lunch and poster viewing (even numbers manned) 

Symposium 6. (continued) Molecular biology and biotechnology of tree development 

13:30 Charleen Moreau CHARACTERIZATION OF DEVELOPMENTAL PROGRAMMED CELL DEATH IN XYLEM FIBERS 
OF POPLAR (POPULUS TREMULA X TREMULOJDES): FROM ANATOMICAL TO MOLECULAR 
INSIGI-ITS INTO THE DEATH PROCESS OF W000 (56.9) 

13:50 Ulrika Egertsdotter	 GENOMICS OF CONIFER EMBRYO DEVELOPMENT (S6.10) 

14:20	 Tea and Coffee Break 

Symposium 7. (Parallel Session) From somatic embryos to genetic engineering 

Chairs: Ulrika Egertsdotter and Rick Meilan (Venue: SRC Council Chamber) 

14:50 Kurt Zoglauer Pienary presentation: AUXIN SIGNALING DURING PATTERN FORMATION OF SOMATIC 
EMBRYOS OF LARIX DECIDUA (S7. 1) 

15:20 Carmen Diaz-Sala IDENTIFICATION OF GENES RELATED TO ADVENTITIOUS ROOTING CAPACITY IN PINE 
AND CHESTNUT (57.2) 

15:40 Tuija Aronen FIELD PERFORMANCE OF SCOTS PINE CUTTINGS OF FASCICULAR SHOOT ORIGIN 
ROOTED BY AGROBACTERIUM (S7.3) 

16:00 Etsuko Matsunaga EFFICIENT TRANSFORMATION METHOD OF EUCALYPTUS GLOBULUS AND EUCALYPTUS 
CAMALDULENSIS (S7.4) 

16:20 Célia Miguel PPRAB1, A RAB-RELATED SMALL GTP-BINDING PROTEIN IS PRESENT IN PINUS PINASTER 
AND 15 EXPRESSED PREDOMINANTLY IN EARLY EMBRYOGENESIS AND SEEDLINGS (S7.5)



16:40 Mariana Vetrici 	 THE DOUGLAS-FIR LEAFYCOTYLEDON1 (PMLEC1) GENE ISA TRANSCRIPTION FACTOR 
EXPRESSED DURING EARLY SOMATIC AND ZYGOTIC EMBRYOGENESIS AND 15 
INDUCIBLE BY STRESS AND HORMONES (S76) 

Symposium 8. Part 1. (ParalIel Session) Biotechnology and metabolic engineering of wood 
formation in trees 

Chairs: Wout Boerjan, Bjórn Sundberg (Venue, Sanlam Auditorium) 

14:50	 Lise Jouanin Pienary presentation: USE OF AN ARABIDOPSIS CAD MUTANT TO DETERMINE THE 
FUNCTION OF CADS OF ARABIDOPSIS AND TREE ORIGIN (S8.1) 

15:20	 Yasushi Sato CHARACTERISATION OF A TEMPERATURE-SENSITIVE MUTANT OF ARABIDQPSIS, LIG, 
WHICH EXHIBITS ABERRANT LIGNIN DEPOSITION AND GROWTH DEFECTS (58.2) 

15:40	 Deborah Goffner STRATEGIES FOR IDENTIFYING DETERMINANTS OF SECONDARY CELL WALL FORMATION 
USING MODEL SYSTEMS (58.3) 

16:00	 Ellinor Edvarsson USE OF POPLAR AND ARABIDOPSIS MODEL SYSTEMS TO IDENT!FY GENES INVOLVED IN 
WOOD FORMATION (S8.4) 

16:20	 Jacqueline Grima- NEW MYB TRANSCRIPTION FACTORS FROM EUCALYPTUS XYLEM REGULATE SECONDARY 
CELL WALL FORMATION AND LIGNIN DEPOSITION (S8.5) 

Pettenatti 

16:40	 Toshiaki Umezawa METABOLIC PROFILING OFTHE CINNAMATE/MONOLIGNOL PATHWAY BYTHE USE OF 
STABLE-ISOTOPE-DILUTION METHOD (S8.6) 

17:15 Buses depart for Conference Accommodation 

18:15 Buses depart for Evening Social Programme 

19:00 Gala Farewell Dinner at Pretoria Country Club 

22:00 Buses start departing for Conference Accommodation 

Friday - 11 November 2005 

07:30 Buses depart for Conference Venue (Sanlam Auditorium) 

Symposium 8. Part H. Biotechnology and metabolic engineering of wood formation in trees 
r'hirc tAI.+ I,wi,n Qi,,,n	 nk-,- ('/,	 Q-nI-,,, A-44 ¡­ \ - - .--. -- - . J --..,	 - .j-.-- \• -..--,	 -...-. .... .-.--..-...I 

0830 Tuula Teeri Pienary presentation: CARBOHYDRATE ACTIVE ENZYMES IN THE HYBRID ASPEN XYLE 
(S8.7) 

09:00 Joshi Chandrashekhar THE WAYS AND MEANS OF BOOSTING CELLULOSE PRODUCTION IN TRANSGENIC TREES 
(S8,8) 

09:20 Bjórn Sundberg ENGINEERING OF WOOD STRUCTURES (S89) 

09:40 Tea and Coffee Break 
10:10 Wout Boerjan DOWN-REGULATION OF CINNAMOYL-COA-REDUCTASE IN POPLAR: FROM THE LAB TO THE 

FIELD (S8.10) 

10:30 Johan Wadenbáck NATURAL VARIATION IN LIGNIN AND THE INFLUENCE OF TRANSGENIC EXPRESSION IN 
LIGNIN BIOSYNTHESIS IN YOUNG WOOD OF NORWAY SPRUCE (S8.11) 

10:50 Heather Coleman THE JMPACT OF RNAI-MEDIATED SUPPRESSION OF P-COUMARYLSHIKIMATE 3 1 -
HYDROXYLASE EXPRESSION ON LIGNIN CONTENT AND STRUCTURE IN POPLAR (S8.12) 

11:10 Ewa Mellerowicz PECTIN METHYLESTERIFICATION AFFECTS MANY ASPECTS OF WOOD CELL DEVELOPMENT 
(58.13) 

11:30 Oded Shoseyov GROWTH ENHANCEMENT AND WOOD FIBER IMPROVEMENT BY CELL-WALL MODULATING 
PROTEINS (S8.14)



. 

11:50 Lunch 

Symposium 9. Abiotic stress: Interaction of trees with the environment 

Chairs: Arie Altman, Andrea Polle (Venue, Sanlam Auditorium) 
13:20	 Jeff rey Dean Pienary presentation: USING FUNCTIONAL GENOMICS TO DISSECT DROUGHT 

RESPONSES IN PINE (S9.1) 

13:50	 Christophe Plomion Pienary presentation: INSIGHT INTO THE GENETIC CONTROL OF MOLECULAR 
PLASTICITY: A CASE OF STUDY IN MARITIME PINE (S9.2) 

14:20	 Matthias Arend REGULATION OF WOOD GROWTI-I BY ABA IN DROUGHT STRESSED POPLAR (S9.3) 

14:40	 Basia Judith Vinocur THE POSSIBLE ROLE OF SP1 PROTEIN IN UNRAVELING SALT STRESS TOLERANCE IN 
POPULUS EUPHRATICA OL!V., A NEW HYDRO-HALOPHYTE MODEL TREE SPECIES (S9.4) 

15:00	 Tea and Coffee Break (Afl posters have to be removed by the end of break) 
15:30 Andrea Polle FROM GENES TO FUNCTION: HOW DOES POPULUS EUP!-IRATICA COMPENSATE SALT-

INDUCED OSMOTIC STRESS? (S9.5) 
15:50 Jason Holliday FUNCTIONAL AND POPULATION GENOMICS OF COLD ACCLIMATION IN PICEA 

SITCHENSIS (9.6) 
16:10 Christiane Marque CBF TRANSCRIPTION FACTORS IN EUCALYPTUS COLD TOLERANCE (S9.7) 

16:30 Carsten Kulheim PHYSIOLOGICAL AND MOLECULAR CHANGES IN RNAI MUTANT ASPEN TREES, LACKING 
THE PSBS PROTEIN (59.8)

16:50 Meeting ends 

17:00 Buses depart for Conference Accommodation (Earlier buses will be arranged for people that need to leave 

earhier) 

Buses depart for Airport (Scheduled on an individual basis) 

0



SOCIAL PROGRAMME OVERVIEW 

.

Date Time Venue Details Dress Code Remarks Cost 
Sunday 19:00 Sanlam Welcome Smart Casual Al¡ delegates Transport 
0611112005 Auditorium, Cheese & and registered R60 per 

University of Wine Cocktail accompanying person (if 
Pretoria Reception persons are not paid in 

welcome registration 
fee) 

Monday 19:00 Sammy City of Formal AH delegates Transport 
0711112005 Marks Tshwane and registered R60 per 

Convention Metropolitan accompanying person (if 
Centre Municipality persons are not paid in 

Mayoral welcome registration 
Opening fee) 
Banguet  

Tuesday 19:00 Sunset An African Smart/casual Ony delegates R 400.00 
0811112005 Boma, Blue palette, cuisine and per person 

H!ls - extravaganza. accompanying including 
Midrand persons who transport 

registered and R 340 own 
paid for this transport 
optional event  

Wednesday 12:00 De Wildt See the very Casual Only delegates R500 per 
0911112005 Cheetah rare King Hats, and person 

Sanctuary Cheetah, wild comfortable accompanying including 
dogs, brown shoes, water persons who transport 
hyena, blue bottles registered and 
duiker, suni recommended paid for this 
antelope and optional event 
species of 
vultures and 
owls  

19:00 Voortrekker Traditional Smart casual Only delegates R275 per 
Monument Afrikaner mea¡ and person 

and traditional accompanying including 
folk dancing persons who transport 
"volkspele" registered and A 215 own 
and guided patd for this transport 
tour of the optional event 
Monu ment. 
One free glass 
of wine per 
delegate with 
the dinner. 
Cash bar  

Thursday 19:00 Pretoria Gala dinner— Smart/casual Al¡ dehegates Transport 
1011112005 Country traditional and registered R60 per 

Club 'potjie kos". accompanying person (it 
Entertainment persons are not paid in 
by the welcome registration 
Soccajasco fee) 
Kids - African 
musicians



ABSTRACTS 

Si. Tree biotechnology ¡n the postgenomic era 

S2. Tree ¡nteractions with pests, pathogens and 
symbionts 

S3. Breakthrough and high-throughput technologies 
for functional and structural genomics in trees 

S4. Forest biotechnology adoptíon and the impact of 
the economic, scientific and societal value chains 

S5. Genome-directed tree improvement: Application 
of genomics to understand the genetics, 
evolution and ecology of tree populations 

.	 S6. Molecular biology and biotechnology of tree 
development 

S7. From somatic embryos to genetic engineering 

S8. Biotechnology and metabolic engineering of 
wood formation in trees 

S9. Abiotic stress: Interaction of trees with the 
environment



Si. Tree biotechnology in the postgenomic era 
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FROM GENOME SEQUENCE TO TRANSCRIPTOME: STUDIES USING A WHOLE-
GENOME POPLAR MICROARRAY 

Palitha Dharnmwardhana', Stephen P. DiFazio2 . Lee Gunter2, Amy M. Brunner' 

- Department of Forest Science, Oregon State University, Corvallis, OR 97331-5752. USA 
2- Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831-
6422, USA 
3 - Virginia Tech Department of Forestry 31 OA Cheatham Hall (0324) Blacksburg, VA 24061 

E-mail: abrunner@vt.edu 

The completion of the Populus trichocarpa genome sequence and initial annotation has 
enahied developnient of powerful genomic tools for understanding tree hiology and 
facilitating tree improveinent. Our goal was to develop a whole-genome poplar microarray 

• thai performed well with ah Papa/ns species and hyhrids. 60rner oligonucleotides were 
designed for all P. tricliocarpa gene models as wehl as divergent ESTs from aspen species and 
hyhrids. The first gerleration microarray represents 65,966 individual poplar sequences 
including nuclear, organelle and microRNA precursor genes. Initial transcriptome studies 
compare a variety of P. trichocarpa tissue types and developmental stages. For example, 
comparison of differentiating xy!em and phloem during late sumrner revealed nearly 4,000 
differentially expressed genes. Using both RNA and genomic DNA hybridization, we are also 
cornparing array performance with P. lrichoearpa versus a P. tremida x P. alba genotype 
commonly used for transformation. Additional resuhis to be presented include total number of 
genes detected as expressed by functional classitication, and expression patterns of select 
gene families in a phylogenetic context thai includes examples of recently duplicated genes 
exhibiting differential expression.

INA 
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THE	 POPULUS	 GENOME:	 GENOME-WIDE	 DUPLICATION, 
SU13FUNCTIONALIZAT1ON AND PERENNIAL WOODY HABIT 

Gerald A. Tuskan', S. P. DiFazio'. U. Hellsten 2 , J. Chapman 2, 1. Dubchak S. Jawdy', U. 
Kailuri', S. Jansson 3 , D. Rokhsar2 

- Oak Ridge National Laboratory, PO Box 2008, Oak Ridge. TN 37831-6422, USA 
2 - Joint Genome Institute, 2800 Mitchell Drive, Wainut Creek, CA 94598, USA 
3 - Department of Plant Physiology, Urnet University, SE-901 87, Umet, Sweden 

E-mail: tuskanga@ornl.gov  

The Populus Genome has experienced a receni genome-wide duplication and it shares a more 
ancient genome-wide duplication with Arabidopsis. Both the ancient and recent events are 
detectahie at the nucleotide leve], at the gene level, and at the whole-chrornosome leve]. 
Roughly, 92% of genome is covered by segments froin the recen[ duplication and 59% *.>í 
genorne is covered by segrnents from the ancieni duplication. Approximately, 39% of genes 
occur as two recent copies and 16% occur as ancieni pairs. These events, and continued 
expansion of sorne gene farnilies, have led to noticeable difference in gene family and gene 
domains hetween Populus and Arabidopsis. Comparisons based on PFAM and KOG dornains 
and tribe analysis suggests that Popu/us has between 1.63 and 1.88 genes per domain or tribe 
relative to Arahjdopsis. Severa] of these differcnccs reflect the alternate life histories of the 
two organisrns - Populus a dioecious perennial and Arabidopsis a hermaphroditic annual. 
That is, Populus has an overrepresentation of domains involved in plant-rnicrobe interactions, 
including pathogenic and synihiotic genes. Arabidopsis has an overrepresentation of self-
compatibility recognition and pollen coat genes. Populus also has an abundance of gene 
involved in prograrnrned celi death, possibly associated with intra-annual leaf abscission, fine 
root turnover and dormancy. Statistical analysis of electronic Northern data also suggests that 
the diiplicated genes in Populus are dilTerentially expressed in alternate tissues.

.
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EDENTIFICATION OF GENES CONTROLLING WOOD FIBRE PROPERTIES IN 
EUCAL YPTUS NÍTENS 

Deyou Qiu'. fain Wilson 2, Russell Washusen 3 , Gavin F. Moran', Sinion Southerton 

Ensis - A joint venture between CSIRO and SCION, PO Box E4008 Kingston, ACT 2604, 
Australia 

- Ciirrent Address: The Research Institute ot Forestry, Chinese Academy of Forestry, 
Beijing, 100091. P.R.China 
2 - CSIRO Plant Industry. Black Mountain. ACT 2601, Australia 
3 - Ensis, Bayview Ave, Clayton VIC. Australia 
4 - School of Botany and Zoology. The Australian National University, Canberra ACT 0200, 
Australia 

9	 E-mail: siinon.southerton @csiro.au 

We analyzed patterns of gene expression and variation in a number of wood properties in 
wood forming in the upper and lower sides of branches and in vertical stems of Euea/vptus 
n g tens. Cellulose and lignin contení, cellulose microtibril orientation, basic density, cellulose 
crystallinity and crystallite width were ineasured in wood samples taken froin branches and 
vertical stems. RNA isolated from developing xylem from branches and vertical stems was 
used to screen microarrays containing approxirnately 450() cDNA clones from a Euealvptus 
grancIi xylem cDNA library. Cellulose content in wood forming on the upper side of 
branches was significantly higher, while cellulose content was significantly reduced in wood 
lorming on the underside of branches, when compared to vertical stems. Klason lignin levels 
revealed an oppositc trend to cellulose content. Cellulose microfibril angle was significantly 
lower in wood from the upper side of the branch and higher in wood forming on the underside 
of branches. compared tu vertical stems. A cellulose synthase gene was identif'ied that was 
more strongly expressed un upper branch xylem. The most strongly up regulated genes in 
upper branches iiicluded two arabinogalactan proteins, while une of these genes was also 
strongly down regulated in xylem from the lower side of branches. A large number of genes 
were observed tu be differentially expressed in vertical stems and branches. 

.
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PROTEOMIC ANALYSIS OF WOOD FORMATION AT DIFFERENT STAGES OF 
DEVELOPMENT OF EUCALYPTUS GRANDIS 

Carlos A. Labate'. Alexander de Andrade', Paola F. Celedon', Karem G. Xavier', Shinitiro 
Oda2 

¡ - Laboratório Max Feifer de Genética de Plantas. Departamento de Genética, Escola 
Superior de Agricultura "Luiz de Queiroz", Universidade de So Paulo, Av. Pádua Dias n°11. 
CP 83, CEP 13400-970, Piracicaba-SP, Brazil 
2 - Suzano Papel e Celulose. Av. Brigadeiro Faria Lima n° 1355. 8°andar, CEP 01452-919 
So Paulo-SP, Brazil 

E-mail: calahate@esalq.iisp.br 

Wood is formed in trees as a consequence of secondary growth of the vascular cambium 
located between the xylern and phloem. Despite of its economical importance for the pulp and 
paper industry, timber and energy production, very little is kiiown about the genetic control oí 
wood formation. Wc have siarted a functional genomics project for parallel identification of 
genes (using the SAGE technology) and proteins involved ¡ti wood formation of Euaih'ptu 
grandis at three stages of developrnent: 0-6 months, 2.7 years and 5.5 years. Tissues from 
cambial zone at each stage of development were isolated for total RNA and proteins 
extraction. Two-dinensional gels electrophoresis were reproducibly prepared with denaturing 
isoelectric focusing iii the first dimension (pH ranges 3.0-10 and 4.0-7.0) and SDS-PAGE in 
the second dimension. GeIs were stained with Coomassie Brilliani Blue (R-250) and scanned 
for image analysis. Individual protein spots were selected ami excised from the gel and 
digested with site-specific protease trypsin, resulting in a set of tryptic peptides. The peptides 
were separated in a Symetry C18 5111n (0.32 x lSOinm) column ami amino acid sequence 
ohtained using a nanoelectrospray tandem MS (ES¡-MS/MS) Micromass Q-TOF Ultinia. The 
peptides seqitences were used lo search the public databases (NCBI and SwissProt). Different 
classes of proteins were identified at each stage of development, with the majority of proteins 
involved in primary and secondary metabolism, eclI wall formation, disease and stress 
response. The results will be presented comparing the gene and protein expression. 
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FUNCTIONAL GENOMIC STUDIES OF AUXIN SIGNALING AND RESPONSE GENES 
IN POPULUS 

Udaya C Kalturi', Chris Dervinis, Sara Jawdy', John Davis 2 , Steven P DiFazio', Gerald A 
Tu skan 

- Oak Ridge National Laboratory, PO Box 2008. Oak Ridge, TN 37831-6422 
2 - School of Forest Resources and Conservation, University of Florida. PO Box 110410, 
Gainesville, FL 32611 

E-mail: u6k@orn1.gov 

Aux/IAA (Auxin/Indole 3- Acetic Acid) and ARF (Auxin Response Factor) genes are key 
regulators of auxin responses in plants. We explored the extent of conservation and 
divergence between Pop s' ulu and Arabidopsis with respect to these two large gene farnilies. 

• There are 40 ARF genes (PoptrARF) predicted in (he Populus genorne compared to 23 ARE 
genes (ArARE) predicted in (he Arabidopsis genome. The dornain architectures of (he 
predicted PoptrARF proteins are largely conserved with (he orthologous AARFs, however, 
phylogenetic analysis shows divergence in (he expansion of certain ARF subgroups like 
ARFs 6, 16, 3, 9 and 2. The ratio of activator ARFs (possessing Q-rich middle regions) in 
Arabidopsis and Populus is 5: 13 whereas (he ratio of other ARFs is 18:27 indicating an 
enrichment of activator ARFs during Popu/us evolution, The Populus genome has 35 
Aux/IAA genes (PopiriM). while the Arabidopsis genome comains 29 AuxJIAA genes 
(Al/AA). Four groups of PoptrlAAs (PoptrIAA3, PoptrlAA29, PoptrIAA 16 and PoptrlAA27) 
Iiave expanded to conain 3 to 4 members each. Gene-specific expression studies showed that 
the PoplrIAA3 co-orthologs display differential expression in major plant organs. This 
prelirninary observation towards functional divergence following selective retention of 
duplicated genes was extended to (he global transcriptonle scale by the use of whole genome 
oligoarrays. In addition, auxin responses also were studied at the molecular leve] in time-
dose series experimen(s. Last hut foL [he Ieast. several Aux/IAA RNAi transgenics were 
generated to address our goal LO elucidate funetional roles of these genes in the context of 
Populus biology. Results froni these functional genomic studies will he discussed.
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A FUNCTIONAL GENOMICS INVESTIGATION OF CARBON PARTITIONING 
AMONG SECONDARY METABOLITE POOLS IN POPULUS 

Chung-Jui Tsai. Scott Harding', Yinan Yuan', Han-Wei Lin', Changyu Hu', Jingwei Yin', 
Robert Sykes 2 , Mark Davis 

1 - Biotechnology Research Center, School of Forest Resources and Environmental Science, 
Michigan Technological University, Houghton, Ml 49931. USA 
2 - National Renewable Energy Laboratory, Golden, CO 80020. USA 

E-mail: chtsai@mtu.edu 

Populus species accuniulate non-nitrogenous secondary metabolites, predominantly 
phenylpropanoid-derived phenolic glycosides (PGs) and condensed tannins (CTs) in their 
¡caves, roots and bark. PGs and CTs. together with vascular lignin, comprise the vast majoritv 
of secondary carbon in these tissues. In ¡caves, PGs and CTs exhihit wide variation in 
composition and quantity. and can comprise more than 35 of dry weight. How carbon is 
distributed arnong these sinks irnpacts tree fitness, growth. and utilization of tree species for 
long-terrn sequestration of atrnospheric carbon dioxide. High-throughput technologies. 
including microarray, GC-MS. NIR and pyMBMS profiling, are being used to analyze 
phenolic regulation in celi suspension cultures and hybrid cottonwood lines exhibiting a wide 
range of foliar PG and CT concentrations. Wounding and nitrogen stress were used as tools to 
perturh pheiiylpropanoid carbon allocation and partitioning. Responses included no change. 
and inducible CT or PG accumulation, in sorne cases significant enough to affect biornass 
growth. Synthesis of salicylate-derived PGs appears to depend un pathways hoth up- and 
down-stream of PAL, and the use of whole-genome microarrays is expected to help elucidate 
the participation of these pathways in PG biosynthesis. Although the flavonokl biosynthetic 
pathway has heen well characterized in model species, comparative analysis of Populus and 
Arabidopsis genomes revealed large disparities in the structural gene network leading to CT 
biosynthesis. Consistent with greater abundance and complexity of Populus CTs, RT-PCR 
analysis revealed differential regulation of flavonoid pathway genes in CT-rich root and 
young shoot tissues of Populus. Other dala point to qualitative differences between root and 
shoot CTs that could he related to the observed differences in gene expression pattern. 
Continued functional genornics analysis of PG and CT nietaholism should improve our ahilitv 
tu exploit the wide natural variation of these pools For enhanced productivity and global 
carbon management through biotechnology.
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UPSC-BASE - TREE TRANSCRIPTOMICS ONLINE 

Andreas Sjodin', Max Bylesj&, Oskar Skogstrom 1 , Stefan Jansson', Jan Karlsson' 

1 - Unicá Plant Scienee Centre, Department of Plant Physiology, Umet University, SE-901 
87 Ume, Sweden 
2 - Research group br Chemometrics. Department of Chemistry. Umei University, SE-901 
87 Umei, Sweden 

E-mal 1: jan .karlsson plantphys.uniu.se 

Thc inereasing accessihility and use of microarrays in transcriptomics has accentuated the 
iieed for purpose-designed storage and analysis tools. Here, we present UPSC-BASE, a 
database for analysis and storage of Pojni/us DNA microarray data. A microarray analysis 
pipeline has also been established to allow consistent and efficient analysis (t'rom small lo 

•	 large scale) of saniples in various experimental designs. A range of optimised experimental al
 is provided for each step in ihe generation of ihe dala. Within IJPSC-BASE, 

researchers can perform standard and advanced microarray analysis procedures in a user-
friendly environrnent. Background corrections, norrnalisations, quality control tools, 
visiialisations, hypothesis tesis and export tools are provided without requirements for expert-
level knowledge. Although ihe database has been developed primarily for handling Populus 
DNA microarrays. most of the tools are generie and can he used with minor modifications in 
all kinds of BASE installations, regardless of the organism and nhicroarray system concerned. 
UPSC-BASE is also a repository of Populus microarray inbormation, providing data from 
over 25 experiments on a total of more than 80() microarray sudes in the public domain of the 
database. Wc helieve that the description of the puhlicly accessihle database will increase the 
attraction of Populus as a model system for molecular hiology, genelics and genomics.
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SAMPLE SEQUENCING OF 3 MEGABASES OF SHOTGUN DNA OF EUC'ALYPTUS 
GRANDIS: GENOME STRUCTURE, REPETITIVE ELEMENTS AND GENES 

Rodrigo T. Lourenço, Darlo Grattapaglia 23 , Georgios J. Pappas Jr3 , Gonçalo A. Pereira' 

- UNICAMP-Universidade de Campinas. Dep. Geneties and Evo!., 13083-970 Campinas, 
SP, Brazil 
2 - Enibrapa Genetic Resources and Biotechnology, W5 Norte 70770-970 Brasília, DF, Bra7iI 
3 - UCB-Universidade Católica de Brasilia, SGAN 916, 70790-160 Brasília, DF, Bra,.il 

E-mail: gpappas @hioinformatica.uch,br 

To obtain a general overview of thc structure and composition of ihe Euealvprus grandis 
genome, we sample sequenced 10,000 randomly sheared genomic DNA clones. After filtering 
for quality and length (phred value >=20; Iength >=200 bases) 7,395 reads representing 
roughly 3.() Mhp of sequence were analyzed for their nucleotide content, repetitive elements 
and gene content. The prograni RepeatMasker was used to analyze the %GC content aud 
repetitive patterns and elements. Results indicate that on average the Euca/vptus genome has 
a GC conteni of 40.15% with 38.95% in introns and 45.51% in exons. From the total bases 
sequenced approximately 1.4% were located in transposons, distributed ¡ti 310 interspersed 
repetitive gcnetic elements, among which 299 classified as retroelernents. mainly LTRs with 
244 copia-like elements and 52 gypsy-like. Wc also identified 1,636 Iow complexity 
sequences and 987 microsatellites including both perfect and interrupted, with 18.2% mono. 
39.3% di, 16.8% tri, 10.3 51- tetra, 11.3 11- penta and 4.0% hexanucleotide repeats with the 
(TC)n motif being the most abundant (26%) and an estimated frequency of one niicrosatellite 
every 3 kbp iii the Eucah'ptus genome. With a more stringent analysis using the software 
TROLL, 319 di, tri, tetra and pentanucleotide perfect repeats were found resulting in a 
frequency of one perfect microsatellite every 12 kbp in the Eucalvptu.v genome. Primer pairs 
could be designed for 156 rnarkers out of which 93 of them were selected for !iuorescent 
lahelling and mapping after screening for amplification and po!ymorphisrn. In total we 
estirnated that only 5.8% of the Eucalrptus genorne is represented by repetitive elements, way 
lower ihan (he 10% in Arabidopsis possibly dtie to the existence of elernents ilot yet described 
and/or exclusive to Eucalvptus. To identify putative genes we used an alternative approach by 
coniparing the genomic sequences with a Eucalvptus ESTs database using the GenESTate 
software. Wc attrihuted putative functions using a pipe!ine were the exons of each gene were 
put together and compared with protein dornains data banks. This procedure avoids the 
misleading rcsults obtained when comparing DNA sequences with sequences deposited in 
GenBank. The sequences were c!ustered using (he CAP3 software, resulting in 766 contigs 
and 5.428 singlets, the former showing an average of 1,200 bp. These 766 contigs were 
compared with a relatively reduced set of availab!e ESTs at the time (-5,000 E. grandis ESTs 
from mature !eaf tissue and -6.000 E. urophv/Ia ESTs from xylem). From (he 766 contigs we 
found 44 that showed high siiui!arity to sorne ESTs. The coding portion of (he sequences 
accounted for around 2 171 of (he total sequences. It is irnportant to highlight that by this 
approach it was possible to identify introns and exons, beside core prornoter regions, which 
can't be identified in (he ESTs. Other 166 possible genes were identified, 76 of them 
classified as housekeeping, among the genomic sequences by using blastx-nr in NCBI. Wc 
also identified putative genes responsible for 16 tRNAs using the tRNAscan-SE software. 
Besides providing a first glirnpse at the general organization of the Eucalvptus genorne, this 
database of sequences has provided a new randomly distributed source of microsatellites for 
genetic mapping.

1 
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TI-lE STUDY OF THE GENETIC EXPRESSION PROFILE OF CAMBIAL TISSUE FROM 
ADULT EUC'ALYPTUS GRANDIS TREES LISING SAGE TECHNOLOGY (SERIAL 
ANALYSIS OF GENE EXPRESS ION) 

Mayra C.C.G. de Carvalho'. Danielle G. Gomes', Guillermo R. Salvatierra', Raphael T. 
Carneiro', David H. Moon 1 , Shinitiro Oda2 . Carlos A. Labate' 

- Lahoratório Max Feffer de Genética de Plantas. Departamento de Genética, Escola 
Superior de Agricultura "Luiz de Queiroz", Universidade de Sio Paulo, Av. Pádua Dias 1111, 
CP 83, CEP 13400-970, Piracicaba-SP, Brazil 
2 - Suzano Papel e Celulose, Av. Brigadeiro Faria Lima n° 1355, 8°andar, CEP 01452-919, 
So Paulo-SP, Brazil 

E-mail: calahate @esalq.usp.hr 

• The great economic importance of wood has induced genome sequencing projects for 
Populus and Euccilvprus species. However, [he accumulation of gene sequences represents 
oniy ihe first step iii studies into wood formation. The comprehension of [he events leading to 
secondary growth also requires information about positional and temporal gene expression. In 
this study we used SAGE to access the population of genes transcrihed in cambial tissue from 
E. Rrandis trees. To make the iibrary a hulk sample was produceci containing [he cambial 
tissue from 30 individual Erces close [o felling age (approxima[ely 6 years oid) from a 
commercial plantation. After the preliminary sequencing of 400 clones, a total of 13001 tags 
were recovered of which, 7507 tags with a frequency of 2 rcpresenting 1750 genes and 5494 
singletons. The most expressed tags (410) were identified using NCBI databases; only 5 tags 
were not encountered in the databases. After a functional classification of the 410 genes the 
largcst group was those without homology or hypothetical sequences (27 1/c). categories 
associa[ed with energy production and cellular maintenance (23%) and cellular regulation and 
dcvelopment (18%). The categories involved in macromolecular metahoiism and cellular 
structures had frequencies very close to one another (14% and 12%, respectively), with the 
lransport category containing the fewest number of genes. This study is pali of a larger 
project involving [he production of two other SAGE libraries, from cambial tissue from other 
developmental stages (1-6 months, 1-3 years) E. grandis trees, and protein (proteomic) 
analysis from the three age groups. At present we are increasing [he number of clones 
sequenced in un attempt to reduce [he number of single[ons and subsequently increase or 
cont'idence in [he data generated. Another 200 clones will he sequenced (600 in total) 
generating another 6000 tags. This large project will perrnit, not only the identification of 
genes, proteins and factors that regulate secondary growth at the different growth phases of E. 
grandi.s. but also understand the molecular mechanisms that are involved in the determination 
o!' the structural characteristics of wood.
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Eucalvptus species have heen intensively studied hecause ot their importance in thc 
production of cellulose and paper in Brazil. In 2004. 9.5 million MT of cellulose paste and 8.2 
million MT of paper were produced, with 148455.7 hectares of reforested arcas recorded iii 
2003. Due to the huge quantity of Euca/vptus wood produced, recent anatomical. 
morphological, cellular and molecular studies have turned their attention to the xytem as a 
collection of cells under different developmental controls and patterns of gene expression. 
With this in mmd, SAGE was used to investigate the gene expression proflle during 
xylogenesis in the cambial region of 1-3 year oid E. grandis trees, 385 clones were sequenced 
producing 13,137 SAGE tags of which 5199 were singletons. Preliminary analysis using 
Brazilian databases identifled 400 genes with only 4 tags not found in the database. A 
functional analysis of these identified genes was carried out creating 6 functional classes, The 
most abundant class 22.7% contained genes involved in energy production and celiular 
Inaintenance. 17.9% represented the second rnost abundant class containing genes involved in 
cellular regulation, developmental processes and stress and disease responses. Approximately 
30 transcripts are directly involved in cdl wali nietaholism, including a chitinase-like protein 
involved in the rnetabolism of secondary ccli walls. 26.891 of the annotated tags correspond to 
mRNAs with undefined functions. In parallel, two other SAGE libraries were constructed 
using material from two different developmental stages (1-6 nionths and 6 years) and anoiher 
200 clones will be sequenced. Analyses of these three SAGE libraries will allow the 
identification of the differential gene expression patterns present at each developmental stage. 
therehy demonstrating the principal processes responsible for the formation of wood. Besides 
this, analysis of the proteins produced at these developmental stages is also heing carried out 
producing complementary data allowing in depth analysis of the processes involved in wood 
productiori.
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• Lieealptzis species present excelleni potential for wood production because of their diversity, 
adaptability high yield and physico-mechanical properties of the raw material permit 
numerous utilizations, principaliy tor the production of paper and cellulose. World trade 
figure put wood as ihe fifth mosi important product. with Brazil hecoming the main producer 
of cellulose using Eucalvptus as the raw material. Xylogenesis represents an ideal model for 
the study of ccllular diftrentiation, the process being directed by the coordinated expression 
of nuinerous genes with strucrural and regulatory functions (many of which are unknown). A 
furthcr complicating factor is ihat ihere are many different stages thai contribute [o xylem 
[ormation, cellular division and expansion, hiosynthesis, accumulation and deposition of 
monosaccharides, condensation of the celi wal!, iignification and programmed ceil death. In 
this study SAGE was used to establish an expression profile of [he genes involved in 
xylogenesis iii young 0-6 months oid) E. ç'rwuIis stems. Curreinly 367 clones were 
sequenced producing 11,045 tags. 4,946 singletons. Another 200 clones are programmed for 
sequencing. The 415 tags most expressed were identified using Brazilian databases (NCBI e 
Forests) and used to be separated into functional categories. It was possible to observe that the 
category containing genes involved in energy production and cellular maintenance was the 
most highly cxpressed - .23% and the category containing genes involved in growth, 
deveiopment and cellular regulation was [he second most highly expressed 18%. Of ihe 
annotated genes -.25,8% corresponded to genes that were hypothetically expressed or without 
homoiogy. This study is part of a larger project heing developed within the iahoratory that 
involved the production of two other libraries from the cambial tissue of E. granílis with 
different ages (1-3 years and 6 years oid). Finally the data for the three Iibraries will he 
analysed together to identify differentially expressed genes during [he different 
developmental stages studied. In parallel protein studies (Proteome) are being carried out on 
the same experimental samples permitting the identification of expression patterns of ihe 
genes invoived in the lormation and quality of wood from E. grandis destined for cellulose 
and paper [he production.
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The process of wood formation is a crucial economical factor for the forestry industry and it 
is also of ecological importance, although little is known about protein responsihie for wood 
formation in wood species. The identification analysis and sequencing of proteins provides 
such information of wood formation. Using proteomics methodologies such as HPLC and 
mass spectrometry we have started the proteome analysis of Eucalvptus grandis under 
dilferent growth phases. Wood powdered tissue in ]¡quid nitrogen was homogenized with 
10 1/(TCA and 0.07 51c.: R-mercaptoethanol in acetone. Proteins were precipitated for lh at - 
20°C. After centrifugation at 15000- for 15 mm, the protein pellets were rinsed with acetone 
containing 0.07% í3-niercaptoethanol for lh at —20°C. The supernatant was removed and 
protein pellet vacuum-dried and resuspended in I0tl/rng of soluhilization buffer (7M urea, 
2M thiourea, 4% Chaps, lOmM DTT). The separation of proteins was performed with 
combination of IEX in first-dimension and RPC ¡ti ihe second dimension. The fractions were 
dried in a speed yac and digested overnight at 37°C with Lrypsin at ratio of 1 :50(w/w). The 
reaction was stopped by adding formic acid (5%). The peptide samples were separated and 
analyzed using a Q-TOF API (Micromass) LC-MS/MS system. The peptides were separated 
j o C18, in buffer A (0.1% formic acid, 5% ACN in water) by a 45 miii linear gradient of 0-
80% buffer B (0.1% formic acid, 5% water in 95C% ACN). The MS/MS was searched against 
the NCBI database using BioLynx (Micromass). The method have provide a faster and 
accurate tool for separation and identify of protein which are differentially expressed under 
different growth phases of Eucalvptus grandis.
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• Two databases, Lranscriptome and proteome, were constructed using cambial material from E. 
grwidis iii order Lo search for genes involved in wood quality. Genomie expression data were 
ohtained using SAGE and protein sequencing using mass spectrometry (Q-TOF, Microinass) 
on a LC/MSMS platforrn. The results show different patterns of protein expression during 
stem deveiopment (three different ages from seedlings to 6 years oid) of E. grandi.v using 
Lwo-dimensional geis. One bulk from the cambial material of a half sihling family was made 
froin each age. This work presents Lhe protein profik from the 3 years oid bulk. Cornparisons 
hetween the protein and the corresponding SAGE data, obtained from the same tissues, were 
used to confirrn Ihe identity of genes responsible for their exprcssion. Protein sequencing data 
were analyzed using international databases and (he SAGE database was used Lo determine 
the expression levels of the relevant genes. With (he integration of ihese two databases, 
Transcriptome and Proteome, it is possible Lo identify candidate genes for the manipuiation of 
wood quality, and Lo understand post-transcriptional and post-translationai processes.
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Brazil maintains an arca of approximately 3 million hectares reforested with Eucalrprus to 
ancud the necessities of diverse forestry sectors. The perspective of conquering new market 
is promising, promoting an ever-increasing invesimeut in genetic research to alter euca1yptu 
wood quality. The major interest is directed to the genes involved in secondary wood growth 
from the vascular cambiurn. Understanding cambium differentiation is essential because tree 
growth is directly affected by the continuous developrnent of secondary phloem and xylem. 
Until recently it was thought that the on!y way to achieve these objectives was Lo use genomic 
strategies. Due Lo the availability of large quantities of EST sequences, coupled lo the 
development of hetter analytical inethods for the characterization of proteins, proteome was 
transtortned into the largest research field in functional genomics. The objective of the 
present study is to characterize the proteome of the cambia¡ tissue from 6 year oid Eucalvptus 
grandis trees. Proteins were extracted from a bulk rnade from 30 individuals and resolved on 
two-dimensional gels. The experimental strategy involved the use of liquid chromatography 
coupled Lo mass spectrornetry ES! Q-TOF (electrospray ionization quadrupoie time-of -flight) 
Lo obtain the amino acid sequences of peptides generated by tryptic digests. The sequence is 
ana!ysed using protein datahases (NCBI, SwissProt) to identify and determine the hiological 
function of the protein. This study is part of a larger project to investigate ihe proteome and 
transcriptome of the cambial tissue from Euca!rptus trees aL three developmental stages; 0-6 
months, 1-3 years, 5-6 years, in order to further understand Ihe molecular and genetic 
regulation of xylogenesis during the productive growth c ycle of the tree.

n
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• An important factor in competitiveness of the cellulose and paper industry is the selection of 
trees that form homogenous plantations facilitating the production of cellulose pulp with a 
high industrial yield with low costs. In Brazil, forest improvement programs by the pulp and 
paper industries are highlighted by the excellent results ohtained in the area of cloning 
Euca/vptus spp, national industries have already reached 60 m3/1-talyear. The object of this 
study was to investigate gene expression in the cambial region at various stages in the 
productive cycle of Euealrp!us trees. During the summer, the growth rate of Eucalvptus trees 
is greater and consequently (he activity of (he cambial cells would he higher, the ohject of OUf 

study. The tissue from thc cambial region of 35 individual Eucalvptus çrwl(/is clones were 
sanipled for each age. Normally the productive cycle is 7 years in Brazil, there for three ages 
were chosen to represent the whole cycle: 1-6 months, 1-3 years and 5-7 years. Preliminary 
sequencing generated 11.283 13.313 and 13.172 for the 1-6 month, 1-3 year and 5-7 year 
libraries, respectively. Analysis of the identifled genes indicated that an average from thc 
three libraries show that 20.5% for the genes were involved in prirnary and secondary 
metabolism, 16.7% in cdl regulation, disease and stress responses, 5.9% in transpon, 12.9% 
¡ti the formation of cellular structures, 12.791 in macromolecular metaholism and 28.7% 
without classification. 

.
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Due to fast growth and fiher quality. Eucalvptiis is very important for the paper indusiry. 
However, being an evergreen woody plant without endodormancy, tuis species is particularly 
exposed to cold. Although widely distrihuted across the world, its extension is mostly 
restricted Lo southern arcas by freezing sensitivity. Its survival during a frost strongly depends 
on its constitutive tolerance at the ccli leve¡ and also on its acclimation capacity. Based on a 
functional genomics approach of coid response in Euca/yptus, the project is targeting a douhle 
objective: 
- Better understanding of molecular mechanisms involved in coid acclimation of Euea/vptus 
including the protective response and its regulation. 
- Identitication of reliahie molecular markers (SNPs) of coid tolerance for MAS using a 
candidate gene approach. As a first step towards these goals was the isolation and first 
characerization of interesting target genes involved in coid accliniation for further genetic 
and functional studies. Two mains experimental phases were involved; after isolation of a 
pool of cold-regulated genes the molecular and expressional characterization of chosen genes 
was performed. For the isolation of cold-reguiated genes, 3 cDNA libraries were constructed 
containing a total of 300 00() ESTs and corresponding to 2 acclimation subiractive libraries 
from ccli suspension cultures and a complete cDNA lihrary from leaves of cold acclirnated 
plants. Among the 3468 analysed genes, 71% are differentially expressed after a chilling 
exposure and this high representation of coid regulated genes is contirmed by sequence 
analysis. Presence of transcription factor genes and in particular CBF and its regulon as well 
as new genes validated this set of genes as a very powerful tool for our further studies. 
Beyond the description of the main functional categories of these cold-reguiated genes, it will 
be presented here the gene clustering from macroarray expression analysis according Lo stress 
response specificity and kinetics. particularly during Eucalvptus coid acciimation.
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lncreasingly, eucalypt breeding is heing focussed on the development of breeds and clones 
with superior wood and pulp traits. Many of these traits are under moderate lo strong genetic 

• control and DNA markers have heen used to identify QTL regions of the eucalypt genome 
that iniluence these traits. Linkage disequilibrium (LD) or association mapping using natural 
populations is useful for identify allelic variants iii genes controlling traits of interest. Wc are 
idcntifying genes involved in fibre developrnent and in particular genes affecting pulp yield. 
DNA rnicroarrays containing —550() voung xylem cDNAs were screened with probes 
synthesised from RNA isolated from trees with either high or low pulp yield. Fifty-six 
transcripts were differentially regulated, of which 29 were more abundant in high pulp trees 
and 26 more abundant in Iow pulp yield trees. All differcntially expressed cDNAs were 
partially sequenced and searched againsi existing gene datahases. Six genes were identifed as 
putative pulp yield candidate genes hased on their significant similarity to genes with known 
function, including a cellulose synthase, homeodomain-leucine zipper protein, no apical 
meristem (NAM) family protein, xyloglucan:xyloglucosyl transferase, beta-galactokinase and 
a zinc finger farnily protein. Real-Time PCR is being carried out to confirm (he rnicroarray 
results. We are identifying SNPs in the cellulose synthase and NAM genes using a panel of 16 
individuals from natural populations of E. nitens. LD mapping will be conducted lo identify 
alleles or haplotypes associated with a range of wood quality traits, including pulp yield, in an 
E. t:itens association population of 300 trees. 

9
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The genus Euca/vptus includes the most widely used tree species t'or industrial plantation 
mainly for pulp making. As part of a Southern European* project aimed at implementing 
marker-assisted selection in Eucalvptus breeding programs. we are developing large scale 
EST sequencing programmes and wood transcriptome analyses. As a first step lo identify 
major genes involved in wood forination, we have developed a reference cDNA macroarra\ 
of 231 Eucalvptus xylem unigenes preferentially and/or specifically expressed in xylem (Paux 
et al, 2004). We used this tool to carry out transcript profiling of these genes during a kinctics 
of tension wood formation. Wc investigated the expression patterns of the arrayed genes 
between tension, opposite and normal woods within the early stages of a tension time course 
(from 6h lo one week after application of artificial bending of field-grown trees, Paux et al, 
2005). This systematic gene expression profiling during tension wood formation provided 
new clues into the transcriptional regulatory network of genes preferentially expressed in 
xylem. but also highlighted the power of transcriptome analysis to select candidate genes 
responsible for the genetic and environmentally induced variation of wood quality traits. 
These results prompted us lo make new SSI-I libraries using contrasted wood samples to 
enrich the array in new xylem-preferentially expressed genes. Expression data obtained with 
this second generation asray will he discussed with regards to selection of major players in 
wood format ion. 

*Projectjoining academie (CIRAD, CNRS) and industrial partners (RAIZ. ENCE) 

Paux et al. (2005) Transcript proíiling of Eucalyptus xylem genes during tension wood 
formation. New Phytologist. 167, 89-100- Paux et al, (2004) Identification of genes 
preferentially expressed during wood formation in Euca/vptu. Plant Molecular Biology. 
55:263-280
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• Piant mitogen-activated protein kinase (MAPK) cascades are composed of three interlinked 
protein kinases. namely MAPKKK, MAPKK. and MAPK. These modules amplify and 
rapidly transduce extracellular signals mio various appropriate intracellular responses. 
MAPKKs and MAPKs are proteins that are activated via phosphorylation, iherefore extensive 
work has been conducted at the post-transiational level. On the other hand, few studies have 
iiivestigated transcriptional regulation of diese genes. Based on fuli sequencing of the poplar 
genome, we have assernbled eight putative popiar MAPKKs (PoptrMKKs) and 21 putative 
popiar MAPKs (PoptrMPKs). Phyiogenic analysis incIuding all those genes as well as other 
plani MAPKIKK (e.g. Ambidopsis and rice) reveals a high leve¡ of correspondence among 
different groups jo hoih families with a rnarked pattern of recent gene duplication in poplar. 
lising priniers directed at the end terminal untransiated region, and real-time quantitative 
PCR, we have evaluated expression proíiles of ah mernbers of these two gene farnihies 
throughout 17 poplar tissues. Wc found that most PoptrMKKs and al] PoptrMPKs are 
expressed differentially in the studied tissues. Wc also discovered thaI members oí' gene pairs 
originating lrorn recent duplication events llave different patterns of expression, consistent 
with the rapid evolution of speciahized functions despite their high leve¡ of identity. lo 
particular, transcripts for sorne genes become undetectabie at specific stages of reproductive 
tissue devehoprnent. Our analysis provides the most complete survey of MAPKK and MAPK 
expression profiles reported lo date for a higher plant.
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Large scale sequencing projects demand a highly coordinated computational setup in order to 
store, process and analyze the large volume of raw data generated, a prohlem inevitahly faced 
by severa] genome projects. Specifically, the Brazilian Network of Eucalvprus genome 
Research, GENOLYPTIJS project has the particularity of generating sequencing data from 
severa! sources, namely: Expressed Sequence Tags (EST) from dozen oí' non-normalized 
libraries derived from different tissues and diflrcnt species including E. grandis, E. globulus. 
E. pellila and E. umph y/la; random genomic shotgun clones; Sequence-tagged connectors 
(BAC ends). BAC shotgun reads for se!ected genes and resequencing reads for SNP 
validation. Due lo ibis intrinsic complexity, the already expected and increasingly greater 
demand for bioinformatics support as well as for safe long term data rnirroring, storage and 
access within the GENOLYPTUS project, two physically separated hul synchronized 
bioinformatics service centers were developed. At the Genomic Science Lab of the Catholic 
University of Brasilia a new software plattorm based on distributed ohject technology that 
concurrently manages severa¡ multi-!aboratory sequencing projects in a portable way. .Several 
services are offered ranging from data suhmission to automatic functional annotation, 
including classification mio gene ontology (GO) classes, metabolic pathways and 
identification of conserved protein domains. Additionally, there are siatistical routines for the 
assessment of differential expression hetween EST libraries, and genetic marker development 
through the identification of microsatel!ites and single nucleotide polymorphisms (SNPs). 
Using this system it was possible to probe for putative!y differentially expressed genes 
between xylem and mature leaves, different biotic and abiotic stresses, and across ihe xylem 
of the various species. Moreover, different data mining services were provided for new 
microsatellite marker development hoth from ESTs and BAC ends as well as eSNP discovery 
for genotyping oligoarray construetion. The second center was set up at the Genomics and 
Expresison Laboratory at Unicarnp, the State University of Caiiipinas, So Paulo, a !ab thai 
participated in severa! Brazilian genome sequencing efforts. In this center the researchers are 
able lo analyze the sequences imrnediately after suhmission with the purpose of mining, 
shortening the time from the discovery of an importanl sequence and the wet-lab work. As the 
GENOLYPTUS proect moves forward, new challenging tasks will arise. BAC fingerprinting 
data and BAC contig assemhly in specific regions of the genome are starting Lo he generated 
al [he same time thai they are anchored to the genetic maps with microsatellites. Genetic 
marker and QTL mapping data coming froni multiple pedigrees is also pouring ¡ti and soon 
other sources such as microarray dala will also be generated. The analysis, integration and 
organization of al! Ihese sources of genomic information are not an easy undertaking. It will 
require continued effort to effectively deliver the platform of genomic resources that 
constitute the main objective of the GENOLYPTUS project. 

Financia] support: Genolyptus project (Ministry of Science and Technology and group of 
supporting torest based companies).
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SEQUENCING OF THE EUCALYPTUS TRANSCRIPTOME IN THE GENOLYPTUS 
PROJECT 
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E-inai 1: pasquali@cbiot.ufrgs.br 

The main goals of the Brazilian Network of Eucalvptus Genome Research (GENOLYPTUS) 
include [he discovery. sequencing and mapping of economically important genes and the 
determination of their activities iii different species of Euealvptus, ainling at the incorporation 
of new genomic technologies into advanced eucalypt breeding programs and forest 
production. The subproject "Sequencing of the Eucalvptus Transcriptoine" entities the 
sequencing effort to achieve 150.000 Expressed sequence tags (EST) from different 
expression libraries. The ohjective is the identification of ah —30,00() estimated eucalypt 
genes, with special emphasis on those involved in wood formation. More than 20 hibraries 
were constructed from different organs, tissues and whole seedlings suhmitted to several 
treatments derived from four Eucah'ptus species. Approximately 120,000 ESTs were 
produced, analyzed, vahidated and arranged into —34,000 clusters and singlets based on 
sequence homology. The putative functions of the sequenced clones were attributed 
automatically by BLAST search. A more detailed analysis of ESTs belonging Lo libraries of 
E. ra,idis treated (TS) and untreated (SE) seedhings was performed. ESTs were grouped 
according Lo their putative biological function and those with "no hit'. "uiiknown function' or 
"hypothetical/putative function" represented 60 percent of the total. Wc liave selected in silico 
(he 500 rnost differentially expressed genes between TS x SE and organized samples for 
macroarray experiments. After the confirination of the electronic northern by gene expression 
experinients, we plan to proceed with thie genetic and biochemical characterization of these 
genes in transgenic plants. 

Financia¡ support: Genolyptus project (Ministry of Science and Technology and group of 
supporting forest based companies).
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SEQUENCJNG AND DIFFERENTIAL EXPRESSION OF XYLEM SPECIFIC GENES 
FROM TWO EUCALYPTUS SPECIES WITH HIGHLY CONTRASTING WOOD 
PROPERTIES 

Giancarlo Pasgiii', Fernanda M. Bastolla', Fabiano Pazzini', Rochele P. Kirch', Guilherme 
Pizzolí', Marcelo F. Carazzollc 2 , Rosana V. Brondani 3 , Alexandre S.G. Coelho 4 . Dario 
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Wc have sequenced and validated approximately 15.300 and 9.200 ESTs derived from cDNA 
¡ibraries of vascular tissues from Eucalvptus globulus and E. pci/ita respectively. These 
species have highly contrasting wood properties, the first being considered a high quality 
cellulose pulp yielding species. A digital differential display approach was employed to select 
the 500 clusters with the most contrasting expression leveis, in order lo perform an initial 
screening for genes responsible for ihe observed differences in wood quality. Sequences were 
annotated by their function and classified using the Gene Ontology parameters. Eighteen 
clusters with distinct cellular functions were considered constitutive therefore they were used 
Lo normalize the relative expression leveis between libraries. Among the 500 selected genes, 
41 were nol represented in GenBank, despite of their relative high expression. The absolute 
values for reads presence ranged from O to 52, with relative expression leveis ranging from 
1,9 to 38, suggesting possib!e important roles for these novel genes. Among the identified 
genes, we found relative expression levels ranging from 140 Lo O when ranking E. g/obu/u. 
versus E. pci/ita genes, and 58 to O when ranking E. pc//ita versus E. globulus genes. Several 
genes involved in lignin and cellulose biosynthesis were found as well as transcription 
factors. Numerous genes involved in protein fo!ding, especially smUSPs were identified in 
the E. giohulus Iibrary. Conversely, genes involved in oxidative stresses were detected iii the 
E. pci/ira library. Arrays and real time PCR assays are being conducted in order to confirm 
the electronic results. 

Financia¡ support: Genolyptus project (Ministry of Science and Technology and group of 
supporti ng forest based conipanies).
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GENOME EXPLORATION IN THE DUTCH ELM DISEASE FUNGUS, OPHIOSTOMA 
NOVO- ULM/ 

Louis Bernier 

Centre de Recherche en Biologie Forestiere, Universite Laval, Sainte-Foy, QC, G 1 K 7P4, 
Canada 

E-mail: Louis.bernier@rsvs.ulaval.ca 

The ascomycete fungus Ophiosto,na novo-ul,ni is the aggressive pathogen responsible for the 
current pandemic of Dutch Elm Disease. The mechanisnis by which the fungus kills its host 
remain unexplained. Wc are combining genetic, molecular and genomic approaches to 
investigate the nuclear genorne of O. not'o-uI,ni and identify and characterize genes 
controlling parasitic titness in tuis organism. Wc liave mapped over 150 genetic markers oii 
11 linkage groups rcpresenting 7 chromusomes, which can be resolved by pulsed-field gel 
electrophoresis. Mendelian analysis of progeny from controlled crosses involving a natural 
variant with unusually low aggressiveness has allowed us tu identify and localize a putative 
pathogenicity locus. named Pati. Chromosome waiking frum iwo RAPD loci linked tu Patl 
lcd us to identify candidate genes, including a gene sharing high sequence similarity with the 
Mep/Amt gene family of animonium transporters. Disruption and overexpression studies of 
these genes are under way. Wc have also used insertional mutagenesis (REMI) lo ohtain 
additional O. ,:ovo-ulnii mutants with altered pathogenicity. Three insertional mutants with 
signifícantly lower pathogenicity towards two-year-okl U/mus parvU/ia x U. americana 
saplings were obtained and are being investigated further. Finally, through a collahorative 
effort with three other research teams, we initiated a large-scale genornic study of O. novo-
u/mi. An expressed sequence tag (EST) reference library from yeast cells was established: it 
contains 436 readable sequences with an average trimmed length of 500 hp. Smaller. more 
specitic EST libraries were prepared using suppressiun suhtractive hybridization (SSH), 
These include libraries from mycelium grown at suhoptimal temperatures, from fruiting 
bodies, or from yeast cells inoculated tu calli of highly susceptible U. americana. Macroarray 
analysis is currently underway for the detection of differentially expressed genes which we 
intend tu characterize further.

.
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RECENT STUDIES IN TI-LE CON IFER - HETEROBAS/DION PATHOSYSTEM 

Jan Sien lid 

Dept o! Foresi Mycology and Pathology, Swedish University of Agricultural Sciences, Box 
7026, 750 07 Uppsala, Sweden 

E-mail: Jan.Stenlid@mykopat.slu.se  

Root rol caused by the hasidiornycete Heterobasiclion annosuni s.l. is one of ihe most 
desiructive diseases of conifers in the northern boreal and temperate regions of the world, The 
fungus consists of thrce European intersterile subspecies P (H. annosum), S (II. pan'iporum) 
and F (H. ahietinu,n) with differing main bosÉ preferences: pine, spruce, and fir, respectiveiy. 
In North Anierica. two intersterile groups are present, P and S/F, but these have ilot yet been 
given scientific names. About 4000 ESTs were collected from H. anwsuni growing in contad 
with jis host. About 70 % o!' the genes identified showed high siniuiaritics to known proteins 
and 16 (4 had similarity only with proteins with unknown functions. Detaiied expression 
studies confirm up-regulation in planta of putative pathogenicity factors cg. toxin production, 
ccli wall degrading enzymes and proteins known to be involved in oxidative stress. Recently. 
an AFLP-based genetic linkage map was established that allowed for mapping QTLs for 
pathogenic growth towards seedling roots and pine phioem. The next step underway is lo 
verify the identity of candidate genes located within ihe established region of (he genome. 
Futitre functional analysis of hoth QTL and EST-derived candidate genes will be aided by the 
recently established Agrobacteriu,n-rnediated transformation system in Heterol,asidion. Host 
responses to the paihogen have been studied using microarrays of Pinus taeda genes. Up-
regulalion of phenyi propanoid and stilbene pathways as well as antimicrobial protein 
production was detected within 5 and 15 days of infection. The antimicrobial protein was 
located in ihe ccli wail according lo immuno gold lahelling. Infection experiments on seedling 
material have shown that resistance lo H. annosum has a relatively high heritability. Work is 
in progress to identify genes involved, with the long term goal to guide resistance breeding.

.
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TRANSCRIPTIONAL PROFILE OF TUE METABOLIC RESPONSE OF EUCALYPTUS 
GRANDIS TO THE FUNGAL PATHOGEN PUCCINIA PSIDII 

Guillermo R.	 Raphael T. Carneiro', Mayra C.C.G. de Carvaiho', Danielle G. 
David H. Moon', Shinitiro Oda2, Carlos A. Labate' 

- Lahoratório Max Feifer de Genética de Plantas, Departamento de Genética, EscoJa 
Superior de Agricultura "Luizde Queiroz". Universidade de So Paulo, Av. Pádua Dias n°11, 
CP 83, CEP 13400-970, Piracicaba-SP, Brazil 
2 - Suzano Papel e Celulose, Av. Brigadeiro Faria Lima n° 1355. 8°andar, CEP 01452-919, 
So Paulo-SP, Brazil 

E-mail: calabate@esalq.usp.br 

The Forest activities rcpresent around 4% of the Brazilian Gross Domestic Product with 
Lucalvptus being (he main species used for commcrcial reforestation. Eucalvptus is an 
ifliportaflt renewable resourcc for many reasons including rapid growth, diversity and low 
production costs that provide (lic raw material for many products, principally cellulose pulp, 
paper and charcoal. However, producuvity ¡5 affected by neotropical rust, caused by the 
hiotrophic fungus Puccinia psidii Winter. Rus( management normally involves (he use of 
fiingicides hut (he use of natural resistance is a much better alternative due to lower costs and 
minimal ambiental impact. Although natural resistance is known (he actual molecular 
mechanisms involved are poorly understood in Eucaivptus. SAGE "Serial Analysis of Gene 
Expression" is a quantitative geno¡e-wide method tor ohaining gene expression profiles oí' 
known and unknown genes. The aim of (his s(udy is (o obUtin an expression profile of the 
genes activated during fungal infection. Two contrasing SAGE libraries were constructed; 
one using ffie total RNA froni a hulk of resistant and the other froin sensitive individuals. 
Preliminary sequencing generated 13885 and 12121 tags in the resistant and sensitive 
libraries, respecively. Our results indicate the presence of 1769 genes represented by 3 or 
more tags. wiffl 359 diffcrentially expressed isanscripts, of which 125 are exclusively 
expressed ¡u the resistant phenotype. Of the genes identified using international (NCBI and 
Pfam) datahases, differenially expressed genes were more likely to he f'rom the categories 
involved in energy production, cellular maintenance and transport, whereas those involved ¡u 
cellular regula(ion and differentiation, stress. macromolecular metabolism and (he formation 
of cellular siructures are more likely to be exclusively expressed in the resistant phenotype. 
The sequencing of more clones is prograinmed with the aim of decreasing the number of 
singletons present and increasing the saistical significance of the genes expressed at the 
lowest levels. Genes exclusively expressed in the resistan( phenotype will serve as candidates, 
;io( only for use iii marker assisted improvement programs, but also as candidates for future 
transforniation experi nients.

/ 
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DEFENSE REACTIONS IN NORWAY SPRUCE TOWARD THE PATHOGENIC ROOT-
ROT CAUSINO FUNGUS HETEROBAS/DIONANNOSUM 

Carl Gunnar Fossdal, Ari Hietala, Harald Kvaalen, Halvor Solheim 

Norwegian Forest Research Institute, Hogskoleveien 8, 1432 Aas, Norway 

E-mail: carl.fossdal@skogforsk.no  

The root-rot causing fungus He:e,-obasidion annosum can attack both spruce and pine trees 
and is Ehe economically most damaging pathogen in northern European forestry. We have 
monitored the Heterobasklion annosun S-type (recently narned H. Part'ipoi-utn) colonization 
rate aud expression of host chitinases and other host transcripts in Norway spruce material 
with differing resistances. Transcript leveis of three chitinases, representing classes 1, II and 
IV, were monitored with real-time PCR. Ramets of two 33 -year-old clones differing in 
resistance were employed as host material and inoculation and wounding was perfrmcd. 
Multiplex real-time PCR detection of host and pathogen DNA was also performed to tollow 
[he colonization of the host tissues by [he pathogen and the collapse in hosi DNA levels in 
infected regions. Host defence transcript leveis, as an indicator of the host defence response, 
were rnonitored with singleplex real-time PCR. Three days after inoculation, comparable 
colonization leveis were observed in both clones in the area immediately adjacent to 
inoculation. Fourteen days after infection, pathogen colonization was restricted to the area 
immediately adjacent to ihe site of inoculation for the strong done (589), bur had progressed 
further mio the host tissue in the weak done (409). Transcript levels oí' the class 11 and IV 
chitinases increased following wounding or inoculation, while the transcript leve¡ of the class 
1 chitinase declined following these treatments. Transcript leveis of the class II and class IV 
chumases were higher in arcas immediately adjacent to the inoculation site in 589 than in 
similar sites in 409 three days aler inoculation, suggesting thaI ihe clones differ in [he rate of 
pathogen perception and host defence signal transduction. This and earlier experiments using 
mature spruce clones as suhstrate indicate [hat it is the speed of the host response and not 
maximum amplitude of [he host response that is the most crucial component in an efticient 
dctnce in Norway spruce toward pathogenic fungi such as H. annosum.

.
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REGULATION OF CARBON TRANSFER IN THE MISTLETOE-HOST (POPLAR) 
INTERFACE 

Ulrike GasI', Kaimao Liu, Ruediger Hampp2. Elisabeth Magel' 

- Wood Biology, Wood Center, University of Harnburg. Leuschnerstr. 91, D-21031 
Hamburg, Germany 
2 - Physiotogical Ecology of Plants, University of Tuebingen. Auf der Morgenstelle 1, D-
72076 Tuehingen, Gerrnany 

E-mail: elisabeth.magel@uni-hamburg.de  

Viscum albuíii L.. the European mistletoe, is a xylcm-parasitic higher plant growing on trees. 
Due to its green leaves and stems it was assurned to be carbon autotrophic. Recent studies, 
however, show that mistictoe plants can make use of organic carbon supplied by the host 
(poplar) xylem. Our siudies with tissues of the host/parasite interface (sinker and surrounding 

00 host tissue) indicate that fue parasite can even regulate sugar concentrations inihe host xylem. 
In infected poplar branches these showed (wo maxima during the year: one in early spring 
(bud swelling of the host) and a second during early summer (growth of the mistletoe). In the 
mistletoe - host interaction zone, sucrose transported ¡ti thc host xylem seerns to he cleaved 
by inductiun of ccli walt invertases. Monosaecharides formed and released into an apoplastie 
continuum are taken up by the mistletoe and are transiently stored ihere as starch. The aim of 
OUf work is (o locate the induction of cdl wall invertases and other sucrose metabolising 
enzymes in the host or parasite. 

9
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SCREENING AND SELECTION OF HALF-SIB FAMILIES OF EUCALYPTUS SMITH!! 
FOR TOLERANCE TO PHYTOPHTHORA CINNAMOMI AND P. NICOT/ANAE 

Bongani Maseko', Teresa. A Coutinho', Treena Burgess 2. Brenda D. Wingfield 3, Mike J. 
Wingfield' 

- Department of Microbiology and Plant Pathology. Forestry and Agricultura¡ 
Biotechnology Institute (FABI), University of Pretoria, Pretoria, 0002, South Africa 
2 - School of Biological Sciences and Biotechnology, Murdoch University, Murdoch 6150, 
Western Australia 
3 - Department of Genetics, FABI, University of Pretoria. Pretoria, 0002, South Africa 

E-mail: bongani.rnaseko@fabi.up.ac.za 

Phvtophthora root and collar roE is a serious disease problem associated with coid tolerant 
eucalypts that are commonly planted in high altitude arcas of South Africa. One of (hese 
species, Eucalvptus .r,nithii, displays rapid growth and excellent pulping properties. However, 
this species has high mortality particularly at establishment. This problem has been attrihuted 
to the root roE disease complex involving Phvrophrhora cinnamomi and P. nieotianae. The 
aim of this study was to screen aud select E. s.nithii families with tolerance to Phvtopht hora 
root and collar rot. Twclve haif-sib families of E. s?nit/zii were screened for tolerance to 
Phviophthora dieback in  greenhousc. E. smithii stems were inoculated with virulent isolates 
of P. cinnanzoini and P. nicotianae and resulting lesion Iengths were measured after three 
weeks. A completely randomised block designed experiment with lo replicates per isolate 
and a control was used. Families were rated as tolerant or susceptible according to the 
resulting lesion lengths. Three highly tolerant and susceptible E. s,nithii haif-sib families were 
identified using the stem inoculation technique. Results of (he grecnhouse study were closely 
correlated with susceptihility of fainilies in the field. Our results indicate that stem 
inoculations of young trees in the greenhouse could he used to determine tolerance to 
Phvrophthora root and collar rot in E. srnithii planting stock. 

-	
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INTERACTING GENOMES IN TREE-PEST RESPONSE 

Armand Stguin', Brian Boyle', Vahrie Levé', Marie-Jose Morency', Richard Harnelin', 
Johii Mackay2 

- Natural Resources Canada, Canadian Forest Service, Laurentian Forestry Centre, Sainte-
Foy, Quéhec, Canada, G IV 40 
2 - Centre de Recherche en Biologie Forestire, Universit Lava]. Quhec, Canada. G 1 K7P4 

E-mail: seguin@ctl.forestry.ca 

With their long life cycle, trees must have developed distinct defence niechanisins aliowing 
long-term survival. Moreover, gene expression is altered in both plant and pathogen upon 
interaction with each other. Poplar is a fast growing species found worldwide and is 
economically important. Unfortunately poplar is susceptible to severa] forest pests including 
poplar leat' rust caused by Melainpsora species. We propuse a genomics approach to identify 
fungal and plant genes that are np- or down-regulated in interactions involving trees and 
hiotrophic rust. Gene expression will he monitored during compatible, incompatible and non-
hosi interactions resulting from ihe infection of different poplar clones with Melampsora 
species. More specifically, poplar genes encoding for transcription factors (WRKY and TGA) 
as well as genes belonging to the signalling cascade (MAP kinase. NPR1) linked with those 
transcription factors have heen selected. Experiments on gain uf funetion and loss of function 
uf those candidate genes liave been undertaken. Wc will present the molecular analysis of 
candidate genes, phylogenetic relationship and, results un transcript proliling and functional 
ana lys i s.
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STUDIES OF SIGNALING PATHWAYS IN RESPONSE TO HYPAPHORINE AND TO 
HYPAPHORINE/IAA COMPETITIVE INTERACTION IN EU('ALYPTUS AND POPLAR 
ROOTS 

A. Dauphin, A. Jamhois, J. Gérard, F. Lapeyrie, V. Legué 

UMR INRA/UHP 1136 "lnteractions Arbres/Micro-organistries », University Nancy 1, 
Faculté des Sciences, BP 239, 54506 Vandoeuvre Cedex, France 

E-mail: legue@schiol.uhp-nancy.fr 

Ectomycorrhizal ontogenesis implies changes both in fungi with formation of a mantle and a 
Hartig net and in roots with stirnulation of lateral root initiation. arrest of root hairs elongation 
and in sorne species, radial elongation of root cortical celis. Such rnorphogenetic changes 
require mutual recognition and exchange of signalling molecules hetwecn the two partners. 
Hypaphorine, a major indole alkaloid compound was purified in fungus Piso/it/ms 
microcar/)us myceliurn. Since, the role of hypaphorine in the firsi steps of the Euca/vptus 
glolulus / Pisolit/ius mierocarpus symbiosis has been widely investigated. Root treatment 
with hypaphorine induced a rapid decrease in the growth rate both of Poplar and of 
Eucalvptus root hairs. The anti-indo!e-3-acetic acid (!AA)-antagonist activity of ihis molecule 
has been also recognized. Evidence of this competitive antagonisrn includes gene expression, 
niolecule—molecule interaction, priniary root growth and root hair elongation. The objective 
of our present study is to examine signalling pathways invo!ved in response to hypaphorine 
and Lo hypaphorine/IAA competitive antagonisrn in Poplar and Eucalvptus root. We first!y 
focussed our siudies on events p!aying crucial roles iii root hairs as calcium, actin and vesicle 
trafficking. Visualisation of filamentous actin in Eucalvp!us root hairs c!ear!y showed thai 
hypaphorine modifies actin cytoske!eton dynamisrn in root hair. Using a calciurn sensitive-
dye, we revealed that hypaphorine supply leads to a reduction of calciurn gradient, previous!y 
observed in control growing root hairs. Hypaphorine and its interaction with IAA also 
coiitrolled the dynamic of membrane trafficking in Eucalvptus root hairs. A wider 
investigation. using a poplar micro array (LE a Unigene of 4608 cDNAs of Populu.s' 
trichocarpa X deltoides) allowed us to discriminate hctween a few new hypaphorine- 
regulated genes among a vast nlajority of genes whose expression is not affccted by 
hypaphorine treatment. An extensin-Iike protein coding gene, involved in ccli wall plasticity, 
is down-regulated by hypaphorine and up-regu!ated by IAA. With al¡ together, these recen( 
results suggest that hypaphorine and the hypaphorineflAA interaction act firstly on al] 
upstream event controlling root hair elongation during ectornycorrhizal ontogenesis. 
Regulation of transcription of extensin-coding genes by hypaphorine and IAA high!y supports 
evidence of the role of !AA/hypaphorine competitive interaction during the establishment of 
ectornycorrhizae by controlling ccli p!asticity and celi elongation.
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BEECU LEAF COLON IZATION BY TI-lE ENDOPHYTE APIOGNOMONIA ERRABUNDA 
DRAMATICALLY DEPENDS ON LIGHT EXPOSLIRE AND CLIMATIC CONDITIONS 
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Ozone and light effects on endophytic colonization by Apiognonzonia errabunda of adult 
beech trees (Fagus svlvarica) and their putative mediation by interna¡ defence compounds 
were studied at the Kraiizherg Forest free-air ozone funligation site. A. erro hundo 
colonization was quantified by "Real-lime PCR" (QPCR). A. errabunda-specific primers 
allowed detection without interference by DNA from European beech and several species of 
COflhI1Ofl plant pathogenic fungi 1 ike Mvcosphaerella, A/ternaria. Botrvtis. and Fusariurn. 
Colonization leveis of sun and shade leaves of European beech trees exposed either to 
ambient or twice ambient ozone regimes were determined. Colonization was significantly 
higher in shade cornpared to Suri leaves. Ozone exhihited a small but significant inhihitory 
effect on fungal colonization only in young sun and shade leaves. The hot and dry summer of 
2003 reduced fungal colonization drarnatically, more pronounced than did ozone treatment or 
sun exposure. Levels of soluble and cdl wall-hound phenolic compounds were approximately 
twice as high in sun than in shade leaves. Acylated tiavonol 3-0-glycosides with putatively 
high UV-B shielding effect were very low in shade canopy leaves. Ozone had only a rninor 
intluence on secondary metaholites in sun leaves. It slightly increased kaempferol 3-0- 
glucoside leveis exclusively in shade leaves. The prominent hydroxycinnamic acid derivative, 
chlorogenic acid, was tested for its growth-inhibiting activity against Apiognoinonia and 
showed an 1050 of approximately 8 mM. Appearance of Apiognomonia-related necroses 
strongly correlated with the occurrence of the stress metabolite. 3.3'.4.4'-
tetramethoxyhiphenyl. Infection success of Apiognomonia highly depended on Iight exposure, 
presumahly affected by the endogenous levels of constitutive phenolic compounds. Ozone 
exerted only rninor, modulating effects, whereas climatic factors such as pronounced heat 
periods and drought were dramatically overriding.
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PRELIMINARY POPtJLATION GENETIC STUDIES ON THE EUCALYPTUS STEM 
CANKER FUNGUS CONIOTKYRIUM ZULUENSE 
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Canker of Eucalvptus caused by the tunga! pathogen Coniothvrium zuluense is a relatively 
new disease of plantation-grown Eucalvp!us, particularly in tropical and sub-tropical arcas of 
Africa. South Arnerica and South East Asia. The first signs oí' infection due to this pathogen 
were observed in the !ate 1980's in South Africa. In the mid !990's, the fungus was isolated 
from Eucalvptus stem iesions and described as Coniothvrium zuluense. Recently, the 
taxonomic status of the fungus has heen re-considered and the fungus was recognised as a 
species of Colletogloeopsis. an anamorph of Mvcosj'haere/la. Very little is known about the 
hiology or epidemiology of C. zuluense. It is hypothesized that the pathogen has heen 
introduced irno new environments through infected Eucah'ptus seeds, and possibiy that South 
Africa has heen a source of infection br other countries. The aim of this investigation was tu 
develop microsatellite markers in order to consider the possibie origin of C. zuluense. A 
second airn was to estab!ish whether (he absence of teleomorph structures indicates that C. 
zuluense is a pure!y asexual species. In order to accomplish these ohjectives, fine 
microsatellite markers were developed using the FIASCO enrichment method. Preliminary 
results show that the view of South Africa as the original source of C. zuluense is not correct. 
Furthermore, it appears that a sexual state probahly occurs for the fungus, at least in the South 
African population. These studies together with future coalescent analyses are likely to 
provide a considerably better understanding of the epidemiology and dispersa] mechanisms of 
C. zuluense.

.
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MICROSATELLITE MARKERS REVEAL GENETIC DIVERSITY IN SOVTI-IERN 
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Dothistronia septosporu?n has caused devastating losses lo pinc plantations in VaflOtiS 
Southern Hernisphere countries. The propagation of P. radiata has thus been discontinued in 
Kenya and Brazil due lo the difficulties in controlling the disease. Surprisingly, D. 
septosporuin has been present iii South Africa since the niid- 1 960s but is distribution has 
been limited to the Eastern Cape Province with sporadic outhreaks ori P. radiaza and low 
disease incidence. Recently, however, the disease has heen discovered in the Northern 
Province where damage has been substantial. In order to study the dynamics and gene 
diversities of D.septosporuni populations in various parts of the world and to determine 
genetic relatedness in the fungus representing different populations, we have developed a set 
of 11 polymorphic microsatellite markers using hoth !SSR PCR and the FIASCO enrichment 
technique. The efficiency of these markers was tested on a limited population of isolates from 
Africa including two diffrent provinces from RSA and one from Kenya. In the samples 
tested, 35 alleles across 13 markcrs were idcntiled. Al¡ three popu!ations contained unique 
alleles with Kenya having seven thai are ahsent from the South African populations. Only 
56% of (he alleles present in South Africa are shared between the two provinces. From these 
preliminary data, we conclude thai the South African populations are different from each 
other and from that of the Kenyan population. Each oí' these populations appears to have 
originated from separate introductions. Although the fungus appears to be fully asexual iii the 
arcas considereci, the populations are also not clonal as has been suggested for ihe isolates in 
New Zealand. These preliminary results lead confidence to the usefulness oí' the developed 
primers that will 110W he used to compare populations of D.seplosporum from different 
countries.
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Pseudocercospora is a large and morphologically variable genus that houses the anarnorphs 
of many Mveosp/zaerelki spp. A large number of Pseuducercospora spp. have been identified

la from Eucalvptus leaves where they cause leaf spots and ofien defoliation of trees. A very 
obvious leal' spot disease, particularly of E. ea,na/dulensis and hybrids of ihis and othcr 
species, caused by a species of Psei.ulocercosopra is well known and often damaging in 
Thailand. The fungus is characterised by very obvious angular leaf spots with chlorotic 
margins and dark bunches of conidiophores on the underside of Iesions. The aim of ihis study 
was to identify the P.seudocercospora sp. causing leaf spot outhreaks in Thailand. This was 
achieved using morphological studies and cornparisons of DNA sequences for the ITS. EF-1 
alpha and ACT gene regions. The emerging data were conipared with those existing for 
Pseudoeercospora spp. from Eucal vptus. Results of thesc studies lead LIS to conclude that. the 
Pseuclocercospora sp. collected from Eucalvptus in Thailand represents a new species that is 
currently being descrihed. The identification of this new Pseudocercospora sp. mercases the 
already large number of these fungi known to occur on Eucalvptus and it also fortifies our 
ability tú reduce the risk of unwanted introductions of Eucalvptus pathogens mEo new arcas.

0
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Silver hirch (Betula pendula Roth) is economically the most important deciduous tree species 
in Nordic countries, and the birch roundwood is raw material in the chemical pulp industry. 
Silver birch is the main broad-leaf species of conventional tree breeding, and it is also one of 
the key species in Nordic forest ecosystems. Biosynthesis and moditication of birch wood 
lignin is currently studied, because lignin-modified wood may turn out Lo be a potential raw 
material for the pitlp industry. Wood lignin modifications have, however, evoked concern 
about the potential effects on tree fitness and unintended side-eftects and pleiotrophic effects 
of the transgenes having e.g. ecological impacs. Wc have produced transgenic silver birches 
by introducing ihe COMT (caffeate/5-hydroxyferulate O-methyltransferase) gene from 
Popu/us treniuloides L. in sense-orientation into hirch clones A and E5396. The promoters 
used to drive the PtCOMT were CaMV 35S and UhB 1 -promoter froin sunflower. In thc 35S-
PCOMT lines, a reduced syringyl/guaiacyl (S/G) ratio of stem wood and leaf lignin has heen 
found in comparison of UbB!-PtCOMT and non-modified control lines. The aim of (he 
present study was to examine the root lignin content and composition iii the transgenic silver 
birches carrying the PCOMT, and furthermore, the ability of the COMT-modified hirch fines 
to toi'in syinhiosis with an ectomycorrhizal fungus Paxil/u.s' involutus under in vitro 
conditions. lo the accordance with the stem wood and leaf lignin ohservations, the 
introduction of 35S-PtCOMT into birch was found Lo result in remarkahly reduced S/G ratio 
in root lignin too. The root lignin S/G ratios of all the in vitro birches, including the controis, 
were Iow when compared to greenhouse-grown plants. and were generally reduced slightIy as 
a consequence of fungal inoculation. The presence of (he fungus improved the viahility of the 
hirch plants, and all (he birch lines, both transgenic and controis, were ohserved to form 
ectomycørrhizal syinhiosis with Paxillus involutus. However, the number of lateral roots in 
the inoculated in vitro-plattts, the numher of lateral roots covered with fungal hyphae. and 
l'ormation of Hartig net between epidermal cehis varied depending on the hirch line.
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Amv/oste,-eum areo!atum is a white-rot homohasidiomycetous fungus, which is effcctively 
spread via their asexual arthrospores by the Sirex woodwasp. In combination ihe wasp and 
fungus represents a serious threat to pine-hased forestry in the Southern I-lemisphere. In its 
native environments, A. areolatum also reproduce sexually with a heterotha!lic and tetrapolar 
mating system. !n this system, mating type compatihility is determined by two unlinkcd 
mating type loci (loci A and B), each of which consists of two linked sub-loci (Al, A2 and B  
and B2). Although the structure and function of these loci are well characterised in Coprinus 
einereus and Schizophvlluin conzinune. not much is known about the mating type !oci of A. 
areolatwn. The airn of this study was to use the information from these model 
homobasidiomycetes to isolate and characterize the B-mating type locus of A. areolatwn. For 
this purpose we used degenerate primers based on thc sequences for C. cinereus and S. 
( •(»flfljfl9 Even though these regions are hyperdiverse, we successfully identified sub-Iocus 
B2 using these primers. The remainder of B2 sub-locus was obtained through PCR-hased 
genome walking. Sequence analysis revcaled that sub-!ocus Bb of A. areolatwn is similar lo 
those of C. cinereus and S. cornrnune, in harbouring genes encoding mating pheromones and 
pheromone receptors involved in the mating pheromone response pathway. These results 
suggest that sub-locus Ba and mating type !ocus A of A. areolatum niay also be characterised 
in a similar fashion by using availahie information of the model hornobasidiomycetes. In this 

ay we hope to gain a hetter understanding of the processes that shape and govern the 
popu!ation hiology and evolution of this irnportant fungus.

.
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Pitch canker, caused by Fusariuin eircinatum, is a serious disease of Pinus radiara and aiso 
infects other pine species as well as Douglas fir. As the New Zealand plantation forest 
industry is heavily dependent upon P. radiola, this disease has the potential tu cause serious 
losses if the fungus were to becorne established. The ability Lo rapidly detect and identify F. 
('ircznatu!n is a crucial component in maintahrling ihe pitch canker free status of New Zealand 
iherefore, a DNA based diagnostic assay has heen developed. The assay was developed based 
un hands that were consistently amplified across a sample population ol E. circinaliun 
loliowing RAPD analysis. The cunserved bands were sequenced and full-length PCR primers 
were developed that amplified only the target hands. The assay utilized 4 PCR prirners in a 
multipiex PCR reaction thai targeted two different regions of the F. circinatwn genome. In 
order tu assess the specificity of the assay, a total of 54 isolates of F. cireinatum, represenhing 
a global population of the pathugen. and 34 species of other Fusaria, represented by 127 
isolates, were screened through the assay. Statistical analysis of the results indicated that the 
assay had a 93.6 percent chance of identifying F. circinatuin correctly and a 6.4 percent 
chance of giving a false negative. Afl 3 of the 54 isolates of F. circinatuin that were not 
detected by ihe assay were niemhers of VCG group 7. When the sample tested was not F. 
circinatuin, it was correctly identified as negative with a reiiability of 98.8 percent and the 
chance of a false positive reaction was 1.2 perceni. One isolate of Fusariuni begoiiiae, a close 
relative of E. circinatum, resulted in a positive reaction. The assay is able to detect F. 
cuciultwn in culture, in infected host plant tissue and in infested soil and polting mix.



S2.l6p 

PHYLOGENY OF SOUTH AFRICAN RAVENELIA SPECIES 

L. Calvyn Molepo', Wolfgang Maier 2 , Brenda D. Wingfield', Mike J. Wingfield2 

- Departrnent of Genetics, Forestry and Agricultural Biotechnology Institute (FABI). 
University of Pretoria, Pretoria, 0002, South Africa 
2 - Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, Pretoria, 
0002, South Africa 

E-mail: cal vyn.molepo@fabi.up.ac.za  

The rust fungi are recognized as including sorne of the niost irnportant tree pathogens. 
Ravenelia is the third largest rust genus with about 200 species recognized worldwide. These 
fungi mainly OCCUF in tropical and sub-tropical regions of America, Asia, and Africa and are 
restricted to legumes (Fabaceae s.l.) and they predominantly infect tree species. Of the 24 
Ravenelia spp previously recorded from South Africa, hased on inorphology. 12 are found on 
various species of Acacia. The airn of this investigation was to understand the phylogenetic 
relationships of the South African Ravenelia spp. To achieve this goal, rusts were collected 
between January and June 2005 to obtain al] relevant spore stages. These were examined 
using light microscopy to determine the rnorphological features. DNA was extracted from 
both aeciospores and teliospores and sequence data from the LSU, SSU, ITS, B-tubulin gene 
regions were obtained from these collections. A preliminary phylogenetic analysis has 
enahied us to link the different stages of the life cycles of these rusts and lo determine which 
morphological features are phylogenetically significant. Asa result of this study we have 
identified various new hosts and one Ravenelia spp. new to South Africa.
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MycolThizal symbiosis refers Lo ihe mutualistic association between plants and certain soil 
fungi. This interaction offers severa] benefits Lo the host plants. ineluding improved nutrition, 
drought resistance and protection against pathogens. The molecular research concerning 
mycorrhizal symbiosis is still aL the early stage but it has heen shown that expressions of 
certain endogenic haemoglobin genes of plants are regulated during arbuscular mycorrhiza 
(AM) forniation. Populus rrenzula and P. treniuloides are the few species living in symbiosis 
with both AM and ectomycorrhizal (ECM) fungi. The aim of our work was Lo study effects of 
ECM fungi on the rooting of wild type and transgenic hybrid aspen (P. Ireínula x 
tremuloides) lines carrying Vitreosci/la haernoglobin gene (vhb). In vitro shoots of two non-
transgenic and two transgenic lines of hybrid aspen were inoculated with ihe mycelium of 
Leccinu,n populinu,n isolated froin pure hybrid aspen stand and Xerocoinus subionientus 
originally isolated from mixed aspen stand. The number of roots and mycorrhizas were 
measured after 3 weeks of culturing. The concentrations of ¡asrnonic acid (JA), salicylic acid 
(SA) and abscisic acid (ABA) in shoot samples were analyzed by gas crornatography mass 
spectrometry and expressions of endogenic and heterologous haemoglobin genes are now 
under examination using Real Time PCR. Both fungal strains enhanced adventitious as well 
as lateral root iorrnation, resulting in increased root fresh weight. 1-lowever. only L. 
populinu,n forrned niycorrhizas. No significant difference in the number of rnycorrhizas was 
found hetween non-transgenic and transgenic hybrid aspens. Depending on the hybrid aspen 
line, the fungi decreased ABA concentration of the seedlings. Concentrations of JA and SA 
were unaifected by fungal inoculations.
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Fusariu,n isolates associated with (he Gibberella fujikuroi cornplex comprise many i rnporlant 
fungal pathogens of agricultural crops and trees. Included are F. circinwwn (the pitch canker 
fungus) and E. suhglutinans that are pathogenic oti susceptible pine sp. aud maize, 
respectively. The complex currently consists of nine different biological species (rnating 
population A-!) that are reproductively isolated. An interspecific hybrid cross in this complex 
between E. circinatun: (mating population H) and F.subglutinans (mating population E) is 
providing a means of studying these two species using genetic linkage mapping. A framework 
linkage map was constructed using 582 amplified fragment length polyrnorphism (AFLP) 
markers together with the mating type (MAT-I and MAT-2) genes and a histone (H3) gene. 
Twelvc niajor Iinkage groups were identified (n=12). An F2 backcross population was then 
generated by backcrossing an F 1 hybrid isolate to the pitch canker parent. This population is 
being used to identify quantitative trait loci (QTLs) linked to pathogenicity iii the pitch canker 
genome. Results of inoculations of 94 randomly selected hackcross individuals on susceptible 
Pinus patula seedlings showed that lesion length had a normal distribution with a heritability 
(H 2 ) of 0.30. Although not high, this indicates an appreciable amount of genetic control for 
pathogenicity. AFLP analysis was performed on these hackcross individuals using the same 
AFLP primer combinations previously used for genetic map construction in ihe F 1 cross. 
Identification of fungal pathogenicity QTLs will provide powerful tools to study the genetic 
architecture of interspecific differentiation of pathogenicity in Fusa riuin.

0



S2. 19p 

CYLINDROCLAD!UM PAUCIRAMOSUM: A THREAT TO EUCALYPTUS CUTTING 
PRODIJCTION EN SOUTH AFRICA 

Lorenzo Lombard', Teresa A. Coutinh&, Mike J. WingfieldT 

1 - Department of Microbiology and Plant Pathology, Forestry and Agricultural 
Biotechnology Institute (FABI), University of Pretoria, Pretoria 0002, South Africa 

E-mail: Lorenzo.lombard@fabi.up.ac.za 

In South African Eucalvptus nurseries, darnage to planis by Cv/indrocladiwn is common and 
reflected by a number of disease symptoms. Cvlindrocladiu,n was firsi recorded on 
Euca/vprus in South African nurseries in 1988 where it caused damage to hybrid cuttings. 
Subsequently. several Cvlindrocladiun , spp. have been recorded from local Euca/vpius 
nurseries. A survey was conducted at four major Eucah'ptus cutting production nurseries in 
KwaZulu Nata!, South Africa, to determine which Cvlindrocladiuin is dominant. At each 
nursery, five of the most commonly produced hybrid clones were selected for sarnpling. 
Cuttings were immediately exaniined and placed in moist chambers lo enhance fuiigal 
sporulation. Severa] well-known fungal pathogens were collected and arnongst thesc, 
Cv/indroelaa'iu,,z isolates were dominant. Al¡ Cvlindrockidium isolates were identified as C. 
paueiramosum based on morphologicah characteristics and this was confirmed using DNA 
sequence data comparisons hased on part of the fO-tuhulin gene. The pathogcnicity of C. 
pauciramosun: was icsted on two-month-old plants representing four commercial hybrid 
clones. The pathogen -ave risc lo infection on all clones inoculated with little difference in 
tolerance noted between these clones.
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Obligate biotrophic pathogenic fungi cause important prohlems in agriculture and forestry. 
Their study is particularly challenging hecause of our inability to obtain axenic cultures. To 
circumvent this prohlem and to study interactions between hybrid poplars and poplar rust 
fungi Melanpsora nedusae and M. larici-popu/ina. we have developed a quantitative real-
time PCR hased methodology to monitor the in-planta growth of fungi. This methodology 
provides unprecedented sensitivity for monitoring fungal growth. and the specificity required 
to distinguish pathogens in mixed infections. Moreover, real-time PCR has heen widely used 
to monitor gene expression. Here we propose a combined approach where defence gene 
expression is related to pathogen growth in time course experiments. Monitoring of gene 
expression foliowing Melatnpsora inoculations on poplar clones harbouring various levels of 
resistance has revealed numerous interesting facts. 1) Our results confirmed that compatible 
interactions weakly induce the host defence gene expression even when a high amount of 
pathogen is detected. 2) New insights on the timing of defence gene induction in relation to 
paihogen amount were revealed by the study of various types of resistance reaction. 3) A 
mixed inoculation experiment with virulent and avirulent pathogens has given a surprising 
outcome for hoth pathogen growth and defence gene expression.
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The gyrnnosperm ovule is complex in its construction. At reproductive maturity, its center is 
occupied by a large haploid egg-containing megagametophyte that is surrounded by diploid 
nucellar tissue and an integurneni. The apex of the ovule is formed into a micropyle, (he point 
of entry of the pollen. The innate defence barriers differ according to location. A waxy cuticle 
protects the outer epidermis of the integument. The micropyle is defended by a waxy ¡ayer on 
the inside of the integument as well as by ovular secretions that are rich in antimicrohial 
compounds. These include a variety of small and large molecular weight compounds, ranging 
from organic acids to defence proteins. These antihacterial and antifungal compounds are 
secreted by the nucellus. The megagametophyte is protected over niost of its surface by a 
membrane. The megagametophyte, unlike the sporophyte's nucellus, does not appear to have 
a suite of defence compounds at the ready, as is implied by a unique type of insect parasitism 
that occurs in the Pinaceae. Pathogen or pesE interaction with reproductive tissues of the ovule 
is strongly differentiated by location. Examples include Douglas fir, larch, yew. Port Orford 
cedar, yew and Welwitschia.
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The rhizosphere, the narrow zone of soil around living roots, is characterized by root exudates 
which attract soil inicroorganisms. Most importantIy, certain soil fungi estahlish symhiotic 
interactions with fine roots, which enhance nutrient availability for the plant partner 
(rnycorrhiza). The establishrnent of such a symbiosis can be aftcted by soil bacteria. Wc 
isolated Gram-positive soil bacteria from the rhizosphere of a spruce stand rich with fly agaric 
(Anzanita ,nuscaria) fruiting bodies. Using a cocuiture technique in Petri dishes, bacterial 
isolatcs were characterized by their effect on the growth of fungal hyphae. A group oí  
hacterial strains were identified which sigiiificantly promoted growth of fly agaric hyphac. 
One of these strains (Streptomrces nov. sp. 505 (AcH 505)) was shown to additionally inhibit 
growth of pathogenic fungi such as Arinil/aria obscura (wide host range) and Heterobasiction 
annosun (causes wood decay in conifers). In coculture with fly agaric (Amanita nniscaria) 
we found strongest promotion of growth of the fungal mycelia after 9 weeks. In addition (o 
rnorphological changes we exainined the effect of AcI-! 505 on fungal gene expression using 
the suppressive subtractive hybridisation approach. The responsive fungal genes include 
memhers of signalIing pathways. rnetabolisrn. ccli structure. and ccii growth-response. 
Furtherrnore we were able to isolate and characterize their bacteria¡ siihstances, released to 
the medium, which induce the same effects as (he bacteria. One of them has not yet been 
described.
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Arnziilaria Juscipes is the causal agent of Armillaria root rot in pine plantations in Southern 
Africa. The taxonomy of this fungus has been well established hut its population structure in 
pine plantations is unknown. The aim of this study was to ascertain the genetic diversity of A. 
/uscipes in Pinus e/liottii asid P. patzila plantations in South Africa. isolates were colleeted 
from plantations in the Mpumalanga and Limpopo provinces. RFLP analyses of the IGS-1 
region were performed oti ihe fungal isolates to conhrm their identity. The genotypes of the 
isolates were assessed using vegetative incompatihility. These tests were conducted by 
crossing all (he isolates with one another in alI possible combinations on malt extract agar. 
Genetically identical isolates were identified by the absence of a demarcation une hetween 
two crossed isolates. AFLP analyses were employed to further assess the genetic diversity of 
the isolates. Banding patterns for these analyses were obtained from three primer sets. RFLP 
proflles typical of A. fliscipes were obtained for all isolates. Thus, only this speeies is preseni 
in pine plantations in South Africa. Isolates collected within discrete infection centers were 
found to represent single clones of A. fuscipes. Preliminary results on the isolates from 
different centers suggest that they each represent different genotypes. Assessment of the total 
number of clones and their genetic relationships to one another wihl provide information on 
(he genetic history of A. fiiscipes in South Africa asid assist in the management of ihis 
pathogen in pifle plantations.
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Leptographium spp. are often associated with bark heeties. They are also known as sapstain 
agents of lumber and conifer root pathogens. Very little research has been done on this group 
of fungi in China. In the past three years, we carried out a survey of the Ophiostomatoid fungi 
associaied with conifer-infesting bark beeties in China, and obtained a large fungal collection. 
Preliminary identification based on rnorphology indicated that 18,5 (11 of ihe isolates collected 
belong to the genus of Lejtographium. The airn of this study was to identify these isolates. 
The isolates were grouped according to the morphological characteristics, and confirmed by 
comparisons of DNA sequences of the partial -tubuIin gene. lsolates were allocated lo 
twelve rnorphological groups and the phylogenetic analysis showed the y represented the 
species of L. terebrantis Barras & Perry. L. Yunnanense Zhou, Jacohs. Wingf. & Morelet, L. 
truncatun (Wingf. & Marasas) Wingf., L. hisiata Kim, Lim, Wingf., Breuil & Kiin and 
Ophiostona pe,zicillatuin (Grosinann) Sieinaszko, are firsi reported from China. Sorne 
isolates however did not match with known Leptographium spp., and prohahly are 
undescribed taxa. Sequences of other genes will be used to confirm the identities of those 
isolates.
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MOLECULAR CHARACTERIZATION OF THE INTERACTION BETWEEN SIRICID 
WASPS, THEIR FUNGAL SYMBIONTS AND TREE HOSTS 

Bernard Slippers' 2 , Rirnvydas Vasiliauskas 2 , Jan Stenlid2, Michael J. Wingfield' 

- Tree Protection Co-operative Prograrnme. Forestry and Agricultura] Biotechnology 
Institute. University of Pretoria. Pretoria, South Africa 
2 - Departrnent of Forest Mycology and Pathology, Swedish University of Agricultural 
Sciences, Uppsala, Sweden 

E-mail: hernard.slippers@fahi.up.ac.za 

Sorne siricid woodwasps (Siricinae. Hymenoptera), such as Sirex noctilio, have beco 
introduced oto non-native arcas where they cause significaut darnage Lo local softwoods. 
These woodwasps uve in an obligate, mutualistic symbiosis with fungi in Lhe genus 
Anjv/ovtereun, (Basidiomycotina). Female woodwasps inoculate softwood trees with the 
fungus together with phytotoxic mucus, when they ¡ay their eggs. The fungus then causes a 
white-rot that is essential for the development of wasp larvae. Siricid woodwasp species are 
always associated with the sarne Ainvlosrereum sp. (either A. aren/amin, A. chailleiii or A. 
laet'haiu,n) and often also display a certain level oi host tree preference. The European 
wasps. Sire.v jut'encus and S. noctilio hoth uve in assoCiations with A. areolatuin. bu( S. 
jut'encus prcferentially feeds in Picea, while S. noctilio prefers Pinus. Here we studied the 
phylogenetic and population structure of different woodwasps and their Ainvlosiereum 
syrnhionts using DNA based molecular markers. This gives us the opportunity Lo determine 
the extent Lo which genetic diíferentiation of symbionts might determine host tree preference 
of the wasps. These data are used Lo consider the potential for future spread of different wasp 
species, as well as its significance in breeding for resistance Lo the symbionts of these 
organisms.

.



S 2.26p 
APPLICATION OF A PATHOGEN-INDUCIBLE NATIVE TREE PROMOTER TO 
ENGINEER DISEASE RES ISTANCE IN TRANSGENIC POPLAR 

Dmytro P. Yevtushenko. Santosh Misra 

Departrnent of Biochemistry & Microbiology, Unversity of Victoria, Victoria, Briiish 
Columbia, VSW 3P6, Canada 

E-mail: smisra@uvic.ca 

Despite increasing cornmercial value, few Popu/iis species combine desirable growth 
characteristics with sufficient resistance against major tree pathogens. Expression of 
defensive genes encoding membrane-active cationic antimicrobial peptides, especially when 
controlled by a promoter with predictahie spatiotemporal activity, provides a unique 
opportunity to engineer plam resistance against a wide array of pathogenic microorganisms. 
Previously we showed thai wound-inducible win3.12T promoter from hybrid poplar (Popu/us 
trichocarpa x P. deltoides) had strong systemic activity in the aerial parts of plants jo 
response to pathogen infection, whereas in [he absence of stimuli its transcriptional activitv 
was hardly detectahie. Based on these findings, a plant transformation vector with 
transcriptional fusion between [he iv iO.12T promoter and the MsrA2 gene. which encodes a 
small, dermaseptin B-based cationic peptidc with strong antimicrohial properties, was 
constructed and introduced into hybrid poplar (P. nigra .v P. ,naxi,nowi('ii) via 
Agrobacterium-mediated transformation. As a proof of concept. this DNA construct was also 
introduced mio tobacco. Development of a new regeneration protocol and explant-dependent 
selection conditions dramatically improved transformation efficiency and increased [he 
number of positive transgenic poplar unes. Stahle transgene integration mio plants 
regenerated on selective medium was confirmed by PCR and Southern analyses, whereas 
northern analysis showed accuinulation of MsrA2 transcripts in response lo fungal infection. 
All transgenic plants had the normal phenotype, with no indicarion of cytotoxicity due to 
expression of the tvIsrA2 gene. Cultivation of transgenic plants in the presence of Fusarium 
solani showed thai the pathogen-induced accumulation of the MsrA2 peptide was sufficient t() 
confer plant resistance to the pathogenic fungus. Bioassays of transgenic poplar against 
several major pathogens are in progress. 

This reearch was stipported by ari NSERC Discovcry grant to S. M.
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TRANSGENIC POPLARS ALTER INTERACTIONS WITH NON-TARGET PATHOGENS 

Pairik Blornberg, Anders Wennstrdm 

Department of Ecology and Environmental Science, Unicá University, SE-901 87 Umet, 
Sweden 

E-mail: patrik.blomberg@enig.umu.se  

There is a inajor concern that [he release of genetically modified trees (GM-trees) will result 
in unexpected effects oti non-[arget organisrns, hut there are virtually no data availahie lo 
assess these risks. In order to identify and assess potential non-target effects of the fleid 
release of transgenic trees we used a model system consisting of the transgenic poplars 
Populus trenzu/a x treinuloicles. une T89, featuring changes in growth characteristics, i.e. 
altered expression of gihherellin (GA 20-oxidase), sucrose-phosphate synthase (SPS) and 
pectin methyl esterases (PME), and five iuid six populations of [he non-target parasitic fungi 
Ven furia treinulue and Melompsora pinitorqua, respectively. In inoculation experiments (cut-
shoot and leaf-disc assays respectively) we compared the different transgenic unes 
susceptibility [o the pathogens with ihe base-une, represented by [he unmodified isogenic une 
T89. Wc found that ah tested transgenic unes altered the susceptihihity compared lo the 
unmodified wild type T89 for hoth of [he pathogens, hut also thai the susceptihility varied 
considerably within unes depending on expression leve¡ of [he transtormation, and depending 
on pathogen population. This is one of the first experimental studies thai have shown that 
genetic modilication of a tree is capahie of altering [he interaction with a non-targel pathogen. 
The results are principalhy important because much attention in foresi biotechnology today are 
directed lo develop [rees with non-target [raits, to he used in forestry applications, and natural 
eneniies such as pa[hogens are impor[ant ac[ors in forest ecosys[ems, capable to reguhate host 
populations and drive ecological and evolutionary processes. The results highligh[ [he 
importance and necessity of the implementation of risk assessments before field-release and 
commercial apphication of transgenic trees.

.
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METABOLITE PROFILING OF POPULUS: INSTRUMENTATION, CHEMOMETRICS 
AND DATABASES FOR INTEGRATION IN TREE BIOTECHNOLOGY 

Annika Johansson', Miyako Kusano'. Johan Trygg 3 . Thomas Moritz' 

- UPSC. Department of Forest Genetics and Plant Physiology, SLU, Ume, Sweden 
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Mctabolornics has ihe last years emerged as an important tool in very many different aspects 
01 hiology. We have developed a metabolite proliling approach ineluding both GC/MS and 
LC/MS analysis, automated MS-data processing concepts, multivariate statistical analysis. 
and databases. We will present the whole concept, but the focus will be on showing the 

• importance to use differcnt analytical platforms and analyse the large and complex datasets 
with methods such as Principal Component Analysis (PCA) and Partial Leas( Squares (PLS). 
The latter not only for visualization purposes but also for validation of data and finding the 
nietaholites that explains the differences betweeii samples. Wc will show example from 
clifterent Populus project where the rnetabolomics concept has been used, e.g. induction of 
dormancy in Popu/us. 

FA 
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A FUNCTIONAL GENOMICS APPROACH TO IDENTIFYING POTENTIAL 
REGULATORS OF TREE GROWTH, DEVELOPMENT AND DEFENSE RESPONSES 

John MacKay ', Caroline Levasseur2 . Laurence Tremblay 2, Janice Cooke , Armand Stguin2 

- Centre de Recherche en Biologie Forestire, Universit Lava], Sainte-Foy QC GIK 7P4 
Cariada 
2 - Natural Resources Canada. Laurentian Forestry Centre, 1055 rue du P.E.P.S., Sainte-Foy 
QC G 1 V 4C7 Canada 
3 - University of Alberta, Department of Biological Sciences, Edmonton AB T6G 2E9, 
Canada 

E-mail: seguin@cfl.forestry.ca 

Forest tree growth, development and defence responses are exquisitely dynarnic processes 
that are modulated by a variety of genetic and environmental cues. Wc are using a funetional 
genomics approach to characterize regulators that influence ihese processes in two forest tree 
taxa, poplar and white spruce. To this end, we have selected as candidates for functional 
analyses a number of genes from k)rest trees that we hypothesize are regulators of wood 
formation and potential players in the defence response. As a means to further define the role 
that these genes play, a suite of transgenic poplar and spruce trees has heen created that miss-
cxpress each of the cundidate genes. Large-scale transcript profiling with custom microarrays 
is being used to assess liow these candidate genes and environmental conditions act to 
modulate gene expression.

.oi
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TI-lE NEED FOR HIGH-Tl-IROUGHPUT BIOCHEMICAL GENOMICS: TERPENOID 
SYNTI-JASES AND P450 ENZYMES IN CON IFER DEFENSE 

Jórg Bohlniann, Dae-Kyun Ro 

Michael Smith Laboratories, University of British Columbia. 321 - 2185 East Mal! 
Vancouver, B.C., Cariada V6T 1Z4 

E-inai 1: hohlmann@interchange.ubc.ca 

Cytochrome P450 monooxygenases (P450s) are irnportant enzymes for generating sorne of 
the enormous structural diversity of plant terpenoid secondary metabolites. In conifers, P450s 
are involved in the formation of a suite of diterpene resin acids (DRAs). Despite Iheir 
important role in constitutive and induced oleoresin defense, a P450 gene of DRA formation 
has not yet been identifled. Using phylogenetic cluster analysis of P450-like expressed 

•

	

	
,nvc

sequence tags from IohIolly pine (Pinus taeda), functional cDNA screening in yeast

(Sacchame,s' cerevisiae), and in vitro enzyme characterization, we cloned and identified a 
inulti-functional and rnulti-substrate cytochrome P450 enzyme, CYP72OB 1 
abietadienoL/ahietadienal oxidase (PtA0). PtA0 catalyzes an array of conseculive oxidation 
steps with several different diterpenol and diterpenal intermediates in lobloIly pine DRA 
biosynthesis. Recombinant PtA0 oxidized the respective carbon-18 of ahietadienol, 
ahietadienal, levopimaradienol, isopirnara-7. 1 5-dienol. isopimara-7, 1 5-dienal, 
dehydroahietadienol. and dehydroabietadienal with apparent Michaelis Menten (Km) values 
of 0.5 to 5.3 mM. PtA0 expressed in yeast also catalyzed in vivo oxidation of abietadiene to 
abietic acid, hut with activity much lower than with abietadienol or abietadienal. Consistent 
with a role of DRAs in conifer defense, PtA0 transcript levels increased upon sirnulated 
inscct attack using meihyl jasnionate treatment of lohIolIy pine. The multi-suhstrate, multi-
functional P450 diterpene oxidase PrAO, in conceri with expression of a faniily of single- and 
multi-product diterpene synthases, aliows for formation of a diverse suite of DRA defense 
nietabolites in long-lived coniters. 

Ro D-K, Arirnura G-I, Lau SYW, Piers E, and J Bohlmann (2005) LobIolly pinc 
ahietadienollahietadienal oxidase PrAO is a multifuncrional, multi-suhstrate cytochrome P450 

•	 monooxygenase. Proccedings of the National Academy of Sciences USA 102: 8060-8065 

Martin D. Fildt J. and J Bohlmann (2004) Functional characterization of fine Norway spruce 
TPS genes and evolution of gyrnnosperrn terpene synthases of the TPS-d subfamily. Plant 
Physiology 135: 1908-1927



y 

FUNCTIONAL GENE TESTING IN PINUS RAD/ATA CALLUS CULTURES 

Armin Wagner. Raif Mifiler, Diane Steward 

Cellwali Biotechnology Centre, Scion, Te Papa Tipu Innovation Park, Private Bag 3020, 
Rotorua, New Zealand 

E-mail: armin.wagner@scionresearch.com  

Funclional testing of ccli wali related genes in conifers such as Pinus rail/ata can be a time 
consuming and labour intensive process. if (bese experiments depend on the production of 
transgenic trees. Even smail piants, which can be used for ccli wail reiatcd studies, generaily 
require more than one year of development. Wc have therefore devoped xylej[ive. 
mci/ata cailusçjurç_system, which is both transformable and capabie of forming tracheary 
elements. The produced secondary ccii walis seem to have a similar chemical fingerprint 
compared to (hose formed iii developing xylem. This cailus culture system has several 
advantages over piant forming material, since the generation of transgenic unes is both easy 
and fast. In addition, physioiogical manipuiutions and gene expression sudies can easiiy be 
undertaken. Data will he presented on receni cxperiments with transgenic callus cultures 
providing evidence that the system can be used for functionai testing of ccli wail related 
genes. The expression leveis of (he lignin related genes were manipuiated in a pilot study 
using RNAi technologies. Initiai results of the impact of this gene silencing approach on 
metaboiite profiies in transgcnic unes wili he presented. In summary, we bclieve that our 
recent resuits indicate that the established P. radiata callus culture system is useful as a 
screening tool to investi gate the function of ccli wali related genes and is also suitahle as a 
model for metahoiic engineering experiments.
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COMBINING METABOLOMICS AND QTL ANALYSIS FOR IDENTJFYING MQTL 
AND GENE DISCOVERY EN POPLAR 

Tirnothy J. Tschaplinski, Tongrning Yin, Nancy Engle 

Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, 37831- 
6422, USA 

E-mail: t2t (a-ornl .gov 

Metaboloniics or rnetaholic protiling offers tremendous potential to discover novel genes, and 
assign functR)n to those genes. Gene discovery by rnetabolic profiling is a rapidly emerging 
field that will eniploy multiple approaches, ineluding the coupling of inetabolic protiltng with 
the analysis of 1) mutant and tran.sgenic unes, and 2) structured pedigrees to identify 
metaholite quantitative trait loci (rnQTL). Poplar (Popi.ilus) mutants containing a single-gene 

• moditication can express greatly perturbed metaholisrn, leading to the overproduction or 
depletion of nietabolites of both priinary and secondary carbon and nitrogen metaholisrn. 
Such single-gene rnutations typically induce changes in metaholic proliles that are highly 
pleiotropic and often difficult to predict. When (he metaholite data oí' the fine roots oí' ihe 
progeny of an interspecific backcross between P. incIlocarpa X P. deltoides 52-225' and P. 

deltoides 'D124" (Family 13) at Thief River Falis, MN, was subjected to QTL analysis, a 
number of mQTL were identified, including a large-effect mQTL that explained 16.9 and 
26.8% of the progeny variation in thc concentration of trichocarpinene and its glucoside, 
trichocarpin, respectively. In suninlary, extensive hiochemical characterization oí' unique 
metabolic phenotypes of both mutants and segregating progeny (backcross and F2) can 
provide insight into gene function and how metabolic pathways are interconnected. In 
addition, elucidating these biochemical networks will provide opportunities for tailoring 
metaholie engineering for the overproduction oí` unique secondary carbon metabolites.



S3.6 

CHARACTERIZATION OF REGULATORY GENES IN THE SECONDARY MERISTEM 
OF POPULUS BY IN SITU PROTEIN LOCALIZATION 
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University Center, SE- 10691 Stockholm, Sweden 
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SE-901 83 Urnei, Sweden 

Trees maintain their stem celis population for hundreds of years, with continuous production 
of biomass as a result. However, the genetic mechanisms for regulation of growth in 
secondary meristems are essentially unknown. Wc aim to find and characterize the genes 
involved in this process in Populus iii order lo understand it' increased productivity can be 
reached by manipulation of the pool of stem celis. the xylern and phloem mother celis or (he 
differentiating celis. The goals will be achieved by funetional analysis of potential target 
genes. Currently. the toois for this type of analysis include RNAi knock-down and 
overexpression under cambiurn-specific promoters. This study airns to introduce a 
complementary approach based on in situ protein localization, which aliows for higher 
resolution and analysis of protein activity on the cellular and sub-cellular level. Polyclonal 
antihodies to the target proteins will be produced iii using a sophisticated antigen des¡,-,n 
procedure, which atiows for selection of unique epitopes. The specificity to the target proteins 
is increased by affinit y purification of ihe antibodies using the antigen. Tissue sections of the 
meristem will be stained by imrnunohistocheniical methods. To date, almost 80 candidate 
genes from the cambium have been identified through microarray analysis, 40 of which are Iii 
the process of antibody generation. More (han 200 transgenic poplar trees are available from a 
comrncrcial partner through collaboration with SweTree Technologies (www.swetree.com ).

•1 
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THE INTRICACIES AND INCENTIVES OF HIGH-THROUGHPUT PROTEOMICS IN 
ITS APPLICATION TO TREE BIOLOGY 

Dustin Lippeit, Sunita Chowrira, Steven Ralph, Juergen Ehiting, Joerg Bohlmann 

Michael Smith Lahoratories. University of British Columbia, Vancouver, BC, Canada 

E-mail: lippy@interchange.ubc.ca 

A thorough investigation of any dynamic biological system requires muitiple approaches. The 
development of high-throughput sequencing and rnicroarray technologies has made genomics 
a dominant form of research. In spite of alt the advantages associated with these techniques, 
the additional information that can be ohtained throu gh proleonhics can greatly Improve the 
depth of biological insight gained. Proteomics, along with metabolite profiling and 
bioinformatics, has provided a versatile and complemcntary approach lo high-throughput 

• hiological investigations. Protein ahundance, post-translational modifications, protein 
(urnover, and noncovalent interactions are al] significant components of any biological 
system. Proteomics encompasses the study oí'aif these aspects at the price oí' high technical 
compiexity. With the development of soft ionization techniques, mass spectrometry has 
become an integral componeni of any protein scientist's research arsenal. isotopic labeling 
(ICAT and iTRAQ) has provided a means for large-scale quantitative experimcnts that can 
accurately measure thousands of proteins froni a single biological sample in a maner of hours. 
iii addition, differential scanning techniques can identify post-translationai modifications with 
known struetures or chemical properties. However, the application of these technologies lo 
Iree hiology is hindered by the challenges inhereni in processing ihe relevant hiological 
materials. It rnust he further appreciated that, with respect to conifer species, no direct 
genoniic resource is avaiiable lo assist in data analysis. in spite of these difficulties, the 
intormation arising from carefully applied studies in proteornies havc exponentially aided our 
understanding of tree biology in terms of hoth defense and basic development. In 
combination, with transcript profiles and metabolite studies, we have gained a more thorough 
understanding of the processes that dircctly affect the health and welfare of our forests. Wc 
have applied Ehe technologies associated with proteornics not only lo model organisms like 
AraIikpsis and popiar, but also lo coniferous species such as spruce. The intricacies of the 
rnethodology ranging from 2D-PAGE lo isotopic laheling lo multiple reaction monitoring 
applied in our studies have provided us with reievant biological information, which merits the 
use of disparate methods of analyses in order lo entirely comprehcnd any system associated 
with tree biology.
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A BAC LIBRARY OF EUCALYPTUS GRANDIS: CHARACTERIZATION, 
FINGERPRINTING, BAC-END SEQUENCING AND SHOTGUN ASSEMBLY OF 
LIGNIFICATION GENES 

Sergio H. Brornmonschenkel', Júlio César Lima', Rosana P.V. Brondani 2 , Gisele A. 
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A Eucalvptus grandis BAC Iihrary (Hindili partial digest) wilh an initial coverage of —4X 
with over 70% of the inserts >150 kb long, has been buill ja the Genolyptus projecl. A 
hierarchical pooling strategy was employed lo rapidly identify BAC clones containing a gene 
or rnarker of interest. BAC DNA pools were done by pooling Ihe 96 clones from a single 
plate. The 2 10 DNA pooled samples were in turn pooled in 2 1 xl O or 35x6 superpools x pools 
(96-well pIales). Step one of [he BAC library screening was carried out with PCR reactions 
on Ihe superpools plus the genomic DNA control. Pools comprised ja a positive superpool 
were then screened and the 96-well piale corresponding lo the positive pool was screened by 
colony-PCR [o arrive lo [he largel BAC. Ihus lotalling 21+10+96= 127 PCRs [o gel lo a gene 
or 137 forthe 35 superpool formal. This Iibrary was validated by screening it with 47 mapped 
microsatellites that pulled out on average 3.7 BAC clones thus confirniing the expected 
coverage. These anchored BACs are being used lo integrale the molecular and cytogenetic 
maps via fluoreseence ¡u situ hybrizalion (FISH) techniques). Using [lis BAC lihrary we have 
also undertaken a directed search fi)r the genornic clones of a number of candidate genes 
involved in wood chemical composition ami disease resistance for subsequent shotgun 
sequencing. Primers were oblained both from the literature as well as from consensus 
sequences in ORFs derived from Eucalvptus EST clusters. This strategy has allowed lis lo 
land on BACs for importani genes thaI code for enzymes and transeriplion factors involved in 
tIc lignin or cellulose biosynthetic palhway as well as fon resistance gene analogs (RGAs). 
The same screening strategy was used lo identify groups of 4 nr more BAC clones pulled out 
by screening the library with the same single locus microsatellite marker heterozygous ja [he 
donon tree so thaI both alleles were likely nepresented in the gnoup of BACs. BACs within 
each group are now being fingerprinted and assemhled ¡tito contigs lo evaluate the robustness 
of the tluorescent fingerpninting appnoach. A sequence-tagged connector (STC) resource has 
also been created by sequencing both BAC ends of Ihe first arrayed set of 20.160 clones. This 
has been accomplished with an average efficiency of 78% al phred> 20 on 250 hp. TIc 
—31,000 STCs should, on average, be scattered every 20 kb across an estimated 630 Mbp 
genome. Once any BAC is sequenced lo completion by a shotgun approach, Ehese STC Eags 
can be used En identify a minimum tiling path of BAC clones overlapping the nucleation 
sequence for sequence extension. At this STC density, any nucleation BAC (insert size of 150 
kh) should have around 7 STCs. The STCs rnay hit mapped markers (e.g.. STSs. ESTs, 
micnosatellites etc.) and, thus, map the corresponding BAC clones lo precise chromosomal 
locations or, on a reverse approach the STC provide rich sources of new microsalellites or 
SNPs fon lhe same purpose. In fact over 1,800 new microsatellites were already mmcd from

1 



the STC database. For iwo key genes, 4-CL and CAD, the smaller single BAC (30Kbp for 
CAD and 120 kbp for 4-CL) as evaluated by PEGE was selected for constructing shotgun 
libraries with average insert size of 2 kbp of which both ends were sequenced. Assemhly of 
1.052) reads (3.5X) for 4-CL resulted ja a 5,477 bp contig covering the whole gene hut pali oí' 
the 5-UTR. For CAD 768 reads (¡OX) allowed the assembly of a 9,785 hp contig of what was 
1 ound Lo be CAD2. With the fuil genomic sequence in hands it should he possihle Lo identify 
regulalory regions and carry out a detailed analysis of polymorphisrn in a set oí* individuals by 
reseque nciug specific upstrearn regions in an association niapping approach. 
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A COMPARISON OF DIRECT (FLOW CYTOMETRY) AND INDIRECT (STOMATAL 
GUARD CELL LENGTHS AND CHLOROPLAST NUMBERS) TECHN1QUES AS A 
MEASURE OF PLOIDY IN BLACK WATTLE. ACACIA MEARNSII (DE WILD) 

Sascha L. Beck', Gerrit Visser2 . Robert W. Dunlop' 
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Three assays, namely stomatal length measurements, chloroplast nulTlhers within the stoinatal 
guard cells and flow cytometry, were used to confirm the ploidy of three diploid and thiee 
tetraploid Acacia ,nearnsii unes. The firsi two methods have previously been successful in 
identifying ploidy in ihis species, hut they are indirect assessments. Flow cytonietry directly, 
quantifies the amount of DNA present in a sample, but has ¡mt been previously tested on A. 
nzeornsii. It was decided to test (he accuracy of al] three methods by using the exact sanie 
plani material for each method. Results showed that each rnethod correctly identified the 
ploidy of the diploid plant material tested as well as two of the three tetraploids tested. The 
third tetraploid (C19/48/17) was originally identified as a tetraploid, however alI three 
techniques identified it as a diploid, suggesting thai it was originally incorrectly identified as a 
tetraploid. Froni ihis study, all three techniques followed the same trend, confirming their 
accuracy for future research into ploidy identification of A. i pieartisii. Flow cytometry has the 
advantage of providing a quick and efficient direct assessment of DNA in the sample, but is 
the most expensive. The other two techniques used (stomatal length measurernents and 
chloroplasi numbers within the stomatal guard cells) are also acdurate but are indirect 
methods and more time consuming.

.
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DEFENSE; RESPONSE IN POPLAR: A COMBINED APPROACH OF TRANSCRIPT 
PROFILING AND FUNCTIONAL ANALYSIS 
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Transeriptional regulators play strategic roles in plant developrnent and in response to the 
environrnent. Plant defence response Lo microhial attack is regulated through a cornplex 
network of signalling pathways involving different signalling molecules such as jaSmonic 
acid (JA) and salicylic acid (SA). These signalling events eventually Icad lo the activation of 

•	 difÍerent transcription factors that control defence genes expression. In this project we 
1 ocused on plant defence candidate genes, mainly transcriptional regulators (e.g. EREBP, 

MYB, TGA. and WRKY), bul also others involved iii various aspects of the plan( defence 
response (e.g. NPR 1). lu a first step, sorne of these genes were characterized and have been 
shown to he induced foliowing wounding, JA or SA treatrnents. In a second step, functional 
analyses of these candidate genes were undcrtaken by ectopic expression in poplar. 
Transgenic poplars were challenged with Melarnspora and pathogen growth was measured by 
quantitative RT-PCR. Sorne of the transgenic unes showed enhanced susceptibility to poplar 
rust whcreas othcrs demonstrated enhanced resistance. The next challenge will he lo highlight 
tlie involvemeni of these candidate genes in signal transduction steps and defence response 
resulting from the tree-rust interaction. 
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TRANSFORMATION SYSTEMS FOR TI-lE CREATION OF SOMATIC WOOD 
SECTORS IN TREES CAN AID THE FUNCTIONAL ANALYSIS OF GENES 
INVOLVED IN XYLOGENESIS 

Kim S. Van Beveren, Antanas V. Spokevicius, Josquin Tibbits, Gerd Bossinger 

The University of Melbourne - School of Forest and Ecosystem Science, Water Street, 
Creswick, Victoria 3363, Australia 

E-mail: a.spokeviciiis@pgrad.tiii'liiielb.edu.ati  

The funcLional analysis of genes involved in xylogcnesis is hindered by obstacles siich as long 
generation times, biochemical characteristics of woody tissue and Iow transformation 
efficiencies. Many of these obstacles may be avoided by combining iii vitro and in vivo wood 
formation systems with the transfer of fi)reign genes directly lo Larget cells within the growing 
stem through Arobaeterium-mediated transformation. The usefulness of such approaches for 
studying specific gene effects within somatic sectors, which clonally derived from 
transformed target cells, and their application for the study of patteru formation during 
carnbial development and differentiation is now being demonsrated. This poster describes 
and summarises the range of new methods developed in our laboratory. which dramatically 
reduce the time needed from initial transformation Lo the analysis of (trans-) gene effects in 
xylogenic tissue from severa¡ years Lo oiiiy a few months. These methods include 
transformation systems for in vitro stem cultures, /n vivo stem inoculation and dormant hud 
transformation in a variety of commercially important tree species including eucalypts, 
poplar, acacia and pines.
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A TIMETABLE OF ASPEN LEAF DEVELOPMENT 

Andreas Sjodin, Kirsen Wissel, Stefan Jansson 

Umei Plant Science Centre. Department of Plant Physiology, Urneá University, SE-901 87 
Umei, Sweden 

E-mail: andreas.sjodin@plantphys.urnu.se  

Many trees have an indeterminate grow(h, forming leaves throughout the growing season and 
leaf plastochron index (LPI) can be used Lo describe (he different leaf developmental stages 
down (he stem. Fully grown aspens and many o(her tree species in northern Europe, only have 
one llush so a( a given date, ah ¡caves are of idenical age, making it a good system to study 
leaf development. Here a genomic and mul(ivaria(e sta(is(ic approach was chosen to analyse 
gene regulaion of aspen ]caves in their natural environment. Microarrays were used to 

• measure mRNA levels iii leaves cohlected from a free-growing aspen tree (Populus tremula) 
during (he whole growing season (which in Umet is about end of May tu Octoher). First, 
samples froiii eleven days, similar according tu measured weather paramcers and evenly 
spread over the growing season, were selected to pinpoint developmental changes and 
disregard weather-dependent changes. Wc have been able (o separate the season into three 
main phases. During the first mon(h in (he spring, developmental factors were (he main 
determinants of gene expression. In the auturnn, senescence regulates gene expression, hut in 
the middle-phase, gene expression was mainly dependent on environmental factors. Secondly, 
(he focus was un (he developinental phase and thirteen samples from (wo years were analysed 
by microalTays. The leaf transcriptome undcrwent hugc changes during the first weeks of leaf 
developmeiu and during this siage, a predelned developinenal program of (he ¡caves were 
much more impor(ant fian environmeinal parameters ¡ti determining the leaf transcriptome. 
The major inipact of weather during this stage was that (he ambient temperaure deermined 
the speed of progression through the different developmental stages, and we postulate that (he 
tempera(ure sum is the niajor determinan( for (he rate of development of aspen, and 
potentially al¡ tree, ]caves. This phase were divided into foiir developmental stages 
corresponding to ccli division, ccli elongation, primary ccli wall biosyn(hesis through a 
(ransition siage tu thc secondary ccli wall meabolism. Togeher wi(h experimen(s analysing 

• other factors (e g ahioic and biotic interaction, nurient facors and circadian rhythms), our 
aim is lo cluster all expression data and define (he differen( regulons in Populus ¡caves. Single 
gene technologies (e.g. Real-Time RT-PCR) will he applied on (he regulons to a large-scale 
i nformat ion about gene regulation in a high-throughput manner.
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A MULTI-SPECIES COLLECTION OF PLANT ESTS: AN OPEN SOURCE FOR 
MICROARRAYS 

Silvia Fluch 

ARC Seibersdorf research GmbH, 2444 Seihersdorf. Austria 

E-mail: silvia.11uch@arcs.ac.at  

After the genomics area, functional and comparative genorne analysis will be the most 
interesting field of research for the upcoming years. With the emergence of huge data sets on 
ESTs (expressed sequence Lags) oii various plant species, we are facing the problem on how 
lo work with these decentralised resources. To address the fuil potential of functional 
diversity giobally available in plants, ihe understanding oí' interspecific related-ness of gene 
functions is a timely and highly important objective and will play a key role iii future plan( 
improvement programs. Especially iii functional genomics, the prornpt availability. 
managenient and standardisation of resources and data is a key factor for successful research. 
In order to strengthen this research segment, we are setting up a resource centre for plant 
ESTs (www.picme.at ) providing the plant science comrnunity with DNA-microarrays 
carrying ESTs from a variety of species for various research purposes (oak. pine. poplar). 
These ESTs are derived from different academic institutions and consortia cooperating iii in 
international network, thus providing resources from a single source. This allows researchers 
concentrate on their research of interest, not having to deal with done management, 
maintenance or distribution protocols (1). In the frarne of a European Network of Excellence 
the collections will be even expanded to provide reference DNA samples for population 
genetic analysis as well as functional characlerizations. The importance of such a repository 
centre will he highlighted, discussing the benefits for hoosting international research. Based 
on the prernise that many genes in planis are shared with considerable functional 
conservation, there is un opportunity [o exploit the EST collections in order to develop 
thematic micro arrays that might work oti a wider range of closely related species. Based on 
these ideas, we are constructing cDNA arrays for investigating abiotic stress reactions of 
plants using high throughput expression profiling. Based on literature Jata for model species 
we select orthologous probes from the physical cDNA (EST) resources and print them on 
slides. This drought stress cDNA array will be tested on various related species. Data will 
give an idea on ihe potential transferability of ESTs across species.
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LINKING PHYSICAL AND GENETIC INFORMATION TO UNDERSTANJD LEAF 
DEVELOPMENT IN POPULUS 

Gail Taylor', HarneÉ Trewin', Laura Graharn', Naihaniel R. Street', Anne M. Rae', Penny J. 
Tricker', Michele Morgante2 

- School of Biological Sciences, University of Southarnpton. Southarnpton S016 7PX, 
England 
2 - Universiti Degli Stiidi di Udine, Dipartirnento di Produzione Vegetale e Tecnol Agrarie, 
IT 33100. Udine, Italy 

E-mail: g.taylor@soton.ac.uk  

Leaf size is an important determinant of hiomass yield iii Populus. E-lene we wish to 
understand the genomic and genetic control of leaf size and shape developnient by hringing 

•	 together a number of rnorpho-physiological, genetic and genomic approaches. Firstly. in the 
FI'  33 1 (POP 1) cross hetween Populus deltoides and P. trielioearpa over five years 
and severa¡ experiments at contrasting sites and conditions, we llave identificd powerful QTL 
that contribute to leaf development. These have been used to define a list of candidate genes, 
now placed oii the physical sequence and co-located to QTL. Complernentary tu this, we llave 
analysed leaf developrnent in  wide population of P. nigra selected from divergent latitudes 
across Europe and with contrasting leaf suc and shape, now grown at a single site in Belgiurn 
aud suitable for LD and association studies. Using this and fue Family 33 1 resource we llave 
analysed global patterns of gene expression using a Populus microarray from'extreme' 
genotypes for leaf size and leaf shape. Altogether these give us a powerful insight mio the 
likely genes of importance for leal' arca development. SNPs detection is ongoing and the use 
of association rnapping to sorne of these traits will be presented, 
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MICROARRAY ANALYSIS OF WITHIN-TREE AND BETWEEN-TREE VARIATION IN 
GENE EXPRESSION IN EUCALYPTUS WOOD-FORMING TISSIJES 

Liike Solomon', Solomon Fekyhelu', Chris Smith 2. Jason A. Osborne 2, Alexander A. 
Myhurg' 

- Departrnent of Genetics. Forestry and Agricultural Biotechnology Institute (FABI). 
University of Pretoria. Pretoria, 0002, South Africa 
2 - Department of Siatistical Genetics, North Carolina State University, Raleigh, NC. 27695-
7247. USA 

E-mail: luke.solomon@fabi.up.ac.za 

Accurate analysis of gene expression patterns during wood tormation iii trees requires a 
thorough undcrstanding of (he underiying spatial variation in gene expression across the main 
stem of the tree, as well as, biological variation within the same tissues sampled from clonal 
replicates (ramets) of [he same genotype, or froin different genotypes (clones). Wc used a 
spotted cDNA microarray to analyse the expression profiles of 2608 genes in mature xylem, 
immature xylem and phloem tissues sampled from two heights (2 and 7 meters) on the main 
stem of a six year-oid Euca/vptus hybrid tree. The same set of genes were also analysed inthc 
immature and mature xylem tissues of three ramets each of two hybrid eucalypt clones. Thc 
data was analyzed using a mixed-model ANOVA approach in Statistical Analysis Software 
(SAS). A total of 1285 gene transcripts (49%) varied significantly (P<00000I) in abundance 
within the stem of the six-year oid tree (among tissues and stern positions). Ten major gene 
expression clusters (patterns) were identified across the three tissues and two stem heights. 
Using (he three ramets of each done as biological replicates, we were able to identify a 
smaller subset of 470genes (i 8C4) with transcripts that varied significantly betwcen the two 
cional genotypes (within immature and mature xylem tissues). A total of 498 gene transcripts 
(19%) exhibited variability in abundance (R 2<0.7) among clonal replicates (within clonal 
genotype). This information on intrinsic variation in gene expression in Eucalvptus trees is 
guiding us iii performing more sophisucated comparisons, which will examine gene 
expression variation under various environniental conditions and developmental stages.
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HOW BIOTECI-INOLOGY WILL IMPACT TI-TE FOREST PRODUCTS INDUSTRY: TI-lE 
ECONOMIC VALUE CHAIN 

Peter Farnum 

Vice President, Tirnberlands Technology, Weyerhaeuser Cornpany, Mail Stop WTC 1 A5, PO 
Box 9777, Federal Way, WA, 98063-9777, USA 

E-mail: peter.farnum@weyerhaeuser.com 

The value of biotechnology applications developed for use by the foresi products industry is 
iheir potential value adjusted for critica¡ uncertainties. Three signilicant uncertainties have lo 
do with the prohability of techniea/ succcss, the probability of co,n,nercial success, and the 
probability thaI the ¡lea/ti?, saf'tv, legal, regularon'. and environniental (Le., social) aspects 
are successfully addressed so thai the potential scale of implementation is realized. The risk-

• adjusied value of the technology is ihe potential value multiplied by these probabilities. There 
is very little doubt thai the potential value of forest hiotechnologies to the forest products 
industry is enormous. However, the size of ihe risk-adjusted value is much more uncertain. 
Two examples of biotechnology appiications - cloning via somatic enihryogenesis and 
creation of insect resistant pine, using genetic engineering to insert a BT-gene - are used to 
illustrate hoth the poteiuial of ihe technologies and ihe magnitude of and actions required Lo 

address ihe uncertainties. These examples demonstrate ihe danger of loo much focus on the 
potential value of biotechnology. For both of the technologies, ah three sources of uncertainty 
are potentially significani and rnust be accounted for in any valuation analysis. The way in 
which the forest products industry addresses social uncertainties in both cases will have a 
profound impact on public perception and protitability.
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THE BENEFIT OF THE APPLICATIONS OF BIOTECHNOLOGY TO FORESTRY 

Maud Hinchee 

ChiefTechnology Oíficer, ArborGen LLC., PO Box 840001, Summerville, SC, USA 

E-mail: mahinch@arborgen.com  

Over [he next 50 years, human demand will put extreme pressure on our natural foresis unless 
wood harvests can be shifted towards highly productive foresi plantations. Biotechnology will 
he an importani tool in the technology toolbox for sustaining the world's forests. lmproved 
genetics, provided through clonal forestry and biotechnology, together with improved 
silviculture and plantation management practices, will be required to meet the wood demands 
of the future. Genomic research is expanding the forestry industry"s capahilities to identify 
and utilize molecular techniques toward tree improvemeni. ArborGen, a loresi biotechnology 
company dedicated to improving the sustainable produetivity of plantation forests, is 
developing plantation forestry species with improved wood properties, growth and stress 
tolerance. Transgenic tree product development requires multiple competencies, aud 
ArborGen has invested severa] years towarcis developing the foliowing platforms: 1) dite 
(Yenotypes as a genetie base for transgenic products, 2) dite done transformation capabilities. 
3) gene Iicensing or di for introduction of valuahie traits. 4) tree performance 
assessment in the greenhouse and the field, 5) quality assurance and regulatory safety. 6) 
commercial level scale up of transgenic tree products, and 7) marketing and puhlic 
acceptance. ArborGen has made significant progress and effort in aH of these key arcas, with 
an expeciation thai we will develop improved plantation forestry trees thai can benefit [he 
forest industry but also positively impact on the environment and the world's natural forests.

e



S4.3 

BASIC KNOWLEDGE EVOLUTION THROUGH TREE B1OTECI-INOLOGY 
RESEARCH 
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Unneái Plan( Science Centre, Department of Foresi Genetics and Plant Physiology, Swedish 
Univeristy of Agricultural Sciences, S-90183, Urnet, Sweden 

E-mail: Ove.Nilsson@genfys.slu.se  

Most of our basic understanding about the regulation of the molecular regulation of plant 
growth and developrnent has heen achieved through research in the plant model species 
Ai-ahidopsis ilialiana. Although this is a very powerful model system for most basic aspects 
of plant biology, it is limited by the fact that Arabidopsis is a rapid fiowering annual plant. 
This means that many aspects of plant growth and developrneni which are typical for forest 
trees can not he efficicntly studied in the Arabidopsis system. Such aspects include, among 
others, the cycling hetween growth and dorniancy, the cyciing betwecn vegetative and 
reproductive growth, the very long juvenile phases typical of trees and many aspects of the 
regulation of wood formation. The central question is tu what extent these "tree specific" 
traits are controlled by tree specitic" genes or if ihe difference in growth hehaviour and ¡¡fe 
history of annual and perennial plants is caused by a different utilization of (he same basic 
genetic rnachinery. It is also clear that an understanding of the genetic background to these 
"tree specific" traits is central for many tree biotechnological applications, which are most 
often targeting these specific traits. The completion of the poplar genomic seqiience provides 
us with a powerful tool tu answer the question about what makes a tree a tree. Parallel 
comparative genomic research in Arabidopsis and poplar including testing of functional 
conservation oí' gene activity in transgenic and mutant plants aliows us to not only answer 
questions of great importance for tree biotechnology applications, but also to provide 
important basic information about plant biology. l will provide a few exaniples of how 
paral le! work in the Arabidopsis and poplar model systems can help to answer basic questions 
ahout the regulation of fiowering, growth and dorrnancy and wood formation in trees and how 
this knowledge can lead to new biotechnological applications.
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AN ASSOCIATION C1ENETICS AND FUNCTIONAL GENE TESTING PIPELINE FOR 
TREE IMPROVEMENT 

Timothy Strabala 

Cellwall Biotechnology Centre, Scion, Te Papa Tipu Innovation Park, Private Ba-r 3020, 
Rotorua, New Zealand 

E-mail: tim.strabala@scionresearch.com  

The huge cumulative effect that small-effect quantitative trait loci (QTL's) can have on traits 
oí' interest is becoming increasingly apparent. Howevei', long generation times of species such 
as Pinus radiata render the use of such loci difficult for two main reasons. First, the pedigrees 
in P. radiata are oflen only two or three generations deep. Therefore, linkage disequilihrium 
tends to be maximised. Second, applying knowledge of QTL data via the multigenerational 
hreeding required to hring beneficia¡ loci together is impractical for rapid tree improvement. 
Therefore, at the Cellwall Biotechnology Centre, we have developed a candidate gene 
screening and testing pipeline utilising association genetics. in eonjunction with gene 
discovery, functional analysis and transgenic methodologies to circurnvent these difficulties. 
Gene discovery methods are used to identify candidate genes to define points of attack for 
association genetics. Functional analysis on positive candidates is carried out in a variety of 
systems with a fuli hattery of analytical methodologies. We have developed a transformable 
P. radiata in vitro tracheary element system which aliows the rapid screening of candidate 
genes for effects on secondary cdl wall deposition. Transgenic model plant systems as well as 
P. radiata and other tree transformation systems are utilised to furiher assess genes for 
beneficia¡ effects on traits of interest prior Lo field trials and deployment. Case studies 
highlighting various aspects of thc pipeline will be discussed.

.
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UNBLOCKING THE OBSTACLES TO OPEN USE 

Marie Connett, R chard Jefferson 
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Canberra, ACT 2601. Australia 
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Past IUFRO presentations have recognized great poential for using hiotechnology 
innovations jo forest plantings to solve prohlems. ranging from processing industry costs to 
reclamation of eroded sites tu providing increased fuel content (the major use of wood 
worldwide). However, much work at research institutions, even work that might supporl 
wider puhlic accepance (e.g. up- or down-regulation of endogenous pathways) may never 
reach end users, and even (he most weIl-coordinaed and technically advaticed R&D programs 
are faced with signifcant challenges Lo conimercialization. Both for dunal forestry and for 
tIansgenics. use of the discrctc technologies embodied in or used tu select and produce the 
trees may require many inellectual property licenses, and puhlic acceptance concerns 
represent another freedom Lo operate risk. For transgenics, adding regulaory tirnelines 
dictated by (he life cycles of forest trees. (he results is likely to he few commercializations, 
only br a few of the highest margin products. How can we unblock the pathway helween 
valuable research and (he end users? Sorne of the hi g obstacles can be miigaed by 
willingness tu innovate not only in hiotechnology inventions, hut iii how they are proected 
and distributed. CAMBIA has long licensed GUS technology widely, and is now ernploying a 
iiew license mode for what experts in the field recognize as a broad work-around of 
Agrobacteriu,n-rnediated transformation, with modified plasmids and me(hods tu mediate 
gene transfer tu diverse plant families. Wc anticipate this will lead to better understanding and 
use of naturally evolved bacteria-plant interactions; a variety of analyses conf irrn integration 
of single or few T-DNA copies into the plant genome, and support furíher rnodifications lo 
facilitate mobilization into plants using non-phytopathogenic bacteria while removing Literal 
(ransfer functions hetween bacteria. This techriology is not in the public dornain. Any research 
institution or conipany can have a royalty-free license to use this technology -- hut only hy 
agreeing to share, with others that agree tu (he same conditions, information un the safety of 
(he technology and irnprovernents, and not to assert derivative in(e!lec(ual property rights 
agains each other (thus creaing a protected cornmons of enahling technology). In (he IT 
industry, such open source" licensing has spawned successful businesses large and small, 
and significant profits. Open source licenses are flOW being applied and applauded for a wider 
variety of inellectual property, particularly in countries such as South Africa and Brazil. In 

tree improvement worldwide, similar intellectual property systems have long ticen in use--
CAMBIA is the first of many, we hope, tu ernploy such a mudel in hiotechnology. In IT, an 
industry dogged by vulnerability to all suris of worms, dompanies ihat use upen source 
licenses have atracted user engagemenr in improvement and implernentation, and little 
hacker attack. In the model exemplified by the Apache server, the technology has heen 
adapted Lo rnany environments, while supporting a positive public image and a comrnunity 
valuing those who invent. Can we imagine that for our industry? 

uJ	 .
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ADOPTION OF FOREST BIOTECHNOLOGY 
IMPLICATIONS, AND SOCIETAL ISSUES

WORLDWIDE: PROCESS, / 

W. Steven Burke 

North Carolina Biotechnology Center, Post Office Box 13547, Research Triangle Park, NC, 
27709, USA 

E-mai 1: ste ven_burke @) ncbiotech .org 

Iii coming years, application of biotechnology to trees and forests worldwide will steadily 
yield new knowledge, expanded forest productivity and characteristics, measurahie economic 
and industrial gain, and - it is assumed - societal benefit. Forest biotechnology will also yield 
a complicated array of societal issues: environmental, ethical, policy, cultural, and econonhic. 
The issues will spring of course from the profound importance of trees lo culture and place, to 
eniotion and enviroiiment. lssues and questions will also arise, not surprisingly, from 
uncertainty about the safety and value of more targeted alterations (o a plant so important tu 

¡¡fe on ihis planet. Understanding and addressing the implications of forest biotechnology 
requires attention not just to science and industry goals, but also an understanding oí' the 
significant change at hand: forest biotechnology will be shaped more as a teelinological 

enlerprise than as a more traditional forestry endeavour. As such, understanding the process 
and components of biotechnology development is required. Merging the reality and 
implications of this process with the connotatioris and value of trees offers a franiework Lo 

consider the qucstions aL hand: about varied representative issues; about fCSOflSCS Lo 

plantations of hiotechnology-changed trees; about individual and cultural responses Lo 

environmental, ethical, and policy considerations: about the implications of ilot developing 
forest biotechnology. Among recognitions and outcomes of carefully applied forest 
biotechnology, one seems Lo appropriately merge cultural imperatives, industry goals, 
increasing demands for products, and realistic strategy: developing the Trees of Technology 
Lo hetter preserve land. the environment. and indeed the Trees of Tradition,

. 
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ACCOMPLISHMENTS AND CHALLENGES OF CONIFER SOMATIC 
EMBRYOGENESIS FOR THE IMPLEMENTATION OF MULTI-VARIETAL FORESTRY 

Yill-Sung Park K. Klimaszewska 2 L. l-Iarvengt. M. A. Lelu 4 , J.F. Trontin 

1 - Canadian Forest Service - Atlantic Forestry Centre, Natural Resources Canada, PO Box 
4000, Fredericton, NB. Canada E313 5P7 
2 - Canadian Forest Service - Laurentian Forestry Centre, Natural Resources Canada. PO Box 
3800, Saite-Foy, PQ, Canada G 1 V 4C7 
3 - AFOCEL, Laboratoire de Biotechnologie, Domaine de I'Etançon. F-77370 Nangis, France 
4 - INRA. Unité Amélioration. Génétique et Physiologie Forestres, INRA-CRO BP 20 619 
Ardon F-45166 Olivet Cedex, France 

E-mail: ypark@nrcan.gc.ca  

• Multi-varietal forestry (MVF) inay he defined as the use of tested varieties in plantation 
iorestry. The implementation of MVF of fei-s many advantages, including: (1) ohtaining a 
much larger genetic gain per breeding cycle than is possible from conventional seed orchard 
hreediiig. (2) flexibility to rapidly deploy suitahie varieties with changing hreeding goals and 
environments. and (3) ability to manage genetic gain and diversit y iii 'lantation forestry. 
Despite these advantages, MVF in conifers has rarely been practiced because of the general 
lack of an efficient vegetative propagation system that can inass-produce the sarne varieties 
consistently over time. Recently. owing to the achievemeiits and refinements in somatic 
ernbryogenesis (SE) technology, the implementation of MVF with several conifer species has 
hecorne an nnportant alternative to conventional p!antation forestry. The successful 
implementation of MVF requires three critica] phases: ( 1 ) An efficient vegetative propagation 
system must be developed. Conifer SE is the primary enahling technology for all conifer 
biotechnology products including those for implenienting MVF. Currently. SE for niost 
spruce species is sufficiently refined Ir use iii MVF. However, SE for many pine SpecieS 
rernains difficult to obtain. !n the past three years, laboratories in Canada and France 
collahorated to improve SE in pines. Wc report the current state of SE initiation in 
commercially important pine species and discuss fue challenges and possihle alteriiative 
solutions. (2) High-value varietal lines must be developed. This invo!ves efficicnt field-testing 
of embryogenic unes while maintaining theni in cryogenic storage. The numbers of timi1ies 
and done unes within each fainily are important considerations fon optimal exploitation ol' 
genetic variability. (3) Vanietal unes must be deployed prudently to balance genetic gain and 
plantation diversity. Wc discuss various dep!oyment options for MVF.
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TOWARDS TRANSGENIC EUCALYPTLJS TREES IN FOREST PLANTATIONS 

Ziv Shani'. Oded Shoseyov' 2 , Mara Dekel' 2 . Noga Barimboim', Ofer Cohen', Orit 
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Center for Agricultural Biotechnology, The Faculty of Agriculture. The Hebrew University of 
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E-mail: zshani@cbd4ech.com  

CBD Teclinologies has discovered and developed a novel niodality for altering plant traits by 
modifying ihe plant ccli wall. The Cornpany's ccli wall modulation piatform evolved from 
research on cellulose hinding dornains (CBDs), which are families of proteins thai nature 
designed lo hind to cellulose to tciiitate its processing and recycling. CBD Techuologies has 
utilized these proteins to enhance cellulose production and fiber quality in forest trees and is 
also developing chemicais hased on CBD proteins for use in paper manufacturing and 
modification. The Cornpany has entered into several deveiopment and commercialization 
agreements. The first commercial spccies that tbe ('ompany is developing is Euca!vprus. The 
Company has already succeeded in transforming its genes into numerous commerciai 
Euealvptus clones of its industrial partners and initiated a first field (rial in 2003. The 
Company has formed a strategic partnership with the Brazilian group, Suzaiio Bahia Sul 
Papel e Celulose S.A., one of the largest integrated forestry, pulp and paper producers in 
South America and a developrnent agreenlent with Tree Tech, a memher of the AA Alliance 
Group in Thailand. By assisting partner forestry companies Lo significantly improve the yields 
of their sustainable plantation forests, the CBD technology can help to meet growing fiher 
demand, without resorting to accelerated destruction of native forests. In addition, rapidly 
growing forests, utilizing CBD-modified trees are capable of sequestering more CO 2 , thus 
providing additional environmental and potential economic benefit to forestry companies. The 
challenges of 1 orestry biotechnology companies in changing markets will he discussed.
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ASSESSMENT OF DIRECT POLLEN DISPERSAL IN CRYPTOMERIA JAPONICA 
USING PATERNAL INHERITANCE TRA1T AND SSR MARKERS 
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E-mail: nabcdtsu @affrc.go.jp 

In Japan. many conifer species including Japanese cedar (Crvpronzeria japomca) are 
economically lmportant woody plants, and transgenic biotechnology in addition to traditional 
breeding will be effectively applied for tree improvenlent. However, one oí' niajor prohlems 
associated with the release of genetically modified plants impacts on surrounding natural 
population via pollen dispersa¡. A number of populalion genetics studies have revealed that 
pollen mediated gene flow from conifer trees widespread dispersal. 1-lowever a few study of 
pollen dispersal under the experimental field condition was not consisted with knowledge of 
population genetics studies, and pollen dispersa] observed up tu 30111 distant from pollen 
source. Wc presumed that inconsistcncy was caused by restricting sampling to hoth seeds and 
mother trees. To evaluate the potential gene tlow Irom genetically niodified trees, it is 
necessary lo know pollen dispersal distanee effcctive to crossing. Wogon-Sugi is a 
horticultural variety of C. japonica, and its new shoot is white to yellowish white in spring 
and change lo normal green in late summer. Ohba et al ( 197 1 ) found that this trait is inherited 
paternaily. Therefore we have directly measured pollen dispersa¡ from Wogon-Sugi family. 
Forty-six Wogon-Sugi individuals were planted at two sites in Forest Tree Breeding Center. 
Most individuals were at one site. From this site 103 individuals planted al 30 sites within a 
radius of 3(0 m distant were used as mother trees to collect seeds. Wc collected 330,(X)0 
seeds (estimated by the weight), and sowed them in April, 2004. A total of 46,017 seedlings 
germinated and the rate of germination was 1471. In July, 13 Wogon-Sugi type seedlings were 
observed. After determining their SSR genotypes, actual transmission of the pollen of 
Wogon-Sugi was confirmed and each pollen parent individual in the Wogon-Sugi farnily was 
specihed. Their distances from the Wogon-Sugi ranged from lOOm to 500m, and the highest 
frequency. 0.0062 at 300m, was observed south of the central pollen source. The occurrence 
of seedlings from Wogon-Sugi was vcry low in this experinient, and it did not decrease 
significantly with distance from the pollen sources. To avoid yearly tiuctuation and confirm 
in large scale over one million seeds were sown in this spring.
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TRANSFORMATION OF COMMERCIAL EUC'ALYPTUS CLONES 

Mara Dekel'. Noga Barimhoirn', Ofer Cohen', Orit Hochherg', Oded Shoseyov' 2 , Ziv Shani' 

- CBD-Technologies Ltd., Tamar Science Park, P.O.Box 199, Rehovot 76100, Israel 
2 - The Robert Smith Institute for Plant Sciences and Genetics in Agriculture and The Otto 
Warburg Minerva Center for Agricultural Biotechnology, The Faculty of Agriculture, The 
Hebrew University of Jerusalem. P.O. Box 12, Rehovot 76100, Israel 

E-mail: indekel@chd-tech.com 

We are developing unique technology for crop and fiber enhancernent mediated by cell-wall 
modification genes. The deployment of our technology for the forest plantation is being 
realized via transformation of clonal Eucalvptus. The transformation of non-juvenile plant 
material is a challenging task. The Eucalvprus explants of clonal material inaintain mature 
properties of their mother tree. In addition, the genetic variation hetween the dii'ferent clones 
of the same species dictates development of a wide range of protocols for different clones. 
Wc have developed efficient tissue culture methods for the transformation and regeneration oí'  
clonal Eucalvptus. We have succeeded in transforming a number of commercial Eucalvptus 
speeies, including dite E. caina/dulensis. E. çrandis and several commercial important E. 
randis hybrid clones. Wc have established regional collaborations with leading forestry 

companies [o develop high-performing Eucalvptus germplasm for the plantation forest 
industry. Our first field test with transgenic Eucclvprus was planted in 2003 in Israel. This 
experiment includes severa¡ hundred trees expressing the cbd & ccli genes under different 
promoters. Additional experiments are underway iii cornmercial territories.
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SEQUENCE DIVERSITY IN PLANTS: IS THERE FUNCT!ONAL VARIATION 
BEYOND SNPS? 

M. Morgante 

Universita" di Udine, Dipartimento di Scienze Agrare ed Ambientali, Udine, Italy 

E-inai 1: michele.inorgante@uniud.it 

The extensive lack of colinearity ainong allelic maize genomic segtnents has recently been 
described. TWO types of phenomena are responsible for this observation: presence/absence of 
LTR-retrotransposons and presence/absence of genic fragments. Retrotransposons thai are not 
shared between inhred unes appear lo have inserted mio the maize genome significantly more 
recently than those that are shared, revealing an active movement of high copy number 
elernents in very rccent evolutionary times. The genic fraginent polymorphisms are also due 
to recent insertlons of non autonomous elements of the helitron class as well as of the 
CACTA class, It has often been postulated thai transposable elements are still actively 
reshaping genornes: the inaize genome is in constani flux in that transposable elements 
contillue changing hoth the genic and non-genic fraction of the genome, profoundly affecting 
gcnetic diversity. In addition to the non colinearity we have detected extensive cis-regulatory 
variation in maize genes, including what we called expression overdominance. Wc will 
discuss thc implications of the allelic non colinearities br regulatory variation, heterosis and 
evolution of novel gene functions. Wc will examine the possibility that similar mechanisms 
for thc generation of sequence diversity are active iii other plant species.

9
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TOOLS AND STRATEGIES FOR IDENTIFYING CANDIDATE GENES FOR COMPLEX 
TRAITS IN POPULUS 

Stephen P. DiFazio', Tongrning Yin', Nik Putnam. Gerald A. Tuskan' 

1 - Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831-
6422. USA 
2 - Joint Genome Institute, Wainut Creek, CA 94598, USA 

E-mail: difazios@ornl.gov 

Dense genetic maps comprised of markers with unique sequence tags, including simple 
sequence repeats (SSR) and single-nucleotide polymorphisms (SNP), are invaluahie for 
assembling whole genome shotgun sequence data into chrornosomal scaffolds. Furthermore, 
genetic maps provide a means for linkiiig phenot ypes to molecular polymorphisms through 
QTL analysis fol!owed by examination of candidate genes in associated genomic intervais. 
Wc have ideritified and characterized over 2 million SNPs and 63.000 microsatellites in 
Populus. Wc have mapped over 700 SSR to provide a chromosome-scale view of the Populu.'. 
genome sequence, and we have transferred this inap to multiple pedigrees to ttciIitate 
extension of the sequence resource throughout the genus. Wc are flOW developing a 
microarray-based SNP genotyping platform to map the vast majority of the sequence 
fragments that are not yet associated with chromosomal scaftolds. This work will grcatly 
facilitate [he application of the genome sequence in identification and assessment of candidate 
genes underlying complex traits in natural and managed systems. Multiple examples will be 
provided where initial candidate gene lists are generated from QTL intervais, and these lists 
are progressively narrowed based on a variety of evidence sources. This includes homology-
based inference of gene function, whole genorne transcript profiling, and corresporidence of 
gene content of pairs of QTL and introgressed genomic fragrnents frorn hoineologous 
chromosomal segments.

.
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MOLECULAR INSIGHTS INTO THE GENE POOL OF EUCALYPTUS GLOBULUS 

Brad Potis, Gay McKinnon, Dorothy Steane, Tim Jones, Susan Foster, René E. Vaillancoiirt, 
Jules Freernan 

School of Plant Science and Cooperative Research Centre for Forestry, University of 
Tasmania. Private Bag 55. l-lobart, Tasmania 7001, Australia 

E-mail: b.m.potts@utas.edu.au 

Eucalvpius globulus is one of the most widely planted eucalypts in temperate regions of the 
world. lis centre of origin is south-eastern Australia. including the island of Tasmania. the 
southern coast of continental Australia and iniervening istands. Wc have been using nuclear 
and chloroplast DNA rnarkers to study the genetic architecture of the native gene pool oí' E. 
giohulus and its evolutionaty history. Nuclear microsatellite rnarkers have shown that the 
gene pool is hierarchicall y structured, with localised genetic variation associated with limited 
gene tlow, superimposed on broad-scale geographic differentiation. While there is sorne 
concordance between estimates of genetic divergence hetween populations based on 
molecular markers and quantitative traits, there are also significant differences in sorne cases. 
possihly due to directional selection acting on quantitative traits. Variation in the maternally 
inherited cpDNA in E. glohu/us provides a different perspective on genetic diversity in the 
species. Chloroplasi DNA variation is even more structured than thai observed with 
microsatellites, aud provides evidence of past migration routes and distribution patterns 
associated with past climatic oscillations. There is strong evidence that E. glohulus has 
captured chloroplast haplotypes from co-occurring species through repeated hybridisation. 
The itnpact of this hybridisation on nuclear DNA diversity in the species is now the key 
question.
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ASSOCIATION GENETICS IN PINE —THE ADEPT2 PROJECT 

David Neale', Charles Langley 2, Gary Peter, John Davis 3 . George Casella4 , Dudley Huber, 
Mallas Kirst, Barry Goldfarb, Bailian Li 5 , Tim MullinS, Carol Loopstra, Toni Byram, Nick 
Wheeler7 
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USA 
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Identification of specific genes and alleles controlling naturally occurring phenotypic 
variation of cornplex traits provides an understanding of irait genetic architecture, an indirect 
selection tool for tree breeders, and targets for genetic modification. The ADEPT2 projects is 
aimed at genetically dissecting complex traits and understand the relationship between 
naturali)' occurring genetic and phenotypic variation in forest trees by identifying the 
relationships between nuturaily occurring genetic and phenotypic variation in Pinus taeda L. 
A population genomie approach (association genctics) will he applied to associate allelic 
sequence variation and phenotypic differences. All common alleles will be idenlified in 5,000 
genes and associate at 1,000 loci allelic (SNP) variation wiih phenotypic variation. 
Phenotypes will be measured in large structured (discovery) and unstructured (veritcation) 
populations that are clonally replicated within and among sites in ihe south-eastern US, and 
represeni the widest possible spectrum oí` genetic variation in the species. The traits will 
include chemical and anatomical wood properties, resistance lo disease incited by biotrophic 
and necrotrophic fungi, gene expression measured in a 14k cDNA rnicroarray, and expression 
of gene family members using real-time quantitative PCR. To aid interpretation oí' 
associations we will measure linkage disequilihrium in ten selected lOOkh regions of ihe 
genome. Wc expect to identify the mosi relevant genes associated with specific wood 
property and disease relatcd traits in loblolIy pine, to be used across pedigrees for marker-
aided selection in tree improvement progratns.
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ASSOCIATION STUDIES IN EUCALYPTUS SPP 

Bala R. Thumma, Maureen F. Nolan, Simon G. Southcrton. Gavin F. Moran 

CSIRO Forestry and Forest Products, Banks Street, Yarralurnla, Canberra, Australia, 26(X) 

E-mail: Rcddy.Thumma @csiro.au 

Linkage disequilihrium (LD) mapping or genetic association studies using natural populations 
resuli in higher resolution of marker-trait associations compared to family-basecl quantitalive 
trait locus (QTL) studies. Depending on the extent of LD, it is possihle to identify alleles 
within candidate genes associated with a trait. Association studies are particularly useful in 
tree irnprovement programs as variation in whole population can be analysed and useful 
alleles of the candidate genes can be identified. Association studies therefore, offer 
opportunities Lo utilise within gene variation in tree breeding programs, which is iiot possible 

• with farnily-based Iinkage studies. We have used an open-pollinated progeny trial of 
Euealvptus nitens (E. niiens) to study the effects of candidate genes in controlling wood 
quality traits. Presence of population structure may confouncl the results from association 
studies. To analyse the population structure we have genotyped the E. niiens population with 
15 microsatellite markers covering the genome. Analysis by the 'STRUCTURE' program 
indicated that there is little sub-structure iii this population. To study the potential of 
association stuclies to identify useful alleles of candídate genes we have used Cin;iaiuovl C'oA 
reductase (CCR), a key lignin gene. Wc identified 25 common single-nucicotidc 
polymorphism (SNP) markers in the CCR gene in E. nitens. Using single-marker and 
haplotype analyses in 290 trees from E. nitens natural population, two haplotypes 
significantly associated with MFA were found. These results were confirmed in two full-sib 
faniilies of E. films and Eucu/vptus globulus. In an effort to understand the functional 
significance of the SNP markers, we sequenced the cDNA clones and identified an 
alternativcly-spliccd variant from the significani haplotype region. This study denionstraLes 
that useful alleles of candidate genes affecting wood quality traits can be detected using 
association studies. Results froni this study and results froni association studies using other 
candidate genes will be discussed.



S5.6 

TOWARDS A COMPLETE LOBLOLLY PINE GENETIC MAP FOR APPLICATION IN 
MARKER-DIRECTED POPULATION IMPROVEMENT (MDPI) 

C. Dana Nelson', Craig S. Echt', Suya Saha 2 , Sedley Josserand', Dennis Deemer' 

1 - Southern Institute of Foresi Genetics, USDA Forest Service, Saucier, MS 39574 USA 
2 - Departnient of Plant & Soil Sciences, Mississippi State University, Mississippi State, MS 
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E-mail: dananelson@fsfed.us  

Marker-directed population improvement (MDPI) has been proposed as a molecular breeding 
strategy for long-lived organisms such as forest trees. The basic concept involves the 
determination and manipulation of marker-trait associations within subgroups of the hreeding 
population. The markci' trait-associations are established by a set of controlled crosses within 
each subline and determined by marker-trait analyses iii the subsequent field trials. The lrst 
cycle of selection combines phenotypic and geno[ypic information [o optimize gain given the 
additivc genetic variation. The second and third cycles are completed with genotypic selection 
only, greatly reducing [he time needed to complete these cycles and increasing the genetic 
gain per unit time. lmplicit in this approach is [he availability of a complete genetic map of 
highly informative markers that can be efficiently assayed, and robust accelerated hreeding 
techniques. The recent improvements in top grafting make [he later accessihle in many pino 
species and in particular loblolly pine (Pinus taeda L). Our lab is involved iii [he former in 
which we are developing and mapping a large panel of microsatellite markers. All markers 
are screened against a panel of 8 unrelated Iohlolly pille trees. Those amplifying suitable 
alleles are selected and tested with polyrnorphisrn screening panels for two reference 
pedigrees. Segregating markers are then mapped lo chrornosomal bins using one or the other 
reference mapping pedigree. Wc will update the status of [his project for three sets of 
microsatellite rnarkers—two developed from cloning and sequencing microsatehlite-enriched 
pOrtiOflS of [he loblolly pine genome and the other from mining the eurrent set of lohlolhy pine 
ESTs. Our goal for MDPI is to estabhish 336 polymorphic loci in 112 chromosornal hins.

00
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COMPARATIVE MAPPING WITHIN THE (]ENUS PICEA AND ANALYSIS OF 
SYNTENY WITH OTHER PINACEAE 

Beuy Pelgas', Stéphanie Beauseigle', Virginie Acheré2 , Sylvain Jearidroz2, Jean Bousquet', 
Nathalie Isabel '• 
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recherche en hiologie forestire, Université Laval, Sainte-Foy, Québec G 1 K 74, Canada 
2 - UMR INRA/UHP 1136 lnteractions Arhres/Micro-organisrnes. Faculté des Sciences 
Université Henry Poincaré-Nancy 1, 54506 Vandoeuvre-les-Nancy, France 
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• The aim of this project was Lo assemble a composite mal)for each of Picea glauca and the 
species complex P. mariana x P. ru/ens to compare genome siructure belween 
phylogenetically distant species in the genus and to enable comparisons with other Pinaceac. 
For each species, four individual Iiiikage maps were initially constructed from two crosses 
sharing une parent in common. Codominant markers such as ESTPs and SSRs were 
positioned unto the individual linkage maps and allowed ihe construction of conspecific 
composite linkage maps each integrating about lOO anchor markers. Twelve major linkage 
groups, corresponding to the haploid chromosome number in Pieea, were recovered for each 
species from the placemeni of 802 markers (714 AFLPs. 38 SSRs, and 50 ESTPs) tor ihe 
composite map of P. glauca and from the placernent of 1,124  markers (1,014 AFLPS, 3 
RAPDs, 53 SSRs. and 54 ESTPs) for the composite map of the species complex P. mariana x 
P. rubens. Additional anchor makers were also positioned onto the composite map of P. ahies 
in order to increase the number of interspecific comparison points in the genus. As expecled 
12 honieoelogous linkage groups were identified among the three Picea species composite 
maps. Synteny was well conserved except br three anchor markers. Markers in synteny were 
also found coimear. lnter-generic cornparisons between the composite mapS of Picea, Pinus, 
and Pseudotsuga identified one major breakdown in synteny, where one linkage group 
homeoelogous Lo both Picea and Pinus corresponded to two linkage groups in Pseudotsuga. 
Implications for the evolution of the Pinaceae genome will be discussed.



S5.8 

GENETIC ANALYSIS OF COMPLEX TRAITS IN WILLOW 

Steven J. Hanley, Mark D. Mallott. Angela Karp 
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E-mail: steve.hanley@bbsrc.acuk 

The primary objective of (he UK Biornass for Energy Crop Improvement Network (BEGIN) 
is Lo provide improved biomass willow cultivars for use as a renewable and carbon neutral 
energy resource. To achieve this goal, molecular genetic and genomic approaches are being 
utilised Lo gain further understanding of the genetic basis of important agronomic trais, and 
also to increase the efficiency of (he breeding process through marker-assisted approaches. A 
two-site mapping study based on a 480 progeny of a cross between (wo Salir vi,ninalis x S. 
schwerinii hybrid sibs has revealed several rohust QTL governing total yield, associated yield 
parameters (e.g. stem height and diameter) and resistance Lo Me/ampsora nist. Further 
characterisation of these loci using fine scale mapping and candidate gene approaches is now 
underway. lii addition, the potential to exploit the increasing amount of resources availabk 
for poplar is ¿uso being explored through comparative studies. The current status of this 
research and future perpectives will be presented.
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DEVELOPMENT OF A SSAP (SEQUENCE-SPECIFIC AMPLIFICATION 
POLYMORPHISM) MARKER SYSTEM IN MARITIME PINE (PÍNUS PINASTER) 

Jorge Cordeiro 1 , Margarida Rochela', Margarida Oliveira 2, Clia Miguel 

1 - Forest Biotech Group, IBET/[TQB, Av. República, Quinta do Marques, 2781-901 Oeiras, 
Portugal 
2 - Departamento de Biologia Vegetal, Faculdade de Ciéncias, Universidade de Lisboa, 
Campo Grande, 1749-016 Lisboa, Portugal 

E-mail: emiguel@itqb.unl.pt 

Sequence-Specific Amplilication Polymorphism (SSAP) is a retrotransposon-based molecular 
marker system that results in the amplification of the region between a retrotransposon-
speciíic primer originating from the LTR region of the retrotransposon and a nearby cleaved 

• restriction site, [o which an oligonucleotide adaptor has been added. This technique displays 
individual retrotransposon insertions as bands on a sequencing gel, however its applicalion 
requires previous knowledge on the sequence of LTR regions of retrotransposon elernents. 
For copia-like retrotransposons, PCR fragments between a RNaseH conserved motif and a 
restriction site in the adjacent 3 LTR sequence were isolated by a two-step PCR using 
degenerate prirners following a strategy by Pearce et al. (1999). The mixed PCR products 
ohtained were cloned and sequenced to identify the population of RNaseH-LTR terminal 
sequences. In gypsy-Iike retrotransposons. [he position of the RNaseH gene does not allow 
ihe applicat ion of the ahove-descrihed procedure to isolate LTR sequences and thereforc other 
stratcgies were followed. An initial sequence of 200 hp (putative gvpsv -like retrotransposon) 
has been extended by genome walking in order [o reach [he LTR regions. Identified LTR 
sequences were then used to design primers for SSAP analysis. From [he severa¡ procedures 
tested for the establishment and optimization of SSAP, (he best results were ohtained by using 
IRDye Fluorescent AFLP Kit for Large Plant Genome Analysis (Li-COR Biosciences) 
followed by gel electrophoresis in [he sequencing apparatus LI-COR Global IR 2 system (4200 
DNA Analysis System). The developed marker system will be potentially useful for 
biodiversity studies in P. pinaster and it is being applied to compare retrotransposon protiles 
during in vitro propagation in order to study the effect of the propagation method on the 

•	
activity of 

Pearce S, Stuart-Rogers C. Knox M. Kumar T. Ellis N, Flaveli A (1999) Rapid isolation of 
plant Tyl-copia group retrotransposon LTR sequences for molecular marker studies. Plant J 
19: 711-717 

FCT and (he III Framework Program of [he EC are acknowledged for support through 
PostDoc grant SFRH113PD/17902/2004 to C. Miguel. and project POCTIIAGRI46283/2002.
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PPRTI (PINUS PINASTER RETROTRANSPOSON 1): THE FIRST GYPSY-LIKE 
R ETROTRANSPOSON ISOLATED IN PINUS PINASTER 
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The retrotransposons forrn an important and ubiquitous class of mobile genctic elements, 
which, like retroviruses, propagate intracellularly through transcription and translation via an 
RNA intermediate, followed by packaging of the transcript ¡tito particles, being non-
infectious. They are divided into two classes based on their siructure: (he retrotransposons 
with long terminal repeats (LTRs) and the nonLTR retrotransposons. Retroelements witli 
LTRs have been characterized and named according to the Drosophila type elements, as 
either copia- or gvpsv-like, hased hoth on (he order of their protein coding doniains found 
between thc long terminal repeats (LTRs) aind on their sequence sirnilarities. Here, we report 
the isolation oí' a gvpsv-like retrotransposon complete sequence from maritime pine, named 
PpRTI (Pinus pinaster retrotransposon l). The first short sequence (251 bp) of this 
retrotransposon was initially isolated in INRA (France) as a result of an EST project in 
maritime pine. The PpRTI retrotransposon is a LTR element that shares features with the 
gypsy retrotransposons and strong similarities with IFG7, an active retrotransposon found in 
Pinus radiare. We found that PpRTI was 39 hp longer than /FG7 and the whole sequence 
shares 95% sirnilarity. Our hypothesis was that PpRII is an active element being able to 
transpose and present in the genome with severa¡ copies. Wc found that this particular 
retrotransposon is a low copy number element and up to now we have not found any evidence 
of activity and transposition in the niaritime pine genome, even in stressful conditions. This 
kind of sequences will be poternially useful in molecular rnarkers strategies.

.
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ANALYSIS OF MARITIME PINE ADAPTATION TO CHANGING ENVIRONMENTAL 
CONDITIONS 
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Changing environmental conditions affect drastically development and productivity of long-
• lived organisms such as pine species. Survival oí' ihis tree species is associated with their 

ability Lo adapt to new environmental conditions, which depends on the genetic variahiiity of 
genes involved in control of adaptive traits, and on their plasticity. Wc aim tu understand 
maritime pine (Pinas pinasler Ait.) capacity to adapt tu environmental changes such as 
drought stress and light response following a multidisciplinary approach that integrates 
experts ori molecular hiology, population and quantitative genetics and ecophysiology. Wc 
are analysing candidate genes involved in fitness-related traits such as bud phenulogy and 
drought stress response, to quantify their variability in natural populations conipared tu 
variability found at putatively neutral loci (including microsatellites and DNA seqitences) in a 
provenance-progeny test of P. pinaster, which represents the accused rainfali cline of (he 
species. This study will help tu determine intra- and inter-population genetic variability and 
distinguish adaptive variation from variation due Lo historical processes, estimated from 
association studies between genotypic and phenotypic variants. 

0



S5.l2p 

TILLING AND MUTATION DETECTION IN EU(ALYPTUS GLOBULUS SSP 
GLOBULUS FOLLOWING EMS TREATMENT OF POLLEN 

Luke J. McManus , Jo Sasse. Cecilia K. Blomstedt 1,3 , Gerd Bossinger 
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Tree species do not lend thernselves to traditional mutation induction methods because of 
their long reproductive cycles and an exponential need for land and other resources as trees 
mature. However, it may he possible to combine molecular mutation detection technologies 
with pollen mutagenesis to generate and identify trees with mutations in selected genes in a 
relatively short period of time. To test this hypothesis, we trialed pollen mutagenesis iii 
Euca/vptus globulus by pollinating four ramets of a commercial done (provided by Granel 
Ridge Plantations, Victoria, Australia) with a mix of pollen from six trees that had heen 
treated with the chemical mutagen ethyl methanesulfonate (EMS). Initial screening associated 
pollen treatment with a significant reduction in seed set. Following germination oí' seed 
derived from pollinations using mutagenised pollen, DNA was extracted from 192 seedlings 
for molecular mutation detection. Three E. giohuius gene fragments, represcnting cinnamyl 
alcohol dehydrogenase (CAD), Eucalvplus LEAFY (ELF) and alpha tuhulin (alpha-TUB), 
respectively, were used in a TILLING approach (Colbert etal. 2001, Plant Physiol. 126:480-
484), revealing the presence of ten inherited, discreet, polymorphic rcgions in each of the 
CAD and ELF amplicons that were screened and 13 polymorphic regions in the alpha-TUB 
amplicon, Twenty of these polymorphic regions were suhsequently associated, vía 
sequencing, with 17 single nucleotide polymorphisms (SNPs) and three single-basepair 
insertion-deletion polymorphisms (INDELs). Screening of 403740 hasepairs of E. giohu/us 
DNA uncovered a total of 1509 inherited polymorphisms and, after elimination of 
pollen/seedling contaminants and false positives, detected a single, confirmed induced 
mutation in the alpha-TUB amplicon, which, however, did not alter the predicted amino acid 
sequence. These initial results illustrate that combining pollen mutagenesis and molecular 
inutation detection in trees provides a prornising approach for generating and identifying 
mutations in carefully selectecl candidate genes.
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GENOME AND QTL MAPPING OF TRAITS RELATED TO PRODUCTIVITY AND 
ADAPTATION TO CLIMATE CHANGE IN SPRLJCE 
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Black spruce (Picea ,,,a, jana) and red spruce (Picea rubens) provide an ideal species pair for 
conifer genornics work. One of the objcctives of our cornparative structural and functional 
spruce genomics program is to construct high density to saturated genetic maps of black 
spruce and black spruce x red spruce hybrids, and to map genetic factors controlling traits 
rclated to growth and adaptation to climate change. We have developed a super high density 
and complete genetic linkage map of hlack spruce using a three-generation outhred pedigree 
and that of black x red sprucc hybrid using an interspecific BC 1 pedigree. The black spruce 
map has 941 rnarkers distributed over 12 linkage groups (Picea, n=12), and covers 1898 cM 
of the map length, with ari average of 1 rnarker every about 2 cM. The black x red spruce 
hybrid map has 1216 markcrs distributed over 12 linkage groups, covering 1865 cM, with an 
average distance of 1.5 cM between adjacent rnarkers. The estimated genome suc oí' black 
spruce is about 1900cM. We are mapping candidate genes and QTLs for growth, adaptation 
to elevated CO 2 levels, water use efficiency and other ecophysiological adaptive traits using 
replicated clonal genetic tests of the rnapping populatiuns under different ahiotic stress 
condi t ions.
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CHARACTERIZATION OF CANDIDATE GENES FOR WOOD PROPERTEES IN 
EUCAL YPTUS 

Victor J. Carocha', Catarina Soares 2 , Ana Pires 2 , Cristina M. Margues' 
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Co-localization of QTL and putative Candidate Genes (CG) will allow the selection of CG 
with increased chances of functional association. However, additional characterization entena 
are necessary in order to restrict the number of putative CG to map in genetic linkage maps. 
Together with a South European consortium integrating industrial (RAIZ and ENCE) and 
academic partners (UMR CNRS-UPS, CIRAD-Fóret) we have constructed three normalized 
SSH cDNA libraries (E. gunnii xylern vs leaves, xylem vs phloem and E. globulus juvenile vs 
mature) used to pur together a eucalypt wood unigene set. Through the Genolvptus 

consortiurn WC have currently access to 91,000 EST sequences from ten (non-normalized) 
cDNA libraries from different eucalypt tissues (e.g. xylem, phloeni, leaves) of several species 
(e.g. E. grwzdis, E. urojih vilo. E. globulus and E. peilita). Wc have performed BLAST 
sequence homologies lo the Genolrprus database. Preliminary results indicate that around 
8091, unigenes have homologous sequences in the Genolvptus databases: about 15% of these 
were exclusively found in xylem libraries, 15% were completely ahsent from xylern libraries 
and 50% were cornrnon to several librarles. The 20% remaining sequences may correspond to 
genes represented with non-homologous fractions (EST) in the two datahases or to low-
expressed genes, only represented in the European datahases. This database comparison 
approach is a valuable tool both to improve the functional characterizalion of the unigenes 
and to check if the SSH procedure was effective in revealing Iow expressed genes.

.
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NUCLEOTIDIC VARIABILITY OF THE CCR GENE IN EUCALYPTUS UROPHYLL4 
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E-mail: gion@cirad.fr 

The use of candidate gene (CG) in marker-aided selection relies Lo the study of allelic 
variation in brceding population. Single nucleotide polymorphism (SNP) offer new 
perspectives to describe the funetional variability of CG within breeding or natural 
populations. The aim of our study was to describe the nucleotidic variahility within the 
cynnarnoyl CoA reductase (CCR) gene, a structural gene of [he lignin biosynthesis pathway, 
within a representative sample of Eucalrprus urophvlla. 40 E. i.roph vi/a genotypes have been 
selected represcnting 4 provenances from the Flores island. Seven DNA fragments (around 
600 bp) were sequenced by direct sequencing of the PCR product and a statistical method 
(PHASE software) was used to infer phase and [o reconstruct haplotypes, using genotype 
data. Most of probable haplotypes were reconstructed with a high probahility (0.9). The 
analysis of nucleotidic variability WS carried out for 82 171. of the CCR gene. A high level of 
variability has been detected both in exons and introns with mainly neutral variation. 
Nevertheless, 5 non-neutral rnutations llave been detected in exon 4 and 5, hut these 
mutations do not affect known funetional protein sites.
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COMPARATIVE ANALYSIS OF SNP MARKER DIVERSITY IN LIGNIN 
BIOSYNTHETIC GENES OF EUC'ALYPTUS GRANDIS AND EUCALYPTUS SMITH!! 
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Single nucleotide polymorphism (SNP) markers can be used to analyse allelie diversity in 
candidate wood formation genes in forest tree populations, to study differentiation among 
populations and species at the locus leve¡ and, ultimately, to estahlish marker-trait association 
for marker-assisted breeding purposes. The aim of this pilot study was to compare SNP 
marker diversity in South African breeding populations of two Euea!vptus tree species. E. 
grandis (a subtropical species) and E. s,nithii (a temperate species). SNP markers were 
identified by sequencing DNA fragments of two lignin biosynthesis genes ¡ti a SNP discovery 
panel consisting of 20 selected E. grandis and 20 E. smiihii individuals. Two DNA fragments 
(-2000 hp ¡ti total), representing the 5' and 3' ends of 40 cloned alleles each, were sequenced 
for the C'AI)2 (cinnamyl alcohol dehydrogenase) gene, a structural gene in (he lignin 
biosynthetic pathway, and the LIMI gene, which encodes a transcriptional regulator of cAD2. 
Overali SNP density in CAD2 was one SNP per 51 bp in E. grandis and one per 58 hp in E. 

smit/:ii. Much lower SNP density was observed for LIMI in E. grandis (one in 155 hp) 
compared to a density of one SNP per 45 bp in E. s#nithii LIMI. Linkage disequilihrium (LD) 
among SNP sites generaily decayed across the length of the gene, suggesting considerable 
historical recombination. Wc constructed two SNP marker paneis (for use in (he Applied 
Biosystems SNaPShot Multiplex kit) to successfully tag ah the major allele groups of each 
gene. The CAD2 SNP panel consisted of four (shared) interspecific, three E. grandis-specific 
and four E. .vniithii-specific SNP markers. The LIMJ SNP panel consisted of four shared SNP 
markers and five SNP markers specific for each species. The ability of the SNP rnarker panels 
to detect ah observed haplotype groups as well as additional SNP haplotypes was tested in 
100 E. grandisand 140 E. s,nithii individuals sampled from first-generation selections of the 
two species. This will allow us to study the differentiation and phylogeographic distribution 
of SNP haplotypes in these Iwo distantly related eucalypt species.



S5.17p 

CF-ILOROPLAST DNA DIVERSITY IN TEMPERATE AND TROPICAL SALIX SPECIES 
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SalLv is a large genus of woody plants with wide distribution and significant contribution to 
the natural dynamics of floodplain ecosystems. In this study, we investigated the chloroplast 
DNA diversity in S. alba and S. fragilis which are dominant species along several European 
rivers as well as S. sub.rerrata which is widely distrihuted in Africa and S. inurielli from 
Sudan. Several cpDNA markei's were used (targeted PCR-RFLP, poini mutation specific 
nested primers, primers designed for INDELs). Inter and intra-specit'ic mutations hetween 
Sali,v were (fue to the presence of both INDELs and SNPs. Only one haplotype was obtained 
for S. fragilis with no geographic distrihution and three for S. alba. S. alba had three 
haplotypes with strong geograpliic distrihution in Europe (O ST() ).The two African Salix 
species had no geographic distrihution along the Blue and the main Nile regions investigated 
due Lo the shared presence of both species cpDNA haplotypes in six out of seven populations. 
For the African species, each species was represented by une cpDNA haplotype. Wc conclude 
that in both temperate and tropical Salix species, no shared haplotypes were detected. 
Moreover, borh ihe European and African Salix specics displayed low cpDNA genetic 
diversity conipared with other tree species.
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A STRATEGY TO IDENTIFY MUTATIONS OF ADAPTIVE SIGNIFICANCE IN 
MARITIME PINE 

Emmanuelle Eveno, Pierre Abadie. Delphine Audigeos, Jean Brach, Christophe Plomion. 
Pauline Garnier-Géré 
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Long-lived organisms such as forest trees will he greatly affected by the rapid climatic 
changes predicted for the near future. A greater rate of temperature increase associated with a 
higher heterogeneity in rainfall may constitute stronger pressures of selection, compromisiflg 
their long-terrn adaptation comparing to annual plants with higher reproduction rate. In order 
to assess tree species' adaptive potential, one possihle approach is to focus on the levels and 
structure of genetic diversily of genes involved in fitness-related traits like water stress 
tolerance. In this study, we are developing a four-phase strategy to identify mutation of 

adaptive significance for water stress response in maritime pine. First, provenance test is 

established in France base on open pollinated progeny of 600 mother trees sampled 
throughout the natural range of Oie species, corresponding to populations receiving from 350 
to 1400 mm rainfail. Growth, water used efficiency and a series of ecophysiological 
parameters will be used to measure the adaptive potential of the trees. Second, a list of 
candidate genes was proposed based on literature resuit and ongoing gene discovery 
experiments where the accumulation of transcripts and proteins is nieasurcd facing water 
deprivation. Third, we described the landscape of nucleotide diversity in this genes (type of 
mutation, level and siructure of diversity, extent of linkage disequilihrium, departure from 
neutrality and/or demographic equilihrium, and type of selectiori) with the main ohjective of 
identifying relevant mutation (i.e. that natural selection has favoured). In the fourth step, 
validation of functionally important SNPs is performed in associating nucleotide diversity 
with the phenotypic variation of adaptive traits.
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EVALI.JATION OF GENE FLOW BETWEEN EXOTIC AND NATIVE TREE SPECIES: 
DEVELOPING AN ALTERNATIVE METHOD FOR MEASURING TI-lE IMPACT OF 
THE INTRODUCTION OF GENETICALLY MODIFIED TREES ON THE INTEGRITY 
OF LOCAL POPULATIONS 
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1 Estimation of the leveis of efíective gene flow towards native species rcpresents the first step 
iii the assessment oí` ecological risks linked to the introduction of GMO trees into the 
environmcnt. In order to evaluate ihe risks of such gene tlow, severa¡ authors have recently 
suggested assessing spontaneous introgression levels using non-GMO exotic material already 
established in the field. Iii ihis study, we use species-specific markers to monitor the rate of 
gene flow from plantations of non-GMO exotic species of Larix and Po/?ulus into natural 
populations of iheir respective native congeners. For Larix, we use primer extension and 
CAPS techniques to genotype paternaily inherited chloroplast markers and maternaily 
inherited niitochondrial markers, aliowing for a rapid identification oí' firsi generation 
hybrids. For Populus, we use SNPstream technology to simultaneously genotype 12 nuclear, 
species-specific. SNPs. aliowing for a high power of identifjcation of first and second-
generation hybrids. Preliminary results for Larix show that the rate of hybridization IS 

moderate: genotyping 1779 offspring produced by 98 trees of native L. laricina, we found 
that 2.2% of the offspring exhibited exotic gene contributions. A rate of gene tlow of this 
order of magnitude may have a significant impact on the genetic integrity and diversity of (he 
native tree species, depending on population sizes and possible fitness effects of introgressed 
genes. 

.
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GENOMICS AND DIVERSITY OF BUD BURST IN SESSILE OAK (QUERCUS 
PETRA EA (MATT.) LIEBL.) 

Jérémy Derory', Alexandre Jauffrs 1 , Manuela Casasoli', LoYck Le Dantec 2 , Jean-Marc 
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Productivity and distribution of long-lived species, such as forest trees, are inlimately related 
Lo phenological events, especially bud burst, and may he greatly affected by rapid global 
changes in the near future. With this aim in mmd, we are developing a research program 
focused on the date of bud burst for sessile oak (Quercus petrae(j(Matt.) Liebi.). Wc followed 
a Lranscriptomic approach to ideiitify relevant candidate genes for the trait. SSH libraries were 
procluced froni huds harvested during Iheir development from the dormani hud to thc 
elongating shoot. Expression leveis of about 800 clones. representing 233 unique transcripts, 
liave been assessed using cDNA macroarray. Regarding expression patterns, we selected 
severa¡ expressional candidate genes. This set of candidate genes, complemented by genes 
already published, has heen mapped for Quercus Petraea and Castanea sativa (chestnut) and 
their location compared Lo those of the QTLs for the trait in hoth Fagaceae species. A SNP 
polymorphism investigation have been conducted for seven relevan( candidates in order to 
study associations between nucleotide diversity and the date of hud burst assessed in 21 
populations of sessile oak (24 individuals/pop.), originated from the whole natural arca and 
exhihiting contrasted patterns for the trait. Preliminary results for (bese association studies 
will be reported here. tu summary, this study provided tools lo assess diversity of hud hurst in 
natural populations, hut also allowed Lo dissect molecular pathways involved in the control of 
the trait.

.
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POLYMORPHISM DISCO VERY IN CANDIDATE GENE FRAGMENTS FOR 
CELLULOSE CONTENT VARIATION IN PÍNUS RADIA1A AND PINUS PINASTER 
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Wood is one the world's most important natural materials and Pinus species are of 
international importance as plantation and natural sources lor wood fibre and solid wood. 

• Pinus radiara D.Don (radiata pine) is the premicre soítwood plantation species in Australia 
and New Zealand and plays an important role also in Chile and Portugal. Pinus pinaster Ait. 
(maritime pine) is an important commercial species in the southwest of Europe and is (he 
primary coniferous plantation species in France. Modern molecular methods offer the 
opportunity for more rapid domestication of these species and efforts to understand the 
genetic control of commercially important traits are underwa y in both species. With long 
generation times, population heterogeneity and large genome size hindering the efficient use 
of many approaches, association studies using candidate genes hold much promise for 
accelerated domesticatiolL Such approaches rely on the identilication oí' polymorphic sites 
within candidate regions hut accessing and utilising this diversity pose major challenges for 
researchers, In this poster we present a summary of polymorphism screening results from a 
set of cellulose hiosynthesis candidate gene regions in both radiata and maritime pine. 
lncreasing the number of identified polymorphisms will improve thc power and range of 
molecular applications and mercase our understanding of local patterns of linkage 
disequilihrium in coding regions of pine genomes. 
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POPULATION STRUCTtJRE AND ADAPTATION OF ELJROPEAN TREMBLING 
ASPEN IN SWEDEN - A STUDY ON THE SWEDISI-I ASPEN COLLECTION (SWASP) 
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Adaptations to the local environment are important for species with wide habitat ranges and 
this is particularly true for a long-¡¡ved tree species. Local adaptation occurs even in species 
with extensive gene tlow such as European trembling aspen (Populus treniula). Ten trees 
from twelve diffcrent provenances throughout Sweden were studied for population structure 
with neutral molecular niarkers (single sequence repeats. SSRs). Each individual tree was also 
cloned and planted in cornmon garden experirnents on two sites to facilitate GxE and 
quantitative trait estimates. Genetic differentiations aL the putatively neutral SSR loci indicate 
slight structuring of the Swedish Aspen population and extensive gene tlow among 
populations. However, a few loci had lower allelie variation than neutral expectations, 
possibly indicating arcas of the genome with either low recombination or linkage lo arcas 
under strong selcction. Provenance explained the majority of the varialion in phenology with 
QST values abo ye 0.60 for hud set and length of growing season.
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MAPPING CANDIDATE GENES FOR WOOD QUALITY IN EUCALYPTUS 
UROPHYLL4 AND E. GRANDIS 
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V igneron 
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Within the framework of a South European consortium intcgrating industrial (RAIZ and 
ENCE) and academic partners (UNIR CNRS-IJPS, CIRAD). a candidate gene (CG) approach 
has heen developed for wood quality in Euca!vprus. cDNA libraries from E. gunnii have been 
constructed and a eucalypt wood unigene set of 224 genes was available for differential 
expression analysis during xyleni differentiation. A second step of our approach consists of 
(he gcnetic rnapping of expressed sequence tags (ESTs) and the study of CO localisation 
hetween CG and QTL for wood quality. The airn of the current study was lo localize EST on 
genetic maps of Eucalvptus umphvlla and E. grandis using an interspecific cross oí' 201 
individuals and lo test the effect of CG on the variation of wood quality traits. Specific 
primers were designed for 90 EST of (he E. gunnii unigene and after optimizing PCR 
conditions, ihe detection of polyrnorphisrn was realized using ihe single strand conformation 
polyrnorphism (SSCP) technique. A number of 47 EST were mapped for at least one of the 
two parents. According lo their segregation in (he progeny, sorne EST should correspond lo 
duplicated genes. Finaily, sorne co Iocalisations with wood quality traits were detected. Even 
if ihese results need lo be validated by the study of gene effects within breeding populations, 
they open up new perspectives for markers assisted selection (MAS) for wood quality. 
Beyond its interest for MAS, this work allowed the localization of new co dorninant rnarkers 
on eucalyptus genetic maps and provide a basis tor investigating genorne organisation and 
idem 1 fy i ng synteny arnong the Eucalrptus genti s.

• 
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CONSERVATION OF XYLEM PREFERENTIALLY EXPRESSED SEQUENCE TAGS IN 
SEVERAL SUBGENERA OF EUCALYPTUS L'Hérit 
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Large eucalypt genomlc resources, especially expressed sequence tags (ESTs), have been 
recently developed using a limited number of economically important species of the subgentis 
S'mphvom yrtus. The usefulness of these databases to describe and use the huge genetic 
diversity of the genus relies on the sequence conservation. In this study, primers designed 
from a set of 19 ESTs isolated from E. gunnii xylem (subgenus Svinplzvonivrius. section 
Maulenaria) were used to amplify putative homologous genes in 30 species of Euealvptus 
L' Hérit., (nineteen Sy,nphvoinr#ius, tive Monocalvptus, two monotypic suhgenera 
No!hoca/vptus and Idiogenes and four Cory,nbi(.í). Specific PCR products were compared 
between genotypes according to their length. Verification of the amplified fragment identity 
was performed through direct sequencing of a random sample of PCR products. Based on 
presence/absence of the expected band, neighbour joining tree were constructed in order to 
reveal genetic proximity to the retrence species. The overail rate of amplification was 81%. 
Four EST amplitied on the 89 tested genotypes. The rate of transferability decreases 
according to the phylogenetic distance with E. gunnii, from 94% for sections Maidenaria, 
Transversaria and Eisertaria. to 68% for the subgenus Monncaivptus and only 48% for ihe 
remote subgenus Corvmbia. The present work shows the high potential of eucalypt ESTs for 
comparative mapping and association studies between candidate genes and quantitative traits 
at subgenus or genus level.

.
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PATTERN OF VARIATION OF EUCALYPTUS UROPHYLL4 FOR ADAPTIVE TRAITS, 
GR0WTH AND MICROSATELLITES 
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Understanding the pattern of variation within the natural range of tree species can help lo 
inanage the genetie resources for breeding or conservation purposes. Wc conihined 
inicrosatellites and quantitative traits lo assess genetic diversity of Euca/plus umphvllc. OflC 

of [he most important tree species used in plantation in the humid tropics. Eighteen 
populations (360 individuals) representative of the main occurrence of the species in 

• Indonesia were analysed with ten microsatellites. Two progeny/provenance trials, 
corresponding lo the sanie populations (22650 individuals) established in tlie Congo were 
analysed for growth and adaptive traits at 37 months. Molecular analyses showed a moderate 
lo high diversity among populations (l-loh=0.44-0.7 1), positive Fis which were likely Lo result 
from a whalund effect and a Iow differentiation parameter Fst=0.04, explained by an effective 
gene flow by pollen. Thc gcnetic variances within and among populations for adaptive and 
growth traits were signitcanLly different from zero ranging t'rorn 13 lo 23% and from 14 lo 
50% of the total variation respectively. A strong negative relationship between altitude of the 
seed source in Indonesia and the performance in the Congo was observed (R 2=0.59-0.67) and 
was explained by the effect of the natural selection due lo the variation of abiotic factors with 
altitude. This clinal variation constitute a very good experimental design for studying the 
variation of candidate gene related lo adaptation in natural population, which will be the next 
step of the study. 

.



S5.26p 

IDENTIFYING G x E INTERACTIONS INFLIJENCING GROWTH CHARACTERISTICS 
AND QTL DISCOVERY FOR AN F2 POPULATION OF HYBRID POPULUS (P. 
DELTOIDES y P. TRICHOARPA) GROWN AT TI-IREE CONTRASTING SITES - 
LINKING GENETIC INFORMATION TO THE PHYSICAL SEQUENCE 
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Fast-growing hybrid poplar (Poptilus spp.) has potential as a valuable fuel crop br renewahle 
carbon neutral energy. An F2 population (Family 331: POPI ) derived from a cross hetween 
Popu/us trichocarpa (93-968) and P. deltoides (11 1-1-19) was grown at three geographically 
different sites across Europe. The performance of POPI, based upon main stem traits and 
bioniass, improved from northern to southern Europe. Significant genotype x environrnent 
interactions were seen despite heritability values being moderate to high. One hundred and 
ninety-seven QTL were identified for the traits across the sites, with many collocating for the 
correlated stem or leaf traits. QTL were also seen to coflocate across the different 
environrnents. Five linkage groups for hiomass were identified as heing of particular interest 
hased on QTL hotspots. These hotspots have been analysed in detall, linking to the physical 
sequence of poplar and several candidate genes for future improvernent identified. These will 
be presented here.
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EwaR'j,tus urophvlla S.T. Blake (Blake. 1977) is endemic to islands of the Lesser Sunda 
la archipelago situated north of the Australian coiuinent. Many of the provenances of E. 

urof)hvlla are very difficult tu reach and there is an urgent need to conserve genetic diversity 
iii this tropical species, which is often grown in hybrid cornhinations with other Euca/vptus 
species. sucli as E. grandis. Over the last decade, the Central Arnerica and Mexico Coniferous 
Resources Cooperative (CAMCORE) collected seed throughout the seven islands [hat 
constitute thc natural range of the species. A representative sample of this seed is being used 
to estahlish an experimental reference population for E. uroplivila in a large, well-managed 
ami uniform site jo South Africa. The aim of the present molecular diversity study is to 
analy-ze patterns of nucleotide and haplotype diversity in three wood formation genes 
(cellulose synthase. EuCesAI: sucrose synthase, EuSuSvI and cinnainyl alcohol 
dehydrogenase. EucAD2) prirnarily involved in cellulose and lignin biosynthesis in E. 
urop/zvlla. This is being achieved by sequencing two DNA fragrnents of approximately 1 kh 
from the two ends (5' and 3') of one randomly cloned alicle in each oí' 25 representative 
individuals. Sequence analysis of more ihan 2.2 kh of EuCesAJ sequence revealed very high 
haplotype diversity (> 0.9), with most of the nucleotide diversity (> 0.009) in introns. Four 
major allele groups could be identified with sorne alleles showing possihle regions of 
recombination. DNA sequence analysis of EuSuSv/ and EuC'AD2 is still in progress and will 

lo he included in this presentation. Putative single nucleotide polymorphisrn (SNP) markers 
identified fo, each gene will be assayed jo a larger subpopulation (n = 96, made up of two 
randoinly selected fainilies per provenance and several provenances per island) in order tu 
verify SNP markers and ohtain better estimates of allelic diversity. These results will be 
compared to genome-wide patterns of genetic diversity (estimated with microsatellite 
markers) in order to obtain a detailed overview of genetic diversity in the natural range of E. 
uro1,hvlki.
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NUCLEOTIDE DIVERSITY AND LINKAGE I)ISEQUILIBRIUM IN THREE 
EUCALYPTUS GLOBULUS GENES 

Matias Kirst 1 ' 3 , Cristina M. Marques 2 , Ronald Sederoff' 

1 - Forest Biotechnology Group, NC State University, Raleigh, NC 27695, USA 
2- RAIZ, Av. da Republica Apartado 127, Oeiras, 2781-901, Portugal 
3 - School of Forest Resources and Conservation, University of Florida. PO Box 110410, 
Gainesville, FL 32611, USA 

E-mail: mkirst@utl.edu 

Genes that control variation in complex traits can be identified by associating genotypic and 
phenotypic variation detected in genetic croses or natural populations. Quantitative trait 
marker association based on population-wide linkage discquilihrium (LD) is advantageous in 
that it has higher resolution than traditional mapping approaches. It also requires information 
about nueleotide diversity and LD structure at candidate genes. To evaluate the feasibility oí'  
association genetic studies in Euca/vptus, we have sequenced genomic segments from three 
genes (cinnainyl-alcohol dehydrogenase, CAD, ferulate-5-hydroxylase. F5H; and S-
adenosylmethionine synthase. SAMS) in a nucleotide discovery panel of Eucalvptus globulus 
(RAIZ). Genes were tentatively characterized in a set of 17 genotypes Chal encompass the 
genetic variation of hreeding material in Portugal anci a pool of 24 genotypes, originated from 
12 E. glohulus provenances in continental Australia. Target genes were amplified by PCR, 
cloned and sequenced ¡ti a capillary sequencer. After manual sequence assembly and 
alignment, nucleotide diversity and LD structure analysis were carried out. The nucleotide 
diversity (pi) was very high (-0.01) for alI genes that were analyzed. even when only 
parsimony informative sites were included. Most important, LD extended in general over 
500-1000 bp, indicating that by sampling multiple gene regions (5' and 3' ends) we rnight be 
able lo identify polymorphisms in LD with quantitative trait nucleotides. Major pitfalls for the 
analysis of a larger number of genes in many genotypes was the lack of fuil- or near fulI-
length sequence for the candidate genes in Eucalvptus, and the cost and labour required for 
amplification of individual alleles. Nonetheless, this study supports the feasibility of 
association studies in Eucalvptus, particularly as other alternatives for high throughput 
genotyping of heterozygous species may hecome available fairly soon.

. 

.
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MOLECULAR EVOLUTION OF CELLULOSE SYNTHASE GENES IN A SPECIES-
WIDE REFERENCE POPULATION OF PINUS PATUL4 

John Kemp', Ainulf Kanzler 2 . Alexander A. Myhurg' 

1 - Department of Geneties. Forestry and Agricultural Biotechnology Institute (FABI), 
University of Pretoria. Pretoria 0002, South Africa 
2 - Sappi Forests, Shaw Research Centre, PO Box 473, Howick, 32901, South Africa 

E-mail: john.kemp@fabi.up.ac.za 

In terms of area planted, Pinas patilla is currently the single most important forestry species 
iii South Africa. However, Little is known about the molecular basis of intraspecific variation 
lo wood properties of P. pata/a. This study airns to obtain the first estimates of nucleotide and 
allelic diversity in key wood formation genes of P. pata/a. A reference population of 972 

• Pinas patilla trees, consis(ing of 108 families of 9 individuals each, has been selecled for 
molecular and population genetic analyses. This unique population reprcsents the entire 
natural range of Pinus pulula jo Mexico and has heen fully characterized for physical wood 
property traits such as wood density aud tracheid lumen diameter. Twenty-four trees sampled 
from the reference population are heing used as an allele discovery panel for single nucleotide 
polymorphisrn (SNP) marker development in P. patula. Preliminary DNA sequence analysis 
suggests that (he overall nucleotide diversity for the ce//u/ose svnthase / gene of P. pata/a 
(PpCesA/) is approximately 0.004 (0.4%). The highest nucleotide diversity was found in the 
UTR regions (1.8 5/r) followed by the intronic regions (0.79c). The haplotypes diversity was 
very high (100%) and sixto seven major alleIe groups could be distinguished. This study wiIl 
provide insights into the evolutionary genetics of P. pata/a and provide estimates of 
nucleotide iliversity, gene tlow, recombination and Iinkage disequilihrium in wood and flbre 
genes of P. pata/a. 
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QTL DETECTION FOR MYCOSPHAERELLA LEAF DISEASE IN EUCALYPTUS 
GLOBULUS 

Jules S. Freeman, Rene E. Vaillancourt, Bradley M. Potts 

School of Plant Science and Cooperative Research Centre for Forestry. University of 
Tasmania. GPO Box 252-55, Hobart, Tasmania 7001, Australia 

E-mail: jsfreema@utas.edu.au  

Mveosphaerella spp. fungal pathogens are a major cause of leaf disease ¡ti Eucalvptus 
globulus plantations in Australia and overseas. An F 2 cross was generated and planted in 1998 
in order to study the genetic control of resistance to Mvcosphaerella in E. globulus. The four 
grandparents of the F 2 were chosen on (he basis of their divergent breeding values for 
susceptibili(y to Mvcosj,hae re/la. The F 2 consisted of 120 genotypes each represented by two 
clonal replicates. Phenotypic scores for resistance to Mvcosphearella and various othcr traits 
have been collected annually since (lic establishment of the trial. The level of Mycosphaerella 
daniage in the mapping trial was high and strongly correlated with the leve¡ of damage in the 
sanie genetic material planted elsewhere un (he island of Tasmania. Australia. Parental and 
consensus maps were constructed using amplified fragment length polymorphisni (AFLP) and 
microsatellite (SSR) markers. The integrated map featured 10 linkage groups and 165 
markers, including 33 SSR and 132 AFLP loci, a srnall 11 th group was identified in (he male 
parent only. The inclusion of SSR markers previously mapped in severa¡ different eucalypt 
species within subgenus Svmp/ivoinvrfus dernonstrated that linkage orders previously reported 
in E. globu/us. E. grandis and E. uroph vi/a were largely conserved. The two QTL explaining 
the large st fraction of (he variation in resistance to Mvcosphaerella were located un different 
linkage groups. The stability of resistance across sites suggests that QTL for resistance will he 
transferable to other crosses within E. globu/us.

.
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THE BIOMASS FOR ENERGY GENETIC IMPROVEMENT NETWORK (BEGIN) 

S. J. Hanley', 1. F. Shield 	 P. J. Tricker 2 . A. M. Rae2, W. J. Macalpine', H. Trewin, M. D. 
Mallott . N. R. Street -, G. Taylor A. Karp 

- Rothamsted Research, Harpeiiden, Hertfordshire, AL5 2JQ, UK 
2 - University of Southampton. School of Biological Sciences, Bassett Crescent East, S016 
7PX, UK 

E-mail: angela.karp @ hhsrc.ac .uk 

The U  Government is committed to a 10% increase in reriewable energy use by 2010 as part 
of its cornmitment to reduce carbon dioxide emissions. In order to generate significant 
amounts of energy from biomass, encrgy crops will iieed to be grown specifically for this 
purpose. A key factor in meeting government targets is the availability to growers of hiomass 

• varieties that remain free from pests and diseases and that achieve sustainable high yields. 
Short Rotation Coppice (SRC) willow is expected to make a significani contribution in this 
area. Although a range of high yielding willow varieties are 110W available, great potential for 
further yield irnprovernent remains. Higher yielding genotypes, with diverse pest and disease 
resistances and suitability for a wide range of growing conditions, are needed by the UK 
industry. Under funding from the UK Departmcnt of Environment, Food and Rural Affairs 
(DEFRA). the Biomass for Energy Genetic Improvement Network (BEGIN) airns to rneet 
these requiremenis through the delivery of a targeted willow breeding programme that is 
underpinned by molecular genetics and genomies rescarch. Enhancement of the willow 
genetic map and the identification of rohust QTL for traits of agronomic importance have 
been initial objectives of this project. More recently, the genetic relatedness of willow and 
poplar is heing exploited through coniparative analyses of the marker. QTL and genornics 
data available in hoth genera. Further characterisation of selected willow and poplar QTL 
based on positional and functional candidate gene approaches is now underway. The 
development and use of marker-assisted selections within the breeding programnie is also 
being investigated.
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SSR MARKER DEVELOPMENT: WORKING TOWARDS IDENTIFYING QTL'S 
AFFECTINCJ DORMANCY RELEASE IN APPLE (MALUS X DOMESTICA BORKH.) 

Maria M. van Dyk', M. Caujes Selala', Zolani Simayi', Sonwabo Booi', Ranisey 
Khashief M. Soeker 1 . Iwan F. Labuschagne 2, D. Jasper G. Rees' 

- University of the Western Cape. Department of Biotcchnology. Private Bag x 17. BelIville, 
7535, South Africa 
2 - Agricultura! Research Council, Infruitec-Nietvoorbij, Private Bag X5013, Stellenbosch, 
7599, South Africa 

E-mail: mvandyk@uwcPac.za 

Winter temperatures in the Western Cape region of South Africa are not coid enough tor 
normal dormancy release in apple trees during spring. Initial vegetative hudhreak has been 
shown to be associated with prolonged doimancy symptoms experienced by local farmers. 
Marker-assisted-hreeding (MAB) and selection (MAS) of applecultivars with a lowerchilling 
requirement will he beneficial for local production and will ensure that South Africa remaiiis 
une of the biggest competitors on the global export market. The first step towards MAB is ihe 
generation of a genetic linkage map. in order to generate a reference map, consisting of 
rnarkers that are transferable between closely related species, the main focus of our research 
prograrn has been oii the development and implementation of microsatellite (SSR) markers. 
Wc have developed 310 new SSR markers, using apple and pear sequences, containing di-, 
tri- and tetranucleotide repeats. Newly developed markers, as well as 193 published rnarkers, 
are being used for cultivar identification studics. Polymorphic markers are used to screen the 
progeny of 5 controlled crosses made in order to study and identify quarnitative trait loci 
(QTL) affecting dormancy release after winter. The prediction, optimisation, multipiexing and 
mapping of the complete set of markers is an ongoing process, and the current status of the 
program will he descrihed.
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DEVELOPMENT AND MAPPING OF EST-DERIVED MICROSATELLITES IN 
EUC'AL YPTIJS 

Dario Grattapaglia .2 Clarissa L. Fa1co', Alexandre Alonso' 4 , Marília C.R. Pappas', 
Rodrigo T. Lourenço', Juliano G. Pádua', Eva M. Marnani, Georgios J. Pappas ir.2 

1 - Embrapa Genetie Resources and Biotechnology, W5 Norte 70770-970 Brasilia, DF, Brazil 
2 - UCB-Universidade Católica de Brasilia, SGAN 916, 70790-160 Brasília, DF, Brazil 
3 - UnB-Universidade de Brasilia, Dep. Ccli Biology, 70910-900 Brasilia, DF, Brazil 
4 - UFLA-Universidade Federal de Lavras, Dep. Biology, 37200-000 Lavras MG, Brazil 

E-mail: dar¡ o@cenargen.emb rapa. br 

The Project GENOLYPTUS generated a database of - 120.000 EST and —40,(X)() BAC-end 
and genomic shotgun reads from different species and tissues of Euca!vptus with multiple 

• objectives of genomic resource development and functional investigation. Preliminary mining 
of the EST database was cariied out with the goal of having 1,000 optimized microsatellite 
markers for map enrichment and QTL detection. Clustering of the original EST reads resulted 
in a 33,500 unigene set invoiving sequences from different species. With an optimized 
microsatellite pipeline based on (he software MREPS simple sequence repeats were identified 
in 1,765 consensi under the foliowing parameters: 2-6 bases SSR motifs, perfect structure, i.e. 
no microvariant lnterruptions, and a niinimum core of 12 bases. Primer pairs llanking these 
rnicrosateilites were designed for 1,244 markers with Primer3 under the same stringency 
parameters and allowing expected products between 80 and 350 bp. These 1,244 potential 
markers included 116 hexa, SI penta, 82 Letra, 690 tri and 305 dinucleotide repeats. These 
markers were also classified by the inferred position of the SSR either iii the 5 5 -UTR, ORF or 
undeterniined position based oii a BLAST based script against the Arahidop.%i.v genome and 
followed by a preliminary annotation. A first battery of markers was tested involving mainly 
equences with high E-value hits to interesting genes lo he positioned on the genetic map. 

Among these genes there are various classes of transcription factors, protein kinases, enzymes 
involved in polysaccharides and lignin nietahoiism as weli as resistance homologs and heat 
shock protein. Screening for amplification, polymorphism and interspecific transÍrability 
were carried out in  panel of either 12 or six trees used as parents in the GENOLYPTUS 
mating design. Out of ihis first battery of 549 microsatellite markers. 419 amplified easily 
interpretable products and the other 130 either did not amplify or resulted in multiple handing 
patterns. AlI 419 niicrosatellites were transferable among at least five of (he six species tested 
(E. , 'rondis, E. umphi'IIa, E. camal(lulensis, E. g/obulus, E. dun,m). From (his group of 419 
markers at least 266 were polymorphic as evaluated on agarose gels. On re-screening of a set 
of 48 markers previously classified as monomorphic. 28 dispiayed polymorphisrn on high 
resolution gels indicating that more poiymorphic markers could still he derived. Microsatellite 
markers located in 5'-UTR were significantly more polymorphic (han those in ORF 
(p=0.0083 after Fisher exaci test). A first set of 167 markers were selected for fluorescent 
labelling and mapping on the three cloned reference pedigrees involving E. grandis. E. 
uroplivi/a and E. globule.s. Microsatellites derived from EST were numbered EMBRA800 and 
up to EMBRA3000. A similar procedure has been adopted for a mining a first set of 18,510 
BAC-end sequences when 2.406 microsatellites were detected and 1.896 primer pairs 
designed. This work is rapidly expanding the number of markers heyond the —3(X) originally 
developed from enriched libraries and currently mapped on a reference map. Three important 
aspects must be pointed out in this respect: (1) EST-derived microsatellites efficiently 
complement the OflCS we developed from enriched genomic libraries satnpling difkrent 
portions of the Eucalvptus genome (sequence comparison among EST derived niicrosateilites 
and genomic derived ones did not result in any redundant markers); (2) microsatellites into 
transcribed regions should he evolutionarily older than those in noncoding regions and thus



are expected to he more polymorphic: (3) genetic mapping of EST-derived microsatellites 
enriches the map with transcriptional intormatton opening up the perspective of co- 
localization of QTLs and candidate genes in regions of higher recombination. 

Financial support: Genolyptus project (Ministry of Science and Technology and group of 
supporting forest based companies).

. 
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MICROSATELLITE BASED QTL MAPPING AND VALIDATION ACROSS MULTIPLE 
PEDIGREES OF EUCALYPTUS 

Alexandre A. Missiaggia' 2 , Eva M. Mamani. Evandro Novaes 14, Marília C.R. Pappas', 
Juliano G. Pádua', Rosana P.V. Brondani, Alexandre S.G. Coelho, Dario Grattapaglia'7 
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E-mail: dar¡ o@cenargen.emhrapa.br 

The construction of genetic maps and detection of QTL (Quantitative Trait Loci) for 
economically relevant traits has heen accomplished in Euea!vptus mainly with dorninant 
RAPD and AFLP markers. These rnarkers have lirnited information content and are almost 
useless for comparative mapping studies and QTL validation across unrelated maps and 
pedigrees. Microsatellite markers, on the other hand can easiiy be transferred not only aCroSs 
individual trees but also Euca/vptus species. The availability of transportable, multiallelic 
microsatellites represents a fundamental tool Lo carry out linkage rnapping, QTL validation 
and eftctively rnove from phenotypes [o genomic regions controlling traits of interest for 
marker-assisted selection. This work consolidates the construction of multiple genetic maps 
based exclusively on microsatellites and the detection of QTLs for several wood properties. it 
shows the possibility of performing comparative iimp analysis between independent 
experiments, specitically involving QTL location. Genetic maps were constncted Ir thrce 
independent genetically unrelated farnilies using in each one a set of 188 FI individuals. Thc 
ftrst involved a cross between two dite Rio Claro natural hybrid trees involving 
predominantly E. grandis and E. urophvlla. The other two maps were derived from crosses 
hetween pure E. grandis and E. uroph vi/a select trees and the FI progeny was cloned and 
pianted in replicated trials in five environments Lhroughout Brazil. A variable number of 
microsatellite markers between 120 and 180 were genotyped in niultiplex systems with 
fluorescent automated detection and mapped on 11 linkage groups. Individual genetic maps 
were huilt tor each parent using Mapmaker/EXP and integrated maps with JoinMap and 
Outmap. Map construction used as reference thc integrated map invoIving 234 rnarkers 
developed carlier by Brondani et al. (2005, suhmit[ed) and added new markers developed 
from genomic shotgun as well as EST sequences. The integrated maps typically covered 
between 80 and 95% of the estimated recombination-based genome size. QTLs detection was 
accomplished under different modeis with Mapmaker/QTL. QTL Cartographer and the in-
house developed Tree-QTL program. In [he cross involving hybrid parents. lO QTLs were 
detected for parent done 235, with LODs varying between 2.9 (lignin content) to 4,2 (specitic 
wood consumption). For hybrid parent 221, five QTLs were detected with LODs varying 
from 2,9 (cellulose yleid ) to 4.8 (basic wood density). Several QTLs were also found iii [he 
other two pedigrees. Comparative QTL mapping across [he three pedigrees as well as Lo 

QTLs and candidate genes mapping carried out in E.glohu/us by other research groups, 
revealed a number of syntenic QTLs for ceilulose yieid, lignin content and for different but 
correlated tiber traits as well as candidate genes for the lignification pathway. These are novel 
and exciting results for Eucalvpties as they reveal [he f'irst QTL validation data across totaily



unrelaed pedigrees and dernonstrate the power of using higher density of microsatellites for 
QTL validation, Ihus aliowing precise deterrnination of target genomic regions fo, upcoming 
association inapping studies, high resolutioii rnapping and eventually niarker assisted 
selection. 

Financial supporl: Genolyptus project (Ministry of Science and Technology aiid group of 
supporting forest based companies).
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DEVELOPMENT OF MARKER ASSISTED SELECTION TECHNOLOGY FOR APPLE 
AND PEAR BREEDING IN SOUTI-1 AFRICA 

Maria M. van Dyk 1 , Khashief M. Soeker'. M. Caujes SelaIa 1 . Zolani Si;nayi', Sonwaho 
Booi'. Ramsey Maharaj'. Lizex Hüsselrnann, Iwan F. Labuschagne 2 , D. Jasper G. Rees' 

- University of the Western Cape, Departrnent of Biotechnology, Private Bag x 17. BelIville, 
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E-mail: jasper@ mail.hiotech.uwc.ac.za 

The development of new cultivars is important for the future competitiveness of the South 
African deciduous fruit industry. Previously, breeding has used traditional approaches with 
selection based on fruit quality only. However, iii Lhe lasi decade the approach has changed Lo 

incorporate the quantitative analysis of traits of importance lo the producer, including the 
selection for disease resistance al early siages of the breeding program. The recent 
development of a framework genetic map for apples, together with the release of EST dala, 
provides the hasis for the development of new genetic markers thai can be used lo create 
higher resolution genetic maps for QTL mapping ¿md markcr assisted breeding. At present (he 
total numhcr of markers in development and multipiex analysis is approximately 600, which 
will provide ihe basis for a portahie framework map for a wide range of genetic mapping 
pro ects in apple and pear. The genetic rnapping projects in progress cover traits such as 
disease resistance (apple scab, powdery rnildew, woolly apple aphid), dormancy and hud-
hreak, and fruit qiiality, using populations of seedlings or mature trees as appropriate. These 
will be used to identify markers Iinked to QTL, which can then be used in rnarker assistcd 
selecuon in the hreeding program. Wc describe the development of a high throughput markei 
assisted selection system, in order lo achieve the selection for multiple markers Iinked to the 
desired traits in a single analysis. This involves the use of automated and semi-automated 
steps lo ensure the integrity of sample identity, and the multipiexing of reactions, in order to 
achieve high throughput. low cost analysis.
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GENETIC MECHANISMS REGULATING TI-LE VASCULAR CAMBIUM AND 
SECONDARY GRO WTH 

Andrew Groover 

Institute of Forest Genetics, Pacific Southwest Research Station, USDA Forest Service, 
Davis, CA USA 

E-mail: agroover@fsfed.us 

Evidence froin both microarray analysis and developmental genetic studies indicate 
significanL overlap in the genes and rnechanisrns regulaing (he shoot apical meristem and (he 
vascular carnhium. This has irnportant implications for developing strategies to define the 
genetic rnechanisms regulating secondary growth, and the evolutionary processes leading to 
woody growth. To further define the overlapping mechanisms regulating (he shoot apical 

• meristem and vascular canibiurn, we have cloned and characterized the Popu lu.s orthologs of 
two key regulatois of (he shoot apical meristem, SHOOTMERISTEMLESS (STM) and 
BREVIPEDICELLUS (BP, also known as KNATI). The Populus orthologs of STM and BP 
are expressed in both the shoot apical meristem and (he carnbium region, and misexpression 
of ihese genes results iii phenoypes with defects iii secondary growth and wood formation. 
Microarray analysis of plants overexpressing either the Populus STM or BP orthologs reveals 
a complex role for these genes, including regulating genes involved in secondary ccli wail 
synthesis and lignification, and interaction with pathways involving traditional plant growth 
regulators. Biocheinical analysis of cdl wall coniponents conf irm changes in cdl wall 
synthesis and lignification indicated by microarray analysis. 

.
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ANALYSIS OF THE REGULATION OF CAMBIAL MERISTEM ACTIVITY USING A 
GENOMECS APPROACH 

Rishikesh P. Bhalerao. Jarmo Schrader, Lars Resman, Nathalie Druari, Annika Johansson, 
Thomas Moritz, Kyoko Baba, Glenn Howe, Tony Chen, Goran Sandherg 

Umea Plant Science Center. S-901 83, Umea. Sweden aud OSU. Corwallis, USA 

E-mail: rishi.bhaJerao@genfys.slu.se  

Plant nieristems cycle between active and dormani states. The correct temporal 
synchronization of active and dorinani states with seasonal changes is critical for the survival 
of the perennial plants. For example, in trees of boreal forest, inability to terminate growth 
and acquisition of coid hardiness prior Lo the onset of winter leads to irreversible damage Lo 

ihe meristem cells. The goal of our research is Lo elucidate how environmental and hormonal 
signals regulate the induction of dormancy and coid hardiness at ihe molecular level. Using a 
combination of genetics and genomics approaches we are identifying transcriptional and 
metabolic prograrns associated with the induction and maintenance of dormancy as well as 
cold hardiness in the model tree poplar. This data is being used to identify key regulators of 
dorinancy and cold hardiness and characterize the role of selected candidate genes by 
generating transgenic plants with altered expression of these genes.

/ 
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TEJE DORMANCY TRANSCRIPTOME !N APICAL BUDS OF POPLAR 

Tom Ruttink', Veronique Storme , Nathalie Druart 2 , Rishikesh Bhalerao 2, Wout Boerjan', 
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- Plant Systems Biology, Flanders lnteruniversity Institute for Biotechnology, Universíty of 
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2 - UPSC, Department of Forest Genetics and Plant Physiolo gy, UmeL Sweden 
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The seasonal cycle of growth and dormancy is a distinct character of perennial plants. The 
transitions of meristems into and out of dormancy are of fundamental importance to plant 
productivity and survival of adverse environmental conditions. Irrespective of its great 
importance, the process of bud development and dormancy ¡5 poorly descrihed at the 

• molecular level. Wc conducted cDNA-AFLP and microarray experinients (the latter in 
collahoration with UPSC) to describe the transcriptome during dormancy induction, 
dormancy and dormancy release in apical buds of poplar. Furthermore, transgenic poplar up- 
or down regulating rhe ABI3 gene, encoding a transcription factor that is necessary for correct 
hud set in autumn (Rohde et al., 2002), were included Lo gain a deeper insight luto the 
formation of the bud structure. The expression profiles of 162 genes from the cDNA-AFLP 
and 1237 genes from the 25K poplar microarray are integrated to map and describe tlie 
molecular processes during dormancy. A large overlap with genes expressed during cambial 
dormancy (Schrader el al., 2004) denotes a set of genes commonly related lo dormancy 
establishment iii the various meristems. 

Rohde, A., Prinsen, E., De Rycke, R., Engler, G., Van Montagu, M., Boerjan, W. PtABI3 
impinges on the growth and differentiation of embryonic leaves during bud set in poplar. 
Plant Cdl 14, 1885-1901(2002) 
Schrader, J., Moyle, R., Bhalerao, R., Hertzberg, M., Lundeberg, J., Nilsson, P., and 
Bhalerao. R.P. Camhial nieristem dormancy in trees involves extensive remodelling of the 
transcriptorne. Plant J. 40, 173-187 (2004) 
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DIURNAL RHYTHMS OF TRANSCRIPTOME AND METABOLOMES DURING 
PHOTOPERIODIC REGULATION OF SHOOT GROWTH CESSATION IN POPULUS 

Daniel Eriksson 1 , Max Bylesj&, Annika Johansson', Henrik Antti 2 , Maria Eriksson 3 , Johan 
Trygg2 , Thomas Moritz' 
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2 - Research Group of Chemometrics. DepÉ. of Chemistry, Umei University, Ume& Sweden 
3 - UPSC, Department of Plant Physiology, U¡-neá University, Urnei, Sweden 
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Photoperiodism or day length sensing is one of the most important environmental cues for 
plants. By detecting changes in day length a plant can adapt to seasonal changes and e.g. 
recognise the correct time for tiowering and entering dorrnancy. Wc have used hybrid aspen 
(Populus treinula X P. trernuloides) to study short-day induction of dormancy. A 
pholoperiodic experiment was conducted, where we collected Populus Iremu/a X P. 
treniuloides leaves exposed to diffcrent day Iengths under a 96 hour period. The gene 
expression was analysed with cDNA microarrays and (heir metabolite profiles patterns were 
analysed with GC-MS. These methods generaled large and complex datasets that were 
analysed with different rnethods such as Principal Component Analysis (PCA) and Partial 
Least Squarcs (PLS). Wc huye combined the information from (he gene expression and the 
metaholomic study to find how certain genes covariates with their metaholomic counterparts, 
and which genes and nietabolites, respectively that liave unique expression profiles.

.
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Many aspecis of the regulation ot fiowering differ between long-lived perennial plants, like 
forest trees, and the well studied annual plant Arabidopsis ihaliana. Wc are studying the 
íunctional conservation of a genetie pathway known to regulate Arahidopsis tiowering in 
poplar trees. By using Poplar homologues of genes regulating Arahidopsis fiowering time, we 
can induce extremely early fiowering in transgenic poplars with the produetion of normal 
intiorescences. These studies suggest mechanisms for how the juvenility-to-inaturity 

• transition is regulated in trees, and how the tree can cycle hetween phases of vegetative and 
reproductive growth. Furthermore, our data suggests that poplar ilowering and the short-day 
induced but set in the fail is regulated by the same factors and provides an interesting 
connection to the regulation of these processes by gibherellins. 
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TRANSCRIPTIONAL CONTROL OF CELL IDENTITY AND DIFFERENTIATION IN 
TElE VASCULAR CAMBIUM EN RELATION TO SEASONAL CHANGES AND 
GRO WTI-1 ACTIVITY 
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Plant growth is the result of celi proliferation in rneristeins, which requires a careful balance 
between the formation of new tissue and the maintenance of a set of undifferentiated stem 
celis. Studies have provided imporaru information on severa] genetic networks responsible 
for stem ceil maintenance and regulation of ceil differentiation iii the apical nieristems of 
shoots and roots. tJntil recently, however, very little has been known about the regulatory 
mechanisms underlying the growth and maintenance of the secondar y meristeni of tEces, 
namely the vascular camhium. Through high-resolution transcript profiles, substantial 
differences of the transcriptorne was discovered within the celi proliferating zone of thc 
cambiurn and the differentiating zones of xylem-and phloem mother celis, at the time of fully 
active growth (Schrader J. et al. Plant Ce!!. 2004 Sep;16(9): 2278-92). Here we present new 
expression data from an extended study of high-reso!ution transcript profi!es within the wood 
forming zone we have studied high-resolution transcripl profiles over the ccli proliferation-
and maturation zones of the cambium, from the state oí' inactive growth at dormancy in cariy 
spring, uritil fully active and expanded cambium. Wc provide data that not on!y eovers 
transcriptional changes and modulations of the vascular cambium at single state of growth hut 
through out the whole first dynarnic highly reguiated growth period. Wc thus capture global 
transcriptional differences and regiilations of the transcriptome to detect fine tuned 
modilications of potential key regulators of the cambium in corre!ation lo the seasonal 
changes and growth activity during this period.

.
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The zinnia ¡ti vitro vessel differentiation system in which isolated mesophyll celis are induced 
to differentiate into (racheary elements, components of vessels, has successfully been used for 
analyzing molecular bases underlying ihe vessel formation. To elucidate [he gene regulatory 
mechanisms, we carried out cDNA microarray analysis iii the zinnia system. Also, we 
recently established the iii vitro vessel differentiation system from suhcultured Arahidopsis 
cells and carried out the GeneChip analysis. Such analyses identified rnany genes up- or 
down-regulated significantly during the differeritiation. Among them, we focused on zinnia 
Z567 and its Ara/ndopsis homologues, VASCULAR-REL4TED NAC-DOMAINJ (VND/) (o 
VND7. encoding NAC-domain proteins. Promoter analysis revealed thai the VNDI to VND7 
were expressed in vascular cells preferentially. Surprisingly, overexpression of VNDÓ and 
VND7 can induce transdifferentiation of various cells into metaxylem- and protoxylem-Iike 
vessel elernents, respectively, in Arabidopsis and poplar. A dominant repression of VNDÓ and 
VND7 specifically inhihits metaxylem and protoxylein vessel formation in root, respectively. 
These findings suggesl that these genes are master regulators of metaxylem and protoxylem 
vessel formation. 

Proc. NaO. Acad. Se¡., 99: 15794-15799, 2002 
Genes & Development. 19: 1855-1860. 2005
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UNDERSTANDJNG CAMBIAL DEVELOPMENT AND WOOD FORMATION IS A 
PATCHY BUSINESS 

Gerd Bossinger. Kim S. Van Beveren, Antanas V. Spokevicius 
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The analysis of sornatic tissue sectors has greatly aided our understanding of fundamental 
issues relating to pattern lormation iii animal ami plant tissues. lrnportant discoveries included 
the existence of parasegments in Drosophila, the clonal origin of ccli layers in stratified plant 
shoot apical meristems and the independent developmental control of flower organ initiation 
and identity in Arabidopsi s.. In order to expand such studies to secondary tissues in Irces Wc 

created transgenic wood sectors in a variety of tree species. In stems of ihese trees transgenic 
tissue patches developed from individuallytransformed cambial initials and other cells within la 
the camhiuin/procamhium both in vitro and in vivo. Our earlier studies indicated that such 
rnethods are useful br prornoter studies and for the analysis of candidate gene and transgene 
activity during wood formation and provide opportunities for investigations into the 
molecular hasis of cambium differentiation and wood formation. lmportantly, however, the 
size, distribution and delineation of transgenic sectors lo their own right hold valuable clues 
about the controlling processes underlying meristem differentiation. Careful analysis of 
transformed sectors and their boundaries is 110W being used to study in detall the 
developmental fate of camhial initials and deduce rules of morphogenetic pattern formation 
during stem developrnent and secondary growth processes. First results of our current and 
ongoing investigations will be presented.
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CHARACTERIZATION OF DEVELOPMENTAL PROGRAMMED CELL DEATH IN 
XYLEM FIBERS OF POPLAR (POP(JLUS TREMUL4 X TREMLILOIDES): FROM 
ANATOMICAL TO MOLECULAR INSIGHTS INTO THE DEATH PROCESS OF WOOD 
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Tree (ieveiopmcflt is contingent, among other processes, on programmed ceil death (PCD) 
occurring throughout 11k time in a wide range of tissues, from seed to leaf, including wood 
fiber. Wood deveiopment ends up with death of flbers on a programmed way giving thc wood 
al¡ its characteristics hut underlying PCD rnechanisms are lacking attention. Xyiem wood 
fibers evolve from the cambia¡ region towards death, at which time they become empty and 
serve as support for the tree when growing higher by means of secondary ccli wall, i.e. 
Iignins. starting depositing early previous to flber dcath. correlating lignin deposition and 
death of xylem fibers. In our study, confocal rnicroscopy optimized for quenching lignin 
autofluorescence revealed structural changes in nucleus throughoul wood fiber development, 
frorn DNA condensation to its fragmentation supported by TUNEL staining. These 
morphoiogical changes are associated to the rapid vacuolar coliapse. in addition the role of 
autophagy was unfolded for fiber survival in early xyiern tissue as weli as for degradation of 
fiber contents in the death region, as visualized by high pressure-freezing microscopy. From 
the 25k poplar cDNA rnicroarray on wood sections, gene ontology analysis unravelled 
increased gene expression in reorganization then iii disassemhiy of ihe cytoskeieton heside a 
final increase in proteolysis genes over the wide fiber ccli death region. intercstingiy as well, 
most of ihe genes related to auxin response were upreguiated in this region. Thoroughgoing 
rnicroarray analysis disclosed 15 genes with expression patterns speciíic to the fiber ccii death 
region. More precisely a Vacuola,- Processing En:rm (VPE) and a inetacaspase genes were 
found specifically upregulared before xyiem fibers death. The In-Sitz RT-PCR over these 
genes conhrmed their co localization specificaiiy tu fibers. VPE expresses in vacuoles. The 
metacaspase gene was found associated lo mitochondria, linking the role of mitochondriai 
hurst to íiber death. Finally we revealed the importance of sorne addirional genes specificaliy 
upregulated in ihe fiber ccli death region of popiar, such as a maf or-intrinsic protein , an 
ACL5 and a c-pepti&ise genes, by iooking at Arabidop.sis transgenics showing defects in 
xyiem ccii tormation and death. In our results we describe tTiher cdl death on the anatomical 
leve¡ and supporl the role of autophagy for fiber content degradarion. Wc reveai as weil thai a 
13-VPE, a metacaspase and a major intrinsic protein, candidate genes, might act in the pathway 
toward death of xyiem fibers and prohahly rnight participate in the triggering of the vacuole 
coilapse, as weii as mitochondriai disruption. Wc emphasize on the role of metacaspase and 
VPE genes as major components of ccii death in our system and we offer a comprehensible 
understanding of PCD occurring in xylem fibers.
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GENOM ICS OF CON IFER EMBRYO DEVELOPMENT 
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The development of an embryo inside a seed recruits many different biochernical pathways (o 
Support ccli division and differentiation in a timely manor. Regulatory mechanisms that direct 
emhryo development have been suggested by presence of metabolites, and differential 
expression of genes coding for specific pathway cornponents. Soniatic embryos appear lo 
Ioliow the same deveiopmental paths as the zygotic emhryos based oti morphology and 
molecular evidence. Currently available culture protocois is however foL optimal for idI 
genotypes. Wc seek to increase our understanding of (he development of (he zygotic embryo 
to be abie to improve growth and yield of somatic embryos for cional propagation, A Georgia 
Tech-TIGR project has identified and catalogued genes that are expressed in pine tissues 
during alI siages of emhryo development through generation of single-pass sequence reads 
from (he 5' end of randomly selected cDNA clones from pine emhryo cDNA libraries. To 
date approximately 69,000 cDNA sequences have been generated from which 122 ,237 contigs 
and singletons tiave heeti identitied. A lobloily pife EST database (Pine Gene Index) has been 
constructed using publicly availahie sequences and ESTs generated in tlie course of this 
project (http://www.tigr.org/tigr-scripts/tgi/T_index.cgi?species=pinus) . cDNA arrays using 
approximately 10.00() clones from our project are currentiy heing made. By microarray gene 
expression analysis, describing global patterns of expression, and analyses of specitic 
developmental genes known from angiosperni embryo deveiopnien(, we are gaining 
information on specific developmental events of importance for the "natural" development of 
the emhryos.

. 
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SPACE INVADERS: NOT ALWAYS THE BAD GUYS 
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Vessel-associated ray celis in the sapwoodlheartwood transition zone of sorne angiosperm 
tree species forrn tyloses during a final diffcrentiation process that may occur more than five 
years aíter their original differentiation from ray initials in the carnbium. While there is sorne 
consensus as to ihe hiophysical basis of tylosis initiation the molecular basis of their 
expansion is unknown. Extracting sufficient RNA from differentiating transition zone ray 
celis for cDNA construction and gene discovery is compromised by asynchronous cellular 

• activity and interference from polyphenols dispersed throughout the xylem. To circurnvent 
these problerns we used rnassive wound response, induced by crown removal, to trigger 
extensive and synchronised tylosis formation in outer sapwood of stems of 10-year-old 
Eueah'p!us nitelis trees. Earlywood containing tyloses was carefully chipped from discs cut 
from stems and pulverised to a fine powder for RNA extraction and cDNA preparation. Wc 
targeted expansin genes as candidates for tylosis expansion and sequencing of PCR proclucts 
revealed sequences with strong hornology to known alpha-expansin cDNAs. Ray cclls 
differentiating to tyloses were the only celis expanding in the sample tissue providing strong 
circumstantial evidence that the alpha-expansin gene detected is in fact directly associated 
with tylosis expansion. Here we present our gene discovery sirategy and further downstrearn 
characterisation of candidate genes involved in tylosis formation. 

0
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DEVELOPMENTAL ANALYSIS OF THE TRANSITION FROM PRIMARY TO 
SECONDARY GRO WTI-1 1N POPLAR 
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Vascular secondary growth results from the activity of the vascular cainbiuin. which produces 
secondary phloern and secondary xylern. By means of cDNA-AFLP analysis along Popu/us 
tremula x P. alba (done INRA 717-1 B4) stems, several potential regulatory genes involved in 
the progressive transition from primary to secondary growth were identified. A total of 83 
unique transcript-derived fragments (TDFs) were found to be differential between the top aiid 
the bottom and the stem. An independent RT-PCR expression analysis validated the cDNA-
AFLP profiles for 19 of the TDFs. Among these, six correspond to new genes encoding 
putative regulatory proteins. Ernphasis was laid upon two genes encoding respectively an 
AP2/ERF-like transcription factor (PtaERFI) and a RING-1-12 finger protein (PtaRHEI. 
which differential expression was further confirnied by reverse northern analysis. Fn silzi RT-
PCR revealed that PtaERF/ was expressed in phloeni tissue and that PraRHEI had a 
pronounced expression jo ray initials and thcir derivatives within the cambial zone. 
Expression analysis revealed that PtaERFJ is induced by wounding and PaRHEI is induced 
upon ABA exposure. To further characterize PtaERFJ, transgenic lines ovcrcxpressing this 
gene were established. Phenotypical analysis showed that T2 homozygous lines had longer 
stems with longer internodes and exhibited a precocious transition from vegetative to 
reproductive stages. For PtaRHEI, promoter-driven GUS expression was studied for ATL2, 
the closest Ara/,idopsis hornolog to PIaRHEI. lo mature planis, a strong GUS signal was 
detected in the part of the stem where secondary growth takes place. These results suggest a 
potential role of these genes in vascular tissue development and/or functioning.

.
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JUVENILITY TO MATURETY IN POPLAR 
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One of the most fascinating differences between herbaceous species and trees is the enormous 
time difference in the transition from juvenility to maturity. By the use of mlcroarray analysis 
Wc have studied the genes involved in this transition, focusing on similarities and diftrences 

• hetween the annual plant Arabidopsis and the perennial tree Poplar. For the transition 
experiments we used an age series of a Poplar done, which liad been planted out cuntinuously 
iii the field. At the time of the experiment, it was at the age of 1. 2,..., 6 years. The Poplar 
done initiates fiowering hetween the ages of 4 lo 6 years. Samples for ihe microarray 
experiments were collected at two separate time points; May and June. We have shown that 
the Poplar honiolog to the Arahidopsis gene, FT, is very important iii regulating fiowering in 
Poplar. By comparing downstream targets of FT in Arabidopsis and Poplar tu (he genes which 
are differentially expressed during the juvenility to maturity transition, we expect lo locate 
important candidate genes for this transition in trees. Wc have also studied the diffcrence in 
gene expression on mature aud juvenile branches on a reproducing mature tree. Since many 
trees appear to have an internal gradieni between juvenility and maturity with respect to the 
physiological aspect of the tree, we wanted Lo see if this internal gradient between juvenility 
and maturity was mirrored in Lhe global gene expression pattern in different parts of an 
individual tree. 
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ETHYLENE AND WOOD FORMATION 
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Wood formation is responsive lo environmental and downstream physiological conditions. 
The developmental gradient spanning the cambium, expansion zone and secondary ccli wail 
thickening zone is responsihie for determining ccii form and fate, and ihus wood quality. 
Ethylene has been associated with a number of aspects of planE development, however only 
recently has there been any evidence to suggest that it is a candidate plant growth regulator 
involved in wood formation, in particular tension wood formation. Tension wood is an 
aherrant woody tissue most ohviously characterized by a gelatinous ccii wall ¡ayer and 
eccentric growth on the upper side of a leaning angiosperm .stem. The dorninant negative 
mutant etr1-1. identií'ied in a triple response screen in Arabidopsis, has been used to generale 
unes of ethylene insensitive Populus tremula x treinuloides and Betula pendu/a. Treatment of 
seedlings with l-aminocyciopropane-i-carboxylic acid, the imrnediate precursor to ethylene, 
enhanced radial growth, altered vesscl formation and reduced stem height in wild type, but 
had no effect in the insensitive lines. in the ethylene insensitive Birches, we have observed a 
signiticantly lower degree of leaning induced eccentric growth compared tu wild type. 
Despite ihis, Ehe gelatinous ¡ayer was fornied iii hoth etr1-1 transgenic unes and wild type. 
These results suggest ethylene is involved in a woody growth response.
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CLIMATIC ADAPTATION IN PICEA AB/ES PROGENIES IS AFFECTED BY THE 
TEMPERATIJRE DURING ZYGOTIC EMBRYOGENESIS: AN EPIGENTIC MEMORY? 
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The temperature during maternal reproduction affects adaptive traits in progenies of Norway 
• spruce (Picea abies (L.) Karst.). Seed production in a coid environment advances bud set and 

cokl acclimation in the autumn and dehardening and ílushing ¡u spring, whereas a warrn 
reprocluctive environment delays timing of these traits. Wc repeated crosses hetween the same 
parents and produced seeds under contrasting temperatures. Elevated temperatures were 
applied at different time points frorn fernale meiosis to embryogenesis, followed by full-sib 
progeny tests ¡u common environments. Wc measured timing of terminal hud formation, coid 
acclimation in the autumn and transcription levels of conifer phytochromes PhyO. PhyN. 
PhyP, and the glycohydrolase PaChi4 in these tests. No progeny differences were found that 
could he related to temperature differences during pre-zygotic stages and fertilization. In 
contrast, progeny performance was strongly associated with the degree-days from proembryo 
lo mature seeds. Progenies with a warm emhryonic history formed terminal huds later, were 
less hardy, had higher methylation levels and expressed lower transcription leveis of the 
genes. Wc hypothesize that temperature during zygotie ernhryogenesis and seed maturation 
regulates an "epigenetic memory" in the progeny, possibly involving methylation, epialleles 
and thus difíerential expression of genes that may regulate hud phenology, coid acclimatioii 
and embryogenesis in Norway spruce. 

.
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To compare the lignin biosynthetic processes in developing wood of Norway spruce (Picea 
ahies) and in a lignin-forming suspension culture model system, 4000 ESTs were sequenced 
from boih tissues. Lignification-related gene expression was high, as 4% and 2% of ESTs, 
respectively, were potentially related to lignin biosynthesis. For each gene, severa¡ unigenes 
(gene family members) were found. lntriguingly, only one unigene for each gene farnily 
contained ESTs from both the tissue culture and wood. A more detailed expression analysis of 
these genes in severa¡ tissues was performed by real-time reverse transcription PCR. Only one 
unigene of each monolignol biosynthetic gene was highly expressed in developing wood. The 
sanie unigene was highly expressed in compression wood also; however, induction of a 
second gene family member was also seen for PAL, C4H and COMT. CCoAOMT was an 
exception, as alI three unigenes identified were expressed at very high level in hoth woody 
tissues. In ihe tissue culture, expression of monolignol biosynthetic genes was lower as 
compared to wood, bu( the same unigene, except for CCR and CAD. was highly expressed in 
this system also. In needies, roots and phloem expression leveis were much lower, but a 
similar trend in unigene expression was seen. With peroxidases and laceases responsible for 
lignin polymerisation, the picture was less clear, as different unigenes were expressed in 
normal and compression wood, ¿md in the tissue culture. In conclusion, our results pinpoint 
the most likely gene family members responsible for rnonolignol biosynthesis in Norway 
spruce. Existence of a common monolignol biosynthetic pathway in normal and compression 
wood was also supported. The lignifying tissue culture has in common at least the early steps 
of lignin hiosynthcsis. although the last reductions might he catalysed by different enzvine 
i sofornis.
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Wood (secondary xylern) provides both mechanical strength and long-distance transport tor 
water, nutrients and hormones. Despite the simplicity of secondary xylem structure (basically 
tracheids and rays), conifers' wood is a highly variable material in tcrms of anatornical, 

• chemical and technological characteristics. Taking advantage of the formidable plasticity in 
wood characteristics (e.g. resulting frorn environniental, ontological and genetic factors), we 
hypothesized that differentially expressed genes/proteins heween thcse different types of 
wood could correspond to key molecular players controlling the l)henotypic variation. To test 
this hypothesis, differentiating xylem of maritirne pille (P. pinaster Alt.) was collected along 
a cambial age gradieni (samples taken every 3 years' internodes from top to base on a 30-
years oid aduit tree) and along the growing season (samples taken from heginning of April to 
end of July). A genomic approach comhining Iarge-scale EST, protein sequencing, expression 
proliling (high density filters macroarray), and statistical analyses, was undertaken to identify 
the candidate genes for wood properties showing differential accumulation of transcripts and 
protcins. Diffcrent and contrasting expressional patterns were obtained for these candidate 
genes. Twelve genes differentially expressed in both kinetics were selected and their 
expressional protiles are currently validated by qRT-PCR on replicated biological samples. 
Meanwhile. functional validation of sorne of these genes is ongoing using association studies. 
This work provides us with new insights into the molecular basis of wood characteristics. 
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Auxin is possibiy the most extensively studied of the plant hormones. The effects of auxin are 
versatile and vary depending on tissue, ccli type and developmental stage of the plan( as well 
as interplay with a variety of endogenous and exogenous signais. At a cellular level ihe effect 
of the hormone is highly dependent on concentration, which in turn is controlled by synthesis 
and transport. The major active auxin is índole-3-acetic acid or IAA. In the wood formin 
tissues of hybrid aspen (Populus ti-emula x treniuloides) ¡AA leveis form a stcep 
concentration gradient across the developing lissues with a concentration peak iii (he cambial 
region. The ¡AA gradient has heen measured with high resolution by measuring hornione 
levels in tangential cryosections covering the vascular cambium (1). Here we use these resuits 
combined with a high resolution transcriptional map over the vascular camhium (2) to show 
that no known auxin responsive genes llave a transcriptional pattern that foliow (he auxin 
gradieni. The expression pattern of auxin transporters belonging to the Aux 1 and PIN families 
show a similar shape, but the expression peak is displaced compared to the peak of the auxin 
gradient. Wc have also performed large scale auxin induction experirncnts using cDNA 
inicroarrays to identify the majority of auxin reguiated genes in young leaf and stem tissue of 
hybrid aspen. Again we find that, despite a!l the previous knowledge, a majority of alI auxin 
regulated genes identified in our study are not foliowing the auxin gradient. Observing 
discrepancies between known auxin iiiduced genes and actual auxin levels with cdl specific 
resolution we postulate that the regulation of this hormone is strictly tissue dependent. Based 
on our results, we question the use of the IAA driven expression of DR5::GUS as a reliable 
measurement of auxin leveis. 

1. Tuominen U. Puech L, Fink 5, Sundberg B. (1997) A Radial Concentration Gradient of 
Indoie-3-Acetic Acid Ls Related Lo Secondary Xyiem Development in Hybrid Aspen. Plant 
Physioi. 115:577-585 
2. Schrader J, Nilsson J. Mellerowicz E, Berglund A, Niisson P, Hertzberg M, Sandherg G. 
(2004) A high-resolution transcript profile across the wood-forrning meristem of poplar 
identifies potential regulators of cambial stem cdl identity. Plant Cdl 16:2278-92

. 
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PATHWAYS IN THE CONTROL OF ADVENTITIOUS ROOT FORMATION 

Gaia Geiss', C1ine Sorin 3 , John D. Bussell'. Catheririe Bellini'2 

- Unicá Plant Science Center. Department of Forest Genetics and Plant Physiology, Swedish 
Liniversity of Agricultural Sciences, 90183 Unieá, Sweden 
2 - Lahoratoire de Biologie Cellulaire, Institul National de la Recherche Agronomique, 78026 
Versailles Cedex, France 
3 - Departament de Genética Molecular. IBMB (CSIC). 08034 Barcelona, Spain 

E-mail: Gaia.Geiss@genfys.slu.se 

Adventitious rooting is an essential step iii (he vegetative propagation of economically 
important horticultural and woody species. A lack of competence to form adventitious roots 
by cuttings or explants in vitro occUrs routinely and is an obstacle for the clonal propagation 
and rapid fixation of dite genotypes. Adventitious rooting is known to be a quantitative 
genetic irait. We have recently characterized mutants of the model plant Arabidopsis ihaliana 
affected in their ability tu develop adventitious roots in order to identify associatcd molecular 
markers that could be used to select genotypes for their rooting ability and/or to get further 
insights in (he molecular mechanisms controlling adventitious rooting 12 . We could show that 
light un auxin may act antagonistically in the regulation of adventitious rooting and could 
identity through a proteomic analysis of the different genotypes 13 proteins correlating with 
(he adventitious root formation. Wc also showed that the Auxin Response Factor 17 (ARH7) 
negatively regulates (he expression of auxin inducible GH3-like genes and adventitious 
rooting. Our resiilts strongly suggest thaI these genes rnight be major regulators of 
adventitious root formation. In order to get further insights in the respective role of light and 
auxin we are flOW further analyzing the competence to form adventitious roots in mutants 
affected in the cxpression of (JH3-Iike genes. ARE/O and ARF16 that are phylogenetically 
related to ARE17 as well as mutants affected in different phytochrome signal transduction 
pathways. 

• 

1 - Sorin et al. (2005) Auxin and Light Control of Adventitious Rooting in Arabidopsis 
Require ARGONAUTEI. Plant Cdl 17:1343-1359 
2 - Sorin et al. (2005) Proteomic analysis of different mutant genotypes of Arabidopsis 
thaliwza led to the identification of thirteen proteins correlating with adventitious root 
development. (Suhmitted)
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FUNCTIONAL CHARACTERIZATION OF PHLOEM GENES: THEIR ROLE IN 
PHLOEM DIFFERENTIATION AND FUNCTIONING IN POPLAR AND ARABIDOPS/S 
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Plant vascular tissues are composed of two basic urlits, xylem and phloem. Xylem transports 
and stores nutrients and water, sorne hormones and provide mechanical support. Phloem 
distributes photosynthetic products from the leaves to the meristems and other sink organs, 
but also transports hormones aud niacromolecules such as proteins and RNAs. Phloern is a 
way for the propagation of pathogens such as viruses, as well as the target of piercing-sucking 
insects feeding on elaborate sap. In rnost woody plants, phloem is also the first tissue 
produced by the cambium meristem when the vegetative activity starts after wintertinie. 
Despile the key role of phloern in plant developinent and adaptation tu environment, 
rnechanisms controlling its differentiation and functioning are still poorly tinderstood. In 
order to shed light on these rnechanisrns, we have undertaken a systematic functional analysis 
of genes highly expressed in the phloem initials through an integrative approach combining 
rnodern genetics, molecular biology, cdl biology and biochemistry. A transcriptional analysis 
of ihe wood-forrning region of poplar was performed at the UPSC" and genes highly 
expressed in the phloem, camhium and xylem regions were identified. Arabidopsis thaliana 
horthologues for phloem expressed genes are found and T-DNA insertion unes are currentty 
being analyzed. Production of RNAi mutants will be undertaken in poplar. Protein fusion with 
either GFP or GUS will he made to confirm [he expression pattern. In this poster we will 
present the first results oblained through this systernatic analysis. 

a - Hertzberg el al., (2001) A transcriptional roadniap tu wood formation Proc NatiAcad Si 
USA 98: 14732-7 
b - Schrader el al., (2004) A high-resolution transcript profile across the wood-forming 
meristem of poplar identifies potential regulators of cambial stem ccli identity. Plan! Ce!! 
16(9): 2278-92
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Wood is the result of a process of cellular differentiation, which involves [he biochemical 
• events of ccli division, elongation and radial expansion, cdl wall thickening, and autolysis. 

The understanding of [he physiological and molecular mechanisms involved in wood 
tormation remains on i[s infancy. Only a few studies carried out at the transcriptome level 
have provided initial insights into the players involved in this biological process. The aim of 
this work was tu describe [he main proteins expressed in wood forming tissue (differentiating 
secondary xylem) using 2-DE and inass spectrometry. Maritime pine (Pinus pinaster Ait.). a 
coniter of major econornical and ecological importance in South-western Europe was used as 
a niodel forest [ree species. lii order [o take into account the natural variahility generaily 
found in conifer wood in terms of anatomical charactcristics, chemical composition and 
mechanical properties, a reference map was established by comhining individual maps of [he 
six types of wood usually ftund in an adult tree: j.c. early wood and late wood (respectively 
lormed at the beginning and the end of ihe growing season), juvenile wood and mature wood 
(respectively formed at [he top and at the base of a tree), compression wood and opposi[e 
wood (respec[ively formed at the lower and upper side of a leaning stem). Using high 
resolution 2-DE with linear pH gradient ranging l'rom 4 to 7, a total of 1039 spots were 
detected. Out of the 240 spots analyzed by LC ESI-MS/MS, 172 (71.7%) were identitied, 
whilc 31 (12.9%) presented no homology in the databases, and 37 (15.4%) corresponded to 
mixtures of proteins. Out of [he 57 spots analyzed by MALDI-TOF MS, only 9 (15.8%) were 

• idenrified 6 being also identified by tandem MS. The function of 9 other proteins was 
established by interna! microsequencing. Over [he 184 identitied proteins, most (87%) play a 
role in defence (20.1%). carbohydrates (16.3%, ) and amino acjd (14.7%) metabolism. genes 
and proteins expression (13.6%), cytoskeleton (7.6%), ccli wall biosynthesis (54C/), 
secondary (4.9%) and primary (4.4%) metabolisms. A summary of the identified proteins and 
their putative functions is presented. This information was introduced into [he PROTICdb 
database and is accessihle at http://cbi.lahri.fr/outils/protic/ProticDB.php . Fui' 95 functions, 
the average protein amount was compared with their respective transcript ahundance as 
quantified through EST counting in a composite cDNA-lihrary constructed with mRNAs 
extracted from wood forming tissue. Finally, expression level of the identified pro[eins was 
compared hetween [he six types of wood.
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Genoniic technologies have been used as a powerful tool to identify genes involved in 
different biological processes with interest for agriculture and forestry. Our goal is to apply 
these new technologies to identify genes involved in processes with much interest for wood 
and paper industries. Wc are investigating molecular aspects of wood formation in maritime 
pine (Pinus pinasrer. Ait.) as a model of southern Europe conifer. The strategy we are 
following is to detect genes which are exclusively expressed or overexpressed in 
differcntiating xylems which develop any oí' the foliowing types of wood iii maritime pille 
trees: juvenile, mature, compression or opposite wood. A screening procedure llave heen 
carried out involving: 1) enrichment in diíferentially expressed genes by constructing SSH 
libraries, 2) screening 4000 subtracted cDNA clones by microarray analyses, 3) validation of 
the differential expression feature by northern biot analysis with trees from two populations. 
Wc have idenified sets of genes showing particular patterns of expression, suggesting that 
they can be candidate genes conferring specific properties to one o more type of wood.

.
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ISOLATION AND CHARACTERIZATION OF CELLULOSE SYNTHASE GENES FROM 
SPRUCE 
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The modulation of cellulose hiosynthesis directly influences many aspects oí' planE growth 
and development including, hut fol limited Lo, celi division and expansion. piant 
morphogenesis. response (o environmental cues, and ultimately the structure of the ceil wall. 
A thorough understanding of Ehe intricacies of the biosynthetic processes governing the 
deposition of cellulose throughout the life cycle of planEs is, therefore, pivotal Lo 

• understanding cdl wall ultrastructure and cheinistry. A significant amount of research has 
reccntly revealed thai ihe genes directly involved in cellulose production, cellulose synthases 
(CesA) and the putative cellulose synthase-like (Csl) genes, are pan of large multi-gene 
families. The recent completion of the poplar genome has provided an unprecedented 
oppoilunity to decipher the enigmatic processes of cellulose biosynthesis in trees, and can 
complemeni the existing information generated from the Arabidopsis genome, However, 
similar knowledge has yet Lo be acquired from other trees, including the gymnosperms, such 
as spruce. The goal of this research was to isolate the CesA multi-gene family involved in 
secondary ccli wail formation from spruce (Picea glauca). Using genetic information 
compiled from a variety of piants. a spruce EST library was screened for putative CesA 
sequences. Employing partial CesA sequences and RACE PCR tcchniques, full-length CesA 
cDNAs have been isolated and characterized. The identified CesA cDNA sequences are being 
compared to known CesA and Csl sequenees from a variety of terrestrial planEs. in addition, 
the sequences of the hypervariable II domains (HVRII) will be examined to understand the 
phylogeny of spruee CesA protelns and their relationship with other trees, both deciduous and 
gymnosperms. The functionality of the putative secondary ccii wall CesA genes isolated and 
cloned from spruce is being investigated using complementation studies with Arahidopsis 
CesA-deficient mutants. This information should furthcr aid in elucidating our understanding 

la	

of (he role of the CesA gene faniily in cellulose production in gymnosperms.
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With the development of genomic technologies likc microarrays, it is expected thai a more 
complete picture of the transcriptorne will emerge, ultirnately revealing its overall modulation 
at different phase of tree growth and development. Qur experimental approach brings together 
microarray transcript proiiling and transcriptional regulators believed to control gene 
expression in key processes of secondary xylein Formation, i.e. wood formation, as means to 
address the underlying mechanism of transcriptome regulation. Wc identified conifer and 
poplar genes that are homologous to Arabidopsis genes previously linked to vascular 
development. These include HD-zip, KNOX. MYB. LIM domain, GRAS and other 
transcription factors. An overview of the molecular characterization and the expression of 
selected Éranscription factors will be presented. As a means to further define the role that 
these genes play, a suite of transgenic poplar and spruce trees has heen created that mis-
express cadi of the candidate genes. Early results from gain-of-function and loss-of-function 
experiments indicate that several of the targeted genes altered vascular development. Detailed 
analysis of transgenics spruce over-expressing MYB transcription factors has identified two 
members to this family that putative positive regulators of lignin biosynthesis enzymes. We 
have begun to investigate the role of the mis-expressed genes in transcriptional control 
throiigh transcript protiling experiinents with custom low redundancy cDNA microarrays 
both in spruce and in poplar. Results from rnicroarray experiments will be presented.
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The aim of this project is to determine the genetic hasis of wood quality traits, particularly 
wood density. This aim will be achieved by studying differential gene expression between 
high' and 'low quality' trees, defined as those with high and Iow wood density. This project 

is in coilahoration with the Forestry Comrnission UK and the Forestry Genome BC project aL 
(he University of British Columbia, Vancouver. Very little is understood about (he trajEs 
affecting wood quality, and no research has yet been undertaken to identify genes important 
for wood quaiity in Sitka spruce, an irnportant forestry tree in both (he UK and Canada. An 
experimental site set iip b y the Forestry Cornmission in the Scouish Borders contains 750 
trees, 50 clones each replicated 15 times. 10 clones were selected based on their density and 
growth measurements, and all 15 repiicates of each of the lO clones were sampled from (150 
trees in total). Xylem was coilected from each tree at three points during the growing season 
(May. July and September). 60 trees were selected for analysis, and RNA from these 
individuals was hybridised to a 21.8 K spruce array at UBC. The Erces selected covered a 
range of densities. Our latesi analysis of these gene expression data will be presented.

0
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MicroRNAs (miRNAs) and short interfering RNAs (siRNAs) are small (- 21 to 24 nL) RNA 
molecules that direct gene silencing by targeting specific mRNAs for either transiational 
repression or direci cleavage. miRNAs have been shown Lo play specific roles in the 
regulation of complex developmental pathways in plants and animais. lii plant.s, miRNAs are 
involved in the regulation of developmental processes such leaf morphogenesis, liowering 
time, floral organ identity, meristem identity, and apoptosis, Wood Í'ormation (xyiogenesis) 
involves differentiation of a lateral meristem tissue (the vascular camhium) into mature xylem 
ccli types, a process that usually ends in programmed cdl death. Do miRNAs play a role in 
the regulation of wood development? Wc are addressing this question by characterising 
nuclear encoded miRNAs and endogenously formed siRNAs isolated from three 
differentiating woody Lissues of Euealvptus grandis, narnely mature xylem, immature xylem 
and phloem. These small RNAs are being compared to similar molecules recently isolated 
from Populus tric/iocarpa in order to determine evolutionary conservation of this regulatory 
mechanism in these two forest tree genera. Wc will report on miRNAs that liave heen 
identified in P. trichocarpa tissue culture plants and mature Eucalvptus grandis tissues and 
which show sequence conservation in Arahidopsis, rice and maize, as weli as, pulative tree-
specific miRNAs.

0
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ALJXIN SIGNALING DURING PATTERN FORMATION OF SOMATIC EMBRYOS OF 
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The planÉ hormone auxin has been implicated in regulating embryonic paltern lormation in 
plants. To study the role of auxin and its transport in embryo development of conifers in the 
absence of maternal factors, somatic embryogenesis of Larix decidua was used as a model 
system for devclopmental studies. The adilition of auxin transport inhihitors to the culture 
mediurn caused alterations oí' the ernbryo phenotype. The auxin efflux inhihitor N-
naphthylphthalamic acid (NPA) interfered with cotyledon separation or apical-basal axis 
formation. Similar inorphological effects have been provoked by the conjugation of free 
indole-3-acetic acid (¡AA). The soybean GH3 promoter has been shown to be suitable for 
visualizing auxin distribution Larix decidua embryos. Cellular auxin localisation was firstly 
detected in the late globular stage and revealed a specific distrihution pattern with restriction 
to the differentiating root cap. Exogenous auxin induced a specific cxpression pattern which 
changed during embryo development. In the earliest stages a ubiquitous expression in the 
embryo and suspensor cells was ohservcd, whereas at later stages the expression was 
localised to the basa¡ pole of the embryo. Treatments of transgenic embryos with auxin 
transport inhibitors and an antiauxin indicated correlations between auxin distribution and 
apical-basal patterning. During different developmental stages free IAA concentrations were 
directly measured using a microscale technique and exhihited a maximum during the late 
globular stage just before transition to the bilateral symrnetry of [he embryo. The results 
indicate evolutionary conserved rnechanisms of auxin signalling hetween conifers and 
angiosperrns during embryonic pattern formation.

0
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Maturation-related decline of adventitious root lormation is one of the most important harriers 
Lo done selected trees. To identify novel expressional candidate genes involved in the rooting 
capacity of forest species, three suppression subtractive hybridization (SSH) libraries from 
pine and chestnut rooting-competent tissues under inductive conditions have been 
constructed. The analysis of 1,352 ESTs showed that libraries were enriched in clones with 
putative function in adventitious root formation. A significant number of clones showed 
identity with genes related to auxin response, celi cycle control, root deterniination ami 
differentiation. or adventitious regeneration in both species. Large-scale expression profiling 
and expresskrn of individual genes in tissues with different rooting capacity will help us to 
select the most appropriate candidate genes, and to gain a better understanding of the 
mechanisms involved iii the expression of maturation-associated traits in gymnosperms and 
angiosperms. Function of identified genes is heing tested in model systems to verify iheir 
putative biological role in ihe rooting capacity. 

This work has been supported by a grant from the Spanish Ministry of Education and Science 
(AGL2002-04225-0O2-01 ,C.S. and AGL2002-04225-0O2-02,C.D.-S.).
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Scots pille (Pinus svlvestris L.) is one of the key species of foresi ecosysterns on large arcas of 
boreal forest zone, having a remarkable econornic inipact. En Nordic countries. Scots pine has 
been involved in forest tree breeding activities since their beginning in 1940's. The main 
reason for slow progress in genetie ilnprovement is drawn-out testing hased on progeny trials. 
If vegetative propagation of species was possihle, could clonal testing rernarkahly facilitate 
breeding. Vegetative propagation of Scots pine has proved dift'icuit, although severa¡ 
techniques, e.g. rooted cuttings, organogenesis, and somatic embryogenesis, have been 
developed. Up to date, reports on the field performance of vegetatively propagated Scots pine 
material have not been published. The aim of the preseni study was to examine the field 
performance of 10- 11 year oid Scots pine cuttings of fascicular shoot origin thai were rooted 
either with Agrobacterluin or IBA hormone treatment. The original rooting success of Scots 
pine fascicular shoots iii the years 1993 and 1994 varied depending on rooting treatment, 
timing of rooting, and genetic background of cuttings. Exarnining the field performance of the 
rooted Scots pille cuttings showed that vegetatively propagated Scots pine material is able not 
only Lo survive but also grow weil foliowing out pianting. There was, however, a lot of 
variation anong the cuttings, i.e. also inferior cuttings characterised by weak growth, poor 
stem quality, and plagiotropic growth habit. Several factors, including ihe rooting Lreatment 
used, timing of rooting, morphology of cutting root system and genetic background of the 
cuttings were tound Lo affect their field performance.

.
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Eucah'ptus is very importani material for the pulp and paper industry. Genetic engineering is 
a useful tool for breeding of woody plants because they have a long life span. However, it is 
difficult to iniprove the transgenic Euea/vptus because of its low transformation frequency. 
First, wc used hypocotyl of Euca/vptus camaldulensis and E. globules as a material of the 
Agrobacteriu,n-mediated transformation method. Wc could obtain transgenic Eucalvptus by 
improving the hud regeneration medium, bu the transformation frequency was very low. As a 
result of intensive studies, we found that when a hypocotyl having a shoot meristem was used

lo as an inoculation material, the desired gene was efficiently introduced into a base part of ihe 
shoot, and the regeneration frequency from the part was high. Then, we succeeded in thc 
efficient transformation on both Euca!vptus species by kanamycin selection (lSc/c) and ipt 
selection (5-10%). In case of E. globules, it is a problem that the rooting is difficult. By 
photoautotrophic culture method fertilized the carbon dioxide, we could ohtain transgenic 
shoot with healthy rooting. Until now, we introduced severa¡ useful genes into both 
Euc.alvptus species, and confirmed the transgene in most of the kanamycin resistant shoot by 
southern hlot analysis.
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Rah-related small GTP-binding proteins are known lo be involved in the regulation of the 
vesicular transport system iii eukaryotic cells. The identification of a Rab coding full-length 

• cDNA PpRah/ from maritime pifie emhryogenesis was previously reported (Gonçalves el al., 
in press). Here we report the characterization of transcript PpRcib/. Phylogenetic analysis 
showed that PpRabl is more closely related lo the Rab family and within this. PpRahl protein 
was found lo cluster with Arabidopsis subfamily AtRABE, which memhers are known lo 
regulate ER-to-Golgi niembrane trafficking steps. Expression analysis of PpRahI transcript 
by real-time PCR revealed a peak of expression in stages Ti. T2 and T3 stages oí' zygotic 
embryo development, and a decreasing expression as embryo matures. The PpRab/ transcript 
is not emhryo-specific as it was found present in roots, cotyledons and hypocotyls. Transcript 
PpRahI appears lo be expressed in a lower leve] in roots when compared te hypocotyls and 
cotyledons. An increase of PpRah/ level of expression is observed when sceds are 
germinated and collected at different time points of development (G1-G4). Somatie embryos 
were also tested for the presence of PpRab/ transcript. The Ppkab/ transcript appears lo be 
present since the early development of somatic embryos and become more abundant in stage 
T4. The expression appears lo he weaker towards the maturation of somatic emhryos. 
Preliminary results obtained by in situ RT-PCR indicate a putative expression oí' PpRahI in 
the outer layers of stage T2 of zygotic embryo developinent. In view of the proposed roles of 
Rabi GTP-hinding protein, the possible function of the protein encoded by PpRahI in 
embryogenesis is discussed. 

osTRis research was supported by Fundaço para a Ciéncia e a Tecnologia (FCT) and (he 111 
Framework Program of the EC through grants SFRH/1313/3135/2000 (SG) and 
SFRH/13PD/1790212004 (CM) and through project POCTI/AGR/4628312002. JC 
acknowledges support from the National Science Foundation Plant Genome Program, Award 
No. 0217594.
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THE DOUGLAS-FIR LEAPY COTYLEDONI (PMLECI) GENE IS A TRANSCRIPTION 
FACTOR EXPRESSED DURING EARLY SOMATIC AND ZYGOTIC 
EMBRYOGENESIS AND LS INDUCIBLE BY STRESS AND HORMONES 

Santosh Misra' 2, Mariana Vetrici 2 

1 - Department of Biochemistry anci Microbiology, tJniversity of Victoria. Victoria, British 
Columbia, Canada 
2 - Centre for Forest Biology, University of Victoria, Victoria, British Columbia, Canada 

E-mail: smisra@uvic.ca 

The objective of this study was to identify genes that function during conifer emhryogenesis 
in order to increase our understanding of this process aL [he molecular leve¡ and for potential 
appiications Lo somatic embryogenesis. In conifers. somatic embryogenesis protocois are foL 

easily optimized hecause little is known about genes that function during zygotic 
ernbryogenesis. There are no molecular markers or gene expression profiies for comparison 
when ernbryogenic ccli unes discontinue growth or stop developing. The ability to induce 
somatic embryogenesis from mature, vegetative tissues is stili lacking. LEAFY 
COTYLEDONI is a CCAAT box-binding transcription factor that was first identitied in 
Arabidopsis rha/iana, and was shown to be critical for plant embryogenesis. LEC 1 regulates 
embryonic processes by activating the transcription of genes required for developmcnt. It is 
responsible for specifying suspensor cdl fate and cotyledon identity ¡u early embryogenesis, 
and for acquisition of desiccation tolerance and expression of maturation-specific genes in 
late embryogenesis. Ectopic expression of 35S..LECI in Arabidoj,sis resuited in the 
spontaneous formation of somatic embryos froni mature tissues. Wc describe tlie isolation and 
characterization of a LEC¡ homologue from Douglas-fir. Pseudotsuga menziesii LEAFY 
COTYLEDON1. The PmLEC/ cDNA sequence was isolated using PCR and RACE-PCR. The 
putative Douglas-fir LECI protein shows 52% identity Lo AtLECI. Northern hlotting of 
Douglas-fir somatic and zygotic developmental stages shows that PmLECI expression peaks 
during early embryogenesis. To identify factors that regulate PmLECJ expression, we treated 
mature seeds with stressors and hormones. It is expected that further work with PnLEC1 will 
increase our understanding of the molecular hiology of conifer embryogenesis and lead to 
improvcments in soinatIc enihryogenesis protocois.

. 
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ONTOGENY OF EARLY SOMATIC EMBRYO DEVELOPMENT EN TI-lE CONEFER 

Chris H. Bornman', Anna-Maria Botha2 

- Departnient of Botany, University of Pretoria, Pretoria, 0002, Pretoria, South Africa 
2 - Department of Genetics. Forestry and Agricultural Biotechiiology institute, University of 
Pretoria, Pretoria, 0002, Pretoria, South Africa 

E-mail: bornman@privat.dk 

A fertilised egg is only partially enclosed by a celi wall, with its chalazal portion usually 
covered by the plasma membrane alone. A protoplasí, iherefore, comes close to resemhling a 
zygote. We studied the cryptic potential of protopiasts of different lineages to form somatic 
enibryos in the conifer, as represented by hybrid larch (LarLk x eurolepis Henry). The 
lineages, ohtaincd by discontinuous density gradient fractionation, consisted of(l) vacuolated 
non-celi regenerating suspensor protoplasts and cytoplasts, (2) mononucleate ccli- and 
somatie embryo-regenerating protoplasts and (3) niultinucleate non-ceil regenerating 
protoplasts. The protoplasts were immobiiised iii thin films of alginate and cultureci on 
embryo-sustaining mediuni. With regard to muitinucleate protoplasts and in analogy to the 
partitioning of free nuclei during early prophase iii zygotic emhryogenesis, it was 
hypothesised that compartmenting of the nucici by ccli wall formation might result iii (he 
direct iriception of un embryo or embryogenic tissue. However, we found that a protoplast 
containing two, three or even foiir nuclei might undergo mitosis and cytokinesis, but only as a 
result of one of its nuciei dividing and entering the ccli cycie and only when ccli wall 
resynthesis preceded nuclear division. The ahiiity to enrich fractions of potentially 
emhryogenic celis and to toliow their morphogenic behaviour from the single-ecli to the 
rnature-embryo stage shouid heip in understanding whether or not somatic embryogeny, 
though lacking the free nuclear divisions characteristic of prophase, mimics the development 
of its zygotic counterpart.

9
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PHOTOSYNTHETIC CHARACTERISTICS OF WILD CI-IERRY PLANTLETS 
CULTURED IN VITRO AND EX VITRO 

Saeed Karamzadeh', Bruce A. Osborne 2 , Graham Wilson2 

- Agriculture Research & Education Organization, P.O.Box 13145-1783, Tehran, Iran 
2 - Department of Botany. University College Dublin, Dublin 4, Ireland 

E-mail: skaram@rifr-ac.ir 

This study exarnined those factors that account for the poor plant performance including 
photosynthetic parameters of wild cherry (Prunuv avzu,n L.) plantlets in vitro and when are 
transferred and grown under ex vitro conditions for 2, 4, and lO weeks. The maximum net 
photosynthctic rate (Pm) of plantlets groWn in vitro was low and increased 4-6 fold after 
transfer to ex vitro conditions. There was no relationship between the photosynthetic 
perforniance of in vitro grown plantlets and the total chlorophyll (a+h) and a:h ratio present in 
leaf tissue. The leaf dry mass accumulation and leaf area of ¡ti vitro plantlets were lower than 
ex vitro and were correlated with their photosynthetic capabilities. However, the specific leaf 
dry mass (SLM) was higher than ex vitro, which is not consisteni with the variations in Pm. 
The amount and activity of the carbon-fixing enzyme, Ribulose-1-5-biophosphate 
carboxlase/oxygenase (Rubisco) were nieasured. Both a Iow Rubisco activity and a reduced 
electron transport capacity of in vitro plantlets underlie the low Pm. although it is more likely 
that either Rubisco activity or amount determines Pm under amhient conditions. Since leaf 
nitrogen concentration of in vitro plantlets was signiíicantly higher than plantlets grown ex 
vitro we assume that Rubisco activity rather than the amount of this enzyme. limits Pm of in 
vitro plantlets. Measuremenis of the CO2 concentration in the jars containing plantlets gaye 
concentrations of 300 and 200 fYrnol mol-1 during the photoperiod at a growth irradiances of 
50 and 200 fYmol photon m-2 s-I respectively, which are lower than the ambient CO2 
concentration. This may also restrict growth and photosynthetic performance under iii vitro 
condition. 

Key words: micropropagation, photosynthesis, Ruhisco, wild cherry. acclimation
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SOMATIC EMBRYOGENESIS IN PINUS PATUL4 - PROTOCOL DEVELOPMENTS 
AND PRELIMINARY FIELD RESULTS 

Cath y Ford, Lorna Fischer, Glen Miteheli, Nicky Jones 

Shaw Research Centre, Sappi Forests Research, P.O. Box 473. Howick, 3290, South Africa 

E-mail: fordc@ukzn.ac.za  

Vegetative propagation offers a means of maximising the deployment of genetically iniproved 
material. A major problem in (he deployrnent of Pinus patiila through conventional culting 
propagation techuiques is the early onsel of ontogenetic maturation in the hedge plants. This 
results in  decline iii the rooting of cuttings and poorer performance. in-field, limiting clonal 
propagalion as a deployment strategy. Somatic embryogenesis (SE) is a potential tool in the 
realisation of this strategic approach. The amenability of embryogenic tissue lo 

• cryopreservation offers a ineans of overcoming hedge maturation constraints. As hedges age 
and (he performance of the resulting cuttings declines, SE-derived clones can he drawn from 
cryostorage for substitution of the aging hedges with more juvenile material. 1-lowever, SE in 
this highly recalcitrant species has had limited success with low induction frequencies and 
poor genotypic responses lo maturation. Douglas-fir Cotyledon Revised (DCR) medium 
proved to he twice as effective iii encouraging initiation compared Lo MSG (inodifled MS) 
medium. Farnily responses lo initiation have also been observed. Multiple inductions and the 
curnulative cryostorage of successfully induced genotypes have addressed low initiation rates. 
In an effort Lo improve emhryo maturation responses, various mallose and ABA 
concentrations have been tested. A combination of 90 gI maltose and 10 mgI' ABA yielded 
twice as many emhryos compared to the control (60 gI maltose and 10 mgi -1 , but the 
conversion (hardening-ofí) was disappointingly low. The use of a dual-phase medium during 
the singulation process has also lcd Lo improved embryo yields. The ernbryos reached Stage 4, 
two weeks earlier than the control tissue, and showed a 40 increase in welI-developed 
emhryos in responsive genotypes. Cuttings ohtained from SE-derived hedges are being tested 
in preliminary field trials to assess the feasibility of this propagation techniquc. 
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REGENERATION OF TRANSGENIC AMERICAN CHESTNUT PLANTS FOLLOWING 
CO-CULTIVATION OF EMBRYOGENIC TISSUES WITH AGROBACTERIUM 
TUMEFA CIENS 

Gisele M. Andrade. Carnpbell J. Nairn, Huong T. Le, Scott A. Merkle 

Warnell School of Forest Resources, University of Georgia. Athens, GA, 30602, USA 

E-mail: gisele@uga.edu 

An efficient Agrobacterium rumeftzciens-mediated transformation protocol for stable 
integration of foreign genes mio American chestnut (Castanea dentata) has heen established. 
Somatic embryogenic tissues from different genotypes were used as target material. A. 
twnefaeiens strain AGLI harboring the plasmid pCAMBIA 2301 (carrying the neomycin 
phosphotransferase II (npr II) selectable marker and B-glucuronidase (uidA) reponer genel 
was used for the co-cultivation experirnents. Severa¡ factors intluencing transformation 
efficiency were investigated, including antihiotic concentration, plant genotype and co-
cultivation conditions (pre-co-cultivation period, co-cultivation Iength and use oí' 
acetosyringone). For development of this protocol, GUS activity was routinely measured 4 
days after co-cultivation (transient expression). Geneticin aL 50 mg/1 was found Lo he 
sufficient Lo inhibit the growth of somatic ernbryogenic cultures and was iised for selecting 
putatively transgenic Lissues. The frequency of transformation using A. n4mfiIcie?ls varied 
with chestnut genotype. A four-day pre-co-cultivation period did not increase the number of 
transformants for ah unes tested, hut did increase the nuniber of escapes. Acetosyringone 
added aL 100 .tM Lo ihe Agrobaderiuni suspension and to the co-cultivation medium 
increased transformation efficiency when embryogenic tissues were co-cultivated for 3 days. 
Mature somatic ernbryos of transformants from 2 different genotypes were germinated and 
more than 100 transgenic plants are presently being acclimatized. Antibiotic selection, as wehl 
as the transformation protocol per se, decreased embryo conversion for sorne genotypes. 
Stable integration of marker genes was confirmed by PCR analysis and expression of (he 
aldA gene was demonstrated by GUS assay of tissues from transformed unes. As part of an 
effort tu restore the species to the forest, the establishment of this hroad-spectrurn 
transformation system will he useful for future studies on transferring potential anti-fungal 
genes conierring resistance Lo chestnut hlight.



ADVENTITEOUS SHOOT REGENERATION FROM LEAF PIECES AND ROOTING OF 
PRUNUS SEROTINA IN VITRO CULTURES 

Ana C. Espinosa', Paula M. Pijut 2, Charles H. Michler2 
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Prunus serotina Ehrh. is an economically important species for timber and sawlog production 
in the central and eastern United States. The wood is used for cabinetry, fine furniture, ¿md 
vencer. The objective of this study was to regenerate and root adventitious shoots of P. 

la serafina in order to establish a regeneration system for use in genetic transformation. Nodal 
sections were cultured en Muiashige and Skoog medium supplemented with 4.44 PM 6-
benzylarninopurine (BA). 0.49 sM indole-3-butyric acíd (IBA), and 0.29 sM gibberellic acid 
(GA 3 ). In vitro leaf explants of three genotypes were placed en woody plant medium (WPM) 
supplemented with 0, 2.27, 4.54, or 6.81 1iM thidiazuron (TDZ) iii conibination with 0. 0.54. 
1.07. or 5.37 1sM 1-naphthaleneacetic acid (NAA); and en WPN'I supplemented with 0, 4.44, 
8.88, or 13.32 pM BA in combination with 0, 0.54, 1.07, or 5.37 tM NAA. Cultures were 
maintained either in continuous darkness for 5 weeks. or iii the dark for 3 weeks and then 
transferrcd tu a 16-h photoperiod. TDZ and the genotype liad a significant effect en [he 
number of shoots regenerated. The maximum mean number of shoots regenerated per explant 
(1.18 ± 0.22; square root mean) was obtained with 6.81 ÁM TDZ plus 1.07 tM NAA. The 
highest rooting (70%) was ohtained with 2.5 iM IBA when shoots were niaintained for 4 
days in the dark on rooting medium prior to transfer to a 16-h photoperiod. Eighty-six percent 
of the planticts survived acclimatization to the greenhouse. This report of a complete protocol 
for adventitious shoot regeneration, rooting, and acclimatization of black cherry plantlets is a 
key step for future research en clonal propagation and genetic transformation, 
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SOMATIC EMBRYOGENESIS IN LOBLOLLY PINE: IMPROVING INITIATION WITH 
ORGANIC ACIDS 

Gerald S. Pullman, R. Chopra, K-M Chase, M. Buchanan 

Institute of Paper Science and Technology, Georgia Institute of Technology, 500 1 Oth Street 
NW, Atlanta, GA 30332-0620, USA 

E-mail: jerry.pullman@ipst.gatech.edu  

A major barrier to the commercialization of somatic embryogenesis (SE) technology in
loblolly pine (LP, Pinus taeda L.) is recalcitrance of sorne high-value crosses to initiate 
embryogenic tissue and continue early-stage sornatic ernbryo growth. Developing initiation 
and multiptication media that resemble the seed environment may decrease this recalcitrance. 
Stage-specific analyses of 26 organic acids (OAs) were performed weekly throughout the 
sequence of seed development for female garnetophyte (FG) and ¿ygotic embryo tissues to 
determine physiological concentrations present that may he beneficia¡ if added to SE media. 
Tissue from two open-pollinated farnities, grown in different locations and years, was 
analyzed in triplicate by gas chromatography / rnass spectrometry (GC/MS). Signilicant 
changes in OAs occurred over time, with hoth seed collections showing similar trends in 
change of organic acid content. Although concentrations were not always similar, emhiyo and 
FG generaily showed similar patterns of change in OA content over time. The major OAs 
contri L, to osmotic potential were malic early in seed development and oxalic late in seed 
developmenL A simple bioassay was used to evaluate potential growth-promotion of the 
individual OAs added tc) initiation or multiplication media at physiological concentrations. 
Nine vitamins and 25 OAs were screened. Cornpounds showing statistically significant 
mercases in early-stage embryo growth were then tested for initiation of LP. Two vitamins 
and five organic acids including vitarnins B12 and E. fN-ketoglutaric, pyruvic, succinic, 
oxalic, quinic, and ascorbic acids produced statisticalty significant mercases in early-stage 
embryo growth. When tested t'or iniproved initiation, vitamin 1312,  vitarnin E, fN-
ketoglutaric, pyruvic, and succinic acids increased initiation when alone and when combined. 
Anatyses of OAs in Ihe seed environment coupled with a bioassay to screen potential media 
supplements for protocol improvement resulted in statistically significant mercases in the LP 
embryogenic tissue initiation protocol and saved much time and expense.
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SOMATIC EMBRYOGENESIS IN NORDMANN'S FIR (AB/ES NORDMANNIANA) AND 
ITS POTENTIAL APPLICATION FOR CLONAL MASS PROPAGATION AND 
DEVELOPMENT OF CLONAL VARIETIES 

Kurt Zoglauer, Claudia Aurich, Simone Brendel, Adi Rahmat 

Institute of Biology, Humboldt University of Berlin. lnvalidenstr. 42. 10115 Berlin, Germany 

E-mail: kurLzoglauer@rz.hu-berlin.de  

In comfer species, sornatic emhryogenesis (SE) is an interesting model system for 
investigation of patterns and control of emhryogenesis. Additionally, it is the basic process for 
thc establishment of hiotechnological procedures for clonal propagation and transformation. 
Both aspects, the fundamental and the practical, will he presented using the example of Abies 
nordmanniana. A bies nord,nanniwui has aii enormous cornmercial i mportance for Christmas 
tree production in Germany and Europe. It is exclusively grown from seeds harvested frorn 
natural populations iii the Caucasian mourltains. Clonal varieties would hclp to improve the 
quality of trees and the cultivation characteristics considerably. SE-hased propagation 
methods are expected to be a realistic possibility to solve these problems within the next 
decade. In Ahies spp., SE has been reported for the first time 1989. In the recent years the 
developmental patterns were described in detall and the protocois for initiation, proliferation, 
maturation and germination were improved. The characteristic developmental patterns, the 
control of embryo development as well as the advantages and limitations for commercial 
applications will be discussed.
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FERST STEPS OF PROGRAMMED CELL DEATH MONITORED BY THE ACTIVITY 
OF THE MITOCI-IONDRIAL K+ATP CHANNEL IN THE EMBRYOGENIC CULTURES 
OF DIFFERENT CON IFEROUS SPEC lES 

Jana Krajáková 12 , Valentino Casolo', Elisa Petrussa', Terézia Salaj 3 , Alberto Bertolini', 
Francesco Macri', Angelo Vianello' 

- Section of PIanL Biology, Departmeiit of Biology and Agro-Industrial Economics. 
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3 - Institute of Plant Genetics and Biotechnology SAV, Akademická 2, 959 07 Nitra 1. 
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E-inail:,iana.krqinakova@unitid.it  

During the proliferation of embryogenic cdl masses the first way of programmed ccli death 
was described in [21. The aim of the present study was Lo monitor the energy status ot 
proliferating embryogenic ccli masses and Lo characterise the KATP channel in mitochondria 
isolated from emhryogenic cultures of three different coniferous species (Picea ahies. A bies 
cephalonica and Pinus itigra). For fulfilling these aims, we measured the amount of glucose-
6-phosphate and ATP aL regular time intervals during proliferatioii, in order to select the time 
in which the energetic leve] of cells is high (6th day after transfer) and, hence. Lo isolate 
mitochondria. Crude mitochondria, from embryogenic cultures, showed typical latures of 
intact and functional plant mitochondria, such as integrity (ca. 90%), basal oxygen uptake (ca. 
100 nmol/min per mg of protein), respiratory control ratio (ca. 2.5) aud partial KCN-resistant 
respiration. The characterisation of the mitochondrial KATF . channel was performed by 
measuring iii isolated P. abies mitochondria: the K-inward activity (KCI-induced electrical 
potential dissipation in energized mitochondria, or swelling in de-energized mitochondria 
resuspended in a KCI-based medium) the spontaneous and cyclosporin A-stimulated K'- 
outward activity (electrical potential building-up in de-energized mitochondria). The 
characteristics of the K:rp channel from embryogenic cdl masses were very similar (o those 
previously described for a channel of soybean mitochondria [11. In particular. Ktinward 
fluxes appeared to be enhanced: hoth K-inward and outward activities were inhihited by 
ATP, stimulated by diazoxide, and inodulated by reducing agents (DTE). These results 
strongly suggest that the KATP channel is also involved in the manifestation of PCD during 
the proliferation of embryogenic ccli lines of coniterous species. 

[1] Casolo y , Petrussa E, Krajnakova 1, Macri F, Vianello A (2005) In: Journal of 
Experimental Botany 56: 997-1006 
[21 Filonova LE-1, Bozhkov PV, Brukhin VB, Daniel G. Zhivotovsky B, Von Arnold S (2000) 
In: Journal of Ccli Science 113: 4399-4411
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RECOVERY OF SOMATIC EMBRYOS AND PLANTS FROM PROTOPLAST 
CULTURES OF SAWARA CYPRESS (CHA MA ECYPARIS P1SIFERA) 

Yoshihisa Hosoi, Emilio Maruyama, Katsuaki Ishii 

Transformation Laboratory, Department of Molecular and Ccli Biology. Forestry and Forest 
Products Research Institute, Tsukuba 305-8687, Japan 

E-mail: yh2884@ffpri.affrc.go.jp 

Sawara cypress (Chan:aecvparis pisifera) is native to Japan. It is a ver)' irnportant conifer in 
horticulture and the wood is also used for furniture manufacture. Previously we have shown 
that piani regeneration of 2 species of the genus Chamaecvparis (C. obtusa and C. pisifera) 
from emhryogenic cultures derived from immature ernbryos (Maruyama et al. 2005a, 2005h). 
This report demonstrates that sornatic embryos and piants can be recovered from protoplasts 
derived from embryogenic suspension cultures of C. pisifrra, The donor suspension culture 
for protoplast isolation was estabiished from an immature emhryo and maintained using a 
liquid rnedium containing 2,4-D and BAP. Protoplasts were isolated from the suspension 
cultures using an enzyme mixture containing Ceiluiase RS. Driselase along with 0.6 M 
mannitol. The viabiiity, as determined in FDA stainings. was more than 90%. Freshiy isolated 
protoplasts were cultured in liquid medium containing 0.6M mannitol using 96 weli plates. 
After 1 month of culture, protoplast-derived colonies were proliferated and transferred onto 
soiid niedium contaiuing lOmM glutamine, 6% maltose, 10% PEO (MW: 7,300 - 9,300), 50 
pM ABA and 0.2Ü/ activated charcoal. After 30 to 40 days of culture on the medium, the first 
somatic e¡-nhryos were detected. Mature cotyledonary ernbryos were transferred onto 
germination rnedium. Sorne of these developed into plants that were transferred to soil. This 
is the first report on piant regeneration from C. pisifera protoplasts. 

E. Maruyarna, Y. Hosol, K. lshii (2005a) Efficient plant regeneration of Hinoki cypress 
(C/zanaecvparis obtusa) via somatic embryogenesis. J. For. Res. 10:73-77 
T.E. Maruyarna, Y. Hosoi. K. lshii (2005b) SAWARA CYPRESS Chamaecvparis pisit'ra 
Sieb. et Zucc. In: S. M. Jain, P. K.Gupta (eds), Protocoi for somatic ernhryogenesis in woody 
plants. Springer 459-468
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EVALUAT1ON OF GENETIC STABILITY IN CRYOPRESEVED EMBRYOGENIC 
CULTU RES OF PÍNUS PINASTER 

Liliana Marum', M. Rocheta', M. M. Oliveira 2 , C. Miguel' 
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Sornatic ernbryogenesis and cryopreservation have become significant components of 
reforestation and hreeding strategies in conifers. Maritime pine (Pinus pinasrer AiL) is the 

rnain forest species in Portugal and an i,i vitro system consisting of soniatic embryogenesis 
coupled to cryopreservation has already been established for this species. Dimethyl sulfoxide 
(DMSO), used in cryopreservation, has been described as a mutagenic coinpound. It is 
desirable Lo assess the genetic integrity of emhryogenic cultures/plants surviving cryogenic 
storage to determine if they are "true to type" after cryopreservation. SSRs have been 
described as an ideal system for assessing [he mutability in somatic emhryogenic tissues. The 
main objective of this work is to establish an efficient rnarker system using SSRs, to evaluate 
the stability of cryopreserved emhryogenic cultures and subsequent regenerated ernblings of 
maritime pine. Nuclear microsatellile DNA markers of simple sequence repeat (SSR) loci, 
isolated from P,pinaster, were used to test for genetic stability in cryopreserved aiid non-
cryopreserved emhryogenic tissue samples. The fragment analysis was done by Capillary 
sequencer Beckrnaii Coulter (CEQT8(K)0) and the fragment length of the PCR-products were 
evaluated by CEQTM800() Genetic Analysis System Software. Up to now, conditions for DNA 
extraction, PCR and fragment analysis have heen optimized for 5 SSRs loci (FRPP9I, 
FRPP94, 1TP1-14516, PtTX3 107, PtTX3I 16). The application of established conditions has 
been initiated and seven different emhryogenic unes are under evaluation for genetic stability. 
Thc obtained results will be presented.

.
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TRANSFORMATION AND MATURATION STUDIES WITH EMBRYOGENIC T1SSUE 
OF PINUS RADIA TA 

Barbara Geddes, Lyn I-loiiand, Catherine Reeves, Christine Deviilard, Christian Walter, 
Lynette Grace 
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The genetic transformation of pine, while successfuiiy achieved with a variety of species, 
rernains very inefficient. For embryogenic ccii unes of radiata pine competency for 
transformation through either Bioiistic or Agrobacterium-mediated methods, and competency 
for maturation. are not aiways positively correlated. To ilivestigate this reiationship, over 20 
genotypes were used in Biolistic® transformation experiments, foilowed by attempts for 
emhryo maturation, either prior to or foliowing cryopreservation. Transformation efficiency 
varied from O to 35% in unes not previously cryopreserved, and from O [o 2% iii those 
recovered from cryopreserved ernbryogenic tissue. Maturation was achieved in the majority 
of the ccii unes tested. However, br [he highiy transformable ccli une (73:03) no maturation 
was observed. Conversely, for severai ccli unes good maturation was achieved hut they were 
not transformable. The efficiency of two promoters iii pronioting the production of transgenic 
unes was aiso evaluated using [he npt II selection gene under [he control of either the maize 
uhiquitin promoter or the 35S CaMV pronioter. Resuits from 400 bombarded Petri dishes 
showed that [he ubiquitin promoter enhanced transformation efficiency. The implications of 
these resuits for forest biotechnoiogy wiii be discussed.
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SOMATIC EMBRYOGENESIS OF LIRIODENDRON HYBRIDS (L. CHJNENSE 
(HEMSL.) SARG.;Á L. TULIPIFERA) AND LARGE SCALE EMBDLING PRODUCTION 

Jisen Shi, Jinhui Chen 
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fi was of great using value and practical significance for mass propagation Liriodendron 
Hybrids (Liriodendron chinense (HEMSL.) SARG. ¡A L. rulipifera), un excellent and 
important tree species both for landscape and industrial production in southern China. The 
supplement of the hybrids was short of dernand, for the present situation that the parental 
resource was rare and the hybrids seed production efficient was low by conventional 
hyhridization. Wc demonstrated un example for hyhrids mass propagation by somatie 
enihryogenesis and large scale plant regeneration based on a 40 year s convemional 
hybridization brceding program, supplying 300 millions regenerated plants (with more (han 
10 unes) through somatic embryogenesis annually. Wc created an interspecies hybrid in 1963. 
which shown obvious heterosis both on growth and adaptation. by select the parenis material 
from Liriodendron chinense (HEMSL.) SARG. and L. tu/ipifera. Somatic embryogenesis was 
successfully done with the immature zygotic embryos as explants during 1999-2002, and 
extended to large-scale production during 2003-2005. The genes which control the 
clediffereniation and redifferentiation were expressed and (he cdl totipontency had been fully 
realized when the explants were regulaled by different plant hormone, basa¡ medium and 
cultural condition. It was found that the dcvelopmental stage of the explant played a key role 
in (he experiment. The aggregate samaras were picked weekly and it was found that (he 
immature zygotic embryos from global embryo to cotyledon were easily implemented 
somatic embryogenesis of Liriodendron hyhrids. The culture condition, especially the ligh( 
condition, was un important factor for (he embryogenesis. The embryogenic callus could be 
only incluced under the dark condition, and once the embryogenic callus was formed it should 
be cultured under the light condition to control its growth. The culture condition would also 
play a significant role on the multiplication of the somatic emhryos. The light condition was 
very irnportant for the normal development of the somatic embryos, while under the dark 
condition (he embryos couldnít rnuRiply any more and even developed abnormally mio 
yellow embdlings, abnormal embdlings. In order to meet the need of (he nitrogen source at 
different developmental stages, the basic niedium for each developmental stage had been 
screened by regulating the major salts concentration of (he MS medium. Wc used MS 
medium at alI developrnen(aI sages nearly in case of the induction stage, in which the 1/2 MS 
niedium was used, to meet (he deniand of (he nutrien(. On (he o(her hand, the inorganic salt 
could also change ihe osmoic potential indirectly. Emhryogenesis was induced after (he 
explanis dedifferentiated into embryogenic callus with 2 mgL-1 2,4-D; But the 
concentration of 2.4-D should be reduced or removed at alI at the second developmental siage 
in time. NAA (6mgjL-l)cou1d also help to induce the callus but not embryogenic callus. ZT 
could counteract the aftereffect resulted from the high concen(ration of auxin aixd induce the 
embryogenesis it' added properly. As soon as (he callus becomes much dense, it should he 
ransplanted in (he medium with ZT. Some abnormi(y of the embryo development could he 

restrained effectively under the action of ABA at physiological level. GA could promote (he 
elongation growth of ifie regenerated plans. Proper amount of activated charcoal in the 
inedium not oiily played an important role for the growth of the young embdlings, but also 
promoted the formation of the root. Histological study on the origin and developmen( of 
somatic embryos, it was found that somaic embryos were mosUy developed from single 
embryogenic cdl that possessed (he abiliy of embryoid occurrence from ihe surface of the



callus. At Ihe early development stages, the proemhryos were lii'nited in a boundary of thick 
ccli wall. Piantlet regenerations were developed from global emhryo, heart-shaped ernbryo, 
torpedo-shaped embryo and cotyledon emhryo, iii which the V-shaped vessel vascular 
hundies and shoot tip meristem and root tip meristem were observed. The thick ceil wali 
lormed when single emhryogenic ceil developed. The somatic embryo formed mostly from 
single ccli superficially. Ihus when the relation hetween the ccli and the environment was cut 
down, thc ceil polarity would be constructed more easily. At this time. the SUSCflS0Í perhaps 
was the oniy way br the nutrient absorption and exchange. The significant character of the 
somatic ernhryo was jIs polarity, that is to say, the radical and the plumose emerged al the 
eariy stage of the somatic embryogenesis. The first mitosis of the emhryogenic ccli was an 
unequal mitosis mostly, then the top-cell (then divided into muiti-celi pre-embryo) and base-
ccii (then divided into suspensor) fornied in the end with the distinet polarity. Starch piayed a 
key parb in the deveiopment of the soinatic embryogenesis loo, such as those accumulated iii 
the cotyledon may be helpful to the form of emhryogenic callus. Now we can find that the 
conteni of the starch would increase or reduce during the somatic embryos deveiopment. 
There were two types callus: embryogenic calius and non-emhryogenic callus. The major 
features of each one was observed by means of scanning electron inicroscopy technique. Wc 
lound that embryogenic ccii was often globular and equal whiie thc non-embryogenic calius 
was unequal signiticantly. The crnbryogenic tissue cuitured from Liriodendmn Hybrids had a 
significant poiarity and relative independencc. The soinatic enihryo, especiaiiy the mature 
somatic embryo, would become incompact with embryogenic cailus and fa¡¡ off easily. It was 
found that the emhryogenic ccii was regular and abundant in ccli organelle while the 
nonemhryogenic ccli and torpedo ccii contained many parainural hodies by studying the 
different deveioprnental stage of the embryogenic ccii, nonembryogenic ccli and somatic 
embryo through lransmission scanning electron microscope, which indicate thaI there was a 
comprehensive signal transconduction and material transportation ab this two stages. The 
cotyledon somatic ernbryo and (he zygotic ernhryo have much sirniiarity from the 
uitrastructure, in which there were fuli of iipid body and protein body and degenerated ccii 
organeiie. The genetic stabiiity of the regeneraled pianbiets has been studied by chromoson'ie 
numeration and it was found thaI these somaplants were diploid mostiy, while only one of the 
somaciones lo regenerare plants with tetrapioid karyotype. Wc use this system to supply 300 
miilions regenerated planis (with more Ihan 10 unes) through semi-solid medium culture 
annuaily. Furtherniore, we tried more efficient system by means of bioreactor system.

.
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MAJOR FACTORS CONTRIBUTING TO MICROGRAFTING S(JCCESS RATE OF 
MATURE MARITIME PINE 

Jean-François Trontin, Séverine Quoniou, Elizabeth Dumas, Luc l-larvengt 

AFOCEL, Biotechnology Lab (biotech@afocel.fr ), Domaine de I'Etançon, F-77370 Nangis, 
France 

E-mail: trontin@afocel.fr 

Micrografting oí' hud meristems onto juvenile rootstocks is currently the hest option for 
efticient in vitro establishment of malure trees in maritime pille because rnost genotypes are 
responsive. The interest of this technique for both practica¡ application and basic rescarch 
mainly arises from lis potential to rejuvenate and/or reinvigorate and thus to restore the 
morphogeneuc competence of the mature plant material. LJnfortunatcly, micrografting is a 
technically complex procedure with quite low throughput. FulI practica¡ benefits are thus 
expected only when optinial conditions for micrografting maritime pine are defined. Thc 
objective oí' this work was [o identify major factors contribu(ing to (he final Micrografting 
Success Rate (MSR, scion development observed 2 months after micrografting) of 1-year-o1d 
grafts from mature (15 years oid), ficid-tested donor trees (6 genotypes), Season when huds 
are collected was apparently the main factor affecting MSR in strong interaction with done 
and operator. Results were greatly improved in late winter (89%) compared Lo early spring 
(64%), surnmer (49%) or autumn (48%). Interestingly, minimal differences were observed 
during the best sarnpling season among genotypes ( 13%) or operators ( 10%). Additional 
variations factors with more limited impac( on MSR were revealed such as rootstock 
chronological age (+12% MSR using 3-month-old VS. 2 month-old seedlings) and hud 
position on grafted mother plant (+9% using buds collected on secondary axes vs. principal 
axis). No significant difference was observed between terminal (54%) and axillary buds 
(57%). Bud storage in chilling condition (4°C) for 1 month prior to micrografting did nol 
improve MSR except in autumn (+12%). The newly defined conditions will improve 
micrografting efficiency of maritime pine and thus facilitate in vitro establishment of adulÉ 
trees.

0
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ZYGOTIC AND SOMATIC EME3RYO MORPHOGENESIS IN PÍNUS PINASTER: A 
HISTOLOGICAL AND HISTOCI-IEMICAL APPROACH 

Susana Tereso', Célia Miguel', Kurt Zoglauer, Ana Milhinhos', M. Margarida Oliveira3 

- IBET/ITQB, Quinta do Marqués, 2784-505 Oeiras, Portugal 
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1nva1idenstra3e 43, D-l0l 15 Berlin, Germany 
3 - Departamento de Biologia Vegetal, Faculdade de Ciéncias de Lisboa, Bloco C2 Piso 1, 
Campo Grande, 1780 Lisboa, Portugal 

E-mail: steresoitqb.un1.pt  

A comparative study on morphogenesis and accumulation of storage protein and starch ¡ti 
somatic versus zygotic embryos during maturation in maritinie pine (Pinus pinaster Ait.) was 
peri ormed. Maturation media included 120 iM ABA and 9 g/L geirite. testing glucose, 
sucrose or nialtose at 44, 88, 175 or 263 mM in the presence or absence of 6% (w/v) PEG 
4000 MW. Treatments involving 44 or 88 mM carbohydrate produced 0-1 cotyledonary 
somatic embryo. PEG induced a low number of cotyledonarv somatic enibryos, which 
showcd incomplete development, large intercellular spaces and vacuoles. Embryo response to 
175 or 263 mM maltose treatments was negative in the presence of PEG hut positive iii its 
absence. The higher maltose concentration, however, induced large intercellular spaces. 
Sucrose at the highest concentration induced lower number and less developed cotyledonary 
somatie embryos as compared to 175 mM. These results suggest that the effect of 
carbohydrate source in this species is partially osrnotic. Morphogenesis was similar between 
zygotic and somatic embryos. Starch granules followed similar accumulation pattern ¡ti 
zygotic and somatic embryos. In zygotic embryos, protein bodies appeared later and were 
smaller and fewer than iii somatic enibryos. as in PEG-treated somatic einbryos. The Iowest 
dry weight was detected in zygotic embryos (0.33 mg/ embryo) followed by 175 mM maltose 
treated embryos (0.61 rng/embryo). The lower starch content was found in cotyledonary 
zygotic (1.7 ig/embryo) and somatic embryos produced on 175 mM maltose (4.3 tg/embryo) 
or 263 mM glucose (5.7 igIembryo), which may be good aliernative treatments for 
maturation of this species. Storage protein levels can he potential indicators for the selection 
of good quality somatic embryos. Ernbryo protein content is heing analysed by two-
dimensional electrophorcsis in order to confirm (his hypoihesis.
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SOMATIC EMBRYOGENESIS AND CRYOPRESERVATION OF SAPINDUS 
MUKOROSSI GAERTN 

Hywuae Kim, Young-Goo Park 

Dept. of Forestiy, Kyungpook National Univcrsity. Daegu 702-701 * Republic of Korea 

E-mail: ygpark@niail.kiiu.ac.kr  

Sapindus mukorossi, deciduous high tree have grown naturally in Southern Korea, China. and 
Japan Island for medicinal, street and gardening trees. In recently this trees have been 
disappeared rapidly because the developing Southern region in Korea. It is importanÉ to 
conserve the genetic resources of S. ,nukorossi. There are three methodologies for genetic 
resources; in situ, ex situ, and in facilities. 1n facilities cryopreservation methodology is iiseful 
method by somatic embryos. The somatic embryogenic callus of S. inukorossi is induced ¡ti 
B5 medium without phytohormone transferred by the B5 medium with the growth hormonc 
of 0.1 mg/1 BA and 0.01 mg/1 2,4-D during one month culture. Suspension culture is carncd 
for mass propagation of somatic cmbryos in a bioreactor. The ccli growth showed that B5 
liquid rnedium with 0.1 mg/1 BA and 0.01 mg/1 2,4-D shows the best growth. Two 
cryopreservation methods. encapsulation and vitrification are used. The vitrification inethods 
have better survival rate than encapsulation. The vitrification with PVS2 solution at DoC for 
10-20 minutes has more than 80% survival rate. After stocked the vitrificated somatic 
emhryos in liquid nitrogen more than one day, the cryoprservcd emhryos are not genetic 
variation by RAPD.

0
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PLANTLET REGENERATION OF C'AMPS/S GRANDIFLORA (TH UN B.) SCH UMANN 
BY AXILLARY BUD CULTURE 

Young Mi Kiii, Jae In Park 

School of Forest Resources, College of Agriculture Life Environineni Sciences Chungbuk 
National University Cheongju Chungbuk 361-763 Republic of Korea 

E-mail: jipark@chungbuk.ac.kr 

To estahlish a reliable micropropagation method axillary buds were collected frorn young 
plants and were surface-sterilized and dissected into 2-3cm Iengths. The explants were 
cultured on Woody Plant Mediurn containing a combination of BAP( 0, 0.2, 0,5, 1.0, 2.0 
mg/I) and NAA(0, 0.0 1, 0.1 rng/I ). After 6 weeks culture 60% of axiltary buds grew into new 
shoots at the highest rate on media containing BAP 0.2rngII and NAA 0. 1 mg/!. For multiple 
shoots production the concentrations of BAP (0.5 and 1.0 rng/l) contained in WPM were 
compared by culturing new shoots from axillary buds. Average number of multiple shoots 
were 5 on higher concentration (1 .Omg/l) and 3 on lower concentration (0.5mg/1). Sorne 
cultures showed rooting.

.
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AG ROBACTER 1 U M -M ED1ATED RMCE APPROACI-1 FOR GENE REPLACEMENT 

K. Nanto, K. Yamada-Watanabe, H. Ebinuma 

Forest Science Laboratory, Nippon Paper Industries CO., LTD. 5-21-1, Oji, Kita-ku, Tokyo 
1 14-0002, Japan 

E-mail: 0880080@np-g.com 

We developed a site-directed integration (SDI) system for Agrobicterium-mediated 
transformation to precisely integrate a single copy of a desired gene into a predefined Larget 
locus by recombinase-mediated cassette exchange (RMCE). Wc produced site-specitic 
transgenic plants from 4 targel unes and examined expression of the transgene in Ti site-
specific transgenic plants, which were obtained by backcrossing. We found that site-speciíic 
transgenic plants from the same target unes showed approximately the sarne leve¡ of 
expression of (he transgene. Moreover, we demonstrated that site-specific transgenic plants 
showed much less variahility of transgene expression than random-integration transgenic 
plants. lnterestingly, transgenes in the sarne direction at the same targct locus showed the 
sanie leve¡ of activity, but transgenes iii different directions showed different levels of 
activity. The expression levels of transgene did not correlated with those of ihe target gene. 
Our results showed that the SDI system could henefit the precise comparisons between 
clifferent gene constructs, the characterization of different chromosomal regions and ihe cost-
effective screening of reliable transgenic plants.

.
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COULD BE APPLIED AN IN VITRO CLONING PROCESS FOR BREEDING AND 
MASS PROPAGATION? ADVANCES ACHIE VED IN GENUS PINUS 

Carlos Raniirez-Serrano', Benjamín Rodríguez-Garay 2, Carlos Pelayo-Ortiz 3 , Víctor 
González-Alvarez 3 , Peter Bozkhov4, Sara von Arnold4 
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4 - Department of Plant Biology and Forest Genetics, Swedish University of Agricultura] 
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Severa] approaches have heen developed and adjusted in an in vitro cloning process that has 
the competence to be applied Lo species of Genus Pinus, however several modifications must 
he done in order Lo accomplish fuil process. Induction as well initiation of pine somatic 
emhryos at different percentages were obtained in immature zygotic emhryos iii species 
belonging to suhgenera Diploxi/on and Haploxilon, by rneans of different PGR including 
abscisic acid (ABA); establishment of proliferation can be reached in 100'7c of the genotypes 
by means of culturing onto different media (suspension cultures is also useful for aL least one 
year), this methodology includes an easy action that is interchanging embryogenic masses 
among the media, these strategies allow to fullil alI genotype requirements in both subgenera. 
At this step, a different approach other then cryopreservation can be applied to immature 
somatic emhryos in order Lo maintain the emhryogenic capacity, as simple maintenance of 
suspension cultures at 40 C. Both, suspension cultures and preservation aL 40 C were applied 
successfully Lo phylogenetic distant species (Pinus ,naxinzarrinezii and P.svh'estri',): 
regarding to Scots pine, this method can be useful for genetic transformation by hiolistic 
protocols since can be regenerated 50 mature somatic embryos per gram fresh weight 
(PGFW). However, maturation process seams Lo be different depending on the subgenera, for 
instance, in a species belongs to suhgenus Diploxilon [Scots pine (P.svlvestris)J a low 
amnionium to nitrate relation (l0190) plus maltose and activated charcoal are the targets Lo 

induce the development of somatic embryo, and later adding ABA to the same medium 
compound (lacking of activated charcoal), fuli maturation is achieved; in which are included 
genotypes that are considered producers of aberrant type embryos; this result demonstrates 
those genotypes have only physiological difficulties instead of genetic concerns. The 
appliance of the methodology seams Lo be inadequate on (P. ,naximartinezii, specie belongs Lo 
subgenus HaploxvIoi, where somatic embryos are stimulated to proliferate, in case of zygotic 
einhryo induction and initiation of embryogcnic tissue is achieved. Concerning Lo the 
lollowing steps, normal germination of severa] thousand of embryos, well rooting and 
development of plants were achieved in Scots pine in most of the genotypes tested (up than 
80%) belonging Lo more ihan 95% of the mother trees tested, where that percentage were also 
reached in adaptation of einblings, where the plants shown long roots, and development of 
inter nodes after heing transferred to growth chambers. The protocol developed for Scots pine 
can be useful for genetic hreeding by the basis described aho ye, and i'nass propagation is not a 
challenge any more since can be produced from 5 Lo 1500 mature somatic embryos PGFW. 

To CIATEJ, CUCEI-UDEG, and Swedish University of Agricultural Sciences for the 
facilities to carry out the corresponding research; and Lo CONACyT Mexico and thc Program 
I'R()MEP-SEP Mexico, for the funds and grants to reach the Master and PhD degrees.
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PLANTLET REGENERATION OF SCHISANDRA CHINENSIS (TURCZ) BAILL. BY 
SOMATIC EMBRYOGENESIS 

Tac Dong Kim, V. Ramesh Anbazhagan, Jae In Park 

School of Forest Resources, Chungbuk National University, Cheongju, Chungbuk 361-763, 
Republic of Korea 

E-mail: jipark@chungbuk.ac.kr  

Plants were regenerated via somatic embryogenesis from zygotic ernbryo explants isoluted 
from mature seeds. Merkle and Somrners medium with 2,4-D(9.04M) and zeatin(0.09M). 
was effective for induction of embryogenic callus. The embryogenic callus induced on 
Merkle and Sommers inedium with 2,4-D(9.04M) and zeatin(0.09M) showed development 
of the maximum number of somatic emhryos when transferred to MS niecliiim free of PGRs. 
Einhlings were succcsst'uIly hardeiied iii the soil.
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ANALYSIS OF GENE EXPRESSION DURING EARLY SOMATIC EMBRYOGENESIS 
IN PINUS RADIA1'A: MOLECULAR CHARACTERIZATION OF A TRITHORAX GENE 

Felipe Aguea, Patricio Arce-Johnson 

Laboratorio de Genética Molecular y Microbiología. Facultad de Ciencias Biológicas. 
Pontificia Universidad Católica de Chile 

E-mail: jaquea@puc.cl 

Somatic embryogenesis (SE) is an efticient technique for plants propagation. Wc have 
implemented this method of propagation in Pinus radiara. Little knowledge exists about 
molecular events and genes that participate during the growth and developinent oí' somatic 
embryos. For this reason cDNA-AFLP was used to identify genes expressed during SE in 
Pinas radiata. The early SE was initially studied, because these stages are crucial for 
successful completion of the overail process. Three stages of somatic embryo development 
were analyzed: Proembryo, late proemhryo and early emhryo. No-emhryogenic tissue was 
used as control. En our study, almosi 4000 transcript-derived fragments (TDF) were amplified 
and 60 TDF that are expressed in specific stages or with differential patron during the stages 
aiialyzed were sequenced. 50% of TDFs did not show any homology to sequences with 
known functions, ihe rest showed homology [o genes involved in metaholism, progranimed 
ccli death, stress response and transcription activation. Wc confirmed the expression of 5 
TDFs via RT-PCR. A TDF with homology to a Trithorax gene was found and then the fuli-
length cDNAs was isolated. The product of the Trithorax gene has heen identified genetically 
as a positive regulator of homeotic genes in other species. The identification of genes 
activated during SE can be used as a tool to improving this process in Pinus radiata. 

Acknowledgements: Programa formación para la innovación agraria, FIA
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INSIGHTS INTO MECFIANISMS FOR ENHANCED GROWTH OF TRANSGENIC 
POPLAR EXPRESSING PINE GLUTAMINE SYNTHETASE: INCREASED 
GLUTAMINE CONTENT OF LEAVES SIGNIFICANTLY ENHANCES 
TRANSCRIPTION OF ANTHRANILATE SYNTHASE (AS) ALPHA SUBUNIT 

Huimin Man, Edward G. Kirby 

Department of Biological Sciences, Rutgers University, University Heights, Newark. New 
Jersey, Ni 07102, USA 

E-mail: ekirby@androrneda.rutgers.edu  

When compared with non-transformed controis, hybrid poplar (Populus trernu/a L. X P. alba 
L., clone--INRA 7171-134) expressing pine cytosolic glutamine synthetase (GSIa) show 
signiflcant improvement in plant growth. enhanced GS activity, increased leveis of free 
glutamine, and enhanced nitrogen utilization efficiency (Gallardo ci al, 1999: Fu et al.. 2001: 
Mari cE al.. 2005). Improved growth of GS transgeflics prompts us to examine potential roles 
of glutamine in global global nitrogen metabolism and in the mechanisms regulating plant growth. 
The initial reaction in the pathway leading to production of indole-3-acetic acid (IAA) ir] 
plants is the reaction of chorismate and glutamine to produce anthranilate, catalyzed by 
anthranilate synthase (AS), Using RT-PCR, we have shown that transcription of the alpha 
subunit of AS is enhanced in leaves of GSIa transgenic poplar. Furthermore, exogenous 
feeding of detached tobacco leaves with 30 mM glutamine significantly enhanced 
transcription of the AS alpha subunit. In prelirninary studies, enhanced ¡AA leveis in GS la 
transgcnic poplar and in detached tobacco leaves supplied with exogenous glutamine were 
observed. The possible role of glutamate/glutamine ratio in moderating nitrogen/carbon 
metabolism and the possihle function of glutainine in promoting plant growth will be 
presented.

.
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USE OF AN ARABJDOPS/S CAD MUTANT TO DETERMINE TElE FUNCTION OF 
CADS OF ARABÍDOPSIS AND TREE ORIGIN 

Use Jouanin', Ayrnerick Eudes', Richard Sihout 2 , Arrnand Seguin 2, Brigitte Poliet3 , Catherine 
Lapierre3 

- Biologie Cellulaire, IN RA 78026 VERSAILLES Cedex, France 
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In Angiosperrns, the lignin hiopolyrner is composed mainly of guaiacyl (G) and syringyl (S) 
units. These units are derived fi-orn coniferyl and syringyl alcohois, also named monolignois. 
Cinnarnyl alcohol dehydrogenase (CAD), the last enzynie of the mono¡ ignol-specirle 
pathway, is responsible for the reduction of hydroxycinnarnaldehydes to hyroxycinnarnyl 
alcohois. CAD genes helong to multigene fainilies in plants: For example, nine genes are 
present in the Arahidopvis genorne (Goujon et al, 2003). The expression profile of two of 
thern. AtCAD-C and AtCAD-D, is compatible with a iriajor role in stem lignification (Sibout 
et al. 2003) but only a double rnutant (Afead aíl affected in these two CAD shows reduced 
lignin content and a moditication of lignin composition with significant levels of 
cinnarnaldehydes incorporated instead of cinnarnyl alcohols (Sibout et al, 2005). In order to 
determine if other CAD proteins possess the ability to reduce cinnarnaldehydes, this doublc 
mutant has heen used for complementation studies. Molecular complementation of this Atead 
cd mutant with pine CAD, poplar CAD and SAD as well as with the 9 Arabidopsi.s' CAD 
genes under the control of the CAD-D prornoter suggests dillereni ahilities of these 
genes/proteins in the production of syringyl-lignin. 

Goujon et al (2003) Phuit Physiol. Biochem. 41 
Sibout et al (2003) Plant Physiol. 132 : 848-860 
Sibout el al (2005) PlanI Ccli : in press

677-687
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CI-IARACTERIZATION OF A TEMPERATURE-SENSITIVE MUTANT OF 
ARABIDOPSIS. lig, WHICH EXI-IIBITS ABERRANT LIGNIN DEPOSITION AND 
GRO WTH DEFECTS 

Yasushi Sato', Hiroshi Uematsu', Tatsuya Genda', Aya Yashiki', Jun Duan 2 , Munetaka 
Sugiyama2 
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A temperature-sensitive mutant of Arabidopsis ihaliana, Iignescens (!ig), was isolated b\ 
screening with adventitious root formation as an mdcx phenotype and characterized by 
aberrant accumulation of lignin at higher temperatures (Duan and Sugiyama 2001, J Plant Res 
114: s]09). In this study, we characterized (he lig mutant for elucidation of (he regulatory 
mechanism of lignin synthesis. Whereas the hg seedlings grew norrnally aL 18°C (permissive 
temperature), Eheir root growth was inhibited severely at 28°C (restrictive temperature). When 
he hg seedlings were grown at 1 8°C and then transferred to 28°C. (he lignin content started to 

increase 2 days after the temperature shift. Phloroglucinol-HCI staining and Miu1e staining 
showed accumulation of guaiacyl lignin in ihe sub-apical region of (he root of the hg 
seedling. A map-based approach identified a missense mutation in a puta(ive serine/threonine 
kinase gene of (he hg genome, which migh( be responsible tor the hg phenotype. To gain 
insight into the molecular mechanism of aberran( lignin accumulation in (he hg inutant, we 
investigated effects of the hg mutation on expression patterns of severa¡ genes directly 
involved in or indirectly related to lignin formaion, including ArPAL1 encoding 
phenylalanine ammonia lyase. AtCcRJ and AtCCR2 encoding cinnamoyl-00A reductase, 
AC4D-D encoding cinnamyl alcohol dehydrogenase. and CESA3 encoding cellulose 
syn(hase. Exposure of the hg seedlings (o 28°C decreased the expression of CESA3, and 
increased (he expressiorl of ArPALI. ACC'R2, and AtC'AD-D. Based on these results, a 
possihle function of the LIG gene in the regulation of lignin s yn(hcsis will be discussed.
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STRATEG1ES FOR IDENTIFYING DETERMINANTS OF SECONDARY CELL WALL 
FORMATION USING MODEL SYSTEMS 
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The physiochemicai properties of wood are determined by the compositiOn of secondary ccli 
. walt polyrners and the molecular interactions that exist amongst them. To learn more about 

the molecular mechanisms involved in secondary ccli walt synthesis, we have first used a 
functional genomics in the model xylogenesis systeni in Zinnia e!egans lo obtain hundreds of 
new gene sequences corresponding to the stages of secondary ccli wall formation iii tracheary 
elements and followed their temporal expression patterns. A bioinformatic search lcd to the 
identification of Arabidopsis and poplar orthologs for each Zinnia gene. Approximately 60 
homozygous limes of Arabidopsis mutanis were identified and subsequently subjectcd o mid-
throughput phenotypic analysis including in vitro growth, growth under different light 
regimes, mlcroscopic analysis of vasculature, susceptibility to wali degrading enzyrnes, and 
resistance lo Raistonia solanacearuni, a bacteria] vascular pathogen. Using ihis strategy we 
have identified severa¡ mutants with varying wall-related phenotypes including poorly 
lignifled stem fibres, ectopic lignification in stems, reduced floral stem etongation, altered 
susceptibility to wall degradiiig enzymes, and increase tolerance lo pathogens. The detailed 
characterisation of sorne of the rnost inleresting mutants, now underway ¡ti our laboratory, 
wili he discussed.
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USE OF POPLAR AND ARAB1DOPSIS MODEL SYSTEMS TO IDENTIFY GENES 
INVOLVED IN WOOD FORMATION 

Ellinor Edvardsson, Sunil Kumar Singh, Alan Marchant 

Dept. Forest Genetics and Plant Physiology, SLU, Umet, Sweden 

E-mail: cli inor.edvardsson @genfys,slu se 

The plant ceIl wail is a vital structiirai component regulating celi volume and shape, providing 
mechanical support, mediating ceil-celi interactions, and provides ihe raw materials for a 
number of important processes. However, relatively little is currently understood about the 
genetic regulation of ccli walt and wood formation in plants. We have adopted an approach 
utilizing transcript profiling of the Poplar cambium to identify potential novel regulators of 
wood formation. The Poplar carnbium has distinct ontology of cellular development making it 
an ideal model system to study developmental processes. Despite the advantages, it is time 
consuming to analyse large numbers of genes in this species, so closely related orthoiogs are 
first studied in Arabidopsis. Tu date work has focused on characterization of the Poplar 
orthologs of the Arabidopris EPCJ gene. Arabidopsis EPC/ knockouts result in piants with a 
reduced ceil-celi adhesion and this results in an mercase in secondary growth in hypocotyl 
tissues. This is significant as it potentially provides a tool to modulate wood hioinass 
production in trees. The Poplar EPC/ orthologs have been cloned and approaches are 
eurrently in progress tu determine Iheir function during wood formation. Further targel genes 
which funclion during xylem formation and secondary growth in Arahidopsis are beirig 
studied using a variety of techniques including morphological analysis, reporter based studies 
and Ff-IR to characterize chemical alterations due to single gene knockouts. This approach 
integrating Arahidopsis and Poplar model systems provides a rapid method to determine gene 
function.
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NEW MYB TRANSCRIPTION FACTORS FROM EUGALYPTUS XYLEM REGULATE 
SECONDARY CELL WALL FORMATION AND LIGNIN BIOSYNTHESIS 

Monica Goicoechea 1 , Erie Lacombe 1 , Sylvain Legay', Alain Jauneau', Catherine Lapierre2, 
Nicole Chaubet-Gigot', Jacgueline Grima-Pettenati 1 

1 - (JMR CNRS UPS 5546, team Transcriptional regulation and wood formation ". Ple de 
Biotechnologie végétale, 24 chemin de Borde Rouge, BP 17 Auzeville, 31 326 Castanet 
Tolosan, France 
2 - Laboratoire de Chimie Biologique, Unité mixte de Recherches 206, Institut National de la 
Recherche Agronomique-Institut National Agronomique, 78850 Thiverval-Grignon, France 

E-mail: grima@scsv.ups-tlse.fr  

Wood which is mainly composed of secondary celi walis, represent a major part of plant 
. hiomass on earth and the fifth niost important product of world trade whose demand is 

continuously increasing. Lignin is a major component of these secondary ccii walis aliowing 
mechanical support and efficient conduction of water and solutes over long distance within 
the vascular system. For the puip and paper indusiry, lignin is an undesirabie polymer, which 
has a negative impact on both puip quality and yield and has to be removed from cellulose by 
costly and poiiuting chemical treatments. On the other hand, an increase of the lignin conteni 
could be beneficial to give harder wood-derived material or provide more energy during wood 
combustion. Despite the outstanding importance of iignin al ihe biological, environmental and 
economical levels, ihe molecular mechanisms governing its formation are far from heing 
understood. As part of a programme aimed at identifyiiig major regulators of lignin 
biosy nthesis, we have cloned and characterised two transcription factors of the MYB family 
(E8MYR/ and EgMYB2) from a cDNA lihraiy prepared from Euca!vptu.v difterentiating 
xyiem. Both transcription factor are highiy and preferentially expressed in Eucalvprus xylem 
and are ahie to hind specifically lo the promoters regions of lignin hiosynthetic genes. 
LMYB2 to activate their transcription whereas EgMYBI acts as a repressor. Transgenic 
tobacco plants overexpressing EgMYB2 exhihited a dramatic increase in xylem secondary ccli 
wail thickness as well as alteration of the lignin profiles. The changes in the lignin monomeric 
composition are a consequence of differential activation of individual genes of the lignin I hiosynthetic pathway. EgMYB2 is therefore a positive regulator of lignin biosynihesis and 
secondary ccli wail formation which render it a good tool for breeding or biotechnoio gicai 
programmes aimed al irnproving wood properties.
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METABOLIC PROFILING OF THE CINNAMATE/MONOLIGNOL PATHWAY BY THE 
USE OF STABLE-ISOTOPE-DILUTION METHOD 

Norikazu Sakakibara', Tornoyuki Nakatsubo', Shiro Suzuki', Daisuke Shibata 2 , Mikio 
Shimada', Toshiaki Umezawa' 

- Research Institute for Sustainable Humanosphere, Kyoto University, Uji, Kyoto 611-0011, 
Japan 
2 - Kazusa DNA Research lnstitute, 2-6-7 Kazusa-kamatari, Kisarazu, Chiba 292-0818. Japan 

E-mail: ttimeziiw¿t@rísh.kyoto-ti.ac.jp  

The cinnamate/monolignol pathway which supplies precursors for various phenylpropanoid 
compounds such as lignins, lignans, norlignans, and flavonoids plays central roles both iii ceil 
wall formation and heartwood formation in trees. During the last decade, substantial progres 
has heen made in studies of the pathway, mostly due to development of molecular hiological 
techniques. For example. a novel pathway towards syringyl lignin via 5-
hydroxyconiferylaldehyde was elucidated, and a transgenic aspen with less lignin and more 
cellulose contents was reported. However, comprehensive mechanisrns for the control of the 
pathway remaín to be elucidated. In the post-genomic era, to understand the comprehensive 
mechanisms, comprehensive analyses such as transcriptomics, proteomics and metaholomies 
are becoming key sirategies. However, accurate and comprehensive quantitation methods for 
whole metaholites, j.c. true metabolomics, have not yet heen established. Hence, as a first 
step, we focused on the cinnamate/monolignol and lignan pathways and established a 
comprehensive quanhitation system for the metabolic intermediates of the pathways. For this 
purpose, we employed a stable-isotope-dilution method, because this is the most reliable 
quantitation method. First, we synthesized deuterium-Iaheled and unlabeled standards for 
each of more than 30 metabolites in the pathways, and estahlished standard calibration curves 
for the target compounds. Next, the system was successfully applied Lo characterization of the 
pathways in Carthwnus tinctorius (safflower) seeds where biosynthesis of both lignins and 
lignans increases rapidly during maturation. In addition, ' 3C-Iaheled precursors were 
administered co che seeds. and 13C incorporation mho the downstream metabolites were 
measured comprehensively. These metabolic profiling data during the seed maturation were 
analyzed together with time-dependent gene expression data obtained by real-time PCR, 
resulting in identification of several cDNA clones involved in lignin and lignan hiosynthesis. 
lii addition, the presence of a hiosynthetic route specific to lignan biosynthesis among many 
possible routes in the cinnamate/monolignol pathway was strongly suggested.
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CARBOHYDRATE ACTIVE ENZYMES IN THE HYBRID ASPEN XYLEM 

Tuola T. Teeri 1 , Alex S. Rajangarn', Henrk Aspeborg', Soraya Djerhi', Bernard Henrissat2. 
Ewa Mellerowicz3 , Bjsirn Sundberg3 

- School oí' Biotechnology, Royal Institute of Technology. Alballova University Center, 
SE- 10691 Stockholm, Sweden 
2 - AFMB, CNRS, Universités Aix-Marseille l & II, 13288 Marseille cedex 9, France 
3 - Urneá Plant Science Centre, Dept. of Forest Genetics and Plant Physiology, 901 83 Urne& 
Sweden 

E-mail: Tuula@biotech.kth.se 

Wood i'jhcrs constitute a renewahle raw material, which can he processed using enzyrnes 
during post-harvest processing or - iii the future - by in vivo fiber engineering. A number oí' 

. different enzyme systems contribute to the ccli wail formation and the resulting fiber structure 
and properties in trees. While lignin hiosynthesis has become relatively well understood, this 
is imt the case for the synthesis of key structural carbohydrates of the fihre walis. Wc have 
used a tunctional genomics approach to identify carbohydrate-active enzymes involved in 
xylem development in hybrid aspen, Populus tremula x tremuloides (1-2). Bioinformatic 
analyses using sensitive tools developed for carbohydrate-active enzyrnes allowed the 
identification of a large iiurnber of enzymes in eight farnilies of glycosyl transferases and 
glycosyl hydrolases (ur transglycosylases)(3). Among ihese were a set of four xylem specific 
CesA genes, one of which was even more highly expressed ¡u tension wood (4). Further 
analysis of the genome sequence of Popu/us trichocarpa lcd to the identification of 18 
dilTerent genes encoding CesA isoforms (5). This was a surprise as the Arahidopsis genome 
apparently only contains 10 CesA genes. The gene that, according to the microarray analysis, 
was most highly expressed in the early secondary ccli wall tissues of hybrid aspen, encodes a 
protein with no known function. A fragment of the protein has been expressed in E. Cali, 

followed by thc production of specific antibodies in rahbits and chicken. Data oblained by 
immunol oca] isation studies ¡,i vivo and ¡ti vitro, and by RNAi suppression of the expression 
on this xylem specific gene in hybrid aspen will be reported. 

•	 1. Sterky et al. (1998) Proc Nati Acad Sci USA 95, 13330 
2. Hertzherg, Aspcborg el al (2001) Proc. NatI. Acad. Sci. USA 98: 14732 
3. Aspeborg ci al (2005) Plant Physiol. 137:983 
4. Djerbi et al (2004) Cellulose 11: 301 
5. Djerbi el al (2004) Planta, in press
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THE WAYS AND MEANS OF BOOSTING CELLULOSE PRODUCTION IN 
TRANSGENIC TREES 

Chandrashekhar P. Joshi, Takeshi Fujino, S. T. Shivegowda, Suchita Bhandari, Dongyari 
Zhang, Pushpinder Brar, Rama Joshi, Fu yu Xii 

Biotechnology Research Center, School of Foresi Resources and Environmental Science, 
Michigan Technological University, Houghton, MI 49931, USA 

E-mail: cpjoshi@mtu.edu 

Celiulose is an industrially important comrnodity. Genetic improvement of cellulose 
production in coinmerciaIly important trees and crops will impact global forest and 
agricultural product industries. With the main goal of improving our current understanding of 
the process of celiulose biosynthesis in aspen trees, we have focused on celliiIose synthases 
(CesA), sucrose synthases (SuSY) and korrigan cellulases (KOR) that are imporlant for 
secondary ccli wall formation in Arabidopsis. Wc have discovered that three secondary 
CesAs, one SuSY aud one KOR genes from aspen are coordinately upregulated during xyleni 
development and tension wood formation where increase in production of cellulose with 
higher degree of polymerization, increased crystallinity, and superior microfibril organization 
is typically observed. Our current objective is to clarify the biological roles of these five 
genes in regulating cellulose production in aspen trees. Transformation of antisense secondary 
CesA gene-specific constructs into aspen hindered normal plant development, while positive 
control transftrmations yieided normal transgenic aspen trees suggesting that the presence of 
ah 3 secondary CesA genes is essential even for normal morphogenesis and differentiation. 
The same three gene constructs were used to knock-down orthologous CesA gene expression 
in tobacco. Although transgenic tobacco plants were obtained al a much lower frequency ihan 
the control experiments, they were remarkably dwarf, defective in xylem development, and 
despite normal flowering did not set any seeds. Simultaneous overexpression of three 
secondary CesAs from aspen in tobacco and aspen resuhted in transgenic plants exhihiting 
faster growth and increased stem diameter as compared to control plants in both the species. 
While similar experiments with aspen SuSY and KOR genes are in progress, the antisense 
inhibition or overexpression of KOR alone in tohacco resulted in plants with defective seed 
seuing. These observations suggest that manipulation of one or more of thesc cellulose 
biosynthesis genes may not only alter the cellulose content and quality but could also affect 
plan( growth and reproductive development in transgenic plants. Further molecular and 
chemical analyses of transgenic tobacco and aspen plants altered in expression of these five 
genes are currently in progress and resulis will be presented and discussed.
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ENGINEERING OF WOOD STRUCTURES 

Bjiirn Sundberg, Ewa J. Mellerowicz 

Urneá Plant Science Center, SLU, 901 83 UmeiL Sweden 

E-mail: Bjorn.Sundberg@genfys.slu.sc 

Prospects for genetic engineerillg of wood is encouraged by the large natural variation in both 
the morphology and chemistry of wood and wood fibers induced by environmental and 
interna¡ cues. Formation of tension wood in angiosperm trees, for example, is perhaps one of 
the most striking exaniples of wood plasticity. Wood plasticity is also dernonstrated by plant 
hormones, which can rnodify most aspects of wood properties when applied to the tree. 
Although rnechanisms underlying these phenomena are by large unknown, celi wall 
biosynthesis genes should he mediators of the response. Wc have modified the activity of 
expansin, pectinmethylesterase and xyloglucan endotransglucosylase/hydrolase in the wood 
forming tissues of poplar, to evaluate the potential of these primary wall enzymes to modify 
the morphology of xylern elernents. The results show in ah cases srnall hut significant effects 
on vessels and fibers shapes. The presentation will give an overview of the achievements, and 
discuss future steps in the light of present knowledge. 
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DOWN-REGULATION OF CINNAMOYL-COA-REDUCTASE IN POPLAR: FROM THE 
LAB TO THE FJELD 

Jean-Charles LepI&, Kris Morreel 2. Catherine Lapierre 3 , Véronique Storme 2 , Geert 
Goeminne 2 , Jorgen Holst Christensen 2 . Rebecca Dauwe 2, Riel Derycke 2 , Jean-Paul Joseleau4, 
Andre Lefbvre4, Katia Ruel4 , Jaqueline Grima Petenaiti 5 , John Ralph6, Erie Messens2, 
Michel Petit-Conil 7 , Bjorn SundbergS, Gules Pilate', Wout Boerjan2 

1 - INRA, Unité Amélioration Génétique el Physiologie Forestires, 20619 Ardon, 45166 
O!ivet cedex, France 
2 - Department of Plant Systems Biology, Universiteit Gent, Technologiepark 927, 9052 
Geni, Belgium 
3 - INRA-INA-Paris-Grignon, Unité de Chimie Biologique, 78850 Thiverval-Grignon, France 
4 - Centre de Recherche sur les Macrorno1cules Végétales, BP53, 38041 Grenoble Cedex 09, 
France 
5 - UMR UPS/CNRS 5546, Póle de Biotechnologies Végétales, 24 chemin de Borde Rouge, 
BP42617, Auzeville Tolosane, 31326 Castanet Tolosan, France 
6 - USDFRC. ARC, USDA Department of Forestry, University of Wisconsin, Madison, 
Wisconsin 53706, USA 
7 - CTP, Domaine Universitaire, BP25 1, 38044 Grenoble, Cedex, France 
8 - UPSC, Department of Forest Genetics and Plani Physiology, Urne, Sweden 

E-mail: wout.boerjan@psb.ugent.be  

Lignin is an aromatic polymer that needs to be extracted from wood chips for the production 
of high-quality pulp, a process that consumes large amounts of chemicais and energy. Hence, 
trees engineered for lower lignin content or modified lignin structure may improve wood 
quality foi pulping. The enzyme ej moyl-CoA-reductase (CCRJ catalyses the conversion of 
feruloyl-CoA lo coniferaldehyde, the penultimate step in Ihe biosynthesis of the monolignols, 
the building blocks of lignin. Down-regulation of CCR in poplar effectively reduces lignin 
quantity, affecting cdl wall structure and plant growth. However, transgenic unes could he 
regenerated with Iess lignin and apparent normal growth in the greenhouse. These lines have 
been transferred lo field trials for 4years, to evaluate whether CCR down-regulation in trees 
could have economic value, and whether growth under field conditions was affected. In 
parallel, we have analyzed the transcriptome and metabolome of CCR down-regulated poplar 
using microarrays, LCMS and GCMS. lnterestingly. CCR down-regulation affects the 
transcript level of genes within as well as outside monolignol biosynthesis. These dala 
provide insight into the intricate interactions between metabolic pathways and show how 
plants adapt, al ihe molecular level, lo defects in the expression of single genes. 
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NATURAL VAREATION OF LIGNIN AND THE INFLUENCE OF TRANSGENIC 
EXPRESSION IN LIGNIN BIOSYNTHESIS IN YOUNG WOOD OF NORWAY SPRUCE 

Johan Wadenbick'. Sara von Arnold', Ulrika Egertsdotter 2 , Kristen Aaltonen 2 , Gran 
Gellerstedt 3 , David Clapharn' 

¡ - Swedish University of Agricultural Sciences. Departnient of Plant Biology and Forest 
Genetics, P.O. Box 7080, 75() 07 Uppsala, Sweden 
2 - Virginia Polytechnic Institute and State University, Blacksburg, VA 2406 1, USA 
3 - Royal Institute of Technology, Department of Fibre and Polymer Technology, 
Teknikringen 58, 10044 Stockholm, Sweden 

E-mail: johanwadenback@vhsg.slu.se 

Lignin content and composition are targets for tree breeding, owing to the environmental 
. gains froni reducing the requirements for energy and toxic chemicais when removing lignin 

froi'n pulps. The aims of this project are to evaluate (he natural variation in Norway spruce 
and to compare this to transgenic material downregulaled in lignin biosynthesis. Wc have 
compared (he lignin content in 1-year-o1d plants and 9-year-old trees of Norway spi'uce 
helonging (o the same full-sib families. It was shown that the lignin content according (o the 
modified aceyl bromide rnethod does not vary significantly within or among the different 
full-sib farnilies either as plants or as young trees. There was however oil average 15 111: higher 
lignin con(ent and lower standard error for the trees than for the planis. The number of C9-
units g' lignin, analyzed by thioacidolysis, ranges from 516 to 1186 mmol C9-units g' lignin 
in plants and from 716 to 953 mmol C9-units g lignin in trees, with no significant 
differences among the families. However, the extent of change in C9-units g' lignin varied 
among the families with age. The ratio of e¡vt/zro- and fhreo stereoisomers did not vary 
significantly among the families. However, the ratio changes difterently with age among the 
farnilies in a similar way as Lhe C9-units g lignin. Additionally, (he conten of p-
hydroxyphenyl (H) lignin was 75 671- higher in the trees than iii the plants, indicating a higher 
degree of compression wood in the young trees. Ten sublines of Norway sprucc harboring 
antisense constructs of cinnamoyl CoA reductase (CCR) fused Lo the maize ubiquitin 
promotor and the bar gene conferring resistance to glufosinate were grown for five years in a 

• greenhouse in randomized blocks together with transformed and untransformed controls. 
Gene expression was deermined by real-time RT-PCR for CCR and seven other genes of 
monolignol hiosynthesis. Sense CCR expression was lower in the antisense CCR 
transformants than in the control unes. The expression of (he other monolignol synthesis 
genes was significantly correlated to varying degrees with the expression of CCR, with the 
genes encoding enzymes acting at the end of the reaction pathway close to CCR showing the 
strongest correlation. Lignin content determined by the acetyl brornide method was 
signi1cant1y ¡ower iii the two sublines with the most reduced CCR expression than in the 
transformed control ¡inc. Resistance to glufosinate was maintained over aL least four years, 
indicating sability of transgene expression. Expression leveis of the bar gene were highly 
correlated with antisense CCR expression levels.
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THE IMPACT OF RNAI-MEDIATED SUPPRESSION OF P-COUMAROYLSI-IIKIMATE 
3'-1-lYDROXYLASE EXPRESSJON ON LEGNIN CONTENT AND STRUCTURE EN 
POPLAR 

Heather D. Coleman', Ramesh Nair2 , Clint Chapple 2 , Shawn D. Mansfiekl' 

- Department of Wood Science, University of British Columbia, Vancouver, BC 
2 - Department of Biochernistry, Purdue University, West Lafayette, Indiana 

E-mail: heathcol@interchange.ubc.ca 

Lignin is an integral, cornplex polymer confernng both structural support and defence to 
telTestrial plants. From an operational viewpoint, lignin is regarded as an obstacle tu effective 
and efficient processing of wood, and requires harsh chemical treatments, which are cost!y 
both economically and environnientally. Several recent studies have employed genetic 
engineering of plants to enhance our understanding of the inherent mechanisni of secondar' 
wall lignification. This study examined the effects of RNA interference (RNAi) of f )-
coumaroylshikimate 3'-hydroxylase (C3'H) un lignin formation in hybrid poplar. C3'H has 
Eraditionalty been suggested to be responsible for the hydroxylation of the 3 position of the p-
coumaric acid, yielding caffeic acid; however, recent studies iii Arahidopsis have provided 
evidence that the suhstrate for the enzyrne may instead he p-coumaroylshikiniate and/or p-
coumaroylquinate, yielding caffeoylshikimate and caffeoylquinate. respectively. Transgenic 
planEs with RNAi-suppressed C3'H were generated, and analysed with respect to transcript 
levels, growth parameters, chemical composition, and metaholite flux. Expression profiles 
confirmed the suppression of C3'H mRNA in a number of unes, and two unes were chosen 
for detailed analysis, including a strong expresser and a weak expresser. In depth plant 
characterization revealed a significani decrease in lignin content (-50) with a 
commensurate increase in carbohydrate content, as well as a significant alteration in lignin 
monomer composition. En addition, analyses indicated alterations in metabolite leveis 
consistent with a decrease in C3'H activity. providing further insight into the role of the 
enzyrne in the lignin biosynthetic pathway.

.
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PECTIN METHYLESTERIFICATION AFFECTS MANY ASPECTS OF WOOD CELL 
DEVELOPM ENT 

Ewa J. Mellerowicz 
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Trees and woody plant species accumuiate in their secondary walis the most abundant 
biopolymers on the Earth: cellulose, lignin and xylan. Pectin is a minor component of mature 
wood, hut ,in important polymer of developing wood cells. The global transcriptonie profiling 
of poplar carhohydrate active enzymes (CAZyrnes) in a woody model species, Populus, 
indicated a high expression of pectin rnodifying genes during wood development. Wc 
functionally studied one of pectin methyi esterases, PEPME 1, highly expressed in developing 

. wood. Transgenic poptars were obtained with up- and down-regulated expression of 
PItPMEI, which changed the overali PME activity leve], pectin content and 
meihylesterifícation. Transgenic popiars with Iow PME activity liad highly methyiesterified 
pectin and a decreased uronic acid content. This resulted in an augmented radial ccli 
expansion and an increased intrusive tip growth, leading to the long-fiber phenotype. 
Opposite effects were observed when the PME activity was up-regulated. Unexpectedly, the 
secondary ccli walis were modified when the pectin methylesterification was changed by the 
PEEPME1 expression. The wood of poplars with highly methylesterified pectin had less lignin 
and xyian and more cellu lose and galactan, and the opposite effects were observed when 
pectin rnethyiesterification was decreased by PttPME1 cxpression. The transcriptorne analysis 
of transgenic unes revealed sorne changes in the CAZyrne gene expression but no changes in 
ihe lignin biosynthetic genes. This suggests that pectin methylesterification pattern might 
directly affect lignin polymerization iii the walis rather than influence the iignin hiosynthesis. 

9



S8.14 

GROWTH ENHANCEMENT AND WOOD FIBER IMPROVEMENT BY CELL-WALL 
MODULATING PROTEINS 

Oded Shoseyov' 2 . Ziv Shani 2» Shaul Lapidot', Noga Barmboim2, Sigal Meirovitch', Mara 
Dekel'2 
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Recombinant cellulose-binding dornains (CBDs) and endo-glucanases have previously been 
shown to modulate the elongation of different plant celk in vitro and in-vii'o. A physico-
mechanical mechanism was postuiated whereby CBD intercalates hetween cellulose fibers 
and separates thein in a wedge-like action, whereas endo-glucanase promotes celI-wall 
relaxation catalytically via cleavage of xyloglucan chains and strained amorphous celiulose 
polymers. This postulate was further supported by additionai in vitro experinlents in which 
application of recombinant CBD significantly reduced the wet tensile strength of cellulose 
paper when tested in an Instron Universal Testing Machine. By introducing the CBD gene 
mEo planEs under an elongation specific promoter and a celI walt targeting signal peptide, Wc 
were able to express CBD proteins within the ccli walt oí' planE tissue in-vivo. in transgenic 
plants, expression of bacterial CBD (Farnily 3 CBM) resuited iii accelerated plant growth, as 
dernonstrated in tobacco, poplar, potato and more recently in cloiiai Eucalvptus piants. A 
similar effect was also observed with plant CBM (expansin) iii transgenic A. rha/iana. 
Modification of wood fibers by CBD and CBD fusion proteins wili be discussed.

.
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DR1MYS WINTERÍ: A POTENTIAL LONG FIBER HARDWOOD FOR PULP 
PRODUCTION 

J. Rodríguez 12 , S. Valenzuela' 2 , J.P. Elissetche', R. Mendonça"2 , J.Freer1 
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Dry nis winteri J.R. et G. Forster, known as Canelo, is a Chilean tree that presents a great 
potential for timber wood and cellulosic pulp production. The species is found in forest 
without silvicultural nianagement and minimal commercial explotation. The productivity oí'  
D. winreri reach values from 23 to 33 m3/halyr, similar to Pinus radiata, the main 

. commercial wood species of Chile. It can he planted in a wide variety of soils specially in 
high hurnidity areas, where others species are not able to grow. The species is a transition 
between angiosperms and gimnosperms, with phenotypic angiosperm characteristics. The 
morpholøgical structure is similar of softwood, presenting tracheids (fiber length of 1.5 to 4.3 
mm) and low wood density (380 tu 500 kg/m3). Thc chemical composition of a 25-ycar oid 
D. winteri is 40% glucan. 21% poiyoses, 3V4 lignin and 2.5% extractive.s. Pulps with 43% of 
classified yield, kappa number 32 and refined at 38°SR presented tensile mdcx of 94 Nm/g 
and tear mdcx oí` 6.2 mN.m2/g. Our analysis indicated that D. winieri is a species that, with 
forest nlanagement and if subjected to the same genetic improvment techrioiogy applied tu the 
other comrnerc j al trees could reach the statuts of an excelient source oí' fiber for pulp and 
paper production in Chile.
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MODULATING THE EXPRESSION OF TI-lE GENES UGDH, UXS AND UGP IN 
NICOTIANA TABACUM AND THE IMPACT QN TUE CHEMICAL COMPOSITION OF 
CELL WALL POLYSACCI-IARIDES 
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S In highcr plants the biosynthesis of hemicelluloses is mainly regulated by IJDP-D-glucosc 
dehydrogenasc (EC	 1.1.1.22) which catalyze the first silgar interconversion of UDPG to 
UDP-D-Glucuronate. An alternate pathway, which involves the oxidation of myo-lnositol, 
seems to play an important role for UDP-D-glucuronate formation, and the hiosynthesis of 
uronic acids and pentoses. The first irreversible step in the oxidation of myo-lnositol is 
catalyzed by myo-inositol oxygenase (EC 1.13.99.1), generating D-glucuronate (glucuronic 
acid), which is phosphorylated by D-glucuronokinase (EC 2.7.1.43) to D-glucuronate l-P, 
and	 immediately	 transfornied	 to	 UDP-D-glucuronate	 by	 UDP-D-glucuronate 
pyrophosphorylase (EC 2.7.7.44). UDP-D-glucuronate residues serve as precursors for the 
synthesis of UDP-D-xylose, UDP-L-arabinose and UDP-D-apiose. There is a demand for 
UDP-D-glucuronate in alI plant tissues and orgaris at afl stages of development, and it seems 
that the source of UDP sugars for its biosyntliesis may come from cither Inositol oxidation or 
UDP-glucose, depending on the tissue. In order to modulate the hiosynthesis of the pentosans 
and uronic acids and the chemical composition of cdl wall polysaccharides we cloned the 
genes	 ugd/i	 (UDP-Glucose	 dehydrogenase	 EC	 1.1.1.22),	 uxsl	 UDP-D-Glucuronate 
decarboxilase (EC 4.1.1.35) and ugp UDP-Glucose pirophosphorylase (EC 2.7.7.9), and 
expressed in Nicotiana tabacuin. The changes in the composition of cehi wall polysaccharides 
were determined in stems and heaves of tobacco and will he presented.
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CHANGINO TI-lE HEM10ELLULOSE COMPOSITION IN THE CELL WALL OF 
NICOTIANA TABACUM BY ANTISENSE REPRESSION OF MIO-INOSITOL 
OXIGENASE (EC 1.13.99.1) 

Daniela D. do Nascimento', Mónica T. Veneziano Labate', Ana Leticia F. Bertolo', Gunta 
Guimanis', David H. Moon', Juliano Bragatto', Luis O. Pagotto', Carlos A. Lahate', Shinitiro 
Oda  

- Lahoratório Max Feffer de Genética de Plantas, Departamento de Genética, Escola 
Superior de Agricultura "Luiz de Quciroz", Universidade (le So Paulo. Av. Pídua Dias n°11, 
CP 83, CEP 13400-970, Piracicaba-SP, Brazil 
2 - Suzano Papel e Celulose, Av, Brigadeiro Faria Lima n° 1355, 8°andar, CEP 01452-919 
So Paulo-SP, Brazil 

E-niail: calahate@esalq.usp.br 

A FuII-Iength cDNA fragment was cloned from Arabidopsis tha!iana seedlings. using RT-
PCR, with an open reading frame of 954 ph and a corresponding protein subunit molecular 
mass of 37kDa. The deduced amino acid sequence of the cDNA showed a high degree oí' 
homology with mio-Inosytol oxygenases from other organisms. The cDNA miox 2 gene from 
Arabidopsis was cloned and used to obtain transgenic plants producing antisense RNA. 
Transgenic homozygous tobacco plants with lower myo-Inositol oxygenase expression were 
ohtained with the number of copies varying hetween 1 and 7. The repression of the 
endogenous tobacco iniox gene caiised no major impact on plant development, leaf 
morphology or fiowering time. There was however, a statistically significant (p<O.OS) 
increase in the arahinan and D-glucuronate content particularly iii one transgenic line. These 
results cicarly indicate that the restriction of the myo-Inositol pathway caused no major 
impact on ccli wall polysaccharide biosynthesis.

.
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MOLECULAR CI-IARACTERIZATEON OF A SECONDARY CELL WALL SPECIFIC 
GENE (MAXY-/) OF UNKNOWN FUNCTION IN POPULUS TREMULA X 
TREMELOIDES 

Alex S. Rajangam'. Henrik Aspeborg', Emma Master2 , Kathleen Piens', Stuart Denman3, 
Kristina Blomqvist', Sophia Hober', Bjorn Sundberg 4, Ewa Mellerowicz 1 , Tuula T. Teeri' 

- Roya¡ Institute for Technology, School of Biotechnology, 10691 Stockholm. Sweden 
2 - Presently at Centre for Structural aud Functional Genomics, Concordia University Callada 
3 - Presently at CSIRO Australia, Queensland Bioscience Precinct, St. Lucia, Australia 
4 - Umeü Plant Science Centre, Umeá, Sweden 

E-mail: alex@biotech.krh.se 

Hybrid aspen, Populus trenuIa x trenzuloides, is an excellent tree model for studies of wood 
development. Expression profiling during wood development llave been carried oul 
previously iii order to identify genes involved in the secondary celi walt formation in hybrid 
aspen. In addition to many genes with predictable functions, many genes were identified with 
previously unknown fuiictions. The gene with the highest leve¡ of expression during early 
secondary cdl wall synthesis was denoted MAXv-/. Antibodies were raised against a 
recombinant fragment of the MAXv-J protein in rabbits, followed by purification on an 
affinity column containing a MAXv-J protein fragment. The antibodies were useci to verify the 
presence and the size of the MAXv-/ protein in xylem protein extracts. Suhsequent 
immunolocalisation studies showed the presence of ihe protein in the periphery of the living 
part of xylem celis. Detailed data describing the binding specificity ¡ti vitro and ihe specific 
localization of MAXv-1 iii the wood forming tissues of hybrid aspen witl be presented.

.
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AN INTEGRATED PARTNERSI-IIP IN BIOTECUNOLOGIES TO SUPPORT THE PINUS 
PINASTER BREEDING PROGRAM 

C. Ploniion', M. A. LeIu-\Valter2 . L. I-Iarven11,_t3 

- ¡NRA UMR BIOGECO, Biodiversity, Genes & Ecosystems; 69 route d Arcachon, F-
33612 Cestas Cedex, France 
2 - INRA Research Unit on Breeding. Genetic and Physiology oí' Forest Trees, BP 20 619, 
Ardon F-45166 Olivet Cedex, France 
3 - AFOCEL Biotechnology lab, Domaine de 1 Etançon, F-77370 Nangis, France 

E- rnai 1: harvengt @ afocel .fr 

Already managing together for 40 years [he French Pinus pinaster national hreeding program. 
AFOCEL and ¡NRA have concluded in 2004 a partnership agreement coordinating their pre-

S existing biotechnology research prograins on this species. As their most important 
competitors on [he international market, the French maritime pine forest will take fuli 
advantage of biotechnology: 
- Somatic embryogenesis as a key to vegetative propagation for optimal deployment and 
improved power of genetic studies (field tests and genetic transformat ion), 
- Cryopreservation [o keep plant material in ¡uvenile and safe state in ihe long term, and at 
Iow cost. 
- Transgencsis as a tool for genetical and physiological investigations as well as a prospective 
perforniance booster. 
- Genomies U) unravell the genelie factors con[rolling traits of ecological and economical 
Importance, as well as monitor the genetic diversity of the species. 
Since hoth institutes have extensive collahorations with other organisms, this partnership 
hrings together a complete cluster of specialized teams to contribute [o the sustainable 
managenient of genetic resources for both accelerated breeding and preservation of traditional 
forest. This national platform has heen setup as a starting point for international projects on 
the basis of past and ongoing realisations (*) with particular references to other Pinaster 
research activities (Spain. Portugal. Italy and Australia), and pine biotech countries (Canada. 
LISA, New-Zealand, Germany, Sweden). A close collaboration with breeders, wood and 

• paper technologists as well as specialists in non biological aspects of forestry will facilitate 
thc integration of traditional and modern technologies for faster developrnent of locally 
adapted improved forest, and an optimised management of genetic diversity. 

(*) last ten years EV funded projects (DELTA, FORADAPT, ANACONGEN, GENEALITY, 
GEMINI, SEP, UHD MAP, TREESNIPS)
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ANALYSIS OF TRANSGENIC SOMATIC WOOD SECTORS PROVIDES INSIGHTS 
INTO GENE FUNCTION AND PROMOTER ACTIVITY DURING XYLOGENESIS 

Antanas V. Spokevicius', Simon Southerton 2 , Gavin Moran 2 , Gerd Bossinger' 

- The University of Melbourne - School of Forest and Ecosystem Science Water Street, 
Creswick, Victoria 3363, Australia 
2 - CSIRO Division of Forestry and Forest Products Banks Street, Yarralumla, ACT 2600, 
Australia 

E-mail: a.spokevicius@pgrad.unirnelb.edu.au  

Progress in our understanding of the molecular control of cambial activity and wood 
formation iii rees was in the past hindered by long generation times, high heterozygosity. 
seasonal dormancy, high labour dernands and a range of other factors. As a result, manv 
researchers have turned Lo alternative model organisms such as Arobidopsis t/,aliana or 
tobacco. The recent development of in vitro and in vivo systems for the creation of transgenic 
somatic wood sectors in trees has made possible the functional analysis of genes involved in 
xylogenesis directly in the target tissue aiid within the tree species of interest. By using 
Agrobacreriuin-mediated transformation, those systems allow for [he production of clonaily 
related transformed xylogenic ceil clusters which are surrounded by non-transforined control 
tissue, with superior transformation efficiency and within timeframes of only a few months as 
opposed [o years needed for many conventional approaches, Such methods hoid particular 
promise for the (high throughput) screening and analysis of genes suspected to be involved in 
wood formation, complementing large-scale gene discovery and sequencing efforts. Here we 
provide proof of concepi by demonstrating how we have successfully used these systems for 
promoter studies and for the functional analysis of genes involved in wood quality 
determination in comrnercially and scientifically important tree species such as poplar and 
eucalypts.

9
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CHARACTERIZATION AND VARIED EXPRESSION OF A MEMBRANE-BOUND 
ENDO-1,4-BETA-GLUCANASE IN SPRUCE 

Victoria Maloney, Thomas Canam, Shawn D. Mans1eld 

Department of Wood Science, Faculty of Forestry, University of British Columbia, 
Vancouver, B.C. Canada 

E-mail: drost@interchangeSubc.ca 

In terresirial plants, the process of cellulose biosynihesis isas fundamental and important as 
photosynthesis. Despite its importance, a complete and thorough understariding of (he 
intricacies of jis biosynlhetic process(es) remains a mystery. Furthermore, cellulose produced 
iii ihe primary and secondary ceil walis of plants differ significantly hoth in jis quanhity, as 
weli as quality Compared to primary plant ceil walis, secondary ce!l walls contain 

. substantially more celiulosc of hi gher degree of polymerization (DP), higher crystaliiniiy and 
lower microfibril an-te. Although the precise causes of such heterogeneity have only recently 
hegan to be discovered, molecular genetic data from severai sources suggests that at Ieast iwo 
siructurally and functionally different types of CesAs are involved ¡u celiulose biosynthesis of 
primary and secondary ccli walis. Additionaliy. a unique membrane-anchored endo-beta-1,4-
D glucanase (EGase), KORRIGAN (KOR), has recentiy been shown lo be cssential lo¡- 
cellulose biosynthesis in Arabidopsis. However. [he exact role of KOR in modulating the 
cellulose biosynthetic process is still unclear. Wc have characterized and cloned homologous 
fuil-length KOR cDNA from spruce (SpruceKüR) and Arabidopsis (AKOR; At5g49720), and 
ohtained KOR cDNA from aspen (PtrKOR/ Joshi et al., 2004). The isolated KOR 
homologues were employed in complementation studies with Arabidopsis kori and kor2 
mutants in order [o test their functionality. Results related to their leve¡ of complementation as 
weli as their degree of homology will be presented. AtKOR and PtrKOR construcis have also 
been successfully transformed into spruce (Picea glauca) trees, and characterized by a variety 
of molecular, biochemicai, histochemical, microscopic and genetic approaches lo elucidate 
the inberactions, locabions, and role of KOR in modulaling cellulose hiosynthesis in trees. Wc 
hypothesize that altering (lic expressiou of these membrane-bound EGases in spruce will 
affcct ilie aiiiount aud uliiastnictural properties of Ihe cellulose synihesized.
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CDNA CLON ¡NG OF ASPARAGUS 0FF! GINALÍS HINOKIRES INOL SYNTHASE 

Masaomi Yarnamura, Shiro Suzuki, Tomoyuki Nakatsubo, Takefumi Hatrori, Mikio Shirnada, 
Toshiaki Umezawa 

Research Institute for sustainable Humanosphere. Kyoto University, Uji, Kyoto 61 1-0011, 
J apan 

E-mail: tuiiiezawa@rish.kyoto-ti.ac.jp 

Norlignans are a class of natural phenolic cornpounds with diphenylpentane (C6-05-C6) 
structure found in coniferous trees and sorne monocoty ledo nous plants. Because coniferous 
norlignaus are deposited in heartwood, their biosynthesis is of interest in relation to 
heartwood formation, a metaholic event specific to woody plants. 1-linokiresinol is the 
simplest norlignan and therefore a good target for norlignan biosynthetic studies. The 
norlignan has two geometrical (E)- and (Z)-isomers. (E)-Hinokiresinol is typically found ¡u 
conifer heartwood together with other norlignans. in contrast with the distribution of (Z)- 
hinokiresinol in monocotyledonous herbs including Asparagus winaiis. Recently. wc 
dernonstrated the enzymatic forination of (Z)- and (E)-hinokiresinols using A. officinalis' and 
Crvptomeria japonica 2> ccli systems, respectively, as enzyme sources. Our next attention was 
focused on cloning of a gene encoding hinokiresinol synthase. In this study, we purified 
hinokiresinol synthase [HRSJ from elicitor-treated A. offieina/zs celis and cloned two cDNAs 
encoding AOHRS. When each Aol-IRS recomhinant proteiri was incubated individually with 4-
cournary1 4-coumarate, (E)-hinokiresinol, but not (Z)-hinokiresinol, was formed. In sharp 
contrast, a mixture of the two recomhinant proteins catalyzed the forrnation of (Z)-
hinokiresinol, the geometrical isomer occurring in A. 91ficinalis, from the same substrate. The 
results indicated that the AoHRS was cornposed of two suhuiiits. Furthermore, the subunit 
composition can control the stereochemistry of the product, which is quite interesting from an 
organic chemical aspect. In conclusion, the present study has demonstrated for the first time 
cloning of cDNAs encoding AoI-IRS. 

1) S. SUZUKI, T. NAKATSUBO, T. UMEZAWA. and M. SHIMADA: Chem. Cornrnun., 
2002, 1088 
2) S. SUZUKI, M. YAMAMIJRA, M. SHIMADA. and T. UMEZAWA: Cheni. Commun., 
2004. 2838
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A NOVEL LIGNAN O-METHYLTRANSFERASE CATALYZING A REGIOSELECTIVE 
METI-IYLATION OF MATAIRESINOL 

Toshiaki Uniezawa', Laigeng Li 2 , Norikazu Sakakibara'. Tomoyuki Nakatsub&, Shohei 
Wada', Shiro Suzuki', Vincent L. Chiang2 

- Research lnstitute for Sustainable Hurnanosphere. Kyoto University, Uji, Kyoto 61 1-001 1. 
Japan 
2 - Department of Foresiry. College of Natural Resources, North Carolina State University, 
Raleigh, NC 27695-7247, USA 

E-mail: tuiiiezawa@rish.kyoto-ii.ac.jp  

The O-methylation catalyzed by S-adenosyl-L-rnethionine dependent O-methyltransferases 
(OMTs) is crucial to determining final product distrihution in many plant secondary 

. rnetaholism including a wide variety of phenylpropanoid biosynthesis. Genes of many plant 
OMT mernbers, e.g. 5-hydroxyconiferylaklehyde, caffeoyl CoA, flavonoid, stilbene, eugenol, 
and alkaloid OMTs, liave so far heen characlerized in detail. 1-lowever, those involved in 
methylation of Iignans llave fol yet heen reported ¡ti spite of the wide distribution of 
rnethoxylated lignans in plant kingdorn and their having important biological activities, such 
as autiturnor, antimitotic, and antiviral properties. Only several studies reported crude enzyrne 
prepara[ions catalyzing O-rnethylation of sorne Iignans such as matairesinol. lii the present 
study, a crude enzyme preparation from saftlower (Ca,ihwnus tinetorius) was found to 
catalyze regioselective methylation of matairesinol giving rise to arctigenin (4' -0-
rnethylmatairesinol), but not isoarctigenin (4-0-methylmatairesinol). This is in sharp contrast 
with the result of Forsvthia intermedio OMT, which catalyzed non-regioselective methylation 
of matairesinol to afford both arctigenin and isoarctigenin (Ozawa et al., 1993). Nexi, based 
on a PCR-guided strategy with a degenerated primer designed using conserved base 
sequences of various plant OMT genes, we isolated a novel putative OMT cDNA from a 
safliower cDNA library. A recornhinant protein prepared frorn the cDNA catalyzed 
regioselective methylation of niatairesinol to give arctigenin, like the plant protein. On the 
other hand, the reconibinant OMT did not catalyze 0-rnethylation of phenylpropanoid 
monomers (caffeic acid, 5-hydroxyferulic acid. caffealdehyde. 5-hydroxyconiferylaldehyde. 

• caffeyl alcohol, and 5-hydroxyconiferyl alcohol) and a flavonoid (apigenin) was found to he a 
poor suhstrate. Taken together, these results indicate that the cDNA encodes safflower 
matairesinol OMT (C!MROMT) which is a novel type of plant OMT specific to lignan 
methylation. In conclusion, this is tlie first report of cloning of a cDNA encoding lignan 
OMT.
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CIN METABOLISM IN CONIFERS: FROM EST TO PROTEIN FUNCTION 

E. M. Cánovas, F. R. Cantón, C. Avila, F. Gallardo, M. G. Claros, A. García-Gutiérrez, G. P. 
Trabado, M. F. Suárez, F. de la Torre, R. A. Cañas, R. Bautista. B. Pascual, D. Pacheco, C. 
Valle. S. Díaz, J. M. Jurado, J. J. Molina 

Departamento de Biología Molecular y Bioquímica. Instituto Andaluz de Biotecnología, 
Universidad de Málaga, 2907 1-Málaga, Spain 

E-mail: canovas@uma.es 

N availability in natural soils is a significant factor lirniting plant growth and development. 
Consequently, different metabolic regulations and interactions have evolved to guarantee the 
strict economy of this essential nutrient during the plant life. The efficiency of N assimilation 
and partioning is a key component of tree growth and biornass production. Although recent 
progress has increased our understanding of how inorganic N is assimilated and metabolized 
¡ti trees, further research is needed to explore the regulatory networks connecting N 
assimilation and recycling, tree growth and wood production. Wc are conibining the new 
techniques oí' functional genoniics with classical methods of enzymatic analysis to study the 
physiological roles of genes/enzymes involved in N recycling and C/N interactions in pine 
trees. Currently, cDNA and genomic clones for more than 20 genes have heen isolated and 
characterized The expression of high-amounts of recombinant proteins in bacteria is allowing 
rapid biochemical studies and antibody production. New adapted niethods for the precise 
localization of mRNAs and proteins in pine cells and tissues are available and their use is 
providing new insights on how metabolic pathways are organized in (lifíerent cdl types. The 
isolation and functional characterization of gene pronloters is also a critica] step in the 
elucidation of cornmon regulatory mechanisms between C and N metabolism. Finally, the 
function of selected conifer genes is analyzed in transgenic poplars. Wc are using a 
bioinformatic approach to deteci nearly fui¡-length cDNAs in EST databases of maritime 
(Pinus pinaster Ait) and Scots (P.sv/vestris) pines. About 1000 putative clones have been 
identified and will be completely sequenced. A collection of full-length cDNAs will facilitate 
protein identification and functional analysis of conifer genes using the aho ye described 
molecular tools. A general overview of our research programme will be presented. 

- de la Torre F, García-Gutiérrez A, Crespillo C, Cantón FR, Avila C, Cánovas FM (20029 
Functional expression of two pine glutamine synthetase genes in bacteria reveals that they 
encode cytosolic isoenzymes with different molecular and catalytic properties. Plant Ccli 
Physiol 43, 802-809 
- Cantón FR, Le Provost G, Garcia V, Barré A, Frigerio J-M, Paiva J. Fevereiro P, Avila C. 
Mouret J-F, de Daruvar A. Cánovas FM, Plomion C (2003) Transcriptome analysis of wood 
formation in maritirne pine. In: Sustainable Forestry, Wood products and Biotechnology (Eds 
S Espinel, Y Barredo, E. Ritter, DFA-AFA Press, Vitoria-Gasteiz, Spain 
- Gómez-Maldonado J, Cánovas FM, Avila C (2004) Molecular analysis of the 5' upstrearn 
region of a gihherellin-inducible cytosolic glutamine synthelase gene (GS lb) expressed in the 
pille vascular tissue. Planta 218, 1036-1045 
- Cantón FR, Suárez MF, Cánovas FM (2005) Molecular aspects of nitrogen mohilisation and 
recycling in trees. Photosynth Res 83, 265-278
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THE CELLULOSE SYNTI-IASE TOOLBOX OF EUCALYPTUS: SIX NEW FULL-
LENGTH CELLLJLOSE SYNTHASES ASSOCIATED WITI-! PRIMARY AND 
SECONDARY CELL WALL BIOSYNTHESIS 

Martin Ranik, Alexander A. Myburg 

Department of Genetics, Forestry and Agricultura] Biotechnology Institute (FABI), 
University of Pretoria, Pretoria 0002, South Africa 

E-mail: martin.ranikfabi.up.ac,za 

Vascular plants harbour a farnily of celiulose synthase catalytic subunit (CesA) genes, whicli 
encode components of an enzyme complex localized in the celi membrane. Recent studies in 
moncol and dicot species denionstrated that two groups of CesA genes exist, associated with 
either primary or sccondary ce!l wail hiogenesis. Wc isolated six fuIl-length CesA cDNAs 

. from Euca/vptus grandis (EgCesA / through 6) and determined iheir expression patterns in a 
variety of tissues from an adult tree. The six EgCesA genes are predicted to encode proteins of 
978 to 1097 amino acid residues, each of which contains all of the significant motifs 
particular to functional CESA proteins. The predicted proteins share reiatively low amino acid 
hornology with each other, ranging from 61% to 70%. Similar CESA proteins from higher 
plant species exhibit much higher (81% to 90%) identity with thc six EgCESAs. Expression 
anaiysis utilizing quantitative reverse-transcription polyrnerase chai n reaction (qRT-PCR) 
indicated that transcripts of EgCesAI through 3 were abundant in tissues which are actively 
laying down secondary ccli walls (e.g. xylem), whiie heing very weakiy expressed in tissues 
undergoing mostly primary wall deposition (e.g. unfolding leaves). Expression of EgCesA4 
and EgCesA5 was increased in tissues rich in rapidly dividing celhs undergoing prirnary wail 
synthesis. whiie EgCesA6 was very weakly expressed in al! of the tissues analysed. These 
results confirm that Euca/vptus expresses two contrasting groups of apparcntly co-reguiated 
CesAs invoived in either primary or secondary celi wail biosynthesis. The six newiy 
characterised EgCesAs represent a signiticant proportion of the Eucalvptus cellulose synthase 
gene family and further functional anaiysis of these important genes is now possihle. 

9
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CLONING, CI-IARACTERIZATION AND EXPRESSION PROFILING OF TWO 
EUCALYPTUS SUCROSE SYNTHASE GENES 

Honghai Zhou, Alexander A. Myburg 

Departrnent of Genetics. Forestry and Agricultural Biotechnology Institute (FABI), 
University of Pretoria. Pretoria, 0002, South Africa 

E-mail: zhou.honghai@fabi.up.ac.za 

One of the functions of sucrose synthase (SUSY) is to supply the immediate substrate. UDP-
glucose, for cellulose biosynihesis in higher plants. TO done candidate sucrose synthase 
genes with this function in Eucalvptus trees, we applied degenerate PCR. 3' rapid 
amplification of cDNA ends (RACE), 5' RACE and genome walking. Two full-length cDNAs 
encoding sucrose synthase genes. EgSUSY/ and EgSUSY3, were isolated from immaturc 
xylem tissue of Euca/vptus grandis. A putative pseudogene (designated EgSUSY2) was 
detected during genomic analysis of EgSUSYI. The EgSUSY/ cDNA was 2498 bp in length 
with an open reading frame of 2418 bp encoding 805 amino acids with a predicted molecular 
mass of 92,3 kDa. The 2528 bp fulI-length EgSUSY3 cDNA contained the sarne length of 
open readirig frame as EgSUSY/, but encoded a polypeptide with a predicted molecular mass 
of 92.8 kDa. Quantitative real-time reverse transcriptase-polymerase chain reaclion (qRT-
PCR) and phylogenetic analysis revealed that EgSUSYI and EgSUSY3 inay have functions 
related to cellulose biosynthesis during secondary ccli wall formation in Eucalvptus.

.
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OVEREXPRESSION OF EUCALYPTUS CINNAMOYL-COA REDUCTASE EN 
ARABIDOPSIS ALTERS LIGNIN CONTENT AND COMPOSITION OF ARABIDOPSIS 
STEMS 

Honghai Zhou', David K. Berger 2 , Shawn D. Mansfield, Alexander A. Myburg' 

- Department of Genetics, Forestry and Agricultura] Biotcchnology Institute (FABI). 
University of Pretoria. Pretoria, 0002, South Africa 
2 - Departrnent of Botany. Forestry and Agricultura¡ Biotechnology Institute (FABI), 
University of Pretoria, Pretoria, 0002, South Africa 
3 - Department of Wood Science, University of British Columbia, 4030-2424 Main Mal], 
Vancouver, BC, V6T 1Z4 

E-mail: zhou.honghai@fahi.up.ac.za  

. Cinnamoyl-00A reductase (CCR; EC 1.2.1.44) catalyzes the first step iii the phenylpropanoid 
pathway specifically dedicated lo the monolignol biosynthetic branch. A Eucalvptus CCR 
gene, EUCCR . was previously isolated t'rom Eucalvptus gunnii. Wc evaluated thc effect of 
overexpression of EUCCR on the ccli wall chemistry of transgenic Arabidopsis plants. The 
Eucalvptus CCR gene was placed under the control of ihe CaMV 35S promoter and 
transtormed into Col wild-type Arabidopsis plants. In T2 overexpressing plants with a single 
T-DNA insertion, total lignin was increased approximately 5 17c in inflorescence stems 
compared with those of control plants. HPLC analysis revealed thai total carbohydrate conteni 
was decreased approximately 8% in transgenic stenis, suggesting the realiocation of carbon 
froin cellulose to lignin. Thioacidolysis analysis indicated thai G-lignin subunit content was 
increased (15%), whiie S-unit content was decreased (21 1/( , ) resulting in an overali reduction 
of the S:G ratio. These results are consisteni with down-regulation phenotypes in tobacco and 
support the use of Arahidopsis to model the role of Eucah'ptus tree genes in xylem ccli wail 
formation. 
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S9. Abiotic stress: Interaction of trees with the 
environrnent

. 
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USING FUNCTIONAL GENOMICS TO DISSECT DROUGHT RESPONSES IN PINE 

Jeffrey F.D. Dean', W. Walter Lorenz', Marie-Michle Cordonnier-Pratt 2 , Lee H. Pratt 

1 - Daniel B. Warnell School of Forest Resources, University of Georgia. Athens, GA 30602, 
USA 
2 - Department of Plant Biology, University of Georgia. Athens, GA 30602, USA 

E-mail: jeffdean@uga.edu 

Wc have generated more [han 172.000 expressed sequence tags (ESTs) fi-orn the roots of 
clonal loblolIy pine (Pinus tae(la) trees exposed to a variety of physical (drought, flooding, 
cold, heat, dark, gravity), chemical (excess alurninum, boron, copper, iron, mercury, salt, 
paraquat), and nutritional (insufficient calciurn, magnesiurn, rnicronutrients, nitrogen 
phosphorus, potassiurn, sulfur) stresses. Cluster analyses of this sequence collection identilied 

• more ihan 25.000 unique gene sequences, and quantitative analyses of this data identified 
numerous genes whose expression l)atterIs across ihe ireatment libraries suggest their 
involvement in specific metaholic responses to the various stress conditions. A first-
generation cDNA inicroarray containing more than 13.500 unique gene products is heing used 
to prohe in greater detail the time course and strength of these responses in Erces exposeci lo 
stress conditions, with initial studies focusing on drought responses. Results from these initial 
microarray experiments will be discussed with respect to the gene expression data ohtained 
from the cDNA lihrary analyses (electronic northerns). Also to be discussed will he cfforts in 
the upcoming year lo produce a second-generation cDNA microarray thai eucompasses aH of 
the unique genes identified in ihe gene discoveiy effort. 

.
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INSIGHT INTO THE GENETIC CONTROL OF MOLECULAR PLASTIC1TY: A CASE 
OF STUDY IN MARITIME PINE 

Manon Moreau', Philippe Chaumei1, Celine Lalanne', Stephane Claverol 2, Aurelien Barre3, 
Christophe Plomion' 
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2 - Pote Proteomique de la Plateforme Genomique Fonctionnelle Bordeaux, Universite 
Bordeaux 2, 33076 Bordeaux, France 
3 - Centre de Bioinformatique de Bordeaux, Plateforme Genomique fonctionnelle Bordeaux, 
Universite Bordeaux 2, 33076 Bordeaux, France 
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Genetic diversity and plasticity are recognized has [he two main mechanisms of planE 
adaptation to their envii'onment. One the one hand, if non-neutral genetic variation exists 
across habitais, it can contrihute to local adaptation in a new range of distribution of al] 
introduced population. On the other hand, phenotypic plasticity provides a mechanism by 
which populations can tolerate wide environmental variation without genetic change. As a 
mechanism for tolerance, plasticity can evolve due to natural selection -¡ven genetic variation 
in the degree of plasticity. Genetic differcnces in plasticity can he represented by different 
norms of reaction evidenced by significant genotype by environrnent interaction. If 
phenotypic plasticity has been widely studied, the study of molecular plasticity has still 
received little attention. The genomic toolkits liave been inlensively used tu discovering 
variation in gene/protein expression thus identifying many "expressional candidate" genes for 
many traits of ecological interest. The problem now lies in [he screening of [he most relevant 
candidates, and in discovering which molecular variations really malter, i.e. affect phenotypic 
variations in natural population. To raise this challenge, new screening tools based on 
information about the landscape of nucleotide variation have heen recently developed by 
population geneticists. Here we show that ihe stiidy of the genetic control of molecular 
plasticity can also provide useful information and form the basis for the developrnent of 
complementary screening tools Lo identify the most relevant candidate genes among the tons 
that are usually produced by genomics. Proteins revealed by two-dimensional gel 
e!ectrophoresis and showing population x environment interaction (in a factorial design 
crossing two contrasted Pinus pinasler ecotypes by two environments for water availability) 
were identified by tandem mass spectrometry. Given the function of the proteins showing 
significant interaction we proposed different hypotheses on [he molecular strategies develop 
by each ecotype to cope with drought, one of the most severe liniiting factor of tree growth 
and development.
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REGULATION OF WOOD GROWTH BY ABA IN DROUGHT STRESSED POPLAR 

Matthias Arend', Robert Hinsch 2, Raif-Rainer Mendel 2 , Jorg Fromrn' 
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The plant hormone abscisic acid (ABA) has a particular role in plant development integrating 
environmental signais, such as drought and low temperature, with the metaholic and 
developmental programs of the plant. in trees. ABA acts not onl y as mediator of 
environinental stress, hut is also thought to participate in seasonal regulation of wood growth 

• activity and wood ccli development. To gain more insights into ABA regulation of annual 
wood growth in poplar and to unravel the speciiic role of ABA during drought stress we 
combined different anatomical, physioiogical and transgenic approaches. Our data reveal 
distinct intra-annual variations in wood ccli development which alter under drought stress 
conditions. These variations are associated with specific changes in endogenous ABA levels 
in wood producing celis. In order to identify physiological active pools of ABA and lo 
monitor sites of drought stress action at a histologicai leve] we applied a drought and ABA 
responsive B-glucuronidase (GUS) reporter system to poplar. The sensitivity of this transgenic 
reporter system for drought stress has heen verified by preliminary observations, In  further 
approach we generated ABA insensitive poplar plants transgenic t'or the nlutant Allhl gene 
(ahil) from Arabidapsis. ABII is an essential part of the ABA signal cascade and ahil has 
alrcady been shown to confer ABA insensitivity in annual plants. Thus, ahil transgenic 
poplar will enable us to study ABA dependent processes in a woody plant. First results from 
hoth transgenic approaches will be presented. 

41
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TI-LE POSSIBLE ROLE OF SPI PROTEIN IN UNRAVELLING SALT STRESS 
TOLERANCE IN POPULUS EUPHRATICA OLIV., A NEW HYDRO-HALOPHYTE 
MODEL TREE SPECIES 

Basia Vinocur, Eyal Rot, Oded Shoseyov, Arie Altman 

The Robert H. Smith Institute of Plant Sciences and Genetics iii Agriculture, The Hebrew 
University of Jerusalem. 76100. Rehovot. Israel 

E-mail: vinocur@agri.huji.ac.il 

Most of the actual studies on plant stress tolerance involve typical glycophytes (i.e. 
A,-abidopsis), instead of naturally adapted plants (i.e., halophytes) (Vinocur and Altman 
2005). Recently. Pojmliis euphrarica, an extremely salt tolerant species has emerged as a 
good model systern for studying salt stress tolerance (EU Estahlish project). Populus 
euphratica is a highly salt tolerant tree, (unlike the salt-sensitive P. trenzula and other PopuIu 
s/)f).) growing in desert regions however requiring moderate soil moisture (i.e.. an hydro-
halophyte). We have studied and cloned P. euphranea trees growing in a srnall forest located 
in the Avdat Canyon in the Negev Desert in Israel. Physiological, molecular (differential gene 
expression) and biochemical (protein and metaholite profiling) parameters demonstrated that 
many different mechanisms might be involved in the acquisition of salt stress tolerance. In 
this communication we report on the involvement of a possible mechan ism t'or revealing tree 
stress tolerance: the expression of a stress-related protein named SPI previously isolatedfrom 
P. tremula trees (Wang et al. 2002). SPI was differentially expressed in P. euphratica trees 
upon salt stress both under natural conditions (in the forest) and in controlled pot experiment. 
En situ sub-cellular localization of SP1-related proteins in P. euphrutica shows differential 
distribution of the protein throughout the cytosol (control), while under salt stress SPI is 
clearly detected all along [he plasmalemma, and iii nucleus. This may indicate a salt-induced 
transport of thc protein. SP-1 suffers post-translational modification upon stress called 
sumoylation. SUMO conjugation is involved in ccli differentiation. apoptosis, ccli cycle and 
responses to stress by altering protein function through changes in activity or cellular 
localization (Johnson 2004). In addition, data on salt-induced differential expression of 
selected metabolites will he presented. 

l.Johnson, E. S. Protein modification by SUMO. (2004). Annu. Re y . Biochem. 73, 355-382 
2.Vinocur B, Altman A. (2005) Recent advances in engineering plant tolerance to abiotic 
stress: achievements and limitations. Curr Opin Biotechnol. 16(2):123-32 
3.Wang WX, Pelah D, Alergand T. Shoseyov O, Altman A (2002) Characterization of SPI, a 
stress-responsive, hoiling-soluble, horno-oligomeric protein from aspen. Plant Physiol. 
130(2):865-75 

This work was supported by the European Union (grant no. QLK5-2000-01377-
ESTABLISH).

j 
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FROM GENES TO FUNCTION: HOW DOES POPULUS ELJPHRAT!CA COMPENSATE 
SALT-INDUCED OSMOTIC STRESS? 

M. Brinker', T. Teichmanii 1 , P. Fayaz', E.	 P. Hawighorst', J. Kangasjiirvi 2 , M. 
Brosche 2 . A. Altman. B. Vincour3 , JN Jiang4 , A. Polle' 
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Industrialisation and urbanisation have reduced land and water availability and caused 
• alarming deterioration of soil, water and air quality. Over-exploitation of forests by 

inhahitarits and changes iii agricultural practices have further contrihuted to Ioss in 
ecologically and economically viable environments. A major consequence is increasing soil 
degradation, desertification and salinisation. Among other measures, for restoration of 
degraded soiis highly stress-resistant tree species are needed. Wc addressed molecular 
mechanisms of drought and salt tolerance in the genus Populus. This genus harbours species 
with a wide variation in stress tolerance and has a world-wide distrihution. Within this genus 
P. euphratzca has heen chosen for genomic and ecophysiological aiialyses hecause it grows in 
salme and hot environments such as the Takiemakan desert. Salt-exposure ieads to 
acclimatory structural changes such as leaf succulence in P. euphratica. The molecular 
responses involved in these changes have been analysed using POP-EST, an EST-data base 
and array technology. In contrast Lo halophytes or the herbaceous model plant Arahidopsis, 
deposition of sodium in the vacuole is of minor importance. Sodium 15 mainly accurnulated in 
the ccii walls and results in dimished Ca-uptake and influences the inetaboloine, especially 
organic solutes for osmotic adjustment. 

.
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FUNCTIONAL AND POPULATION GENOMICS OF COLD ACCLIMATION IN PICEA 
SITCHENSIS 

Jason A. l-lolliday, Steven Ralph, Saily N. Aitken 

Department of Forest Sciences. University of British Columbia, 3041-2424 Main MalI, 
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E-mail: haliday@interchange.ubc.ca  

Adaptation to winter coid by conifers involves extensive physiological remodelling, which 
likely corresponds to substantial changes in gene expression. Although functional genomics 
approaches have been used to study the response of Arahidopsis to sustained low, abo ye-
freezing temperatures (chilling'). little is known about (he large-scale expression changes 
that occur in overwintering plants during (he falI. As such, we have undertaken a transcript 
profiling study through ihe falI hardening period in Picea sitehensis. Four-year-old seedlings 
originating from a population at the core o!' the species' range (Prince Rupert. British 
Columbia. Canada) were sampled from an outdoor common garden experiment in Vancouver, 
British Columbia, Canada, for RNA extraction at five time points between August and 
December, 2004. To determine phenotype, each individual, on each sampling date, was 
artificially freeze-tested using a non-destructive, quantitative assay for coid injllry. Averages 
of thi.s data at each time-point indicate a progression from minimal cold hardiness (-60% 
injury at -10°C) in August, to a high leve] of cold hardiness by early December (-10% injury 
at -10°C). To elucidate the temporal pattern of cold-induced gene expression, we are using a 
Picea cDNA nlicroarray containing -22 000 unique sequences. The timing and extent of cokl 
acclimation in Sitka spruce has been shown to vary widely along a latitudinal cune. 
Therefore, in addition to expressiori profiling across ah time points in the core population, we 
are comparing early and late time points between (he core population and those at (he 
northern and southern Iimits of the range (Alaska, USA, and northern California, USA, 
respectively). Our ultirnate goal is to understand the molecular genetic basis for the 
aforementioned populaUon variation. As a step in this direction, we will survey genes that are 
up regulated during coid acclimation for arnong- and within-population nucleotide variation. 
and seek correlations hetween this variation and observed phenotypes in an association study.

.
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CBF TRANSCRIPTION FACTORS ON EUCALYPTUS COLD TOLERANCE 

Christiane Marque, W. El Kayal, G. Kelier, M. Navarro, G. Marque, C. Teulires 

University of Toulouse, UNIR CNRS-UPS 5546, Póle de Biotechnologie Végétale, 24 
Chemin de Borde Rouge, Auzeville, BP 42617, 31 326 Castanet-Tolosan, France 

E-mail: marque@scsv.ups-tlse,fr  

Based on a functional genomic approach of cold response in Eucalvptus, our project targcts 
firstly a beiter understanding of (he molecular rnechanisms involved in coid acclimation and 
sccondiy the identification of reliable molecular inarkers (SNPs) for MAS using a candidate 
gene approach. Due tu its fasi growth and fiber quality. Eucalyprus is the most planted 
hardwood tree, mainly for the paper industry. However, bcing an evergreen plant without 
endodorrnancy, ihis species is particulariy exposed to winler frost in temperate clirnates. 

• Although it is widely distrihuted across the world, its cultivation is mostly restricted tu 
southern arcas hecause of lÉs freezing sensitivity. lis survival during a frosi sirongly depends 
on both jis constitutive tolerance and jis accliination capacity. This additional and transient 
increase of frost tolerance takes place in response to a progressive exposure to cool but non 
freezing temperatures thai presage the occurrence of winter frosi. Cdl dehydration, which is 
the common damage observed al the ccli level after cold, drought or salt stress, strongiy 
affects growth and plant development. It is therefore very important to study the inechanisrns 
underlying the water stress tolerance Lo provide Ihe basis of effective strategies lo gcneiically 
irnprove ihis trait and consequently the plant productivity. Global profiling data on model or 
cornmercial species (rice, barley, sugarcane) give an overview of the large transcriptome 
changes after abiotic stresses (Fowier and Thornashow 2002; Kreps et al. 2002; Nogueira et 
al. 2003; Ozturk 2002; Rabbani et al. 2003; Seki et al. 2002). They indicate thai pools of 
genes involved ja stress response share regulation pathways between salt, drought and cold 
stress or, in sorne cases exhibit stimulus specific regulation. In our hands, the isolation of 3(X) 
00() ESTs from Eucalvprus (3 cDNA libraries), allowed (o identify a pool of 2465 cold-
regulated ESTs arnong a random set of 3470 clones. Beyond the description of the main 
functional categories of these coid-regulated genes, it will be presented here the gene 
clusiering from macroarray expression analysis according LO stress response specificity and 
kineties, particularly during Euca/vptus coid acclimation. It is clearly established that the CBF 
(CRT/DRE hinding Factor) regulation plays a central role in stress tolerance and in particular 
in the cold acclimation process, through an ABA independent regulation pathway. The 
muitigenic family of (he CBF transcription factors isolated from different plant species 
cxhibit specificities in gene regulation and regulon composition. For example. the CBF 
pathway is identitied la the freezing tolerani species like Arabidopsis, as well as in the 
chilling sensitive tomato, bul the CBF regulon is much more limited la the latter case (Jaglo et 
al. 2001). Wc isolated 2 rnernhers of the Eucalvptus CBF rnuitigenic family. The comparison 
hetween these 2 different genes and the registered sequences froni databases, showed the 
specific conserved domaimis (AP2 and CBF signatures) within the coding sequence. For the 
promoter regions, the analysis allowed the prediction of boxes, which are giobally equivalent 
to those from AtCBF but present al a higher frequency in EgCBF. Interestingly the CRT/DRE 
hox, abseni in AtCBF, was identified in the EgCBF prornoter which suggests a different way 
of reguiation hetween the 2 species (Shinwari et al. 1998). Quantitative RT-PCR expression 
analysis of the 2 EgCBF genes showed ami induction by coid, and al a lower intensity by salt 
or ABA, without regulation by osmoticum, which is in agreement with ihe literature. 
However. the 2 EgCBF expression profiles differ for the level of cold induction. As expected, 
the photoperiod influenced the Eucalvptus coid acclimation, but interestingly and reponed 
here for (he first time, this effect was found to be correlated with EgCBF expression. la 
addition, and differently from (he reponed data for AtCBF (Kim el al. 2002), the light (versus



dark) was foiind lo have a negative impact on EgCBF coid regulation. Afl in ah, these data 
confirm the high coriservation of CBF pathway in fiowering plants (both woody and 
herbaceous). However, they also point out interesting differences with previous reports on 
herbaceous species, suggesting sorne specificities in CBF reguiation and strengthening the 
hypothesis of a more complex coid response in this tree. 

Fowier S, Thomashow MF (2002) Arabidopsis transcriptome profiling indicates that multiple 
regulatory pathways are activated during coid acciimation in addition to the CBF coid 
response pathway. Plant Ccli 14:1675-90 
Jaglo KR, Kleff S, Amundsen KL, Zhang X. Haake V, Zhang JZ, Deits T. Thomashow MF 
(2001) Components of Ihe Arahidopsis C-Repeat/Dehydration-Responsive Element Binding 
Factor CoId-Response Pathway Are Conserved iii Brassica napus and Other Plant Species. 
Plant Physiol. 127:910-917 
Kim H-J, Kim Y-K, Park J-Y, Kim J (2002) Light signalling mediated by phytochrome plays 
an important role in coid-induced gene expression through the C-repeat/dehydration 
responsive element (C/DRE) in Arabidopsis thaliana. Plant J. 29:693-704 
Kreps JA, Wu Y, Chang 1-l-S, Zhu T. Wang X, Harper JF (2002) Transcriptorne changes for 
Arabidopsis in response to salt, osmotic, and cohd stress. Plant Physiol 130:2129-2141  
Nogueira FTS, De Rosa VE, Jr., Menossi M, Uhian EC, Arruda P (2003) RNA expression 
profiles and dala mining of sugarcane response Lo low temperature. Plant Physiol. 1 32: 18 1 1-
1824 
Ozturk ZN (2002) Monitoring large scale changes in transcript abundance in drough- and salt-
stressed harley. 48:551-573 
Rahbani MA, Maruyama K, Abc H. Khan MA, Katsura K, Ito Y, Yoshiwara K. Seki M. 
Shinozaki K, Yamaguchi-Shinozaki K (2003) Monitoring expression profiles of rice genes 
under coid, drought, and high-salinity stresses and abscisic acid application using cDNA 
rnicroarray and RNA gel-hiot analyses. Plant Physiol 133:1755-67 
Seki M, Narusaka M, Ishida J, Nanjo T, Fuj ita M, Oono Y, Kamiya A, Nakajima M, Enju A. 
Sakurai T, Satou M, Akiyama K. Taji T, Yamaguchi-Shinozaki K, Carninci P, Kawai J, 
Hayashizaki Y, Shinozaki K (2002) Monitoring the expression protiles of 7000 Arubidopsis 
genes under drought, cohd and high-salinity stresses using a full-hength cDNA microarray. 
PlantJ 31:279-292 
Shinwari ZK, Nakashirna K, Miura S. Kasuga M, Seki M, Yamaguchi-Shinozaki K, 
Shinozaki K (1998) An Arabidopsis gene farnily encoding DRE/CRT biiiding proteins 
involved iii low-ternperature-responsive gene expression. Biochem. Biophys. Res. Commun. 
250:161-70
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PI-JYSIOLOGICAL AND MOLECULAR CHANGES IN RNAI MUTANT ASPEN TREES, 
LACKING THE PSBS PROTEIN 
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Plants in nature have Lo cope with a variety of biotic and abiotic stresses. Many abiotic 
stresses lead to over-excitation of the photosynthetic apparatus. Non-photochemical 

• quenching (NPQ) is a process that protects photosystem U from darnage during over-
excitation. A photosystern LI subunit named PsbS has heen shown Lo be essential f()r NPQ (1). 
We have previously shown (he importance of this mechanism with Arahidopsis fhalianc, 
mutants lacking NPQ (2). Now, we liave created severa¡ hybrid aspen (Pojnilus trenuI(>ules x 
P. tremida) mutant unes with reduced levels of PshS RNA and protein, using RNAÍ 
tcchnique. The RNA and protein amount correlaled well in the different unes and we goL 
reductions of PsbS RNA and protein between O and 95 %. As in the Arabidopsis PshS 
mutants (he amount of PshS protein correlated to the capacity for NPQ. Wc have 
characterized these mutant unes physiologically, using for example pulse modulated 
fluorescence and thermoluminiscenec to investigate the photosynthetic properties of these 
trees. For the collection of leaf samples we grew (he different trees in three different 
conditions: in (he greenhouse under a) standard light conditions (150 1iE) h) under high light 
conditions (6(X) tE) and under natural conditions outside (varying dtiring the day between 
400 and 2000 jE). Samples of plants acclimated lo each condition were analyzed for their 
global gene expression using rnicroarray technique with a 15k cDNA chip. While plants 
grown under standard conditions showed little difference in global gene expression, plants 
grown under high light and iii natural conditions had rnany genes with a differential 
expression between (he genotypes. Furthermore the physiological response of the perennial 
tree scems to he different from that of ihe annual wced Arahidopsis, in that the overali light-
harvesting antenna is reduced in size in the PshS less plants and another protein, CP24, which 
is thought to play a role in NPQ is prescnt in twice the amounts oí' wild type aspen. These 
plants will give us new insight in ihe regulation of light-harvesting in a tree, where good 
comparison to a similar mutant in Arabidopsis is possible. 

(1) Li X.-P., Bjórkman O., Grossman A.R., Rosenquist M., Jansson S., Niyogi K.K. (2000) 
"A pigrnerit-hinding protein essential for regulation of photosynthetic Iight harvesting" 
Narure 403, 391-395 
(2) Kiilheim C., Agren J., Jansson S. (2002) Rapid regulation of light harvesing and plant 
fitness in the field Science 297 91 - 93
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ANALYSIS OF GENE EXPRESSION DURING BUD BLJRST INITIATLON IN NORWAY 
SPRUCE VtA ESTS FROM SUBTRACTED CDNA LIBRARIES 

Igor A. Yakovlev', Cari-Gunar Fossdal'. øystein Johnsen', Olavi Junttila 2 , Tore Skrøppa' 

- Norwegian Forest Research Institute, Høgskoleveien 8, N-1432 As 
2 - Departinent of Biology. Uriiversity of Tromsø. N-9037 Tromsø 

E-mail: igor.yakovlev@skogforsk.no  

Wc have prepared four subtracted cDNA libraries, forward and reverse, representing genes 
predorninantly expressed in a tree from early flushing (EF) and late flushing (LF) farnilies of 
Norway spruce, during four weeks before bud burst (for hoth LF and EF) and seven weeks 
hefore bud bursí for LF (sampled ihe sanie date). Two suhtracted libraries during four weeks 
hefore hud burst for EF aiid seven weeks hefore bud burst for LP were analyzed using PCR-
Select Differential Screening Kit (Clontech). And two suhtracted libraries during four weeks 
before bud burst had been partially sequenced. Differential screening reveals thai in LF at 
seven weeks before ihe hud hurst considerably upregulated senescence-associated genes, 
auxin-repressed proteins and several transcripts without similarities in the Database. Partial 
sequencing has shown, that in the early library, ESTs encoding proteins of the photosynthetic 
apparatus, energy rnetabolism, stress (abiotic and biotic) and senescence related proteins were 
abundant. In the late lihraiy, ESTs encodiiig metallothionein-like and histone proteins as well 
as transcription factors were more abundant. Wc used quantitative RT—PCR [o study ihe 
expression patterns of 25 chosen genes, and observed thai the highest leveis of activity for 
most genes were preseni when plants were still ecodormant. Late tlushing is fol a result of a 
simple delay in gene activity, but rather a consequence of an active transcriptional process. 
The putative role of the studied genes in regulation of bud burst timing is discussed. Among 
the candidate genes found, the mosi inieresting ones were the DNA-binding factors, water-
stress related genes and rnetallothioneins. Expression patterns of sorne genes involved ¡si 
chemical modification of DNA and histones support our suspicion that epigenetic factors may 
be involved in ihe timing of bud hurst. In the obtained transcriptomes, we were fol able to 
find genes cornmonly recognized to be involved in dorrnancy and bud set regulation (PHY, 
CRY, ABI, etc.) in angiosperrn plants.

.
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OZONE-INDUCIBLE CDNAS FROM LEAVES OF EUROPEAN BEECH (FAGLIS 
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Suppression suhtractive hybridization (SSH) was performed to isolate cDNAs representing 
genes that are differentially expressed in leaves of Fagus svlt'atica upon ozone exposure. 

• 1248 expressed sequence tags (ESTs) were obtained from 2 suhtractive libraries containing 
ea¡-¡y and late, respectively, ozone-responsive genes. Sequences of 1139 clones (91 %) 
matched to the EBI/NCBI database entries. For 578 clones no putative function could he 
assigned. Most abundant transcripts were O-methyitransferases, representing 7 % of ah 
sequenced clones. ESTs were organized in 12 functional categories according to the MIPS 
database. Among thern 32 % (early) / 16 % (late) were associated with disease and defence, 
15112 % with ccli siructure. 3/10% with signal transduction aud 7/6 % with transcription. The 
expression pattern of selected ESTs [rihu lose- 1,5-bisphosphate carboxylase/oxygenase small 
suhunit (rbcS), WRKY-type transcription factor, ultraviolet-B-repressihle protein, aquaporin, 
glutathione S-transferase, catalase a, caffeic acid O-methyltransferase and pathogenesis-
related protein 1 (PR l)] was analysed by quantitative real-time RT-PCR (qRT-PCR) and 
contirmed increased transcript leveis upon ozone treatment of European beech saplings. The 
ESTs characterized will contribute to a hetter understanding of forest tree genomics and also 
to a comparison of ozone-responsive genes in woody and herbaceous plants. lii addition a 
changed ozone-responsive gene expression pattern of the shikimate pathway and 
phenylpropanoid metabolisrn will he presented. 
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INTEGRATING TUE GENETICS AND GENOMICS OF DROUGHT RESPONSE IN 
POPULUS 
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The availability of the Populus genome sequence facilitates the development of links between 
the physical and genetic maps of mapping populations. Wc have used ihis resource tú 

examine the overlap of QTL mapped in response Lo drought with gene expression data 
comparing the transcriptionai drought response between genotypes aL the high and low 
distribution extremes for drought response within a QTL mapping population. The response 
of the population grandparents was also examined and compared. The P. deltoides and P. 
triehocarpa grandparents were selected froni relatively dry and wet regions of the USA 
respectively and WC therefore hypothesised that natural variation in response to drought 
would segregate in the F 2 population. Contrasting responses to drought were observed across 
genotypes, including for leaL' pigment content, expansion, and abscission. Surprising 
divergence of the transcriptional response to drought hetween genotypes at either end of the 
population drought response distrihution was observed with distinci functional groups of 
genes activated or switched-off in response tú drought. A number of drought specilic and 
drought responsive QTL were identiiied and the co-location of these genetic regions with 
genes identified as differentially expressed between both the grundparents and the extreme 
genotypes was examined. It was found, for example, that a QTL for leaf abscission co-located 
with a CND4I gene. which functions in controlling senescence onset. Such an approach may 
prove invaluahie for inforrning candidate gene Iists for subsequent expression QTL mapping 
or for examination within a Iinkage disequilibrium population for fine mappiiig.
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POPLAR SPI AND ARABIDOPSJS ATSP: UNIQUE STRESS-ENHANCED, 
HOMOOLIGOMERIC, SELF-ASSEMBLED AND EXTREMELY STABLE PROTEENS IN 
SEARCH FOR A PI-IYSIOLOGICAL FUNCTION 
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SPI is a unique planE protein isolated from Populus tremula that constitutes 1 / of the total 
celi soluble proteins and displays extreme resistance lo various harsh conditions (heat, 
protease, organic solvenis and detergents), and is up-regulated in response lo stress conditions 
such as drought and dehydration, osmotic stress, and temperature stress (1). While [he 

• physiological functions of SPI renlain unclear, jis structural characteriation and in vitro 
hiotechnological implications have been studied ¡u considerable detail (2). SPI is a unique 
homooligomeric, self-assembled, thermo-stal,le and protease resistant protein, forming an 
extremely siable complex and exhihiting chaperon-Re activity in vitro. Wc have produced a 
seleno-meihionine derivative of SPI enabling the determination of ihe crystal siructure with a 
1 .8A resolution (2). The SPI monomer consisting of four alfa-helices and four beta-strands, 
iwo monomers join each other lo form a dimmer, and six dimmers create the 145kD 
dodecamer. Using genetic engineering, we were able lo bind nanogold particles lo the center 
of the SPI dodecamer and create gold-SPI-gold-SPI alternating nano-tube. To better 
eliicidate the physiological functions of SPI, we utilize the fact that SP! is a member of a new 
protein family, having homologues in many plaiits, including rice, tomato and Arabidopsis 
(ha/jana. A. ihaliana proteins were earlier found lo share homology with SP!, and we are now 
studying ihe function of the At3g17210 gene product, AtSP, which is highly homologous lo 
SPI. Following cloning of the At3g 17210 cDNA and recombinant protein production, we 
showed lis thermostability and resistance lo protease, as well as jis chaperon-!ike activity in 
vitro (citrate synthase protection froni heat inactivation). The native protein was isolated from 
A. tha/ jana using antibodies raised againsi recombinani AtSP, and its idenhity confirmed by 
LC-MS. With an attempt lo understand the hiological functions of A!sp, we transformed A. 
thal,ana plants with an RNAI vector resulting in severa¡ independent unes showing no 
apparent AtSP protein. Preliminary resulis show that growth of ihe RNAi line is considerably 
reduced. In addition, screening the Koncz T-DNA knockout library we detected a T-DNA 
insertion une with reduced expression of AtSP protein and which seems more sensitive lo salt 
stress. 

Wang el al. (2002). Plant Physiology 
Dgany eh al. (2004). J. Biol. Chem. 279: 51516-51523
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THE DISCOVERY OF A TRANSPORTER IN VOL VED IN SOIL AMINO ACID UPTAKE 

Henrik S vennerstam, UI rika Ganeteg. Torgn y Nasholm 
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E-mail: henrik.svennerstam@ genfys.slu.se 

It is known that planEs have (he ability to take up soil amino acids, hut the 
transporter/transporters responsible have this far not heen identified. Wc have been able to 
isolate one probable candidate gene/transporter involved in the uptakc of soil amino acids. 
Mutated Arabidopsis t/wliana seeds were selected for reduced uptake of amino acids. Two 
independent Arahidopsis mutants displayed reduced uptake during selection, one EMS plant 
and a T-DNA knockout une, these were later found to be mutated in the sanie gene. The 
knockout gene is annotated as an amino acid transporter. Both mutant unes display reduced 
uptake leveis of amino acids in a short-term depletion experiment and a long term lahelling 
experiment. Mutant planEs have reduced biomass when grown on agar with nitrate and a 
selection of individual amino acids. When grown on agar with nitrate as the sole nitrogeri 
source, the hioniass of mutant unes does not differ from wild type, suggesting that 
endogenous amino acid transport is not affected. Tra.nsgenes with different promotor setups 
will be used to investigate the function of the transporter in more detail.

.
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ISOLATION AND CHARACTERISATION OF EUC'ALYPTUS GLOBULUS C-REPEAT 
BINDING FACTOR (CBF) GENES 

Cecilia Gamboa, Susana Rasmussen, Luis O. Burzio, Pablo D.T. Valenzuela, Erwin 
Krauskopf 

Fundación Ciencia para la Vida, Depariment of Biological Sciences - Universidad Andrés 
Bello and Instituto Milenio de Biología Fundamental y Aplicada, Zañartu 1482, Santiago, 
Chile 

E-mail: ekrauskopf@unab.cl 

In forestry, one of (he mitin cultivated species is Eucalyptus globulus due to its high 
productivity in severa] countries. This species, which originated in Australia, has been planted 
in Chile in more than 500.00() ha. A cornmon problem in young E. globulus plantations is the 

• Iow tolerance lo coid temperatures which produces significant losses to the forestry industry. 
One of the mechanisms that could be used by E. globulus to adapt lo low teniperatures may 
be linked lo [he expression of CBF genes, as in other species. Thesc genes are transcription 
activators that turn on a cascade of genes which provide plants with resistance to low 
temperatures and dehydration. To test this hypothesis we have prepared complementary DNA 
of E. glohulus from total RNA, extracted from cold-treated seedlings. using Rapid 
Amplification of cDNA Ends (RACE) technology. A DNA fragment of approximately 650 
base pairs was isolated. This fragment encodes for a CBF-like protein with approximately 
45% amino acid homology [o Arabidopsis thai/ana CBF-4, one of (he four homologous genes 
describcd in this species. Expression studies of jis transcript will he shown along other 
experimental results. 

0
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CLEMATREE - CLIMATIC CHANGE AND THE DEVELOPMENTAL BIOLOGY OF 
DORMANCY CYCLENG IN FOREST TREES 

Pijivi Rinne 1 , Carl Gunnar Fossdal 3 . Sissel Torre 1 1 , Heather Danforth, Aksel Granhus2, 
Gunnhild Søgaard 2 , John Einset'. Harald KvaaleiY, øystein Johnsen 3 , Chris van der Schoot' 

- Norwegian University of Life Sdences, Institute for Plant and Environmeiital sciences 
(1PM) 
2 - Norwegian University of Life Sciences. Institute tr Nature Conservation (INA) 
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E-mail: paivi.rinne@umb.no  

Forest trees, like other perennial plarits. have evolved mechanisms tu anticipate the 
environmental alterations that characterise seasonal progression. At the end of the growing 
season they cease development and assume a dorinant and freezing tolerant state. In the 
course of winter they break dormaiicy, therehy anticipating spring. However. as long as the 
temperatures remain low freezing tolerance is retained. The synchrony of these events with 
the seasons adequately prevents freezing damage, but global warming might compromise this 
synchrony. The World Meteorological Organization (WMO) anci the lntergovernniental Panel 
on Cliniate Change (IPCC) reported that global warming will not only lead to a higher 
average temperature, hut also [o clirnatic instahility. Particularly climatic instability may 
disrupt the tinling of developniental and acclimation-associated events in forest trees, thereby 
endangering their survival. The CLIMATREE-project investigates how selected forest trees 
synchronize their activities with the seasons. The project thereby focuses on the perception of 
photoperiod in the leaves, acclimation of tissues, and the responsiveness of the shoot apical 
meristem (SAM). As [he SAM is thc central player iii the cycling hetween dormant and active 
states it is vital [o obtain a deeper insight into its organization and function. We study 
therefore cellular, molecular and genetic processes that collectively orchestrate ceil-ceIl 
communication, and thereby [he functioning of the SAM as an integrated whole. In addition 
we investigate how [he SAM transitions through dorrnancy cycles, and toward tlowering. 
Celi-celi comrnunication is addressed by investigating how two cornplementary ways of 
signalling, via plasmodesmata and via ligand-receptor interactions, are involved in 
coordinating the activities of genetically distinct areas in the SAM, and how this is modulated 
during [he seasons. Wc [hereby use seedlings of birch and Norway spruce as model trees in 
dormancy cycling studies, with parallel studies in Arabidpsis.
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COLD ACCLIMATION IN EUCALYPTUS DELEGATENSIS: EXPRESSION PROFILINO 
IN NATURAL POPULATIONS 
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Scusitivity to low temperatures and frost are major factors limiting the climatic range in 
which commercial eucalypt plantations can be successfully established. lnci-easing frost 

• tolerance is therefore an irnportant objective of sorne breeding prograrns. Similarly, low 
temperatures influence the natural distrihution of species. Patterns of variation in coid 
tolerance can be used to study evolution in natural populalions and provide essential 
information for forest management practices (e.g. seed transfer guidelines and re-vegetation). 
Much hope is heid for molecular techniques both as tools for studying the genetic basis of 
coid and frost tolerance and for unravelling underlying physiological pathways. Wc are 
examining gene expression in response to low temperature stress in natural populations of 
Eucalvp!us delegatensi.s using a macroarray of 180 candidate genes derived from a 'cold-
reated' Euealvptus nitefls cDNA subtraction Iibrary (including 52 unknown genes). This 

array is being interrogated by hybridisation with complex cDNA probes derived from E. 
delegaren.sis families exposed to controlled low temperatures. Cross species hybridisation 
highlights the utility of heterologous probes for detecting differential gene expression and the 
analysis of expression profiles over time reveals the progression of transcriptional responses 
allowing examination of cold response pathways. Comparison of long- and short-term cold 
acclimation gene expression should provide insights into fundamental differences and 
similarities between the short-terrn frost response and long-terrn cokl tolerance, and their 
relative importance in the evolution of natural populations. 
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MOLECULAR AND PHYSIOLOGICAL STUDIES OF SALT TOLERANCE IN 
EUCALYPTS 

Eny Faridah 12 , Gerd Bossinger' 
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Effects of salinity on inorphological, physiological and molecular aspects of plant growth 
have been investigated in numerous studies. In eucalypts, despite their important role ¡11 

rehabilitation programs of salt-affected arcas, current knowledge is limited to the first two 
aspects. Wc used E. cwnaldu!ensis x E. globulus hybrid clones of known salt tolerances 
(Saltgrow, Australia) Lo investigate molecular mechanisms utilised by these plants in response 
to salt stress. Effects of salinity on plant physiology and molecular biology were assessed 
after exposing clones to varying salt (NaCI) concentrations for different periods of time in 
hydroponic experiments. EcgNaH, a gene fragment with homology to vacuolar Na+/H+ 
antiporter genes which when overexpressed confer salt tolerance in many plant species, was 
identified and isolated from one hybrid. Also, fragments of genes known (o be involved in 
nutrient uptake were identified and isolated with particular focus on EcgPT, a gene encoding 
a Phosphate Transporter. Expression studies using Northern-Blot analysis revealed that 
EcgNaH was upregulated iii the presence of salt in an organ-specific manner, and increased 
over time when plants continued to be exposed to salt. EcgNaH was differently expressed in 
different clones, indicating, in combination with growth data, different levels of salt tolerance. 
Also, ihe expression of EcgPT was found to he affected by salt, suggesting a direct effect of 
salinity on phosphate uptake. EcgPT expression was regulated in an organ-specific way, and a 
time course analysis showed thai EcgPT was increasingly upregulated after longer exposure 
to salt reaching a peak after three weeks of exposure, indicating the plant's adaptation Lo the 
lower P status caused by salinity. EcgPT was expressed differently ¡ti different clones 
indicating different degrees of phosphate transporter activation to accornmodate salt stress. 
Molecular data are discussed in relation to growth data and measurements of ion levels in 
different organs of different clones and under various salt regiines during the course of ihe 
hydroponic experiments.
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DEFENSE GENES AGAINST PATHOGENS AND INSECTS ARE UP REGULATED BY 
COPPER STRESS IN POPULUS DELTOIDES 
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González' 
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2 - UMR 1136 INRA/UHP-Nancy ¡ lteractions Arbres Micro-organismes, Centre INRA de 
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Phytoremediation of heavy metals using poplars is an interesting alternative considering their 
fast growth, high biomass production, and elevated transpiration rates. However. successful 

• application of this technology depends on the ability of trees for facing hoth heavy metal 
stress and occurrence of pathogens and herbivores. In order to increase our understanding 
about the defensive response of poplars growing under heavy metal stress, a transcriptomic 
approach was utilized for analyzing the underlying molecular mechanisms. Plants of a 
Populus deltoides done originating from rooted cuttings were grown in a hydroponical 
system for four weeks and treated with copper (30 microM and 60 microM) during 12 and 24 
h. RNA extracted from roots was analyzed utilizing 4.6 k cDNA arrays (P. trichocurpa x 
deltoides root and leaf ESTs). A significant up regulation of multiple defence genes was 
observed in the four treaUnent combinations assessed. These genes encoded Kunitz trypsin 
inhihitor T13, pathogenesis-related protein 6 and 10, chitinase 1 and III, nematode resistance 
protein Hs 1 pro- 1 and glutathione S-transferase. A second set including genes related to other 
wound and elicitor inducihie proteins was up regulated in specific treatments and interactions. 
Up regulation of defence response genes in copper stressed poplars could inclicate the 
presence of a common signal transduction pathway and a probable induction of cross-
tolerance. 
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TWO CBF TRANSCRIPTION FACTOR GENES ISOLATED FROM EUC'ALYPTUS 
DIFFERENTIALLY RESPOND TO ENVIRONMENTAL STRESSES 

W. El Kayal, M. Navarro, G. Marque, G. Kelier, C. Marque, C. Teuliéres 

University of Toulouse, UNIR CNRS-tJPS 5546, P61e de Biotechnologie Végétale, 24 
Chemin de Borde Rouge, Auzeville, BP 42617, 31 326 Castanet-Tolosan, France 
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Coid, drought aud high salinity are the most comrnon environniental stress factors that 
influence plani growth and development and place major limits on plant productivity in 
cultivated arcas worldwide. These ahiotic stresses, al! damaging (he plant celis through 
dehydration, induce various biochemical and physiological responses in plants to acquire 
stress tolerance. In particular, coid acclimation takes place during a progressive exposure tu 
cool non-freezing temperatures and results in a transient increase of ce!l frost tolerance. 
Among (he genes induced this adaptive response, (he CBF 'CRT-Binding factor genes (four 
have been isolated from Arabidopsis thaliana) are considered to be essential iii environmental 
stress response. They encode transcriptional activators that were shown to be early induced by 
coid andlor dehydraion and they activate transcription of target genes directly involved ¡u 
cellular protection such as COR genes (Coid Regulated). The involvement of CBF genes in 
abiotic stress tolerance was demonstrated in the literature by modulating expression thiough 
genetic engineering in Arabidopsis or tobacco. Thc poster is the first report of the 
transcriptional regulation of this gene on a woody plant. Euca/vptus CBF expression profiles 
during cold, drought or salt stress are described to evaluate (he specificity of CBF 
environmental stress response. It describes the isolation of 2 CBF memhers from E. gunnii 
(EgCBFIa and EgCBFIb), very distinct in (he sequence in particular in (he promoter region 
and exhibiting a differential expression in response to various ahiotie stresses. The real time 
RT-PCR expression data will be discussed in the light of (he promoter predictive cis-acting 
elements. The features of EgCBFIa and EgCBFIb will be compared to the data from (he 
literature on (he other known CBF.

.
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A STUDY OF DORMANCY 1NDUCTION IN POPLAR USING MICROARRAYS 
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Plans respond to unfavourable conditions by stop growing and enlering a dormant state. This 
is an essential adaptation in arcas where the environmeni alters drarnatically, i.e. freezing 
temperatures in northern Europe. The transition from dorrnant state into an actively growing 
state has been thoroughly studied at (he physiological and anatomical level but ilot as much al 
the transeriptional leve]. Externa¡ signals as light and temperature and interna¡ signals as 
sugars and hoririones act through different overlapping signalling pathways. To learn more 

• about the pathways regulating dormancy we have studied the transcript profile oí' two 
difterent clones with the help of microarrays. The two clones originated from a F2-generation 
de¡-¡ved from a cross hetween interspecific F 1 hybrids (P. rrichocarpa x P. deltoides). Due to a 
wide latitudal separaion of the parents, the F generation has a segregating variation in 
dormancy related traits. Wc chose lo study (he gene expression of two phenotypically 
characterized clones from (he F 2 that showed hig variations of the tinling of hud set. The two 
diíferent clones, which set hud afler sixteen and thirty days of short day treatmcnt 
respectively, were monitored for gene expression differences and similarities for a time period 
of two months. Wc found that there is a substantial reinodelling of (he transcriptome when 
plants enter dormancy. The gene expression patterns also differ between clones, with 
significantly higher levels of differential expression in the early responder. The transcriptional 
changes seem hoth delayed and dampened in (he late responder compared to the carly 
responder, suggesting that the late responder is Iess sensitive to the dormancy initiation signal. 
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ADAPTATION TO HIGH SALINITY IN POPLAR INVOLVES CHANGES IN XYLEM 
ANATOMY AND AUXIN PHYSIOLOGY 
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Andrea Olhrich', Rosemarie Heyser', Thomas Teichmann' 

- Institul für Forsthotanik, Georg-August-Universitil Góttingcn, Büsgenweg 2. 37077 
Gbttingen, Germany 
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To investigate the physiological basis of sali-adaptation in poplar we compared the effect of 
salt stress on wood anatomy and auxin physiology of the salt resistant Popu/us £'uphratica and 
the salt sensitive Populus x canescens. Both poplar species showcd decreases in vessel luinina 
associated with increases iii wall strength in response to salt, however, in P. euphratica al 
three-fold higher salt concentrations than in P. x canescens. Transgenic P. x cw:esce,i.s 
carrying an auxin sensitive GH3:GUS promoter-reporter construct were used to monitor 
changes iii auxin concentration and distrihution on the whole tree leve¡ under salt stress 
complementing direct measurements of auxin. The concentration of free indole-3-acetic acid 
([AA) decreased under salt stress in the xylem of both poplar species, hut to a larger extent in 
P. x canescens than in P. euphratica. Only salt-treated P. euphratia exhibited an increase in 
IAA-conjugates in the xylein. This increase was matched by a significanily higher expression 
of ihe auxin-amidohydrolase PeILL3 in P. euphrarica xylem compared Lo P.v canescens 
xylem. For functional analysis the auxin-amidohydrolase from poplar was overexpressed in 
Arabidopsis. Increased sensitivity ol' the transgenic Ai-abidopsis to IAA-Leu showed that the 
encoded hydrolase used IAA-Leu as a suhstrate. These results suggest that poplar can utilize 
IAA-arnidoconju-ates in the stem as a source of free auxin to balance the effects of salt stress 
on auxin physiology.
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PROTEOMIC ANALYSIS OF SPANISH BROOM (SPARTIUM JUNCEUM L.) ROOTS 
GROWN IN SLOPE 

Michela Di Michele 1 , Christophe Plomion 2 , Celine Lalanne 2, Donato Chiatante 3, Gabricila S. 
Scippa' 

- University of Molise. Dipartimento di Scienze e Tecnologie per 1 Ambiente cd u 
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3 - Liniversity of Insubria, Dipartimento di Scienze Chimiche cd Ambientali, Como, Italy 

Siope is a coniplex environmental condition, where mechanical stresses affect plant growth 
and development. Spanish hroom (Spartiurn junceuniL.) is a Mediterranean widespread 
legume, highly diffused in slope arcas. A proteomic approach was used to investigate the 
molecular basis of plant root response to siope condition. Protein patterns of S. ,junceuni roots 

• grown in a greenhouse in horizontal and siope condition were compared using 2-DE. About 
1000 protein spots were detected displaying high reproducibly across an isoelectric focusing 
range of 4-7. Among these, 141 spots showed a statistically signiticant (p<0.001) change in 
ahundance under stress condition. Based on the analysis of spot quantity and quality and 
siope/horizontal expression rate, 34 proteins (20 up-regulated and 14 down-regulated un slope 
condition) were selected for tandem mass spectrometry analysis. The peptides sequences were 
conipared with (he sequences of two datahases: an ESTs database containing DNA sequences 
of approximately 550,000 ESTs of seven species helonging to the Fahaceae farnily, as S. 
junceum, and the SwissProt database. For 27 peptides the function was assigned by 
homology. while 7 proteins did not show any alignment with the sequences of the two 
datahases. The majority of siope ditTerentially expressed proteins matched to proteins 
involved in severa! stress response of many different plant species and in the organization of 
cdl structure. 

The data from this investigation is availab!e at http://cbiiabrLfr/outi!s/protic/ProticDB.php.  
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CONDENSED TANNINS AND CARBON SEQIJESTRATION: A CASE ST(JI)Y IN 
CARBON PARTETIONING AMONG SECONDARY METABOLITE POOLS IN 
POP UL LIS 

Scott Harding', Chung-Jui Tsai' 
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Michigan Technological University, Houghton, Ml 49931. USA 

E-mail: sahardin@mtu.edu 

Phenylpropanoid-deri ved phenolic glycosides (PGs), condensed tannins (CTs), and vascular 
ligiiin typically comprise 30 to 60% of leaf dry mass in Populus species. These products 
differ in their function and durability. and ihus in their impacts on tree fitness, growth, and 
long-term sequestration of atmospheric carbon dioxide. We are beginning a thrce-year project 
lo study control of carbon distribution arnong thcse sinks. En the experiment described here, 
source leaves were wounded in order to examine shifts in phenylpropanoid carbon allocation 
and partitioning in expanding leaves. A cottonwood une previously found to exhibit large 
wound-induced shifts in CT concentration was selected. As expected, the initial CT response 
was largely limited lo young apical sink ¡caves where CT concentration Iripled. The duration 
of CT accumulation increased, SO that upon fui¡ expansion CT concentration in Ihose ]caves 
was 5 to 6 fold higher than control. Although CTs are not considered lo exhibit metaholic 
turnover. CT concentration in those leaves decreased to leveis only slightly higher than 
control 5 to 6 weeks after wounding. Height growth was negatively irnpacted during the 
second and third weeks of CT induction by wounding. RT-PCR analysis of more than 20 
flavonoid pathway genes is presented. Continued functional genomics analysis of CT, PG and 
lignin metabolism should improve our ability lo exploit the wide natural variation of these 
pools for enhanced productivity and global carbon management through biotechnology.
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Seidlitz 1 , Werner Heller', Dieter Ernst' 
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3 - Department of Environmental Engineering. GSF - National Research Center of 
Environment and Health, 85764 Neuherberg. Germany 

E-mail: ernst@gsf.de  

• Tropospheric ozone is a serious world-wide air pollutant known to be a uhiquitousabiotic 
stressor. A lot of puhlications exist about ozone effects at physiological and hiochernical 
leveis oí' forest trees. However, the molecular biological leve¡ is underrepresented, and rnost 
of these data are based on laboratory experiments. Effects of ainbient and double-ambicnt 
ozone concentrations on selected genes of the shikimate and phenylpropanoid pathway of 
European beech were continuously monitored in a lysimeter experirnent under outdoor 
conditions over two years. Transcripts were quantilied by real-time RT-PCR, and phenolic 
secondary metabolites were analyzed by RP-HPLC. Only small changes in the expression 
values (up to a factor of 2) were found during spring and summer. However, at the end of (he 
vegetation period in 2003 a strong up-regulation of dehydroquinate synthase, dehydroquinate 
dehydratase. 4coumarate:CoA ligase and cinnainyl alcohol dehydrogenase was found. As 
ozone is known to accelerate leaf loss, senescence processes may be involved in the changed 
gene expression pattern. 
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arend@wiw.tum.de

BERGER DAVE 
ARONEN TUIJA BOTANY DEPARTMENT 
52.1 3p + 57.3 ROOM 6-26 AGRI.SCI. BUILDING 
FINNISH FOREST RESEARCH INST. UNIVERSITY OF PRETORIA 
FINLANDIANTIE 18 PRETORIA 
PUNKAHARJU 0002 
FINLAND dave.bergerup.ac.za 
FI-58450 
tui ja aronen@metla.fi



BERNIER LOUIS BHLENIUS HENRIK 
S2.1 S6.5 
CENTRE DE RECHERCHE EN SKOGLIG GENITIK OCH 
BIOLOGIE FORESTIERE VAXTFYSIOLOGI 
UNIVERSITE LAVAL UMEA PLANT SCIENCE CENTRE 
SAINTE-FOY QUEBEC CANADA UNEA SWEDEN 
GIK7P4 90187 
Iouis.bernier@rsvs.ulaval.ca	 hendrik.bohlenius@genfys.slu.se  

BERTOLO ANA BOHLMANN JORG 
AV. PADUA DIAS II 53.3 
DEPARTEMENTO DE GENETICA MICHAEL SMITH LABORATORIES 
ESALQ-USP UNIVERSITY OF BRITISH COLUMBIA 
PIRACICABA SAO PAULA BRAZIL VANCOUVER BRITISH COLUMBIA 
13400-970 CANADA 
aIfbertoesIq.usp.br V6TI Z4 

bohlman@intershange.ubc.ca  
BHALERAO RISHIKESH 
56.2 BONFILS ANNE-CHRISTINE 
DEPT OF FOREST GENETICS & FOREST SCIENCE DIVISION 
PLANT PHYSIOLOGY CANADIAN FOREST SERVICES 
SWEDISH UNIV OF AGRIC SCIENCES NATURAL RESOURCES 
UMEA SWEDEN OUOWA ANTARIO CANADA 
5-901 83 KIAOE4 
rishi.bhaIeraogenfys.slu.se abonfiIsnrcan.gc.caJcfs/biotech 

BHUIYAN NAHIDA BORNMAN CHRIS 
SI17p 
LAND AND FOOD RESOURCES SONDERMARKEN 12 
1 BANKS STREET ROSTED 
YARRALUMLA SLAGELSE 
ACT AUSTRALIA DENMARK 
2600 4200 
nahida.bhuiyan@csiro.au bornman@privat.dk 

BJÓKKLUND SIMON BOSSINGER GERD 
56.14p SS. I2p+SS.2Ip+s6.8p+S6.IIp+S9.16p+S9.I7p 
UPSC SCHOOL OF FOREST & ECOSYSTEM 5 
SLU UNIVERSITY OF MELBOURNE 
UMEA VASTERBOTTEN CRESWICK VICTORIA 
SWEDEN AUSTRALIA 
90183 3363 
simon.bjorklund@genfys.slu.se 	 gerdunimeIb.edu ,au

BLAKEWAY FLIC BOUVET JEAN-MARC 
FORESTRY PROGRAMME S5.I5p + 55.23p + S5.24p + 55.25p 
CSIR CIRAD CAMPUS DE BAILLARGUET 
P 	 BOX 17001 RESEARCH UNIT FOREST GENETICS 
CONGELIA KZN SOUTH AFRICA TA IO1C MONTPELLIER CEDEX 5 
4013 FRANCE 
fbIakeway@csir.co.za 34398 

jean-marc.bouvet©cirad.fr 
BLOMBERG PATRICK 
S2.27p BRADFIELD JOANNE 
DEPT. ECOLOGY & ENVIRONMENTAL DEPARTMENT OF GENETICS 
SCIENCES UNIVERSITY OF PRETORIA 
UMEA UNIVERSITY PRETORIA 
UMEA SWEDEN SOUTH AFRICA 
SE-90187 0002 
patric.blcmbergemg.ume.se s22023349tuks.co.zz 

BOERJAN WOUT BROMMENSCHENKEL SERGIO 
58.10 53.8 
DEPT OF PLANT SYSTEMS BIOLOGY SALA S02 BIOAGRO 
VIB TECHNOLOGYPARK 927 UNIV FEDERAL DE VICOSA 
GENT VICOSA 
BELGIUM MG BRAZIL 
9052 36571-000 
woutboerjan@psb.ugent.be shbromo@ufsf.br

n 
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BRUNNER AMY 
SI.l COLEMAN HEATHER 
VIRGINIA TECH DEPT OF FORESTRY 58.12 
3 1 O CHEATHAF-1 HALL FACULTY OF FORESTRY 
BLACKSBERG VA2406I #2900-2424 MAIN MALL 
USA VANCOUVER 
97331 BRITISH COLUMBIA CANADA 
abrunner@vt.edu V6T 1N4 

heachcoIinterchange.ubc.ca 
BURKE STEVEN 
54.6 CONCHI SANCHEZ 
15 T.W. ALEXANDER DRIVE AVDA DE VIGO S/N 
NORTH CAROLINA BIOTECHOLOGY C SANTIAGO DE COMPOSTELA 
RESEARCH TRIANGLE PARK A CORUNA 
NORTH CAROLINA USA SPAIN 
27709 15706 
joanne_murray@ncbiotech.org conchi@iiag.cesga.es 

CANOVAS FRANCISCO M CONNETT-PORSEDDU MARIE 
S8.24p 54.5 
DEPT DER BIOLOGIA MOLECULAR GPO BOX 3200 
Y BOIQUIMICA CAMBIA 
UNIVERSIDAD DE MALAGA CANBERRA 
MALAGA SPAIN ACT AUSTRALIA 
29071 2601 

• canovas@uma.es marie@cambia.org 

CARNEIRO RAPHAEL CORDEIRA JORGE 
SI.II p FOREST BIOTECH (LAB 6.06) 
DEPT OG GENETICA IBET/ITQB 
UNIVERSITY OF SAO PAULO AV REPUBLICA EAN 
AV. OADUA DIAS II PIRACACABA OEIRAS PORTUGAL 
SAO PAULO BRAZIL 2784-505 
CEP 13400-970 kordeiroitqb.unI.pt 
rtcarnei@esaIq.usp.br

CORTINAS MARIA-NOEL 
CARVALHO MAYRA 52.10p 
SI.9p FABI 
AVENIDA PADUA DIAS II UNIVERSITY OF PRETORIA 
PIRACICABA PRETORIA 
SAO PAULA GAUTENG SOUTH AFRICA 
BRAZIL 0002 
CX 83 CP:13400970 mncorttnas@fabi.up.ac.za 
magaIloesalq.usp.br

CREUX NICKY 
CELEDON PAOLA DEPARTMENT OF GENETICS 
SI.13p UNIVERSITY OF PRETORIA 
AV.PADUS DIAS II PRETORIA 
DEPARTMENT OF GENTICS SOUTH AFRICA 
ESALQ-USP 0002 
PIRASICABA SAO POLO BRAZIL nicky.creux@fabi.up.ac.za ,
13400-970 
pafceledesaIq.usp.dr DE CASTRO MINIQUE 

55.16p 
CERVERA MARIA-TERESA DEPARTMENT OF GENETICS 
SS. hp UNIVERSITY OF PRETORIA 
GENéTICA Y ECOFISIOLOGIA PRETORIA 
FORESTAL GAUTENG SOUTH AFRICA 
CIFOR-INIA 0002 
MADRID SPAIN s9912937@tuks.co.za 
28040 
cervera@inia.es DE VOS LIESCHEN 

S2.1 8p 
CHEN JINHUI DEPARTMENT OF GENETICS 
FOREST GENETICS & GENE FABI UNIVERSITY OF PRETORIA 
ENGINEERING LAS GAUTENG 
NANJING SOUTH AFRICA 
CHINA 0002 
210037 Ibalilmanfabi.up.ac.za 
chenjh@njfu.edu.cn

DEAN JEFFREY 
COETZEE MARTIN S9.I 
52.23p RIVERBEND RESEARCH BLDG B 
DEPT. OF GENETICS 220 RIVERBEND RD 
UNIVERSITY OF PRETORIA ATHENS 
SOUTH AFRICA, 0002 GA. USA, 30605 
martin.coetzee@fabi.up.ac.za jeffdean@uga.edu

3 



DEKEL MARA FARNUM PETER 
S4.I0p 54.I 
P 	 BOX 199 VP TECHNOLOGY-TIMBERLANDS 
CBD TECHNOLOGIES LTD WEYERHAEUSER COMPANY 
REHOVOT FEDERAL WAY 
ISRAEL WASHINGTON USA 
76100 98003 
mdekel@cbd-tech.com 	 peter.farnum@weyerhaeu5er.com 

DEMURA TAKU FLUCK SILVIA 
S6.7 S3.13p 
PLANT SCIENCE CENTRE BIOGENETICS/NATURAL RESOURCES 
RIKEN ARC SEIBERSDORF RESEARCH GMBH 
YOKOHANA SIEBERSDORF 
YAPAN AUSTRIA, 2444 
230-0045 siIvia.fluck@arcs.ac.at 
demura@riken.jp

FORD CATHY 
DIAS-SALA CARMEN S7.9p 
57.2 SAPPI FORESTS RESEARCH 
DEPT OF PLANT BIOLOGY HOWICK 
UNIVERSITY OF ALCALA KWA ZUKU NATAL 
ALCALA DE HENACRES SOUTH AFRICA, 3290 
MADRID SPAIN, 28871 nicky.Iones@sappi.com 
carmen.diazsaIa@uah.es

FOSSDAL CARL GUNNER 
EBINUMA HIROYASU S2.4 + S6.I5p + S9.15p 
S7.23p NORWEGIAN FOREST RESEARCH INST 
FORESTRY SCIENCE LABORATORY HOGSKOLEVEIN 8 
NIPPON PAPER INDUSTRY CO LTD AAS 
5-21 . 1 OJI KITA-KU NORWAY, N-1432 
TOKYO JAPAN carl.fossdalskogforsk.no 
114-0002 
0880080np-g.com FREEMAN JULES 

S5.30p 
EDVARDSSON ELLINOR SCHOOL OF PLANT SCIENCE 
S8.4 UNIVERSITY OF TASMANIA 
DEPT FOREST GENETICS & PLANT PRIVATE BAG 55 HOBART 
PHYSIOLOGY TASMANIA AUSTRALIA 
SLU 7001 
UMEA SWEDEN jdfreemanutas.eduau 
90183 
ellinor.edvardsson@genfys.slu.se GAlA GEISS 

S6.19p 
EDWARDS NICCI UMEA PLANT SCIENCE CENTRE 
MONDI BUSINESS PAPER DEPT - PLANT GENETICS & PLANT 
P O BOX 12 PHYSIOLOGY 
HILTON UMEA SWEDEN 
KZN 32454 90183 
SOUTH AFRICA gaia.geissgenfrs.sIu.se 
nicola.edwards@mondibp.com

GOFFNER DEBORAH 
EGERTSDOTTER ULRIKA S8.3 
56.I0 POLE DE BIOTECHNOLOGY 
DEPARTMENT OF FORESTRY VEGETALE 
VIRGINIA TECH CASANET TOLOSAN 
BLACKSBURG FRANCE 
VA USA, 24061 31326 
uegertsd@vt.edu goIfnerscsv.ups-tIse.fr 

ERIKSSON DANIEL GOLDFARB BARRY 
S6.4 FORESTRY & ENV. RESOURCES 
DEPT OF FOREST GENETICS AND BOX 8008 
PLANT PHYSIOLOGY NORTH CAROLINA STATE UNIV. 
SWED$SH UNIVERSITY OF CULTURAL RALEIGH NORTH CAROLINA USA 
SCIENCES UMEA SWEDEN, 90187 27695-8008 
daniel.eriksson©genfys.slu.se barrygoIdfarbncsu.edu 

ERNST DIETER GOMES DANIELLE 
52.9p + S9.IOp + 59.24p SIlOp 
INSTITUTE OF BIOCHEMICAL AV PADUA DIAS N. II 
PATHOLOGY PIRACICABA 
GSF SAO PAULO 
NEHERBURG BAVARIA GERMANY BRAZIL 
D-85764 13400-970
ernst@gsf.de	 dggomesesaiq.usp.br

. 

l7i 
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GOMEZ DINA HAMPP RUEDIGER 
52.24p S2.22p 
74 LUNNON ROAD UNIVERSITY OF TUEBINGEN 
FABI GERMANY 
UNIVERSITY OF PRETORIA ruediger.hamppuni4uebingen.de  
SOUTH AFRICA 
0002 HANLEY STEVEN 
dina.gomez@fabi.up.as.za 55.8 + SS. 3 1  

PLANT & INVERTEBRATE ECOLOGY 
GONZALEZ ESTEBAN ROTHAMSTED RESEARCH 
DRN - BIOTECHNOLOGY HARPENDEN HERTFORDSHIRE 
SUZANO UK 
SAO PAULO AL5 210 
BR.AZIL stevehanley@bbsrcac.uk 
08613-900 
ergonzal@carpa.ciagri.usp.br HANSEN OLE K 

FOREST GENETIC RESOURCES 
GRATTAPAGLIA DARlO CENTRE FOR FOREST LANDSCAPE 
55.33p + 55.34p AND PLANNING 
PLANT GENETICS LABORATORY HORSHOLM DENMARK 
EMBRAPA CENARGEN - 2970 
SAIN PARQUE RURAL Okh@kvl.dk 
BRASILIA DF BRAZIL 
70770-970 HARDING SCOTT 
dario@cenargen.embrapa.br S9.23p •

SCHOOL OF FORESTRY 
GRIMA-PETTENATI JACQUELINE 1400 TOWNSEND DRIVE 
5 I.I8p + 58.5 MICHIGAN TECH 
UMR CNRS UPS 5546 MICHIGAN USA, 49931 
BP 42617 sahardin@mtu.edu 
24 CHEMIN DE BORGE ROUGE 
CASTANET TOLOSON FRANCE HARVENGT LUC 
31326 S819p 
griniascsvups-rIse.fr AFOCEL LBT 

DOMAINE DE 1 ETANCON 
GROOVER ANDREW NANGIS 
S6.I FRANCE, 77370 
US FOREST SERVICE harvengt@afocel.fr  
1100 WEST CHILES RD 
DAVIS CALIFORNIA HENRIQUE ANDREIA 
USA, 95616 RODOVIA ES-257/KM25 
agrooverfs4edu	 - PO BOX 33.1011 

ARACRUZ ESPIRITO SANTO 
GUERRA-GUERRERO FERNANDO BRAZIL 29197000 
59.18p ahenriquearacruz.com.br 
INST. DE BIOLOGIA VEGETAL	 ¡ 
Y BIOTECHNOLOGIA - CIBS	 J HERTZBERG MAGNUS 
UNIVERSIDAD DE TALCA SWETREE TECHNOLOGIES 
TALCA CHILE	 ,V P 	 BOX 7981 
'fguerrautaka.cI UMEA ,

- SWEDEN 
GUIMARES XAVIER MEIRELES KAREM SA 907 19 
SI. 14P magnus.hertzberg@swetree.com  
UNIVERSITY OF SAO PAULO 
PIRACICABA HETTASCH MARRIANE 
SP CSIR ENVIRONMENTEC 
BRAZIL PO BOX 395 
C.P.83/CEP: 13416-160 PRETORIA. 0001 
kgzxavieresIq.usp.br mhattasc@csir.co.za 

GUSTAFSSON PETTER	 HIBINO TAKASHI 
PLANT PHYSIOLOGY 	 FORESTRY INSTITUTE 
UMEA PLANT SCIENCE CENTRE	 OJI PAPER CO.LTD 
UMEA	 NOBONO 24-9 KAMEYAMA 
SWEDEN	 MIE JAPAN 
SE-90I 87	 519-0212 
petter.gustafsson@ptantphys.umu.se	 takashi-hibinoojipaper.co.jp 

HALL DAVID HINCHEE MAUD 
SS.22p 54.2 
DEPT ECOLOGY & ENVIRONMENTOL 180 WESTVACO ROAD 
SCIENCE SUMMERVILE 
UMEA UNIVERSITY SOUTH CAROLINA 
UMEA SWEDEN USA 
SE 901 87 29483
david hall@emg.umu.se 	 mahincharborgen.com  
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HIRAO TOMONORI JOKIPII SOILE 
GRADUATE SCHOOL S2.17p 
AKITA PREFECTUAL UNIVERSITY DEPT OF BIOLOGY/BOTANY 
HITACHI UNIVERSITY OF OULU 
IBARAKI JAPAN OULU 
319-1301 FINLAND 
hiratomo@affrc.go.jp 90014 

soile.jokipii@oulu.fi 
HOLLIDAY JASON 
59.6 iONES NICKY 
DEPARTMENT OF FOREST SCIENCES SAPPI FOREST RESEARCH 
3041-2424 MAIN HALL HOWICK 
VANCOUVER BC KWA ZULU NATAL 
CANADA SOUTH AFRICA 
V6T 1Z4 3290 
haliday©interchange.ubc.ca NICKYJONES@SAPPI.COM  

HORSL.EY TASMIEN JOSHI CHANDRASHEKHAR 
P O BOX 473 58.8 
HOWICK SFRES MICHIGAN TECRNOLOGY 
KWAZULU NATAL UNIVERSITY 
SOUTH AFRICA HOUGHTON 
3290 MICHIGAN USA 
tasmiem.horsIey@sappi.com 49931 

cpjoshi@mtu.edu 
HOSOI YOSHIHISA 
S7.1 5p JOUANIN LISE 
MOLECULAR & CELL BIOLOGY 58.1 
INCORPORATED ADMIN, AGENCY BIOLOGIE CELLULAIRE 
1 MATSUNOSATO TUKUBA INKA 
IBARAKI JAPAN VERSAILLES 
305-8687 FRANCE 
yh2884ffpri.affrc.go.jp jouanin@versaiIles.inra.fr  

HUBER DUDLEY KALLURI UDAYA 
S5.4 SI.5 
363 NEWINS-ZIEGLER HALL ENVIRONMENTAL SCIENCES DIV 
P.O. BOX 110410 OAK RIDGE NATIONAL LAB 
UNIVERSITY OF FLORIDA PO BOX 2008 
GAINESVILLE, FL 32611-0410 OAK RIDGE TENNESSEE USA 
USA 37831-6422 
DAHUBER@UFL.EDU u6kornI.gov 

HUNTER GAVIN KANZLER ARNULF 
S2.I2p SAPPI FORE5T RESEARCH 
FABI - UNIVERSITY OF PRETORIA HOWICK 
PRETORIA KZN 
GAUTENG SOUTH AFRICA 
SOUTH AFRICA 3290 
0002 arnuIf.kanzler@sappi.com 
gavin.hunterfabi.up.ac.za

KARAMZADEH SAEED 
ISABEL NATHALIE 
S5.I9p CROPSCIENCE DEPT 
NATURAL RESOURCES CANADA-CFS AGRICULTURE RESEARCH & EDUC 
1055 RUE DE PEPS ORGANIZATION ALADI 
SAINT-FOY TEHRAN IRAN 
QUEBEC CANADA 13145-1783 
GV 4C7 skaram@rifr-ac.ir 
nisabel©cfl.íorestry.ca

KARLBERG ANNA 
JACKSON LAURENCE 56.I8p 
APPLIED INDUSTRY ANALYSIS LTD DEP. OF FOREST GENETICS & PLAN 
P 	 BOX 5611 WELLESLEY STREET PHYSIOLOGY 
AUCKLAND UMEA PLANT SCIENCE CENTRE 
NEW ZEALAND UMEA 90183 
1036 SWEDEN 
Irj@industryanaIysis.co.nz anna.karlberg@genfys.slu.se

JOHNSON MATS	 KARLSSON JAN 
CEO	 SI.7 
SWETREE TECHNOLOGIES	 UMEA PLANT SCIENCE CENTRE 
UMEA	 UMEA UNIVERSITY 
SWEDEN	 UMEA 
90719	 SWEDEN. 90187 
mats.johnson@swetree.com 	 jan.karIsson@pIantphys.umu.sc

lo 



KEMP JOHN LABATE MONICA 
5529p S8.16p 
DEPT. OF GENETICS DEPARTAMENTO GENETICA 
UNIVERSITY OF PRETORIA UNIVERSITY OF SAO PAULO 
PRETORIA GAUTENG AV PADUA DIAS II PIRACICABA 
SOUTH AFRICA SAO PAULO BRAZIL 
0002 3400-970 
joho.kernp(ab i.up.ac.za mtvlabate2carpa.ciagri.usp br 

KIRBY EDWARD LEGUE VALERlE 
S7.27p S2.8 
DEPT. OF BIOLOGICAL SCIENCES UMR INRA/UI-IP - INTERACTION 
RUTGERS UNIVERSITY ARBRES/MICRO-ORGANISMES 
NEWARK FACULTY DES SCIENCES BP239 
NEW JERSEY USA, 7920 VANCOEUVRE FRANCE 
EKIRBY@ANDROMEDARUTGERS.EDU 54506 

IeguescbioI.uhp-nancy.fr 
KIRST MATIAS 
SS.28p LIPPERT DUSTIN 
367 NEWINS-ZIEGLER HALL 53.7 
PO BOX 110410 MICHAEL SMITH LABORATORIES 
GAINSVILLE FL UNIVERSITY OF BRITISH COLUMBIA 
USA, 3 2611-04 10 VANCOUVER 
mkirst@ufl.edu CANADA 

V6T 1 Z4 
KJAER ERIK Iippyinterchange.ubc.ca 
FOREST GENETIC RESOURCES 
CENTRE FOR FOREST LANDSCAPE LOMBARD LORENZO 
& PLANNING 52.I9p 
HOERSHOLM DENMARK DEP. OF MICROBIOLOGY & 
DK2970 HOERSHOLM PLANT PATHOLOGY 
edk@kvI.dk FABI UNIVERSITY OF PRETORIA 

SOUTH AFRICA 
KLINTENAS MARIA 0002 
S6. 1 3p Iorenzo.lombardfabLup.ac.za 
DEPARTMENT OF FOREST GENETICS 
ANF PLANT PHYSIOLOGY LU JINRONG 
SLU DEPARTMENT OF APPLIED BIOLOGY 
UMEA SWEDEN UNIVERSITY OF HELSINKI 
90187 HELSINKI 
maria.klincenas@genfys.slu.se FI NLAND 

FIN-00014 
KOUTANI EMI SANNA jinrong.IuheIsinki.fi 
S&I6p 
DEPT. OF APPLIED BIOLOGY MACKAY JOHN 
UNIVERSITY OF HELSINKI 53.2 + S6.24p 
UH UNIVERSITE LAVAL 
FINLAND QUEBEC 
FIN-00014 CANADA 
sanna.koutaniemi@helsinki.fi G 1K 7P4 '

jmackay@rsvs.ulaval.ca 
KRAUSKOPF ERWIN 
S9.I4p MAGEL ELIZABETH 
DEPT OF BIOLOGICAL SCIENCES 52.5 
UNIVERSIDAD ANDRES BELLO	 ) HAMBURG UNIVERSITY WOOD CENTRE 
SANTIAGO	 / LEUSCHNER STREET 21 
CHILE	 ¡ HAMBURG 
ekrauskopfunab.cl GERMANY, 21031 

eI iza beth.mageIuni-hanburg.de 
KULHEIM CARSTEN 
S9.8 MALAN FRANCOIS 
UMEA PLANT SCIENCE CENTRE KOMATILAND FOREST (PTY) LTD 
UMEA UNIVERSITY P O BOX 574 
UMEA SABlE 
SWEDEN MPUMALANGA SA 
SE-90I 87 1260 
carsten.kulheim@plantphys.umu.se fsmaIan@klLco.za  

LABATE CARLOS ALBERTO MALEKA FRANK 
SI.4 SS.27p 
DEPARTAMENTO DE GENETICA DEPT. OF GENETICS 
UNIVERSIDADE DE SAO PAULO UNIVERSIT'Y OF PRETORIA 
PIRICICABA SAO POLO PC BOX 83 PRETORIA 
BRAZIL GAUTENG SOUTH AFRICA 
13400-970 0002 
calabate@esalq.usp.br frank.maIeka@fabi.up.ac.za

7 



MALONEY VICKI MCDONNELL LISA 
58.2Ip 56.23p 
DEPT OF WOOD SCIENCE DEPT OF WOOD SCIENCE 
4TH FLOOR FOREST SCIENCES 4TH FLOOR FOREST SCIENCES 
VANCOUVER #4030-2424 MAIN MALL 
BRITISH COLUMBIA CANADA VANCOUVER BRITISH COLUMBIA 
V6T 1 Z4 CANADA V6T 1 Z4 
vickidrost@hotmail.com Imcdonneinterchange.ubc.ca  

MARQUE CHRISTIANE MElLAN RICHARD 
51.1 6p + 59.7 DEPT OF FORESTRY & NATURAL RES 
UMR 5546 PURDUE UNIVERSITY 
24 CHENIN DE BORGE ROUGE WEST LAFAYETTE 
AUZEVILLE 47907-2061 
FRANCE. BP 42617 47907-2061 
marquescsv.ups-tIse.fr rmeilan@purdue.edu 

MARQUES CRISTINA MELLEROWICZ EWA 
S5.14p 58.13 
GENOMICS LAB DEPT OF FOREST GENETICS AND 
RAIZ PLANT PHYSIOLOGY 
AVEIRO SLU 
POTUGAL 380 1-501 UMEA SWEDEN 
CRISMARQ@ITQB.UNLPT 83 901 

ewa.mellerowiczgenfys.sIu.se 
MARUM LILIANA 
S7.I6p MICHLER CHARLES 
FORES BIOTECH (LAB 6.06 315 FOREST HILL DRIVE 
IBETIITQB WEST LAFAYETTE 
AV REPU8LICA EAN INDIANA 
OEIRAS PORTUGAL USA, 47906 
2784-505 michIerpurdue.edu 
marum@itqb.unl.pt

MIGUEL CéLIA 
MASEKO BONGANI S5.9p + 57.5 
52,6 FOREST BIOTECH (LA136.06) 
FABI - UNIVERSITY OF PRETOIRA IBET/ITQB 
PRETORIA AV REPUBLICA EAN 
GAUTENG OEIRAS PORTUGAL 
SOUTH AFRICA 2784-505 
0002 cmiguel©itqb.unl.pt 
bongani.masekofabi.up.ac.za

MISRA SANTOSH 
MATHIEU CASTELAIN S2.26p 
S6.20p BIOCHEMISTRY & MICROBIOLOGY 
UMEA PLANT SCIENCE CENTRE UNIVERSITY OF VICTORIA 
DEPT OF FOREST GENETICS & VICTORIA BC 
PLANT PHYSIOLOGY CANADA, V8W 3P6 
UMEA SWEDEN cmisra@uvic.ca 
901 83 
mathieu.castelain@genfys.slu.se MOLEPO CALVYN 

S2.I6p 
MATSUNAGA ETSUKO FABI UNIVERSITY OF PRETORIA 
S7.4 PRETORIA 
FORESTRY SCIENCE LABORATORY GAUTENG 
NIPPON PAPER INDUSTRY CO LTD SOUTH AFRICA 
5-21-1	 OJI KITA-KU 0002 
TOKYO JAPAN calvyn.molepo@fabi.up.ac.za 
114-0002 
etsukomnp-g.com MOON DAVID 

51.15P 
McALLISTER BRENDA - do not use DEOARTAMENTO DE GENETICA 
MONDI BUSINESS PAPER UNIVERSITY OF SAO PAULO 
PO BOX 12 AV.PADUA DIAS II PRACICABA 
HILTON SAO PAULO BRAZIL 
KWA ZULU NATAL CEPI3400-970 
3245 dhmoonesaIq.usp.br 
brenda.mcatister@monclibp.com

MOREAU CHARLEEN 
MCCORD SUSAN 56.9 
INST.OF FOREST BIOTECHNOLOGY PLANT PHYSIOLOGY DEPT 
920 MAIN CAMPUS DR SUITE 101 UMEA UNIVERSITY 
RALEIGH UPSC 
NORTH CAROLINA USA UMEA SWEDEN 
27606 90187 
susan_mccord©forestbiotech.org charleen.moreau@plantphys.umu.se

. 
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MORGANTE MICHELE	 PARK JAE IN 
DIPARTIMENTO DI SCIENZE AGRARIE ED 	 S7.22p + S7.25p 
AMBIENTALI	 SCHOOI. OF FOREST RESOURCES COL 
UNIVERSITA' Dl UDINE	 OF AG. LIFE. ENVIRO 
VIA DELLE SCIENZE 208	 CHUNBUK NATIONAL UNIVERSITY 
1-33100 UDINE	 CHEONGJU CITY SOUTH KOREA 
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MORITZ THOMAS PARK Y111L-SUNG 
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UMEA PLANT SCIENCE CENTRE NATURAL RESOURCES CANADA 
SWEDISH UNIVERSITY OF PO BOX 4000, FREDIRICTON 
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UMEA SWEDEN E3B 5P7 
SE-901 83 ypark@nrcan.gc.ca 
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PARK YOUNG-GOO 
MYBURG ALEXANDER S7.2Ip 
DEPARTMENT OF GENETICS DEPARTMENT OF FORESTRY 
UNIVERSITY OF PRETORIA COLLEGE OF ARGRICULTURE 
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SOUTH AFRICA DAEGU SOUTH KOREA 
0002 DAEGU	 702-701 
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NELSON C. DANA PASQUALI GIANCARLO 
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USDA FOREST SERVICE CENTRO DE BIOTECNOLOGIA 
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dananeIson@fs.fed.us CEP 91501-970 

pasquaIicbioc.ufrgs.br 
NILSSON JEANETTE 
56.6 PAYN KITT 
DEPT FORESTRY GENETICS & PLANT 12 SPRING GRANGE ROAD 
PHYSIOLOGY WESTVILLE 
UMEA PLANT SCIENCE CENTRE SOUTH AFRICA 
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SWEDEN kpayn@ncsu.edu 
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PELGAS BETTY 
NILSSON OVE S5.7 
S4.3 CANADA RESEARCH CHAIR IN 
UMEA PLANT SCIENCE CENTRE FOREST GENOMIC 
SWEDISH UNIVERSITY OF CRBF LAVAL UNIVERSITY 
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SCHOOL OF PLANT SCIENCE 
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DALHOUSIE UNIVERSITY 
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MEXICO, 45110 
cramirez@cucba.udg.mx 
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PROTECTION 
FOREST RESEARCH 
ROTORUA NEW ZEELAND 
3201 
tod.ramsfieId©forestresearch.co.n 

RANIK MARTIN 
S8.25p 
DEPARTMENT OF GENETICS 
UNIVERSITY OF PRETORIA 
PRETORIA 
GAUTENG SOUTH AFRICA 
0002 
martin.ranik@fabi.up.ac.za 

RESMAN LARS 
S9.20p 
DEPT OF FOREST GENETICS & 
PLANT PHYSIOLOGY 
UMEA 
SWEDEN, 907 50 
Iars.resman©enfys.sIu.se

RITLAND KERMIT 
DEPART. OF FOREST SCIENCES 
UNIVERSITY OF BRITISH COLUMBIA 
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BRITISH COLUMBIA CANADA 
V6T 1 Z4 
kritIandinterchange.ubc.ca 

ROCH ETA MARGARIDA 
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FOREST BIOTECH (LAB 6.06) 
IBET/ITQB 
AV REPUBLICA EAN 
OEIRAS PORTUGAL 
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RUIZ CANTON FRANCISCO 
56.22p 
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UNIVERSIDAD DE MA LAGA 
MAILAGA SPAIN 
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frcanton@uma.es 

SALVATIERRA GUILLERMO 
52.3 
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PIRACICABA 
SAO PAULA 
BR.AZIL 3400-970 
grsalvatesaiq.usp.br 

SATO YASUSHI 
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FACULTY OF SCIENCE 
EHIME UNIVERSITY 
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EHIME JAPAN 
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YSATO@SCI.EH IME-U.AC.JP 
SEQUIN ARMAND 
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NATURAL RESOURCES CANADA 
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SHANI ZIV 
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CBD TECHNOLOGIES LTD 
REHOVOT 
ISREAL. 76100 
zshani@cbd-tech.com  

SHI JISEN 
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jihinIfu.edu.cn
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CBD TECHNOLOGIES LTD ROYAL INSTITUTE OF TECHNOLOGY 
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SOLOMON LUKE 
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DEPARTMENT OF GENETICS S9.I3p 
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PO BOX 473 FOREST BIOTECH (LAB 6.06) 
HOWICK IBET/ITQB 
SOUTH AFRICA AV REPUBLICA. EAN 
3290 OEIRAS PORTUGAL 
terry.stangersappi.com 2784606 

steresoitqb.unI.pt 
STEN LID JAN 
S2.2 TEULIERIES CHANTAL 
DEPT FOREST MYCOLOGY & S9.1 
PATHOLOGY BOX 7026 UMR 5546 
SWEDISH UNIV. OF AGRICULT SCIE 24 CHEMIN DE BORDE ROUGE 
UPSALA SWEDEN AUZEVILLE 
S-75007 FRANCE, BP 42617 
jan.stenIidmycopat.sIu.se teulieres@scsv.ups-tlse.fr



VINOCUR BASIAJUDITH 
THUMMA BALA	 59.4 
S5.5	 FACULTY OF AGRICULTURE 
YARRALUMLA (CANBERRA)	 HEBREW UNIVERSITY OF JERUSALEM 
ACT	 REHOVOT 
AUSTRALIA	 ISRAEL 
2600	 76100 
reddy.thumma@csiro.au	 'N.inocuragrihujLac.iI 

TRONTIN JEAN FRANCOIS VITRICI MARIANA 
S7.19p S7.6 
AFOCEL LBT DEPT OF BIOCHEMISTRY & 
DOMAINE DE 1 ETANCON MICROBIOLOGY 
NANGIS PO BOX 3055 STN CSC 
FRANCE VICTORIA BRITISH COLUMBIA 
77370 CANADA V8W 3P6 
trontin@aficel.fr marianav@uvic.ca 

TSAI CHUNG-JUI VON ADERKAS PATRICK 
5I.6 S2.2Ip 
SCHOOL OF FORESTRY CENTRE FOR FOREST BIOLOGY 
400 TOWNSEND DRIVE DEPARTMENT OF BIOLOGY 

MICHIGAN TECH VOCTORIA BRITISH COLUMBIA 
MICHIGAN USA CANADA 
49931 V8W 3N5 
chtsai@rntu.edu pvonader@uvic.ca 

TSCHAPLINSKI TIMOTHY WADENBACK JOHAN 
S3.5 S8.II 
ENVIRONMENTAL SCIENCES DIV DEPT.PLANT BIOLOGY & FOREST 
OAK RIDGE NAT LABORATORY GENETICS 
OAKRIDGE UNIV OF CULTURAL SCIENCES 
RENNESSEE USA UPPSALA SWEDEN 
37831-6422 75007 
t2tornI.gov ¡ohan.wadenbackvbsg.sIu.se  

TUSKAN GERALD WAGNER ARMIN 
SI.2 + S5.2 S3.4 + S7.I7p 
P O BOX 2008 SCION 
MS-6422 PRIVATE BAG 3020 
OAK RIDGE TN ROTORUA 
USA NEW ZEELAND 
37830 3201 
gtkornIgov	 armin.wagnerscionresearch.com 

UMEZAWA TOSHIAKI WATANABE ATSUSHI 
58.6 + S8.22p + 58.23p 54.9p 
RESEARCH INSTITUTE FOR BREEDING TECHNOLOGY DIVISION 
SUSTAINABLE HUMANOSPHERE FOREST TREE BREEDING CENTRE 
KYOTO UNIVERSITY HITACHI 
UJI KYOTO JAPAN IBARAKI JAPAN 
611-0011 319-1301 
tumezawa@rish.kyoto-u.ac.Ip nabeatsu@affrc.go.jp

VAN DER NEST MAGRIET
	

WINGFIELD BRENDA 
S2.14p	 FABI 
FABI
	

UNIVERSITY OF PRETORIA 
DEPARTMENT OF GENETICS

	
PREOTORIA 

UNIVERSITY OF PRETORIA
	

GAUTENG SOUTH AFRICA 
SOUTH AFRICA
	

0002 
0002
	 brenda.wingfieldfabi.up.ac.za 

nagrietvandernestfabi.up.ac.za
WINGFIELD MIKE 

VERRYN STEVE
	

FABI 
CSIR ENVIRONMENTEK
	

UNIVERSITY OF PRETORIA 
P  BOX 395
	

PRETORIA 
PRETORIA 0001
	

GAUTENG SOUTH AFRICA 
SVERRYN@CSIR.CO.ZA

	

	
0002 
helen.doman@fabi.up.ac.za  

VICTOR MICHELLE 
S6.26p	 XAVIER KAREM 
DEPARTMENT OF GENETICS

	
AVPADUA DIAS II 

UNIVERSITY OF PRETORIA
	 PIRACICABA 

PRETORIA
	

SAO PAULO 
michelle.victor@fabi.up.ac.za	 BRAZIL 

C..P.83 CEP: 13400-970 
kgxavieresaIq.usp.br 

12 



YAKOVLEV IGOR	 ZOGLAUER DR. KURT 
S9.9p	 S7.l +5713p 
NORWEGIAN FOREST RESEARCH INST

	
HUMBOLT UNVERSITY 

SKOGFORSK
	

BERLIN 
HOGSKOLEVEIEN 8
	

GERFIANY 
NORWAY
	

10115 
1432
	

kurtzoglauerrz.hu-berIin.de 
¡gor.yakovlevskogforsk.no 

. 

.

13



GENERAL INFORMATION 

1.	 CONFERENCE RELATED 

Coffees/lunches/dining 

Daily coifees, teas and lunches at the conference, the Sunday evening Welcome 
Cocktail Function, the Mayoral Gala Reception (Monday evening) and the Gala Farewell 
Dinner (Thursday evening) are included in the conference fee. Coifees and packet 
lunches will be served in the Dining room of the Sanlam Conference Centre. With the 
exception of the Welcome Reception, which will be held at the Sanlam Conference 
Centre on Sunday (6 November) at 19:00, afl evening functions will be hosted off 
campus. We suggest you bring a sweater/light jacket and comfortable shoes, should 
you be attending the optional evening programmes on the Tuesday and Wednesday 
evenings and for the optional visit to De Wildt Cheetah Farm. 

Conference Secretaruat 

The Conference Secretariat will be open every day from 07:00 to 17:00 throughout the 
duration of the conference. Conference material will be handed out and the name-
badge, which is your ticket to all sessions, lunches, coffees etc, should be worn at ah 
conference events. The contact mobile numbers for the Secretariat are as foliows: 
Sane MehI - 083 252 7094 
Althea Holworthy - 082 563 0656 

Conference Venue 

The conference wihl take place at the Sanlam Conference Centre situated on the 
campus of the University of Pretoria (a campus map is provided at the back of the 
abstract bookiet). Although it is located a short distance from most of the hotels and 
guest houses, delegates are advised to make use of the bus transport that has been 

, arranged. Detailed bus schedules will be posted in the foyer of each hoteh/guest house. 

Internet Access 

Wireless connection 

Wireless access will be available to all delegates (with wireless-enabled laptop 
computers) in the SRC room at the Sanlam Conference Centre from 6 - 11 November 
2005. You will need to obtain the USERNAME and PASSWORD from the Conference 
Secretariat on registration. No costs involved. 

Vía the computer room 

E-mail facilities and Internet access will be available to alI delegates at the 
Bioinformatics computer hab, 3rd floor, FABI Square Bioinformatics building between 
07:00 and 18:00 each day (a total of 24 computers are available). A himited number of 
access cards to the buildings will be available from the Conference Secretariat. Please 
collect these cards before going to FABI and return them to the conference secretariat 
immediately after use so that they can be avaihable for other dehegates. You will need



to obtain the USERNAME and PASSWORD from the Conference Secretariat on 
reg istration. No costs ¡ nvolved. 

Presentation Download and Preview 

IT personnel and computers will be avallable in the front of the Sanlam Auditorium 
during the registration period and during session breaks to assist attendees in 
downloading and previewing their PowerPoint presentations. PLEASE ensure that your 
presentation is downloaded onto the presentation server by no later than 17:00 on the 
day before your presentation. 

Posters 

Afl posters should be on display by 18:00 on Sunday evening. Numbered poster stands 
(0.95 m x 1.7 m maximum poster size) will be avaihable, as well as double-sided Veicro 
tape. Odd numbered posters should be manned by presenting authors during lunch on 
Monday and Wednesday. Even numbered posters should be manned on Tuesday and 
Thursday. Al¡posters should be removed by the end of coifee break (15:30) on Friday 
afternoon. 

Messages 

For messages and correspondence to the participants both before and during the 
Conference, the address and phone number are: 

IUFRO Conference, FABI, University of Pretoria, Pretoria, 0002 
Fax: + 12 420 3960 
Phone: + 12 420 3938 
Messages will be pinned up on the noticeboard situated in the foyer of the Sanlam 
Conference Centre. 

No Smoking Policy 

AU meeting rooms and seated functions will be smoke-free.	 9 
Special Assistance 

Staff from the Conference Secretariat will be glad to help you with any special needs 
(i.e. physical, dietary). They wihl not have a first aid kit with them, as had originally been 
envisaged, but wihl have the tehephone number of a nearby chemist and wihl organize 
that either the medicine required by a dehegate be dehivered to the conference centre, or 
that the standby vehicle wilh take the delegate to the chemist. In serious cases, the 
standby vehicle will take delegates to the Little Company of Mary's 24-hour medical 
centre. 

Sports Facilities 

The university sports centre is situated close to the conference venue. Al¡dehegates 
may use the facilities at their own risk. Details wihl be availabhe from the Conference 
secretariat.



Transportation 

Bus transportation has been arranged between the hotels/guest houses and the 
conference venue at the University Campus. Transport has also been arranged to get 
you to the venues for the social functions. 

On the two optional evenings, Tuesday and Wednesday (8 and 9 November), transport 
has been arranged from ah hotels/guest houses to the Brooklyn Mal¡ for the convenience 
of aN attendees who wihi not be attending the optional programmes. There are shops, 
cinemas and many restaurants at the Brooklyn Mal¡. Should you wish to make use of 
this service, kíndiy make a booking with the Conference Secretariat by morning tea 
time. Pay the driver directly (R60 return trip per person). The bus schedule for these 
two evenings is as fohiows: 

HOTELS TO BROOKLYN MALL 
19:00 & 20:00 Holiday Inn Hatfield 

.
19:10 & 20:10 Sheraton Hotel 
19:15 & 20:15 CourtClassique 
19:20 & 20:20 Courtyard Hotel 
19:25 & 20:25 Hatfieid Lodge 
19:30 & 20:30 Hatfieid Manor 
19:45 & 20:45 Arriving Brooklyn Mal¡

BROOKLYN MALL TO HOTELS 
21:30 & 22:30 Depart Brooklyn Mali 

The staff at your hotei/guest house and the Conference Secretariat will assist you should 
you need transport to other venues. Attendees are encouraged to make use of the 
conference transport rather than other forms of pubhic transport. We advise delegates 
not to waik in the area after dark. Transport tickets for each and every trip, which has 
been paid for as part of the deiegate fees or for the optional evenings, need to be 
handed to the vehicle driver when embarking. The tickets wihl be in the delegate's 
pouch. 

Other travei arrangements 

Any enquiries regarding additional post conference tours, or changing of air tickets can 
be discussed with the Conference Secretariat, who wihl handie any requirements on your 
behalf. They wiil still be abie to take bookings for any tour the delegates might request. 
Fuil details are given in the Social Programme. 

Mhondoro is fuhly booked for the weekend (12 - 14 Nov) but delegates wihl be placed in 
similar lodges for the same price in Weigevonden. These are Shidzidzi and Nungubane 
Game Lodges. They can accommodate a total of 20 guests in intimate elegance 
offering big 5 game viewing. The price is R5900 per person sharing which includes 
transport to and from delegate's hotel in Pretoria. 

The Cheetah tour on Wednesday afternoon is fuhly booked. However, the Conference 
Secretariat can offer a game drive tour at the Premier Game farm, just outside Cuhhinan. 
One problem is that the game viewing might not be so good if it is a hot day. Summer 
time tours are usuahly at 5pm, but because delegates must be back in Pretoria by 17h30 
in time for the trip to the Voortrekker Monument, the tour wihl take place during the 
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afternoon, starting at 14h30. The Premier Game farm has ah game except hion, buifalo 
and elephant. See website www.premierçjametours.com . 

2.	 GENERAL TRAVEL TIPS (Pretoria and the rest of the country) 

Banks and Bureaux de Change 

Al¡major cities and banks have Bureau de Change offices. International banks have 
branches in the major cities. In the countryside, most of the banks in the towns should 
accept travehlers' cheques. There are ATM facilities in most towns and cities. These are 
usuahly found at the banks or in the shopping mahls and at filhing stations. Banking hours 
are weekdays from 09:00 to 15:30 and Saturdays from 09:00 to 11:00. Certain banks 
and foreign exchange outlets at Menlyn Shopping Centre provide extended operating 
hours. 

Climate 

South Africa has a wonderful climate with more than 300 sunshine days on average per 
year. The Western Cape Area has a Mediterranean chimate with warm, dry summers 
and coid, wet winters. The northern part of the country is hot in summer, with summer 
rains, and mild in winter. The heat of a summer's day is often rehieved by an afternoon 
or evening thunderstorm. In November the temperature in Pretoria can range from 30 
degrees Celcius at midday to an average night temperature of 12 - 15 degrees Celcius. 
Showers can be expected as Pretoria is in the summer rainfail area of South Africa. We 
suggest that you bring a warm sweater for chilly evenings and a raincoat/umbrehla for 
the rainy days. The coastal areas of KwaZuhu-Natal and eastern Mpumalanga provinces 
are subtropical and humid. Snowfahhs occur in winter (June/July) in the Drakensberg 
regions and Lesotho. For detailed information on the weather in South Africa, phone the 
South African Weather Bureau at 082 162. 

Drugs and Alcohol 

There are strict drug and alcohol laws in South Africa. No person under the age of 18 
may buy or consume alcohol in pubhic. Alcohol consumption in public is restricted to 	 lo 
bars and restaurants. Al¡ habit-forming and recreational drugs are banned. Take care 
not to accept drugs or drinks from strangers. 

Electrical current 

The standard power supply is 220/230 volts AC throughout South Africa, with the 
exception of Pretoria (230V) and Port Elizabeth (2001250V). Adaptors for electrical 
apphiances are widely available in major towns and cities. 

Languages 

With a population of more than 40 mihhion inhabitants, there are 11 official languages: 
Afrikaans, Enghish, Ndebele, North Sotho, South Sotho, Swati, Tsonga, Tswana, Venda, 
Xhosa and Zuhu. Enghish is widehy spoken and understood throughout the country, with 
the exception of the deep rural areas. AlI officiah signs and road signposts are in 
Enghish.
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Money and Credit Cards 

The currency is the South African Rand. There are 100 cents to the Rand. Banknotes 
are in denominations of R200, R100, R50, R20 and RIO. Silver coins are in 
denominations of R5, R2 and Rl, and brass coins in denominations of 50, 20, 10, 5, 2 
and 1 cents. Most establishments accept any of the following credit cards: Visa, Master, 
American Express and Diner's Club. 

Postal and Telecommunications Services 

Most post offices operate from 08:30 to 16:00 on weekdays and on Saturdays from 
08:00 to 12:00. Telephone directories provide fui¡ details of international dialing codes. 
Cellular or mobile phones can be rented at all international airports or as part of a car 
renta¡ package from any of the three cellular network companies. 

Public Safety and Security 

Take the same basic personal safety precautions as you wouhd in any country. Never 
willingly reveal to any stranger that you are a tourist. Avoid displaying expensive 
jewellery, cameras and other valuables. It is definitehy not advisable to carry large sums 
of money on you. Carry money, credit cards, passports and travel documents discreetly 
and out of reach of pickpockets and bag snatchers. Make photocopies of ah your 
documents and leave them in a safe place. If you are using a prívate vehicle, always 
drive with the doors locked and the windows closed. Lock any valuables in the boot 
(trunk) of the vehicle - do not leave anything in view on any of the car seats. If at any 
time you fear for your safety, cal¡ South Africa's national emergency number: 10111. 

Smoking 

It is an offence to smoke in pubhic areas. Check with al¡ accommodation establishments 
whether smoking is allowed in the accommodation areas. 

O 
Time 

The time in South Africa in summer is two hours ahead of Greenwich Mean Time. 

Tipping 

For most services (if the service standard is satisfactory) a 10% tip is usual. Most 
restaurants do not include a service charge in the bilI, so it is customary to tip the waiter 
directly or add the tip to the final account. 

Useful Telephone Numbers 

International enquiries: 
Directory enquiries (national): 
Rescue service aviation: 
Pohice: 
Difficulty with emergency services: 
Time: 
Any emergency from a cellu lar phone

0903 9 (24-hour service) 
1023 
083 1999 
10111 
1022 
1026 
112



VAT (Value added tax) 

This is currently set at 14% and is usually included in the retail prices displayed on most 
goods and services. Visitors to South Africa may claim refunds on VAT paid on goods 
to be taken out of South Africa on departure. VAT refund administration offices are 
found at ah the major international departure terminals. To claim VAT, the original VAT 
invoice document is required. Note that services rendered or goods consumed in South 
Africa do not quahify for a VAT refund. 

Weights and Measures 

South Africa uses the metric system. Road signs therefore indicate distance in 
kilometers.

.
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DIRECTIONS TO SUNSET BOMA 
(Tuesday 8 November 2005) 

79 Main Road, Blue HilIs, Midrand 
Telephone	 (+27 11) 702 2215	 CeDular : 082 492 3586 
Facsimile	 : (+27 11) 702 2217	 E Mail sunsetboma@iafrica.com  

From Pretoria : Travelling on the PtalJhb Nl highway, take the Olifantsfontein off 
ramp. At the traffic lights turn left crossing back over the highway. Continue on 
Olifantsfontein road for 4 kilometres, until you reach the major traffic light intersection 
of Olifantsfontein Road and Main Road. Turn Left into Main Road and proceed for 
approx. 1 kilometre. Sunset Boma will be on your right hand side, opposite the 
Sunnybrae Nursery and near the 2 cellular towers. 
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From Johannesburg : Travelling on the Jhb/Pta N  highway, take the New Road off 
ramp and turn left onto New Road. Follow New Road, which becomes Walton, then 
Neptune and finally Arthur Road (approx. 3 kilometres in total). At the traffic lights, 
the Crowthorne Shopping Centre (Spur Steakhouse) will be on your right. Turn right 
into Main Road and continue for approximately 2 kilometres. Sunset Boma will be on 
your left hand side, opposite Sunnybrae Nursery and near the 2 cellular towers.



DIRECTIONS TO PRETORIA COUNTRY CLUB 

(Thursday 10 November 2005) 

NI from Jhb 
Take Rigel Avenue off ramp, turn left at the robot. 
Continue along Rige¡ Avenue for +1- 5 km. 
Turn right at Aries Avenue. 
FoIlow the road around a bend to the left when it becomes Sydney Avenue. 
Entrance to Pretoria Country Club, turn right just before speedbump. 

N14 from Jhb 

la
Take Eeufees off ramp, turn right at the robot. 
Go underneath Bridge and take first road Ieft. 
Keep on right side of road, going into Fountain Circie. 
Foliowing Brooklyn sign, leave circie at 12 o'clock into George Storar Drive. 
Continue along George Storar Drive to the intersection with Queen 
Wilhelmina Street. 
Turn right into Queen Wilhelmina Street. 
Follow Queen Wilhelmina Street up the hill until it meets Main Street. 
Turn left into Main Street. 
Turn right into Sydney Avenue. 
Entrance to Pretoria Country Club on your Ieft. 

Lynnwood Road from City Centre Pta 
Follow Lynnwood Road from Pretoria City Centre in an eastern direction. 
Go over Duncan Street, 2 nd robot turn right into Brooklyn Road. 
FoIIow Brooklyn Road, 3  robot turn right into Albert Street. 

,	 Over two speed bumps, turn left into Sydney Street. 
Over one speed bump, turn left into Pretoria Country Club.
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TT9 CBIF TTOP	 TR GENES ISOLATEI FP911 111CALMUS 

RESMO TO ENVIROHMENTAL STSSES 
C% dm WaIId EL KAYAL, Marie NAVARRO, GUles MARQUE, Guylalne KELLER, ChrlsUane MARQUE asid Chasital TEULIERES 

site de TOULOUSE, FRANCE, urfaceS Cellulaires et SInaIlsatlon diez les Végétaux, Póle de Bloteologie Végtole, 24 Chernln de Univer 	 8ordeP.oi» 
13P426 17 Auzeville, 31326 l..ASIANL í-TOLOSAN, FRANCE, Tel 33 (0)5,62.19.35,22 Fax 33 (0)5.62.19.35.02 E.maIl teulleres@scsv.ups'tlselr 

bue lo fosf growth, good fiber properlies and low requiremenf for soil quality, Eucalyptus is one of the world's most economically 
imporf ant hardwood species. Ps smull genome (abo ye 580 Mbp) makes this tree porticularly adopted for genomrcs studies as well os poplar. 
As an evcrgreen perennion, withour endociormcincy, Eucalyptus is entirely and commonly exposed lo frost and survivol oí sensitive organs Such 
as lecives strongly depends on cdl colU toleronce. Therefore, molecular mechonisms of coid response are likely lo exitibit more complexity 
thom for most of the p!ant species. In order lo better understand these mechanisms and benefitirig from previous biochemicol and 
btophysical data as well as availoble tools (celi supension cultures, Eucolyptus genetic tronsformation procedures), we are developirig a 
functional genomlcs project on this spedlcs. We already isolated pools of coid regulated genes and among them, we first focused on a CF-
like gene., due lo thc known promincrit rolí , of CEF pat hway In cold occlimat ion. 

CnI,i

This poster presents fhe regulotion by cold of two CBF1 isoloted from Eucalyptus 
'CFI CBF
	 -	 qunnil. EguCBfla ( bQ241820) and EguC°Bflb (bQ241821). Tcmperature shocks 

CBF °' ,°° '' ond occlimotion progrom were applied and the transcript leve¡ of the 2 E9uCBf1 
genes wos quantified by real time RTPCR. The effect of photoperiod during fha 
acclimotion progrom was also studied. 

COT/590 

- 600	 -	 -	 ._ ---- -	 loo  
550	 - ----------	 'I1EoC8F1.1 r9 i Timo course of E9uCRTI 	 r'i	 •EUOCOFIO	 FIg 2 Effeet of ceid ebo,k 
500	 --- ------ -	 .	 1 E9CtiíIb	 .)ene copression ot 4°C under	 JEC0F18	 ntens.ty oc Che expreee,os, of 
450	 -	 ,Io,'l,	 culture.	 The	 rolotIvO 1	 ' 50	 .--.-	 Ii	 £1iuCF) tronecrptwn rotI'. 

obundance	 of	 Egud'Rflo/b	 It __ - .	 1,1	 Pln"llet w"rc ceposed for 2 
__ --__________	 '.	 Iranecript wat quantitied using	 bol n ll,e dork 90 co. 1, 

-	 —,	 -cal time PT-PCR.	 E °	 Ei-	 -n1	 sn,..eted lemperature ó, 1 2so
u 200 ---	 1	 - -	 thr rr.lolice obu,,donc	 1 

isa	 -- - --	 .	 1	 Eguí'flflu/t, trunecript 
lOO	

-	 i1 - 	
loo -	

--	 using real time Fil- 
a_ii_1	 - -,	 .	 .	 1	

- L	 PCR. 
15'	 30'	 25	 55	 241	 12"C	 BC	 'VG	 0C	 - CC 

D EguC990 and b are quickly and strongly induced by Iow	 )T) becreasing positive temperature results in highr.i' 
temperature but with a different level	 accumulation of E9uCBf1 transcript with a maximum at 0°C. 

>T)At 24h the ínductiori of EguCBflb is still strong while 	 Below 8°C transcrlpt ocumulat son is hi9her for 

it declines for EguCBfla	 EguC&9a f han for E9uCBRb, while of 12°C it is f he 
opposite. 

The 2 EguC9f1 genes exitibit a differenticil and complementary regulation by coid, EguCBt9a

being more trcznsiently induced and responding befter to lower temperatures, Egu CRÍ lb hus a


Ionger time course. 

Three plor'llcte prcv.ouoly grown 
br throc d.5% at INc oppropr.ote 
photoperiod wcre used as a control 
ucd Ihen tronlfcrred unctcr chull,nq 
cond.t.ont for four doyt al 12°C-doy 
/ 8C.nojht (D4), thcn siC doys at 4°C 
(05 te DIO). Tle frcez,ng toleronce 
*as enoluated en 04.07 and 010, by 
ion Ieokogc cl005urements en leaf 
dIsci frozen te 6C (A). Oc ONo lame 
plante, total FiNtA oos c*tracted 
from Eucolyplos Icoves randomly 
hareested al differcnt times aleny 
thc raId culture progrom (fig 3). TSe 
transcript occumulat,on of EguCFib 
during tSe ihori doy (3D) or tSe long 
doy length (Lb) acclenotion progrom 
of plonticti oes quantified usinq 
real-Olmo aT-l'CR (t).
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Short bay photoperiod ositi'ely affecl 

the freezing toli0i'ance. 

> Short tDay phofoper'iod poitively affects Ilie 

expression of the 2 EiiCB/1 genes. 

The maxinium gene induCtion rute for thtt 2

genes is observed in short-day conditiols 


during the 4°C period. 

Always more highly induced thorl EguCBF.t, 

EguCSflb is the only gene Siylllficantly


responding lo 12°C. 

The 2 EguCBfl genes are likely ti


be involved in Eucalypfus fi'eezin


tolerance but with diffcrenf 


regulation prof les. 

-' «lp; *4 
The expression potterns of the 2 (guCBi9 Senes 

evidenced sorne cornplementariti€s in the 
regulation: the EguCBFla extlibifs an eff'l:ient 
short-term response lo cokl sh' .k condlions 
whereas the EguCBFlb shows o bel 'r and 1 llger 
response lo more ntoderatu '1	 pragri - sive

temperature changes. In order lo l'-rter evoluate 

Short Doy

OE00CBFIb 

J1J1
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COLD-REGULATED ESTs FROMEUCALPTUS 

^ Kelier G., El Kayal W., San Clemente H., Ladouce N., Teuliéres C. and Margue C. 

Unlvcrslty of Toulouse, UMR CNRS-UPS 5546, Póle de Biotechnologle Végétale, 

24 Chemin de Borde Rouge Auzeville BP 42617 31 326 Casta net Tolosan France 
1 Te¡ : 33 (0) 5 62 19 35 22, Fax 33 (0) 5 6 19 35 02, Email marque@scsv.ups.tlse.rr 

Dueto fast growtli and fiber quality, Eiic.typtus le very	 l3ased oii a functional genomlc appioach of coid response ¡o 
lmportant for the paper ¡ndustry. How'v pr, belng an	 .'.	 tucalyplus, the proJcct is tarycting a doublc objective: 

	

evcrgreen woody plant without enciodoiin.uicy, thls spccles	 "' " • Better understanding of molecular meciianisms involved 

	

is particularly exposed Lo coid. Al(hougli .ulcly distributed 	
' lii coid accllmatlon of Eucalyptus lncludlng (he piotective across the world, its extcnsloii is rnol	 estricted to	 -,

response ami it iegulation. 
so

uthern	 e 

	

arcas by frczing sensitivity. IL ',in viva¡ duiing a 	
• Identlfication of reliable molecular markers (SNPs} for 
f s constitutivo tolorance at (he rost strongly depends on lt  

ccli Joyel and also on 1(5 accllmation capacity. 	 cold tolerance fui , MAS uslng a candidate gene approach. 


Isolation of cold - recjulated genes - 

,Çgunnii x E.globulus ccli suspensiouis	 E.gunnii p lantlets in controiled conditions and trees in the fleld 

Relative crIl vlabitlty - 
after froezlng Lo -6°C 

_F oifl. 

IControl ceIlsí	 7 days 7 days	 ¡tcli,iiated 
(23°C)	 at 16°C at 13°C	 cells 

(dlffeuent kinetic polnts 
alorrçj tIre coid proglani) 

Lwpsession Subtra(lve I!illgp(SSft lIbrarle'. 

L*Control Vs Accllmated •Acclirnatcrl vsCc,ntrol

1 R p Iallv p lear ceIl vialrility	 Relative l.'af celi virbility	 f_.1 
a? Le, freezlng te -6°C	 --	 e?ter lrerring (o -14°C 

12%	 1
54%	 .

80, 

-	 1	 1
—.	 . 

Control 	 4 days aL .	 12 days í Accliniatcd	 Non acclimated	 Accilmated tree plantlets	 13/8°C	 at 4°C 1	 plantlets	 tree (late stlmrne, ); 	 (wlnter) aL 25/23°C  
1	 1 

(cli? ?ereot kic'-tic poiflt5 
along the coid prog.-arn) 	 L' " 

• 1CDNA llbrary of cold accilmated ¡caves 

: Expressional analysis of 1995 ESTs 
3899 ESTa from (he 3 combined libraries were PCR anhirlified and spotted in duplicates on nylon macro-array Olteis. Tlic lilters wero hybridized with "P-labelled 
cDNA from leavea of E.gunnll piantlets harvested st clif?crent kinetic points along the coid program described abo y e. Signal intensities were quantifted using 
ArrayGauge software and normalized using siçrrals froin water, empty vector PCR produet and control genes that aie nc,t a?fected by coid a assessecl by real time RT-PCR. ESTs that didnt show s ignal reproductljility we,e cancelled From (he analysis. Finaily, the normalized expi eS5iOfl levels of 1995 ESIs were studied along 
(he cold acclimatlon program. 

Sorne expression profiles of cold-,egulated genes 

Very fast uu- regulation ufter ex posure (ocoid 
°Translently lnduced 

Early llght Induced 
ERD15 (early responslve to dehydratron) -.	

".--,	 tosynthcsis: chlorophyll a/b binding, - -	 -	 rubisco, photosystem 1 

*j(1L( l maintained along (he coid program 
oxicat(on: glutathione transferase, 

metallothlonein 
11	 r(13	 1,13	 El	 14	 1,4	 Li 

.Waves of uD-reuulatjn byjj	 ternl)erature switches 

*Maxjrllum when acclimatlon beglns te be 'gT-:	 ,	 slgnificant (after 6 days at 4°C) 
----	 ,	 LEA (late ernbryogcnesls abundant) 

- -	 Proteolysis: ublquitin-conjugating enzyrne 
E2, arginase, P 2 subunit of 20S proteasome 

j°Maximum at (he end of 
Dehydrin 

.	 (13	 113	 E4 - (4	 1,4	 •14

1 1-3 glucanase (potential antifreeze)

_of cold-reqg Lcd qes. ro, e.cIi CDNA, expression level ata given kinetic 
point was coispared lo (he highest expresion level fo, thls CDNA emong all kinetic polnts. Color scale go-es from green (lowest leve¡) la red (highe'rL leve¡). Studied kinctic poluits are given. Ç,2j: control st 
25°C; v(13: very early (15, 30' and 2h) .,t 13°C; 1,13: late (2, 3 and 4 days) aL 13°C; 	 : very early 
(15', 30' and 21%) aL 4°C; £4: early (5 antl lOb) aL 4°C; L4: late (2, 3 and 6 days) at 4°C; v1 4: very late 
(9 sed 12 days) st 4°C.

A powe, ful tool to identif y canditlate 
genes for coid tolerance iii Eucalyptus 

Pe global transcrjptorne analys's al -e reported on 
woody species wlth regard to cold accllmatiun and 
they ninlnly concorn dorrnancy. llore, (he isolatlon 
and expresslonal analysis of cold-regulated genes 
from Eucalyptus os presented. 

4 Enrlclrrnent of genes with k&'y role jo tolci 
acc j lmat jo,i and stress tolerance: detoxication 
errzymes (metal lothlonein), LEA, CBF regulun 
(galactinol syothase), potential airtlfreeze.. 

•Over-representation of dehydrins. Thc'e 
proteins supposed (o play a major role lo Ir ce coid 
tolerance were graduaily up-regtrla(ed alor'q (he 
cold acclimation program and sliowed (he Irlghest 

' 1-ates of Induction arnong al¡ EST lo the libiarles. 
4 Up-regulation of genes involved in sugar or 

lipld metabolisru, In proteolysis... 
ó Good representation of transcription factors. 

-	 Candidates for coid tolerailce in Euc.11yptu5? 
The expression profiles for sorne of these gene; will be 
further atudied by real time RT-PCR (specificit,, 
relation with the degree of toleranc for diffeient 
genotypes ... ) to ldentify the best candidatos lcr marker 
assisted selection. 

- 4 9 0/o ESTe encode protcins of unknown functlon 
and 28% share no honiology walt sequences lo tIte 
public databases 

Potentlal source of new gen"s involved in cold 
- tolerante. Thcy will also be considered For 

candidate Identification.
--.--,----°--,---
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Clonal propagatien of mature maritime pine 

TRONTIN JF, QUONIOU S, DUMAS E, HARVEN."T L 
AFOCEL, France. Biotcchnology lab (biotcJafocc1.fr). Domaitie de rEtaiiçon, 77370 Nanis 

OBJECTIVES and METHODS 
Mtcrografting of bud meristems onto jirvenile rools(ocks is currenuy (he best option lar eflicieni in vil ro establishment of matute trees i n maritime pine because rnost genotypes are 

responsive. The infercs1 of this technique for bolh practical appiication asid basic research mainly arises fiom ¡LS potential la rejuvenale andlor reinvigorate and thus lo restare the 
morphogenetic compecrrce of the mature pbnt material. Unto tunately, microgralting is a technically complex procedure with quite 10w throughpul. FulI practical benefits are (bus expected 
only when optimal condilions for micrograftng maritime pine are defined. 

The objective of Ibis work was Lo idenhify sorne majar factors contributing lo (he final Micrografting Success Rate (MSR) of 1- lo 2-year-o1d grafts from mature, 6eid-tested dormor trees. 

The 6 selected elite genotypes from (he bmceding program used in this study (766, 770, 2368, 1443, 2599, 2849) were 17 (o 30 years oid al (he time of ¡si vitro rnicrografting. The technique 
used lo obtain micrografts from apical meristenis was previously described by Dumas el al. (1989, C.R. Acad. Sci. París (III) 309: 723-728). 

RESULTS (in % MSRscbn devekprnentobserved 2 rnonths alter mkwografting;nsampHng size) 
1- SEASON	 2- GENOTYPE	 3- OPERATOR

^ lN, 

100	 n:133 
90 

80 

70	 n°214
 

60	 •	 •1 

50 

40	 n=307	 n:332 

30 

20 

10 

O 

Early Summe [uiii 	 Late spring 	 j wiriter 

4- ROOTSTOCK AGE

100	
nrl5€

n:140 n:141 

80
u	 1	 n:173 

lo 

60 n:245
n°168 

766 770 1443	 2368	 2599	 2849
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Accomplishments aud challenges of conifer somatic eiubryogenesis 
for the implementation of multi-varietal forestry 

Y.S. Park', K. Kliniasiewska 1, M.A. LeIu-Walter3, L. Ilarvengt4, J.F. Trwitin4 , ant! J.M. Bonga' 
1 Canadian Forct Seiv Ice - AtIantIc Forestu' Centre, Fredericton, NB, Ca nada (ypark®nrcan.gc.ca ); 2 Canadlan Forest Sen'icc— Laorcntian Forestry 


Cciitre, Saintc Iuu y , PQ, Canada; 3 INRA, 011vet Cedex, France; 4 AFOCEL Naiigis, France 

I'uIut(i-Varictat Forestry 	
Scheiiiatic l)reselltatioll of iinplcnienhing NIVFusing sonialic enibryogencsis 

Selecied parents from. 
breeding population 

Controfled pair matings 

Induction of somatic embiyogenesis 

Ciyopreser ation 

Field test of embryogenic varicties 

Identification of high-value varicties 

Mulu-varictal foresUy (MVF) may be defined as 
thc use of genetically tcsted trce varicties in 
cornmercial plantation forestiy. 

Advantages of 

There are nny advantages to MVF, including: 
• much grcater gcnetic improvement titan is 
possbIc through conventional tree breeding 
tcchniqucs; 
• suitable vanetica can be xapidly introduced to 
mcct changlng brccding goals, site conditions, 
¿md cnvironment change; 
• diversity in pta ttLns can be carefully 
managed by using appropriate mixtures of tested 
varicties in time ¡md space. 

I'otcn(IaI juietic gains wlth NIVF (	 Mass 
propagati 

iv, r1,
Deployment ir¡ 

forestry
P. gb,,. .,Mhmsd 44 . It,,, MI9M 

k,ok,d.4 Sil ,Ion., l*,, 72 r*II. .ro.m 
.7.44 pI.nl.d *13 Io.Mbon. *114, IS ,.,,1.4. po, o.l4on 

(?hallcn ;es a u d Acco oip Iislsjneiits 

Soniatic cnibryogcncsis and cryoprcscrvation au 
¡he primaiy enabling technologies for 
implemcntingMVF. Tite impiernentation of 
MVF rcquires four critica¡ steps:

anaaa

'CIonRs çolk,•4	 i,.5

 

tcp 1. Tlie detlopnieiit ora snf(iciently 
rdincd SE systun must be achieved, asid Ihis is 
currently availabk for severa¡ eonikr species. 

L	
.1 

*	 ...lL 1ü,11 C. 

Stti 2. The ilcvt'luinnenl of hlgh-value 
varietal lines is required, which involves tree 
brecding asid field testing while rnainlaining SE 
unes being tcstet i n cryogenic atorago. 

Variutal tcsíuig sclsc,ne in Nil, Caisada 
• 200-300 varic':u'sfrom 20-30 elite ,'rosses 
• 3-4 lesi siles i,. New Brunswick 
• 12 ranscis of e../s variely are planled per sil, 

1 • Evaluation el'ef)' 5 years 
• Curren :1v, ove' 2,000 unes ¡a l/:efield tesis 

I i4	 Natural Resources Ressources naturt.os 
Canada	 Canada

Stcjs 3. Mass vegetative propagation must be 
achieved in a cost-effective manner. Artificial 
seed ¿md an automated cmbryo handling system 
are ctirrc:tly being developed, e .g., micro-plug 
Srs;

¼J	 -	 ,,r''	 •',	 4 

T

1N

SIep 4. Deployment aiid rnanagcment of diversity 
iii MVF. Tite deploynsuiit of embryogclic varicties 
jo plantations requires a carcful balanciu'g act lo 
optimize genetic gain yit maintain planl.ttion 
diversity. Oncean appiupriate numbcr of varieties 
has been decided, a depoyrnent strategy unust 
consider tite configuration of deployed vurieties. 
Over time, diversity aiu;ung plantations ' iii also be 
managcd by introducin new clones dui ing cach 
brceding cycle. 

l'ublic perce'pt'ioiI niud issucs o 1 ".IVF 
(leploysneul of SE vwietics inay le l lo 

increased vul,sc,ability lo insecls niud di cases" 
• For known pesis. MVF is /x'Uerprepssl cd ¿uy 
deployiisg resista nl va, ¡elles 
• For unknown or introduced pesis. piutection ¡5 

Ii,nited ¿espite (he Ias-gs' va,iabdiiy in Jo ' es! Irees: 
/uoR'eu'er. 1/se deploynsctsi of,nulti-vaicl.oI mixtures 
tilo)' allei.'iate use probkns 

Llcpluyiuenl siralegies for Ni . F 
• it foso it' of /%1otsOCio:uiI Misi,s,es (MV x) 
a Hidespsend Inhi,nak'!y Jiii.ved l'Iantai.0 ''ss 
(WIMI's) 
• iti.x(s,,s' of lanches :iud Seedliugs (A:( 'VAS) 
• L)esirt'd Gajo Mixhu, es - Set a level u; t,'enes'ic 
gails iv inoiniam a desired level of dive' :iiy 
• Li,sear Dcploynsent G,roter repress :,iation of 
betler-k,sown rsTrieties 
• Species Mixture

1	 1l•U 
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IUFRO Tree Biotechnology 

Pretoria, Sudáfrica

6 al 11 de noviembre, 2005

Organización 

• IUFRO Divison 2, Unit 
2.04.06, Molecular	 Alexander Myburg 
biology of trees. 

• Universidad de 
Pretoria 

Asistentes - FIA 
Facultad Ciencias Forestales - Centro de Biotecnologia - 

Universidad de Concepción: 

• Jaime Rodríguez 

• Regis Mendonca 

• Juan Pedro Etissetche 

• Sofía Valenzuela 

Pontificia Universidad Católica de Chile: 

• Felipe Aquea

Simposios 

• Tree biotechnology in the postgenomic era 

• Tree interactions with pests, pathogens 
and symbionts 

• Breakthrough and high-throughput 
technologies for functional and structural 
genomics in trees 

Simposios (cont.) 
• Forest biotechnology adoption and the impact of 

the economic, scientific and societal value 
chains 

• Genome-directed tree improvement: Application 
of genomics to understand the genetics, 
evolution and ecology of tree populations

Simposios (cont.) 
• Molecular biology and biotechnology of tree 

development 
• From somatic embryos to genetic engineering 
• Biotechnology and metabolic engineering of 

wood formation in trees 
• Abiotie stress: Interaction of trees with the 

environment

1



Entidades perticloantes: 
DOE Joint genome Instituto 
DOE DaS Rodge natronal laboratory 
Genome Canada 
Umea Pient Sclence Centre 
OhenI UniversIty 
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Symposium 1. Tree biotechnology in me postgenomic era
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-Desarrollo de malnz que contiene lodo el qenonTa do Populus y 
ESTs de Aspen. 
-La matriz contiene 65.966 secuencias Individu&es (genes 
ladeares, organelares y precursores de MICr0RMA) 

-Hlbndación heteróloga con otras espedes de Populus. 
-Primeros experimentos Identificaron 4000 genes expresados 
dderenclalmente entre edema y floema.
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Symposium 3. Breakthrough and high-throughput techoologies

for functional and stnictural genomics In trees 

-Chip micoarrays contiene 4500 cONAs 

-Análisis de expresión mise ramas y honro 

- -Genes identificados: 

-	 1.-Tubulina 

2.-Proteogllcanea 

- Posbie función: influenciar la orientación de celulosa 
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•	 L-; 
FA ilsorca
	 Ar bu cc 2 

OBJETIVOS PRINCIPALES:	 -Formación de madera: 
1.- Identificación de genes 	 Estudio de reguladores candidatos para la diferenciación de silente. 
2.-Estudiar la función de genes identificados art 	 Factores de transcripción: HO zip - MybR2R3 - Knos 1 - Scarecrow 

- Formación de madera 

- Respuesta de defensa a patógenos	 Sobreenoresión de penes en Soruce: 

Myb 8: Aumento en la lignificación de raices 
ESPECIES:	 Dominio LIM: Alteración en el grosor de la pared celular. 
1. Poputus 

2. White spruce 

'A it  

-Respuesta de defensa: 

Estudio de reguladores candidatos para la respuesta de defensa. 

Factores de transcripción: WRXY - TGA - Myte M.APKK 

ttlb: 
MELAPSORA

S54 

ICUN(IØNAL OttNF.1IiSTINCi IN PIfQIJSIIADF,tbt t-All.tiSC-tI'tUi4ilS 

&mmifi'asrsa. lt.df Molle, Domo fiiewi&rd 

Ceilonil lfkSoxImology (eCm. Snoe, Te Ppi lipe leanoosin I'nn$. Peses 11re 
Rsomi Ne ZeIlilad

cu sclon .	 . 

ci ViI tMeriifl . Ino CeS.
- 

-	 •	 IPUSI 

s.4 

I iUNCÍIOf.IALÇiIiNF TESTfNC IN PIN(Jd RM)f.srA ç\LI.usçL:l.riiRES 

Estudio funcional de penes relacionados con pared celular 
(mediante silenciamiento génico): 

Transformación	 Diferenciación -- 
p

urificación	 Análisis
asta. 

-• 5••t•	 -	 a. a. 

,UEçi Se rSCiieíc [CI expresión trarisiente dei lransqen 

Desverriala. Información dei fenotipo limitada
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Syniposium 4. Forest biotechno(ogy adoption and (he impact of


(he economic, scientiftc and societal value chalns 

hL I3LNEF'flOFlIIF •ll'l 	 (Al IONS 00- llR)ll-Ul.(fl ()(y 1*0 1:(,((FS1R 

hr T	 hin,lo	 (00	 r. \,b(ko

 

1.1 ( ('(0	 0,	 (-((((XII	 Snnr	 1k. SO'. ISA 

ArborGe. 

hnpi-u1n Pus.itr, Throtigh 
(tiie(k. irnd 'Eerhiialogy -'	 "i

Tto tv, X(rO.mtXy 

Odmv :ir	 Nl 

Interesados en faat-wQOd torestrv'; 
-Innovación en practicas si(voagncclas 
-Mejoramiento genético asistido por marcadores 
-Tranegénices. 
-Embriogénasls somática 

-Reducir contenido de lIgnina 
-Reducir tiempo de rotación (en Pinos taeda de 26 a 609 años) 
-Modificar pared celular (aumento en el crecimiento) 
-Inducir esterilidad (evitar propagación de ((mnsgénlcos)

5 



•*\i 'IS 01 ilIL REÍt'LMiON 01 (MÍILl( MÍSÍ'.iI Si AO M ¡N IINNÍ( A 
IÍÍ)IÍ(5 API'i(OA(tt 
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1	 htMl. KyoS tI.Fi (flor 1 Lea. ley (Ion Len 

.11.1	 *SJ	 11.11! 

Symposlum 6. Molecular biology and biotechnology of tree 

development 
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A lene, 4i,WMIÍ

Activo 
(OI1Iie)	 - Short dOys 

Anaina	 Wamt	 Low IO(nçterature? 

GibertilIna tert1pature 

Ecodormw	

Qll 
Ecodarmani 

(sla,xIby)	 J	 (stan) 

ChIflg IereraIure? 

Endodorrnant	 AuStrIa 
(offlIre)

sos 

	

Rt(;uI.ATIol 01 7	 IN llEtS 
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l(ni,eeoi( of ApnicullurÍl Seianoe. S1'X)Ittt tinicii. SanJen 

seenesne. LEaançens n 

	

1	 cf,. 

s9.s 

kEfUtATION OF FLOWERINO TIME IN TEELS 

ASPEN 

-Sobreexprea$Ón del gen LEAFY Induce florecido temprana (9 meses) 
-SObreeapreeidn del gen FT Induce floración extremadamente temprana (4 semanas) 

- 

-_; ••l 

1	 4........

521 Tree interactions with pests,


pathogens and symbionts



Temas 

Interacción planta-huésped 

(Señales de respuesta) 

Elizabeth Magel (Alemania) 

Hongos patógenos

(secuenciación del genoma y genes de interés) 

Jan Stenlind (Suecia) 

Carl Gunnar Fossdal ( Noruega) 

Respuesta de la planta frente a patógenos

(proteómica) 

Armand Seguin (Canadá)

Principales casos de estudio 

Hongos patógenos 

Heterobasidion annosum 
Puccinia psidli 
Phytophtora spp. 
Dothristroma spp. 
Fija arium sp. 

Involucrados algunos en pitch canker con pérdidas económicas 
En plantaciones forestales de coniferas. 

4 

Interacción planta-hueped 

L•	
Viscum 

Señales de respuesta frente 
al parasitismo y su efecto 
sobre el hospedero 
-Genes asociados a 
modificaciones químicas y 
morfológicas del hospedero

-	 Rcgul.1i0n ol hp gtowIII 

Y--.
\ 

I3'e ç,p fl,t*d Pi a C?O*b4'IHQI, rwtvI* VI ctSl 

I'I.-.- *1:_JI - 1.- Ve. 

Factores genéticos y ambientales que participan en la 
regulación del crecimiento de las hitas durante el ataque 
de patógenos (y. Legué, Francia) 

S5. Genome-directed tree lmprovement: 
Applicatlon of genomics to understand 
the genetics, evolution and ecology of 
tree populations

Análisis genéticos en "willow" para

bioenerg la

1i,,n....k' 

Proyecto del UK	
loI.rn. 

Biomass for Energy 
Crop lmprovement	 —'	 - 
Network(BEGIN)

S. HaIIl€Iy, Relo LJ,*Jo
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• Empleo de 
tecnologías 
moleculares para 
mejorar 
características en el 
corto plazo. 

• Progenie de S. 
viminalis x S. 
schwerinü

Tbe genus SaIx

UBe Jouanln, INRA, Frenda 

Arabidopsis CAD mutant 

—9 genes de CAD en 
Arabidopsis 

- Mutante en dos de 
los genes At cad 
cd, disminuye 
significativamente 
niveles y 
composición de 
lignina.

Aspectos moleculares en el pool 

genético de E. giobulus 

• Marcadores de 
ADNcp para estudiar 
la historia evolutiva 
de E. globulus. E! • Posibles 
hibridaciones con 
otras especies a lo 
largo de la evolución.

Polis el al, Auslrala 

Principales áreas 

S8. Biotechnology and metabolic engineering	 • Vías genéticas de síntesis de lignina 
of wood formation in woods	 • Transformación de plantas modelos 

• Estudios pared secundaria 
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Down regulation of Cinnamoyl .00A-reductase In

poplar: from the lab to the field. 

- CCR, reduce lignina, afecta la estructura celular y 
crecimiento. 

- Ensayos de campo hay 4 lineas (4 años) 
Reducción de lignina por diferentes vías 
CCR (Boerjan et al., Bélgica) 
HCT (Scion, Nueva Zelanda) acior........

SL lO fl

Hawr 

11

y 

it::. 

('oticlusians 1
	

Conclusions II 

', • R dtwir1 . Iegulel!cn ruIts 1 , 1 70-40% les II jnøi 
lh redued rlijx IT 20510185 ¡rito açv,t.IlttIOp of 

T&rg8 wdtçi zii,'.l 11e d Ipf'erjI1cn o iíqolkjrsil', 
1 IlIorIcIdulysts nitl ml	 mnolocoltztin of mgi imo 

• 1 im'pes indicate mgriirl ii note tndeeiJ 
11# cell w211 ult,asttucture is affecld 

U Is llie defet,t in celi wall lrui.tmmr i mn oly di m	 t 
ç.iivsmcaf al'sence of lignifi7

-> Defecta in a structural gene of secondary inetabolisfli 
affect leveis of many íranscripts and metabotmtCs, revealing 
mnteractioris among pathways 

-> These alteretmons may e%plamn part of Fhe phenotype, eg cel 
wall ultrastructure may be dueto. 

1. reduced lignin levels per se -> lees cohesion in CW 

2 reduced lgnin levels signal (e.g. vis AGP) te Ihe 
nuclus fo reduce henimcellulose levels 

lmcw do these plant behae o the field (pulpng anu 

ConclusLons UI 

Oown-reguloticwi of CCR teduces lignmn coritermt 

Thms bansiitos te improved pulping (lovitr Kappa. hmqhr'r 
pulp yiekl, less uncooked porltckr,; 

Lkml	 qrowlh s aftected: kriock-outs re too tii,riq 

niolis: ulur breeder needs (o exploil allelic divertt

bmfferentiotmon of vasculw' cclls 

Genes involucrados en la diferenciación celular



366.000 EST5 (3 librerías de cDNA), identificaron 

ca. 2.465 ESTs asociados con respuesta al frío. 

• CBF. 2 identificados inducidos por frío, yen menor 

grado por salinidad o ABA. 

• Patrón de expresión difierente según sea el nivel de 

inducción de frío. 

Búsqueda de SNPs para tolerancia al frío. 

CBF transcriptlon factors on 
Eucalyptus coid tolerance. 

• Comprender el mecanismo 
involucrado en la tolerancia al frío e 
identificar marcadores moleculares 
(SNPs) para MAS. 

• Resultados en otras especies indican 
asociación de genes involucrados en 
diferentes tipos de estrés abióticos. 

Marque el al., Univeosity of Toulouse, Francia 

Sg. Abiotic stress: Interaction of trees with the 

environment

Using functional genomics to dissect 

drought responses in pine 

- 172.000 ESTs de raíz de pino taeda, 
sometido a diferentes estreses físicos 
(sequía, frío, oscuridad), químicos (exceso de 
metales pesados) y nutricional. 

- Identificaron 25.000 secuencias únicas 
- Microarreglos con 13.500 genes 

- J. Oean el al. Georgia, USA

Control genético en plasticidad 

molecular en pino marítimo 

• Empleando geles 2D de alta resolución, un total 
de 1039 spots fueron detectados. 

• De éstos (analizados por MS/MS): 
- 67.9% fueron identificados 
- 16.7% sin homología en bases de datos 

- 15.4% mezclas de proteínas. 
La mayoría de las proteínas identificadas (175) juega 

un rol en defensa (19.4%), metabolismo de 
carbohidratos (16.6%)y amino ácidos (14.9%), 
citoesqueleto (8%), biosíntesis pared celular (5.7%).
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Populus euphratica compensa el estrés 

inducido por salinidad

• P. euphratica tiene una alta 
tolerancia a salinidad, pero 
baja tasa de crecimiento. .1 

• Estudio de antiporter 
Na+/H+ 

• Acumulación de sodio en la . 
pared celular, resultando en 
menor captura de Ca

Reunión

"Consorcio Internacional


Genómica de Eucaliptos" 

IEuG 

Aspectos relevantes 
- DOE. de los EE.UU., dispuesto a secuenciar 

genoma de plantas, entre ellos una especie de 
eucalipto 

- Biblioteca EST pública?. La posición de Genolyptus 

- Genoma de E. ca/madunensis (Japón) 

Acuerdos 

Enviar propuesta al DOE, durante diciembre 2005. 

Definir especie a estudiar de eucalipto

Empresas - Universidades

liderando el area 

• Genolyptus, Brasil 
• Arborgen, USA 
• Scion, Nueva Zelanda 
• SweTree, Suecia 
• Umea Plant Science Center, Suecia. 
• Natural Resource Canadá 
• Oak Ridge National Laboratory, USA 
• Ensis (Joint venture CSIRO & SCION, Australia) 

Conclusiones 
• Estudios genéticos en diferentes especies, énfasis en 

álamo, pino y eucalipto. 

• Desarrollo de bibliotecas génicas, secuenciación de 
algunas especies. 

Empleo de herramientas moleculares (microarreglos. 
EST5, marcadores) para comprender la genómica 
funcional. 

• Estudios en 

- Aumentar producción de celulosa 

- Resistencia a estreses blóticos y abióticos 

- Supresión de genes en vía de biosíntesis de la lignina

Próximo Congreso 

• IUFRO Tree Biotechnology 2007 

-. Azores, Portugal 
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