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Presente

De mi consideracion

Respecto a las observaciones realizadas al Informe Técnico Final de la propuesta
“Introduccion al Andlisis Multivariado”, cédigo FIA-FR-V-2004-1-A-010, que dicen
relacién con profundizar los resultados del Curso y la Aplicabilidad de los conocimientos
entregados por el Dr. Crossa, paso a complementar lo que se sefiala en dicho informe.

Uno de los aspectos mas complejos de lograr en el andlisis del comportamiento de
variedades en diferentes medioambientes, es la adecuada interpretacién de la interaccidn
entre Genotipo y Medioambiente (GxM). Los conocimientos adquiridos en este curso
permiten una mejor compresion de esta interaccién. En primer lugar, diferentes variables
que tienen algin grado de asociacion se sintetizan en componentes principales, y luego a
través de una técnica grafica (construccién de Biplots) se logra asociar la sintesis de

-variables ambientales, fisiolégicas u otras con el comportamiento de los genotipos

estudiados. Esto permite incursionar en las causas de la interacciéon GxM y con ello precisar
los requerimientos de adaptacién de los genotipos a un determinado sitio, haciendo mucho
mas eficiente el proceso de fitomejoramiento. Al poner en términos explicitos (visibles) las
interacciones complejas, se aprovecha en mucho mejor forma la informacién experimental
que entregan los ensayos agrondmicos, permitiendo disminuir notablemente el nimero de
experimentos necesarios para lograr un determinado propdsito.

Las herramientas del Analisis Multivariado entregadas por el Dr. Crossa son de aplicacion
mas general y permiten su utilizacion en diferentes campos del conocimiento en que las
interacciones dificulten la interpretacion de los resultados. Asi por ejemplo dentro de los 10
dias siguientes al curso realizado por el Dr. Crossa se aplicaron estas técnicas a la
interpretacion del efecto de multiples variables del suelo en el rendimiento de cultivos
sometidos a diferentes tipos de manejo de suelo. Fue posible asociar los cambios de las
variables de suelo a los tipos de manejo, y a su vez analizar el efecto del manejo en el
rendimiento. Los resultados de este anilisis se presentaron en el 55° Congreso de la
Sociedad Agronémica de Chile, realizado a fines de octubre en la Universidad Austral de
Valdivia. Las presentaciones en estas materias fueron seguidas con gran interés por la
audiencia, por cuanto este tipo de interpretacion es novedoso y de gran utilidad para el
medio agrondémico nacional.

Adjunto, ademas, en esta oportunidad la impresion del articulo “Linear-bilinear models for
the analysis of genotype-environment interaction”, el examen que envid el Dr. Crossa y el


iacosta
Rectángulo


listado de alumnos que cumplieron los requisitos y que, en consecuencia, aprobaron el
curso. Este curso fue reconocido por el Programa de Doctorado CSAYV de la Universidad de
Chile (ver carta anexa). Estaré atento a cualquier otra inquietud que FIA tenga sobre ¢l
particular. Reitero mis agradecimientos a FIA por la ayuda financiera otorgada, en el
convencimiento que actividades como ésta realmente contribuyen al desarrollo agricola

nacional al aumentar notablemente la eficiencia de la investigacidn y extensidén
agronOémica.

Sin otro partieular, e saluda atentamente

Prof. Edmundo Aeevedo H.

Laboratorio de Relacion Suelo-Agua-P,
Facultad de Ciencias Agrondmicas

Universidad de Chile
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intraduction

The presence of gonolype-cnvironmen)
itetaction (GED in a2 muli-enviren meni
inal [MET) 5 oxpressad eithar as incon-
skilent msponses of some genolypes with
respect 1o oters dhae lo the aberalion of
the ordering of the genolypes from ane
onvironment tn anather (CE[ with ronk
change ar crossover inlerachan (COD or
as changes in the absolule differcnoes
hetwaen 'ganm}fpm withoul rank change
(CEY vithowt rank change or non-crossaver
imeraction fnae-COM.

Early appraaches o the amalysis of GE
includaed tha convenlional. two-way Fixead-
olTects (PE21Y] modoal, with sum to xero con-
stennty, and the simpda lingar regession of
genotype yields on the environment means.
The FE2W model e pmsses thae emp:rm'ﬂ
mesun, 7 of the db genotypef=1,2..... B
in 1he nh anvironment = 1.2.... . ¢pwithn
teplications in cach of the gx e polls as:

_'l;"u=;,1+':',+aJ +(_1’i!n,'|'~]+?4.'| 120.1]

whara g is the grand mean across all panag-
types and environinen!s and s estimated by
¥ . 17 iz the additive elfoct of ihe ib eno-
type delined as a deviation of tha genalype
maan from the ovenll mesn and is sn-
mated by 7, ~¥ . which satishes arnstraini

L]

TCAR miovadanad 2
=l M5 Karg)

E t.=0 Similarly, & is tha additive effbe

ufllv it environmeni estatiod by F.-F.
whach sanshas constraint ES =0, .-'1.|5|:|

(13} i5 the non-hditivity. Lo E-I LI, oxf tha fth
qun ol y e ansd Ao AR omaranmon) sl
as tha residual ¥, ¥, - ¥+ ¥ afier fitling
the main effocis. The 118y satistios con-

aimnna'ﬁ' Tgtcﬂ —FIL’OI —S'lrc-l =(}

The g, wrm ts the mean al lho arrars
confribuling o mexsuremanis on the fth
genotypa in the Ah environmen. The g,
are assumod NID(O, o n) whoe g° s 1he
pooled within-environment error viarianoe,
assumad 10 be homosoodastic. For the
complote random efficts nvo-way (247
madel. . §and [13); are issumed to be nor-
mally and mdupend ently distributad, with
variances ¢, . 0, and o, respectivel ¥, Fram
the: GEI i:ﬂr'q;w-ttnn th FESS ancl 10525
mad els ap unparsimonioos. the anid ysis is
nninfermative and the {g— 1) x (e - 1] inde
pendant parameters of the CET ame dillical)
ta interpreat.

Ficher and MacKenzie (1923). who ana-
Iysad data from an exporimen) ﬂt"ltu.ttmg
12 potalo cullivars under each ol six soil-
fortihzation  tmemtnents.  wern the  hirs
authers 10 propose breaking down the

2L, Qranttitive Canetios, Cencaies amd FPload freeding

s
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respanse intoa seriesalmultiplicitiveterms
fitlesd by least squarcs: howaver, this wark
was apparently forgotten for many years,

Yates and Cochran (1 998) proposcd breaking
down the GE[ into one multlphmlwe
ierm and a deviation Lthetelrom, axanmining
whether the GEI is a linear finction of
the additive environmental mmpnnsnt that
is, {tﬁj; L% + dy, where 1 + 5 is the lineur
repgressian ooefficient of yields of the fth
ponalype an the environmental mean and
th; 15 @ deviation. This tegragsion ap proach
exprosses Lhe GEI simply as hatarageneity of
slopas and was later used by Finlay ond
Wilkinson (1963] and slightly modified by
Ebarhart and Russell (1966).

Tukey {1949) proposed a tast for tha CEI
in which the [ty term is a constant muli+-
pliad by the product of tha main ellects
of genarypes and enviranmentz, (t8)y = AnS
Mandel (1961] gonerlized Tukey's (1948)
modcl by letiing the CEL term be the product
{18)i= Ao far regrassion of genotypa
simple elfacls an anvitonment main effects
or [T8ly= Aty for rogression of enviranment
simple effects an genotype main effects.
Eitheraltheseconsists of a bundle of regpas-
zion lines'. which may be tested for concur-
rence (e in Lhe first case, whether the o are

prepartional ta tha o in tha sacond case.

whether tha ¥ am proportianal to tha &) ar
N i-Cuncurreno. i‘rumrtmmhtvuﬂhe o 1o
ihe ; is a special cage of regression of geno-
typos an theanvironmental mesun. i which
the regression linasall intersectatanepaint.

The Munidal (19611 hasts for cancurrent
and mon-concurnant regrassion lings parti-
tion the GEI into one degree of fraedom
(d.F] for the mnoerrence of genotype {ar
envirgnmenl) regressions on eavironment
(or panotype) mainallects (this is thesume as
Tukay's [1949) ona d.L for non-additivitg).
g-2 o[ fx the non-concurrence of
genalype regressions, ¢-~2 for the non-
conewrrence of site regressions and [f-2)
(- 2] d.F for the remainder al the CEL
Cornelins & af. (1996) suggested Mandel's
[1961) analysis as 1 diagnostic for choice of
multiplicative modal form.

Freaman{1974) cited Williams [19532) as
tha first researchar 1o link the FE23 modal
wilh principaloomponant anulysis (PCA)

and showeel that the GEI lerm can be repre-
sented by thesum ofeigonval nes of 2 matrix,
Callob (taen) and Mgndel (l9ca, 1971)
introduced tha linvac-bilinear madel ( LEM).

F,=H+1,+B +Z’

Whera X is a scale paramater or singular
vilue for the kth bilinear (multiplicative)
component, “The 2, are ordered, Lo izl 2
. 2 % Funher, the o and v are elements
nf the lalt and right singular vactars, ras-
peclively, canicibuling ta the kth bilinaar
[mu!tuplimtwel arm. The oa represonts
genarypic sensitivities o a hypnthetxml
envirgnmental factor the leval af which. in
the th environment. is mpreseniod by tha
element v in the right singular vectar for
tha kth component. Elements of the singular
veclors for genotypes and environments (o
and y3) are subject to normalization oon-
traints. Lol =X.75 =1 and to orthopon-
ality construnis, Taga, =X 7,7, =0 for
K =&, When Equation 20.2 is saturated, the
number of bilinear terms is ¢ = minig- 1,
¢— 1] andd. for any smaller value ofl ¢. the
modal is swid to be ‘truncated’. The word
Yruncoted’ here s wsod nat e the sense of
having a trunzated distribution. but, rather,
in the sense of lruncating tha stnng of
hilinaar foems al samoething less than the
number of teems that will satumte the
moded.

Mandel (1971] computed tho number of
degreas of Invedamn associated with the sum
of squares [85) due 10 each of the lirst threa
bilinaar terms in Equation 20.2 by n Muonie
Carlo study, and Jobnson and Craybill
[1972]) fawnd that Mandal's (19717 results
swara closcla tho axact values. Gabriel (1 978)
shawod that a least-squares (LS) solution for
modal paramesters in Equation 20.2 ¢an bo
obtpinecdt by taking lbe estimaws of the
bilinoar terms as the ¢ largest components
of the singular mlue decompasition [SVD)
of the matrix Z= l—][t-&,—_v"' -F, +F L
with the additive (linear] elfects p, Land
pslimatedd as wa huve praviously given o
their estimates in the FE2W mod el {Equatian
20.1).

If the components of tha SVD of Z ara
arranged in decreasing order with respect
to the singular values. the first camponent

MG, T, +E, (20.2)
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AT

gives a rank-pne matrix that. in an LS mnse,
appraxinates marix Z; tha liesk 1wo compa-

nents olthe SVOgive a rank-two matrix that
appraximates £, el

Zobal af a/. [1988) and Gruch [1988)
niuned Eguation 202 the “udditive main
affects and multiplicative interactian’
(AMBI model They Farther introdeced
a datg-splitting and cross-validation pro-
cedure for determining Lhe numbes ol multi-
plicative components to retain in a truncaled
AMMI modal.

The AMMI model and lour otlier LEMs
and their LS estimates were described and
unified in one general methodology by
Carnelius e . (199G). These authors
descmbad waripus stalistical ests ke the
significanpe of the bilinear barms und
mentianed the possibility af using shrinkage
astimules al thase models for improwving Lhe
preadiction afthe g x ecells. The four models
thist can be derived rom the AMMID madel
are:

genorypes regrassion model (CREC)
Fy=p, + Z-: ATy FE,

silas (i.e. environment) regression
mad il (SREC)

Fu=n,+ E;-: ATy HE
complately multiplicative maodel
(COMM)

Fu = Z;ﬂ J".I:IIJ:T]: +E—ir'
shifted multiphicative madel [SHMM]

Vy=p+ Z o RO, Tu+8y

The LS estimales af the additive ellzcls
al thesa metels and the elements af the
residdual mateix Z are:

AMMI i=F.t=F -F.& =F, -
F;IJ =F_;f -FJ__ “.F',) +F-..

SREC {4, =F . 7,=F, -F,

GREC  fi,=F..2,=F,-F,

COMM .:J_r )

SHMM  z,=F, -B.f=F -

> MRT

Seyodsadr and Cormelios (1992) dev-
alopad the SHMM maodel, which is 2
reparamatenzation of the Tukay {1949)

madat For testing non-additivity, Thi sngu-
lar vecmrs for gomalypes aml enviranmenis
far tha ordered components are callad
“primary ellects’ (o6, ), “sccondary elfects’
i@ el and soan. Tha LS solution for §
tequiras wn itarahive algorithm, because the
solutions far the bilinear terms are the ¢
iammt momponenis af the VI of matrix

= |2gl. where, in 1his case. z, = _!r;r-*E but

B=7F -Z AAT, where B, =g'Ea,,

and ¥, =e"'I },;. Thus, Z depends an B, bul
i depends an the SVT af Z. Cunscqmmth
the LS solution does not exist in closad
form. Moroover, the value of f changes if
the number af bilinear components, t. is
changed.

Apparently. the SHMNE madel was the
first LBM that along with othar statistical
wals. was usad far identifying subsets
al genotypes or envirgnments in which
genotypic rank changes are negligible
(Comelius & af.. 1992, 1993h: Crossa and
Carnaliis. 1993; Crossn ot af.. 1993, 1993).
Later. the SREC modal was suggesind as o
hotter madel o use foridentifsing such sub-
sats al environmenis [Crossa and Cornelivg.
1997] (but not for idemifving such subsels of
F:l_‘ﬂDl't;JEE] Thex SIEC model is very appoal-
ing lor beooders aud agronomists because
ils mulliplicative terns contain the main
allects of genotypes plus the CELL making it
possible to a=sass hoth the general and the
specificadaptation af genotypes. Crossa amd
Carnalius (19937) have used tha SREC model
far clustering sites without genotypic rank
change under haleroganaity of within-site
arror varianoss, Yun & af, [2000] ased the
biplot of the first twa bilinear componenis
obtainad from the SREC rm:u:lel to graphi-
cally identify specilic ‘winner’ ganplypes in
cerliin subsel of environments.

The GREG model with (=1 is a repira-
meterization and with ¢ > 1 a genaralization
af the linear regression modal of Yawes
and Cocbheran (1938). Finliuy and Wilkinsan
{1981] and Eberhart and Russall (18G6E6).
except that wa replace their astimaiot af 3,
with an LS solution and Ffurther impose
arthonormality constraints, s io the ANMI
model. Typically, tha LS estimators of
the ¥, are very highly corefated with the
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Finlay=$Vilkinson’ Ehachari-Russall es1ima-
tor¥ ¥, of&;

Corneliesand Seymlsude (1997 ) defined
tha genera! lincar-bilinear model [GLAM)
as:

 J -—

F‘*-_-ZI ey E 2T, T,
swhere 1he X ara knawn constanis and tha
B paramelars (tegrassion ooallicienis) far
the lmenar terms and the X, oge and @ in
the bilinear terms ate parameters lo be asti-
mated [og and i subjact 1o the previausly
dafined orthonarmality constrainis).

In mairix notation, the CLBY can he
expraseed as:

Y= B.X, +AAG'+E

%fr] E<[E] o

[Iﬂﬂ[h,fc- 1, 2.. ), A Zha =, L.
A=lmy, ..., ol G= ['f,_..._.ﬁ]and.ii.ri.—

G-‘L’». =, DelinaZ =¥ - Z: Baee Xy o hera

Hiiey 1 the LS estimate of f; when the
litted model containg ¢ bilinaar terms
(¢ < rank(Z)). Then the lirst t componants af
tha §¥1 of Z provide the LS estiniies of
parameders in Lhe bilinaar terms. An LS
selulion for the linear elfecls [the @) is
given hy any solutian o the equalion:

Cp=1

where the eiements ol § are the . the Akth
elameni ol £isCy =X, X, ) = ETt,rh

and the kb element of T & T =t
[xi(v-Rig)}= ZEJ:'H(?_' SN

Elere tel-] dapoies the irace of tha (squara)
matrix given as the argument.

An LM is said Iobe 'balanced’ (a BLEBAT)

if Z=PYQ}, where P and @} are projection

makricas free of the bilinear effects, Under

this condition Ty reduces to E?Iuﬁr

where Y= [!r

and, thuy, in a BLBA, an LS solution far
ipnoring the bilinexar eflfects (i for t= D) ie
alsa a solution for B, given any valua for
t = rank(Z]), Provided there are no misging
cells, AMMI CREG, SRECG and (TIMM are
BLAMs [COMM actually being without any
lingar terms at all), but SH¥MM is noL

In this chapler. wm reviesy the ose of
tha SHMM and SIEC moclels for Tinding
clusters of envieanments with negligible
fenalypic (X and examine some of the
anoansteained and conskained  non-COI
solutions for finding the “distance” barween
pairs of enviconments, We alan summirice

masults al “shrinkage” estimalors of LAMs

develaped as analogues al best linear unbi-
ased prediciors (BLUPS) and justified by o
Bayesian argument, and further shaw empir-

ical evidence that shrinkage estimalors

are nsually betier predictors than rha best
triencated LBM and samatimes betar thin
BLLPs af 1 RE2YW modal with interoction.

SHMM for Assessing Ol

Sinoe the early 1990s. thooratical and
practical stedies have shoven the ulility of
tha SHx madel for wentilying sulsats
ol environmants and genalypes without
gonuwplc rank change {Cornelios o af.,
1992: Crassa ancd Cornelias, 1993 Croesa
o, 1990, 1995, 106y Abelalla e, 9097
Trethawan ¢ aof. 2001). Cornelius & af.
(1992). obscrving msulls obtained  with
SHMM, [SHMM with one multiplicaliva
ternt}, defined sullicient condilious for the
absance ol significant genotype COL in aset
of environmanis and’or panol ypes.

1. SH%IM with r= 1 (SHNN) must bean
adequate model for fitting the data. This
implies that the musltiplicative componants.
bewond the first, are not significantly diller-
onl [rom zern,

2. The prlmary elfecisolenvironmenis, v,
are all of like sign.

Thae SH¥M madel stiskying the above
ondition 2 has tha follcwing two propor-
tionality properties:

1. Differances betwaen geniypes in any
gngleenvirorment am praporhonl [ogeno-
typa diffarences in any other uamnmnment

2. Differences betwean anvironmeanis with
raspect ‘o the performance of any single
gcnatype are propartional Lo environmental
difforences with respect to pesformance of
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any othar gonalype (bul. fur environmnaent
dhilferencos, proporiionality constants can be
negilivil.

The second proportianality resinction is
irrelevant For tha easa af genatypic non-Q01
and is relaxed in the SREC, madel (Crossa
and Carnelius, 1997).

When SEHMM,-predicied values, #
B+1X \&,4¥, - 1e plotted agaiost the pnmqr)r
uﬂ'ec!s ufamrlmnmems “]'4 the graph con-
sists af 2 =et of regression lines. one for aach
genotypa, all alwhich concur (i.g. insect]
at the point [0, B). For a non-COI SHMM,,
the ¥, ars all of like sign [or zera) and thus
the point of infersactian is 3 point cither ol
the baundury {il one ¥, =0) or cutside (left
ar right of] the region c*nnlmmng the plaited
[HEh R

the ¥, havedileront signs (some posi-
tive, some ne-grmm} then the pointof inler-
saction is within the region containing the
pletted points and a complate reversal of
taak order of penotypes is displayed an the
right, as comparad with the left. afthe point
alintersection. Il the inlersection paint is far
autsida Lha region coniaining Lthe plaled
points. then the genatype regression lines
appear very nearly parallel. implying that
the datz ame essentially additive (provided
that the SHMM, adequataly Tits the duia),

SHMM clustenng of environmen s
with non-Co}

Typically, when SHMM is fitted to the
entire sel of data from an MET, in addition
la primary affects, ona must include sec-
andary and perbaps even higher-arder
affects if an adequata fit is 10 be achieved.
Thecluslaring strategy is to divide theenvi-
ronments into subeels such that significant
variation captured as secondary, letiary,
gtc, effects. when SHMM i3 fitted to the
anlire data set, can be expressed as primary
effects in separate analyses of daws from
the subsels. In doing this clusteriog, the
measure af ‘distanca’ between o environ-
mants is taken as the residoal mean squeare
(RMS] after fitting SHMM, [RMSISHMM,]]

o the daka from the twa environmenis
subject to a nan-CO0 cansteaini, namaly,
that bath ¥, muws! ba ethor nult-pm:l e
ar non-pegihive, RMSISHM M) s ablanad
as [RSS(SHMM,)Vf. where RSS slands for
residual sum af squares and f is the d.f.
namely, f= g— 2 + v, where v is the number
of additional constraints imposed 1o
achieve a non-{0[ solution.
lt iz a praperty of SHMM that, if e < g.
RES(SHNIM, - 1) = RESISREG, _) in uncon-
sirtined LS solutions (Seyedsadr  and
Carnalius, 192). Thus, for 4 subsetofe= 2
environments. this property provides
a closad-form salution for the distanm.
pravicled that the hwa f, walues are of like
sign. Qtherw ise a constrained solulion must
ba computed. The constraint, if neaded, is
imposecl by pulting ¥, =0 for ane of 1he
o anvironmants and ¥, = =1 for 1he othar
anvironment Two dilTerent methods [or
doing this have hean devised. namaly. acon-
strasnedd LS method and a construined SV
mathad, In the constrained LS meihod, we
pul ¥, =0 lor the enviranment Lhat has the

smaller value of E(F? ¥ ) (moranver.

this value becomes tha distance valuc)
and pul ¥, = =1 for Lthe ather environmen.
Othet properties of the solution are B=F,
and thus § =B=F_ for the rrnwrunmc*m
with f, =0 and . thr quantilics A g, are
chosen such that §,=B+k&,¥, ?0 for
. nowr repmmnimg the envitonment far
which¥y, ==x1.

[‘hnmnatm iad SYD salntion chopses
such that the [irst right singular vector (] of
Z=[z,] iv E]Imalthﬂr(ﬂ 0Y ot D, 417,
A :m{l!r;m lcun(ln ion [ar this 18 thal Lha lwo
columns of Z must ba orthogonal 1o one
anather. There are two solstions for B that
will satisfy this. For either solunion, the
right s:ngular veciars ate (21, 0 and (0. 21},
cither in thal onder or in the revarsa order.
The final choioe among the four combina-
lions uf oo of the two possiile B values and
ane of the 1wo possible environmants lor
which to put ¥, =0will e tha cembination

far which the guantity E(h.—ﬁ}

smallesl. For furthar detml:—‘.__ we ralar tho
reador to Crossa of af. [1996), 'Fhe residoal



310

1 Crozsa aref P Caronhies

d.l. lor either the constraingd LS nr con-
etenined SV salutuan litteel 1a datn rom o
enviranments ara g- 1 We doubt thal the
chnice of mathod for compuling constrained
solutians will evar bz a critically impartant
issue in clostering environmenls ar geno-
types into non-0O01 groups.

Afler the distances for all possibla
pairs of enviranments have been cympuied.
1 dendragram is constracted asing tha com-
plate linkage [Furthest neighbour) clustering
method. The final step is to analyse the
gubsats of data for each of tha clustors
suggasted by branches of the dendrogram
for 1tiequ:1|:y of fit of SHMM, (canstrained
if necessary to abtain a nap-COl solution].

A constrained SYB non-COI SHMM,
solutian lor 3 subwet containing maom than
two environments can asually be computed
by iloratively allernaling bettreen ompula-

a7

ld &Y
tien ol p = and compulation of the
et

., a5 E-Inmr-lm al the Tirs lefi singular
veolor of Z=fz,]=|F,-B| where the
subscript #i denates the eivironment to
have its prirn'mr}r effcct (7,1 pot equal to
varo and the ¥, nsed in computing Z are
only thase for tha particulir subsat baing
analysed. If what at lirst seems to bo Lhe
most reasonabla choioe [ar enviranment
i fils (o give 1 non-001 solutian (whick
oocurs iftha npn-zefo ¥, i Lha constraincd
solution are not all of like sign). analher
choice for anvironment fi may be tried. Wa
doubt if it is possible to find a salution for §
that will simultancously constrain primary
allects of more than ane environment. IT
such a solutian appears to be necessary.
campuiation of 4 constrained LS solutian
may be mandalory. A Newton-Rapshan
algorithm for computing a constrained LS
selution far any number ofenvironmanis to
bave primary eflects pul equal to zero cin
be found in Crossa &f af. (1996]. Despito the
mora complicated algorithm and under-
lying mathematics, we prefar constrained
[ salutions to constrained SVD solutions.

Far a set (or subsat] containing g geno-
types and e epvironments, tha d.f. of RSS
(SHMM,} is g#- g- @ in 2n unconstrained

solufign, ga—g-o+1=[g-1)ir—-1) in a
constesinad SV salution and g - B-2+¥
in 1 constrained LS salution, where v is the
number of enviranmeniswith their, =0in
the constrained LS aolinian.

The SREG Model and its Relattonship
with the COI

[t has been shown that SREG with one
multiplicative term (SREG} 18 a wiable
alternative o SHYM, as 1 model far ident i-
fring groups alenvironmanis withou rgens-
type QOL becuse SREG . like SHY M, also
displays praportianality af ganotype diffor-
encaes in thflerenl anvirocomenis. bul, wnliks
SHYM,, SREG, does nol impose proporion-
ality ofenvironmental differences willy resp-
ect 1o performance of genotypes [Crossa and
Corneling, 1997). Proportionality of envi-
ranmental dilferencas vith respect to differ-
ent genotypes 12 not relevant 1o the issue
al penatype (O} and SREG's relaxation of
thase epnsirainls may allaw langer non-COI
clusteres to bo obltined. Furthermom. SLAEC
can be quite satishctorily wsed 10 deal with
heterogenaily ol within-covirmnment error
variunees by the 'iil'ﬂph.-? r;lm'im ol rescaling

tha ¥, by dividing by |—. where 5] is the

CIraf Meai Squite w:thm tha flh environ-
moenl. (Sa alsocan SHNIM, buil Hhe resull hays
the unpalatable property that SHMM fitted
te the scalod data is no longer a SHMM
when back-transiormed to the ariginal scale
[Crassa and Comelins. 19971.)

[o the SREC, model. it is the deviations
of genotype vields (¥,) fram environment
means ¥, that ape madelled by the bilinear
term. The fitted bilinear elfeats, & W& g - can
be plotied as a =at of regression lines, one
for each genotype, with the ¥ , as regressar
varithta and with zero interoepts. Becousa
these regrassion lines all inlorsect at \hozero
point on tha ¥, scale. the graph, ke the
graph of SEIMM,, doas not dis play genot ype
COI[ within the regian af the plntia:l paints
(h,&,F,,F,)if and anlyif, the¥, ars eilhor
all nan-negative ar all non-pasitive. Addi-
tion of the environment mean to tha plotted
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ardinates (&, '}'r‘,] gives the SREG, prectic-
ted respanse F . =¥ ,+3. &7 IMbeE, are
platted against the . the plotied points
[ar any given genolype no langer fall on a
atraight line, but, iF piotted paints For adji-
cent values of ¥, are conneclad with line
segments. the figura displays an overlaid set
af brokep-lino graphs, ane for each geno-
type. which. although Lhey are nat straight
lines. veverihaless dis |3l'w na genotype COL
within the region of platied paints,

For 3REL, clusiaring of enviranments,
the measum af distance belwcan twa envi-
ronmenls is RAS(SREC, ). For a subsst of
dita with only two environmenls. RSS

(SREG,) = RSS(SHMM,) for bxth wncon-
strainex]  and  constrained LS non-CX31

salulions. Consacuently, _prclvich:tl that ¢on-
strined LS salutions am used for non-COl
salutions (when nacded), dendrograms Tor
SREC and SHMM clusiaring are identical.
Thus. subsels thai the dondragram supgests
as grours to be evaluated for acceptability
of kit of the one-tarm mpdel ite the same
subsels whethar SREG, or SHMM, 05 used,
bur the luss parsinanious SREC, may spme-
itmes give an acoeplable (it 1o a subset to
which SHMM, does nat acoeplably (it

Linlike SHNM,. the constrtined L&
non-C01 SIEC, salution for o subsel con-
laining more than hwo envirmnments exisis
in elased form [Crossa and Carnalivg. 1997}
Forasubsed consisting of sub-sabset S, con-
laining e onvironmonts thatare fa havetheir
1. =0and sub-subsot S; contiining e; envi-
ronmenis that are 1o hawe their §,, wncon-
strainel, the constrained LS SREG, =oiution
i5 1o pulfl, =§ , forallolthe environmenis in
lhe subsat, but abiain &,, &, and the non-
zern ., as the ﬁmmmpnnantufihn SV af
Z, -—*irzi.g;‘.]z[j?.3 -7,] where the ¥, and 7,
used in oomiputing Z; are anky those from
environments in sub-subset ;.

We bave recently deweloped a con-
strained SYD enlotion for SREG: by putting
fi,=F; +p, where § is a2 constant chosen lo
[uu:e a particular ¥, =0 (P.L. Coroelins and
1 Crossa, unpoblishad result). The usnful-
ness of such constrained SYO SREC, sol-
ans fr the SREG clusiering problom has
nat bean evaluatad.

For a et (of subsel) conlaiming y genc-
trpes and o envieonments. the d.L of RES
(SREG,) is ge- g-20+2=(2-2)(r-1) i
an unoonstrained solution, (g— 2He-1] +1
in the shove described consteainad SVDD
SREC, salution and [g-2)e-1) +v in 4
constrained LS solution. whera v is the
number afanvironments with theicy,, =Qin
the consleainad LS solutian. Note that v = a,,
whera g, i5 as proviously dofined.

SHMM Clustering of Genotypes
with Non-COH

Carnzlius et e, (1993b) used SHAMM clus-
ring to graap 41 winlar-wrhant (Yroteum
aestivisie [L] genotypas snto nan-CXD|
clusters. The MET included saven enwvir-
anmentg. Thirty-liva ol the Renotypes were
grouped into nineclustares, leaving six gono-
types unclustersd because tha procecure
did not enter them into any cluster o which
a nan-COL SHM, would giva nsatisfactory
fit Constrained non-COL solutions. whan
neadad. ware computed vsing constroinad
SYD salutions. Othar examples of SHMM
cluslering of genotypes have been reporiad
by Crossn it af (1936) and Abdalla e .
(1997].

(itossa & qf. lltﬂ?‘] compared con-
steained 1.5 and constrained SV solutions
when constriined solutions wers neadad
and found, far the particular cxampla, thal
chaice almethod foreomputing constrained
selutions mada no diffarence with respact to
the deadrogram or Enal scoepiable clusters
ebiained. To our knowledge. this is the only
published example in which consaguences
af the choice of method for computing
constrained non-COT solutions has been
studied.

SHMM clustering of genot ypes i essen-
tially by the same strategy as for clustering
epvironments. The distance betwoen two
gonotypes is dofined as RMS{SHNMM, ), using
a constrained solution. if necassary, when
SHMM, iz fitted ta the sabset of data dariv-
mg fram anly thase fwo geootypes evitl wated
in the antire set alanvironmenis. Nate that it
is still the %,, (and not the &) that must be
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cither all non-positive orall non-negative to
hawes 2 nan-COIl sotution. '

Tha unmonstrainard. SHMMN, solution far
RES[SHY % ) czan baobiawiad w elased larm
using tha resull RESSHMM, ) = RESICRE,)
if the =ot aof data baing analysed contains
only two genatypes. Baciuss whon cluster-
ing genotypes the numbet of enviranments
will always axceed two, constrained nan-
COl splutions will not exist in closed
form. They can be computed as previausly
described for subsels coplgining nara than
two anvirenmenis in the context alf SHMM
clusteringofenvironments. Theresidual d.[
is &~ 2 for an unoonstrained salution, 8-1
for a constrained SVD solution anda- 2 + v
for a constrained LS salution. where v is the
number of epvicgnmoents with their§, =01
the constrained LS solulion. Further delails
can be found in Crossa ef of. (1996).

Lise of SREC 15 a madel for identilying
groups of genolypes wilhant significant
genatype (1 is not practical becausa. far
i pair of Aenotypas. the matrix Z—[z‘.]=

v,—¥,] = af rank one and an uncon-
str’unnd SRES, waill it the valuass i:':lﬂLIJ:r.

psulling in the dislonce RSS(SREG) =
Thas, it is oaly lor pitirs of gonatypes [ar
which 2 constrained non-COl solution is
necded that o non-zero distanoe will be
obtmined. Conscquently, SREG, clustering
of genotypas will. typically, not provide a
ufticua starling-point far the clusiering.
When ¢lustering genatypes. the . of RSS
(SHMM,) in unconsiined and constrained
solutions for o subset containing mare than
twa genaly pes will be by the same formalae
15 previously gu.ren for subsely contiining
more thin twa envirenments in the context
of clustaring enviranments,

Tests for Lack of Fil of SHMM,
and SREG,

[nadexjuacy of SHMM, or SREG, (either
of these ponstrained, if necessary) for
modalling dala from a subset of eaviran-
ments and’or genotypes may be tosted
statistically wsing the Fy andfor Fry {Fgy,
or Fay.) lests,

“The £ ast (Cornalws ef of 19902 1aG)
al RMSCSFN ) or RMVS[ISIAES,) is from the
fit of SHMM or SREL, (consteained if necas-
sary) lo the subset against the MET"s pooled
grrar mean steare The o aFREISCSFH NN
or RYA(SREC,) are as given aurlies in this
chapter.

‘The Fgn lesls are saquential pests of
the bilinear components. Significance of one
or mara componanls beyond the primasy
effocts implies inadequacy of inclusion of
only one bilinear lerm. Letting S5 denoie
the sequential sum af sguams (oo an obser-
valian basis) due ta the Kb bilinosir term, thi
Fepz tast is constraciad as:

_ S5,

where 5 s the poaled etrot mean squans
and ow=ESSY? iy =0, M.y 15 lagel.
The danaminator d.l. ame the pooled crror
d.¥..and the nomerator d.I areapproximaicd
a5 AE Jui. wheme ol = VISSUG =0,
o is large]

A Tunction that swill closely approxi-
male tyy aml e for ase i Vgy tosts afl
bilipaar campanentsin SREC s given by Liu
and Cornaliug (2001). For doing so. always
pak iy ancl w= edqual 1o their approxinaling

funclions for E{é,) and SB(B,} respec-

ively. with their r and ¢ defined as
r=max(g- 1, & -%k+1 and &= max{g-1
(] -k + 1. The approximiting functions am
valid for r=199 and c<148. Far AMMIL,
SREC, GREC and COMM, the ap proximating
funciions given by Lin and Corneliss (20071)
supersede the lunclions previous ly given by
Cornelius af m. (199G].

Far tesls of bilinawr components in
SHYM. use the SHMM approximating hune-
tions for g and ux giver in the appendix al
Cornelius efat (1996) if max(g, &) < 100 and
min{g, e} < 20. For cases that violate either of

these bounds, use theformulas Ean(ﬁ,)nnd
SD(EL, ) from Liu and Cornelius (2001), with r

and ¢ defined as r= max{g, e)- k +1 ond
c= maxly, £ —& + 1. Lise of functions given
by Liu and Comclius [2001) for SHMN
analysis tasts the SHMM sequential bilinear
terms ns i they were bilinear terms in
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(O%M. This should give sulficiently
accurate resalis Tar SHMM ilror cis lange
The Feay derives fram a8 method of
mamenis 4 pproximation of the distribution
al thequantity 1 + [35:/ (poaled error S5)| as
the reciprocal of abeta randam variable. The
£ value can be compuled directly fram the
appraximate beta distribotion, but, becaose
plant breedors will generally find the value
afan F stalistic move interpreisble than the
value of a beta statistic, we routinely trans-
farm the bela statistic © an P stalistic fwith
. equal to twioa the values of the beta dis-
Iribution). For datails, see Cornelins & al,
(1892, 190%3) and Cornelius (1993). IF 1he
poalid orrar d. [ are large, as they generally
are in o MET, Pvoluas [or Fay, ond Fgp ame
typically almost identical and thus there is
ardinarily no nead Lo contpute both.

Example of the SHMM and SREG
Clustering of Environments with
Non-CO! in Maize MET

The data come [rom an intermational maze
(Zoa omvs L) MET with nine genolypes

Table 20.1.

(4= 9] esvaluated in 2 randamized complate
block design with lour mphmiv& in aach
of 20 environments (= 20). Tha SHvix
and SREC analvees shawed that the st
three companents were statistically dif
ferent from zero [ < 0.05) by Lthe Fgy test
(rable 201 resulls for afl envionments).
Since the second and third componanis
were statistically significant. SHMM, will
not adequately fit the dala from the entiro
sat of anviranmenis. Moreover, aven the
fitted SHMM, [unconsimined) has its point
afconcurrence within the region conlaining
the plotted points and thus the fited
SHMM, el displays genotype COL
This is abearved 0 Fig. 20.1, where lbhron
anvironments have -'ir,,'-vc:ﬂ and all others
hava ¢, >0 Cenalype A performed warsi in
the enviconment with the largast prinaey
effect, bat was one olthe hest o genotypes
i the environmeni with the smallest (most
negatival primary ellact.

Figum 20,2 depicts the dondrogrom of
the 20 environments when RMS[SHMN,)
was osed as distance measuroment and
clustaring. was by the completa linkaga (Fur-
thist naghbiour) method. The dicholomous

Prabatilil values (F} for tha Fy and Ry bests far the secandary and Erltary effects pf lhe

SHMM and SREG modals kor suhsals of epdronmants suggesled by tha dchotamous spilling of the

dendiogamol fig. 20.2.

Fﬂ FEI-II
Emdronments Model form  Secondary effect Terllary elfect  Secondary elfect TerHary elfect
Al SHMM 0.0000 00294 Q0000 0.00ar
SREG 0.0016 0.0685 Q02 o322
{1,328 10 SHMM 0.0a01 04757 Q0000 02532
SHEG 0.0562 04383 0.0481 02156
f1.3 10} SHMM 0.6962 DgAR4 O 45E0 09804
SREG 0.6585 09684 01245 44060
2,45 6744, SHMM 0.0000 aM18 Q.0000 Q0076
1,12,13, 14,16, SREG Q007 0.1042 Q.0040 00287
16 17,18, 19, 20]
{2,649, 12,13, 18] SHMM 01108 02641 12229 0.4648
SREG 02134 0712B 0 1465 0.e89p
.57, 11,14 15,  SHMM 0.0264 07313 Q0004 0.4236
18 17,18, 20 SREG 0.2481 07067 O 1982 0.4a39
4.6 11, 14, 16,16} SHMM 0.3B24 0.B52E Q1615 oy
SREG 04113 08185 = 5 08521
{7. 17, 19, 20] SHMM a.6342 09r4d8 Qzri7 D9ER0
SREG 0452 095641 02172 oanr

£, test of AMS[SHMM,) of AMS[SREG,] againat the poded ercr mean square. Fy, , (st Is 8 Sequenal

best af the bilnear componentsa
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The regressicn lines from wp e bolizen in the region o he vight of the peind ai concurence 9, Bl are
Renabees o 6, 3, 8,9, 70 aned I This rank arler lor SHYR qrecchiclest vickls b complaiey resvomsid

fe b bedt af the pdind oi canarrence,

splilling sugges ted by Crosea of e, (1997) [ar
finding subsels af environments with geno-
Lypic non-COI consisted of [ithing SHMN,

to subsals defined by the branches of the
dendrogram, statting at the ficsl split of
tha entire sot of data into the o subsols
ofenvironmeants, (1,1, 8, 10land [2, 4, 5.6. 7.
9,11. 12,11, 14. 15. 16, 17, 18. 19 20/. Far
tha first of these subsets, the lack of R of
SREG, is marginally signiliant {F = 0.0552)
when tested by the Fp (Cornelius et ., 1996)
test and the SREG secondary effict is signifi-
cant at P < 0.05 whan tested by the Foy, test
[Table 20.1). Far the latier of thesa two sub-
sets. there is highly signilicant lack of fit of
both SHVM, and SRECG,. detected by bath Fy
and F,;, tests [Table 20.1]. Continuing with
the dicholamous splilling, tha aderuacy of
SIMM, for firting subsets i1, 1,101, [2, 6, 9,
12,13, 168}and 4.5, 7, 11,14, 15, 16. 17, 19,
Z0| is msted. Acrording o the F; and the

Fiyy tests. SHMM, 35 adequate for fitting the
first lwo subsels. bul nal ©r the kst one.
Howaver, SREC, did aduquately B all throo
subsats, Thus. we have hare an example
of a subset that s aoceptably modelled by
a non-C01 SREG,. but not by a non-CO
SHMMI,.

[n Fig. 20., the consistent response af
tha nine genotypes acnss tha ten environ-
ments of subset [4, 5, 7.11, 14. 13,16, 17,19,
20} is cleorly depicted through the over lid
broken line SREG, graphs that do not cross
over. The residuals far the two mnodels, both
with wnoopstmined solutions, wen: RMS
(SHAMM,) = RESISHMNM, ) (ga—-g- 0] =
14,006, 1'1l1f"?‘1 197 268 and HMS[SREL 1=
RSS(SREG, Ky~ 21[e- 1] = 8,795, u':'ﬂm =
155,476, Further splitting of [a, &, 7. 11,
14, 15, 16, 17, 19, 20 pivos subsets !4, i,
11. 14, 15, 16] and J7. 17. 18, 20], both af
which ean be adequataly modelled hy aithor
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Dendragrenn af SHMM ot SREG clustering of 20 erwiranments using BMSSHMSE] -

RMSCSENG ) as disgivee wistsueetrent, Arcavs thepnobe e subisels of crrviroruoents whens SREC paes:
an ackepml file e subst indicnled By tne kaser srraw an the iigere beet 1 be sabidekled oo nons in

arcler for SHMM: o give an adeguale fil,

ron-COI SEIMM, or non-{X1 SREG, (Table
20.1).

Thetan highest values of RMS[SHMMY,)
(thetisiance) lor pairs ofenvironments with
snconstrined and oonsiained LS and 5VD
non-201 solulions are shown in Tubla 20.2.
As expacied, based on the resulls ablined
from the SHMM, and SREG, clustering (Fig.
20.2), environment B is the most frequently
ocCcurning environment in pairs of environ-
ments wilh large distance values.

‘Ta illusteate oonstrained and wncop-
strained solutions fbr a prirofenvironmenis
needing a constriined solution [or theic
distance, SHMM, lited withoul consieaint
ta the data rom environment 8 [¥, = 4027,
Yo, =~07288) and environment 11 [7,, =
4307_ %,, = 0GB49) has its paint af oancur-
renca within thi region containing the plai-
ted data points (Fig. 20.4). [n theconsteained

LS solulion (Fig. 20.3). theanvironment thit
had a positoe primary elfecl (y, = 0568409
in the unconstrained solution has is pri-
mary effect put equal 1o xera [y, , =0, thus
maving tha paine of ooncurrenca 1o the
right boundary of Lhe region containing
the plotted poin= In this mnstrained LS
sofution. ¥, , = -1

Bath the SHNIM and SREC clustering of
cnvironments hove been extensively w=aed
for finding assaciations belweeno inlerna-
tional iesting environments used by the
International Maize and Whea [mpruve—
ment Center (CRMTT) Jor miiza, bread [T
gestiviimn L] and durum [Trif coom fongrdum
var. durwrre] wheal and triticale (Traico-
severfe Wittm.) METs. Abdalta er af. [19537]
used SHMM clustering of environments
and genotypes and bbund that durum-whaat
genotypes with similar genetic hackgrounds
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formed non-COI clusiers, but COl more  especially those with different levals of
fraquently occurted with genolypes deri-  msistano (o specilic disauses. Conse-
veel Trom «different yenotic backgrounds.  quently. geuotypes [rom divase genslic

e

Yold {1 ha*)

14

[ T O 3 i T

201X o 104 SEOL frai] RN
Ermvrezuner i

Fig. 20.3. SREG model fitted o pire penalypes and a subsat of 10 envronments. The ank arder od
gemby e weilh rospect b the averlid broken e graphs s 60 3, 7,9 3, 1 3B

Yoald (1 ha|

Primany §Hacla. Gt anvicnmanis
Fig. 20.4. Uncomtrained SHMM, sclulion far iine geootypes in twa envirarments 19 and ).
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backgraunds tended to cluster intao differnt
non-C01 groups. Recently. Trethowan er af.
(2001] usad the SHMY and SREC clustor-
ing of enviranments to sledy lang-term
associalions belweon inlernational gites fora
dranght-tolerant bread-wheat MET. Rosults
af this study demonsteated the uselulness
af this appraach for identifying kay testing
envitonments around the world.

shrinkage Estimates of Linear-Bilinear
Madels Analogous to BLUPs

Simulation studies of Cornelins (1993)

and Carnelius & af (1996] for the
AMMI model skhowed that the inter-
Tahle 20.2.  The len Brgest dstancss (FMS

(SHHM,)) for unconelrained Bnd Careraned 3vh
and LS solulians. The dagress ot heedom kx he
uncansiralned solulions are ha nuirbar of geno-
bypes minus b, wherers ki the consraned
Eolution they are tha numbar ofgenolypes mnus
ane.

Pair of Degreas of  Peskual msan
endronments freedom EQUBIE
SVD nan-COf SHMM, solution

5 | 8 §34,020.03

3 4 | 639,857 47

) 17 B 546,730 47

B 12 8 €21,66228

3 11 8 £30,314.30

4 B 8 €38,836 50

B 16 2] 1.118,85850

B 13 8 1,167 42800

B 18 8 1278, TEDS0

B 1 8 1 ,687.692.90

LS non-COl SHRAW, solution

J 17 7 445 67658
16 18 T q73,TER T2
4 g f 474, 7AY €3

a ] 7 a8d.411.11

3 18 7 481,284 81

8 12 d €00,51622

8 15 A 409, 64382

) 18 8 4£1,644.18

A 13 g 1,137,120280

a 11 A 1,327 6651.00

SvD, gingular value decompasiiion corsiraned
solution; LS, |sasi-equares comsimined salibion.

action mean  squared  arrors  (IMVSE)L
E E{E:- i -lk&ﬁ :Irnt = 2. i }‘kuxk?_;l_}l -

where #=rank(Z). can be reducid i the
LS estimate of X, i.e. k,, is replaced by 1
shrinkage estimate of lhc.- form Si4,. The
authors found that the IMSE of the shrink-
age estunales were smaller than the [MSE
af the best AMMI truncated model. Thess
shrinkage estimators are of the Torm sfgner!
divided by [(signer! + nese] and am similar
to the functions of variance components
that omcur in computation of empirical
ALUDs of coll means in a RE2AW madel and
can be justified by a Bayesian argument.

The convenrtional RE2RY model with
interactions for tha mean of the fth genotype
in tha Ab environment is given in Equation
20,0 with the t;, &;ans! (18)y cansiderad ron-
dom. Undoer narmality. independenos and
a balancedd data sel. it is easy lo compute
ampirical BLLIPs ol the realized perfor
mance levels, o=+ G+ &+ (g of 1he
genotypas in tha environmenis whera they
were lested (e, emurical HLURs of cell
moang), “Tha BLLUP astimiies al the mamn
alfecrs ol 1, dand (18] Tor abalanoad datn e
are:

nexys - =
BLUIY T, J— e, s (F.-F.)
ngo;
BLUD(8,) =—— "mm;{!r'.
..'.‘\.—"JT.,:]

nLu( 1:3]“] = nn-';,[
(Fr ",E-)

o° + NG, + ngﬂ'

aF +ng’, +neod

ﬁ’n -¥1. ""'J"V)
(vl +r1l:'*«,

Naot only do the ordinary L8 estimatas of
the main effects of genotypes (F, ~F ) and
anvironments [F, ~F ] contribute to Ihe
BLUE of the rth genut ¥pic main eflfect and
af the th environmental main effect, res-
pectively. but each alzo contributes 10 the
BLUP of the GEL Then, farft =F |, the BLLE
aftha cell mean ts given by:

A +BLUP(1,) + BLUA(E,) + BLUP[ (18), | =
noQ;, + ned; (F
o’ + No, + NEg;

o+ t._F...:l+
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e, +ngg’
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T e g,
t:.'f u._fi_ _."'.,l. +¥ -.}=F.-+'SL(FL -¥. ,:H‘
S (}'? -F J+.‘5‘ (}’? -y -F.-F )

[n computing empirical SLUPs ol ool
means, the functions of the estimated

varianee components thal multiply the LS
eslinates of the main effects ol ganalypes,

environments and the GEL namaly
¥, ~F ) F, -Flund(F, -F, -F,-F 1

respectively, arecCshrinkage Fieloes that can
be estimated as:
. nd +ned® o)
TO§ +n07, +nid} r,

_ 1 . M(Ecror)
MS(Genotyps) MS(Cenatyps ¥
MS( Error)
g = iy, +ngi; -1 _
A" 43 i
 +n0, +ngh;
1

" MS(Environment) i
MS(Errar)

. M3[ Lrror)
MS{ Environment )
und

S, '—"—...ﬂ—n'#.T=1——f =
&+ nd:, F,

N ME(Cenat ype x Environmeni | -
MS(Eror)

_ M S( Error)
»15{ Canatypa x Enviran ment )

whete MS = moean sfuare
Far a satoraled ANMI model. the
estimates of the inkwaction purumelers ava

such  that ZIIu,r,_p‘, F, ~F, +F_.

E=y

i.e. the BL.UP nTa eell mean is a shrinkagn
estimate of AMMI. It is reasonable o sup-
pase, however, that an optimum strategy
for nhiaining shrinkage estimales of AMMIL,
COMM, SREC, GREC and SHMM should
inclode different shrinkuge faciors for the
different bilinear components.
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Carpelins and Crossa (1995, 1999)
and Cornelios af nf. (19930 1996) nsed 2
proceduroofshrinking each bilinarcompe-
nent by an astimale of the syl to [signaf
+noise) ratio of ils ugenwlur_ e, tha £&th

bilingar component L (2, 7a 15 shrunk as
Sy M0,y Then e som of shrunken
hilinear lerms is ES 18,7, when i,. &,

and ¥, are the corresponding .S estimatos,
The shrinkoye fclor 5, is computed as:

S, =(K -5, )/ 85 =1

1
where §* is the enor mean sguare. o, is
a value equal to, or that astimates. the
axpected error variance absorption by the

kth bilinear wro, i nL[(f.ph‘):G]

and ¥, =nk3 /4,5, provided that # >1and
therelate 8 > 0: otherwise. put 5 = 0. The
h 15 A stalislic similar in struclure ta the
Fepz slatistic thal Comelius & ol (1990]
used (o test the noll hypathesis He: 2= 0,
bat Fruz replaces G, with we. the lter
delined a5 1he ocondilional expeciation

rlL[(:.t ,-'a."r‘)l.-.jt _[J} 1.0, O IS an eshimate

ufnb{(l'll,_l A )] The valua ol

i, tn S, is appropriaie far the aliermative
hypathesis H, : Ay > 0, but not for the null
hypathesis, The above-described shrinkage
eslimalars are apprapriate for any of the
balanced LBMs — AMMI, SREC, CREG and
CQOMM. Soe Cornelius and Crossa (1909) for
a mathematical justification for the above
described  shrinkage ostimalors and for
delale ala scheme fot computing s hrinkige
estimates af SHMM. )

In practice, we oblain initial values afd,
as tha number of independent parameters in
the kth bilinear component (i.e oumber af
parameters minus number of constrainis).
These initial 4, ara vsed to abtain an initial
set al shrinkage estimates af the &, Then,
thesa initial shrinkage eshmales are used
as suppased ‘true’ volues of the %, in a
simulatian (parametric bootstrap] schame
l[a ablain more accurate values of the 6,
which. in turn, are uwsed 10 ablain o new
sot of shrinkage astimates of the k. The

schame can he iterated as often a5 desired.
The schema has baen obsenied ta move the
shrinkuge estimates inlo o rather slabh
neighbaurhood in about five iterations.
For aur scheme for oomputing shrinkage
asimates of SHMM, see Cormnolius amd
Crossa. [1 quu),

FPredictton acroracy of the shrinkage
estinistes of fnear-biltmear modek

It has been suggestad that shrinkage esti-
mates of LA Mg will provide bettar estimates
of the paalized values of the cell means {pgl
than will the empirical ezl means or LS
solutions of parsimanions madels with the
number af multiplicative 1arms chosan by
crosy-validation ar any test al statistical
significanoa (Comelius et af.. 19932, 1996G;
Camelivs and Crassa, 1895). Cornelios gl
Crossa [19949]) analysed hive MET data sels
using random duta zplitting and croes
validation, ‘They evaluated the predictive
accuracy ol {he shrinkage astimales of the
|.B¥s and compared thom veith: (i) the bes)
LS fitted runcated LBM: (i) the empirvical
HLUPs of the ooll means based on the RE2W
madel: and [iii) the empirical cell moans.
The root mean sguare predictive dilference
(RMSPO) was cumputcd for judging the best
predictive model. ie the one having Lhe
lowenst [SID. Tha authors veed data adjus-
tod by replicate differences within anviron-
menis ta reduce the noisa in the modelling
and validatian daia that othemy ise aocurs as
a t:una::x]w:tm: ] DI' :unurmg hlnck differences
Rlzsullh showed that Lhe warst predic-
tars ol the genolypic petformance were Lhe
empirical esll means (Table 20.2). In all five
axparimanis. shrinkage estimates of LB4s
were batter predictors than the best trun-
caled model fitted by LS and, except i ona
axpanimoent. tlsa betler than the BLUPs of
the cell means. These resaks suggest 1hai
shrinkage estimates of LBMs eliminate the
need [or testing bypothesss and cross
validation to select an oplimom number
af bilinear terms. Results also indicate thal
predictive accuracy diffars little among Lhe
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five model forms if shrinkagoestimalors are  nine ganorypes eviduated in 20 enviton-
L, ments, wseed oarlier i this chapter

Expetimental dota set ) of Cornelivgand  illustrals SHNIM and SRES clustoting of
Crossa (1999] is the maixe MET data. with  environments. For this MET. clearly

Table 20.3. RAMSPO {kg ha™) yaluas for e bast Funcaked lesstequanas Nbed madel and shrinkaga
eslimates tar Inear-tiiinear made! ems AMMI, GREG, SREG, COMM and SHMM, #or the BLUPS of call
masrm And fof emplricel call madans, all obtained by cross-validalion N hve MET dalk sebs {Cornalus and
Crossa, 1699).

Modal form* Truncated Shyinkage BLUP Empirical eAl msan
Experiment 1
ANMI, E37 A5 827.85 - -
COMM, 3540 828.00 - -
SAEG, B4l .12 £20.04 - -
GREG, E3BE0 828.17 - -
SHAM, EIB.T 628,61

- - €37 40 &71.10
Experment 2 .
ANML 132250 1273.67 - -
COMM, 121680 127227 - -
SREG, 1318.83 127544 - -
GREG, 131628 1272.21 - -
SHMM, 131E54 12053 - -

- - 12340 1331.2%
Experimant 9
ARIMI, B16.41 800.38 - -
COMM,, B13238 Te0 .42 - -
SREG, B15.30 a800.44 - -
GREG, BIR OB 70824 - -
SHAM, Bio16 7E9.40

- - BiT &4 n49 45
Experiment o
AMMI,,, @257 7EE .69 - -
COMM,, 82228 795 .88 - -
SRESG, B23.78 TEe.: - -
GREG,, B2253 Te7.28 - -
SHAM,, 82351 708.55 - -

- = TIB.24 431.10
Eyperment 5
AldML 677.40 568.50 - -
COMM, E¥&.7B S68. 14 - -
SREG, £34 56 &71.50 - -
GREG, E¥5.08 GE8.09 - -
SHNMM, E7B.03 a71.43 - -

- - 683.96 Fig.4d

*The subscipk on the modd ima ndcate the number of dlinear eme relained in the beet uncated
madal. This subecript 15 not reted o e shrinkage estimatas.

AMSPD, oot mean squane predicted dilference AMMI, addlive main ffects and mullplicalive
inhamclion modal; GAES, genotypes tegraseion madal; SARG, alkes 2gpessiop modd; COMM,
compleisly mulipicalive modet; SHMM, shilted muitplicaiva mods; BLUP. best ingar uniesad
predicion; MET, mutil-enviionment ek,
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shrinkage estimales ame betlar pradictors
than empirical cell means and BLUEs al
cell means (Table20.3). Crassa ef af. (2002)
computed SRECG, elustering of the 20 anyi-
ronments in thig MET, with the empirical
coll means replaped with SREC shrinkage
estimalas as input to the procadure. Twe af
the linal Rroups of environmenis obtained,
namely, [2.4, 5, 6.9, 11, 12. 13, 14, 1G. 18]
and |7. 15, 17, 19, 201. ware difloront from
those in Fig. 20.2. Only the enviranmental
Aroup {1, 10] was the same. Wherenas twool
these groups did net agree with the cluster
ing camputed fram empirical col meaas,
they did agree wilh groups of environmants
de!mmlrﬂ by =octors of an SREG; biplal
computed ltom deviations ol empirical cell
mains lrom sile means,

This is a very iniriguing empirical result.
suggesting that Lhe mothuclnlugv dazerves
sludy in mare examples. Bocause af the
separation afl patiarn fram rindam error Lt
appeats jo be achieved by the shrinkage esti-
mators. we believe SREC clastering using
shrinkige estimates of cell means a5 mpul
hits consiclierbile peom ise is a rouline proce
clure for the study of nieraction patterns in
an MET.

Software

To compute SHYMM and SREC (:hlEll.-“!['i[l].!,
af enviconments or SHMM clustering af
gunotypes, we [irst use an SASY program
(sasfiz) to obiain a dendrogram. Then,
adecquacy of it af SHMM, or SREC,
(constrained, if recessary] is evaluated
using the Forlran  program  EICADV,
Enquiries canceming the availibility of
the software may be senl lo .1, Comelius
(cornelivEms.uky.edu).
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INTRODUCCION AL ANALISIS MULTIVARIADO

Examen

1) En el archivo TRIAL2.TXT tenemos un experimento de 64 genotipos evaluados en dos sitio
y 2 repeticiones en cada sitio. El disefio de experimento es en bloques completamente al azar. El
archivo tiene hileras y columnas.
1a) Hacer el analisis espacial en cada ambiente considerando repeticiones y genotipos como
efecto aleatorio.
1b) Hacer el analisis espacial combinado a través de los dos sitios considerando a sitios y a
genotipos y a su interaccion como efectos aleatorios.
Ic) Identifique el error estandar de la diferencia entre cualquier media (SED) para los efectos
principales y la interaccion correspondiente.

2) En el archivo INPUTAUDPC.CSV hay datos que corresponden a 9 genotipos evaluados en 3
ambientes con tres repeticiones por ambiente (no tomar en cuenta la columna de IB). La variable
es AUDPC (area under the disease progress curve)

2a) Hacer un BIPLOT del modelo AMMI e interpretar los resultados

2b) Hacer un biplot del modelo SREG e interpretar los resultados

Los estudiantes se pueden comunicar con José Crossa al correo J.crossaigdcaiar.ore y hacer las
preguntas que deseen. Pueden trabajar en grupos de manera de discutir los ejercicios, pero la
presentacion es individual.

El plazo de entrega es el dia miércoles 3 de noviembre, y los trabajos deben ser enviados a mi
correo electrénico (gacevedoiiuchile.cl; edmundoacevedoiivirner).

Saludos cordiales

Edmundo Acevedo
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Archive INPUTAUDPC.CSV

Env Genotype 1B Rep AUDPC
1 1 2 1 545
1 1 9 2 652.5
1 1 17 3 7125
2 1 2 1 1732.5
2 1 9 2 1392.5
2 1 17 3 1662.5
3 1 1 1 1508.5
3 1 7 2 1575
3 1 4 3 1575
1 11 4 1 2425
1 11 11 2 277.5
1 11 17 3 237.5
2 1 4 1 757.5
2 11 1 2 792.5
2 11 17 3 792.5
3 11 6 1 882
3 11 1 2 637
3 11 4 3 882
1 12 4 1 172.5
1 12 7 2 147.5
1 12 15 3 170
2 12 4 1 B97.5
2 12 7 2 517.5
2 12 15 3 892.5
3 12 7 1 322
3 12 1 2 287
3 12 3 3 287
1 14 4 1 170
1 14 9 2 137.5
1 14 13 3 102.5
2 14 4 1 697.5
2 14 9 2 452.5
2 14 13 3 485
3 14 3 1 175
3 14 7 2 490
3 14 1 3 420
1 15 4 1 105
1 15 7 2 137.5
1 15 13 3 135
2 15 4 1 412.5
2 15 7 2 312.5
2 15 13 3 310
3 15 8 1 315
3 15 4 2 210
3 15 2 3 245
1 17 4 1 67.5
1 17 7 2 67.5
1 17 13 3 70
2 17 4 1 93.5
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65.5
93.5
420
350
350
85

85
102.5
277.5
260
2775
462
497
707
272.5
242.5
2775
382.5
382.5
417.5
532
742
595
687.5
747.5
735
1532.5
1562.5
1602.5
1648.5
1578.5
1680



INTRODUCCION AL ANALISIS MULTIVARIADO

DR. JOSE CROSSAR.
Biometrics and Statistics Unit
intemnational Maize and Wheat Improvement Center (CIMMYT)

12 al 14 de octubre de 2004
Campus Antumapu, Facultad de Ciencias Agrondémicas. Universidad de Chile

Listado de Asistentes
Alumnos que aprobaron el curso

Nombre Institucién

Edmundo Acevedo Hinojosa U. de Chile

Paola Silva Candia U. de Chile
Herman Silva Robledo U. de Chile
Eduardo Martinez U. de Chile
Susana Valle Toledo U. de Chile
Mauricio Ortiz Lizana U. de Chile
Javiera Gonzalez Cruz U. de Chile
Claudia Harcha Cortes U. Austral
Patricio Sandafa G. U. Austral
Gaston Delard Rodriguez Semillas Pioneer
Miguel Ibafiez Vial Semillas Pioneer
Andrea Salinas Rubio Semillas Pioneer
Juan Eduardo Zarhi Salim-Hanna Semillas Pioneer
Sybil Herrera Foessel CIMMYT

Alumnos que no aprobaron el curso

Nombre Institucion
Alberto Mancilta Martinez U. de Chile
Juan Barmios U. de Chile
Carlos Montes Verdugo U. de Chile
Marcela Opazo llanes U. de Chile
Danie! Calderini U. Austral
Rodrigo Carvacho Bailion Semillas CIS
Erika Salazar Suazo INIA

Jorge Saavedra DelReal INIA
Carolina Rivera Montoya U. de Chile

Verbnica Mufioz Mufioz U. de Chile



SANTIAGO, 17 de enero de 2005

A QUIEN CORRESPONDA

EL CURSO
INTRODUCCION AL ANALISIS MULTIVARIADO, DICTADO
FOR EL PROFESOR JOSE CROSSA, ESTA RECONOCIDO
EN CALIDAD DE CURSO ELECTIVO EN EL PROGRAMA DE
DOCTORADO EN CIENCIAS SILVOAGROPECUARIAS Y
VETERINARIAS, DEL CAMPUS SUR, DE LA UNIVERSIDAD
DE CHILE.

Comité Acadamico
Doctorado en Cloncian 3
Siivoagropecuarias y Yeteringrias
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Sta Rosa 11.315 Cagilla 1004 Correo Central, Santingo, Chile/ fono 578 5864 Fax 36-2-678 5752 e mail; cdelemaz@ uchite. cl



