26
2005

Vol2g Subp]

Jouma] of Sout China Agriculural Unjvers ity Oct 2005

10

Developm ents n quanttative geneticsm ethodoogY as

app lied t© natonal genet;c
inprovanent programs {for swne

BnacyM ISZTAL
(University ofGeorgig  Athens GA 30605 USA)

Abstrac:t Genetjc selection n Pig€s though BIIJP was very successfi] However strong se ection
mainly on grovw th and numher of hom ajjve decreased finess and reduced enviommenta] changes that
anjnals can okrate especplly under supoptina] enviroments Additbna] challenges are genetic differ
ences heween purehreds ( selected anjnals) and crosshreds( canmercia] an'ma]s) and posshly differ
ent envijomments for these groups of anjnals A successfu] genetic sekction at this tine requjres camn.
prehensve data for a]] Jeve]s of the pyramid multrajtmode s {fora varjety of trats jnclud mg categorical
and surviva’l and sofware that can inplenent canplijcated madels while supporting hige data sets

Many projects in Pig Zenetc evaluation are carried out at the University of Georgia Those sudies are

supported by sofware fan iy called BGR(

Key WOI‘d:S quantjtative genet'p;% breedng softwa@ natona] swine hreed ng pProgran

CLC number 13 Document code¢ A

For a jong timg Purehred Pigswere evajua
ted in a nucljeus {or severa] glowth meat qua ity
and reproduction trajts incjuding growty backfat
and numher of piglets alivé!l  The evajuation
was usng BIUUP with al] tats treated as |inear
and ajso assuming a nomaj distriputon  Ang
mals Jown the pPyram i wer not evaluategl 1t
was assuned thatmost if not a]] of the gans of
selecton at the nucleus Jeve] transferred to the
canmercia] leve] The selection based on the e
vauations seemed to he successfu] as al] the
traits seaned to inprove Pethaps fhemost can-
monly used softwvare used n the evajuation of
Pig€swas PEST'?  This sofware aJjowed for a
multitrait evajuation {or sevem] trajts of quite

large data sets

Article ) 1001—411X (2005) 9—0047— 14

Later additiona] trajts were added for ex
anple associjated withmeatqua ity Alsp an
effort wasmade to dentify QT1.’s associated Wit
mapr trajts! 3 The most we]] known group to
uti]ize markers on a Jar€e scale s Pi€ mprove.
ment Canpany ( PIC), Because the nunper of
trajts jncreased and methodo jogies 1© ncorporate
genetic maikers are canpute intensiv,e taits
and markers are now analyzed i groups

Late];’ questions have heen mised wheter
the selection at the nucjeus Jeve]|was efficient at
the canmercia] leve, | whether traditona] or by
molecujarmarkers At Snithfield (Cu}bertsop
persona] camm, 2004), While 8owh and the
nunher of pglets increased the morta ity n

Creased the meat quality decreased SOWS Pro-
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ductive [ife decreased] and suscepPthbility © dis
eases ncreased Thiswas attributed 1© less than
obtina] envromment at hose fams ( Rothschild

2004).
supported by ohservations in [)emmark ( Beg

persona] comm ,

Persona] canm Such a statament ;s
2004) Where fhe genetic P
gress n canmerc @] aninaswas found to cljosely
In Dermatk

the envioments at the nucjeus and the cormer

trace that n tfhe nucleus aninals

cia] levels are sinjjar However an nteresting
picture can he drawn from a French experinent
where Pig€s were nseaninated with frozen senen
flom poars hom in 1977 and 1998 Daughters of
younger hoars had |, ¢ mor hom pglets hut on
IYq 4 more hom a]ive

There are many pPosshle reasons why pPer
formance gains ;n tfhe nucleus may not transfer
we]] © the canmercja] |eve] Fust e nucleus
and canmercja] envirormentsmay he different
In this context the enviromment contajns a num-
ber of attriputes ncluding notonly a geograPh
ica] Jocation hut aJso %Pe ofmanagement feed
ing the quality of Jabor and the stocking rate
Subsequently aninals may he not sejected for
env jromments 1t Which theY have © produce In
particu 1a’r trats that are uninportant and unse
lected for n the nucleusmay he mportant n the
cammercja | populjaton Second canmerc ] an-
imals are usual]ly 3 ormore way closses and the
correlaton heween purehreds and crosshreds in
the Presence of dan nance and epistasismay he
In beef

or dany cattle P; crosses among dverse hreeds

smaller than one and even negatjvel 4

are very productive while other crosses are not
[36  Thiswas attrhuted © recanhinaton Joss
The correlaton heween Purehreds and Cross
breds was estimated t0 be between p o0 and
Q9"

Part of the Prophlem with selection in PiES
could be due © selection fr few major tmijts

while Bnorng oher mostly Jow heritably tmits

W aajjeta]l? documents decrease of fitness n
major species as a response t0 selecton mamnly
for production A ccord ng€ © theirWOIk aninals
are selected for8reater capahility {or Production

This way

env romm ents where surviva] requres more ener

less energy is left for« fimessr In

gy than s avai]abLe the most proJuctive aninals
are more [jkely 10 die or hecane unproductive
That genetcally « mproved
quire hetter enviomentwas clearly documented
in brojlers by Eitan and Soller!'”  (Qver the
past fifty Years the slaughter a8e n chicken has
been reduced fram 1o to4) days with a lae
improvement n average feed converson rato

anjnals .

However these cane ata costof Jower fertility
different Jevels of sexualmaturity n sexes and
decreased disease resjstance New Prohlems are
handled by mPproved manageament |ke artificial
1ight supplamentation of COCk?S anthiotics n
food etc Under less than optina] envirormer;t
the« modenr chicken would not functon wej|
Nape|l 1l agues {for creaton of a more 1©
bustPig which would function we]] under a va
riey of enviomments ncjuding envirorments
changing with tine due 10 extema] conditons
Theories exijst how to select such a pigl14
However a« ohust genotYPe may he less pro
ductive n a very specialized enviporment than a

« pecialized” Lenotype

1 Selection of profitaple Pi€s

In oxler for the selecton © he profitahle at
the following conditions
need © be meg (1) The evaJuation needs to in

the canmercia] Jeve]

clude a]] trajts of current econan ic inportance
including mor@liyy diseases and survival ()
The evaluation needs 10 he at the leve] of can-
mercja] aninals (3) Selecton of Ppurepreds
should occur n sin jjJar cond tions as n canm er

cial aninaLs otherwis,e genotyPes need 10O he
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flexible enough so that ey would function wel]
across env jponments

The last wo conditions are related [f can-
mercia] and nucleus aninals are rajsed i differ
ent envilorrnem;s the Zenetic correfatons he
ween traits of nucleus and pPurehreds wil] be re
duced

The aphove conditions create require collec.
ton of canprehensive da@ the collection should
be at a]] levels of the hreed ng pPYram i and Pos.
sbly in different enviromments Alsg new sta
tistica] 100]s are needed to handle the canp lexity
of the data These include methods formultitrajt
evajuation where sane trajtsmay phe non_nomal
Iy distrbuteg censored and methods where
differences heween purehreds and varous kinds

of crosshreds are accounted {or

9 W ork done atUGA

Genetic analyses and genetic evajuatijon can
be done only of there 8 approprate software a
vaijlable Usually wo types of software are useg
One tpe s used for exploray studies and pa
rameter estinaton This tYPe usually can ac
commodate only sma]] data sets Another type is
used for evaluatiop where very laiBe data sets
can he acccmmodaLed h(wveve’r with ]ess flexi
biliy or Possibility for Paraneter estmation
W hen new types of mode]s need 1© he suppor
ted an mportant feature of softvare is ease of
modification Only when the source code 8 a
vailable thenmod ifications © the sofware can he
done Depending on design of sofware the po-
gram may he easie,r difficu]t or even inpossihle
omodify [.arge statistica] Packages ke SAS
are not sujtaple {or genetjc ana[yses
2 1 Package BGIy

A sofware called BGlyg or a BIIUPR)
fan 1y of prog€rams has heen deve joped at the U-
niversity of (Georgja 10 support anina] hreedng

research and genetic evajuaton The sofware
was develobed with the Purpose of supportng a
large numpher ofmodels for hoth dat@ and the ge-
netic evaluatiop with sinpPliciy that would aid
mod ifications when needed and with reasonah]e
efficiency ( MiSZ‘[E’ll 1999 Miszta] et al

2002 ). Most of the sofware js free {or research
use and is avaifahle on thheW eh at ht® ,/nce

ads uga eduy ~ ignacy This sofware Which is
continuousy modified for needs of new projects

allows scientists at UGA and collaporators to
conduct new tpes of analyses ©Many specific
methodologies are avajlaple for
standar] analyses AT REMIL methodoogy is w
sually fast and accurate HONeve,r for some an.
a1YSe§ Particular]y mvolvng traits of jow herita
bility and high genetic conelation§ this softwvare
fails In this case a slower approach of EM
REML is ofenmore reJiable REML me thodolo.
gy usually failswith a Jar€e numher of traits or
when the data sjze 18 1©00 large
Bayesian me thodojogies based on (5 bbs sanp [ing
may be applicable
lar8e data set s cuc@a] orophtainng accurate es
like
efects both REML and Bavesian me hodologies
are 100 expensive In this case aMethod R may
be applicahle ata cost of samewhat h gher stand-

For examp Le

In this case
In analyzes where a very

tinates for estination oOf non. additive

ard emors [Unue features of BGRy() are unp
fom ity of parameter files across the Prog€rams
and availability of Programs using itera ton on.
data that can analyze very Jarge data sets [or
more detailed nfomaton ahout the Prograns see
the APpend i
72 2 Studies in Pig breed ng or usefu]
for P8 breeding at UGA

This section highl8hts wotk h new evalua-
tionmethods atUGA wit discussion of e levant
issues especially related 10 methodopgies
221 Joint evajuaton of purehreds and
crosshreds [0 et a]l4 developed a theory for
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joint analyses of purehreds and crosshreds For
a]] cosshreds ncuding }'«1" backcrosse’s };

er, theirmode] is very canp]icate However

that mode] sinPlifies for a temmal cioss data
when the on]y populatons are purhrd and
Fl[”] . Insuch a sjwuation each pure hreed has
1ts ovn additive effegt and crosshreds have wo
Additionally

the dam inance effect is fit Such a methodogy
allows Pr estination of genetjc correlatons he
ween each Purehred and F1 and fr a different
additive varance for each hreed or each parenta]

correPond ing 10 pParenta] |mnes

effect n each E. Necessary ofware requires
the apility © support multPle additive effects
and domnance effect aj] ofwhich are supported
bY BIUPR)Q In a study by Lutaaya et a]l”,
thismode]| was applied © [andrace ( breed A)
and [.ar8eW hite ( breed B), The 8enetic corre
latons heween purhreds and crosshreds ( 1PC)
for lifetine daily gain were ) 99 (A-C) and
062 ( BC); for packfat the correlations were
0 32 (AC) andq 70 (B-O). Thus breed A
tansn jtted © E  Predan pantly daily ain and
breed B Predommnantly backfat Jutaaya et
all ™ also evaluated aninals based on purehred
only or on canpined purebred_ﬁ perfomance
Ranking€s were sinilar hecause data heyond
purepreds was very |imited Both studies have
shown a need {or data collecton heside the nuw
cleus Tt is desimble © devep a realisticmeth
odogy for pint evajuaton of purphrds and
crosshreds heyond Pl‘ as canmercia] aninals are
at least3 way crosses

222
ality AsPgletmoralty s increasing there s
a queston whether that increase s due 10 re

(Genetic analyzes of farrow ng m or_

sponse 0 a selecton on growt and fecund ity

Arango et allP Jooked at genetic Paraneters for
farrow ing mortali‘gy litter Size and testperfom_
ance of [ arg8eW hite sows Because the distrbuw
ton of P8s hom dead is far framn noma’l this

trajt was treated as categorica] and analyzed by
the threshold modgl other trajts were treated as
nomally distributeq Estinates confined that
selection for less packfat and higher owty
creased the nunper of P€s hbom dead To find
whether P8 hom dead and hom aljve were Ze_
netically sinilar traits across paritiqs another a
nalysis mvolved ag tlaitmodeJ Pigs hbom dead
ing3 parjties analyzed as categorica] traits and
Pi€s bom aljve n 3 Pparjties analyzed as [mnear
trajts Analyzing categorica] trajts by the thresh
old mode] accounts {or mncidence (fferences
across tine and fams and Providesmore reajistic
assesanents of gans pY genetic selection Al
ana[yses were bY THRG IBBSR)(,

22 3 Estinaton of canpetijtive effects
One rason why genetic 8ans for sane tmijts do
not transfer we]] fram nucjeus t© cammerci]
could be competitive effects n commercja] en
the P8 density i a pen is high
P8s selected as the fastest growing could be
those who are a]o the most dominant Under

Virorrnent§

feed restric tons such P8s ar |kely © enforce
causing retarded grow th
in he rmainng Pigs n the pen Thus the av
erage performance of the PEs n one pen is Jow

Muir and Schinckel]'o developed a theory 10 e
valuate the aninals for €enera] and competitive
( or cooperative) effects A 8ood P& would be
the one who 8rows fast Yet does not nhit the
capapility of other Pigs to grow A rango et al !

used theirmode] for on test average daily g8amn of
LargeWhite gils In thismodg] each observa
ton contaipns notonly the effectofa pEwith that
opservaton hut a]o effects of a]] ramaning PEs
in the same pen W ith Pen sjzes up © 16 but

their Jan jnance status

varyng a mode] for an ohservatijon coujd corn
tan up 10 16 additive effects AIS,O different
nfluenced weghts of campetjtive
effcts Prog8rams BIUPRHQ REMIBo and
GBS handled the canpetitive effectmode]

ben sjze



IgnacyM]SZ]AI:, Deveppnents in quantitative genetics mehodo oY as applied 10 natona] enetic inprovement Prgrams or swine 5]

without any modification The estinate of the
campetitive effects had a very |arge error hecause
of lar€e Pen sjzes Vore Precise estinates can he
ohtained when pPen sjzes are snaller and when
the campetitive mode] is refined The mode] by
Mujr and Schincke] assumes that competitive
effects are expressed on the noma] scale n
fagt these effects are expressed categoricaﬂy

themost canpe titive Pig 1S the most Jike Y 10 be
come damnnant while al] the rananng Pigs are
lkely © be passive A work on the refnanent
contnues

224
Sows survive shorter than in the past There are

Analyses of sow ranova] dsposal]

many rasons {for sov ranova] (One queston is
whe ther a]] those reasons are ndependentgenety
ca 11}7 or are they due to a genera] deterjoratjon
of fimess Arango et a]l'® canhied over 4
different reasons nto3 genera] groups repo.
duction diseases and others Three traits crea
ted were  parity at rmova] for reproduction
(R) Parnty at ranova] {or disease (D) and
Be

cause a sw {s ranoved only for one reason only

parity at ranova] for other ( ()) reasons

one trajt is recorded for each sow However ifa
sow is removed fran the hex] {or one reason it
means tfhat it was not ranoved for ofher reasons
butm ght have heen ranoved for those reasons
later For exempLe if a sovw was ranoved for
disease at parity3 her potent@a] ranova] {or oth.
er reasons cerainl]y did not happen atparijties |-
2 but could have habPpened in parijties3 ( after
disPosing for disease) or Jater Therefore one
trajtwould be ohserved and wo censoreg|
R=3 D=3 0= 3

Even though there s no dmrect opservation
on censored tlai;s using censored dat ajlows
one 10 utj]jze more mnfornaton and supsequently
leads tomore accurate analyzes An extra honus
is ahility 1© estinate g€enetic cormelatjons anong
the trajts In analyses by Arango et a.lllgl’ a

multitrait Progrm G BB [ was modified to
aljow censoring the new DPro€mam was naned
GBBYY) Estinated genetic correfatons anong
al]l tratswere hgh nhdicatng that a genera] de
crease n finess 8 causng [ow oW survival

In genera] trajts Jke Productive [ife would
be best analyzed by a suwvivalmode] ¥l Such
amode] takes nto account risks of diPosa] at
each unit of tine and nherent]y takes account of
censoring However at this ting the surviva]
mode]| cannot easily he used jnmultitraitmodel]s
or n models with an anina] effect except n
small data sets®!
225
tine
that genetic Paraneters stay constant over tine

Changes in genetc Param eter over
nmost evajuaton systans 1t 1s assumed
This means that varjances and genetic correfa
tions do not change Tsuwmta et a]l?'? ana
IYzed up 095 trajts in Holsten cows The ana
[yses used progran (G BBS g which supports
lar€e numher of tmajts Many genetjc parameters
changed greatly over a period ofp() Years Same
genetic correlations changed fran pPositive to
negative Themost Jong ]ived aninalsp Years
agom jked we]] and were ]| Now [ong€ |ving
aninals are shorter and are not necessarily the
highest Producing hut have good reproduction
This is because the Zenetic selectjon over the
Years proJuced cows thatare taller than the opt
mun Alp cows selected as most poductive
have worse repoducton and more healt, Proh
lems than the average

Enviorments change over tine and the
changes ncrease mportance of same trajts while
decreasng the value of other trajts For exan.
pLe many fams are gettng Jarger and each ani
ma] recejves Jess ndividua] attenton Subse
quently ongoing health Prohlemsmay nothe de-
tected in tine and heatmay not he ohsewved
Both of these factors jncrease the inportance of

inmune resjstance and fertility
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Chang8ing genetic Paraneters over tine {L
J[ustrate |inited vajue of very o]d data in Predic.
tng the Lenetic vajues of curmrent an'rnaLs
the need {or tine adjusments n models used for
The need for adjusments
may not he realized unless sPecific tests are
made For nstance damry bulls ormany hreeds
ar evaluated globally by hterpull ( ht® //
www nterpu]] org) This organjzaton canpmnes
genetjc evaJuatons fran ndividua] countries nto

and

genetjc evajuatons

evajuations that take into account dat fran aj]
the countries To uarantee qualify evauations
from each country Intethu]] requjres that their
evajuations pass many tests [Evaluatons fran
many countries could not pass the tests hefore of
ten camplicated tine adusments were made

O ften the changes reduced the estinate of genet
i¢ trend n half or even to nonel23 providng |ess
optin jstic assessnentof the selecton work done

so far
3 Recanmendatons

Use of mPported [ines is ustifiable if the en
viromment flom the mporting countries can he

schane would select anjnals hest sujted for a o
ca] enviyromment A recording scheme needs to
be set up that ncludesmapr trajts of econamic
mportance wity @nPhasis on those | ting po.
ductivity Jocally Trajts under record ng need to
be analyzed with amode] that can fu]ly account
for fheir canplexity The selection requires a re.
search canponent O that current challenges are
identified models aremodified and new genet
1€ evajuatons provided

A cknow Jed8em ents Camments by Dr
Mapty are gragfu]ly acknowledged
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APpend x

The @b 1 describes canputer pro€ran avajlahle at
UGA for proplan s asocated with quan fitative genetics
molecular enetics and genetjc evajuation A || Programs
are written m Fortrangs Most programs are maq( ifica
tions of a BIIJP Pregram called BIIUP)g The design
of that Pro€ram has heen descriped m class notes {or a
course on « Canputing Methads in Anjna] Breed n@
taughtas ADSC 8200 2t he University ofGemgig this
course has also peen taught asa shortcourse by I M1
szta] on five continents Mostof the programs are avajl

aphle at http ,/snce ads uga edus ~ ignacy, newpro

duPlicated O theIWis’e a genetic selection grms hm|
Tah 1 Canputer program
pe  program descripton features
CalJeulates BIJUP fr multPe tajtmod. Matrices kePt inmemor,y sojutions hY it
BLUPR)Q e]§ supportsm ssmng trajts and d fferent ertgon or hy sParse matrix factorizatiog
models for each trait sujtah e for smal] o medium daa sets
Slow but relahle works with rmndan re
Varjance canponent estmation by EM ’
REMLE) REMI gression models only if stargng values too
’ Jaige and not 1o snaj|
1 Varjance canponent estinaton hY Al Usualymuch faster than REI\/ILR)Q kess
ARIMLE .
REML religh e for samemade]s
As apove hutw iy estination of heteroge
AREMILRES , , BYT Druet
neous resjdual vargnces
Jont analysis for polygenic and QTL. )
QXPAK BYM PerzEncio

effects
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Contijnued Tah 1

ypé& Program descriptpn features
Solutons for phivarpte |mear threshod
CBIUR) Thresho Hs not canputed
mode]
Souton prmultPle rajtmaodelswith one
CBIUR THR . ] Thresho s canputed
categorjca] tajt
Varjance canponent estinaton uspng
) ) ) (Creates new matrices every roun(; sinPle
GBBSk Bavesian methaods and G ibbs sanpling
) 7 butslow
block sanpPlng
Setsm atrices only once much faster than
I GBBS Ko As ahove modified Pr speed GBBSyg especa]ly for Jarge number of
tra jts
As apove put adds joint sanplng of cor Faster mxjng {or materna] and randan
GBB3 B0 .
related effects regression models
As apove w ith support for heterogeneous
GBB3 o . )
residua] varances
(GraPhica] analyses of simp ks fram the Version wih £graphics version availahle
POSTG BBSho . .
GDBBS fanily of progran s for [_inux
I Varjance canponent estination by Meth BY T Drue;t supports very himBe data
MREQ o1
ad R sets
Varjance canponent estinaton pr any ) )
THRG BBSk nunher of categorica] and |near trajs By D K Le  a modification of
. " GBBR RO
uses Bayesian m ethods
BY S Tsurutg much easier v oorrect
THRG BBS K SinpPlified verspn of apove than ahove hut same features not mple
11 mented
) Varjance canponent estimation for mu[ty
3 = y ngo
GBBSCH0 Ple_trait linear censored mode s BYJ Am
Renumberng por aninal effects and pige SupportsmultiPle additive effcts elni
RENUMB) Jag sefs nates unnecessary pedigrees; only b na
at se
res avajlah e on the W ebsite
As BLUPR( but with support for very
BILUR DD 0 BY Shogo Tsuruta
large data sets
, As CBLUR(THR but with support for
v (BIURo 0D very lar€e data sets
ADPProxination of accuracies {formu ftiPle
ACCHQ Matema] effects supported

trajtmaode]s very lae da@ sets

1)] . Pmograns avajlable on theW eb [[. Pograns hepw avaijlable by requ est][. Pograns underdeve]opmen;t
[y, Prograns avaiphle only under research agreement
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Exam P of a paran eter fjle

This is an mPlenentaton of a temina] crossmade] for jpint evauation of wo pureh reds (A and B) and I

(AB) bYLoeta]l" and used by [unaya et d["

Model

breed A Y= g+ 4 + €
breed B ¥= c§+ 4, +§
E, = G,+ Upt+ Ya + G

Dan file ( data_ CI0sS)

L C8A (85 Fvely

2 8B (110 levely

3, cgcosshred (g7 levels)

4 aninalhreed A (2 400 anina) or parent fran hreed A
5. aninalpreed B (3 gop ainals) or parent fran hreed B
7

8

)

&< 8<

M
Ped Bree fjles
pedi8 A Prbreed A and Pedi8 B for breed B
Paraq;eter fike -
# ExanPle of a €m ijnal cross mode |
DATAFIE
data cross
NUMBER OF TRATS
3
NUMBER OF EFHECTS
3
OBSERVATIIN( S)
6 7 8
WELGHI(S)
EFFECTS POSI'DNS IN DATAFLE NUMBER OF LEVELS TYPE OF EFFECT
1 2 3 110 coOs - | contemporary gro;p e_ffeCt -
4 0 4 2400 cosscoss additve effctofbreed A
0 5 5 3000 Cross !additive efectofpbreed B
RANDOM RESDUAL VAIUES
100 O 0
0 100 0O
0 0 100
RANDOM GROUP
2
RANDOM TYPE
add anmal
FLE
bedig A
( CO) VARIANCES
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40 0 30

0 00

30 0 50
RANDOM GROUP
3

RANDOM TYPE
add anina]

FLE

bedi8 B

( CO) VARIANCES
0 0 0

0 50 30

0 30 40

40 30
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