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RIASSUNTO

Gli obiettivi del moderno allevamento suinicolo anp principalmente a garantire buone
performance in termini produttivi e costi di protrze contenuti. Il controllo della mortalita
neonatale rappresenta una delle tematiche piuliathraprio per gli importanti riflessi sul
bilancio aziendale. Attualmente, il tasso di matdaiotale sino allo svezzamento puo variare dal
18 al 20% sia per la realta europea che statumitdhsumero di suinetti annualmente partoriti
da una scrofa & probabilmente considerato il aettiproduttivo piu importante, in grado di
condizionare il management aziendale e spesso,tgermotivazioni, l'unico ad essere
considerato nei programmi di miglioramento genetitolinee suine. In realta, gli indubbi
miglioramenti ottenuti relativamente a questo aspsbno spesso vanificati da peggioramenti
nella capacita di sopravvivenza del suinetto, bgaeto che durante la fase di allattamento.

| dati utilizzati in questa tesi sono stati raccpiesso il nucleo di selezione Gorzagri, sito a
Riese Pio X (TV, Italia) e il centro genetico, s&olodi (PG, Italia) e dedicato al programma di
sib-testing della linea verri C21. L'attivita de¢rtro e finalizzata alla produzione di famiglie di
suinetti ibridi, originati dall’accoppiamento diweC21 e scrofe ibride Goland. Questi suinetti,
di costituzione genetica identica all'ibrido Gormagllevato negli allevamenti commerciali,
producono le informazioni necessarie per la stiglavelore genetico e successiva selezione dei
verri e scrofe della linea C21. La linea verri CRloggetto di attivita di selezione secondo
obiettivi finalizzati al miglioramento delle perfoances di allevamento e dell'attitudine alla
produzione del prosciutto crudo stagionato DOP.e@bi selettivi sono il miglioramento
dell'attitudine alla trasformazione industriale ldetarcassa e della coscia, particolarmente in
relazione alla copertura di grasso della coscidle sua qualita (numero di iodio e acido
linoleico) e alla presenza di difetti della stegsali la globosita ed il grado di marezzatura della
carne. Inoltre, lo schema selettivo mira all'otteanto di animali omogenei in termini di
accrescimento al fine di permettere un’ottimale anigzazione produttiva all'interno degli

allevamenti.
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Recentemente, anche la capacita di sopravviventa mbustness del suinetto sono
divenuti oggetto di interesse selettivo. | datntbrtalita dei suinetti sino allo svezzamento sono
stati raccolti sia presso il nucleo di selezione phesso il centro genetico di Todi a partire dal
2000. Nel primo contributo i dati di sopravvivendei suinetti fino allo svezzamento rilevati
presso il centro genetico di Todi, sono stati amzali utilizzando un modello dei rischi
proporzionali e testando diverse baseline hazarctimn. Il tempo di sopravvivenza del suinetto,
considerato come l'intervallo tra la nascita e Wezamento, € stato analizzato prendendo in
esame gli effetti sistematici dovuti al sesso, mesdalia, mese-anno di nascita, ordine di parto
della scrofa allattante, dimensione della nidiatelassi di indice genetico standardizzato dei
verri. Quest'ultimo si e reso indispensabile petep@pprezzare le relazioni intercorrenti tra
obiettivi di selezione della linea verri C21 atimehte perseguiti e sopravvivenza della progenie;
nel modello sono stati inclusi anche gli effettsgali della nidiata e la componente genetico
additiva del verro. La mortalita in allattamenta deinetti ibridi Goland si é attestata intorno al
14% con un tempo di morte medio pari a 6 giornefietto del sesso € risultato essere un fattore
rilevante sulla mortalita in allattamento: le ferihanno una probabilita di morire del 20% in
meno rispetto alla classe di riferimento (masdtm)spostamento a balia ha anch’esso un effetto
significativo sulla mortalita in allattamento. Igggetti trasferiti dalla madre “biologica” ad una
balia presentano una probabilita di morire del 4id3ériore rispetto ai suinetti non spostati
(classe di riferimento). Tali risultati confermabionportanza di questa pratica manageriale, che
porta ad una significativa riduzione della mortalieonatale. Considerando il fattore “ordine di
parto della balia”, si € osservato come i suinalattati principalmente da balie primipare
abbiano manifestato una probabilita di morire sigperrispetto ai suinetti allattati da pluripare.
In particolare, si & potuta osservare una dimimeidel rischio di morte fino al quarto ordine di
parto, per il quale il rischio di morte si attestattorno al 75% di quello che caratterizza suinett

nati da scrofe di secondo ordine di parto (consigein questo caso come riferimento).
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Considerando la dimensione della nidiata, € stassipile constatare che la probabilita di
morire aumenta in modo significativo per i suinettiattati in nidiate di dimensioni ridotte
(inferiore a 5 suinetti) oppure molto numerose &igre ai 15 suinetti) rispetto alla classe di
riferimento che in questo caso e rappresentatadie costituite da 9-11 suinetti. Nidiate molto
numerose comportano una maggiore competizione danetti per la mammella (difficolta ad
assumere il colostro) e sovraffollamento con maggpwssibilita di schiacciamento. Per quanto
riguarda le nidiate di dimensioni ridotte questacsstate osservate, generalmente, in scrofe che
hanno avuto una gestazione non regolare.

L’effetto dellanno e della stagione di nascita isultato essere un effetto altamente
significativo, imputabile a fattori di natura clitza, epidemiologica e manageriale esistenti tra
il 2000 ed il 2006. Per quanto riguarda l'indicengico standardizzato dei verri, da questo
studio € emerso che i verri con un indice di maggaetico globale superiore rispetto alla media
di popolazione, hanno generato progenie, nel cdegti anni oggetto di studio, con un rischio di
morte pre-svezzamento superiore a quelli con indiegiore rispetto alla media di popolazione.

Per quanto riguarda la stima della variabilita gieoeadditiva indotta dal verro e quella
ambientale permanente indotta dalla nidiata sudlpacita di sopravvivenza del suinetto, &
emerso che l'effetto della nidiata ha una rilevameggiore rispetto a quella del verro e mette in
evidenza l'importanza dell’effetto ambientale egato dalla scrofa allattante. L'ereditabilita
stimata per la sopravvivenza é risultata bass&)0i® accordo con stime di ereditabilita reperite
in bibliografia. Tuttavia la variabilita geneticasaciata a questa caratteristica € risultata molto
elevata e di grado tale da permettere interverttifipi di miglioramento dei verri appartenenti
alla linea C21.

| risultati ottenuti nelllambito del presente lagosottolineano che la selezione per la
diminuzione della mortalita dei suinetti in allattanto pud essere perseguita attraverso
l'inclusione della capacita di sopravvivenza dehstto negli obiettivi di selezione della linea

C21.
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Al fine di testare la possibilita di includere érattere “sopravvivenza” tra gli obiettivi di
selezione della linea verri C21, nel secondo cbato si e proceduto alla valutazione
dell'importanza delle informazioni fenotipiche penienti dal nucleo di selezione Gorzagri per
la stima del valore riproduttivo della sopravvivaradla nascita dei suini ibridi allevati presso |l
centro genetico. Obiettivo specifico di questo tave stato quello di stimare le correlazioni
genetiche tra sopravvivenza alla nascita dei soumi e sopravvivenza alla nascita dei suini
ibridi, originati dai medesimi verri della lineana in modo da testare la possibilita di introdurre
metodologie selettive CCPS (combined crossbred mumebred selection). La stima della
correlazione genetico additiva permette di quasdi®, in parte, I'entita dell'interazione
genotipo — ambiente degli animali allevati pressotture differenti. Lo studio e stato condotto
su 30,919 (3,162 nidiate) suini di linea pura €643,(1,213 nidiate) suini ibridi. Gli animali di
linea pura sono stati generati da 168 verri C214&3Lscrofe C21 di linea pura. | suini ibridi,
allevati presso il centro genetico di Todi, soratigienerati impiegando gli stessi 168 verri e 319
scrofe ibride di derivazione Large-White. |l caeatt analizzato & stato la sopravvivenza alla
nascita come carattere categorico (vivo o mortey. IR stima dei parametri genetici € stato
fittato un modello statistico bivariato a soglidnrréishold model) utilizzando un approccio
Bayesiano. Il modello statistico ha consideratdfdi#o del sesso, dell’ordine di parto della
scrofa, della dimensione della nidiata e I'anno ends nascita dei suinetti. Per la stima dei
parametri del modello sono state adottate, peefidtti “fissi”, delle flat priors, mentre per
I'effetto della nidiata, della scrofa e la compoteemenetico additiva del verro, sono state
adottate delle Gaussian prior distributions. La imetklla distribuzione marginale a posteriori
della componente di varianza del verro, della sceoflella nidiata nei suini puri € risultata pari a
0.018 (0.008), 0.077 (0.020), 0.347 (0.025), rispeminente. Per quanto riguarda le stime delle
componenti di varianza nei suini meticci, le stis@no risultate pari a 0.030 (0.018), 0.120
(0.034), and 0.189 (0.032), rispettivamente pecdmponete del verro, della scrofa e della

nidiata. L'ereditabilita per sopravvivenza alla cigs nei suini puri e risultata pari a 0.049

12



Riassunto

(0.023) mentre quella dei meticci 0.091 (0.054). dreanto riguarda la correlazione genetica tra
qguesti due caratteri (sopravvivenza in soggetti pumeticci) e risultata pari a 0.248 (0.336).
Tuttavia, I'ampia variabilita di stima (95% Bayeasiaonfidence region: -0.406 - 0.821)
suggerisce che il progresso genetico atteso, quansklezione & basata solamente soggetti puri,
potrebbe essere nullo.

Nel terzo contributo sono state messe a confroiverse metodologie per la stima del
valore riproduttivo della sopravvivenza del suineturante la fase di allattamento. Il modello
dei rischi proporzionali, assumendo due differdratseline hazard function (Cox e Weibull), e
stato comparato con un thershold e un sequentrakhlibld model, in termini di capacita
predittiva del modello (predictive ability) e di gidness of fit. Le stime di ereditabilita sono
risultate basse per tutti e quattro i modelli elafali tra 0.04 e 0.06. Inoltre le stime dei valori
riproduttivi dei verri non hanno provocato sostatizie-ranking dei riproduttori. Tuttavia in
termini di capacita predittiva dei modelli, il seoutial threshold model ha manifestato le
migliori performance e proprio per questo motivper la sua facile interpretazione, potrebbe
essere proposto come sistema di valutazione ganetec implementare all'interno del

programma di selezione della linea verri C21.
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SUMMARY

Piglet death during the perinatal and lactationgasr is one of the most detectable causes of
reduced production efficiency in swine herds. anldlas also been identified as an important welfare
issue. Piglet mortality within the first three dayfslife is still a problem in intensive farms. Mality
rates vary between 10 and 20% depending on theirgpeystem. Data used in this study were
collected in the nucleus and sib testing prograrthefC21 Large White boar line (Gorzagri, Fonzaso,
Italy) from 2000 to 2006. In the selection nucléasn (Riese Pio X, Italy) the pure C21 boars are
produced and mated to pure C21 sows, while in gesiting program farm (Todi, ltaly), the same C21
boars are mated to crossbred sows to produce ceolspiglets. The general aim of this thesis was to
explore the genetic aspects of piglet survival le taforementioned dry-cured ham-producing
crossbred line. In chapter 2 the piglet pre-weasumyival and its relationship with a total mentex
(TMI) used for selection of Large White terminal do® for dry-cured ham production was
investigated. Piglet pre-weaning survival was aredlyunder a frailty proportional hazards model,
assuming different baseline hazard functions awtuding sire and nursed litter as random effects.
Estimated hazard ratios (HR) indicated that seasssfostering, year-month of birth, parity of the
nurse sow, size of the nursed litter and classMf Were significant effects for piglet pre-weaning
survival. Female piglets had less risk of dyingithaales (HR = 0.81) as well as cross-fostered fsgle
(HR = 0.60). Survival increased when piglets waresad by sows of third (HR = 0.85), fourth (HR =
0.76) and fifth (HR = 0.79) parity. Piglets of sin@iR = 3.90) or very large litters (HR > 1.60) had
less chances of surviving in comparison with Igtef intermediate size. Class of TMI exhibited an
unfavorable relationship with survival (HR = 1.2% the TMI top class). The modal estimates of sire
variance under different baseline hazard functisaes: 0.06 whereas the variance for the nursed litte
was close to 0.7. The estimate of the nursed ktierct variance was higher than the sire, undaglyi
the importance of the common environmental genérhyethe nurse sow. The relationships between
sire ranking obtained from different survival maddiighly agreed each others. The heritability

estimate in equivalent scale was low (0.03).
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Nevertheless, the exploitable genetic variationtfas trait justifies the inclusion of piglet pre-
weaning survival in the current breeding programsfection of Large White terminal boars for dry-
cured ham-production.

In order to evaluate the opportunity of includimg tsurvival trait in such breeding programme,
the relevance of purebred information for predgtoenetic merit of survival at birth of crossbred
piglets was assessed (chapter 3). A question ishwhpurebred performance (in the nucleus) predicts
accurately outcomes in crossbreds (commercial. tln)s was investigated by considering the two
performances as different traits in a model an@dtymating the genetic correlation. The objectif’e o
chapter 3 was to infer (co)variance componentddoowing survival in purebred (P) and crossbred
(C) pigs; the latter were from crosses betweend<and Large White-derived crossbred sows. If the
genetic correlation between C and P traits is lamgeugh, selection in P would produce a correlated
response in C. Data were from 13,643 (1,213 li{t€rand 30,919 (3,162 litters) P pigs, produced by
mating the same 168 P boars to 319 Large Whiterglgrcrossbred females and 1,413 P sows,
respectively. The outcome variable was pig survatabirth as a binary trait. A Bayesian bivariate
threshold model was implemented via Gibbs samplhiffgcts of sex, parity of the dam, litter size and
year-month of birth were assigned flat priors; thoslitters, dams and sires were given Gaussiamn pr
distributions. Marginal posterior means (SD) of #iee, dam and litter variances in P were 0.018
(0.008), 0.077 (0.020), 0.347 (0.025), respectivelthe liability scale. For C, corresponding esties
were 0.030 (0.018), 0.120 (0.034), and 0.189 (0,08%pectively. The posterior means (SD) of
heritability of survival in P and C, and of the géin correlation between these traits were 0.049
(0.023), 0.091 (0.054) and 0.248 (0.336), respeltivHeritability estimates were low and in
agreement with previous reports. The genetic caticel was also low, and a 95% Bayesian
confidence region (-0.406, 0.821) included zercerEthough variation of estimates is large, results
suggest that genetic progress expected in C wheaties is based on P may be nil.

In chapter 4 different methodologies (proportiohakard, threshold and sequential threshold

model) for predicting genetic merit of piglet swai were compared in terms of predictive abilitdan
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goodness of fit. Data structure was the same us@thapter 3. A frailty proportional hazard model,
assuming two different baseline hazard functionx(@ad Weibull) and including sire and nursed litter
as a random effects were fitted. The threshold segliential threshold model considered the same
effects. Model fitting was evaluated in terms obdness-of-fit and predictive ability, using the mea
square error as reference parameters. Estimated/airances for piglet pre-weaning mortality were
low, and heritability ranged from 0.04 to 0.06. Adur models led to similar ranking for sires, with
strong correlation between methods. The sequethtiashold model had a better performance for
predicting piglet survival but it had a lower perfance in terms of goodness-of-fit than Cox model.
Results from this study suggest that sequentigstiold model may, globally, be better than other
methods tested, both for its better predictiveitgbdf piglet survival in genetic evaluations arat fts
easier interpretation. Further, sequential threshwddel is computationally less demanding and @n b

extended to allow for different variance compondtslifferent period from birth to weaning.
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GENERAL INTRODUCTION
The number of piglets alive at birth and at weaniggresent the two major sources of variation e th
profitability of the swine industry (Legault, 1983ess et al.,, 1983). According to a survey of
commercial farms in the U.S., the average numbaigiets born per sow is 10.9. In each litter, an
average of 8.3% piglets are stillborn, and of thaigkets born alive, 11% die before weaning (USDA,
2002). This scenario seems to be similar to thadnted by C.R.P.A (2004) for the Italian situation.
The National Swine Improvement Federation estimdtevalue of each additional piglet alive at birth
and weaning to be $13.50 and $6.00, respectivelyIKN1996). Even tough in absolute terms a
weaned piglet is more valuable than a newbornettpenses of rearing an extra piglet to weaning
subtract from the initial value result in a loweaminal profit at weaning. Genetic and management
strategies that increase the number of live pigkttese two critical periods would therefore lhe o
great value to the swine industry.
Biological aspects of piglet survival
The birth process is the first stressful eventtfe piglet. On average, between 3-8% of the total
number of piglets are delivered stillborn (Spieeeal., 1986; Daza et al., 1999; Marchant et 8i0Q2.
The major cause of stillbirth is asphyxiation (Ralh@nd Penny, 1967; Randall, 1971). Asphyxiation
may be induced by decreased placental blood flesecated with uterus contractions, damage or
breakage of the umbilical cord, or premature detemsit of the placenta (Curtis, 1974; English and
Morrison, 1984). Piglets born in the late stagedanfowing have an increased risk to suffer from
asphyxia, because of cumulative effects of suceesgierus contractions, or higher risks of prenmeatur
rupture of the umbilical cord or detachment of ghacenta (Randall, 1972; English and Wilkinson,
1982).
The percentage of live-born piglets that die unghning varies considerably, ranging from 5 to 30%
(Bille et al., 1974; Daza et al., 1999). On averdgtween 50-70% of these pre-weaning losses occur
within the first three day after birth (Fahmy aneriard, 1971; Blasco et al., 1995; Marchant et al.,

2000). Major causes of pre-weaning mortality asevsttion and overlying by the sow.
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Together, these causes constitute about 75% dbtakmortality during the first days of life (Dyck
and Swierstra, 1987). Other mortality causes argeoital abnormalities, savaging by the sow, and
diarrhea. Infectious diseases as a primary causleath play a minor role in mortality until weanjng
accounting for approximately 5% of deaths (Vaillaumt and Tubbs, 1992).

Genetic aspects of piglet survival

Genetic effects on piglet survival can be expetteoh the biological mother (through uterine eff@cts
the nurse sow (through differences in motherinditgpi the piglet itself (through differences in
adaptive behavior and differences in body reseete$. To investigate the latter animal effect,
observations on an individual piglet basis musiabailable. If observations are available on arlitte
basis the service sire, the father of the pigleéssomes important instead of the piglet itself. Mos
previous studies treated piglet survival as a matetrait. However the piglet's genotype could also
influence its survival (Van Arendonk et al., 1998ango et al., 2005). It is well known that the sas

of stillbirth and of pre-weaning mortality are difent, which suggests that the genetic backgrofands
piglet survival in different periods are not thenga In addition, several previous studies (e.gr lkad
Cameron, 1995; Roehe and Kalm, 2000) have shownthikapiglet’s individual birth weight is the
most important factor affecting pre-weaning motyaliThis, opens the possibility of improving
survival rate by selecting indirectly for high lhirtveigh. This is in disagreement with studies eairi
out by Leenhouwers (2001) because it was found gkbkdction for increased birth weight would
actually somewhat decrease piglet survival. Biaabistudies using piglets with different genetic
merits for piglet survival (Leenhouwers, 2001) sy suggest that selection for improved survival
will increase the degree of maturity of the piglatdirth (Leenhouwers et al., 2002) rather thdecaf
the progress of parturition or early neaonatalgtigehavior leading to earlier postpartum ingestibn
colostrum (Leenhouwers et al., 2001). Leenhouwedd. €2002) compared late foetal development in
piglets with low and high genetically determinedligbto survive from onset of parturition until
weaning. This study indicated that selection f@ledi survival will increase the proportional masggs

kg™ body weight) of liver, small intestine, stomach amtenals and enhance the maturation of the
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hypothalamus-pituitary-adrenal (HPA) axis (and thihe glucocorticosteroid-dependent late foetal
adaptive maturation of various organs, e. g. gag#stinal tract and lungs). Furthermore, selectarn
piglet survival will increase liver and muscle ghgen concentrations, total amount of liver glycogen
and body fat percentage, thus improving the theegudatory capacity of the newborn piglet
(Leenhouwers et al., 2002).

Farrowing survival. For stillbirth (or its complement farrowing surai) the piglet and the
biological mother effects could be of influence eTddditive genetic effect of the dam includes kaoth
direct effect of the dam’s genes transmitted topliggets on the survivability of the offspring aatso
a pure maternal genetic effect which is relateddpects of the dam that are relevant for the chahce
surviving of the piglets and are influenced by #uglitive effects of the dam’s genes (e.g., theinger
influence of the dam on piglet mortality at birthdaan influence during the expulsion phase of the
birth process). The sire effect accounts only fiflecences of piglet survival that are caused by th
additive effects of genes that the piglets inhigam the sire. When included in a model along with
additive genetic effects of the sire and of the dhtter effects are expected to account for ieflaes,
common to all piglets joining the same litter araliging variation across litters, due to a strictly-
environmental component and to non-additive gefectsf shared by members of a full-sibs family.
Heritability estimates, for stillbirth, are gendyalow ranging, from 0 to 0.10 (Siewerdt and
Cardellino, 1996; Haneberg et al., 2001). Johnsal. €1999) reported heritability estimates equoal
0.17 whereas Grandison et al. (2000) reporteddimlitty estimates equal to 0.23 and 0.27 (obtained
using linear or threshold model respectively).sltwell known that the use of linear models with
categorical data ignores their non-linear distidoutind tends to produce underestimates of helitiabi
(Gianola, 1982).

Preweaning survival. As reviewed by many authors (Knol et al., 2000; nhemuwers, 2001;
Arango et al., 2005) a way to improve piglet suabithrough weaning is selecting against preweaning
mortality (PWM); however, individual preweaning redity is not routinely recorded by producers.

Furthermore, low heritability, categorical nature tbe trait and cross-fostering impose additional
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challenges to model PWM variation and to predietebiing values. Threshold models account for the
non-linear nature of categorical traits and yieldjer estimates of heritability for categoricaltgahan
most common and widely used linear models (i.eanGla, 1982).
However, most research reports of piglet mortglityits complement trait piglet survival) have used
linear models assuming a continuously distributexdt;tthus ignoring its categorical nature (van
Arendonk et al., 1996; Knol et al., 2002; Serergtugl., 2003). Few studies have addressed variance
component estimation of piglet mortality using #ireld models (Roehe and Kalm, 2000;
Grandinson et al., 2002; Arango et al., 2005), anly one had modeled the trait at the individual
piglet level (Grandinson et al., 2002) but ignomedternal components. Roehe and Kalm (2000)
estimated variance components with a generalizegdnmodel approach, and obtained heritability
estimates for preweaning mortality using only tille somponents. Separating the genetic components
associated with preweaning piglet mortality is cterpunder field conditions due to the common
management practice of cross-fostering, and theaezprently combined effects of biological and nurse
dams and their respective litters.
Scheme selection of the C21 boar line

Data used in this thesis were collected from yd#02to 2006 in two locations: a selection
nucleus farm (Riese Pio X, Italy) where pure C2arbare produced and mated to pure C21 sows, and
in a sib testing program farm (Todi, Italy), wheéhe same C21 boars are mated to crossbred sows to
produce crossbred piglets. Boars from the C2ldmeused in commercial farms as sires of crossbred
pigs which are fattened and slaughtered at heady keights (165 kg) for production of dry-cured
hams. In the sib testing program of the C21 limessbred paternal half sib families are produced by
mating C21 nucleus boars to a group of crossbregs sehich is submitted to minimum intensity
replacement policies. Crossbred sows originateth feo cross involving boars of a synthetic line,
derived from Large White and Pietrain breeds, awissof a Large White line selected for maternal
ability and prolificacy. Crossbred paternal hali &amilies provide the genetic evaluation progrdm o

C21 purebred breeding candidates with crossbrddsitel phenotypes for quality traits of raw and dry
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cured hams. Besides growth and residual feed effiftgi, the breeding goal of the C21 line includes
traits related to the quality of dry-cured ham.e8@bn is addressed to an intermediate optimum for
marbling and for the amount of subcutaneous faluet@d on the raw ham, to enhance the quality of
fat covering, to reduce excessive ham roundnestareduce curing weight losses at a fixed level o
dry-cured ham quality.

Objective of this Thesis

The main objective of this thesis is to gain knalge in the genetic aspects of piglet survival dry
cured ham-producing crossbred line and, in detail:

l. to investigate sources of variation of piglet preaming survival in a crossbred slaughter pigs
population, the relationship of crossbred piglevsial with a total merit index (TMI) used for
selection of breeding candidates in a Large Whitarbline and to estimate variance
components and genetic parameters through sutamady/sis techniques;

Il. to investigate sources of variation of piglet suaviat birth and to infer genetic parameters
including the genetic correlation between survigabirth of purebred and crossbred piglets
originated by the same sires;

lll. to infer parameters of piglet pre-weaning surviwéh the survival analysis, threshold model
and sequential threshold model in a crossbred Btaugigs populations and then to asses their

relative predictive abilities and goodness of fit.
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ABSTRACT
The aim of this study was to investigate pigletywesaning survival and its relationship with a total
merit index (TMI) used for selection of Large Whitgminal boars for dry cured ham production.
Data on 13,924 crossbred piglets (1,347 littens@jimated by 189 Large White boars and 328 Large
White-derived crossbred sow, were analyzed undeailéy proportional hazards model, assuming
different baseline hazard functions and includiimg and nursed litter as random effects. Estimated
hazard ratios (HR) indicated that sex, cross-fosgeryear-month of birth, parity of the nurse sow,
size of the nursed litter and class of TMI werendigant effects for piglet pre-weaning survival.
Female piglets had less risk of dying than mald? €.81) as well as cross-fostered piglets (HR =
0.60). Survival increased when piglets were nutsgdgows of third (HR = 0.85), fourth (HR =
0.76) and fifth (HR = 0.79) parity in comparisonthvfirst and second parity sows. Piglets of small
(HR = 3.90) or very large litters (HR > 1.60) hax$d chances of surviving in comparison with
litters of intermediate size. Class of TMI exhibitan unfavourable relationship with survival
(HR = 1.20 for the TMI top class). The modal estesaof sire variance under different baseline
hazard functions were 0.06 whereas the variancth@nursed litter was close to 0.7. The estimate
of the nursed litter effect variance was highenttieat of the sire and this shows the importance of
the common environmental generated by the nurse $be relationships between sire ranking
obtained from different survival models highly agreach others. The heritability estimate in
equivalent scale was low and reached a value add. ONevertheless, the exploitable genetic
variation for this trait justifies the inclusion pfglet pre-weaning survival in the current breedin
programme for selection of Large White terminalrsdar dry cured ham production.
Key words: dry-cured hams, heritability, pre-weaning mortalfiiglet, survival analysis
INTRODUCTION
On average 12% of newborn piglets die before wepaird half of these losses occurs during

the first three days of life (Blasco et al., 1995)hancing piglet survival is relevant both foriedh
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and economical implications and for the acceptigbdi the production system by the consumer.
Additive genetic variation of piglet pre-weaningaual is large enough to be exploited in specific
breeding programs, but selection for improvemendlicéct survival is difficult due to the binary
nature of the trait and large environmental varafiknol et al., 2002).

The threshold model is the method of choice forahalysis of binary traits (Gianola, 1982)
and can account for the categorical nature of satyibut it suffers from a severe loss of
information because piglets dying at d 1 or in whafier birth are treated alike (Casellas et al.,
2004). The analysis of failure time makes use bfaahilable information and does not restrict
observations to an arbitrarily defined point (Dwxp1997). The availability of survival analysis
techniques offers the opportunity of new approadoethe investigation of pre-weaning piglet
survival (Ducrocq et g11988).

The relationships of piglet survival with productidraits have been investigated in lines
selected for increased efficiency of lean meat petidn. In Italy, the breeding goal for boar lines
originating slaughter pigs for dry-cured ham prddurc differs greatly from the one pursued to
enhance efficiency of pork production and the reftethip between the breeding goal and piglet
survival is currently unknown.

The aims of this study were to investigate souafegriation of piglet pre-weaning survival
in a crossbred slaughter pigs population, the iceglahip of crossbred piglet survival with a total
merit index (TMI) used for selection of breedinghdalates in a Large White boar line and to
estimate variance components and genetic paranmbtetgh survival analysis techniques.

MATERIAL AND METHODS
Animals and Data

Data used in this study were collected in the sgting program of the C21 Large White boar

line (Gorzagri, Fonzaso, Italy) from 2000 to 20B6ars from the C21 line are used in commercial

farms as sires of crossbred pigs which are fattameldslaughtered at heavy body weights (165 kg)
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for production of dry-cured hams. In the sib tegfmogram of the C21 line, crossbred paternal half
sib families are produced by mating C21 nucleusrdoda a group of crossbred sows which is
submitted to minimum intensity replacement polici€sossbred sows originated from a cross
involving boars of a synthetic line, derived fromarge White and Pietrain breeds, and sows of a
Large White line selected for maternal ability gdlificacy. Crossbred paternal half sib families
provide the genetic evaluation program of C21 prgelbreeding candidates with crossbred half
sibs phenotypes for quality traits of raw and dayed hams. Besides growth and residual feed
efficiency, the breeding goal of the C21 line imtds traits related to the quality of dry-cured ham.
Selection is addressed to an intermediate optinmrmmérbling and for the amount of subcutaneous
fat evaluated on the raw ham, to enhance the gualitfat covering, to reduce excessive ham
roundness, and to reduce curing weight lossesia¢@ level of dry-cured ham quality.

Data on survival of piglets at birth and up to wiegnwere routinely collected in the sib
testing program since 2000 and included birthrlitkescription (sow identification and parity, sire,
date of farrowing, and size of the litter at birtapd individual piglet information (identificatipn
sex, stillborn or alive at birth, weaning date atedof death if the piglet died during the suckling
period, and date of transfer and foster dam ideatibn for cross-fostered piglets). Cross-fosigrin
occurred for 46% of piglets and was of similar pjon for male and female piglets. For piglets
which died before weaning, survival time was coreguds the difference between the date of death
and date of birth whereas for piglets still alivieveeaning survival time was computed as the
difference between the date of weaning and the afdb@th, but all these records were considered
censored records.

After application of editing procedures, which adni® discard records with incomplete or
inconsistent information (120 piglets) and with ooln sire (105 piglets), a total of 13,924
individual survival records of piglets (1,347 litt¢ sired by 189 C21 boars mated to 328 crossbred

sows were available for the study.
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Survival Analysis
The individual piglet survival time was analyzedings survival analysis methodology.
Preliminarily, the survivor function for the genkepmpulation was estimated by the Kaplan-Meier

method (Kaplan and Meier, 1958). The linear regoessf In{—-In[S(t)]} on In{), whereS(t) is the

Kaplan-Meier estimated survivor function, was cdesed to check the suitability of the
assumption of a Weibull baseline hazard (Ducrocalet1988). Because the relation between

In{-In[S(t)]} and Inf) was not linear, the assumption of a Weibull dsition function for the

baseline hazard was not suitable for these dataatiedhative models were considered. All these
models were from the group of proportional hazaaity models (Cox, 1972) and of the general

form:

h(t) = hy(t) exp{x;B, + X, (1)B, +z'u+w'(t)a}

where h(t) is the hazard of death at time t (age of piglets{t) is the baseline hazard
function, p,is an unknown vector of fixed regression coeffitsefor a set of nongenetic time-
independent effect§}, is an unknown vector of fixed regression coeffitsefor a set of nongenetic
time-dependent effectsx, is a vector of indicator variables for nongenetime-independent
effects, x,(t) is a vector of indicator variables for nongenetine-dependent effecty) is an
unknown vector of regression coefficients for ramdeffects due to sireg, is a vector of indicator
variables for sire effectsy is an unknown vector of regression coefficients time-dependent
random effects due to the nursed litter, amd(t) is a vector of indicator variables for

time-dependent nursed litter effects.
Three different models were considered. For th& finodel (model COX), the distribution

function for the baselindao(t) was left completely unspecified (Cox, 1972) anskmi-parametric
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proportional hazard model was used. The second Infotedel WTD) was a parametric model
where a Weibull distribution was assumed as a beesdistribution function after the inclusion of a
time-dependent covariate, i.e., a Weibull time-aefeat function was used as baseline function for
this model (Tarres et al.,2005; Casellas et aD620

An additional model (model GDM) was considered lbseait is well adapted for analyses of
timing of events occurring in short periods of timed with high incidence of ties in timing of
occurrence, which is a common situation in analg$igiglet pre-weaning survival (Casellas et al.,
2004). This model, which is based on Prentice almckler (1978) and is a grouped data version
of the proportional hazard model, does not make assumption about the baseline distribution
function, but it can be viewed as a fully parantetriodel that include a time-dependent covariate
that changes its value at each day of the obsemwedspace (Ducrocq, 1999).
Model Selection for Fixed Effects

Prior to survival analysis, TMI of the sire of th@glet and the size of the nursed litter, which
were considered in all models as potential effedlsencing the hazard of death of piglets, were
categorized (Table 1). Because the form of theticglship between these variables and the hazard
was unknown, this ensured that no assumption h&e tmade about the form of that relationship.
Before categorization, TMI of sires were standagdito a mean of zero and standard deviation of
one.

For all models, effects included fh were the effects of cross-fostering (yes or n&, @nale

or female), year-month of birth (72 monthly claséesn July 2000 to July 2006) and class of
standardized TMI of the sire of the piglet (clas3MI < -1 SD; class 2: -1 SB TMI <1 SD; class
3: TMI>1 SD; the number of sires for piglets itass 1, 2, and 3 was 25, 132, and 32,
respectively). The parity of the nurse sow (patity, 3, 4, 5, 6, and 7 or more) and the classhier
size of the nursed litter (class<415 piglets, class 2: from 6 to 8, class 3: frono 41, class 4: from

12 to 14, class 5 15 piglets) were effects included fly as time-dependent covariates that could
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change value in the time space as a consequeraresst-fostering, carried out to homogenize size
of litters, and of piglet mortality. Besides thesftects, model WTD included also a time-dependent
covariates changing value at d 6 and 12 for allepsg Cut points at 6 and 12 d of age of piglets
were identified with a spline regression of the tifigthe Kaplan-Meier survival function on time
following the same approach used by Tarrés et2@D%). To do that, all possible combinations of
1, 2, ...,k cut points in the time space (pre-weaning periodenexplored, avoiding combinations
of adjacent days.

A preliminary analysis was carried out to identifixed effects that were statistically
significant atP < 0.05. Before ultimate rejection of effects whighre not significant, each of them
was tested with the group of fixed effects inigadlignificant to determine whether any became
significant. To test the proportional hazards agstion, time-dependent factors, i.e., interaction
terms between the time-independent effects andtibmof time (changing at 6 and 12 d), were
defined. The inclusion of these interaction ternmid dot significantly increaseP(> 0.05) the
likelihood for any of the models analyzed (resuftet shown in tables), and, thus, the
proportionality hypothesis was not rejected.

Random Effects and Heritability

Random effects included in all models were theatffeof the sire of the piglet and of the

nursed litter which was treated as a time-dependéett that, after the first day of life, could

change value as a consequence of cross-fosterireg.a@ditive genetic effects, under polygenic
inheritance, were assumed to follow a multivariademal distributionu ~ MVN (0, A g?), where

A is the additive genetic relationship matrix amoirgssando? is a variance component for sire
effects. The effects of the nursed littergrwere assumed to be log-gamma distributed folloveing

single parametey, from which the variance of the nursed litter effer§ can be derived. Normal

priors for g and log-gamma priors foar§ were combined with the likelihood function of thata
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to obtain an expression proportional to the joiostprior density of all parameters (Ducrocq and
Casella, 1996) and estimates of variance compomess obtained by Laplacian approximation of
the marginal posterior densities.

Effective and equivalent heritabilities (Yazdi & 2002) of piglet pre-weaning survival were

obtained as :
2
h2 - 4au
2 2
1+o0; +0,
and
2
h2 — 4au
& B 2 2
o, +0,+—

2 2 . . . oy . 2 2
where h“and h, are effective and equivalent heritability, respesty, o; and o, are

variance components for sire and nursed littercedfgcalculated agfj = trigammaf) where

trigamma(.) is the trigamma function), respectiyelgdp is the average proportion of uncensored
records. All analyses were carried out using thevial Kit” software, version 3.12 (Ducrocq and
Solkner, 1994).
RESULTS AND DISCUSSION

Survival and Hazard Function

The survival and hazard functions estimated bykhaplan-Meier method are presented in
Figure 1 and 2, respectively. Eighty-six percentemfords were censored (animals still alive) at the
end of the weaning period which occurred at anagetime of 28 d. Hence, piglet mortality from
birth to weaning was 14% and average failure tioreuhcensored records (death of piglets) was 6
d. The survival experience was not constant overpie-weaning period. The estimated hazard
function (Figure 2) indicates that the hazard ddteor piglets progressively decreased from birth

to d 14 and was much higher in the first week dfteth than afterwards. As a consequence, nearly

42



Piglet pre-weaning survival

70% of overall mortality (Figure 1) occurred duritigg first week of life. From d 14 onwards, the
hazard remained unchanged. These results implyetiat litter lost, on average, one piglet from
birth to weaning, giving rise to important econornusses and ethical considerations. Svendsen and
Bengtsson (1982) reported that a fraction rangnognf10 to 35% of newborn piglets may die
within the early three weeks of age. Moreover, ®&@¥ of deaths occur in the first three days after
birth (Dyck and Swierstra, 1987) with crushing aatting for 70 to 80% of deaths (English and
Morrison, 1984). Most causes of death are due terastions between the piglet and its
environment (Le Dividich and Herpin, 1994). Alsow immune-competence at birth may play a
role by increasing susceptibility to pathogens kadliing to death in lactation (Xu et al., 2000).
Nongenetic Effects

Results of likelihood ratio tests (LRT), obtainedhnCOX, for statistical significance of fixed
effects are summarized in Table 2. All analyzeddiscwere significantly related to the risk of
mortality when they were entered sequentially ia thodel or were excluded from the full model
one at a time giving similar results and showingyuitle redundancy when explaining variation of
the investigated trait. Parity of the nurse s&®w(0.01) and TMI P < 0.05) had a lower impact on
pre-weaning survival than the one of other effette year-month of birth had a marked influence
on the hazard functiorP(< 0.001) as well as cross-fosteriig<€ 0.001), sexHK < 0.001) and size
of the nursed litterR < 0.001). These results are in agreement with wizet expected intuitively
from percentages of uncensored records for leVidigaed effects reported in Table 1.

Estimated hazard ratios (HR) for fixed effects uigdd in models are presented in Table 3.
Estimated HR were similar for different models wikie exception of HR estimates for the size of
the nursed litter. For litters ranging from 12 tbdiglets or with more than 14 piglets, the estedat
HR were greater when obtained with WTD than whameded by COX and GDM (1.78 vs 1.40

for litters from 12 to 14 piglets; 2.98 vs 1.60 firers with more than 14 piglets).
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The sex of the piglet was a relevant effect fovsal: female piglets (HR = 0.81) had 19%
lower risk of dying than male piglets. Several authhave reported that female piglets have a
greater survival advantage than males (Svendse.,e1986, Becker, 1995, Knol et al., 2002).
Becker (1995) reported that the increased mortalityales was due to more males being crushed
and to chilling. Although the underlying mechanisesponsible for this sexual dimorphism in
pre-weaning mortality rates has not been elucidateete are differences across sexes that may
provide biological explanations to these observeioA greater basal concentration of cortisol
observed in male piglets in comparison with femgilglets (Ruis et al., 1997) may cause male
piglets to be more susceptible to detrimental streffects and succumb to subsequent disease
challenges.

Cross-fostering exerted favourable effects on sahwhances of piglets. Fostered piglets had
40% greater probability of survival than pigletsseal by the biological mother. This is in
agreement with results obtained by Knol et &002) and Leenhouwers et. al2001).
Cross-fostering of piglets was performed to reduaeation in size of nursed litters and occurred
for 46% of piglets. Cross-fostering is one of thesteffective methods to increase postnatal
survival. This practice enhances the survival pbdtig of small piglets because they have to
compete less to reach the last available teat {&@negt al., 1982) in litters of average size than i
large or very large litters. Moreover, cross-fostepiglets might introduce a disease in their new
litters and might be at lower risk than their natteimates because of immunity due to colostrum
suckled from the biological mother. This phenomedeanreases the average survival of piglets that
are not cross-fostered (Knol, 2001). Since 70% edtlls occur during the first week of life,
cross-fostering should be performed as soon ashp@ss reported in previous studies (Svendsen et
al., 1986; Straw et al., 1998). A further biolodiexplanation of these effects is related to the
increase of piglet weights uniformity within a nedslitter caused by cross-fostering and to possible

association between within-litter variation of gglveights and pre-weaning losses (English et al.,
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1982; Roehe and Kalm, 2000; Marchant et al., 20dlligan et al., 2002a,b). However, Milligan et
al. (2001) reported that their data provided liglepport for the hypothesis that high birth weight
variation resulted in decreased survival. Leenhgsavet al. (1999) did not find any relation at the
phenotypic level between the within-litter standdeViation of birth weight and the proportion of
stillborn piglets.

In this study, the group of sows originating crassbpiglets was submitted to minimum
replacement policies and culling occurred mostlyréamuced fertility due to aging or occurrence of
severe disease. As a consequence, the chanceeatedgarrowing was not influenced by selection
of sows based on reproductive performance. Theiabwity increased when piglets were nursed
by sows of third, fourth, and fifth parity in comson with first- and second-parity sows. However,
the hazard of dying for piglets nursed by sow aflsiseventh or greater parity did not différ %
0.05) from that of animals nursed by first- andasetparity sows. These results are consistent with
those of a number of studies (Leenhouwers .€2@01, Knol et a] 2002; Damgaard et.alR003;
Grandison et al., 2005; Arango et al., 2005). Coselg, Weary et al. (1998) reported a higher
probability of crushing for greater parities. Theteors justified this result because litters oraged
by sows of higher parity tended to exhibit loweegge weight gains from d 1 to 3 after birth, and
because older sows were heavier and clumsier. Hewveheir results did not allow clear
conclusions about the causes of crushing becawseasgotential predisposing factors (low early
weight gains, high sow parity number, larger ligeze, and low birth weight) were closely related.
Another important aspect related to piglet pre-vimgmortality is colostrum production of sows.
After birth, the piglet is fed initially with coldsum and after with milk, which exhibit high fatén
low carbohydrate contents, implying that the intestmust be functional at birth and the piglet
rapidly able to synthesize glucose by gluconeogsriesupply its glucose-dependent tissues and to
oxidize fats. In this context, ingestion of colosir, which provides both energy and maternal

antibodies protecting the piglets until their immewsystem matures, is of the utmost importance for
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survival. There are several sow-related factorslugiing health, premature farrowing, changes in
reproductive hormones and metabolism, parity, tiotriand genetics, that might be involved in
colostrum production (Le Dividich et al., 2005).€Fh is no clear evidence of parity effects on
colostrum production by the sow (Le Dividich et, &005). Inoue et al. (1980) and Klobasa et al.
(1986) reported that first parity sows have lowelostrum IgG concentrations than multiparous
Sow.

Consistently with a number of studies (Kerr and €am, 1995; Knol et gl2002; Grandison
et al, 2005), the probability of survival decreased figlets joining small (less than 6 piglets),
large (from 12 to 14 piglets) or very large (mdnart 14 piglets) litters in comparison with litterfs
intermediate size (from 6 to 11 piglets). Becausecourrence of cross-fostering, a few litters were
classified as litters of small size and were likigybe those of sows with physiological inabilites
difficulties to have a normal gestation. For laggevery large litters, increased risk of pre-weagnin
mortality might have been caused by excessive driyvadnd reduced milk availability for piglets
of limited competing ability for suckling. Largedtkrs and wide ranges of birth-weight variation are
claimed to cause decreases of piglet survival saf competitive exclusion of light littermates
from access to productive teats (English and Mom;i4984).

The year-month of birth had a marked influence aglep survival. Piglet pre-weaning
mortality changed across years and across monttieefame year as a consequence of changes in
the hazard due to several sources of variation sscklimate, epidemiologic and management
effects. The magnitude of the estimated HR for yeanth of birth effects (data not presented)
changed erratically across year-month classes @ahdat exhibit a consistent trend over time.
Roehe and Kalm (2000) analyzed pre-weaning moytadipiglets and found that year-season was
the most important fixed effect for pre-weaning tabty.

For model WTD, the instantaneous mortality rate wase pronounced during the first week

of life, diminished from d 6 to d 12 (HR = 0.21pdawas very low from d 12 up to weaning (HR =
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0.06). Heterogeneous mortality rates in differestigids caused the Weibull distribution to fail in
the validation of the baseline distribution, andirae-dependent distribution was needed. In our
analysis the parametric survival function has beghaced with piecewise survival functions whose
slopes change at givens points as suggested by ¥aal (2002).
Relationship Between Sire Total Merit Index and Piglet Survival

The TMI of boars exhibited significant relationshiwith piglet pre-weaning survival (Table
2). Piglets originated by top TMI boars exhibited @6 (20% for WTD) greater instantaneous risk
of mortality than did piglets sired by intermediatelow TMI boars. The Kaplan-Meier estimate of
survival functions stratified according to TMI ctasre presented in Figure 3. Some studies
investigated the genetic relationship between pglievival and performance traits such as backfat
and fat and protein deposition in pig lines sel@édte efficiency of pork production (Herpin et al.,
1993; McKay, 1993; Knol, 2001). The genetic cotiela between piglet survival and backfat has
been reported to be moderate (Knol et al. 2002)0l KA001) reported that selection to reduce
backfat is expected to increase birth weight andredese piglet survival. Unfortunately, the
relationship of piglet survival with production ifisahas been investigated only in lines used for
pork production. In Italy, the breeding goal forabdines originating slaughter pigs for dry-cured
ham production differs greatly from the one purste@dnhance efficiency of pork production.
Class of TMI exhibited an unfavourable relationshipth survival of piglets. Biological
explanations for these results could be relatesetection of C21 boar line which did not include
any crossbred survival trait during the studiedqaerAnother interpretation is that, in the pasteo
of the major goals for this line, was to reduceemsive marbling of the raw ham. This trait is
related to fat deposition and a reduced abilitgnetabolize triglycerides; it might play an importan

role in the thermoregulatory ability of the neonatel survival.
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Variance Components and Heritability

Parameters of the approximated marginal posternsirildutions of sire and nursed litter
variance components and estimates of effective eapdvalent heritability for COX, GDM, and
WTD models are reported in Table 4. Estimated wagacomponents and heritabilities obtained
using different survival models were similar witetonly exception of the WTD estimate of the
nursed litter variance that was slightly greatamtlthe corresponding estimates obtained with COX
and GDM. The estimated nursed litter variance campbwas much greater than the sire variance
estimate, confirming the importance of the commowvirenmental generated by the nurse sow as a
key factor affecting the survival of piglets befaveaning (Casellas et al., 2004; Wolf et al., 2007)
This effect was included as a time-dependent eti@cccount for variation in litter membership
due to cross-fostering. Piglets of a nursed ligbare common environmental effects due to
occurrence of infectious diseases like diarrhoed emidentals like diseased udders, and are
affected by the maternal ability of the nurse sd@le nurse sow exerts effects on piglet survival
which are strictly environmental for the pigletsitbfor the sow, are affected by both genetic and
environmental components. In this study cross-fogjeoccurred for 46% of the piglets. This raised
a question in modelling simultaneously both mateamal permanent environmental effects. For a
piglet which was not moved to a different litteccaunting for both the biological mother and the
nurse sow effects was not feasible because théseiefvere confounded. In the present study, the
choice was to model the permanent environmentatetffetermined by the nursed litter.

The modal estimates of the sire variance were dlo€e06 and the standard deviation of the
approximate marginal posterior of this parametes am@mall for all models. The marginal posterior
distributions of the sire variance are depictedrigure 4. When a parametric (WTD and GDM) or
semiparametric (COX) model was used in the constmicof the likelihood function, it was
observed that the resulting marginal posterior ifiessof o were very similar, with a slightly

larger variance in the case of COX. In spite okaywhigh censoring rate, the standard deviations of
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the posterior densities were small and this cowdddbe to the size of the data set and the good
pedigree structure which allowed a precise estonatif sire variance (Ducrocq et al., 2000). The

estimated sire variance obtained in this study giginoportional hazard models can not be

compared directly with estimates obtained in ottedies where alternative methodologies were
used (e.g., linear o threshold models) becauseadé slifferences. Van Arendonk et al. (1996) and

Knol et al. (2002) used linear models ignoring ttegegorical nature of the trait. Few studies

addressed estimation of variance component foepigbrtality using threshold models (Roehe and

Kalm, 2000; Grandison et al., 2002; Arango et2005) and only one had modelled the trait at the
individual piglet level (Grandison et al., 2002).

Previous studies have reported low estimates dfafbdity for piglet mortality or survival
rate, with an average of 0.05 (at the level of litier and as a trait of the sow), as reviewed by
Rothschild and Bidanel (1998). There is large \ame across estimates obtained in different
studies. Lamberson and Johnson (1984) reportedtanate of heritability for pre-weaning survival
of 0.03, whereas Ferguson et al. (1985) reportddesaof 0.14 and 0.18 for in Yorkshire and
Duroc, respectively.

In our analysis, using the formula of Yazdi et @002), the estimated heritability, in the
unrealistic situation of no censoring, was 0.14teAtorrection for the large censoring rate (86%),
the equivalent heritability was very low (0.03) andmparable to estimates reported by other
authors (Lamberson and Johnson, 1984; Knol.e280D2; Damgaard et.a003; Casellas et.al
2004; Wolf et al., 2007).

Piglet pre-weaning survival additive genetic vacens large enough to allow economically
viable selection as suggested by Knol et al. (20B@jthermore, the implementation of a routine
genetic evaluation based on survival models isiti®seven for large populations. The inclusion of

the results of such an evaluation in breeding @mgrseems possible and is probably advisable, for
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economic as well as for ethical reasons. However rélationships between survival and breeding
goal traits should be considered to optimize selpddtrategies.
Sire Rankings Under Different Models

The relationships between sire rankings obtaineagudifferent survival models are depicted
in Figure 5. The rank correlations between COX &M, COX and WTD, and GDM and WTD
were 0.99, 0.98, and, 0.97, respectively. Changssge rankings due to use of different models were
limited and occurred preferentially at intermediegek positions. Because COX is a semiparametric
model, it is less sensitive to an incorrect modwice. Nevertheless, when analyzing short periods
of time, the dates of failure are rather broadlgugred and the time scale has to be considered as
discrete. This is a common situation in the analysi piglet pre-weaning survival and the
assumption of continuity in the baseline hazardrithistion and absence of ties between ordered
failure time (Cox, 1972) associated to the useropprtional hazard models may be violated. Since
the Weibull model isa priori not sensitive to ties, and WTD is more flexiblerttapure Weibull
model (Yazdi et al., 2002; Tarrés et al., 2006), \Wgeems to be a better option than COX for the
analysis of piglet pre-weaning survival. Resultgho$ study indicate that, as suggested by Casellas
(2007), the fitting of parametric survival modebncbe easily improved with the simple addition of
a time dependent effect. Although the high flexipilof COX is advantageous, semi-parametric
approaches imply greater demands in computaticplirements and time needs (Ducrocq et al.,
2000). Hence, WTD seems to be a more advantageods!rfor the genetic evaluation of piglet
pre-weaning survival because the vector of firsivdéives of the log-likelihood function is much
easier to be computed and the Hessian matrix sllystery sparse (Ducrocq et al., 2000).

IMPLICATIONS

The relationship between crossbred piglets pre-imgasurvival and a total merit index used

for selection of terminal boars for dry cured hamoduction was investigated using survival

analysis techniques. Because this relationshipumésvorable, the inclusion of piglet pre-weaning
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survival in the breeding goal of the line is adbisa Sire rankings provided by different survival
models were very similar. Comparison of the predéctability and goodness of fit of different
survival models as well as of performance of swaviand threshold models for the analysis of

piglet survival will be the matter of future stuslie
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TABLES AND FIGURES
Table 1. Number of records and percentage of ulncedsecords in each level of fixed effects

included in survival models

Effect Level Records
N uncensored, %

Sex Male 6,936 17.8

Female 6,988 10.8
Cross-fostering No 7,515 16.5

Yes 6,409 11.2
Parity of the nurse sow 1 2,241 15.7

2 2,727 14.2

3 2,241 12.9

4 1,892 12.7

5 1,597 13.6

6 1,177 14.1

7 or higher 2,049 14.7
Size of the nursed litter less than 6 300 59.3

from 6 to 8 1,246 13.7

from 9 to 11 6,175 12.4

from 12 to 14 4,696 12.9

greater than 14 1,507 15.8
Sire total merit index less than -1 SD 2,120 14.0

from -1 SD to 1 SD 9,689 13.9

greater than 1 SD 2,115 14.9
Total 13,924 14.1
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Table 2. Tests for statistical significance of tixeffects based on changes of likelihood statistic

obtained with a semiparametric proportional hazacodiel

Effect df Test

Sequential Last
Crossfostering 1 95.7 *** 106.7 ***
Sex 1 18.8 *** 21.0 ***
Year-month of birth 71 412.3 *** D54.Q *x
Parity of the nurse sdw 6 16.9 ** 17.1 **
Size of the nursed littér 4 151.3 *** 150.8 ***
Sire total merit index 2 6.2* 6.2*

'Sequential: effects were included in the model équential order, the numbers expressing the
increase of -2 x log likelihood after including tkéect in the model. Lasthe full model was
compared with models excluding one effect at a tithe numbers indicating the loss of -2 x log
likelihood after excluding the effect from the mobde

“Time-dependent effect

P<0.05" P<0.01,” P<0.001
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Table 3. Estimated hazard ratios (HR) and 95% denfie interval of HR for fixed effects included@ox, grouped data (GDM) and Weibull
time-dependent (WTD) models

Effect Level Model"
COX GDM WTD
HR LB UB HR LB UB HR LB UB

Sex Male 1.00 1.00 1.00

Female 0.81 0.75 0.88 0.81 0.75 0.88 0.81 0.75 0.88
Crossfostering No 1.00 1.00 1.00

Yes 0.61 0.57 0.67 0.60 0.56 0.66 0.60 0.56 0.65
Parity of the nurse sow 1 1.02 0.88 1.59 1.02 0.88 1.59 1.06 0.92 1.21

2 1.00 1.00 1.00

3 0.84 0.73 0.99 0.84 0.72 0.99 0.85 0.73 1.00

4 0.76 0.65 0.89 0.76 0.65 0.89 0.76 0.66 0.90

5 0.79 0.67 0.96 0.79 0.66 0.95 0.80 0.68 0.97

6 0.88 0.74 1.06 0.88 0.74 1.06 0.89 0.75 1.07

7 or higher 0.85 0.74 1.00 0.85 0.73 1.00 0.88 0.76 1.04
Size of the nursed litter <6 3.89 3.10 4.60 3.94 3.23 4.79 3.94 3.43 5.08

from6to 8 1.15 0.98 1.34 1.15 0.98 1.34 1.15 1.01 1.39

from 9 to 11 1.00 1.00 1.00

from 12 to 14 1.40 1.25 1.58 1.40 1.25 1.58 1.78 1.57 1.98

> 14 1.60 1.29 1.98 1.62 1.30 2.00 2.98 2.39 3.70
Sire total merit index <-1SD 0.95 0.84 1.10 0.95 0.83 1.10 0.97 0.85 1.12

from-1to 1 SD 1.00 1.00 1.00

>1 SD 1.17 1.01 1.33 1.17 1.20 1.35 1.20 1.04 1.37
Period <6d 1.00

from6to 12 d 0.21 0.18 0.24

>12 d 0.06 0.05 0.07

'LB: lower bound of 95% confidence interval of HRBlLUpper bound of 95% confidence interval of HR.
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Table 4. Parameters of the approximated marginstiepior distributions for Cox, grouped data

(GDM) and Weibull time-dependent (WTD) models

Effect’ Parameter Model

Cox GDM WTD
Sire o’ 0.058 0.059 0.060
Nursed litter o? 0.638 0.637 0.683
Effective h? 0.137 0.139 0.137
Equivalenth? 0.029 0.030 0.030
'Effective h?: h? :%, where g’ is the mode of the approximated marginal dendity o

the sire variance componemt;, is the nursed litter variance calculatedags= trigammat) andy

2
is the parameter of the log-gamma distribution;ieajent h?: hjq =Lwhere p is the

2 2
O, +anl t—

average proportion of uncensored records
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Figure 1. Survivor function estimated by the Kapleier method
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Figure 2. Estimate of the hazard function basetherKaplan-Meier estimate of the survivor function
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Figure 3. Kaplan-Meier estimate of survival funoscstratified by total merit index (TMI) sire. TML

less than -1 SD. TMI 2: from -1 SD to 1 SD. TMIg3eater than 1 SD
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Figure 4. Gram-Charlier approximation of the maagjiposterior density of the sire variance obtained

with Cox, Grouped data (GDM) and Weibull time degemt (WTD) model
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Figure 5. Relationships between boars ranking obthfrom different survival models: A) Cox and
Weibull time dependent (WTD) model. B) Cox and Gred data (GDM) model. C) Weibull time

dependent and Grouped data model
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ABSTRACT

The objective of this study was to infer (co)vadancomponents for piglet survival at birth in
purebred (P) and crossbred (C) pigs. Data were {8643 (1,213 litters) C and 30,919 (3,162
litters) P pigs, produced by mating the same 188&s to 319 Large White-derived crossbred
females and 1,413 P sows, respectively. The outcasmi@ble was piglet survival at birth as a
binary trait. A Bayesian bivariate threshold modek implemented via Gibbs sampling. Flat priors
were assigned to the effects of sex, parity oftte, litter size and year-month of birth. To thoe
litters, dams and sires, Gaussian prior distrimgiovere given. Marginal posterior means (SD) of
the sire and dam variances for liability of pigsetrvival in P were 0.018 (0.008) and 0.077 (0.020),
respectively. For C, sire and dam variance estisnatere 0.030 (0.018) and 0.120 (0.034),
respectively. The posterior means (SD) of the &bility of liability of survival in P and C and of
the genetic correlation between these traits wedd9(0.023), 0.091 (0.054), and 0.248 (0.336),
respectively. The symmetrical 95% Bayesian configeregion (-0.406, 0.821) for the genetic
correlation between P and C liabilities of pigleinagval included zero. Results suggest that the
expected genetic progress for piglet survival iwlien selection is based on P information may be
nil.

Key words: Bayesian analysis, piglet survival, threshold modgénotype x environment

interaction

INTRODUCTION
Crossbreeding of swine is widely accepted as amcefe commercial production practice
(Merks, 1988). Structured crossbreeding can exg@dditive and non-additive genetic effects to
advantage (Siegel, 1988). Although economic retumspig production derive mainly from

crossbred performance, selection of prospectiverais usually based on purebred performance.
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The genetic correlation between purebred and credgterformance provides an indicator for
evaluating the effectiveness of reciprocal recuraiection (Comstock et al., 1949), combined
purebred and crossbred selection (Wei and van denf,\W994), and of the use of data recorded
only in crossbreds for evaluation of purebreds dayh et al. 2001). Often, estimates of such
genetic correlations for production traits haverbkss than unity (Merks, 1988; Wei and van der
Werf, 1995) indicating that selection of parentsoime type of mating system may not optimize
progeny performance in another type of system (Euéhd Bijma, 2005).

Mortality at birth constitutes a major problem img pproduction because up to 8% of
newborns are stillborn (Van der Lende et al., 208603ing ethical and economical problems.
Evidence of genetic influences on stillbirth hagm@rovided by Johnson et al. (1999) and Knol et
al. (2002). Survival at birth has traditionally besonsidered as a trait of the sow (Grandison.get al
2002; Arango et al., 2005) and no previous studas been conducted on a sire level.

Even though genetic variation for stillbirth rateeems to exist, the development of a
successful breeding program needs to investigatetheh purebred performance (in a nucleus)
predicts accurately outcomes in crossbreds (comaieier).

The objectives of this study were to investigaterses of variation of piglet survival at birth
and to infer genetic parameters including the genedrrelation between survival at birth of

purebred and crossbred piglets originated by theessres.

MATERIALS AND METHODS
Animal Care and Use Committee approval was notiobtifor this study because the data were
obtained from an existing database; the analyzeards were registered in the nucleus farm and in
the sib testing program of the C21 Large White Hoer (Gorzagri, Fonzaso, Italy) from 2000 to

2006.
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Animals and Data

Data were collected from year 2000 to 2006 in taations: a selection nucleus farm (Riese
Pio X, Italy) where pure C21 boars are producedraated to pure C21 sows, and in a sib testing
program farm (Todi, Italy), where the same C21 boame mated to crossbred sows to produce
crossbred piglets. The hybrid dams originated fr@raross involving boars of a synthetic line,
derived from Large White and Pietrain breeds, awissof a Large White line selected for maternal
ability and prolificacy. Crossbred paternal half-samilies provide the genetic evaluation program
of C21 purebreds with phenotypic information foafity traits of raw and dry cured hams.

Data on survival of piglets at birth and up to wiegnhad been collected routinely in the
nucleus and in the sib testing farm since 2000.oRkcincluded birth litter description (sow
identification and parity, sire, date of farrowiramd size of the litter at birth), and individuaglet
information (identification, sex, stillborn or aévat birth, weaning date or date of death if tiggepi
died during the suckling period, and date of transid foster dam identification for cross-fostered
piglets). After discarding records with incompleie inconsistent information, 13,643 individual
survival records of crossbred piglets (1,213 lgjeand 30,919 individual survival records of
purebred piglets (3,162 litters), progeny of thengal68 C21 boars mated to 460 crossbred sows

and 1,413 purebred sows, respectively, were availab

Statistical analysis

Falconer (1952) suggested that genotype x envirahift& x E) interaction could be gauged
via the genetic correlation between performance sonesnents in each of the environments
regarded as different traits. Following this auth@mBayesian bivariate threshold model (Gianola
and Foulley, 1983; Foulley et al., 1987) was fiftedhere binary survival at birth (0 = alive, 1 =
dead) was treated as the outcome of differenstreliten observed on purebred or crossbred piglets.

With this, one can predict breeding values for gtiglurvival of C21 boars at the commercial level

74



Piglet survival at bitrh

(i.e., when mated with crossbred sows) by usingrinition generated both at the nucleus and at
commercial farms. This bivariate model producesnesges of the covariance and genetic

correlations between the two traits with a highrelation suggesting mainly additive gene action.

These estimates may be used to evaluate whethisr niéasonable to select boars based on
information of purebred piglets only or not.

The threshold model poses

1 if yihjkl >0

Yri | Vi _{O otherwise

where y,,, (h = 1 if purebred orh = 2 if crossbred) indicates whether tij™ animal

survived (1) or not (0) at birth, ang,,, is the unobserved liability for survival of theimal in

guestion. Abovei,j,k,l, indexes sire, dam, litter and piglet, respectiv&he conditional distribution

of the data, given the liabilities, is

ply 19) = 1(37hijk| > O)yh”“ 1(37huk| = O)l_ymk' [1]

hivj k|
The model equation for the liability of survivalegpressed as,
Voo =N =1) X508, + sy + 1y +y + & )+ 2= 2)(x} B, + S5+, + 1y + )

Above, B, (B,) is a vector of ‘fixed effects’ and;,;, is an incidence row vectos;, s, are
‘random’ sire effects on the liability of purebreshd crossbred piglets, respectively; similarly,
d,; (dy;) and I, (I, ) are ‘random’ dam and litter effects, respectiyen liability of purebred
(crossbred) piglets. Finallg, and &, are model residuals for purebred and crossbréudlities,
respectively. Thep's included effects of sex (male or female); yeamth of birth (72 classes from

July 2000 through July 2006); parity number of tlaen (1, 2, 3, 4, 5, and 6 or more) and litter size
classes (1£ 6 piglets, 2: from 7 to 9, 3: from 10 to 11, 4rfr 12 to 13, 5> 14 piglets). Expected

survival probabilities for piglets born from sowkdifferent parities or born in litters of differen

75



Piglet survival at bitrh

size were calculated as—d)[f/j 7’[3] Where:fb[.] is the CDF of a standard-normal random variable,

y, is the posterior mean of the effect of tRepprity or litter size classx' is an incidence vector

for the fixed different that parity (litter sizeya&uated at the mean of the data, afhdis the
posterior mean of these effect.
Letting y,, Yy, be the vectors of liabilities for purebreds andssbreds, respectively, the

bivariate model was

KSR F L e W el b L e T

where theX'’s and Z'’s are appropriate incidence matrices. Followingtandard setting, it
was assumed that model residuals in [2] followethdtivariate normal distribution with null
means and the residual variance was set equaletdoorboth traits. Since no piglet had records on
both traits, model residuals were treated as inudg®. Hence, the conditional distribution of all

liabilities, given the location effects, was

PV, 7,050,503, 11 5By, By) = N(T, | Xy + Z4S, + Z40y + Z41,,1)
XN(Y, [ X B, + Z,S, + Z 500, +Z,1,,1)

[3]
Prior assumptions

The joint prior distribution was assumed to haveftm

p(Sl,Sz,dl,dz,|1,|2,|31,|32,G0,0'§2,0]21,0',22) [

o(6..8.)p(515,.0, 1G)pld, 102, )pll 192l 102 p(G.)ploz oloz)ploz)

oi  Symm
Above,G,=| 0., 05

2
ad 1sl Jdl,sZ Jdl

Thus, the model assumed the following covariancetvéen sire effects on purebreds and

crossbreds; between sire and dam effects on pulgbaed between dam effects on purebreds and
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sire effects on crossbreds. Because there was ditivadgenetic relationship between sires and
dams of crossbred piglets and between dams of mdemnd dams of crossbred piglets, [4] imposed
that effects ind, were uncorrelated with effects 8, s, andd;. A bounded [-100,000,100,000]
uniform prior was assumed for the fixed effectstsat p(p,,p,) was flat. Using standard Gaussian
assumptions and the factorization provided by {d¢ joint distribution of litter (environmental),

dam and sire effects was

l,
|2 Iafl 0 0 0
d 0 lof 0 0
2| N O, 0-I2 , [5]
S, 0 0 Alad2 0
S, 0 0 0 G0 O A2
d

1

Above, A, is the numerator of Wright's relationship matx €21 sires and C21 dams in the
nucleus andA, is the numerator of Wright's relationship matmax €rossbred sows (i.e., the dams
of crossbred piglets). Note that, s,, d, are augmented as in a standard maternal effeaelrsm

that the covariance can be written using Kronegkeduct (O ) notation. The variance components
associated with litter effects were assumed taecefénvironmental variability across litters, and
o5, is the variance component for dam effects onlitglaf crossbred piglets.

Finally, following standard assumptions, an inveéiishart distribution was adopted as prior
for G, and inverted chi-square distributions were assufoedhe remaining variances. In short,
p(Go)= WG, I1So%):  plot)=x (ot ISndh);  plod)=x (0% 1Sy, df,);  and,

2

p(adz):)(‘z(ajz|SOd2,df0d2). Here, theSs and thedf's are scale and degrees of freedom

parameters, respectively. With this setting, dllyfaonditional distributions have closed form aamd
Gibbs sampler can be used to draw samples fromptisterior distribution of all unknowns

(Sorensen and Gianola, 2002).
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Model Comparison

Four models differing for the specification of thendom’ effects were evaluated. In addition
to ‘fixed’ effects in [2], model 1 included the mdom’ effects of litters; model 2 had the ‘random’
effects of litters and of sires; model 3 considditdrs and dams effects, and model 4 had litter,
dam and sire effects. BIC (Schwartz, 1978) wasutaled for each of these models; BIC provides
and approximation (on a logarithmic scale) of tte/@ Factor and was computed as

BIC(logLik, P) = -2logLik + Plog(N)

where logLik is the log-likelihood of a fitted model, ar®lis the number of dispersion
parameters. Models with smaller BIC are preferfidee model for inferring genetic parameters had
to be kept simple and robust because of the (velg)ilow number of sires, dams and litters. Other
authors have reported problems in models that dedupermanent environmental and genetic
effects of the sow (Wolf et al., 2007; Grandisonaét 2005; Kremer et al., 1999). However,
omitting some of these effects may lead to biastitnates (Van Arendonk et al., 1996). Because
of these reasons, rather than picking up estimpaedmeters from a single model, estimates from

all models are reported.

Convergence diagnostics

Convergence of the Gibbs Sampler was assessedgcion of trace plots, and the length of
the chains was defined using the estimated Monte&e@G#andard error and the equivalent number
of effective samples. Mixing differed across moddgcause of this, chains of different length
were run. After burn-in, the number of samples Keptinference was 300,000, 300,000, 300,000,

500,000 for model 1, model 2, model 3 and modetgpectively.
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RESULTS AND DISCUSSION

Table 1 shows total number of records, litters, dantboars and rate of survival at birth for
the purebred and crossbred lines. A slight diffeeeim raw survival at birth was observed between
purebred and crossbred piglets, reflecting both dfiect of the cross (individual and maternal
heterosis and maternal effects) and differencesdsat environments. Knol (2001) reported that the
amount of relative heterosis for litter survivalsvh55%. Blasco et al. (1995) also reported higher
stillbirth rates for purebred than for crossbrétis.

The survival rate at birth for the crossbred popaoitatvas similar to the one presented by
Knol et al. (2002) for dam and sire lines, and bge\fer et al. (2004) for commercial dam lines.
Purebred piglets exhibited a survival rate sligththwer and similar to that reported by Serenius et
al. (2003) for Finnish Landrace. Variability of rétsuacross studies is large as a consequence of
genetic and environmental differences between @oijouls and of different trait definitions that
might consider or not, as stillborn piglets, pigldiing in the early hours after birth.

The number of dams in the crossbred line was smihléer the one for the purebred line and
the average number of litters per dam was largethi® crossbreds than for the purebreds. This was
due to different numbers of sows in the nucleusiarte sib testing farm and to the occurrence of
different replacement policies between the two tiocs. In the nucleus, replacement of sows was
intense and mainly related to breeding decisionsredis sows producing crossbred piglets had less
stringent culling which was mostly related to reelidertility due to aging or occurrence of severe
disease.

To provide a description of the data structure ahdhe degree of unbalancedness, the

numbers of records per level of fixed effect forglareds and crossbreds are reported in Table 2.

Models comparison
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Posterior means of the log-likelihoods and BIC ealfor each of the investigated models are
reported in Table 3. All models exhibited similagilikelihoods, with a slight improvement in the
goodness of fit when dam effects were includedreforted by Willham (1972), the choice of the
appropriate model to examine traits affected byhlkaodirect and a maternal effect is critical. The
model must be reasonably accurate in describingitblegy involved and yet simple enough to
manipulate so that deduction can be made (WillHEB72).

However, since all models had a similar goodned#,dIC favored (lower values) the most
parsimonious models always. Results from modelspesison suggest that the genetic variance, as

stemming from sire effects, may be nil.

Non genetic effects

Posterior means of nongenetic effects did not wamgh across models. Only results obtained
with model 4 are reported. Female piglets had allsmarobability of survival than male piglets
(0.93 vs 0.94 and 0.92 vs 0.95 for purebreds amdsbreds, respectively), and this is in
disagreement with previous studies. Several authepsrted that female piglets have a greater
survival advantage than males (Svendsen et al§;1B&cker, 1995; Knol et al., 2002). Figures 1
and 2 provide summaries for the effects of paritgnber and litter size in the probability scale. Due
to the fact that purebred and crossbred pigs wased in two different environments, differences
between estimates of nongenetic effects for pudsbrend crossbreds might be the result of
environmental differences also. Moreover, with thi&a structure, any heterosis effect that might
have affected the chance of survival of crossbiigtets cannot be disentangled from that of the
environment. The influence of parity on piglet sualiof crossbreds and purebreds is depicted in
Figure 1. The probability of survival for piglets rbofrom gilts was slightly lower than that for
animals born from sows of parity 2, 3, and 4. Thabpbility did not vary much from parity 2 to

parity 4 and decreased thereafter, but more markedpurebreds. As noted, sows producing
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crossbred piglets were subjected to less stringdhihg than dams of purebreds. As a consequence,
the chance of an additional farrowing for damsrosbred piglets was not influenced by selection.
The situation in the nucleus was different, becabhsereplacement rate was greatly influenced by
selection. This may explain the difference betweerves depicted in Figure 1. The decrease in
probability of survival for advanced parities isagreement with literature reports (Leenhouwers et
al., 1999; Knol et al., 2002; Borges et al., 2003)is decrease might result from excessive fatness
of old sows or aging of the uterus (e.g., a redunadcular tone may hamper the farrowing process;
Pejsak, 1984). The greater probability of stillbiftin the first parity also agrees with other stgdie
(Cutler et al., 1992; Leenhouwers et al., 1999) aght be related to insufficient size of the birth
canal in young gilts (Pejsak, 1984; Cutler etE392).

The influence of litter size on piglet survival isgicted in Figure 2. In purebreds, the chance
of survival was lower for larger litters, but thanse figure was not observed in crossbreds. The
negative influence of larger litter sizes on suaviis well documented (Kerr and Cameron, 1995;
Leenhouwers et al., 1999; Knol et al., 2002). Asoeamay be the association between litter size
and farrowing duration causing greater risks ofdxya (Herpin et al., 2001) when prolonged
farrowings due to large litters occur. In agreemeith several studies (Fahmy et al., 1978; Kerr
and Cameron, 1995), an increased probability dbisth was observed for small crossbred litters.
This might result from difficulties that younger seWave in carrying out a normal gestation.

Year-month of birth had a marked influence on v@raof piglet survival. Piglet mortality
varied much across years and across months ofatihe year. Likely, this is due to variation in
climate, infectious pressure and management peactithe estimated probabilities of survival for
different year-month of birth effects (results poesented) changed erratically across year-month
classes, and did not exhibit a consistent trend twve, being in agreement with results obtained by

Cecchinato et al. (2008).
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(Co)variance componentsin purebred and crossbreds

Posterior means of dispersion parameters for pedend crossbred piglet survival at birth
are presented in Table 4. The variance due to éffects ranged from 0.347 to 0.407 for purebreds,
depending on the model, whereas the between-litigance for crossbred ranged from 0.189 to
0.295. These estimates were similar to those repdryelbafnez-Escriche et al. (2008) for Large
White, Landrace and Pietrain populations. The (geneariance associated with sow effects was
close to 0.08 in purebreds, but it was lower irsslweds and estimated at 0.012 and 0.121 in model
1 and model 2, respectively. Genetic variance fewa effects decreased when maternal genetic
effects of the sow were fitted. Fitting sow geneadftects also changed the estimated covariance
between purebred and crossbred sire effects frO016.in model 3 to 0.006 in model 4. However,
the genetic (co)variance was small in both models.

The additive genetic effect of the dam includes batldirect effect of a dam’s genes
transmitted to the piglets on the survivabilitytloé offspring and also a pure maternal geneticeffe
which is related to aspects of the dam that aevagit for the chance of surviving of the pigletd an
are influenced by the additive effects of the dagéses (e.g., the uterine influence of the dam on
piglet mortality at birth).

The sire effect accounts only for differences ofigtigurvival that are caused by the additive
effects of genes that the piglets inherit from gfre. When included in a model along with additive
genetic effects of the sire and of the dam, ligffects are expected to account for influences,
common to all piglets joining the same litter anausing variation across litters, due to a
strictly-environmental component and to non-additiene effects shared by members of a full-sibs
family. Hence, the inclusion of litter effects imet model should enhance the accuracy of breeding

value predictions.
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Heritabilities and Genetic Correlation

Figure 3 depicts trace plots and estimated postetemsities for the heritabilities of the
liability of purebred and crossbred survivals and the genetic correlation between liabilities of
purebred and of crossbred piglets. Trace plots atedcthat the algorithm mixed well. The skewed
densities reflect the scant statistical informatianthe sample (i.e., a small number of boars).
Summaries of the posterior densities of genetiaipaters for the liability of piglet survival at thir
are presented in Table 5. Heritability was low irnthbcases (0.05 and 0.09 for purebreds and
crossbreds, respectively), but higher than thanaegés reported by Knol (2001) and Roehe and
Kalm (2000). Rothschild and Bidanel (1998) reviev@$l studies on the number of piglets born
alive (i.e., survival at birth as a trait of thengoand reported a mean heritability of 0.09. Fa th
same trait, Rydhmer (2000) reported a median Hwelittaof 0.10, whereas Siewert and Cardellino
(1996) obtained an estimate of 0.004. For the nurobstillborns, Johnson et al. (1999) found a
heritability of 0.17 and high estimates of heritdigis for litter size, number born alive and numbe
of mummified piglets also. Most estimates of héuitty for farrowing mortality or piglet survival
using linear models are lower than the values obthiin our study, ranging from 0 to 0.04
(Haneberg et al., 2001; Grandison et al., 2002;|Knaal., 2002). Grandison et al. (2002) fitted
linear and threshold models to stillbirth, crushitagal piglet mortality and birth weight. Estimates
of heritability (based on sow components) with theeshold model were larger for all traits,
especially for mortality. Only a limited number studies (Grandison et al., 2002; Arango et al.,
2005) have obtained (co)variance estimates foepgrvival using non-linear models. Individual
piglet mortality or survival at birth has been itamhally analyzed by applying the classical linear
model (van Arendonk et al., 1996; Knol et al., 2002sa et al., 2006), albeit the nature of thd trai
is categorical. It is well known that the use okelar models with categorical data ignores their non

linear distribution and tends to produce underestias of heritability (Gianola, 1982).

83



Piglet survival at bitrh

Because heritability estimates of mortality tragie low, with the possible exception of
stillbirth, the potential for effective progress bglection is limited. As an alternative, Roehe and
Kalm (2000) suggested selection for individualtbinteight as a means for improving survival rate.
The purported advantages of applying this strategyat so clear because Knol et al. (2002) found
a negative effect of weight at birth on farrowingomality. Additionally, other studies have
indicated that extreme selection based on weigbirtit could produce a considerable increase in
farrowing mortality, partly due to dystocia and lprmed parturition (Grandison et al., 2002;
Damgaard et al., 2003; Holm et al., 2004). Roel®99) found direct and maternal heritabilities of
birth weight of 0.08 and 0.22, respectively.

The genetic correlation between dam and sire effectpurebred piglet survival was 0.16
whereas the one between dam effects on purebret/aluand sire effects on crossbred survival
was 0.03, indicating that the two animal effectdrads at least partially the same trait. The sow
effect includes the influence of the sow by meahsiterine quality and her contribution to the
genotype of the piglet. The sire only influences gienotype of the piglet.

The estimate of genetic correlation between sunavalirth of purebred and crossbred piglets
was moderate, with a posterior mean of 0.24 (Tapbn@ a posterior mode at about 0.4 (Figure 3).
A 95% Bayesian credibility region (-0.3856, 0.82@3jluded zero, and the posterior distribution
was skewed. The reason for this was the low numbboars in the data. The low point estimate
suggests G x E interactions. Other studies havetespcelatively low genetic correlations between
traits measured at different tiers of a geneticgpam (Standal, 1977; Groeneveld et al., 1984;
Ollivier et al., 1984). The effect of G x E interaxtion the efficiency of breeding programs is
inversely proportional to the magnitude of the dgeneorrelation among genotypes in the different
environments for same traits (Falconer, 1952). Winametic correlations are low, G x E requires a

reappraisal of breeding strategies (Brascamp,e1285).

84



Piglet survival at bitrh

IMPLICATIONS

Covariance components for piglet survival at bimhpurebred and crossbred pigs were
inferred using bivariate threshold models with eliént degrees of model complexity. Results
indicated that the direct additive genetic variafaae to sire effects) of piglet survival at birth
small and perhaps nil. Because the estimated atioelbetween additive genetic effects at the
nucleus and at the commercial tier was low, resutgest that selection of sires for direct effects
on piglet survival in a nucleus may lead to negligigenetic progress at the commercial level.
Inclusion of this trait in the breeding goal of tiee designed to produce sires for terminal mating

seems questionable.
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TABLES AND FIGURES
Table 1. Number of records, boars, dams and it survival rate at birth for purebred and

crossbred piglets

Number or value

Item Purebred Crossbred
Total number of piglets born 30,919 13,643
Survival at birth, % 89.41 92.79
Number of litters 3,162 1,213
Number of dams 1,413 460
Number of boars 168 168
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Table 2. Number of records and fraction of stilloper level of fixed effect in the purebred and

crossbred line

Effect Level Number of records
Purebreds Crossbreds
N Stillborn, % N Stillborn, %
Sex Male 15,438 10.19 6,863 7.44
Female 15,481 11.04 6,780 6.94
Parity of the dam 1 11,706 12.05 2,208 8.78
2 7,339 8.62 2,736 4.93
3 5,032 9.16 2,218 6.98
4 3,104 8.73 1,744 6.30
5 1,886 15.27 1,519 7.50
6 or higher 1,852 14.63 3,218 8.57
Litter size less than 7 1,773 9.24 507 14.00
from71to9 3,793 10.04 972 6.48
from 10 to 11 7,930 9.58 2,081 6.48
from 12 to 13 9,749 10.60 3,269 6.51
more than 13 7,674 12.19 6,814 7.36

94



Piglet survival at bitrh

Table 3. Average of likelihood values and Bayesidarmation criterion (BIC) for different

models

Model (random effects) Number of dispersion Log-likelihood BIC
parameters

M1 (Litter) 2 -11469.67 22960.75

M2 (Litter + Dam) 4 -11466.88 22976.58

M3 (Litter + Sire) 5 -11471.98 22997.48

M4 (Litter + Dam + Sire) 8 -11467.86 23021.36

'BIC(logLik, P) = —2logLik + Plog(N) wherelogLik is the log-likelihoods of a fitted model, and

P is the number of dispersion parameters. Models gmaller BIC are preferred.
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Table 4. Estimates of (co)variance components fdepgwirvival at birth on the liability scdle

Model (random effects)

Paraméter

Purebred

Crossbred

M1 (Litter)

M2 (Litter + Dam)

M3 (Litter + Sire)

M4 (Litter + Dam + Sire)

0-31, s2

Jd 1sl

Jd 1,s2

0.407 (0.025)
0.357 (0.024)
0.077 (0.023)
0.393 (0.024)

0.021 (0.009)

0.295 (0.035)
0.214 (0.032)
0.012 (0.034)
0.268 (0.035)

0.033 (0.021)

0.0015 (0.011)

0.347 (0.025)
0.078 (0.020)

0.018 (0.008)

0.189 (0.032)
0.121 (0.034)

0.031 (0.018)

0.006 (0.008)

0.005 (0.011)

0.002 (0.016)

'Estimates are the means (SD) of the marginal postensities of the (co)variance components.

> 07, 02, ando? denote the variance of litter effects, additivegi effects of the dam, and

additive genetic effects of the sire, respectivety,,, 0,4, andoy, .,, denote, for the additive

genetic effects, the (co)variance between sireceffen purebred and those on crossbred animals,

between dam and sire effects on purebred animadshetween dam effects on purebreds and sire

effects on crossbreds, respectively.
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Table 5. Estimates of genetic parameters for pigietigal at birth on the liability scale

HPD95%
Parametér Mearf sD? MCse' Lower bound  Upper bound
h12 0.0491 0.0233 0.0020 0.0127 0.0975
h? 0.0916 0.0543 0.0061 0.0127 0.1971
My 0.2480 0.3363 0.0378 -0.3856 0.8203
Mira 0.1565 0.2808 0.0249 -0.4263 0.6839
0.0323 0.3273 0.0337 -0.5625 0.6366

r.d 1,s2

'h? = heritability for purebredsh? = heritability for crossbredr, = genetic correlation between

purebred and crossbred piglet survival at birth;, = correlation between dam and sire additive

genetic effects on purebred piglet survivgl,, = correlation between dam additive genetic effects

on purebred piglet survival and sire additive geneffects on crossbred piglet survival.

>Mean of the marginal posterior density of the pat@n

33D of the marginal posterior density of the paranet

“Monte Carlo Standard error.

®> Symmetric 95% posterior density region.
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Figure 1. Effect of parity of the dam on piglet suat at birth in the crossbred and in the purebred

line
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Figure 2. Effect of litter size on piglet surviatl birth in the crossbred and in the purebred line
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Figure 3. Estimated marginal posterior densitiestaack plot of heritability of sire variances and

of the correlation between the sire effects on une crossbred animals
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Model comparison for predicting genetic merit of piglet pre-weaning survival
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ABSTRACT
Different approaches for predicting genetic mefitpalet pre-weaning survival were compared
using proportional hazard, threshold (TM) and setjakthreshold model (STM). Data were from
13,924 crossbred piglets (1347 litters) born frdd@@to 2006 and originated by mating 189 Large
White C21 Gorzagri boars with 328 Large White-dedivcrossbred sows. A frailty proportional
hazard model, assuming two different baseline lahanction (Cox and Weibull) and including
sire and nursed litter as a random effects wetedfifThe TM and STM considered the same effects.
Model fitting was evaluated in terms of goodness$itond predictive ability, using the mean
square error as reference parameters. Estimatedasiamces for piglet pre-weaning mortality were
low, and heritability ranged from 0.04 to 0.06. Adur models led to similar ranking for sires, with
strong correlation between methods. The STM had terbperformance for predicting piglet
survival but it had a lower performance in termsggobdness-of-fit than COX. The results in this
study suggest that STM may, globally, be better tbdrer methods tested, both for its better
predictive ability of piglet survival in genetic &wuations and for its easier interpretation. Furthe
STM is computationally less demanding and can beneldd to allow for different variance
components by different period from birth to weanin
Key words: pre-weaning mortality, piglet, survival analysisteshold model, sequential threshold

model

I ntroduction

Pre-weaning mortality of piglets has become an mgm issue from both economical and
animal welfare point of views (Grandison et al.02p In last decades, different approaches were
used to analyze pre-weaning survival. One possibgoach is to consider survivability as a binary
outcome (e.g. O=alive at time t; 1=death at timart)l this may be done using a threshold model

(Gianola, 1982; Gianola and Foulley, 1983). Howewverost researches dealing with piglet
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mortality (or its complement trait piglet survivddave traditionally used linear models assuming a
continuously distributed trait, thus ignoring ietegorical nature, skewed distribution and cengorin
(Van Arendonk et al., 1996; Knol et al., 2002). #rer alternative is the analysis of failure time
(i.e. time of death) with regression models (Co®72; Prentice and Gloeckler, 1978). An
advantage of using a time-to event model is thetetlis no need to restrict the observations to an
arbitrarily defined point as it is the case whergirzary response is considered as in the threshold
model (Ducrocqg, 1997) Additionally, there are gostdategies to handle censoring in survival
regressions. Recently, a sequential threshold m@sbeert and Chib, 2001) which can analyze
categorical traits that occur in sequential orded accommodate time-dependent covariate was
used to compare predictive ability against othedet® for number of inseminations to conception
(Gonzéalez-Recio et al., 2005).

The aims of this study were to infer parameters igfep pre-weaning survival with the
survival analysis, threshold model and sequenkiedshold model in a crossbred slaughter pigs
populations and then to asses their relative ptigdiabilities and goodness of fit.

MATERIAL AND METHODS
Animals and data

Data used in this study were collected in the sgiing program of the C21 Large White
boar line (Gorzagri, Fonzaso, Italy) from 2000 @9&. The description of the sib testing program
as well as the breeding goals of the C21 Large &\ar line are fully described in Cecchinato et
al. (2008). Briefly, data on survival of pigletskatth and up to weaning were routinely collected i
the sib testing program since 2000 and includeth Bitter description (sow identification and
parity, sire, date of farrowing, and size of theeh at birth), and individual piglet informatione.,
identification, sex, status at birth (stillbornalive), weaning date or date of death if the pidied
during the suckling period, and date of transfed &ster dam identification for cross-fostered

piglets. Cross-fostering occurred for 46% of theets and was of similar proportion for male and
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female piglets. For piglets which died before wegnsurvival time was computed as the difference
between the date of death and the date of birthressefor piglets still alive at weaning survival
time to censoring was computed as the differentedsn the date of weaning and the date of birth.
After editing procedures, which aimed to discardords with incomplete or inconsistent

information (120 piglets) and with unknown sire §lfiglets), a total of 13,924 individual survival
records of piglets (1,347 litters) sired by 189 @@hrs mated to 328 crossbred sows were available
for the study.
Survival Analysis

The individual piglet survival time was analyzedngsisurvival analysis methodology. The
survivor function for the general population wagimeated previously using the Kaplan-Meier
method (Kaplan and Meier, 1958). To test whetherabwll distribution properly fitted the data,
the log of the Kaplan-Meier estimate (nonparamgtifdhe survivor curves was plotted against the
log of time. If the assumption for Weibull holdssaaight line should be obtained. Because the
relation was not linear the assumption of a Weilidtribution function for the baseline hazard was
not suitable for these data and alternative mogele considered.

Cox model. In the Cox model (COX) the distribution functioor the baselinen,(t) was left

completely unspecified (Cox, 1972) and a semi-patam proportional hazard model was used.
The hazard function can be expressed as:

Nmop(®) = () €XPICF, +SEX| +YM, +TMI, + B, (t') + NLS; (t') + nl, (t') +5, |
where hy,...,(t )= hazard function (instantaneous probability cdtti¢ for a given piglet at timie t

= time (measured in days) from birth until deathm@aning (censoring)y (t) = baseline hazard

function; CF, = time-independent fixed effect of cross fosterfnd = no; 1 = yes);SEX; = time-
independent fixed effect of sek 0 = male; 1 = female)YM, = time-independent fixed effect of

year-month of birth K = 72 monthly classes from July 2000 to July 2006MI, = time-
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independent fixed effect of class of standardizgdl tmerit index of the sires of the piglét(class

1: TMI < -1 SD; class 2: -1 SB TMI <1 SD; class 3: TMI > 1 SDR, (t' ¥ time-dependent fixed
effect of parity of the nurse sow that could changkle in the time space as a consequence of cross
fostering (n = 1 to 7 or more);NLS, (t' )} time-dependent fixed effect of nursed litteresthat
could change value in the time space as a conseguértross fostering, carried out to homogenize
size of litters, and of piglet mortality € class 1< 5 piglets, class 2: from 6 to 8, class 3: frono 9 t
11, class 4: from 12 to 14, class>515 piglets); nl (t' ) = time-dependent random effect of the
nursed litter which might change as a consequehceoss-fosteringq = 1 to 1,346), assumed to
be independently distributed as a log-gamma widpslparameter from which the variance of the

nursed litter effear’ can be deriveds, = time-independent random effect of sire effepts (L to
189) assumed to follow a multivariate normal disition with mean 0 and varianées?, whereA
is the additive genetic relationship matrix amoimgssando? is a variance component for sire.

The sire variances?, as well as the parameter of the log-gamma distribution were et

using the Bayesian approach described in DucrodoCasella (1996). Multivariate normal for the
sire effect and log-gamma priors for the nurseggrlieffect were combined with the likelihood
function of the data to obtain an expression propaal to the joint posterior density of all
parameters. Whenever a Cox model was used, thiéhbke function was replaced by a partial
likelihood (Cox, 1972) which does not contain anformation about the arbitrary baseline hazard
function. Further technical details of the randoangmeter estimation under survival analysis are
given in Ducrocqg and Casella (1996).

Weibull time dependent model. This model is a parametric model where a Weibull
distribution (x,o(M)p_l) was assumed as a baseline distribution functfter ¢he inclusion of a

time-dependent covariate (Tarrés et al.,, 2005). Totusion of time-dependent covariatBs

converts the Weibull hazard function into a Weiliutie-dependent (WTD) hazard function:
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M) =ro(M) exp(R) iftO(0,c)
A () =20(at) exp(R,) if tO(Lc,)

hy(t)=

A (t) =ro(M) texplR.,) ift=c,

This model assumes that the hazard for an individuabnstant within each period of time but is
different for the same individual between the ¢,2,1...,k + 1 different periods, correspondingkto
cut points. Cut points were identified with a spliregression of the log of the Kaplan-Meier
survival function on time following the same apmiaised by Tarrés et al. (2005). To cope with
this approach, all possible combinations of 1, 2,k .cut points in the time space (pre-weaning
period) were explored, avoiding combinations ofaadnt days. In this study a time-dependent
effect changing at d 6 and 12 was found. We eséichtdie Kaplan-Meier survival function (S) and
tested possible “cut points” (different numbers aiifterent locations) with a spline regression of
In(S) on time (t). We used the spline regressianvésiable number (up to 6) and variable location
of cut points, and we choose the option providingR& greater than 0.99 with the minimum
number of cut points. This was achieved with 2 poihts located at 6 and 12 d. Details on the
procedure are reported in Tarrés et al. (2005).

Heritabilities on the effective and equivalent scalere determined according to Yazdi et al.
(2002). All survival analyses were carried out gsthe “Survival Kit” software, version 3.12
(Ducrocq and Sdlkner, 1994).

Threshold Model

A threshold model (Wright, 1934; Dempster and Lerda®50; Gianola, 1982; Gianola and Foulley,
1983) was used for the analysis of pre-weaning alityrtas a binary response. The threshold model

postulates an underlying continuous random varjataifled liability, ., i = 1,..., n, such that the

observed binary responsg, | are the result of the fallowing relationship:
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_[Oif & =7
Y 10t > 1

wherer is a fixed threshold, angt = 1 andy, = 0 corresponds to record dead before weaning or
not for observation. The joint distribution of liability, p(») = p(A,....,A,), liability is assumed to

be normally distributed with mean vectgr and covariance matribR =102 where g is the
variance in the underlying scale. Since the thrieshod o are not identifiable, these parameters

were set to some arbitrary values € 0 ando’ = 1) to denote origin and scale of measurement,
respectively. Hence, it was assumed that the vedtdiabilities, given u, had the distribution:
Ap~ N(u,l). Then the probability that observations scored as 1, givgpw model parameter

vector , is defined to be:

T = Prodyi :1|,Ui):Pr0k(7“i >O|‘9):¢( ‘)’

where @() is the standard normal cumulative distribution diion. The statistical model for
liability was:

Aygomop = CFy + SEX, +YM, +TMI, +P, +NLS, +nl_ +s, +e,

ijklmnop ijklmnop

where A

iwmop 1S the value of the underlying variable for thelet of sire p, suckled into littero
with litter sizen from a sow with parityn, with a class of total merit index of the siydorn in the
year-month clask, with sexj and belonging in class of cross fosterin§ome justification of the

model is required. Effects were as in previous medt the only exception of the nurse sow parity

(PR,), nursed litter size ILS,) and the permanent environmental effect determimethe nursed
litter (nl,), because this methodology is not able to handie-tlependent covariate. In this case,

the levels belonging to the sows suckling piglais the largest period were assigned to each
observation. In this study cross-fostering occufi@d46% of the piglets. This raised a question in

modelling simultaneously both maternal and permaeerironmental effects. For a piglet which
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was not moved to a different litter, accounting bath the biological mother and the nurse sow
effects was not feasible because these effects aeefeunded. In the present study, the choice was
to model the permanent environmental effect deteechby the nursed litter.

As in the previous model the random effects werg: = nursed litter ¢ = 1 to 1,347 levels)

distributed independently &(0, | o3 ), whereo?

nl

is the variance among litters, = sire effect (p
=1 to 189 levels) distributed 8VN (0, A g’), whereA is the additive genetic relationship matrix

among sire ands; is a variance component for sire effects amgl,,,, =random residual term

assumed independently distributed\a, 1).
In matrix notation, the model can be expressed as:
A=p+e=Xp+Wq+2Zs+e
where, A is ann x 1 vector,p is a vector of location effects, is a vector of nursed litter effects,

is a vector of sire effects, arais the vector of residual effectX,, W and Z are corresponding
incidence matrices having appropriate dimensions.

A Bayesian implementation via the Gibbs samplesghdeon Sorensen et al. (1995), for a multi-tier
or hierarchical structure was adopted. Conditignalh the parameter vecton, the observed
binary data was assumed to be the result maependent Bernoulli trials with success probapbili

7t . Hence the conditional probability distributiontbe observation was:

n

ply16)=[] 7 - )"

Flat priors were used for fixed effects and vareaosomponents. Parameters were drawn from the
posterior distributions using Gibbs sampling, aplamented in the program TM by Legarra et al.
(unpublished),. Based on the visual inspectiorhefttace plots, a chain of 200,000 iterations was
used, with a burn-in of 20,000 rounds and thinnimgrval of 10 samples.

Sequential Threshold Model
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Survivability of piglets to weaning can be expressea sequential order and analyzed using
a sequential threshold model (Albert and Chib, 2004s described above, there exist three
important stages in the weaning process (from 03 36, 6 - weaning). This means that for an
observation to be present at a given stage ofdfaesce, it must have passed through all previous
stages (Gonzalez-Recio et al., 2005). In the chastudy, a piglet that was alive at weaning ha
to present and survive in all previous stages. fhee, a single latent variable can be used to
represent the piglet’'s propensity to survive to et stage (1 - 3). The respongean take the
valuej only after stages 1, .j-1 are reached, and then either “survive” or “fa@ludeath) in stage
| is observed. Hence, the probability to survivetagej, conditionally on the event that the piglet
survived to stagg{L)", is given by

Pry, = j 1y, 2 j -17.8.0,9 = @[y, — (x(p+wjq +2s)|

where nowp represents the systematic effects of cross fogigi2 levels), sex of the piglet (2
levels), year-month of birth (72 levels), classTdl of the sire of the piglet (3 levels), parity thfe

nurse sow (7 levels), class of the size of the edulgter (5 levels) andk; is the corresponding
incidence vector. As beforg and s represent the random effects of nursed litter @irel additive
genetic effect. Further, the vectpr= (yl, Vo ys) represents unordered cutpoints; these cutpoints do

not need to be ordered as in the case of an ortireghold model (Albert and Chib, 2001).
This model can also be formulated in terms of kat@miables expressing the propensity of a

piglet to survive to the next stage. It is possitdedefine latent variable{a/vij} corresponding to
each of the stages, wherey, = x;5+w;q +Zzs+e; . The residual®;, were assumed distributed as
g ~ NIID (0,1 We observey, =1if w, <J;, and we observey, = 2if the first latent variable

w, > ), and the second latent variable, < y, . In general:

112



Model comparison for predicting genetic merit ajlpt pre-weaning survival

These latent variables can be incorporated intcagkb¥ chain Monte Carlo sampling scheme. The

latent variable representation can be simplifiedrmprporating the cutpoint{syi} into the mean

function and fixing one of the cutpoints, usually=0. Each latent variable can have different

explanatory variable (Gonzalez-Recio et al., 20QBgrefore, accommodating time-dependent
effects (including the vector of cutpoints), andoiaary-threshold model can be fitted for the
survivability at each stage event. The responsiablaris: “fail” (death at the present stage) 00,
“survive” (pass to the next stage) = 1. Furthemaiieton this model may be found in Albert and
Chib (2001) and Gonzalez-Recio et al. (2005) im@aimal breeding context.

Effects, other than the cutpoints, were as in evimodels. The litter effect was assumed

distributed asN (0, 1 #2 ), whereg}, is the variance among litters; the= sire effect (p= 1 to 189
levels) was distributed adVN (0, A o), whereA is the additive genetic relationship matrix among
sire and g7 is a variance component for sire effects agd=random residual assumed

independently distributed & (0, | o2), whereo? is the residual variance, which was fixed to one

and, for simplicity, it was assumed to be constdrgach step of the sequence.

Posterior distributions of the parameters weraregtd using a Gibbs sampling algorithm for
STM, (Sorensen et al., 1995; Sorensen and GiaB0GL), drawing samples from a single chain of
200,000 iterations, with the first 10,000 samplssarded.

Comparison among models

Predictive ability. Prediction of future observations given past data concern for animal
breeders that might be answered using the prediahility, a notation that arises naturally in
Bayesian statistics (Matos et al., 1997). Crosglatbn may provide a suitable scenario to check

for better predictive ability between different net&l (Shao,1993). The method usually involves
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omitting a portion of the available data, fittingpeedicting model to the remaining data and then
testing the model fit on the omitted portion. Teses predictive ability in this study, a cross
validation was carried out following the same ajygfo of Caraviello et al. (2003) and Gonzalez
Recio et al. (2005). Data set was randomly parné into four datasets, to performed a 4-fold
cross validation, with the restriction that all é&v of fixed effects were represented in each
partitions. In addition, the number of records piee or litter were as evenly distributed among the
four partitions as possible. The PTA for sires acte training sets were calculated by survival
analysis using the two different baseline (Cox &udD), the TM and the STM. Survivability
observations (i.e., binary indicators of survival3, 6 or 28 d of age among piglets that had the
opportunity to survive that long) for piglets in emf each training sets were regressed (using
logistic regression) on PTA obtained from each meétihogy, such that each sire’s breeding value
could be converted into his piglets probability sefrvival to 3, 6, and 28 d. Next, the expected
number of piglets of each sire that would surviee3t 6 or 28 d age (among those that had an
opportunity to survive that long) in the testing s&s calculated by multiplying the probability of
survival to a given age from training set by theatmumber of piglets in the independent data set.
The actual number of piglets in the independera dat that survived to 3, 6 or 28 d of life, among
those that had an opportunity to stay that longs si#hsequently determined for each sire, and the
observe and expected numbers of “survivors” aniluffes” were compared using the following

statistic:
x° = |(Observe®urvivors- ExpetedSurvivors’ + (ObservedFailures- Exptedrailurey’

Thesey’ statistics were summed across sire, and the mbdelproduced the smallest sum was

regarded as the more accurate predictor of suriMityabln addition Spearman and Pearson

correlations between estimated breeding valuesr@atavith the different models were calculated.
Goodness-of-fit. The goodness-of-fit were assessed using the eeighted regression and

the mean square error (MSE). After obtaining predidransmitting abilities (PTA) of all sires,
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these were matched with the observed mortalitysreite¢he original data set. Local regression is a
nonparametric approach to fitting curves and seddo data based on smoothing (Cleveland and
Loader, 1996). This method was used to approxintiage relationship between mortality rate
(response variable) and PTA estimates (explanataigbles) locally by a smooth curve based on a
non-parametric function, using locally weightedslesquare. Weights are assigned such that points
close (in the Euclidean distance) to the predistue of interest receive a higher weight. The
regressions were computed using the R software éiRelPpment Core Team, 2007). The mean
square error (MSE) for each method was calculasetth@ average of the squares of the differences
between the actual average and the local weigeg@ssion estimate at each point.
RESULTS AND DISCUSSION
Descriptive statistics
Brief description of data used in this study anenmarized in Table 1. Data set contained

4.90%, 4.55% and 4.65% uncensored records (dedetg)idor stage one (from birth to 3d), two
(from 3d to 6d) and three (from 6 to weaning), ezgely. In total, 86 % of records were censored
(animals still alive) at the end of the weaningi@er which occurred at an average time of 28 d.
Hence, piglet mortality from birth to weaning wa4% and average failure time for uncensored
records (death of piglets) was 6 d. A detailed dpg8on of the influence of the non-genetic effects
involved in the survival process is reported in €®eato et al (2008).
Variance Components and Heritability

Parameters of the approximated marginal postenstrilsutions of sire and nursed litter
variance components and estimates of effective eapdvalent heritability for COX and WTD
models are reported in Table 2. The discussion tablm estimated variance components and
heritabilities obtained with both survival modets a@xtensively reported in Cecchinato et al (2008).

Summaries of the posterior distribution of the pagters of the TM and STM are presented in

Table 3. The estimated sire variance using the Ta4d @.011 and the nursed litter variance was
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0.147. The estimated sire variance from STM wasglairto that from the TM (0.012), but estimates
of nursed litter variance (0.166) was slightly krgBesides, smaller posterior standard deviations
were obtained for the genetic parameter and fopdrenanent environment generated by the nurse
SOW.

Note that the STM accounts for variation in litteembership due to cross-fostering, whereas
TM does not. The estimated nursed litter varianes much larger than the sire variance estimate
in both models, confirming the nurse sow commonirenment as a key factor affecting the
survival of piglets before weaning (Casellas et2004; Wolf et al., 2007). Estimates of heritapili
for pre-weaning mortality were low, which is in agment with results of Kerr and Cameron (1995)
and Roehe and Kalm (2000). Roehe and Kalm (20G0hat®=d heritability using linear, logit and
probit scale. As theoretically expected for categgdrtraits, heritability was lower on the linear
observed scale than on the logit or probit scatet@8her et al. (1999), studying longevity in dairy
cattle, observed that the estimate of heritabdityained by survival analysis was superior to those
obtained by the linear and threshold models (foraty traits), that could result from a better
adjustment of the data to the survival model (Paref al. 2007). In a more recent study, Carlén et
al. (2005), working with Swedish Holstein data,aepd a higher estimate of heritability for the
continuous trait (time to first mastitis or censgri- TFM), analysed by survival model, in relation
to the binary one (mastitis - MAST), analysed byexi linear model, suggesting that this result
was probably partly due to an increased observadtian among cows using the trait TFM (more
continuously distributed than MAST).

However, when comparing these heritabilities, onestconsider that the traits evaluated by
the threshold model versus survival analysis aghtty different. Van Arendonk et al. (1996) and
Knol et al. (2002) used linear models ignoring ttegegorical nature of the trait. Few studies

addressed estimation of variance component foepigbrtality using threshold models (Roehe and

116



Model comparison for predicting genetic merit ajlpt pre-weaning survival

Kalm, 2000; Grandison et al., 2002; Arango et2005) and only one had modelled the trait at the
individual piglet level (Grandison et al., 2002).

Previous studies have reported low estimates afabdity for piglet mortality or survival
rate, with an average of 0.05 (at the level of litier and as a trait of the sow), as reviewed by
Rothschild and Bidanel (1998). There is large \emm across estimates obtained in different
studies. Lamberson and Johnson (1984) reportedtanate of heritability for pre-weaning survival
of 0.03, whereas Ferguson et al. (1985) reportddesaof 0.14 and 0.18 for in Yorkshire and
Duroc, respectively.

Predictive Ability

Table 4 shows Spearman)(and Pearson dy correlations between estimates of sire effects
from the different models ranged between 0.82 a8 (n absolute values). The WTD model had
a higher agreement with the COX and the STM mofiets0.98, p= 0.96 andg= -0.96, = -0.97
respectively). The correlations between STM with tither 3 models were negative because this
the trait for this model stands for survivabilitystead of risk to death (i.e. higher PTA estimate f
survival models and TM indicates a larger probabilif progeny mortality, whereas higher PTA
for STM mean larger probability to survive to netage). The four methodologies result in very
similar sire rankings in a routine genetic evaloatibeing the TM and COX model the most
different in terms of ranking of sires; & 0.82, p= 0.84). When comparing binary and continuous
traits the sire’s rank correlations found in theerlture were, in general, lower, indicating a
moderate reranking of sires, which is in agreemmtit the present study. Boettcher et al. (1999),
analysing longevity in dairy cattle by thresholdh@ry trait) and survival models (continuous trait)
found a ranking correlations between PTA equal.@®0Carlén et al. (2005) found correlations of
0.93, 0.89 and 0.88 (for lactation 1 to 3), betw®diA of sires obtained for the continuous trait

(time to first mastitis or censoring) analysed byvss/al analysis and for the binary one (mastitis)

117



Model comparison for predicting genetic merit ajlpt pre-weaning survival

analysed by mixed linear model. However, no previestimates for genetic evaluation of piglet
pre-weaning survival are available.

A stronger correlation between WTD and COX as veallbetween WTD and STM was
expected because of the ability of the methodsatalle time-dependent covariate. Similar results
were reported by Gonzalez-Recio et al. (2005) iimydeattle studying number of services to
conception, where sires’ rank correlation was etma0.98, between a discrete proportional hazard
model and STM.

Results from the predictive cross-validation arevah in Table 5, for each of the methods.
The STM provided more accurate predictions for giigire-weaning survival than other models
tested. It resulted in the smallest sumyo$tatistics in 3 out of 4 testing sets for stag8-B days)
and birth to weaning period, outperforming WTD afd. The STM had also the best predictive
ability for stage 1 (0-3 days) in two out of fowsting sets, whereas WTD and COX model were
better in the other two testing sets. The COX madaimed to predict better in the third stage,
where fewer piglet death take place. Differenceeims of sum of? statistics across sire, between
COX and WTD, seemed to be similar in magnitude.e@as et al. (2006) reported that a Weibull
baseline hazard function with the inclusion of tidependent effect might approximate a smooth
function similar to the COX model. A time dependeffect (in our case changing at d 6 and 12)
may be difficult to interpret as an independeneeffin the model, but it has to be understood as a
new component of the survival baseline, adjusting &ging process of the whole population
(Casellas, 2007). The TM showed the worst predecability among methods used and did not
performed better than any other methods in anpetests. This was expected since there is loss of
information when collapsing into a binary outcorfibe cross validation were performed over the
most important pre-weaning stages from a produgivat of view (0-3, 3-6 and 6-28 d), which

where also used to check survivability with the STIMis might be favouring the STM, however it
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also performed better in a global stage (0-28). Tleeibility of STM to discriminate between
important productive stages is an important adgfar this model.
Goodness-of-Fit

Figure 1 shows the nonparametric fit relating progeaw mortality the sire PTA for each of
the four models. There was an association betwd@@nddd progeny mortality and all the models
seemed to have similar fitness. However, COX mgqumformed better than other methods. A
smaller bandwidth parameter was determined forrtiadel, which led to a slight overfit, as shown
in the regression line in Figure 1. After trial-@rtearning, this parameter value was chosen becaus
it provided the smallest MSE, among those testéd WISE for COX model showed differences
greater than 11% regarding the other survival @eslynodel (WTD) (MSE = 75.88 x 1@s. 85.55
x 10%. This result highlights the high flexibility ofomparametric approaches to fit the survival
data, although it implies greater demands in coatmral requirements and time needs. Note that
differences in time required between Weibull andXC@odels are substantial: e.g., 30 times
greater in the survival analysis of laying hensorggd by Ducrocq et al. (2000). The MSE from
STM and TM were similar, 85.51 x T&s. 83.62 x 10 (differences close to 2%). These are the
first available results comparing goodness-of{fit® and STM of piglet pre-weaning survival.

In general, the COX model showed better fit betwpeygeny raw mortality and sire PTA
than other models, with its MSE showing differengesater than 11% regarding STM, whereas the
difference with TM was lower and close to 9%. Degmancies between WTD and STM were

minimal, lower than 0.1% (MSE = 85.55 xs. 85.51 x 10) (Figure 1).

IMPLICATIONS
Four methods to analyzing pre-weaning survival igspvere tested, leading to generally
similar results. Estimated sire variances for gigke-weaning mortality were low, and heritability

ranged from 0.04 to 0.06. All four models led tm#ar ranking for sires, with strong correlation
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between methods. The STM had a better performamcerédicting piglet survival but it had a
lower performance in terms of goodness-of-fit tH@®X. The sampling distribution of thg
statistic used to test predictive ability is unkmpwherefore a very computationally demanding
method, such as permutation test or bootstrappiogldvbe needed to asses their significance.
However, consistency of better predictive abilliyoughout cross validation folds was obtained for
the STM, mainly in important productive stages sashsurvivability from birth to day 6 of life,
where higher mortality occurs, and also in the glateaning period (birth to day 28).

The results in this study suggest that STM magbally, be better than other methods
tested, both for its better predictive ability oflet survival in genetic evaluations and for iesier
interpretation. Further, STM is computationallydetemanding and can be extended to allow for

different variance components by different perighf birth to weaning.
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TABLES AND FIGURES
Table 1. Number of records, percentage of uncedsfre. dead piglets) and mean number of

progeny per boars in each stage

Stage No. progeny per boars Records

N Uncensored
From birth to 3 days 74 13,924 4.90
From 3 to 6 days 69 13,218 4.55
From 6 to weaning 66 12,548 4.65
From birth to weaning 74 13,924 14.1
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Table 2. Parameters of the approximated marginstepor distributions for Cox, and Weibull
time-dependent (WTD) models

Effect’ Parameter Model

COX WTD
Sire o’ 0.058 0.060
Nursed litter o’ 0.638 0.683
Effective h? 0.137 0.137
Equivalenth? 0.029 0.030

2
'Effective h?: h? =142%, where g? is the mode of the approximated marginal densiity o
+ as anl

the sire variance componemt;, is the nursed litter variance calculatedags= trigammag) andy

. o 40? .
is the parameter of the log-gamma distribution;iegjant h?: hezq =——=—wherep is the
ol+o’ + 1

average proportion of uncensored records

126



Model comparison for predicting genetic merit ajlpt pre-weaning survival

Table 3. Estimated variance for sirey), nursed litter ¢3) and heritability f?) from the
s nl

threshold model (TM) and sequential threshold mo@eTM).

ltem’ Parameter Model
™ STM
0‘32 Mean 0.0116 0.0122
SD 0.0078 0.0055
Monte Carlo error 0.0003 0.00008
Jr?l Mean 0.1472 0.1667
SD 0.0198 0.0186
Monte Carlo error 0.0003 0.00002
h?2 0.0400 0.0414
2
"Heritability calculated in the liability scalér = 1+4+-S+’ whereo? and o2 are the means of
Js Jnl

the marginal posterior distributions of the sirel aursed litter variance components respectively.
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Table 4. Spearman (above diagonal) and Pearsoelaiions (below diagonal) between sire effects
from the four different models

Models
WTD COX ™ STM
WTD - 0.98 0.90 -0.96
COX 0.96 - 0.82 -0.91
™ 0.91 0.84 - -0.93
STM -0.97 -0.89 -0.94 -

'COX = Cox model; WTD = Weibul time dependent mod&TM = Sequential threshold model;
TM=Threshold model.
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Table 5. Sum of? statistics across sires, based on comparing #digped vs observed number of
survivors to 3, 6 or 28 days, among piglets that &a opportunity to survive that long, in each
subset of the data (using probabilities of survo@lived from the other subset), with smaller sums

indicating more accurate predictions of piglets/auability.

Models
Period N. of boars WTD COX ™ STM
A) training set N = 10,451 testing set N = 3,463
From birth to 3 days 171 262.128 260.673  286.149255.348
From 3 to 6 days 168 286.965 286.689 293.833285.106
From 6 to weaning 163 270.795  275.147 289.414 280.286
From birth to weaning 171 802.926 809.830 904.209 793.836
B) training set N = 10,368 testing set N = 3,546
From birth to 3 days 174 372.349 378.487 384.503351.187
From 3 to 6 days 171 356.991 358.205 378.790346.179
From 6 to weaning 166 342.645 339.711 368.577 363.308
From birth to weaning 174 798.560 810.305 957.356775.620
C) training set N = 10,510 testing set N = 3,404
From birth to 3 days 167 389.805 391.707 511.434 392.202
From 3 to 6 days 186 389.262 393.054 410.840368.790
From 6 to weaning 184 267.349 266.695 279.903 270.444
From birth to weaning 167 799.496 820.856 883.633784.741
D) training set N = 10,413 testing set N = 3,501
From birth to 3 days 172 499.353 498.463 534.088 504.437
From 3 to 6 days 170 289.654 289.649 300.803283.527
From 6 to weaning 170 279.964 278.405 306.701 285.420
From birth to weaning 172 874.504 815.222 1,079.12 876.622

! Boars with at least 10 piglets
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progeny mortality

Model comparison for predicting genetic merit ajlpt pre-weaning survival

Figure 1. Nonparametric locally weighted regressibrraw progeny mortality on estimated sire
predicted transmitting ability (PTA) for each ofetfiour models. Mean square errors (MSE) are
given for each methdd

COX WTD STM ™

MSE=75 88x 10" MSE=86 55x 10" MSE=8661x 107" MSE=83 62x 10 "

progeny mortalit
“
progeny mortalit
progeny mortality

'COX=Cox model; WTD= Weibul time dependent model;M8T Sequential threshold model;
TM=Threshold model.
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General discussion
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GENERAL DISCUSSION

The main goal of this thesis was to gain knowletighe genetic and non-genetic aspects of
piglet survival and to evaluate the possibilityimfroducing this trait in the breeding goal of C21
boar line. Since genetic backgrounds of survivabigth and survival at weaning are different,
independent analysis have been carried out fooviang survival and pre-weaning survival. In the
first contribution, pre-weaning survival has beengsidered and the relationship between crossbred
piglets pre-weaning survival and a total merit desed for selection of terminal boars for dry
cured ham production was investigated using suhamalysis techniques. Because this relationship
was unfavourable, the inclusion of piglet pre-wegnsurvival in the breeding goal of the line
seems to be advisable. However in order to prddigtconsequences of the inclusion of piglet
survival in a pig-breeding program with various ethraits under selection, it is important to
evaluate the genetic correlations between piglatigal and these other traits. Unfortunately, this
type of analysis is difficult to be carried out @ndoroportional hazard framework. Knol (2001)
estimated the genetic correlations of piglet suahwith several other economically important traits
by using the linear model ignoring the categoritaure of the trait. Results indicated that single
trait selection for improved piglet survival wilherease feed intake, daily gain, and backfat
thickness and decrease residual feed intake (R8@I1). It should be noted that the increased daily
gain and backfat thickness as a correlated resgorsaection for piglet survival may be related to
the better development of gastrointestinal tract bigher carcass fat percentage at birth in piglets
with a high genetic merit for piglet survival, imraparison with those with a low genetic merit
(Leenhouwers et al., 2002).

From the aforementioned it is clear that knowledfgenetic relations between production,
reproduction and survival traits undoubtedly makgossible to build a selection index, which will
allow a more balanced genetic progress in alldrait interest for pig producers, including an

increase in both litter size and piglet survivaliletstill maintaining progress in all other traits
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of interest. It should be a challenge for all prgdalers, now and in the future, to achieve such
breeding programs.

However the development of a successful breedimgram needs to investigate whether
purebred performance (in a nucleus) predicts atelyrautcomes in crossbreds (commercial tier).
This can be investigated by considering the twdoperances as different traits in a model and by
estimating the genetic correlation between thenthénsecond contribution covariance components
for piglet survival at birth in purebred and crasb pigs were inferred using bivariate threshold
models with different degrees of model complexBesults indicated that the direct additive
genetic variance (due to sire effects) of piglevsal at birth is small and perhaps nil. Because t
estimated correlation between additive geneticcedfat the nucleus and at the commercial tier was
low, results suggest that selection of sires foedieffects on piglet survival in a nucleus magdle
to negligible genetic progress at the commerciaélleHence, the inclusion of this trait in the
breeding goal of the line designed to produce $oeterminal mating seems questionable.

In order to predict the genetic merit of piglet\dual, many different statistical approaches
have been proposed in literature. The categoriaéra of the trait impose some difficulties in
estimating genetic parameters. Most researchesndeaith piglet mortality (or its complement
trait piglet survival) have traditionally used laremodels assuming a continuously distributed, trait
thus ignoring its categorical nature, skewed distion and censoring (Van Arendonk et al., 1996;
Knol et al., 2002). Another alternative is the gsa of failure time (i.e. time of death) with
regression models (Cox, 1972; Prentice and Glogckl@78). An advantage of using a time-to
event model is that there is no need to restritoibiservations to an arbitrarily defined pointtas i
the case where a binary response is considerech dkei threshold model (Ducrocq, 1997).
Additionally, there are good strategies to handt@soring in survival regressions. Recently, a
sequential threshold model (Albert and Chib, 200hjch can analyze categorical traits that occur

in sequential order and accommodate time-depenc®rariate was used to compare predictive
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ability against other models for number of insertiores to conception (Gonzélez-Recio et al.,
2005).

In this thesis it has been shown that all modetediled to similar ranking for sires, with
strong correlation between methods. However theis#el threshold model may, globally, be
better than other methods tested, both for itsebgitedictive ability of piglet survival in genetic
evaluations and for its easier interpretation.iterature several authors compared statistical isode
with different degree of complexity. For exampl@pez-Romero and Carabano (2003) compared
random regression models using Legendre polynorafatsders 2—6. While more complex models
fit the data better, the predictive ability of #tle models was almost identical, indicating almost
identical rankings of sires. Good arguments folof@ing productivity in model comparisons were
made by Blasco (2006). Reports from literature #iaple and complicated models provide similar
estimated breeding values are abound, e.g. Pilds 006).

In conclusion, according to G. Box it is possililestate that ‘all models are wrong but some
models are useful’, thus the search for a perfemiehseems to be futile (Misztal, 2008). While
more complex models may be needed to reveal tHedyiof traits, simpler models may suffice for

genetic evaluation.
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