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My first contacts with Dr Johnson 

ELSEVIER Livestock Production Science 48 (1997) 13-22 
SCIEIqtZ 

Genetic analysis of rebreeding intervals, litter traits, and 
production traits in sows of the National Czech nucleus 
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Accepted 14 November 1996 

Abstract 

Weaning to service (WTS), weaning to conception (WTC) and weaning to fagrowillg (W'TF) illlegval$ of 2896 La'ge 
White and Landrace sows of the National Czech nucleus herds were used to evaluate genetic relatiemhips with littler amJ 
production traits. Univariate and bivariate analyses were used to estimate genetic and envimmne~al ~ using a 
restricted maximum likelihood method. Data were adjusted for significant fixed effects and covariates. Uaivaliale s a l y s ~  
were done with and without maternal effects in models. Maternal effects were found to be i ~  for litteg weight altd 
backfat and were included in bivariate analyses with these traits. In a second analysis, phelmtypic interval ~ wege 
regarded as a mixture of normal and exponential distributions and evaluated with an extended maxinmm likelilmed 
algorithm. Contrasts of average breeding values (EBV) for the other traits between sows with nmmal ami ~ i legvab 
were estimated. Direct heritabilities for WTS, WTC, and WTF were, respectively, 0.12. 0 .~ ,  mid O.flS. Mnmml  
heritabilifies were near zero for all traits except litter weight (h i = 0.05) and backfat (h  2 = 0.06). Genetic cenelations of 
intervals with other traits were between -0 .20  and 0.20. and the correlation between w ' r s  a id  WTC was 0.93. Common 
environmental effects on repeated sow rebreeding intervals and rewoductive traits were small, but common eavimmnental 
effects of litter of origin were important for backfat and average dally gain (c 2 ~ 31 and 58%, respectively). Vadallce 
components for WTC and WTF were similar. Combined EBV contrasts for buckfat (BF), litter weight-maternal, total 
number born, and number born alive for WTS were significant and had the same sign as the genetic corlelations. Selection 
for litter weight and BF may cause prolonged intervals, but genetic relationships axe not stmcqg. © 1997 Elsevier Solace 
B.V. 

Keywords: Sow; Reproduction; Production traits; Rebfeeding; Selection 

1. In t roduc t ion  

For many years swine breeders have selected to 
improve growth, carcass merit, and sow productivity. 
Selection for increased sow productivity has been 

• Corresponding author. Tel.: + 1-402-4726404: fax: + 1-402- 
4726362. 

primarily for increased litter size and litter weiglM. 
However, ability to return to cycling activity a f ~  
weaning, potential to conceive, i f  served, and Wo- 
duce a litter o f  acceptable size, also influence sow 
productivity. 

Weaning to estrus (service), weaning to concep- 
tion, and weaning to farrowing intervals are mew 
sures o f  reb~eding performance. Problems with re- 

0301-6226/97/$17.00 © 1997 Elsevier Science B.V. All fights reserved. 
PII S0301-6226(96)01417-0 

Livestock Production Science 11 (1984)  541-558  

R.K. Johnson, D.R. Zimmerman, R.J. Kittok  

 
Selection for components of reproduction in swine 

 

Seminar at INRA in Jouy-en-Josas 
+ 

 
Large number of papers in pigs, 

rabbits, mice,… 
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Large variations according to breed combination  
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+2,3 piglets 

Crossbreeding parameters 
HETEROSIS 

Use of heterosis : 
can we move from left to right ?  



!A L I M E N T A T I O N                     
  A G R I C U L T U R E 

!  E N V I R O N N E M E N T 
                      F O O D  &  N U T R I T I O N                     
  A G R I C U L T U R E 
                    E N V I R O N M E N T 

Recent trends 
Crossbreeding parameters 

Meishan is no longer more  
prolific than Large White … 
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… but heterosis values remain 
very high 

Potential interest of (HD)  markers to increase heterosis  
Values (?) 
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Selection for litter size : an historical 
perspective 

Early 80’s  : litter size considered as very difficult to    
     increase through selection 

 
•  No response to selection for litter size in a French experiment (Bolet et 

al (1987) 
•  Selection for ovulation rate : significant direct response, but no 

correlative response on litter size (Cunningham et al (1979) 

R = i ρ σA /T 
Hyperprolific  

Breeding schemes 
(Legault et al (1976) 
Bidanel et al (1994) 

Components of litter size 
Uterine capacity 

(Johnson et al (1984) 
Bennett & Leymaster (1989) 
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Back in 2011 
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Total born 
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Weaned 

+2.9 

+2.3 

+1.9 

Phenotypic trends for litter size at the 
commercial level in France  

Large improvements in litter size 

These trends are 
largely due to  

selection 
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Genetic trends for litter size 

as a combination of :  
 
- The development of IA 
 
- BLUP methodology 
 
- Large population size  

Selection for litter size has been very successful 
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Genetic trends for litter size in  
French Large White breed  (Guéry et al, 2009) 

Year 

EBV 
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Large genetic gains for production traits 
Average daily gain (g/d) Food conversion ratio  

      Killing out %    Carcass lean content (%) 

Landrace 
Large White F 
Large White M 
Piétrain 

Year of birth Year of birth 

Year of birth Year of birth 
Source : IFIP, le porc par les chiffres 2010  
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è Everything’s working fine ? 
 
è    Can we expect similar gains 

over the next 20 years ? 
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Difficult question which depends of both economical, societal, 
regulatory as well as biological considerations, e.g.: 

Prediction of future breeding goals 
 

Ban for castration,  acceptability of piglet deaths 
Animal behaviour, robustness 

Physiological limits to selection  
Unfavourable correlative responses to selection  

•   Useful information from : 
•  Genetic parameter estimates 
•  Estimated responses to selection 

⇒ Example of French Large breed where this last aspect   
     has beenThoroughly investigated  
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Estimation of responses to selection 
in French Large White breed 
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Responses to selection in French LW 
Favourable trends 

820 
840 
860 
880 
900 
920 
940 
960 

ADG (g/d) 

W
ei

gh
t a

t p
ub

er
ty

 (k
g)

 

0 

5 

10 

15 

20 

OR puberty 

O
vu

la
tio

n 
ra

te
 a

t p
ub

er
ty

 

202 
204 
206 
208 
210 
212 
214 
216 
218 

Ag
e 

at
 p

ub
er

ty
 (d

) 

1977   1998 1977   1998 1977   1998 

 
3.6 ± 1.3   *** 

 

 
7.7 ± 5.7 + 

 

 
-9.2 ± 9.2 

 

Age at puberty  Weight at  
Mating (kg) OR at puberty 

From Tribout et al, JRP, 2003 
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Responses to selection in French LW 
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2,9 ± 1.3   ** 
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4.1 ± 1.6 *** 
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From Tribout et al, JRP, 2003 
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Responses to selection in French LW 
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7.4 ± 2.5 *** 
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Source: Tribout et al, 2003; Canario, PhD th, 2006 
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The teats of G98 sows 
remain functional for a 
longer period of time   

Source: Canario, PhD th, 2006 

Responses to selection in French LW 
Favourable trends 
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Colostrum and milk composition (1) 
Composition of 3 colostrum samples (birth of the 1st (1) and last 

(2) piglet, 24h later (3) and 1 milk sample (at 14 days of age) 
Dry matter content (%)
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Source: Tribout et al, unpublished 

Responses to selection in French LW 
Favourable trends 
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P=0.05 P=0.02 

•  No difference in immunoglobulin (IGG) content (P > 0.15) 

Lipid content (%)
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Limited trends on colostrum and milk composition 
Source: Tribout et al, unpublished 

Colostrum and milk composition (2) 

Responses to selection in French LW 
Favourable trends 
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Responses to selection in French LW 
Unfavourable trends 
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Responses to selection in French LW 
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Source: Canario, PhD th, 2006 



!A L I M E N T A T I O N                     
  A G R I C U L T U R E 

!  E N V I R O N N E M E N T 
                      F O O D  &  N U T R I T I O N                     
  A G R I C U L T U R E 
                    E N V I R O N M E N T 

                                G77      G98          ΔG    Pr> |t|  
                                  mean    mean                 H0: ∆G=0  

Dry matter (%)                20.6     19.1        -3.00       *** 
P- (%)                             12.1     11.1        -2.00       *** 
Liver Weight (g)            30.3      25.5         -9.6        *** 
Liver Glycogen (g/kg)     6.4        4.7         -3.4         * 
Blood albumin               8.90      7.41       -2.90        * 

Lower maturity of G98 piglets at birth … 

Piglet maturity at birth (1) 

Source: Canario et al, Animal (2007)  
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                                 G77      G98       ΔG     Pr> |t|  
                             mean     mean             H0: ∆G=0  

RNA / Protein (µg/g)     15.8      18.8      +6.0          +  

Protein % (LD)           20.2      25.5    +10.6         + 

… But higher protein synthesis and growth 
potentials 

Piglet maturity at birth (2) 

Source: Canario et al, Animal (2007)  
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Mobilisation of reserves during 
lactation 
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•  Interaction with parity 

•  Higher mobilisation in 2nd parity G98 sows 
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Source: Canario, PhD th, 2006 
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Sow feed intake during lactation 
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No significant difference in feed intake 
Source: Tribout et al, unpublished 
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                          G77     G98          ΔG ± se     ΔG Pr> |t|   
                                mean   mean                             H0: ∆G=0  

 Min Wt            0.94    0.98     + 0.08 ± 0.08      NS 
Max Wt           1.79    1.93     + 0.27 ± 0.08       *** 

  StdDev Wt        0.26    0.29     + 0.06 ± 0.03        * 

Piglet birth weights are more heterogeneous within a litter 

   => associated with an increase in very high birth weights 

Piglet weight homogeneity at birth 

Source: Tribout et al , JRP 2003 



!A L I M E N T A T I O N                     
  A G R I C U L T U R E 

!  E N V I R O N N E M E N T 
                      F O O D  &  N U T R I T I O N                     
  A G R I C U L T U R E 
                    E N V I R O N M E N T 

plus grandes lorsque les données sont expliquées par DIFFPN 
plutôt que par PN (Figure 4 vs Figure 3). PMORTI augmente 
rapidement lorsque le poids des porcelets passe en dessous 
du poids moyen de la portée ; les porcelets de truies LW 
pesant 500g de moins que la moyenne de la portée ont une 
PMORTI 7,8 fois supérieure à celle des porcelets de truies MS. 
Des ajustements supplémentaires pour le poids moyen et 
la taille de portée (NT) n’ont que des effets très limités sur 
DIFFPN. La DMB influence positivement PMORTI (Tableau 1, 
modèle 2), avec un risque supérieur de 23 % pour chaque 
heure supplémentaire écoulée (Figure 5), à l’exception des 
truies MS pour lesquelles la DMB a un effet très limité. Les 
interactions entre le TG et les covariables autres que PN sont 
toutes non significatives.

3. DISCUSSION

3.1  Caractéristiques de la truie influençant la 
mortinatalité 

Les valeurs moyennes de NT et MN sont légèrement supé-
rieures aux valeurs indiquées par Leenhouwers et al. (1999). 
Elles sont semblables pour les truies MS mais un peu plus 
élevées pour les truies LW que les valeurs rapportées par 
Bidanel (1993).
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La probabilité a été estimée pour une durée de gestation de 114 jours, 
en 2ème portée, pour un porcelet de sexe femelle, en absence d’aide à la  
mise bas. 

Figure 2 - Effet de la taille de portée sur la probabilité de 
mortinatalité des porcelets selon le type génétique de la truie
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La probabilité a été estimée pour une durée de gestation de 114 jours, en 
2ème portée, pour un porcelet de sexe femelle, en absence d’aide à la 
mise bas, et un nombre de nés totaux égal à la moyenne par type 
génétique de truie. 
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Figure 3 - Effet du poids individuel à la naissance 
sur la probabilité de mortinatalité
selon le type génétique de la truie

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

-1,5 -1 -0,5 0 0,5 1 1,5
Différence de poids de naissance 

par rapport à la moyenne de la portée (kg) 

La probabilité a été estimée pour une durée de gestation de  114 jours, 
en 2ème portée, pour un porcelet de sexe féminin, en absence d’aide à la 
mise bas, 12 nés totaux dans la portée, et un poids moyen à la 
naissance de 1,2 kg. 
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Figure 4 - Effet de la différence de poids individuel 
à la naissance par rapport à la moyenne de la portée sur la 

probabilité de mortinatalité des porcelets 
selon le type génétique de la truie

La probabilité a été estimée pour une durée de gestation de  114 jours, 
en 2ème portée, pour un porcelet de sexe féminin, en absence d’aide à la 
mise bas. 
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Figure 5 - Effet de la durée de mise bas
 sur la probabilité de mortinatalité des porcelets 

selon le type génétique de la truie
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From Canario et al, JAS, 2006 
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 Relationship  between litter heterogeneity 
                        and survival 

                                 LW                                LR  

                                  P         G            P         G      
Stillbirths                 0,10       -         0,08    -0,44                  
BW mortality (%)     0,04    0,28      0,13     0,21 

            
                     
                                                                            from Mérour et al (2010) 
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G1 
v- v+ 60 ♀	
 60 ♀	

3 IA 3 IA 

3 IA 3 IA 

        Divergent selection experiment for birth weight 
homogeneity in rabbits 

193 females 
108 males 

v 

v- v+ 

G0 
14 ♀  15 ♀  

Homogeneous 
line Heterogeneous line 

G10 Garreau et al, unpublished 
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Line differences 
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P < 0.0001 P = 0.0029 

       Divergent selection experiment for birth weight 
homogeneity in rabbits 

From Garreau et al, unpublished 
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       Divergent selection experiment for birth weight 
homogeneity in rabbits 

From Garreau et al, unpublished 
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From Garreau et al, unpublished 
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First conclusions (1/3) 
-  Selection for Total number born / litter has been efficient 
     to increase litter size at weaning, but has led to : 

•  an increase in the proportion of stillborn piglets  
•  A small increase in birth to weaning mortality 

- Selection for number born alive/ litter has allowed to 
•  (slightly) reduce the proportion of stillbirths 
•  does not improve birth to weaning survival 
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First conclusions (2/3) 
-  Optimising selection for litter size at weaning (LSW) 

•  Direct selection for LSW 
•  Index involving NBA and survival rate or probability ? 
Question which similar to selection for Litter size vs 
ovulation rate and prenatal survival 

-  Optimising selection for litter size at weaning (LSW) 
•  Indirect criteria 

•  Teat number ? 
•  Homogeneity of litter weights ?  
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First conclusions (3/3) 

•  The decreased maturity of piglets at birth 
•  Consequence of selection for growth ? 
•  Currently being investigated in program funded by 

the French National Research Agency 

Some concerns 
 

•  Sow capacity to raise larger and larger litters 
•  Carcass lean content is still increasing 
•  Sow volontary food intake does not increase much 
=> Will it become a problem ? 
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New traits in the breeding goal 
of pig maternal lines 

Resistance to disease 
•  « General » vs Specific resistance  
•  to disease 
•  Efficiency of vaccinal response 
   Distribution of h2 estimates 

Of immune response parameters 

Heatmap of genetic  
Correlations between 32 traits 

From Flori et al, 2011, Plos One 
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New traits in the breeding goal 
of pig maternal lines 

Sow behaviour  
•  Towards more « autonomous » sows 
•  Reduce aggressiveness (among pigs, towards humans 

•  How to measure it ? 
•  Interest of Chinese (synthetic) breeds  

Selection against boar taint  
•  Leads to a delayed age at puberty , which may be be a 

problem in maternal lines 
•  Can it be avoided through marker technologies 
•  Is it necessary a BIG problem ? 
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Use of new technologies 

Three major areas 
-  Computing technologies 
-  High throughput phenotyping 
-  Use of genomic technologies  
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Very low proportion of animals measured 
S 

M 

P 

Phenotypes 
-  3000 Station tested pigs 

(0,01% pigs) 
- 100 000 on farm tested pigs 

(0,4% pigs) 
-  25 000 litters  
-  (1% litters) 

500 terminal 
Products/year 

Computing technologies 
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Computing technologies 

Many data already available, but are not centralised 
(farms, slaughterhouses, …) 
 
Could be useful for genetic improvement purposes 
•  Increase the efficiency of selection at commercial 
       level ? 
•  Investigate G x E interactions 
•  Investigate G x G interactions 
….  
Requires logistic and standardisation, but technically 
feasible 
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High throuhput phenotyping 

Get large amounts of data from new technologies  
(computed tomography, bloo parameters …) 
 
Often associated with high throughput genotyping 
/ sequencing : e.g. for reference populations for  
Genomic selection. Good idea ? 
 
Very useful to better understand the consequences of  
Selection, anticipate unfavourable trends,…  
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Use of genomic information 

Genomic selection : the new graal for geneticists 
 
Strong potential in pigs in the context of crossbreeding 
Schemes or new traits that are difficult to phenotype 
 
Yet, things are not as straightforward as in dairy cattle. 
Many questions: 
•  Context of crossbreeding schemes 
•  Costs / returns considerations 
•  Reference populations 
•  … 
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Size of reference populations 
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fig	  2a	  :	  Ne=50
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Ne : effective  size of the population Tribout et al, JRP 2011 

IQV 
TMP 

TMP 

IQV 

Today Tomorrow 

IQV : +300% 

TMP  
+100% 

IQV : +200% 

TMP  
+50% 
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Conclusion 
Large improvement in litter size are being obtained 
 
There is no real reason that it will stop in the near future 
Given : 

•  The economic importance of the trait 
•  No obvious physiological limit 
•  New potentially very efficient selection methods  

Yet, one has to be careful about the high-yielding animals 
We produce, both from a management point of view and 
from a breeding point of view, in particular when defining 
the global breeding goal (e.g. consider sow ADFI or teat 
number) 


