
GENETIC COMPONENTS OF UTTER SIZE IN MEISHAN AND URGE WHITE PIGS AND THEIR CROSSES

C.S. Haley and G.J. Lee
AFRC Institute of Animal Physiology and Genetics Research, Edinburgh Research Station, Roslin,

Midlothian, EH25 9PS, UK

SUMMARY

Reproductive performance was recorded on purebred Large White, purebred Meishan and both 
reciprocal F1 females when mated to Large White and Meishan boars. Crossbreeding parameters 
were estimated in first parity litters by restricted maximum likelihood. The breed difference in 
number of piglets born alive (NBA) was largely controlled by maternal genes (acting in the dam of 
a litter), with the maternal breed difference estimated at 4.9+1.2 piglets in favour of the 
Meishan. However, there was a grandmaternal breed difference in favour of the Large White of 
1.7+0.8 piglets and the estimated total breed difference was 3.2 piglets. Maternal heterosis for 
NBA was positive and high, and of similar magnitude to the maternal additive breed difference. The 
maternal breed difference in ovulation rate (OR) was 6.2+1.0 ova in favour of the Meishan, but 
there was a 2.0+0.7 grandmaternal effect in favour of the Large White. No significant heterosis 
for OR was found. Breed differences in prenatal survival (PS) were small, although significant 
positive maternal heterosis was observed. However, after adjustment for maternal differences in 
OR, maternal breed differences in PS were estimated at 21.1+7.2% in favour of the Meishan. In 
neither analysis was there any significant influence of the genotype of the embryo/foetus or of the 
granddam on PS. Analyses of NBA after adjustment for maternal differences in OR confirm that the 
prolificacy of the Meishan is largely a consequence of its high level of PS at a given OR and that 
this is largely controlled by genes acting in the dam of a litter.

INTRODUCTION

The Chinese Meishan pig is amongst the world's most prolific breeds. It has the potential to 
enhance economic efficiency of pig production both, in the short term, via crossbreeding 
programmes and, in the longer term, via the improved understanding of the genetics of prolificacy 
that may be gained from its study. Crossbreeding studies with the Large White in France have 
shown substantial maternal heterosis for litter size (Bidanel et al., 1989). Comparisons of 
purebred pigs found no greater ovulation rate in the Meishan than in the Large White, but a higher 
level of prenatal survival (Bolet el al., 1986; Bazer et a!., 1988). Here we report the first 
results of crossbreeding trials using the sample of Meishan pigs imported to the UK and looking at 
ovulation rate and prenatal survival in both purebred and crossbred pigs.

MATERIAL AND METHODS

The population of Meishan pigs in the UK are derived from an importation of 11 males and 21 
females from China in 1987. The Large White pigs in this experiment were from the British 
control population, derived from a broad sample of genotypes in 1980. All animals in this 
experiment were farrowed in crates indoors at IAPGR, with limited cross-fostering from the 
largest litters. Piglets were weaned at 4 to 5 weeks of age and reared indoors on an ad libitum diet 
prior to random selection for the trial. All matings were indoors and individually supervised.

Reproductive performance was recorded in two generations of animals. In the first 
generation, purebred Meishan (MS) and Large White (LW) pigs were mated in all four possible 
combinations to produce purebred and crossbred litters. In the second generation, purebred 
females and females of both reciprocal F1 crosses were mated to boars of both breeds. Data was 
collected on the first and second parities in the first generation and the first parity of the second 
generation. The data on all animals in each generation and parity combination were collected in a 
single 10-week batch.

Ovulation rate (OR), recorded as the number of corpora lutea visible on the ovaries, was 
measured by laparoscopy (Wildt et al., 1973) 5 to 20 days after mating, at which time the 
females were weighed and their number of apparently functional teats recorded (NT). Animals 
which returned to heat were re-mated, but their ovulation rate was not recorded again. At birth,
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the number of piglets born alive (NBA), the number still born (NSB), the number mummified 
(NM), the total weight of piglets alive and still born (LWT - kg) and the average piglet weight 
(APW - kg) were recorded. Prenatal survival (PS) was calculated as the number of piglets born 
alive as a percentage of ovulation rate.

Estimation of the genotype means was done in a model with the fixed effects of genotypes of 
dam and of sire of a litter and their interaction, parity and its interaction with dam genotype, age 
at measurement (either age at ovulation for OR, NT and PS, or age at farrowing for litter traits, 
both fitted as covariates) and its interaction with parity and generation. Other effects and 
interactions were found to be unimportant in preliminary analyses. Crossbreeding effects were 
estimated from parity 1 data only, with additional fixed effects for generation and age at 
measurement and the random effect of sire and dam within sire also fitted. Crossbreeding effects 
(direct (in the piglets) additive (a) and heterotic (8); maternal (from the dam of a litter) 
additive (am) and heterotic (8m) and grandmaternal (from the granddam of a litter) additive 
(ag)) were estimated using linear functions with the model shown in table 1. Crossbreeding 
parameters for PS and NBA were re-estimated in a model that included OR as a linear covariate. 
Preliminary analyses found no significant interactions of this covariate with the genotype of the 
dam or of non-linear regressions on OR.

All statistical analysis was carried out using the computer package Genstat, version 5.2. 
(Genstat 5 Committee, 1987). Preliminary analyses of the data and estimation of the genotype 
means were performed with fixed effects only. Estimation of crossbreeding parameters was 
conducted by restricted maximum likelihood (Patterson and Thompson, 1971), using the REML 
option within Genstat.

Table 1. Crossbreeding effect model.
Crossbreeding Mate genotype: 
parameter_____ Sow genotype:

LW 
I W

MS
MS

MS
LW

LW
MS

LW
MSxLW

LW
LWxMS*

MS
MSxLW*

MS
LWxMS*

Mean p 1 1 1 1 1 1 1 1
Direct additive a - 1 1 0 0 - 0 .5 - 0 .5 0 .5 0.5
Direct heterosis 8 0 0 1 1 0.5 0 .5 0 .5 0.5
Additive maternal am - 1 1 - 1 1 0 0 0 0
Heterosis maternal 8m 0 0 0 0 1 1 1 1
Additive grandmaternal _afl— J ____J__ ___ _ J ___ -f _ J ____ _ J _____ ___1 _
‘ In all descriptions of cross genotypes the genotype of the sire is given first.

RESULTS

A total of 329 ovulation rate records were collected. There were 285 litter records, 212 of 
which had an ovulation rate record for the same mating. The mean age and weight of sows at mating 
are shown in table 2.

Table 2.Mean age and weight of females at mating.
Iia ii____ Parity__SowganolypeilYV_____MS_____ MSxLW___LWxMS__
Age (days) 1 290 .3  266 .3  2 8 7 .7  3 0 3 .3

2 459.9  451 .3
Weight (kg) 1 140.6 1 13.8 139.1 142 .4
_________ 2___________ UiS___ 14&S__________________
The minimum number of records in each genotype and parity combination is shown in table 3 with 
estimated genotype means for each trait and the mean standard error. Significant effects of 
genotype of dam of a litter were found for all traits except NSB, NM and PS. There were no 
significant effects of genotype of sire of a litter, but the interaction between genotype of sire and 
dam was significant for NSB and APW. Parity had significant effects on all traits except NBA and 
NM, but there was a significant genotype x parity interaction for NM, although for no other trait.

The crossbreeding effects estimated from parity 1 data for all the traits are shown in table 4. 
Where OR was included as an additional covariate in the analyses of NBA and PS, the regressions 
were significant, with estimates of 0.305+0.076 for NBA on OR and -2.36+0.44 for PS on OR.
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Table 3. Numbers of observations and genotype means.

Tcait. Parity
Mate: LW 
Sqwi.LW

MS
MS

MS
LW

LW
MS

LW
MSxLW

LW
LWxMS

MS
MSxLW

MS
LWxMS

Mean
s.e.

No. 1 39 41 1 7 22 1 8 1 8 1 8 1 9
2 1 3 1 9 1 5 1 4

NT - 14.2 17.1 14.1 17.5 16.4 16.1 15.9 16.5 0 .28
CR 1 14.9 19.3 14.9 18.4 19.6 16.7 17.8 16.6 0.61

2 16.9 22 .0 17.0 22 .2 1.26
NBA 1 10.2 13.3 9.4 13.1 14.3 13.0 14.9 13.1 0 .70

2 10.1 15.0 9.6 15.1 1.22
NS8 1 0.41 0 .64 0.31 0 .39 0.54 0 .42 0 .42 0 .45 0.31

2 0 .45 1.22 0 .13 0 .53 0.44
NM 1 0.08 0 .67 0 .04 0.31 0.60 0 .35 0 .49 0 .34 0.19

2 0 .34 0 .28 0.31 0 .10 0 .32
LWT 1 13.7 12.2 13.5 13.1 17.2 16.0 17.1 16.2 0.74

2 12.8 13.1 13.4 14.1 1.23
APW 1 1.13 0 .88 1.42 0 .98 1.17 1.24 1.14 1.23 0 .04

2 1.39 0 .90 1 .57 0 .99 0 .06
PS 1 69.3 6 8 .8 61 .9 73.1 73.9 78.3 83.3 76 .6 4 .24

2 _____6.1.8 65.1 S I  Jl. 64.9 7 . 5 9
No.: The minimum number of observations in a class (records with LS and OR at that mating). 

Table 4. Estimated crossbreeding effects from first parity litters.
Trait No. of records___ a _______ 8 am 8m ag
NT 237 -0.18+0.17 0.15+0.22 1.58+0.25*** 0.43+0.28 0.04+0.17
OR 237 -0.01+0.38 -0.56+0.51 3.08+0.52*** 0.86+0.60 -1.03+0.35**
NBA 205 0.03+0.44 -0.51+0.60 2.47+0.61*** 2.29+0.69*** -0.85+0.39*
NSB 205 0.01+0.11 -0.19+0.15 0.06+0.17 0.03+0.18 0.00+0.10
NM 205 0.08+0.12 -0.21+0.17 0.29+0.16 0.17+0.19 -0.10+0.10
LWT 205 -0.25+0.43 0.48+0.56 0.16+0.71 3.47+0.75*** -0.61+0.46
APW 205 -0.011+0.023 0.094+0.030* **-0.254+0.036* ** 0.055+0.034 0.046+0.022
NBA 192 -0.00+0.45 -0.49+0.65 2.56+0.62*** 2.23+0.70*** -0.88+0.38*
NBA (OR) 192 -0.09+0.44 -0.26+0.63 1.65+0.63** 1.92+0.68** -0.56+0.37
PS 192 -1.31+2.80 -0.01+4.04 3.43+3.74 9.18+4.23* -0.74+2.28
PS (OR1 192 . -Q .8 9 + 2 .5 6 ____ .- 1 .5 9 + 3 .7 0 ____ 10.56+3.63** 11.63+3.92** - 3 ,0 6 + 2 .1 1
NBA (OR) and PS (OR): Analyses of NBA and OR, respectively, including OR as a covariate.

DISCUSSION

The results reported here for the litter traits NBA and LWT are not dissimilar from those 
reported by Bidanel et at. (1989) from an analysis of records from 3 parities in France. The 
maternal breed difference in NBA reported here (i.e. 2 x am = 4.94±1.22) is similar to that of 
4.2+0.8 reported by Bidanel et at. (1989), a s  is the estimate of maternal heterosis (8m). Bidanel 
el al. (1989) did not find a significant negative grandmaternal effect (og), but this might be 
expected to be greater in the first parity records analysed here, than in the later parities included 
in the analyses of Bidanel el al. (1989). Bidanel el al. (1989) also found significant maternal 
heterosis for litter weight, but also found direct heterosis for this trait, which is not found here.

The large breed difference in ovulation rate (OR) found here has not been reported in studies 
on the French Meishan sample (Bolet el al., 1986; Bazer et al., 1988). These studies found no 
difference in OR, or a difference in favour of the Large White. The reason for the difference 
between this study and the studies in France could be founder effects associated with the different 
origin of the Meishan sam ples in the two countries. Alternatively, the difference between the 
studies could be due to differences in the maturity of animals studied or environmental influences.

The breed difference in OR reported here is, not surprisingly, largely controlled by genes 
acting in the dam. However, there is a negative grandmaternal effect, which it could be 
hypothesized will decline in later parities. No significant maternal heterosis for OR is found, 
consequently the mean OR of F1 gilts is intermediate between that of Meishan and Large White
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gilts, but the reciprocal F1 crosses differ due to the grandmaternal effect.
No significant additive breed difference in prenatal survival (PS) were observed, although 

maternal heterosis is positive and significant and amounts to an approximately 9% enhancement 
in PS. However, there was a significant and negative linear regression of PS on OR which did not 
differ between gilts of different genotypes. When OR was included a s  a covariate in the 
crossbreeding analyses of PS, a significant additive maternal component was found, along with 
significant maternal heterosis for PS. Based on the significant estimates of am and 8m, Meishan 
and both reciprocal F1 gilts are very similar, having a level of PS which is over 20% greater 
than that of the Large White at a given ovulation rate. This difference is controlled by genes acting 
in the dam of a litter and there is no evidence of any contribution from the genotype of the litter 
itself. The observed relationship between ovulation rate and prenatal survival is shown in figure 
1, together with the estimated regressions for purebred and crossbred gilts.

Figure 1. Observed PS and OR and predicted regressions of PS on OR.

Ovulation rate (OR)

The crossbreeding analysis of number born alive (NBA) with OR included a s  a covariate 
confirms that the observed genotype differences in prolificacy are in large part a consequence of 
differing levels of PS for a given OR. The estimated total purebred difference in NBA (i.e. 2 x (a + 
am + ag)) is 3.36 before adjustment for OR and 2.0 after adjustment. The factors that mediate 
the difference in the relationship between OR and PS between genotypes are unknown, but, as they 
act via the maternal genotype, they could include effects on ova quality or variation between ova, 
or aspects of the in ulero environment.
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