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Abstract
The polymorphisms of ESR1, FSHB and RBP4 genes were detected by PCR-SSCP, PCR and PCR-RFLP in a
Large White and a Landrace herd in Beijing, China and the influence of ESR1, FSHB and RBP4 on litter size
traits was analyzed using three models. We found polymorphisms for the three genes in Large White besides for
ESR1 and RBP4 genes in Landrace. The results showed that the most genotype effects are of ESR1 among these
three genes.
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Zusammenfassung

Titel der Arbeit: Einfluss der Gene ESR1, FSHB und RBP4 auf die Wurfgrofe bei einer Large White und
Landrace Sauenherde

In einer Large White and Landraceherde in Beijing, China wurde der Polymorphismus der Gene ESR1, FSHB
und RBP4 mittels PCR-SSCP, PCR und PCR-RFLP nachgewiesen. Vorliegender Beitrag untersucht den
Einfluss dieser Gene auf die WurfgroRe unter Nutzung von drei statistischen Modellen. Bei der Rasse Large
White wurde fur alle drei Gene Polymorphismus nachgewiesen, bei der Landrace nur fiir die Gene ESR1 und
RBP4. Der grote Genotypeneinfluss auf die WurfgroRe konnte fur ESR1 nachgewiesen werden.

Schlisselwdrter: Schwein, ESR1, FSHB, RBP4, WurfgroRe

Introduction

Litter size is one of the most important production traits in pig industry
(ROTHSCHILD, 1998). In recent years, because of rapid progress of molecular
biology and molecular genetics, research to detect major genes or molecular markers
influencing litter size had became a hotspot, and had proved some major genes or
molecular markers, including the estrogen receptor 1 (ESR1) (ROTHSCHILD et al.,
1996; SHORT, 1997), the follicle-stimulating hormone beta subunit (FSHB) (ZHAO
et al., 1999), the prolactin receptor (PRLR) (VINCENT et al., 1998) and the retinal-
binding protein 4 (RBP4) (MESSER et al., 1996; DROEGEMUELLER et al., 1999;
ROTHSCHILD et al.,, 2000). These investigations generally employed a candidate
gene approach and studied chiefly effects of individual genes controlling reproduction.
But how these genes influencing reproductive traits involve interaction effects and
how much the impact of each beneficial genotype is led to no positive conclusion. The
purpose of this study is to provide reliable information how more genes correlate with
reproductive traits by dealing with these questions.

Materials and Methods
Animals
The breeds used in this study are French Large White and Landrace, all came from the
first and the second seedstock farm of Beijing Huadu Swine Breeding Company, LTD.
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Ear tissue samples of Large White (454) and Landrace (110) were collected using a
centrifuge tube (1.5ml) with 70% ethanol, genomic DNA was obtained by phenol and
chloroforms (1:1) extraction, and stored at —20 °C.

Design of PCR Primers
Design of PCR primers of ESR1, FSHB and RBP4 was performed according to
SHORT (1997), ZHAO et al. (1999), and ROTHSCHILD et al. (2000), respectively.

PCR Amplifications and Genotyping Methods

Amplification of fragments of ESR1, FSHB, and RBP4 and genotyping was performed
primarily according to JIANG et al. (2000), ZHAO et al. (1999) and ROTHSCHILD et
al. (2000), but systems and conditions of reaction slightly different from what were
previously reported. The PCR amplification was performed using 100-500ng of
genomic DNA, 2.5ul of 10xPCR buffer (containing 100mM Tris-HCI (pH8.0),
500mM KCI, 10mM of MgCl, and 0.1% glutin), 200uM of each dNTP, 10pM of each
primers and 2U of Tag DNA polymerase in a 25ul final volume (the reagents are all
come from the National Laboratories for Agrobiotechnology, China Agricultural
University). Condition of ESR1 was the first cycle of: 94 °C, 4min; 60 °C, 1min;
72°C, 1min, followed by 35 cycles of: 94°C, 1min; 60°C, 1min; 72°C, 1min, then
7min extension at 72°C. FSHB was 94°C 5min, follow by 35 cycles of : 94°C, 30s;
58°C, 30s; 72°C, 30s, and then 7min extension at 72°C. And RBP4 was 94°C 5min, 35
cycles of 30s at 94°C, 45s at 56°C, 45s at 72°C, and a final 7min extension at 72°C.
The PCR reactions were incubated on Gene Amp PCR system 9600/9700/2400
(Perkin Elmer).

Polymorphism of ESR1 was detected by SSCP in 14% polyacrylamide gel
electrophoresis after its PCR product was denatured 10min at 98°C. FSHB was
observed directly by agarose electrophoresis. The PCR product of RBP4 was digested
with 1U Mspl and incubated 4h at 37°C. The digested fragments were separated by
electrophoresis in a 14% polyacrylamide gel electrophoresis (100V, 4~5h).

Statistical Analysis

Data of litter size, which included total number born (TNB) and number born alive
(NBA), were collected from the breeding farms. Three linear models were established
to analyse the genotype effects of ESR1, FSHB and RBP4. Fixed effects involving
herd-year-seasons, parity number, genotype and their interaction effects. Breed effect
was also considered in these models, but the Large White and Landrace were analysed
apart because of large difference between the two breeds. The following linear models
were used:

Yija=H+HYS; +P;+Gy +ej (1
yijklmn:l-H'HYSi +Pj+ESR1k+FSHB| +RBP4,, +eijk|mn (”)
yijklmn:u+HYSi +Pj+ESR1k+FSHB| +RBP4m+(ESR1xFSHBXRBP4)k|m+eijk|mn (|||)

where, Yij. Yijamn 1S the observed value; p is the population mean value; HYS; is herd-
year-season effects, which showed combined effects of breeding farms, years and
seasons for farrowing; P;is parity number effects. For Landrace, it is the effects of
records of all parities of a sow, and for Large White, a separate analysis was
performed for the records of the first, the second and the third and above parities; Gy is
individual gene effects of ESR1, FSHB or RBP4; ESR1,, FSHB,, RBP4, is gene effects
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of ESR1, FSHB and RBP4, respectively; (ESR1xFSHBxRBP4),, is interaction
effects among ESR1, FSHB and RBP4 (including 2-way and 3-way interactions);
€iji, €ijamn 1S the random residual effect.

GLM (General Linear Models) of SAS (8.2 version) was used for processing the data
owing to unbalanced data.

Results
Results of genotyping of ESR1, FSHB and RBP4
Banding patterns of ESR1 and FSHB were consistent with what were previously
reported, But RBP4 was not entirely consistent with that of ROTHSCHILD et al
(2000). Which can be classified into AA (190bp, 154bp and 136bp), BB (190bp,
136bp and 108bp) and AB (190bp, 154bp, 136bp and 108bp) (Fig.).

MarkerAA AA BB AB AB AA AB AB AB AB AB BB BB
= —] Rl siwd Nl

p— = ey, = 190bp
i 'h_-' st _ 154bp
2 : _ -i:—- -h- 136bp

108bp

Figure: Banding patterns of RBP4

Polymorphism distributions of ESR1, FSHB and RBP4

In Landrace, the distributions of ESR1 and FSHB deviated much from each other, the
A allele frequency of ESR1 was considerably higher than the other allele. On the
contrary, the A allele frequency of FSHB was considerably lower than B allele, no
homozygous AA animal was detected and only one heterozygous AB. The two alleles
frequencies of RBP4 are close to each other (Table 1).

In Large White, the allele frequencies of ESR1 and RBP4 are also close to each other.
Frequency distribution of FSHB was similar to that of Landrace, most frequent
genotype is also the BB genotype. The genotype frequency distributions at every locus
were all in Hardy-Weinberg equilibrium, except for ESR1 in Landrace (using a chi-
square test) (Table 1).

Table 1
The polymorphous distributions of ESR1, FSHB and RBP4 and HW equilibrium detection in Landrace and
Large White

Distribution of genotypes Frequencies of alleles H-W equilibrium detection
Breed Gene AA BB AB A B x? X%0.052) P
ESR1 97 2 10 0.9358 0.0642 239.829 5.99 P<0.05
Landrace FSHB 0 108 1 0.0046 0.9954 0.002 P>0.05
RBP4 34 20 53 0.5654 0.4346 0.007 P>0.05
ESR1 147 89 216 0.5642 0.4358 0.361 5.99 P>0.05
Large White FSHB 1 402 49 0.0564 0.9436 0.150 P>0.05
RBP4 129 77 241 0.5582 0.4418 3.874 P>0.05

Association of the ESR1, FSHB and RBP4 genotypes with litter size
Reproductive performance of Landrace and Large White

Reproductive performances of different parities in Landrace and Large White are
shown in Table 2. We have observed that mean values of TNB and NBA of parity 3
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and above were higher than the former two parities, mean values of total parities have
all reached 11 piglets born and 10 piglets born alive and over, and Large White has
produced nearly 1 more piglet than Landrace, it showed that reproductive performance
of this study population was very well, especially of Large White.

1F;Zglr?)guctive performance of the different parities in Landrace and Large White (mean £S.D.)
Breed Trait N1 Parity 1 N> Parity 2 N3 Parity >3 Nt Total
Landrace TNB 95 1082+2.87 84 1062+3.35 208 11.30£3.10 387 11031311
NBA 92 10.00+2.62 83 9.66+2.99 206 10.16+2.86 381 1001+2.83
Large TNB 419  1165+286 400 11914319 1020 12314322 1840 12071314
White NBA 407  1066+259 394 11.00+2.87 1014 11224291 1816 1105234

N;~N3zis litters of parity 1, 2 and > 3 (including third parity); N+ is total litters of all parities

Association of the ESR1, FSHB and RBP4 genotypes with litter size traits in Landrace

In Landrace, we did not consider FSHB gene because of lack of polymorphism, the
sample sizes are small again, and results of analysis showed the differences between
different parities were not significant. Therefore, total parities were considered
together. Genotype effects of ESR1, FSHB and RBP4 were analyzed with three
models respectively, which were analysis of individual gene (model I), two genes
included no interaction (model 1) and two genes and their interaction (model I11I)
(Table 3).

Table 3
Least squares means and standard errors for different genotypes of ESR1 and RBP4 for litter size traits with
three models in Landrace

Model Gene Genotype Litters TNB NBA
AA 342 11.23+0.49 9.15+0.44%
ESR AB 32 12.310.72 10.24+0.65°
I AA 130 11.32+0.53 9.27+0.48
RBP4 BB 68 11.45+0.59 9.22+0.54
AB 177 11.17+0.54 9.13+0.49
AA 346 11.26+0.49° 9.15+0.45°%
ESR AB 29 12.55+0.75° 10.37+0.68°
I AA 130 11.88+0.59 9.79+0.53
RBP4 BB 68 12.05+0.65 9.79+0.59
AB 177 11.79+0.61 9.71+0.55
AA 346 11.2620.49° 9.14+0.45"
ESR AB 29 12.830.79° 10.75+0.718
1] AA 130 12.05+0.64 9.90+0.57%
RBP4 BB 68 12.84+0.86 10.80+0.77°
AB 177 11.24+0.69 9.14+0.62°

Small letters (a, b) denoted significance difference (P<0.05); capital letters (A, B) denoted very significance difference (P<0.01).

The analysis result of model | indicated that least squares means of different genotypes
for ESR1 had all the same trends, AB>AA, for TNB and NBA, and reached a
significant level (P<0.05), the AB sows had an advantage of 1.08 pigs in TNB and of
1.9 pigs in NBA per litter across all parities over the BB sows, respectively; But no
significant differences were found among the three RBP4 genotypes for litter size.
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Using model 11, difference between genotypes of ESR1 for TNB and NBA all reached
a significant level, the AB sows had an advantage of 1.29 piglets in TNB and of 1.22
piglets in NBA per litter over the AA sows, respectively; However, genotype effects of
RBP4 did not reach a significant level.

Using model 111, the sows with AB genotype of ESR1 had an advantage of 1.57 pigs in
TNB and of 1.61 pigs in NBA per litter over the AA sows, respectively, and reached a
significant and very significant level (P<0.01); The sows with BB genotype of RBP4
had an advantage of 1.60 pigs per litter over the AB, although the difference was not
significant, BB>AA>AB, and showed the same trend in NBA, the BB sows had an

advantage of 1.66 pigs per litter in NBA over the AB, and reached a significant level.

Table 4

Least squares means and standard errors for different genotypes of ESR1, FSHB and RBP4 for litter size traits
with three models in Large White

Model Genotypes Parity 1 Parity 2 Parity >3
Genes
N TNB NBA N TNB NBA N TNB NBA
AA 141 11.06+0.38 10.15+0.34 132 11.42+0.46 10.27+0.41 351 12.08+0.29"°  10.39+0.27
ESR1 BB 79  11.3740.47 10.02£40.42 73  11.38+0.52 10.10+0.46 168 12.34+0.36"  10.89+0.33°
AB 193 11.2040.39 10.23+0.34 191 11.87+0.43 10.76+0.38 483 11.55+0.29°®  10.14+0.28"
! BB 371 11.22+0.36 10.20+0.32 353 11.77+0.40 10.55+0.36 871  11.88+0.27 10.34+0.26
FSHB AB 42 10.83+0.52 10.01+0.47 43 10.82+0.59 10.02+0.54 131  11.92+0.37 10.42+0.34
AA 117 11.03+0.40 10.06+0.36 115 10.41+0.40 11.40+0.45 293 11.78+0.31 10.31+0.29
RBP4 BB 69 11.50+0.48 10.32+0.43 69 11.00+0.48 12.16+0.54 136 11.55+0.38 10.16+0.35
AB 222 11.23+0.38 10.16£0.34 207 10.33#0.39 11.61+0.44 563 11.96+0.29 10.36+0.27
AA 138 11.04+0.43 10.12+0.39 132 11.15+0.51 10.16+0.46 342 12.01+0.33*  10.38+0.30
ESR1 BB 79 11.33+0.50 9.98+0.45 73 11.11+056 9.99+0.50 168 12.29+0.38"  10.88+0.35"
AB 190 11.11+0.42 10.19+0.38 191 11.54+0.47 10.60£0.42 479 11.53+0.32°® 10.14+0.30°
BB 366 11.39+0.37 10.19+0.33 353 11.83+0.42* 10.58+0.37 861  11.90+0.29 10.42+0.27
I FSHB AB 41 10.94+0.54 10.00+0.48 43  10.70+0.61° 9.91+0.55 128  11.99+0.38 10.50+0.35
AA 116 10.93+0.44 10.01+0.39 115 10.98+0.50 10.13+0.44 290 11.96+0.33 10.50+0.31
RBP4 BB 69 11.41+0.51 10.21+046 69 11.68+0.57 10.61+0.51 136 11.78+0.40 10.37+0.36
AB 222 11.14+0.42 10.07+0.38 207 11.14+0.48 10.00+0.43 563 12.09+0.31 10.51+0.29
AA 138 Non-est Non-est 132 Non-est Non-est 343 Non-est Non-est
ESR1 BB 79 11.2240.73 9.40+0.65 73  12.80+0.81 11.54+0.75 169 12.62+0.51* 11.17+0.47"
AB 190 11.30+0.46 10.32+0.42 191 11.41+050 10.44+0.44 482 11.39+0.36° 10.01+0.34%
i BB 366 11.32+0.39 10.12+0.35 353 11.93+0.43 10.70+0.38 866 11.87+031 10.42+0.30
FSHB AB 41 Non-est Non-est 43 Non-est Non-est 128 Non-est Non-est
AA 116 11.19+0.63 9.96+0.56 115 12.17+0.72 11.20+0.63 290 11..82+0.44  10.42+0.41
RBP4 BB 69 Non-est Non-est 69 Non-est Non-est 138 Non-est Non-est
AB 222 10.49+0.48 9.66+0.43 207 11.08+0.57 10.09+0.51 566 12.18+0.36 10.61+0.33

Small letters (a, b)denoted significance difference (P<0.05); capital letters (A, B) denoted very significance difference (P<0.01).

Association of the ESR1, FSHB and RBP4 genotypes with litter size traits in Large
White

In Large White, the genotype effects of ESR1, FSHB and RBP4 were also analyzed
with these three models respectively, but refer to these three genes different from that
of Landrace. At same time, a separate analysis was performed for different parities (1,
2 and >3) (Table 4).
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The analysis of individual gene (model I) showed that only the genotype effects of
ESR1 of these three genes reached a significant or very significant level at parity 3 and
above. For TNB, BB>AA>AB, the sows with BB and AA genotype produced 0.79 and
0.53 piglets per litter more than those of AB genotype, respectively; the traits of NBA
were similar to the TNB, the BB sows produced 0.75 piglets per litter more than those
of AB genotype, but these differences among three genotypes were not significant.
However, the genotype effects of FSHB and RBP4 were not significant.

Analysis using model Il, ESR1 genotype effects for TNB and NBA were significant at
parity 3 and over, BB>AA>AB, the BB sows respectively produced 0.76 of TNB and
0.74 of NBA per litter more than those of AB; FSHB genotype effects for TNB
reached a significant level at parity 2, the BB sows produced 1.13 piglets per litter
more than those of AB; and the RBP4 genotype effects were not significant.

Analysis using model 11, effects differences between different genotypes for each
gene were further widen, and the interaction effects between ESR1 and RBP4, among
ESR1, FSHB and RBP4 reached a significant level at different parities (1,2 and > 3).

Discussion
Previous research showed that favourable alleles of ESR1, FSHB and RBP4 are B, B
and A, respectively (ROTHSCHILD et al., 1996; SHORT, 1997; ZHAO et al., 1997,
ROTHSCHILD et al., 2000). In this study, favourable alleles of ESR1 and FSHB
consist with what were reported previous, but favourable allele of RBP4 is B instead
of A, this difference is probably result from different genotyping, which may as a
result of mutation of Mspl locus, but needs to further study.
Differences of the genotype effects of each gene using different models were rather
large (Table 3 and Table 4). In Landrace, the genotype effects of ESR1, of more
significant difference, increased according to three models. For TNB and NBA, the
sows with AB genotype respectively produced 1.08, 1.29, 1.57 and 1.09, 1.22, 1.61
piglets per litter more than those of AA genotype. Although the genotype effects of
RBP4 were obviously lower than that of ESR1, the most effects were also observed
using model 11, additive effect of favourable allele B was 0.40 piglets in TNB and
0.45 piglets in NBA per litter, respectively, this result is close to that of OLLIVIER et
al. (1997), but over that of ROTHSCHILD et al. (2000), while the genotype effects of
RBP4 were not significant in the analysis using the former two models. The trends of
varieties of ESR1, FSHB and RBP4 in Large White are the same as that of Landrace.
The most genotype effects of ESR1 were observed upward of parity 3 and with model
I11, for TNB and NBA, the sows with BB genotype respectively produced 1.23 and
1.16 piglets per litter more than those of AB genotype. The genotype effects of the
other two genes were not such significant, but the difference of genotype effects are
also widen using model I, Il and IlI.
The current study had confirmed that there was interaction effects among genes that
are significant associated with litter size traits, which will be further discussed in the
second manuscript. Therefore, the interaction effects must be considered when
performing analysis of effects of multi genes on the trait.
The results of this study were showed the impact of parities on the litter size traits. No
significant difference among the first six parities, but the difference is significantly
between parity 7~9 and the other parities. This result disagrees with that of some
researchers (CHEN et al., 2000; 2001), who usually consider that the first parity have
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more significant effect on litter size than others parities. What needs pointing out is
that the data recording of this experiment were up to parity 11, in contrast to other
reports were usually no more than 7 parities on recorded. In addition, the effects of
herd-year-season on the litter size traits were significant, so the effects of the parities
and herd-year- season must be considered when performing statistical analysis.
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