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Reproductive performance and its association with ESR, PRLR,

FSHB genes in indigenous “I” pigs

Do Duc Luc?* Phan Thi Tuoi? Nguyen Thai Anh! Do Thi Hue!? Nguyen Hoang Thinh!

Abstract

Improving the reproductive performance of sows plays an important role in the pig industry, and it applies not
only to commercial pigs but also to indigenous pigs. In this study, the polymorphisms of three genes, namely estrogen
receptor (ESR), prolactin receptor (PRLR), and follicle-stimulating hormone beta subunit (FSHB) in the “1” pig population
were investigated, and their associations with reproductive performance were evaluated. Ear tissue samples were
collected from 151 fattening pigs and 126 sows across breeding farms in Vietnam for polymorphisms of the ESR, PRLR
and FSHB genes. Three genotypes (AA, AB, and BB) were detected at the ESR T1665G and FSHB T212C loci, whereas
the AA genotype was not observed at the PRLR G1789A locus. Consequently, genotype frequencies of ESR and FSHB
were in Hardy-Weinberg equilibrium, while PRLR deviated significantly (P < 0.001). The ESR genotypes and parity
showed no significant effects on the reproductive traits. The PRLR G1789A polymorphism showed a significant effect
only on BWW, with sows carrying the BB genotype exhibiting more favorable values than those with the AB genotype.
However, most of the traits differed across years, except age at first mating (AFM) and farrowing interval (FRI). The
FSHB genotypes significantly affected reproductive performance, excluding AFM, age at first farrowing (AFF), FRI,
and piglet birth weight (BWB). Sows with the FSHBA4 genotype had a higher number of total piglets born and greater
piglet body weight at birth and weaning than those carrying FSHBAB. These findings indicate that the FSHBA4 genotype
may serve as a useful genetic marker for enhancing reproductive traits in the endangered “1” pig population.
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Introduction

The “I” pig is a Vietnamese indigenous breed,
characterized as having black hair, short legs and a
low-hanging belly (Nguyen et al, 2017). The
representative characteristics of the indigenous “I”
were presented in Figure 1. The indigenous “I” pig
represents a unique genetic resource characterized by
adaptation to local environmental conditions and
disease resistance (Nguyen et al., 2017). However,
population decline following the introduction of
commercial breeds has raised concerns regarding
genetic erosion, highlighting the need for molecular
characterization to support conservation breeding
strategies (NIAS, 2015; Nguyen et al, 2017).

Luc D.D. et al. / Thai | Vet Med. 2026. 56(2): 3.

Reproductive traits generally exhibit low heritability
due to their polygenic nature, strong environmental
influence, and sex-limited expression, which reduce
the efficiency of traditional phenotypic selection
approaches (Soller, 1994; Golidsova and Wolf, 2004;
Distl, 2007). Therefore, genomic and molecular
approaches, including marker-assisted selection
(MAS), offer opportunities to accelerate genetic
improvement by identifying favorable alleles at early
life stages. The combination of marker-assisted
selection and traditional breeding techniques allows
producers to detect individuals carrying potential
alleles at an early age with more accuracy and quicker
to increase the genetic improvement of specific traits
(Zhao et al., 1998; Drogemuller et al., 2001).

Figurel The indigenous “1” pig breed; A = “I” boar; B = “I” sow.

Reproductive traits are regulated by complex
endocrine pathways involving estrogen signaling,
follicular development, and prolactin-mediated
reproductive physiology. Candidate genes within
these pathways, such as estrogen receptor (ESR1), follicle
stimulating hormone beta subunit (FSHB), and prolactin
receptor (PRLR), have been widely investigated in
commercial pig populations (Isler et al., 2002; Bidanel,
2011; Reproto, 2020; Yurina et al., 2021). However,
polymorphisms of the ESR, PRLR, and FSHB genes in
“I’ pigs have not yet been studied.

In pigs, the estrogen receptor gene (ESR), which is
associated with reproductive traits is located on
chromosome 1 (Balatsky et al., 2012), and there are two
types of ESR, namely ESRa (encoded by ESRI) and
ESRp (encoded by ESR2) (Vega et al., 2018). There are
different variants of the ESR/ gene, but Poull is the
most studied variant (Balatsky et al., 2012; Vega et al.,
2018). Pvull polymorphisms of the ESR gene associated
with the total number born (TNB), number born alive
(NBA), and teat number (TN) were found in some
commercial breeds (Landrace and Large White)
(Rothschild et al., 1996; Short et al., 1997; van Rens and
van der Lende, 2002), and indigenous pigs (Meishan,
Tongcheng and Doom) (Zhu et al., 2004; Rahman et al.,
2021; Yurina et al., 2021). In recent years, the ESR
T1665G mutation has been very important and
associated with female reproductive traits, and sows
with the BB genotype have been shown to have a
higher number of piglets compared to other genotypes,
however the polymorphisms in the ESR genes to
improve litter size in pigs of certain lines, breeds, and
populations may differ (Balatsky et al., 2012). Similarly,

the follicle stimulating hormone (FSH) consists two
subunits (alpha and beta), and Zhao et al. (1998) choose
the FSH beta gene (FSHB) to control litter size in pigs.
The genotypes of the FSHB gene also were reported to
be related to litter size in some popular commercial
pigs such as Landrace and Large White (Zhao et al.,
1998; Wang et al., 2006; Humpolicek et al., 2007; Yurina
et al, 2021). Besides the above two genes, the
polymorphisms of PRLR have been identified as
potential candidates related to age at puberty (AP),
gestation length (GL), TNB, and NBA in Large White,
Landrace, Duroc, Large White/Meishan and synthetic
line sows (Vincent et al., 1998; Drogemuller et al., 2001;
van Rens and van der Lende, 2002; Korwin-
Kossakowska et al., 2003).

In previous studies, the associations between ESR,
FSHB, PRLR and reproductive traits have been
investigated in commercial or crossed commercial
breeds and in some famous indigenous breeds from
China and India (Meishan, Tongcheng and Doom). To
date, polymorphism patterns and their association
with reproductive performance have not been
characterized in the Vietnamese indigenous “1” pig,
limiting the application of genomic assisted breeding
in this population. Therefore, the evaluation of the
relationships between polymorphisms of these
candidate genes and reproductive traits in “I” breed
was important not only for Vietnam, but also for the
diversity of pig populations around the world.
Especially, it could propose potential approaches for
the conservation of the “I” breed, which would
contribute to biodiversity protection around the world.
The aims of the study were to examine the
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polymorphisms of the ESR, PRLR, and FSHB genes and
their associations with the reproductive performance
of “I” pigs.

Materials and Methods

Animal ethics: The study was conducted in accordance
with the regulations stated in Article No. 72. Law on
Animal Husbandry (Vietnam National Assembly,
2018). Ethics approval was granted by the Faculty
Council from the Faculty of Animal Science, Vietnam
National University of Agriculture (Approval Number
FAS-VNUA-2019/08).

Experimental design: The experiment was carried out
on the “I” pigs at two farms in northern Vietnam
belonging to the Dabaco pig breeding company from
January 2019 to May 2022. From January 2019 to
December 2020, all the experimental pigs were raised
at the farm located in Bac Ninh province. Due to the
reconstruction of the farm, on the first day of January
2021, all the pigs were moved to another farm in Phu
Tho province where the animals were kept until the
end of May 2022. The condition between two farms
(closed housing systems, same feed, and subjected to
standardized care and management protocols
established by the Dabaco Group) were similar. Two
main objectives of this study were carried out. Firstly,
the genotypes of the ESR, PRLR and FSHB genes were
identified from the ear tissues of 151 fattening pigs (47
males and 104 females) born from January 2019 to
March 2021. Then, genotypic and allelic frequencies
were calculated and used for the Hardy-Weinberg
equilibrium (HWE) test. Secondly, the associations of
the candidate gene polymorphisms and reproductive
traits were analyzed based on the data from 126 “I”
sows from the first to fourth parities with 269 litters.
The studied traits were the age at first mating (AFM,
day), age at first farrowing (AFF, day), farrowing
interval (FRI, day), total number of piglets born/ litter
(TNB, piglet), number of piglets born alive/ litter
(NBA, piglet), number of piglets born and reared/
litter (NBR, piglet), number of piglets weaned/ litter
(NPW, piglet), litter weight at birth (LWB, kg),
individual bodyweight of piglets at birth (BWB, kg),
litter weight at weaning (LWW, kg) and individual
bodyweight of piglets at weaning (BWW, kg). Sows
were reared in a closed building with a concrete floor
and fed with commercial feed. The compositions of the
feed for each period met the requirements for
indigenous sows in Vietnam (Table 1). The gilts and

Tablel  Diet compositions for sows at different stages.
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sows in nonproductive days were reared in groups of
6-8 individuals for detection of estrus and service. The
sows in heat were serviced by a single mating with an
“I” boar. One week before farrowing, sows were
moved into individual farrowing pens. The ear tissues
of 126 “I” sows were collected and then genotyped for
the ESR, PRLR and FSHB genes. The associations
between the three tested candidate genes (ESR, PRLR
and FSHB) and reproductive performance were
analyzed. The polymorphisms of candidate genes in
the “I” pig population was investigated and completed
prior to the study examining the associations of the
candidate gene polymorphisms and reproductive
traits. Therefore, 126 “I” sows included in the
subsequent analysis comprised both individuals from
the first experiment and additional animals introduced
into the herd as their subsequent-generation offspring.

Ear tissue collection: The ear tissue of each animal was
collected, put into Eppendorf tubes, and immediately
placed on dry ice and transported to the Genetic
Laboratory, Faculty of Animal Science, Vietnam
National University of Agriculture, Hanoi, Vietnam.
The tissue samples were stored at -20°C until DNA
isolation and genotype identification.

Identification of polymorphic variants of the ESR,
PRLR, and FSHB genes: Genomic DNA was isolated
from ear tissue using the standard protocol described
by Green and Sambrook (2012), with minor
modifications to accommodate laboratory conditions.
DNA concentration and purity were quantified using a
NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, USA) and then evaluated by agarose gel
electrophoresis. Samples that were of good quality
(A260/A280 ratio between 1.8 and 2.0) and had a
concentration higher than 50 ng/pL were used for
genotyping. Genomic DNA of each sample was diluted
with dd H>O to get the concentration of 50 ng/ul,
which was used as a template for PCR amplification.
Polymorphisms were genotyped by PCR-RFLP,
including the SNP T1665G in the ESR gene (Short et al.,
1997; Vega et al., 2018), the SNP T212C in the FSHB
gene (Rohrer et al., 1994; Magotra et al., 2015) and the
SNP G1789A in the PRLR gene (Drogemuller et al.,
2001; Lyubov et al., 2016). The information about PCR
product sizes, restriction enzymes, allele sizes, and
references is presented in Table 2. The reagents and
thermal cycles for the PCR reactions of each gene were
different (Tables 3 and 4).

Diet composition

Gilts and sows in non-productive days

Gestation sows Lactation sows

Crude protein (min, %) 12
ME (min, Kcal/kg) 2800
Crude fat (min, %) 3.0
Calcium (%) 0.8-1.0
Phosphorus (%) 0.6
Sodium chloride (%) 0.4-0.6
Moisture (max, %) 14.0

Crude fiber (max, %) 6.0

15 16
2800 3000
3.0 5.0
1.0-1.2 0.9-1.0
0.8 0.7
0.4-0.6 0.4-0.6
14.0 14.0
7.0 7.0
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Table2  Primer sequences, PCR product size, restriction enzymes, allele sizes for identification of polymorphic variants.
PCR
Gene Poly‘- Primer sequences (5’-3") pro.duct OB e ) Allele sizes (bp) References
morphism size enzyme
(bp)
F: CCTGTTTTTACAGTGACTTTTACAGAG Short et al. (1997)
ESR T1665G R: CACTTCGAGGGTCAGTCCAATTAG 120 Poul 9115?65
F: AGTTCTGAAATGATTTTTCGGG Rohrer et al. (1994)
FSHB T212C R: TTTGCCATTGACTGTCTTAAAGG 624 Haelrm 208,173,159, 84
B: 332, 208, 84
F: CGT GGC TCC GTT TGA AGA ACC A:85,59,19 Drogemuller et al.
PRLR G1789A R: CTGAAAGGAGTGCATAAAGCC 163 Alul B: 104, 59 (2001)
Note: F = Forward, R = Reverse
Table3  The reagents for the PCR reaction.
Reagents Original concentration Volume (uL)
Buffer PCR 10x 2.5
dNTP 2mM 0.5
Forward Primer 5uM 0.5
Reverse Primer 5uM 0.5
Taq - Polymerase 5U0/uL 0.2
DNA template - 2.0
HO - 18.8
Table4  The thermal cycles for the PCR reaction.
Stage
Gene :
. . o . o . Extension Number . . o
Starting period (94°C)  Denaturation (94°C) Annealing (72:C) i ek Ending period (72°C)
ESR 3 min 1 min 57°C-1 min 45 sec 31 7 min
FSHB 3 min 1 min 62°C-1 min 2 min 32 10 min
PRLR 3 min 1 min 58°C-1 min 2 min 32 10 min

Statistical analysis: All data were analyzed using
SAS® OnDemand for Academics. HWE was evaluated
using a 2 goodness-of-fit test with one degree of
freedom, comparing observed genotype frequencies
with expected frequencies calculated from observed
allele frequencies or the Fisher exact test when at least
one expected count was less than 5. However, in the
SAS software the degree of freedom is set to 2 instead
of 1. Therefore, the P-values of the 32 were recalculated
using one degree of freedom with the CHISQ function
in Microsoft Excel. The P-values > 0.05 were considered
as consistent with HWE.

The effects of the fixed and random factors on the
reproductive traits were performed using the statistical
mixed model using REML method, except AFM and
AFF. These last two traits were analyzed with fixed
model due to only single an observation for each.

Yijkimn = p + ESR; + PRLR; + FSHBy + Parity; + Yearm, +
S0‘/\7I]Dn + Eijkmno-

where: Yjumno = studied variables; p = overall
mean; ESR; = fixed effect of ESR genotypes (AB, BB);
PRLR; = fixed effect of the PRLR genotypes (AB, BB);
FSHBy = fixed effect of FSHB genotypes (AA, AB),
Parity; = fixed effect of parity (1, 2, 3, 4); Yearn = fixed
effect of farrowing year (2019, 2020, 2021, 2022),
SowlID,, = random effect of sow and &jjimno = residual
error. The coefficient of determination (R2) was
calculated from residual variances of full (c%un) and
null (62nun) models according to the formula R2 =1 -

(0%an1/ 62nuit); where o2q = residual variance from the
full model including fixed and random effects, 62 =
residual variance from the null model with only
random effect. The statistical parameters were sample
size (n), least square mean (LSM), and standard error
of the mean (SE). The Tukey test was used for pairwise
comparisons between LSMs.

Result

Genotypic and allelic frequencies of the ESR T1665G,
PRLR G1789A, and FSHB T212C SNPs in the “I1” pig
population: Among the 151 fattening pigs, three
genotypes (AA, AB, and BB) were identified at the ESR
T1665G and FSHB T212C loci, whereas only two
genotypes (AB and BB) were detected at the PRLR
G1789A locus in the ‘I" pig population (Table 5). The
frequency of the AA genotype at the ESR T1665G locus
was particularly low, occurring in only one individual
(0.8%), and this genotype was absent at the PRLR
G1789A locus. At the FSHB T212C locus, the AA
genotype was most frequent (64.2%), with the A allele
(81.7%) prevailing over the B allele (18.3%). In contrast,
the B allele dominated at the ESR T1665G (86.1%) and
PRLR G1789A (77.2%) loci. The frequency of the
homozygote BB (0.543) at the PRLR G1789A (77.2%)
loci was higher than the heterozygote AB (0.457).
Genotype distributions at ESR T1665G (P = 0.255) and
FSHB T212C (P = 0.064) conformed to HWE, whereas
PRLR G1789A deviated significantly (P < 0.001).
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Effects of candidate genes, parity number and
farrowing year on the reproductive performance of the
“1” sows: The effects of the ESR T1665G, PRLR
G1789A, and FSHB T212C genotypes, parity and
farrowing year on the reproductive performance of the
‘I’ sows were analyzed. The ESR T1665G genotypes did
not affect the reproductive performance of the “I” sows
significantly (Table 6). The PRLR G1789A genotypes
affected only BWW, where the sows having the BB
genotype showed higher BWW (5.30 kg) than those
with the AB genotype (5.03 kg; P <0.05). Especially, the
FSHB T212C genotypes affected many reproductive
traits (P < 0.05), with the exception of AFM, AFF, FRI,
and BWB (Table 6). Sows carrying the FSHBAA
genotype demonstrated significantly higher values for
TNB, NBA, NBR, NPW, LWB, LWW, and BWW
compared with those carrying the FSHBAE genotype
(Table 7).

5

Parity did not significantly affect reproductive
performance, whereas farrowing year had significant
effects on most traits, except AFM and AFI (Table 8). In
2019, the data on body weight and litter weight at birth
and weaning were not recorded. Similarly, AFM and
AFF were not observed in 2022. The reproductive
performance of the “I” sows gradually reduced each
year from 2019 to 2022.

Although the evaluation of reproductive
performance in I sows was not the primary objective of
this study, there have been no recent publications
reporting on the reproductive capacity of the “I” breed
under conservation rearing conditions. Therefore, we
monitored and analyzed several statistical parameters
related to the reproductive performance of I sows. The
results are presented in Table 9.

Table5  Genotypic and allelic frequencies of ESR, PRLR, and FSHB genes.
Gene n Genotypes alleles x2 p
AA AB BB A B

ESR 133 Observed count 1 35 97 37 229 1.298 0.255
Frequency 0.008 0.263 0.729 0.139 0.861

PRLR 151 Observed count 0 69 82 69 233 13.242 0.000
Frequency 0 0.457 0.543 0.228 0.772

FSHB 120 Observed count 77 42 1 196 44 3.420 0.064
Frequency 0.642 0.35 0.008 0.817 0.183

Table 6 Effects of ESR, PRLR, FSHB genes, parity and the farrowing year on reproductive performance of “I” sows.

Variables ESR PRLR FSHB Parity Year R2? (%)

AFM 0.2560 0.4073 0.2421 - 0.4166 6.30

AFF 0.2731 0.4163 0.5203 - 0.0417 13.45

FRI 0.1277 0.9963 0.4179 0.3775 0.0586 9.26

TNB 0.4812 0.3812 0.0006 0.7034 0.0011 3.94

NBA 0.3987 0.9034 0.0137 0.4939 <0.0001 15.07

NBR 0.4555 0.7909 0.0016 0.9515 <0.0001 13.65

NPW 0.0930 0.9249 0.0019 0.3691 <0.0001 4.99

LWB 0.8941 0.7571 0.0417 0.4895 0.0052 5.30

BWB 0.8759 0.9001 0.2622 0.6193 <0.0001 39.64

LWW 0.3469 0.2342 0.0039 0.7121 0.0006 4.96

BWW 0.7657 0.0276 0.0137 0.1265 0.0429 10.96

Values in the table are P-values (level of significance), R?: coefficient of determination, -: Data was not available.

Note: AFM = age at first mating, AFF = age at first farrowing, FRI = farrowing interval, TNB = total number of piglets born/ litter,
NBA = number of piglets born alive/ litter, NBR = number of piglets born reared/ litter, NPW = number of piglets weaned/ litter,
LWB = litter weight at birth, BWB = individual bodyweight of piglet at birth, LWW = litter weight at weaning and BWW = individual

bodyweight of piglet at weaning.
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Table 7 Effects of FSHB gene on reproductive performance of “I” sows.
. AA AB
Variables n LSM SE n LSM SE P-value
AFM (day) 46 325.02 15.25 25 296.61 19.42 0.2421
AFF (day) 41 419.60 14.59 25 405.23 17.56 0.5203
FRI (day) 101 191.18 9.88 54 203.52 12.34 0.4179
TNB (piglet) 172 9.74¢ 0.20 95 8.72f 0.25 0.0006
NBA (piglet) 172 8.87a 0.18 95 8.21b 0.23 0.0137
NBR (piglet) 172 8.30¢ 0.19 95 7414 0.24 0.0016
NPW (piglet) 125 7.61¢ 0.20 64 6.764 0.26 0.0019
LWB (kg) 124 4962 0.16 71 4.42b 0.20 0.0417
BWB (kg) 124 0.61 0.01 71 0.59 0.01 0.2622
LWW (kg) 112 41.10¢ 1.63 56 33.844 2.10 0.0039
BWW (kg) 112 5.40a 0.13 56 4.93b 0.16 0.0137

ab, cd, ef: . SMs within a row with different superscripts are significantly different at P < 0.05, < 0.01 and < 0.001, respectively. Note:
AFM = age at first mating, AFF = age at first farrowing, FRI = farrowing interval, TNB = total number of piglets born/ litter, NBA =
number of piglets born alive/ litter, NBR = number of piglets born reared/ litter, NPW = number of piglets weaned/ litter, LWB =
litter weight at birth, BWB = individual bodyweight of piglet at birth, LWW = litter weight at weaning, and BWW = individual
bodyweight of piglet at weaning.

Table 8 Effects of year on reproductive performance of “I” sows.

. 2019 2020 2021 2022 P-
Variables Value
n LSM SE n LSM SE n LSM SE n LSM SE
AFM (day) 17 31859  23.81 26 290.21 20.26 28 323.64  18.09 - - - 0.4166
AFF (day) 14 42850 2375 25 375.06P 17.95 27  433.682  16.63 - - - 0.0417
FRI (day) 18 20858 2032 32 193.08 15.94 74 21746 1072 31 17028 1537 0.0586
TNB (piglet) 43 10.14¢ 0.37 66 9.64<d 0.31 126 9.09¢ 0.22 34  8.05¢ 0.39 0.0011
NBA (piglet) 43 9.98¢ 0.33 66 9.59¢ 0.28 126 8.21s 0.20 34  6.38h 0.35 <0.0001
NBR (piglet) 43 9.23f 0.35 66 8.44f 0.29 126 7.428 0.21 34  6.32h 0.37 <0.0001
NPW (piglet) 13 7.95¢ 0.47 32 8.38f 0.34 125 6.838 0.17 20  5.58h 0.38 <0.0001
LWB (kg) - - - 43 4,584 0.27 120 5.17¢ 0.16 34 4324 0.27 0.0052
BWB (kg) - - - 43 0.468 0.02 120 0.68f 0.01 34 0.66f 0.02 <0.0001
LWW (kg) - - - 29 46.77¢ 272 125  34.63s 1.32 15 31.02s 3.25 0.0006
BWW (kg) - - - 29 5.102b 0.21 125 4.87> 0.10 15  5.52a 0.25 0.0429

ab, <d, efg; . SMs within a row with different superscripts are significantly different at P < 0.05, < 0.01, and < 0.001, respectively.

Note: AFM = age at first mating, AFF = age at first farrowing, FRI = farrowing interval, TNB = total number of piglets born/ litter, NBA
= number of piglets born alive/ litter, NBR = number of piglets born reared/ litter, NPW = number of piglets weaned/ litter, LWB = litter
weight at birth, BWB = individual bodyweight of piglet at birth, LWW = litter weight at weaning, and BWW = individual bodyweight of
piglet at weaning.

Table9  Reproductive performance of I sows.

Variables n Mean SD
AFM (day) 71 314.44 93.93
AFF (day) 66 412.25 88.06
FRI (day) 155 207.05 85.64
TNB (piglet) 269 9.31 234
NBA (piglet) 269 8.59 2.39
NBR (piglet) 269 7.92 2.32
NPW (piglet) 190 7.05 187
LWB (kg) 197 491 1.57
BWB (kg) 197 0.64 0.14
LWW (kg) 169 38.86 13.61
BWW (kg) 169 5.10 1.05

n: sample size, SD: standard deviation. Note: AFM = age at first mating, AFF = age at first farrowing, FRI = farrowing interval, TNB
= total number of piglets born/litter, NBA = number of piglets born alive/ litter, NBR = number of piglets born and reared /litter,
NPW = number of piglets weaned/ litter, LWB = litter weight at birth, BWB = individual bodyweight of piglets at birth, LWW =
litter weight at weaning, and BWW = individual bodyweight of piglets at weaning.
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Discussion

Genotypic and allelic frequencies of the ESR T1665G,
PRLR G1789A, and FSHB T212C SNPs in the “1” pig
population

ESR gene: Three genotypes (AA, AB, and BB) were
identified at the ESR T1665G locus, with BB and AB
predominating and the AA genotype occurring at a
very low frequency. This distribution, characterized by
a high frequency of the B allele, is consistent with
findings in Vietnamese indigenous pig breeds such as
Lung Pu, Ban, Hung, Lung, Meo, and O Lam pigs (Van
Hau, 2008; Duyen and Bien, 2016), as well as in
Meishan pigs (Gibson et al., 2002). In contrast, a higher
frequency of the A allele has commonly been reported
in commercial breeds, including Black Slavonian
(Kabalin et al., 2013), Landrace (Noguera et al., 2003),
Large White (Wang ef al., 2006), and Myrhorod and
Poltava pigs in Ukraine (Matiiuk, 2025). Some studies
have reported an absence of the BB genotype (Linville
et al., 2001; Kmiec and Terman, 2004), whereas only the
AA genotype was observed in Philippine native pigs
(Tabon et al., 2022). Estrogen receptor signaling plays a
central role in follicular development, ovulation, and
uterine function. Previous studies demonstrated that
sows carrying the BB genotype at the ESR1 Pvull locus
produced larger litters than those with the AB or AA
genotypes, although the effect varied among breeds
and populations (Balatsky et al., 2012). Thus, the
analysis of allelic frequencies of ESR T1665G in the “1”
population is important to improve this specific breed.
These findings suggest that the A allele tends to be
more prevalent in commercial breeds, whereas the B
allele is more frequently observed in indigenous pig
populations in Vietham. These breed-dependent
effects indicate that ESR polymorphisms should be
evaluated within specific genetic backgrounds, and the
present allele frequency data provide important
baseline information for the genetic management of the
“1” pig population.

PRLR gene: At the PRLR G1789A locus, only the AB
and BB genotypes were detected, and the genotype
distribution deviated significantly from Hardy-
Weinberg equilibrium. A predominance of the B allele
has been reported in several Vietnamese indigenous
breeds, including Ban, Hung, Meo, Lung, O Lam
(Duyen and Bien, 2016), and Mong Cai pigs (Van Hau,
2008). Similar patterns have been observed in some
commercial populations such as Landrace and
Yorkshire (Thanh et al., 2019), as well as Polish Large
White and Polish Landrace pigs (Zidtkowska et al.,
2010), although higher A allele frequencies have also
been reported in Landrace and Yorkshire pigs
(Barreras Serrano et al., 2009). Considerable variation
among breeds was further documented by Matiiuk
(2025), who reported differences in allele
predominance among Myrhorod, Welsh, and Poltava
pigs. While the AA genotype of the PRLR gene has
been associated with increased TNB in commercial pig
populations (Vincent et al., 1997; Vincent et al., 1998;
Kmiec and Terman, 2004), it was absent in the “I” pig
population. Therefore, the use of the AA genotype of
the PRLR gene as a marker for selection may have
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contributed to its high frequency in commercial pig
breeds. In contrast, the limited application of marker-
assisted selection in indigenous pig populations has
likely resulted in the low frequency or absence of the
AA genotype in these breeds. In the “1” pig population,
the genotypic frequency of the PRLR gene deviated
from HWE. This finding is consistent with the results
of Matiiuk et al. (2025), who also reported deviations
from HWE in the genotypic distribution of PRLR
among Myrhorod and Poltava pig populations. The
limited size of the initial herd may increase the risk of
inbreeding in indigenous pig populations, leading to
reduced genetic diversity, the absence of expected
genotypes, and a deviation of the PRLR genotypic
frequencies from HWE. FSHB gene: At the FSHB
T212C locus, the A allele predominated, with the AA
genotype being most frequent and the BB genotype
detected in only one individual. This pattern is
consistent with findings in Yorkshire boars in Vietham
(Luc et al., 2022) but contrasts with reports in several
commercial breeds, where higher B allele frequencies
were observed (Korwin-Kossakowska et al., 2003;
Humpolicek et al., 2007). For example, Kowalewska et
al. (2024) reported a predominance of the BB genotype
in Polish Large White x Polish Landrace crossbred
sows and in Yorkshire sows. Follicle-stimulating
hormone is essential for follicular development and
reproductive performance, and variation in the FSHB
gene has been associated with litter size differences.
The skewed genotype distribution observed in the
present study likely reflects reduced effective
population size and genetic drift rather than deliberate
selection. As stated in Methods section, the genotypes
of the ESR, PRLR and FSHB genes were identified from
the ear tissues of 151 fattening pigs. However, during
the course of the study, genotyping failed for a number
of individuals; consequently, the sample size varied
among the genes analyzed (Table 5).

As mentioned above, the “1” pig breed is currently
classified as being at risk of extinction. The small initial
herd size likely increases the risk of inbreeding within
the population. As a result, genetic diversity has been
reduced, leading to the absence of several expected
polymorphisms in candidate genes (the AA genotype
of the PRLR gene) or the presence of certain genotypes
at extremely low frequencies, sometimes detected in
only a single individual (the AA genotype of the ESR
and the BB genotype of the FSHB genes). Additionally,
the genotype distribution of the PRLR gene deviated
from HWE, which may suggest a potential reduction in
genetic variability within the population. From a
practical perspective, these findings highlight the need
for conservation-oriented breeding programs that
maintain genetic diversity while using candidate gene
information cautiously to support future improvement
of reproductive performance in this indigenous pig
population.

Effects of candidate genes, parity, and the farrowing
year on the reproductive performance of the “I” sows

ESR gene: The association between ESR gene
polymorphisms and reproductive traits has been
reported to vary considerably among pig breeds
(Matiiuk et al., 2025). The absence of significant
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associations observed in the present study is consistent
with findings in Black Slavonian sows (Kabalin et al.,
2013), Doom pigs (Rahman et al., 2021), crossbred pigs
(Gibson et al., 2002; Noguera et al., 2003), Indian native
pig breeds (Vashi et al., 2021), and Myrhorod pigs
(Matiiuk et al., 2025). Nevertheless, significant
associations between ESR polymorphisms and
reproductive traits have been documented in other
populations. For example, Yorkshire sows with the AA
genotype showed lower TNB and NBA but higher
BWB and BWW than the AB or BB genotypes (Thanh et
al., 2021), while AA sows exhibited lower LWW in
Indian native pigs (Vashi et al., 2021). In contrast,
beneficial effects of the A allele have been reported in
several studies, with AA sows showing higher TNB,
NBA, and NPW than the BB or AB genotypes (van Rens
et al., 2002; Goliasova and Wolf, 2004; Pang et al., 2018).
Taken together, these inconsistent results across breeds
suggest that the effects of ESR polymorphisms on
reproductive performance are strongly breed
dependent. The lack of significant associations in the
“I” pig population indicates that ESR T1665G is
unlikely to be a reliable marker for improving
reproductive traits in this breed.

PRLR gene: The present study showed that “I” sows
carrying the BB genotype at the PRLR G1789A locus
had significantly higher BWW than those with the AB
genotype (P < 0.05). This observation is consistent with
previous reports indicating beneficial effects of the BB
genotype on reproductive traits. For instance, sows
carrying the BB genotype showed higher TNB and
NBA in specific parities compared with AB sows
(Mencik et al.,, 2015). Breed-specific effects of PRLR
polymorphisms on BWB and LWW have also been
reported in Myrhorod, Poltava, and Welsh pigs
(Matiiuk et al., 2025). In contrast, several studies in
commercial pig breeds have reported more favorable
reproductive performance associated with the AA
genotype. In particular, the AA genotype has been
linked to higher TNB, NBA, NBR, NPW, LWB, BWB,
and BWW in Landrace and Yorkshire sows (Chen et al.,
2000; Terman et al., 2016; Thanh et al., 2021) and in 990-
line sows (Terman et al., 2016). These contradictory
findings indicate that the influence of PRLR
polymorphisms on reproductive performance is highly
dependent on breed and genetic background. In the
present study, the absence of the AA genotype and the
deviation from HWE observed in the PRLR genotypic
distribution (Table 5) further indicate limited genetic
variation at this locus in the studied population. These
factors may limit the statistical power of correlation
analyses and hinder the interpretation of gene-trait
associations. The lack of an association between the
PRLR gene polymorphism and almost reproductive
performance of the “I” breed herein suggests that PRLR
is not a potential candidate gene for improving the
reproductive performance of the “I” breed. However,
the limited genetic variation at this locus may reduce
the statistical power to detect meaningful associations,
and the absence of significant effects may reflect
population-specific constraints rather than a true lack
of biological relevance. Overall, the lack of significant
associations between PRLR polymorphism and most
reproductive traits in “I” sows suggests that this gene
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may not be a strong candidate marker for improving
reproductive performance in this breed. Nevertheless,
the restricted genetic variation detected at this locus
may have limited the ability to identify meaningful
associations. Therefore, the absence of significant
effects in the present study should be interpreted
cautiously, as it may reflect population-specific genetic
constraints rather than a true lack of biological
relevance.

FSHB gene: In contrast to ESR and PRLR, the FSHB
T212C polymorphisms showed significant effects on
most of the reproductive traits in the “I” sows. These
results are consistent with previous studies reporting
favorable effects of the AA genotype in Landrace sows
(Bo et al., 2021) and in crossbred and Yorkshire herds
(Kowalewska et al., 2024). Conversely, some studies
reported higher reproductive performance in BB sows
(Humpolicek et al., 2007; Pang et al., 2018), while others
found no significant associations between FSHB
polymorphisms and reproductive traits (Korwin-
Kossakowska et al., 2003; Polasik et al., 2016). The
discrepancies among studies may be explained by
differences in breed, genetic background, and
population structure. In this study, the distribution of
FSHB genotypes was markedly unbalanced, as the BB
genotype was represented by only a single individual.
Consequently, the association analysis was effectively
restricted to comparisons between the AA and AB
genotypes. This imbalance may reduce statistical
power and robustness, thereby increasing the
likelihood that the observed significant differences are
partially attributable to unequal allele frequencies.
Replication studies in populations with larger
genetically diverse population are warranted to
reinforce the conclusion regarding the significant effect
of FSHB gene polymorphism on the reproductive
performance of “I” sows. Nevertheless, the consistent
and significant associations observed in the present
study indicate that FSHB T212C is a promising
candidate gene for improving reproductive
performance in the “I” pig population, particularly
through the selection of sows carrying the AA

genotype.

Effect of parity and farrowing year: Parity is associated
with physical changes in the bodies of animals, so it
may affect the function of the reproductive tract of
sows. The reproductive performance in sows normally
increases from 3 to 5 parities and then decreases
steadily thereafter (Leigh, 1977). However, the
reproductive performance of the “I” sows was not
significantly different from parities 1 to 4. The decrease
of the reproductive performance of the “I” sows from
2019 to 2022 with remarkable differences between
years were noticeable results. Although environmental
and management-related factors may influence sow
reproductive performance and potentially confound
genetic effects, the animals were maintained under
relatively standardized conditions throughout the
experiment. Specifically, the sows were housed in a
closed housing system and fed with commercial diet,
while management and care protocols were
consistently applied according to the standards of the
Dabaco Group. Weather data during the experimental
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period were not recorded; therefore, there is no
evidence indicating substantial fluctuations in
environmental or management conditions among the
years of the study. The risks of increased inbreeding in
the population may contribute to the reduced vitality
and productivity of “I” pigs in the next generations. Of
the three examined genes in this study, statistically
significant effects of polymorphisms were observed for
PRLR on only BWW and the FSHB gene on several
reproductive traits, suggesting that reproductive
performance is a complex, polygenic trait influenced
by interactions among multiple genes. This complexity
reduces the individual impact of specific
polymorphisms, making it difficult to isolate their
effects (Matiiuk ef al., 2025). Conversely, differences in
reproductive potential across breeds may be attributed
to the combined influence of multiple polymorphic
loci, which together shape breed-specific genetic
profiles. From a practical perspective, the present
findings suggest that selection based on FSHB T212C
polymorphisms may contribute to improving
reproductive performance in the endangered “I” pig
breed, while conservation-oriented breeding strategies
remain essential to preserve genetic diversity.

In conclusion, three genotypes (AA, AB, and BB)
were identified at the ESR T1665G and FSHB T212C
loci in indigenous ‘I’ pigs, whereas only two genotypes
(AB and BB) were observed at the PRLR G1789A locus.
Moreover, the B allele was more frequent in the ESR
and PRLR genes, while the A allele predominated in
the FSHB gene. No significant associations were found
between the ESR T1665G polymorphism and the
reproductive traits of the ‘I sows. The PRLR G1789A
polymorphism showed a significant effect only on
BWW, with sows carrying the BB genotype exhibiting
more favorable values than those with the AB
genotype. In contrast, the AA genotype at the FSHB
T212C locus was positively associated with several
reproductive performance traits, namely TNB, NBA,
NBR, NPW, LWB, LWW, and BWW. These results
suggest that the FSHBAA genotype may serve as a
potential genetic marker for improving reproductive
performance in indigenous “1” pigs. These findings can
help improve the “I” population in Vietnam and
contribute to biodiversity protection worldwide.
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