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The aim of this study was to reveal the effect of single-nucleotide poly-
morphisms (SNPs) on the total number of piglets born (TNB), the litter weight
born alive (LWA), the number of piglets born dead (NBD), the average litter
weight on the 21st day (M21D) and the interval between litters (IBL). Genotypes
were determined on a high-density [llumina Porcine SNP 60K BeadChip. Data
screening and data identification were performed by a multi-locus mixed-model.
Statistical analyses were carried out to find associations between individual geno-
types of 290 Hungarian Large White sows and the investigated reproduction pa-
rameters. According to the analysis outcome, three SNPs were identified to be as-
sociated with TNB. These loci are located on chromosomes 1, 6 and 13 (-log;,P =
6.0, 7.86 and 6.22, the frequencies of their minor alleles, MAF, were 0.298, 0.299
and 0.364, respectively). Two loci showed considerable association (—log;,P =
10.35 and 10.46) with LWA on chromosomes 5 and X, the MAF were 0.425 and
0.446, respectively. Seven loci were found to be associated with NBD. These loci
are located on chromosomes 5, 6, 13, 14, 15, 16 and 18 (—log,P = 10.95, 5.43,
8.29, 6.72, 6.81, 5.90, and 5.15, respectively). One locus showed association
(—logoP = 5.62) with M21D on chromosome 1 (the MAF was 0.461). Another lo-
cus was found to be associated with IBL on chromosome 8 (—log;,P = 7.56; the
MAF was 0.438). The above-mentioned loci provide a straightforward possibility
to assist selection by molecular tools and, consequently, to improve the competi-
tiveness of the Hungarian Large White (HLW) breed.
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Pigs have played an economically important role in the Carpathian Basin
since ancient times. Archaeological findings and documents demonstrate the
presence of pig keepers from the period of the House of Arpad kings. Later, at
the time of the Turkish occupation, basically primitive breeds of various colours
were kept which looked similar to wild boars (Horn et al., 1976). Breeding of
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Mangalica pigs started after the industrial revolution in the 1830s, when this fatty
breed became very popular for its great taste. Raising of the Hungarian Large
White (HLW) breed dates back to the early 1900s when an increased demand
arose for leaner and more rapidly growing breeds.

The ancestors of HLW pigs were the English Large White, the Deutsches
Edelschwein, the English Middle White and the Swedish Yorkshire breeds. The
herd-book of the HLW breed was established about one hundred years ago.
When developing the HLW, breeders focused on increased reproductive perfor-
mance, high growth potential, favourable feed conversion rate, robustness, good
adaptability, increased stress tolerance, and outstanding meat quality (Horn et al.,
2011).

These pigs are commonly used in crossbreeding or hybrid programmes
and have been noted for their large litter size, good milk production and excellent
maternal instincts. Despite their good lifetime performance, production parame-
ters and crossbreeding ability, in the last decades HLW pigs could not compete
with the Western European hybrids in terms of production results. A possible
reason for this handicap could be the relatively lower values of reproductive trait
parameters. Breed improvement is extremely important in obtaining high-yielding
animals of greater performance.

Selection decisions are based on estimated breeding values (EBVs), which
are estimates of the genetic merit of pigs. EBVs are derived from pedigree and
performance data available from herd recording systems for a number of perfor-
mance and reproductive traits. The genetic gain that has been achieved in a popu-
lation of pigs is demonstrated through genetic trends, which show the average
EBV of all animals born in the same year (https://www.dpi.nsw.gov.au/__data/
assets/pdf file/0008/45566/Breeds_of pigs - Large White - Primefact 62-final.
pdf).

In the past few years the development of molecular genetics has led to the
possibility of genomic testing in livestock as well. Genome-wide association
study (GWAS) experiments based on the typing of single-nucleotide polymor-
phisms (SNPs) are suitable for finding loci associated with different reproduction
traits in pig breeds.

Muiioz et al. (2007) investigated the effect of ESR1 and ESR2 polymor-
phisms on the total number of piglets born (TNB) and the number of piglets born
alive (NBA) in a Chinese—European pig line. According to their results, the
ESR1 c1227T allele was significantly associated with the TNB. The additive
substitution effect was estimated to be 0.40 piglets born per litter (P < 0.03), and
no dominance effects were observed.

Onteru et al. (2011) found in their GWAS experiment several informative
quantitative trait locus (QTL) regions and genes to be associated with lifetime
reproductive traits, including lifetime total number born (LTNB) and lifetime
number born alive (LNBA). Many of the QTL regions showing association with
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reproductive traits coincided with previously identified QTL for fat deposition.
This fact reinforces the role of fat regulation for lifetime reproductive traits.

In a GWAS, Uimari et al. (2011) identified SNPs associated with repro-
duction traits in the Finnish Landrace breed. There were statistically significant
results (—log;oP value > 5.70) for TNB in the first and later parities and piglet
mortality between birth and weaning in later parities. Overall, three separate re-
gions on chromosome 9 gave significant results for litter size and pig mortality.
The frequencies of favourable alleles of the significant SNPs are moderate in the
Finnish Landrace population.

Lei et al. (2011) identified one SNP in the miR-27a gene which proved to
be associated with litter size in Large White pigs.

Onteru et al. (2012) performed a GWAS for reproductive traits in com-
mercial sows. The investigated traits were TNB, NBA, number of stillborn (SB),
number of mummified fetuses at birth (MUM) and gestation length (GL) in each
of the first three parities. The genomic regions (SLC22A18 on SSC2) containing
genes important for fetal developmental and uterine functions were associated
with TNB and NBA in the first two parities. QTL in other fetal developmental
genes were associated with SB and MUM in different parities.

Han et al. (2012) examined polymorphisms of the secreted phosphoprotein 1
(SPP1) gene and its association with growth and carcass traits in the F2 popula-
tion of the crossbred Landrace x Jeju (Korea) Black pig. The SPP1 A/B hetero-
zygous pigs had significantly higher body weight at birth and on days 21 and 70,
and a higher level of average daily gain during the early developmental period
than was seen in the A/A and B/B homozygous pigs (P < 0.05).

Xiao-Lei et al. (2012) analysed 820 commercial pigs in a GWAS in order
to find associations between reproductive traits (TNB and NBA) and SNPs. They
described five common regions which were significantly associated with both
traits on SSC1, 3, 13, and 16.

In their study on Large White (LW) and Landrace (L) pigs, Bergfelder-
Driiing et al. (2015) found 17 different significant markers affecting NBA in re-
gions with known effects on female reproduction. No overlapping significant
chromosome areas or QTL between the two breeds were detected.

In a GWAS, Schneider et al. (2015) identified several quantitative trait lo-
ci (QTL) for SB piglets ignoring the last piglet born (1 QTL), number of stillborn
piglets in the last birth position (1 QTL), and percent of stillborn ignoring the last
piglet (3 QTL).

Baginé Hunyadi et al. (2016) investigated the effect of seven genes on re-
productive traits in Hungarian Large White sows. According to the outcome of
their study the epidermal growth factor gene (EGF) had a significant impact on
TNB and NBA.

Sato et al. (2016) tested 347 LW sows to find an association between SNPs
and prolificacy traits. Seven genes were found to be associated with TNB. Six of
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the seven genes were associated with reproductive traits, including TNB, NBA
and average weight of piglets at weaning (AWW).

He et al. (2016) found large phenotypic variations in litter size among
Chinese Erhualian sows. Significant differences in TNB and the number of cor-
pora lutea were observed between sows with high and low EBVs for TNB. Ge-
nome-wide fixation coefficient (FST) values (otherwise called genetic distance
of a given marker between two groups) were calculated for each SNP between
the high- and low-EBV groups. Forty genes were identified around the top 10
highest FST SNPs, of which UCHL1, RPS6KB1 and CLTC were reported to af-
fect ovulation rate in pigs.

Kang et al. (2017) identified five genome-wide suggestive SNP markers
for the LTNB piglets and final parity. All five of these markers were highly as-
sociated with other sow lifetime productivity-related traits, and all these markers
were located within or near one particular gene, MEGF11 (multiple epidermal
growth factor-like domains protein 11), on chromosome 1.

Wang et al. (2017) were looking for associations between the FUT2 gene
and production and reproductive traits (age at 100 kg, backfat thickness at 100 kg,
eye muscle thickness, number of newborn piglets, number of weaned piglets, and
birth weight) in Large White sows. They detected one SNP in the intron of FUT2
to be significantly associated with the number of newborn piglets and weaned
piglets.

Uzzaman et al. (2018) performed a GWAS on Yorkshire sows for repro-
ductive traits (NBA, TNB, the weight shortfall number, the total number of suck-
ling piglets, and the number of pigs weaned). They identified a total of 15 SNPs
of which only one reached the Bonferroni level of significance (—log;oP > 6.63),
and fourteen SNPs were suggestive of being associated with the reproductive
traits of interest (—log;oP > 4.30).

Wang et al. (2018) conducted a GWAS in LW pigs for 7 reproductive traits
[TNB, NBA, LWA, average birth weight (ABW), gestation length (GL), age at
first service (AFS), age at first farrowing (AFF)]. They identified 12 genome-
wide significant and 41 suggestive significant SNPs associated with 6 reproduc-
tive traits.

Suwannasing et al. (2018) used single-step GWAS (ssGWAS) for detect-
ing genomic regions having an influence on reproductive traits (the number of
pigs weaned per sow per year — PWSY, the number of litters per sow per year —
LSY, pigs weaned per litter — PWL, born alive per litters — BAL, non-productive
days — NPD, and wean to conception interval per litter — W2CL in L and LW
sows. They identified 25 (L) and 22 (LW) SNPs associated with reproductive
traits. Retinol binding protein 7 and ubiquitination factor E4B were identified as
candidate genes for PWL, BAL, W2CL, and PWSY and a solute carrier organic
anion transporter family member 6A1 gene for LSY and NPD.
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To explore the genetic mechanism of litter traits, Wu et al. (2018a) con-
ducted several ssGWAS in L and LW sows. ssGWAS was performed separately
for each breed and each parity due to population stratification and temporal gene
effect. The results indicated 22 crucial SNPs (affecting TNB, NBA and LWB)
and four interesting candidate genes (affecting embryonic development) related
to litter traits across six parities.

For the identification of SNPs associated with litter traits in domestic pigs,
Wu et al. (2018b) conducted a GWAS. The examined litter traits were TNB,
NBA and litter weight born alive (LWB). Executing the genome-wide associa-
tion analysis (at 5% significance level) a single-step genomic BLUP approach
(ssGBLUP) was used. A total of 8, 23 and 20 significant SNPs were associated
with TNB, NBA and LWB, respectively.

The aim of the present study was to reveal the effect of single-nucleotide
polymorphisms (SNPs) on the total number of piglets born (TNB), the litter
weight born alive (LWA), the number of piglets born dead (NBD), the average
litter weight on the 21st day (M21D) and the interval between litters (IBL).

Materials and methods

Samples and genotyping

A total of 300 blood samples from Hungarian Large White pigs on 11
farms were collected and stored at —20 °C until DNA extraction. Samples were
chosen considering the following criteria: (i) having high or low values regarding
reproduction parameters, and (7i) maximising the representativeness of the popu-
lation. The latter criterion is based on selecting animals which are least related to
each other based on their pedigree. DNA typing was performed on high-
resolution SNP chips developed for pigs (GeneSeek” Genomic Profiler™ High-
Density; Illumina Porcine SNP 60K BeadChip). Genotyping of the collected
samples was performed by Neogen Europe Ltd., Scotland, UK. Reproduction da-
ta and breeding parameters of sows (including TNB, LWA, NBD, M21D and
IBL) were collected from the database of HLW breeders.

Data evaluation

Samples were excluded from analysis if the call rate was below 95%. Only
SNPs having consistently high call rates (> 95%) were included in this study.
Duplicate samples (Identity By Descent, IBD > 0.95) were excluded from the da-
taset. After excluding monomorphic loci and loci with a MAF < 0.05, the final
dataset included 290 animals and 56,592 SNPs. For data screening and identifi-
cation of loci associated with the reproductive traits included in this study, multi-
locus mixed-models were used. Phenotypic values were left as they were a con-

Acta Veterinaria Hungarica 67, 2019



EFFECT OF SNPS ON PIG REPRODUCTION PARAMETERS 261

tinuous variable. The genomic inflation factor, lambda value was calculated from
the median of the distribution of the chi-square statistic from results divided by
the median of the corresponding (ideal) chi-square distribution (Armitage, 1955).
For the correction of population structure, genomic kinship matrix was used in a
multi-locus mixed model (Segura et al., 2012). The used model was: y = X3 +
Zu + e, where y is the phenotypic value, X is the matrix of fixed effects com-
posed of SNPs and covariates (age and farm), Z is the matrix of random animal
effects, e means the residual effects, and B and u are vectors representing coeffi-
cients of fixed and random effects, respectively.

All data formatting, filtering and statistical analyses were performed by
the SVS software (GoldenHelix, US). Nearby genes of the identified SNPs were
located by Sus scrofa Assembly Build 11.1. database.

Results and discussion
According to the analytical outcome of the present study, three SNPs were
identified to be associated with TNB. These loci are located on SSC 1, 6 and 13

(Fig. 1, Table 1).

Number of piglets born (TNB)

—logio(p)

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 1718 19

Chromosome

Fig. 1. Manhattan plot of single-nucleotide polymorphisms (SNPs) regarding the total number of
piglets born (TNB). Loci on chromosomes 1, 6 and 13 display the highest —log,oP values
(see dots > 6) which are associated with TNB in Hungarian Large White (HLW) sows.
Number 19 on horizontal axis refers to chromosome X
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Table 1

List of loci associated with the total number of piglets born (TNB), their genomic location and
nearest genes

Position on Candidate gene(s)

Marker ss ID chromosomes —log;oP near the marker MAF FDR
rs80878088 1: 88143914 6.00 RFPL4B, MARCKS, 0.298 0.016
r$336610321 6: 2594634 7.86 FBXO031, FOXLI,

MTHFSD 0.299 6.88e-4
rs326153933 13: 139009753 6.22 FGF12 0.364 0.015

MAF: minor allele frequency; FDR: false discovery rate

SSC 1: Ret finger protein like 4B (RFPL4B) is derived by automated com-
putational analysis referred by GenBank (RefSeqID: NC 010443.5). Its function is
not known but the abundance of its RNA form is the highest in the testis and pla-
centa in humans (Fagerberg et al., 2014). Myristoylated alanine rich protein kinase
C substrate (MARCKS) protein is thought to be involved in cell motility, phagocy-
tosis, membrane trafficking and mitogenesis (Arbuzova et al., 2002).

SSC 6: F-box protein 31 (FBXO31) is thought to bind and recruit substrate
for ubiquitination and degradation (Zhang et al., 2015). Forkhead box L1 (FOXL1)
is a member of the forkhead/winged helix-box (FOX) family of transcription fac-
tors. It plays a critical role in the regulation of multiple processes including me-
tabolism, cell proliferation and gene expression during ontogenesis required for
proper proliferation and differentiation in the gastrointestinal epithelium
(https://www.genecards.org/cgi-bin/carddisp.pl?gene=FOXL 1 &keywords=foxl1).
Copy numbers of the methenyltetrahydrofolate synthetase domain containing the
MTHFSD gene presented positive correlations with the transcript level of
MTHFSD gene in adult ovaries and significantly changed the litter size in Xiang
pig population (Ran et al., 2018).

SSC 13: Fibroblast growth factor 12 (FGF12) pattern of DNA methylation
revealed in oestrus and dioestrus has potential application value in regulating
ovine oestrus (An et al., 2018). In a GWAS this gene was also pointed out as a
candidate gene for endometritis in cows (Naderi et al., 2018).

Six loci were identified to be highly associated with LWA. These loci are
located on SSC 5, 6, 14, 16, 17 and X (Fig. 2, Table 2).

SSC 5: Rho GTPase activating protein 8 (ARHGAPS) might be involved in
twinning rate in Maremmana cattle (Moioli et al., 2017). Proline rich 5 (PRRS)
plays an important role in expression regulation of platelet-derived growth factor
receptor beta which is involved in embryonic development, angiogenesis, cell
proliferation and differentiation and binge eating behaviour in humans (McElroy
etal., 2018).

Acta Veterinaria Hungarica 67, 2019



EFFECT OF SNPS ON PIG REPRODUCTION PARAMETERS 263

Litter weight born alive (LWA)
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Fig. 2. Manhattan plot of SNPs regarding the litter weight born alive (LWA). Loci on chromo-
somes 5, 6, 14, 16, 17 and X display the highest —log;oP values (see dots > 5) which are associated
with LWA in HLW sows. Number 19 on horizontal axis refers to chromosome X

Table 2

List of loci associated with litter weight born alive (LWA), their genomic location and nearest genes

Marker ss ID Position on “log,oP Candidate gene(s) MAF FDR
chromosomes near the marker

rs81382693 5: 1912703 10.35 ARHGAPS, PRRS 0.425 1.10e-06
rs340060083 6: 70048043 5.87 PADI2, PADI1 0.397 9.49¢-03
1345681434 14: 39399038 8.56 MEDI13L, TBX3 0.115 4.53e-05
rs81459332 16: 48711236 7.76 ERBB2IP 0.155 1.74e-04
rs80882327 17: 57391800 8.47 BMP7 0.492 4.22e-05
rs81473286 X: 8718698 10.46 AMELX, ARHGAP6 0.446 1.73e-06
rs319594780 X: 135147279 7.72 SLITRK cluster 0.348 1.59e-04

MAF: minor allele frequency; FDR: false discovery rate

SSC 6: Peptidyl arginine deiminase 2 (PADI2) is known to be involved in
metabolic pathways, to have a strong correlation with a haplotype shared by multi-
ple high angiogenic mouse strains. In addition, inhibition of PADI2 demonstrated a
dosage-dependent effect in HMVECs (Khajavi et al., 2017). PADI1 is part of the
peptidylarginine deiminase gene clusters. In diethylstilboestrol- (DES-) adminis-
tered mice a high density of oestrogen receptor alpha dependent super-enhancer
was identified in the PADI gene cluster. Data suggested that DES alters uterine de-
velopment and consequently adult reproductive function by modifying the enhanc-
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er landscape at ERa binding sites near oestrogen-regulated genes (Jefferson et al.,
2018). It has also been shown that PADI1-catalysed histone citrullination is essen-
tial for early embryo development in the mouse (Zhang et al., 2016).

SSC 14: Mediator complex subunit 13 like (MED13L) is a mediator complex
component; MED13 regulates zygotic genome activation and is required for post-
implantation development in the mouse (Miao et al., 2018). In humans it is involved
in congenital cardiac and neurodevelopmental deficits (Adegbola et al., 2015). T-
box 3 (TBX3) has been found to be associated with NBD (Onteru et al., 2012).

SSC 16: Erbb2 interacting protein (ERBB2IP or ERBIN) is one of the
candidate genes affecting litter size of German sows (Spotter et al., 2010).

SSC 17: Bone morphological protein 7 (BMP7) is an osteoinductive pro-
tein and is linked to NBA and litter weight at birth and the litter weight at 21
days (Feng et al., 2013).

SSC X: Beside sex determination (Fontanesi et al., 2008), the amelogenin
X-linked gene (AMELX) also plays a role in osteoclastogenesis in pigs
(Hatakeyama et al., 2006). Rho GTPase activating protein 6 (ARHGAPO6) is co-
localised with QTLs for fatness and growth traits (Puig-Oliveras et al., 2016).
SLIT and NTRK Like Family Member 2 (SLITRK?2) is involved in synaptogene-
sis and promotes excitatory synapse differentiation (Beaubien et al., 2016).

Seven loci were found to be associated with NBD. These loci are located
on chromosomes 5, 6, 13, 14, 15, 16 and 18 (Fig. 3, Table 3).

Number of piglets born dead (NBD)
12 7

10
8—
S
S 6
D
3
|
4_

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 161718 19
Chromosome

Fig. 3. Manhattan plot of SNPs associated with the number of piglets born dead (NBD). Loci on
chromosomes 5, 6, 13, 14, 15, 16 and 18 display the highest —log;(P values (see dots > 5) which
are associated with NBD in HLW sows. Number 19 on horizontal axis refers to chromosome X
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Table 3

List of loci associated with the number of piglets born dead (NBD), their genomic location and
nearest genes

Position on Candidate gene(s)

Marker ss ID chromosomes ~logiP near the marker MAF FDR
rs81382693 5:1912703 10.95 ARHGAPS 0.425 5.56e-07
rs340060083 6: 70048043 543 PADI2, PADI1 0.397 3.03e-02
rs80893810 13: 183254699 8.29 CADM?2, SNORA70,

LIPI 0.335 1.27e-04
rs80845657 14: 41396206 6.72 RPL6, TBX3 0.095 2.35¢-03
rs329723588 15: 152057161 6.81 SCLY 0.090 2.58e-03
rs338594773 16: 70502947 5.90 EBF1 0.365 1.24e-02
rs333328959 18: 8927486 5.15 BRAF, MKRNI1, PPAR 0.069 4.99¢-02

MAF: minor allele frequency; FDR: false discovery rate

SSC 5 and 6: see description after discussion of LWA-associated hits (Ta-
ble 2).

SSC 13: Cell adhesion molecule 2 (CADM?2) regulates body weight and
energy homeostasis in mice (Yan et al., 2018), and has been found to be associ-
ated with habitual physical activity in humans. Small Nucleolar RNA, H/ACA
Box 70 (SNORA70) is one of the genes where selection signature was detected
among several cattle breeds (Taye et al., 2017), while the possible function of li-
pase I (LIPI) is to produce lysophosphatidic acid which is an important mediator
of multiple biological functions (Aoki et al., 2007).

SSC 14: Ribosomal protein L6 (RPL6) interacts with histones and takes part
in DNA damage response (Yang et al., 2018), while T-box 3 (TBX3) has been
found to be associated with NBD (Onteru et al., 2012).

SSC 15: Expression of selenocysteine lyase (SCLY) is related to amino
acid transport and metabolism in the endometrium and to the receptive status of
the cow (Franga et al., 2017). It has also been found to be coupled with an obesi-
ty trait in mice (Seale et al., 2015).

SSC 16: Early B cell factor 1 (EBF1) takes part in a micro RNA attenuat-
ed lipogenic gene expression cascade via downregulation of EBF1 to different
extents depending on the breed of gilts (Taniguchi et al., 2014).

SSC 18: B-Raf proto-oncogene, serine/threonine kinase (BRAF) was found
to be under selection comparing Berkshire and Korean native breeds (Edea and
Kim, 2014); makorin ring finger protein 1 (MKRNI) is a stress granule-resident
protein (Cassar et al., 2015) and can degrade the central regulator of adipogene-
sis; peroxisome proliferator activated receptor (MKRNI1) is a nuclear receptor
linked to obesity and metabolic diseases (Kim et al., 2014).
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When comparing LWA and NBD, a similarity could be noticed concern-
ing loci located on chromosomes 5 and 6. A possible explanation for this similar-
ity is the fact that large litter size leads to lower average birth weights, with more
piglets born weighing less than 1 kg, resulting in a negative impact on piglet via-
bility and growth performance (Magnabosco et al., 2016).

The only locus found to be associated with M21D was situated on chro-
mosome 1 (Fig. 4, Table 4).

Average litter weight on the 21st day (M21D)

—logio(p)
w

1 2 3 4 5 6 7 8 9 101112 13 14 15 161718 19
Chromosome

Fig. 4. Manhattan plot of the only locus associated with the average litter weight on the 21st day
(M21D). This SNP is located on chromosome 1 and displays the highest —log;oP value
(see dot > 5). Number 19 on horizontal axis refers to chromosome X

Table 4

The locus associated with average litter weight on the 21st day (M21D), its genomic location and
nearest genes

Marker ss ID Position on logyoP Candidate gene(s) MAF FDR
chromosomes near the marker
1699316219 1: 200350940 5.62 ARF6, ABHD12B 0.461 0.117

MAF: minor allele frequency; FDR: false discovery rate

SSC 1: ADP ribosylation factor 6 (ARF6) is ubiquitous in all porcine tissues
examined, with the highest levels in kidney and stomach and the lowest levels in
muscle and heart (Zhang et al., 2010). The abhydrolase domain containing 12B
(ABHDI12B) is a candidate gene for obesity in pigs (Kogelman et al., 2015).
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In the case of IBL, like for M21D, a sole SNP was found to be associated
with this parameter which is located on chromosome 8 (Fig. 5, Table 5).

Interval between litters (IBL)

—log1o(p)
>

1 2 3 4 5 6 7 8 9 101112 13 14 15 161718 19
Chromosome

Fig. 5. Manhattan plot of the only locus associated with the interval between litters (IBL). This
SNP is located on chromosome 8 and displays the highest —log;oP value (see dot > 7).
Number 19 on horizontal axis refers to chromosome X

Table 5

The locus associated with the interval between litters (IBL), its genomic location and nearest genes

Marker ss ID Position on logyoP Candidate gene(s) MAF FDR
chromosomes near the marker
rs81301813 8: 140274549 7.56  PKD2, SPP1, MAPK10 0.438 1.35¢-03

MAF: minor allele frequency; FDR: false discovery rate

SSC 8: Polycystin 2, transient receptor potential cation channel (PKD2)
takes part in many processes including aortic development, regulation of the cal-
cium-release channel, embryonic placenta development, etc. (https:/www. uniprot.
org/uniprot/F2VYAT1). Secreted phosphoprotein 1 (SPP1) is related to body
weight at birth and on days 21 and 70, and to the higher level of average daily
gain during the early developmental period (Han et al., 2012). Mitogen-activated
protein kinase 10 (MAPK10) is one of the candidate genes affecting litter size of
German sows (Spdtter et al., 2010).
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Several SNPs found in this study are in the regions highlighted by other
investigations:

SSC1, rs80878088 is coupled to TNB (within 4 million base pairs, bp, from
FOXO3 associated with NBA (Wu et al., 2018b).

SSC8, rs81301813 is coupled to TBL (approximately 36,000 bp from SPP1
associated with weight, gain and carcass properties (Han et al., 2012).

SSC14, rs345681434 is coupled to LWA (within half million bp from TBX3
associated to NBA (Onteru et al., (2012). On the same chromosome, SSC14, same
region, rs80845657 coupled to NBD is 1.36 million bp far from TBX3.

SSC16, 1s81459332 is coupled to LWA (approximately 2.6 million bp from
HTR1A) associated with NBA (Onteru et al., 2012).

SSC18, 1s333328959 is coupled to NBD (approximately 1.2 million bp from
EPHB6) associated with LSY and NPD (Suwannasing et al., 2018).

SSCX, 15319594780 is coupled to LWA (within 1 million bp from
SLITRK?) associated with BAL and W2CL (Suwannasing et al., 2018).

A detailed enumeration of SNPs and candidate genes found by other teams
while investigating similar parameters is as follows:

He et al. (2016) identified 10 SNPs associated with reproductive parameters.
Five of them (rs81399474, rs81400131 and rs81405013 on SSCS8 and rs81434499
and rs81434489 on SSC 12) corresponded to previously reported QTL for litter
size. The other five SNPs (rs81367039 on SSC2, rs80891106 on SSC7,
rs81477883 on SSC12, and rs80938898 and rs80971725 on SSC14) were novel
QTL for TNB. Significant associations between rs§1399474 on SSC8 and TNB
were confirmed in 313 Erhualian sows. Forty genes were identified around the
top 10 highest FST SNPs, of which UCHLI1, adjacent to rs81399474, and
RPS6KB1 and CLTC, adjacent to rs81434499, have been reported to affect the
ovulation rate in pigs.

Wang et al. (2017) revealed significant associations between a single-
nucleotide polymorphism (rs345476947, C—T) in the intron of the FUT2 gene
and the number of newborns and weaned piglets.

Uzzaman et al. (2018) described two significant SNPs, rs81465399 (P =
8.05E-08) and rs80991683 (P = 1.55E-06) on SSC17 which were associated with
weight shortfall number. In addition, SNP rs81356596 (P = 1.20E-05) on SSC2
was associated with the total number of suckling piglets. Another two SNPs,
rs81454514 (P = 1.07E-05) and rs81454465 (P = 1.56E-05) on SSC15 associated
with NBA were located near the reported QTL region of both the NBA and TNB
traits.

Based on the results obtained by Wang et al. (2018), 14 genes (BHLHA1S,
OCM2, IL1B2, GCK, SMAD2, HABP2, PAQRS, GRB10, PRELID2, DMKN,
GPI, GPIHBP1, ADCY2 and ACVR2B) were regarded as important candidates
for swine reproductive traits because of their critical roles in embryonic devel-
opment, energy metabolism and growth development.
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Suwannasing et al. (2018) identified five genes as candidate genes in LW
pigs, two of which (aldehyde dehydrogenase 1 family member A3 and leucine-
rich repeat kinase 1) were associated with all of six reproduction traits (PWSY,
LSY, PWL, BAL, NPD and W2CL) and three genes (retrotransposon Gag like 4,
transient receptor potential cation channel subfamily C member 5, and LHFPL
tetraspan subfamily member 1) with five traits except W2CL.

Wu et al. (2018a) identified four interesting candidate genes (FBXL7,
ALDH1A2, LEPR and DDX1) associated with litter traits in different parities
that have a major effect on embryonic development progression. At SSC1, the
AIM1 and FOXO3 genes were found to be associated with NBA. These genes
increase ovarian reproductive capacity and follicle numbers and decrease gonad-
otropin levels. The genes SLC36A4 and INTU, which are involved in cell
growth, cytogenesis and development, were found to be associated with LWB.
Furthermore, significant SNPs were found on SSC 14, 13, 9 and 5 in association
with TNB, NBA, and LWB (Wu et al., 2018b).

Whyte et al. (2018) demonstrated the importance of the IL1B2 gene in
protein expression increase during the period of conceptus elongation in pigs.

In conclusion, genetic analysis can facilitate direct selection among alleles
of the SNPs highlighted in this study; however, selection decisions depend on
economic goals and are usually taken by breeding associations based on EBVs.
A possible marker-assisted selection (MAS) approach — such as selecting for fa-
vourable alleles at reported loci at the chromosomes mentioned above — might be
performed if higher TNB, LWA, M21D and lower NBD, IBL are desirable.
Hereby we suggest that the results described here should be incorporated by the
Hungarian LW breeders in current and future breeding programmes, and by au-
thorities in the pig breeding strategy adopted by the government.
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