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Abstract: $-1, 4-N-acetylgalactosamine transferase 2 (B4GALNT2) is a vital candidate gene that affects the
growth traits in sheep, but whether it has the same function in goats remains to be further investigated. In this
study, we utilized 348 Nanjiang Yellow goats as experimental subjects, conducted a whole exon, and the
conserved non-coding region Single nucleotide polymorphism (SNP) scanning of the B4GALNT2 gene. Our
results revealed the presence of a synonymous mutation, rs672215506, within the exon of the BAGALNT?2 gene
in the Nanjiang Yellow goat population. This mutation was found to be associated with reduced mRNA
stability of the BAGALNT?2 gene. The results of SNPs detection of conserved non-coding region of B4GALNT2
gene showed that there were five potential regulatory SNPs in the Nanjiang Yellow goat population, except for
1566095343, the ~500 bp fragments of four SNPs (15649127714, rs649573228, rs652899012 and rs639183528) could
significantly increase luciferase activity both in goat skeletal muscle satellite cells (MuSCs) and 293T cells.
Genetic diversity indexes indicated low or intermediate levels for all six SNPs analyzed, each conforming to
Hardy-Weinberg equilibrium regarding genotypic frequencies. Association analysis indicated that
rs660965343, rs649127714 and rs649573228 were significantly correlated with growth traits in the later stage of
growth and development of Nanjiang Yellow goat. The haplotype combinations of H2H3 and H2H2 had higher
body weight and greater body size; moreover, H2H2 haplotype combinations were significantly correlated
with the litter size of Nanjiang Yellow goat. The results of our study demonstrate the potential utility of the
B4GALNT?2 gene as a functional genetic marker in breeding programs for Nanjiang Yellow goats.

Keywords: BAGALNT?2; SNP; Association analysis; Goat; Growth traits

1. Introduction

B4GALNT2 belongs to the family of N-acetyl galactosaminyl transferase (GalNAc-Tases),
mainly involved in the formation of O-glycosylation[1]. O-glycosylation is intricately associated with
cellular recognition, adhesion, immune response and other vital biological processes[2].The
B4GALNT2 gene is currently under extensive investigation for its involvement in animal
immunology[1,3,4], gastrointestinal disorders [5-9], and its association with litter size. Additionally,
B4GALNT?2 has been identified as a potential candidate gene regulating Fect mutations in sheep [10].
Furthermore, the Fect gene and its fertile allele Fec'" are among the critical genetic factors influencing
ovulation in sheep [11]. Additionally, the BAGALNT2 gene has been implicated in congenital
muscular dystrophy [12], and its expression in mouse muscle is dynamic[13]. Manipulation of
B4GALNT?2 expression can affect the expression of several modifiers associated with muscular
dystrophy, and deletion of this gene exacerbates the severity of congenital muscular dystrophy in
mice[14]. These findings suggest that BAGALNT?2 plays a role in muscle development.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The majority of investigations on the impact of BAGALNT2 polymorphisms on animal
production characteristics have primarily focused on sheep reproductive traits [15-17]. While
B4GALNT?2 is located on chromosome 19 in goats, studies describing B4AGALNT2 variations
associated with the number of lambs in Inner Mongolia White cashmere goats have been reported
[18]. However, there is a lack of research investigating changes in goat BAGALNT2 performance,
particularly regarding growth parameters.

The BAGALNT2 gene and its non-coding region from 37,020,001 to 37,180,000 on chromosome
19 of Boer goats were subjected to strong selection [19]. In our previous study, this gene and its
adjacent regions were strongly selected among Chinese native goat breeds with high reproductive
performance and small body size (Meigu goat and Jianchang black goat), which suggested that
B4GALNT2 may be a candidate gene affecting the performance and growth traits in goats as well.
Consequently, we postulated that genetic variations at the BAGALNT2 gene loci were associated with
growth traits and litter size in goats.

In this study, we comprehensively screened variants in the exons and non-coding regions of the
B4GALNT?2 gene in Nanjiang Yellow goat. Our focus was identifying functional regions containing
regulatory elements, which were then subjected to preliminary functional verification. Additionally,
we investigated the association between these BAGALNT?2 gene variants and growth traits at different
stages of development, as well as litter size. We aimed to establish a theoretical basis for selecting
and breeding Nanjiang Yellow goats through functional validation at the cellular level and in vivo
association analysis.

2. Materials and Methods

2.1. MuSCs isolation and identification

According to previous methods, the LD of the 1D after birth goat (male) was successfully used
to isolate the MuSCs for this study [20]. Then, we used the antibody against myogenic marker genes
Pax7 (Santa Cruz, USA) and MyHC (myosin heavy chain, Santa Cruz, USA) for immunofluorescence.
Store MuSCs in liquid nitrogen tanks. The identification results are shown in Figure S1.

2.2. Animals and samples collection

The Nanjiang Yellow goat population (n = 348) used in the experiment originated exclusively
from the Nanjiang Yellow goat stock farm. All goats were subjected to identical management
practices and environmental conditions throughout the study. Grazing and appropriate
supplementary feeding were employed to raise the goats, ensuring their dietary nutrient levels met
their growth requirements. 1.5 mL of whole blood was collected from each test goat via jugular vein
puncture, anticoagulated with heparin sodium, and stored at -20 °C for subsequent genomic DNA
extraction. Pregnant ewes were randomly selected (n = 3) (unrelated) and humanely killed. Different
tissues (LD, lung, heart, spleen, liver, and kidney) were obtained.

2.3. Performance measurement of Nanjiang Yellow goat

The birth weight, body length, body height, and chest circumference of Nanjiang Yellow goats
were measured using standard methods at the ages of 6 months, 12 months, and 18 months. The basic
data of growth and development and reproductive performance of Nanjiang Yellow sheep are shown
in Table S9.

2.4. Plasmid construction

The CDS sequences of the B4GALNT2 (NM_001314262.1) gene were amplified with specific
primers, and the full-length of CDS was inserted into the pEGFP-N1 (Promega, W1, USA) vector by
the homologous recombinant cloning kit (Vazyme, Nanjing, China) to construct overexpression
plasmids. Site-directed mutagenesis kit (Vazyme, Nanjing, China) was used to obtain mutant
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sequences, and the vector was constructed in the same way.Primers are shown Table S5 and Table
Sé6.

2.5. Cell culture and transfection

MuSCs were cultured at 5 % CO2 and 37°C in GM (growth medium) containing 89 % Dulbecco’s
modified eagle medium(DMEM), 10 % Fetal Bovine Serum (FBS; Gibco, NY, USA), and 1 % penicillin-
streptomycin (Invitrogen, NY, USA). Plasmids were transfected into MuSCs using Lipofectamine
3000 (Life Technologies, USA).

2.6. RNA stability assays

Actinomycin D (AcTD, A1410, Sigma-Aldrich) was used on B4AGALNT2-G or B4GALNT2-G
MuSCs for O h, 1 h, 2 h,4,h and 6 h to inhibit global mRNA transcription [21].

2.7. Total RNA isolation and gPCR

Total RNA was isolated from tissues and MuSCs using RNAiso Plus (Takara, Dalian, China).
The cDNAs were obtained by the PrimeScript™ RT kit (Takara). In addition, SYBR Premix Ex TaqTM
II (Takara) was used for qPCR. Using the GAPDH and 2-24¢t method to normalize relative RNA
expression. Primers are shown in Table S3.

2.8. Luciferase reporter assays

Five SNPs (rs660965343, rs649127714, rs639183528, rs652899012 and rs649573228) were inserted
into the pGL3-Promoter vector. WT and MUT plasmids were transfected into H293T and MuSCs,
respectively. Dual-luciferase reporter kit (Transgen, Beijing, China) was used to detect luciferase
activity. Primers for restriction enzyme digestion Table S7.

2.9. Extraction of genomic DNA and detection of DNA quality

Goat genomic DNA was extracted by routine blood genome extraction kit (Tiangen, Beijing,
China) and then subjected to 1.5% agarose gel electrophoresis and ultraviolet imaging in gel image
analyzer BIO-RAD ChemDOC XRS. The images were analyzed by Quality One 4.6.2 software to
determine DNA integrity. The purity and concentration of DNA were determined using a nucleic
acid protein detector (BIO-RAD, USA). The samples that met the requirements were stored at -20°C
for later use. Gel electrophoresis is shown in Figure S2.

2.10. PCR amplification and sequencing

Based on the SNP position, each SNP and its flanking sequences were retrieved from the
Ensembl database, and primers were designed using the sequence as a template using Primer Premier
5.0 software and synthesized by Sangon (Shanghai, China). The birth record table of each sheep in
Nanjiang Yellow goat breeding farm was consulted, and 20 DNA samples were selected and diluted
to a concentration of 20 ng/uL. From each sample, 2 uL of DNA was extracted and thoroughly mixed.
The resulting mixed pool of DNA served as the template for PCR amplification. The PCR products
were sent to Shanghai Sangon (Shanghai, China) for bidirectional Sanger sequencing. SnapGene
software was used to verify the SNPS in the samples by comparing the sequencing results with the
reference genome sequence and SNP sites. Primers are shown Table S4.

2.11. Mass-array genotyping

In this study, the Sequenom MassArray system genotyping technology was used to genotype
348 Nanjiang Yellow goat experimental population. According to the information of 6 SNPs in 348
DNA samples of Nanjiang Yellow goat, the SNP loci and the upstream and downstream 100 bp
sequence information were obtained by Ensembl database. The blood genomic DNA of all samples
were submitted to Fuyu Biotechnology (Beijing, China) for genotyping.
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2.12. Data Analysis

Haploview4.2 was used to calculate Hardy-Weinberg equilibrium and analyze linkage
disequilibrium (LD) among SNPs. PHASE 2.1.1 software was used to construct haplotypes. SAS 9.4
software was used to analyze the association between genotypes of each locus and growth traits of
Nanjiang Yellow sheep, and the GLM model in SAS 9.4 was used to establish the model. Y =
a+G+ptitj+fm+e, Y represents the data for each growth trait, a represents the population mean, G is
the SNP genotype effect, p is the field effect, i is the year of birth, j is the month of birth, fm represents
female (m = male) and e represents the random residual.

2.13. Bioinformatics Analysis

The binding sites of transcription factors at the location of the mutant site and the transcription
factors bound were predicted using Jaspar (http://jaspar.genereg.net/).

3. Results

3.1. The synonymous mutation rs672215506 affected the mRNA stability of BAGALNT?2 gene

We performed a qPCR to explore the expression profile of BAGALNT?2 in goat tissues. (Figure
1A). Notably, a significantly higher expression level was observed in the uterus compared to other
tissues (P <0.01). This result suggests a potential correlation between this gene and reproductive traits
in goats. Then, we screened its all exonic SNPs through the utilization of the Ensembl online database
and previously collected resequencing data from Nanjiang Yellow goat in our laboratory, resulting
in a total discovery of 10 SNPs. Those SNPs were validated through mixed-pool PCR and sequencing
in the Nanjiang Yellow goat population, resulting in the identification of only rs672215506, a
synonymous mutation, in exonic region (Figure 1B).

To validate the function of rs672215506 mutation, firstly, we predicted the secondary structure
of BAGALNT2 mRNA. It revealed that there was only a slight change between the wild type and
mutantation type, which was showed in the red box (Figure 1C). Secondly, we calculated the free
energy in both types, it was observed that after the mutation, there was a slight increase in the
minimum free energy from -2087.40 kJ/mol to -2078.20 kJ/mol. Lastly, we tested its mRNA stability
between wild type and mutant type. After successfully transfected BAGALNT?2 gene, either contained
wild type G or mutant type A, in goat MuSCs, (Figure 1D), which was confirmed by RT-qPCR method
(Figure 1E), we found that the expression of BAGALNT2 mRNA was significantly reduced after
addition of ACTD 2h and 4h compared with the wild type (Figure 1F) (P < 0.05 or P < 0.01).
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Figure 1. The expression pattern of the B4GALNT2 gene in various tissues and the effect of
B4GALNT2 synonymous mutation on mRNA stability. (A) BAGALNT2 gene expression profile in
different tissues of goat. (B) SNPs sequencing peak of BAGALNT?2 exons. The base indicated by the
arrow in the figure rep-resents the genomic locus of the corresponding SNP. A double peak indicates
the presence of this SNP within the Nanjiang Yellow goat population. (C) Prediction of the secondary
structure of BAGALNT2 mRNA. After mutation, red box mRNA secondary structure has changed.
(D)The transfection efficiency of wild type and mutant type overexpression vectors in goat MuSCs
was assessed. Cells carrying green fluorescence represent successful transfection. (E) The expression
levels of the wild type and mutant type of the BAGALNT?2 gene were detected in goat MuSCs. (F)The
relative expression levels of the wild type and mutant type of the BAGALNT2 gene in goat MuSCs
were evaluated after treatment with actinomycin D for different times. Results are represented as the
mean + SEM, * p <0.05, ** p <0.01.

3.2. The detection and functional verification of non-coding SNPs in BAGALNT?2.

The conservation analysis of the upstream and downstream non-coding region of the
B4GALNT?2 gene led to the preliminary selection of five candidate SNPs, which were subsequently
identified in the Nanjiang Yellow goat population through Sanger sequencing (Figure 2A-E). Then,
the analysis of transcription factor binding sites associated with these SNPs was conducted by Jaspar,
numerous transcription factors was found to significantly impact the binding affinity (Table S1). To
further investigate the functionality of these sites, wild-type and mutant dual luciferase reporter
vectors were constructed for each site and subsequently transfected into 293T cells. The results
showed that the dual luciferase activity of the wild-type group at all five sites was extremely
significantly higher than control group, indicating that the fragment contained these SNPs had
enhancer-like activity (Figure 2F-]). Specifically, both rs660965343 and rs649573228 mutations led to
a significant reduction in luciferase activity (P <0.05 or P <0.01) (Figure 2F&H), whereas rs649127714
and rs652899012 mutations resulted in a significant increase (P < 0.05 or P <0.01) (Figure 2G&l), while
rs639183528 had no significant change (P > 0.05) (Figure 2J). Furthermore, dual-fluorescent vectors
exhibiting significant disparities in 293T cells were selected and transfected into MuSCs to investigate
whether these motifs possess identical functionality in muscle cells. The results showed that the
luciferase activity of the wild-type and mutant vectors showed a similar trend in both cell types
(Figure 2K-N). It is interesting that the luciferase activity of the rs660965343 mutant in muscle cells
exhibited a significant reduction, even surpassing that of the PGL3-promoter (control) group (P <
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0.05), the implication of this finding is that this mutation may play a more significant role in the
functionality of muscle cells.
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Figure 2. Five SNPs sequencing results and the effect of mutations on enhancer activity. (A-E) Five
SNPs sequencing results of mixed pool samples, which located at the non-coding region of
B4GALNT?2 gene. The base indicated by the arrow in the figure represents the genomic locus of the
corresponding SNP. A double peak indicates the presence of this SNP within the Nanjiang Yellow
goat population. (F-J) Effect of mutations on enhancer activity. Blue represents the mutant type, red
represents the wild type, and green represents control. They were transfected into 293T cells. (K-N)
Effect of mutations on enhancer activity. They were transfected into MuSCs cells. The results are
expressed as the mean + SEM (n = 3 or 4) in arbitrary units based on firefly luciferase activity
normalized against Renilla luciferase activity. A t-test was conducted using SPSS 25.0 to detect the
differences. Bars represent the mean + SEM of at least three repeats. *p < 0.05; **p <0.01.

3.3. Population genetic diversity statistics of 6 SNPs in Nanjiang Yellow goat population

From results above, we identified one SNP located at exonic region and 5 SNPs in non-coding
region, totally 6 SNPs in BAGALNT2 genes. Then, we are asking whether they are existed in goat
population. Mass spectrometry method was applied to analyze genetic distribution of these SNPs in
348 Nanjiang Yellow goats, results showed that 6 SNPs all existed in the goat population (Figure 3A).
Among them, rs652062749 had the highest homozygosity, and rs672215506 had the lowest
homozygosity. The analysis of effective allele numbers for different SNPs reveals that the overall
effective allele number is approximately 2, except for rs652062749, which shows relatively low values,
indicating an even distribution of effective alleles within the population. Population genetic statistics
showed that all mutations were moderately or weakly polymorphic in Nanjiang Yellow goat (0.25 <
PIC < 0.5 or PIC < 0.25). Chi-square fitness test showed that the SNP distribution was in Hardy-
Weinberg equilibrium (p > 0.05, Table 1).
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Figure 3. Mass spectrometry results and linkage disequilibrium analysis. (A) SNP genotyping results
are shown as scatter plots, different colors dots representing different genotypes. (B) Linkage
disequilibrium analysis of 6 SNPs in Nanjiang Yellow goat population.
Table 1. Genetic parameters and Hardy-Weinberg equilibrium test of 6 SNPs in the goat Population.
Locus Genoty Genotype Allele Ho He Ne P PI
pe frequency frequency C
672215506 (G> AA 028 051 (A 01 03
® GA 0.46 049 (G> 05 05 2
A) 6 7
GG 0.26
660965343 (G> cG 04 0.64 (G) 05 04 18 0.3
IS . . . .
T 4 . T 1
D G 0.46 0.36 (T) 4 6 5 5
TT 0.14
649127714 (G> cG 0.08 0.29 (G 05 04 05 03
IS . . . .
GA 43 71 (A 1.7
A 0 0 ) 9 1 8 3
AA 0.49
639183528 (C>T cC 062 077 (C) 06 03 15 00 02
TS . . . . .
) CT 0.31 0.23 () 5 5 4 7 9
TT 0.07
rs649573228 (G> AA 0.89 0.95 (A) 09 01 1.1 07 01
A GA 0.11 0.05 (&) ' ' 1 5 '
652899012 (G o6 058 06 03 15 00
Is > . . . .
AG .39 77 (G .
A 0 0.77 (G) 5 5 4 9 0.2
AA 0.03 0.23 (A 9

Note: Ho, He, Ne and PIC represent homozygosity, heterozygosity, effective number of alleles and
polymorphism information content respectively; P > 0.05 indicates the locus was under Hardy-Weinberg
equilibrium.

3.4. Analysis of linkage disequilibrium and construction of haplotypes

The presence of SNPs in linkage disequilibrium (LD) can provide additional insights into genetic
information, and it was conducted based on the SNPs and genotyping information (Figure 3B). A
strong LD was observed between rs672215506 and rs660965343 (D’ = 1.000). Subsequently, two highly
linked SNPs were used to construct three haplotypes, with the GG haplotype having the highest
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frequency (0.487). Additionally, six different combinations of these haplotypes were identified.
Except for H1H1, all other haplotype combinations had frequencies higher than 5%(Table 2).

Table 2. Haplotype and haplotype combination construction.

Haplotype and Haplotype

combination Type Genotype Frequency
H1 GG 0.487
H2 AG 0.141
Haplotype H3 AT 0.372
HI1H3 GGAT 0.379
H2H2 GGGG 0.241
H3H3 ATAT 0.124
Haplotype combination H2H3 AGAT 0.118
H1H2 GGAG 0.112
H1H1 AGAG 0.026

3.5. Association of SNPs and haplotype combinations with growth traits

To validate these SNPs’ function in vivo, we analyzed the its asscciation with growth traits both
in a SNP locus and haplotype combination. For a single SNPs part, we found that the birth weight of
those with the AA genotype was significantly higher than that of goats with the GG genotype in
15672215506 site, (P < 0.05) (Table 3). However, the BH-6, BL-12, and BH-12 measurements in goats
with the AA genotype were significantly lower compared to those with the GG genotype (P <0.05 or
P <0.01). Individuals with the TT genotype at rs660965343 exhibited a significant advantage in terms
of birth weight (P < 0.05), but demonstrated inferiority during subsequent periods (P < 0.05 or P <
0.01). The goats with the AA genotype of rs649127714 exhibited significantly larger body size or
heavier body mass compared to goats with other genotypes at all periods (P <0.05 or P <0.01). The
individuals with the CC genotype of 15639183528 exhibited significantly higher BL-6 levels compared
to the TT genotype (P < 0.05). The rs649573228 locus did not exhibit any GG homozygous genotype.
In goats with the AA genotype, BL, BH-6, CC-12, BL-12, BH-12, BL-18, BH-18 and CC-18 showed
significantly better results compared to the GA genotype (P < 0.05 or P < 0.01). The rs652899012 AA
genotype exhibited a significantly lower frequency compared to the AG genotype in BL-6, BH-6, CC-
6, BL-12, and BH-12 (P < 0.05 or P < 0.01) (Table 4). For the haplotype combinations part, overall,
H3H3 exhibited inferior performance in terms of body weight and body size compared to other
haplotype combinations (P <0.05 or P < 0.01, STable 5)

Table 3. Association analysis of six SNPs with birth weight in Nanjiang Yellow goat Population.

Locus Genotype Number Birth weight
AA 92 2.29+0.282
rs672215506 (G>A) GA 149 2.26+0.293b
GG 84 2.20£0.31°
TT 43 2.29+0.262
rs660965343 (G>T) GT 151 2.27+0.3320
GG 132 2.22+0.27°
AA 161 2.27+0.34
rs649127714 (G>A) GA 140 2.24+0.24
GG 25 2.22+0.30
CcC 200 2.260.32

>
15639183528 (C>T) oT 101 2244026
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TT
AA
rs649573228 (G>A) GA
AA
AG

GG

rs652899012 (G>A)

23
287
35
11
125

186

2.23+0.25
2.25+0.31
2.24+0.24
2.26x0.26
2.22+0.27

2.27+0.32

Note: Different small letters in the same group mean significant difference (p < 0.05).



Table 4. Association analysis of 6 SNPs with different month body size trait in the Nanjiang Yellow goat population.

Locus 1$672215506 (G>A) 1$660965343 (G>T)
Genotype AA GA GG TT GT GG
Number 60 88 49 26 89 82
BW-6 25.99+3.87 25.83+4.45 26.28+4.58 25.42+3.67° 25.99+4.16% 26.17+4.642
BL-6 58.85+5.21 59.06+5.42 59.73+5.53 58.00+4.438 59.16+5.234 59.54+5.794
BH-6 55.80+4.448 56.11+4.964 56.11+4.964 55.23+3.928 56.21+4.794 56.43+4.804
CC-6 65.19+4.02 65.06+4.56 65.71+4.83 64.37+3.658 65.17+4.234B 65.65+4.924
BW-12 34.08+4.54 34.22+5.04 34.49+5.31 33.37+4.18Bb 34.37+4.804Ba 34.39+5.334a
BL-12 65.70+4.768P 66.11+5.14A8b 66.80+5.6542 64.73+4.198¢ 66.13+5.014b 66.63+5.5442
BH-12 62.75+4.04b 63.13+4.55P 63.73+4.712 62.15+3.568p 63.08+4.374Ba 63.57+4.744a
CC-12 74.86+4.93 75.26+5.28 75.87+5.20 74.12+4.738> 75.23+4.92ABa 75.73+5.494a
BW-18 47.23+6.43 48.39+7.62 48.20+7.45 46.33+6.088 48.20+7.37A 48.29+7.394
BL-18 72.78+4.80 73.56+5.42 73.53+5.65 71.35+4.238 73.48+5.114 73.76+5.684
BH-18 69.17+£3.95 69.30+4.31 69.41+4.38 68.38+3.428 69.25+4.22A8 69.61+4.404
CC-18 85.52+4.66 85.85+5.10 85.71+4.88 84.46+4.348 85.93+4.624 85.88+5.334
Locus 1639183528 (C>T) 1649573228 (G>A)
Genotype CcC CT TT AA GA
Number 119 63 15 174 21
BW-6 26.38+4.45 25.47+3.85 25.10+4.69 26.14+4.28 24.86+4.56
BL-6 59.45+5.542 58.89+5.032b 58.00+5.57b 59.30+5.414 58.05+5.318
BH-6 56.45+4.97 55.76+4.08 55.67+4.82 56.32+4.704 55.14+4.678
CC-6 65.55+4.72 64.92+4.07 64.40+3.96 65.44+4 477 64.00+4.428
BW-12 34.60+5.17 33.79+4.47 33.30+5.02 34.43+4.954 32.67+4.918
BL-12 66.39+5.34 65.87+4.76 65.47+5.44 66.29+5.224 65.24+4.828
BH-12 63.34+4.66 62.86+3.95 63.00+4.77 63.29+4.464 62.24+4.418
CC-12 75.45+5.34 75.30+5.02 73.97+3.95 75.41+5.18 74.52+5.06
BW-18 48.41+7.58 47.40+6.42 47.10+7.66 48.14+7.34 47.05+6.45
BL-18 73.61+5.52 72.98+4.91 72.40+5.03 73.40+5.322 73.00+5.2b
BH-18 69.47+4.34 68.94+3.82 69.27+4.76 69.4+4.244 68.57+4.018
CC-18 86.02+5.10 85.33+4.53 84.87+4.81 85.84+4.924 84.60+4.918

Note: Values are shown as means * standard deviation; ?-» means with different superscripts are significantly different (p < 0.05);%-8 me:
different (p <0.01) ; body weight for six months (BW-6), body length for six months (BL-6), body height for six months (BH-6), chest circumfe
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Table 5. Association analysis between haplotype combination and growth traits of Nanjiang Yellow

goat.
Ig:;rl':;‘;:s H2H3 H3H3 H1H2 H1H3 H2H2
Number 27 26 26 75 49

BW-6 26.30£3.630  254243.670  2577+467%  25.66+4.42%  26.28+4.58®
BL-6 50.52¢5.4%  58+4.43% 50.19+6.06A  58.8+5.20ABb 59735534
BH-6 56.11+4.46% 55233928  5577+5.04A%  56.07+5.0248a  56.73+4.514a
CC-6 65.70£3.714  64.37+3.65%  6535:4.91A0 647444048 65.71+4.83A
BW-12 34.33+4.46°  33.37+4.18°  33.83:530®  34.14+4.95%  34.49+531e
BL-12 66.07+4.8250  64.73+4.195  66.00+5.29A0  66.02+5.094  66.80+5.654
BH-12  62.85:4.03%  62.15+356%  63.00+4.67A%  63.0144.4748>  63.73+4.714a
CC-12 75.35:4.90%  74.12+¢4.73%  75.46:6.054  74.88+4.94%>  7587+520%
BW-18  47.76+653%  46.33:6.08%  4838+7.454  47.93:7.45%  48.20+7.454
BL-18 73.56+4.5550  71.35+4238  73.81+5.644 73.2£52000 735356540
BH-18  69.52+4.05A  68.38+3.425  69.69+4.34%  69.03+4.16A°  69.41+4.38A®
CC-18 86.33+4.074  84.46+4.34%  86.08+573A  85.6144.884Bb 8571448848

Note: Values are shown as means + standard deviation; ?-* means with different superscripts are significantly
different (p < 0.05);%-® means with different superscripts are very significantly different (p <0.01) ; body weight
for six months (BW-6), body length for six months (BL-6), body height for six months (BH-6), chest circumference
for six months (CC-6) and so on.

3.6. Association of SNPs and haplotype combinations with lambing number

B4GALNT?2 gene was well known for affecting lamb number in sheep, from our best knowledge,
which was never tested in goat population. Then, we investigated the association between six SNPs
and lambing performance in primiparous and multiparous Nanjiang Yellow goat populations (Table
S2). Evnthough, results showed no significant variation in lambing performance among different
genotypes of each SNP in primiparous and multiparous ewes (P > 0.05), and no significant correlation
between individual haplotype combinations and the number of primiparous lambs (P > 0.05),
interertingly, the H2H2 haplotype combination exhibited a significantly higher multiparous lamb
count than other haplotype combinations (P < 0.05, Table 6).

Table 6. Association analysis between haplotype combination and lambing number of Nanjiang

Yellow goat.
Combined Haplotypes Number Primiparity Multiparity
H2H3 21 1.52+0.51 1.82+0.26¢¢
H3H3 23 1.74+0.45  1.95+0.158¢<®
H1H2 18 1.67+0.49  1.94+0.248¢cv
H1H3 47 1.57+0.54 1.98+0.218v
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H2H2 34 1.65+0.54 2.13+0.174a

Note: Values are shown as means + standard deviation; *-* means with different superscripts are significantly
different (p < 0.05);*-B means with different superscripts are very significantly different (p <0.01).

4. Discussion

Variations in the BAGALNT?2 gene in goats, especially those associated with growth traits, have
not been extensively studied. In this study, we identified six SNPs in the BAGALNT2 gene located in
the conserved non-coding region and exons of the gene in 348 Nanjiang Yellow Goat (known for its
fast growth and high reproductive efficiency in China). We found significant associations between
these SNPs and production traits and their number of lambs in Nanjiang Yellow Goat, which provide
insights for further characterization of the production performance of livestock.

Synonymous mutations occurring in exons do not alter amino acid or protein sequences.
However, they may regulate gene function by affecting codon bias during protein translation [22—
24], and studies have shown that synonymous mutations can affect animal production performance
by influencing the efficiency of transcription and translation of genes [25-27]. In this study, a
synonymous mutation rs672215506 was identified in the BAGALNT2 gene of goats. This locus may
influence the birth weight of goats by affecting the stability of BAGALNT2 gene mRNA.

SNPs in non-coding regions can indirectly regulate gene expression processes, thereby affecting
animal phenotypes or reproductive performance [28,29]. The dual luciferase reporter vector assay is
a precise and dependable method for validating non-coding SNPs in research [30-32]. In this study,
we carried out dual luciferase assay in two cell types, 293T and MuSCs. Interestingly, the rs660965343
mutant vector showed lower luciferase activity in MuSCs. This locus may have unique effects on
muscle development, but further studies are needed.

The level of genetic variation within a population is the most direct expression of genetic
diversity, and the level of genetic variation can directly affect the evolutionary potential of the
population [33,34]. Population heterozygosity is an essential indicator for judging the genetic
diversity of a certain population, which can reflect the degree of genetic diversity of a population
[35]. All the six SNPS in this study were in Hardy-Weinberg equilibrium, and there was rich genetic
diversity within the Nanjiang Yellow Goat population, which had good purification and selection
potential [36]. In addition, all loci had low (PIC < 0.25) or moderate polymorphism (0.25 < PIC < 0.5),
with some genetic variation potential [37,38].

The influence of genes on traits may be influenced by the linkage effect of multiple SNP loci
[39,40]. Linkage disequilibrium SNPs can provide more comprehensive genetic information and
enhance selection efficiency [41,42]. In this study, the haplotype combination of H2H3 and H2H2 was
found to be beneficial for increasing body weight and size, while H2H2 showed advantages for
increasing the number of multiparous lambs.In addition, the mean value of the multiparous lambing
number was significantly higher than the number of primiparous lambing numbers, which was in
line with the results of the previous study [43].

5. Conclusions

This study focused on the SNPs in the exons and conserved non-coding regions of the
B4GALNT?2 gene in goats, validated their cellular functions, and described their associations with
growth traits and lamb size in Nanjiang Yellow goat. The synonymous mutation rs672215506 was
found to impact the mRNA stability of the gene. Both rs649127714 and rs652899012 were observed to
enhance luciferase activity in MuSCs and 293T cells. Additionally, significant associations were
identified between rs660965343, rs649127714, and rs649573228 with growth traits in Nanjiang Yellow
goat. The haplotype combination of H2H3 and H2H2 was found to be beneficial for increasing body
weight and size, while H2H2 showed advantages for increasing the number of multiparous lambs.
These findings provide a theoretical foundation for genetic selection and breeding strategies for
Nanjiang Yellow goat.
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Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1. Transcription factors prediction. Table S2. The association between six
SNPs and lambing performance in primiparous and multiparous Nanjiang Yellow goat populations. Table S3.
RT-qPCR primers information. Table S4. Primers for exon validation. Table S5. Primers Information of
homologous recombination. Table S6. Information of site-directed mutagenesis primers. Table S7. Primers
information of non-coding region SNPs of BAGALNT2. Table S8. The primers information of enzyme digestion
sites. Table S9. Basic data of growth, development and reproductive performance of Nanjiang Yellow goat.
Figure S1. The identification results. Pax7 (red) and MyHC (red) immunofluorescence staining were performed
in MuSCs. Figure S2. Gel electrophoresis of genomic DNA samples. M. DL2000 DNA maker; (1-6) Genomic DNA
of Nanjiang Yellow goat.
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