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A functional SNP of the core
promoter region within goat
CDC25A gene affects litter size

Taiyuan Zhang", Jingxuan Wang, Yangyang Bai?, Qian Wang?,
Ke Wang?, Haijing Zhu?, Lei Qu?, Zhengang Guo?,
Chuanying Pan'* and Xianyong Lan®*

‘College of Animal Science and Technology, Northwest A&F University, Yangling, China, “Shaanxi
Provincial Engineering and Technology Research Center of Cashmere Goats, College of Life Science,
Yulin University, Yulin, China, “Testing Center for Livestock and Poultry Germplasm, Guiyang, China

The Cell division cycle 25A (CDC25A) gene has been considered as a candidate gene
associated with reproductive traits for goat breeding. In this study, five truncated
fragments divided at position-2285 nt to +198 nt were amplified and cloned into the
luciferase reporter vectors to identify the core promoter. The luciferase reporter assay
showed that the core promoter of CDC25A was located at position-663 nt to-237 nt.
Afterwards, a single nucleotide polymorphism (NC_030829.1:9.51731829A > C) at
the core promoter was detected using sequencing and KASP in a population of 1,016
goats and luciferase reporter vectors carrying the A allele or C allele were transfected
into cells, respectively. The results displayed that the higher relative luciferase activity
was observed in plasmids carrying the A allele rather than the C allele. The litter size
of individuals with the AA genotype was significantly better than those with other
genotypes, which corresponded to increased transcriptional activity in plasmids carrying
the A allele. In short, our study provides a potential molecular genetic marker for
improving reproductive efficiency in goat breeding.

KEYWORDS

goat, litter size, CDC25A gene, promoter activity, SNP, KASP

For thousands of years, goats (Capra hircus) have provided humans with meat, milk, and
fiber products. In today’s goat industry, improving cconomic returns through breeding
programs remains a key focus. Reproductive traits, as critical phenotypic characteristics, have
a significant impact on the economic viability of goat production. However, reproductive traits
are quantitative traits with low heritability, and traditional breeding programs have difficulty
to improve these traits in a short time. Marker-assisted selection (MAS) is a method based on
morphological, biochemical or DNA/RNA makers to select individuals with better phenotypic
traits, which is quicker and more effective than traditional breeding programs (1, 2). Using
MAS to identify and choose genotypes that enhance fertility can significantly boost
reproductive efficiency in goats over a short period.

The CDC25A is a dual-specificity phosphatase of the CDC25 family, which plays a crucial
role in the regulation of the eukaryotic cell cycle (3, 4). In reproduction, CDC25A plays a
crucial role in spermatogenesis, where its decreased expression is linked to infertility and failed
sperm retrieval (5). Additionally, overexpression of miR-15b, which targets the 3’-UTR of
CDC25A, negatively impacts CDC25A activity and is vital for proper spermatogenesis (¢). In
mouse oocytes, downregulation of CDC25A leads to the release from metaphase II arrest,
demonstrating its importance in maintaining the cell cycle during meiosis (7). Among
livestock, the goat CDC25A gene shares a closer evolutionary relationship with other species
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within the Bovidae family (Supplementary Figure S1). Dong et al. (8)
found that CDC25A showed lower expression levels in cattle-yak (Bos
taurus x Bos grunniens) testis than those in cattle (Bos taurus) and yak
(Bos grunniens), which was considered to correlate the infertility in
cattle-yak. The gene expression heat map referring to the Ruminant
Genome Database’ (9) displayed that CDC25A showed relatively high
expression levels in testis and ovary of goats, which may imply its
potential function in reproduction (Supplementary Figure 53). For
goat breeding, nucleotide polymorphisms of goat CDC25A were
considered as potential molecular markers. For instance, an insertion/
deletion mutation located in the intron of CDC25A has been found to
be correlated with goat litter size (10) as well as growth traits (11). In
a study by Wang et al. (12), CDC25A was identified as a candidate
gene underlying strong selection signature with goat body size. Genes
in the same family generally have similar structure and functions (12).
Wang et al. (2) used whole genome sequencing (WGS) to identify a
variant in CDC25C, another member of the CDC25 family, was
significantly related to goat litter size. These findings stimulated our
interest in exploring the relationship between CDC25A and goat
reproductive traits.

Most studies in the CDC25A gene have been limited to coding
region and intron variants that may affect protein function and mRNA
splicing, yet polymorphisms within the promoter have been ignored.
A promoter is a DNA sequence, which is needed to turn a gene on or
off (14). Generally, the promoter region ranges from 2,000 bp
upstream to 500 bp downstream of the transcription start site (TSS)
in animals (15). The core promoter, including the RNA polymerase
binding site and cis-acting elements, etc., plays a crucial role in
regulating transcription of the gene (1¢6). Mutations in the core
promoter probably alter transcriptional activity and thus affect
phenotypic traits. Hence, identifying the core promoter in goat
CDC25A, scanning the mutation within it, and assessing the
correlation of the mutation and reproductive traits are of
great significance.

Herein, we identified promoter activity in different truncated
fragments of the goat CDC25A gene, discovered a novel SNP in the
core promoter that affected the transcriptional activity, and analyzed
the correlation between the novel SNP and litter size in goat. These
findings would provide a potential molecular genetic marker to
improve reproductive efficiency in goat breeding.

1 nttp://animal.nwsuaf.edu.cn/code/indgex.php/RGD

Abbreviations: AOD, Animal Omics Database; CDC25A, Cell division cycle 25A;
CDS, coding seauence; CHO-K1 cell, Chinese hamster ovary K1 cell; He,
heterozygosity; HEK293T cell, human embryonic kidney 293T cell; Ho,
nomozygosity; HOXA5, Homeobox A5; MAS, marker-assisted selection, NF-Y,
Nuclear Transcription Factor Y; PCR, polymerase chain reaction; PIC, polymorphism
information content; POU1F1/POU1F1a, POU Class 1 Homeobox 1/POU Class 1
Homeobox 1a; SBWC goat, Shaanbei white cashmere goat; SNP, single nucleotide

polymorphism; TSS, transcription start site; UTR, untranslated region; WGS, whole

genome sequencing: KASE kompe allele-specific PCR.
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All animal experiments were approved by the Animal Care
and Use Committee of Northwest A&F University (protocol
No0.314020038) and conformed to the animal welfare laws and
guidelines in this study.

2.1 Samples and data

A total of 1,016 ear samples of adult female Shaanbei White
Cashmere (SBWC) were randomly collected in Yulin city, Shaanxi
Province, China (17). All individuals were healthy, mated
naturally and kept under the same nutritional and living
conditions. In addition, the litter size data for all goats were
recorded by the stockmen.

The goat genomic DNA was extracted from tissue samples using
a high-salt extraction protocol and then diluted to 10ng/
pL-concentration solution, keeping at —40°C (18, 1%). The purity and
quality of nucleic acid were detected using NanoDrop 1,000
instrument (Thermo Fisher Scientific Inc., America).

2.2 Plasmid construction

Five truncated fragments with different length divided in
the-2285 nt ~ +198 nt region (F1: position-2285 nt to +198 nt; F2:
position-1176 nt to +198 nt; F3: position-663 nt to +198 nt; F4:
position-237 nt to +198 nt; F5: position-115nt to +198 nt) were
amplified and cloned into the pGL3-Basic luciferase reporter vectors
using seamless cloning technology, respectively (Takara Bio, Kyoto,
Japan) (Figuse ‘
According to the target transferred fragments, plasmids were named
as pGL3-F1, pGL3-F2, pGL3-F3, pGL3-F4 and pGL3-F5. Besides, the
luciferase reporter vectors carrying various alleles were constructed

i 4, Information of primers was shown in ‘ahie ).

according to the protocol described above after scanning the core

‘promoter sequences. Recombinant vectors were used for transient
‘transfection after identification. The pRL-TK vectors were used to

normalize the luciferase signal, as the internal reference.

2.3 Cell culture

Chinese hamster ovary K1 (CHO-K1) cells and Human
embryonic kidney 293 T (HEK293T) cells were cultured in complete
medium consisting of Ham's F 12 nutrient medium (Sangon Biotech,
Xian, China), 10% fetal bovine serum (Zeta life, America) and 1%
penicillin-streptomycin (Gibco, America) at 37°C in a humidified 5%
CO, atmosphere (20-22).

2.4 Transient transfection and
dual-luciferase reporter assay

Before transfection, the cells were seeded into 96-well plates
at a density of 5 x 10* cells per well. 100 L of complete medium
was added to each well and transient transfection was conducted
after 12 h. 100 ng of reporter plasmids and 4 ng of transfection

frontiersin.org
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TABLE 1 Information of primers for goat CDC254 gene.

10.3389/fvets.2024.1471123

P1 F: ATCTGCGATCTAAGTGGCGAAAAACAGAGGTAGTGGT 2,513 F1 amplification and
. R: GTAAGAGCTCGGTACCGGCAACCTTAAGATTAAATCCAAACA promoler activity detection
o E TTQTQTATQQATACGACAAGTAATTTTCAGGACTGACAGCTG7 - 1,404 0 mn};li;ﬁé;;ion md
R GTAAGAGCTCGGTACCGGCAACCTTAAGATTAAATCCAAACA promoter activity detection
s B TTTCICTATCGATAGCGAGAGAAGGAAATGGTTCTGAG w1 B ampliﬁcat;Lm and
R GTAAGAGCTCGGTACCGGCAACCTTAAGATTAAATCCAAACA promoter activity defection
P4 F: TTTCTCTATCGATAGCAGCTGGGAGTTTTCATTGACC 465 F4 amplification and
R: GTAAGAGCTCGGTACCGGCAACCTTAAGATTAAATCCAAACA promoter activity detection
P5 F: CCGAGCTCTTACGCGATTGGTTCAGCCTAGCTGCC 343 F5 amplification and
R: GTAAGAGCTCGGTACCGGCAACCTTAAGATTAAATCCAAACA promoter activity detection
P6 E: AACGCAGGCCATAGGTTAAG 710 Mutation detection
R CAGGGGTCACACTCTCTTC - o a
FAM:GAAGGTGACCAAGTTCATGCTACAGGAGCCTCAGTGCTCCA 68 KASP detection
T . VIC: GAAGGTCGGAGTCAACGGATTACAGGAGCCTCAGTGCTCCC - -
R:TTGCCTCACAAACACAGGGC

f, forward primer; 1, reverse primer. The underline indicates the homology arms for scamless cloning, F1, fragment 1 (location-2285 ~ +198); F2, fragment 2 (location-1176 ~ +198); F3,
fragment 3 (location-663 ~ +198); F4, fragment 4 (location-237 ~ +198); F5, fragment 5 (location-115 ~ +198).

control plasmids (pRL-TK) to normalize the luciferase signal
were co-transfected into CHO-K1 and HEK293T cells with
Lipofectamine 2000 (Invitrogen, America). Then cells were
cultured for 24 h and a Dual-Luciferase-Assay-System (Promega,
Heidelberg, Germany) was employed to monitor luciferase
activity (20-22).

2.5 Mutation detection and genotyping

A 25 pL polymerase chain reaction (PCR) system and the Kang’s
program (21) were used to amplify the target fragments and products
were validated by electrophoresis using 1.5% agarose gels stained with
GoldView (Zhonghulhecal Biotech, Xian, China) (Information of
primers was shown in Tz | and the primer P6 was used to detect
the novel mutation). Quahﬁed PCR products were sent to sequencing
to detect mutation located in the goat CDC25A core promoter (Sangon
Biotech, Xi’an, China), which were then compared with variant tables
of Ensembl Database? and Animal Omics Database (AOD)? to search
novel nucleotide polymorphisms.

Besides, genotyping was performed with the KASP™ genotyping
technology (Kompetitive Allele-Specific PCR assay, FLU-ARMS,
Videgene, China), and results were visualized with fluorescence
ration PCR instrument (Quant Studio 5, Thermo Fisher Scientific,
US). Genotype data for each animal were exported for the
statistical analysis.

2 hitp:/fasia.ensembl.org/ingex.ntml

3 hitp://animalnwsuaf.edu.cn/
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2.6 Statistical analyses

The frequencies of genotypes and alleles, heterozygosity (He),
homozygosity (Ho), and polymorphism information content (PIC) of
the mutation were calculated adopting Nei’s methods (23). Welch’s
ANOVA, Post Hoc Multiple Comparisons (Tamhane’s T2 test) and y°
test were used to analyze the correlation between the mutation and
litter size. Hardy-Weinberg equilibrium was tested in SHESsis software*
(24). The following general linear model of ANOVA was used:
Y = u + A + G; + &5, where Yy is the phenotypic data of litter size of
each animal, p is the mean of population, A; is the fixed effect of age,
G; is the fixed effect of genotype, and ey is the random error (25

2.7 Prediction of CpG island and
transcription factors

Promoter regions often contains CpG islands (26), which have
been linked to promoter activity (27). DNA methylation at CpG
islands is crucial for gene transcription and tissue-specific processes
(28). Thus, we predicted the CpG islands in the CDC25A promoter
using the EMBOSS Cpgplot software.’ Besides, a mutation in the core
promoter may affect transcriptional activity by changing transcription
factors bound with core promoters (29), and thus potential
transcription factors were predicted via the PROMO software® (factors
predicted within a dissimilarity margin less or equal than 5%).

4 ntip://analysis.bio-x.cn

5 https://www ebiac uk/Tools/seqstats/emboss_cpgplot/
6 nttp//alggen lsiupc.es/cgi-bin/promo_v3/promo/promainit

cgi?dirDB=TF_8.3
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3 Rest
3.1 Identification of the goat CDC25A gene
core promoter

Five truncated CDC25A promoter fragments were successfully
amplified (Vigure 15) and cloned into luciferase reporter vectors, which
were co-transfected with pRL-TK into CHO-K1 and HEK293T cells,
respectively. The dual-luciferase reporter assay displayed that the pGL3-F3
vector had significantly stronger luminescence activity than the others in
both cell lines (p < 0.05) (iguue 113), suggesting that the core promoter
was located at position-663 nt to-237 nt of CDC25A gene.

3.2 Detection and genetic parameter
analysis of a novel SNP within the goat
CDC25A core promoter

The core promoter sequences were amplified and sent to
sequencing in order to scan the nucleotide polymorphisms among a
population of 413 goats. One SNP (NC_030829.1:g.51731829A > C)
within the core promoter was identified and three genotypes, AA, AC
and CC, were detected, which had never been recorded in the Ensembl
Database and AOD (¥iguve 1<7). Then, the nucleotide diversity of the
remaining 603 individuals was detected by KASP technique
(Supplementary Figure S2). The frequencies of AA, AC and CC were
0.051, 0.346 and 0.603, and the A and C allele frequencies were 0.224
and 0.776, respectively. The genetic parameters were calculated as
follows: Ho = 0.652, He = 0.348, Ne = 1.533,and PIC = 0.287 (abic 2).
These observations indicated that the frequency of the novel SNP was
high, and it had a moderate level of genetic diversity (0.25 < PIC < 0.5).
Besides, the mutation is at the Hardy-Weinberg equilibrium in this
population (p = 0.5318) (1ubie 2).

3.3 The novel SNP might change the
binding of transcription factors

In this study, the CpG islands in promoter and transcription
factors bound with the promoter have been predicted. A same CpG
island, located at position +96 to +445, and 350 bp in length, was
predicted in both alleles and 43% length of the CpG island region was

10.3389/fvets.2024.1471123

coincident with the core promoter using the online software EMBOSS
Cpgplot (Supplementary Figure $4). However, the transcription
factors binding at the SNP locus varied between different alleles.
Homeobox A5 (HOXA5) was observed to bind to the C allele, and
POU Class 1 Homeobox 1 (POU1F1/POU1Fla) and Nuclear
Transcription Factor Y (NF-Y) were observed to bind to the A allele.

3.4 The novel SNP significantly affected the
transcriptional activity of CDC25A

The core promoter can regulate gene expression activity via
binding transcription factors. Consequently, a mutation in the core
promoter can alter transcriptional activity and then affect phenotypic
traits in animals. In order to confirm whether the SNP would affect
the transcriptional activity of the CDC25A gene, luciferase reporter
vectors were constructed. The results demonstrated that the
luminescence activity of vectors carrying the A allele was significantly
higher than vectors carrying the C allele in both CHO-K1 and
HEK293T cells ( 110).

3.5 Correlation between the novel SNP and
goat litter size

We examined the relationship between the novel SNP and litter
size using Welch's ANOVA, followed by Tamhane’s T2 post hoc test for
multiple comparisons to assess the significance of litter size differences
across genotypes. Additionally, the ¥’ test was applied to evaluate
differences in genotype distribution among goats with varying litter
sizes in the population. The association analysis revealed a significant
correlation between the novel SNP and litter size in goats. Individuals
with the AA genotype had a higher litter size compared to those with
the CC and AC genotypes (p < 0.05). Moreover, goats with the AA
genotype were more prevalent among mothers with multlple lambs
than among those with single lambs (p < 0.05) (Fulie 3, g

A N
4 DISCU

ssion

MAS, a modern approach within the ficld of molecular breeding
(30), offers the advantages of high efficiency and precision. It has been

TABLE 2 Genetic parameters of the SNP (NC_030829.1:9.51731829A > C) within COC254 in SBWC goats (n = 1,016).

S 0.051(n=52) | 0346 (n=351) 0.603 (n=613) 0.224

0.776

0.652 0.348 0.5318

Ho, homozygosity; He, heterozygosity; Ne, Number of effective alieles; PIC, polymorphism information content.

TABLE 3 Genotype distribution between mothers with single and multi-lamb in SBWC goats.

TR

Mothers with single-lamb 17 334 1 =15.027,
© Mothers with multi-lamb 452 35 138 279 (p=0.001)
Frontiers in Veterinary Science 05 frontiersin.org
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applied to enhance reproductive traits and overall productivity in
goats (17). The CDC25A gene has been demonstrated to be essential
for spermatogenesis and oocyte development (5-7, 31) and selected
as a candidate gene for goat breeding (2, 10-12, 32). Previous research
has demonstrated that mutations in the coding regions and introns of
the CDC25A gene influence litter size in goats. However, there have
been limited studies examining the relationship between promoter
polymorphisms and reproductive traits in goats.

We first investigated the regional coverage of the CDC25A core
promoter. Five truncated fragments with different length located from
position —2285 to +198 were amplified and linked to pGL3-Basic
plasmids. A dual-luciferase reporter assay was used to detect
luminescence activity and the CHO-K1 and HEK293T cell lines were
implied for transfection. The results displayed that maximum
luminescence activity was observed at the PGL3-F3 vector in both cell
lines, suggesting the core promoter of CDC25A was located at
position-663 to-237 ( 1B).

Mutations in gene promoters were demonstrated to alter animal
phenotypic traits, including litter size, milk traits, and body
measurement traits, etc. (21, 33, 34). In our study, one novel SNP
(NC_030829.1:2.51731829A > C) located in the CDC25A core
e 1B).
Genetic parameter analysis demonstrated that the frequency of the C
allele was higher than the A allele in SBWC breed. Besides, the SNP
had a moderate level of genetic diversity and at the Hardy-Weinberg
equilibrium (p = 0.5318) in this population (fzbie ) (17).

A mutation within the core promoter can impact epigenetic

promoter was successfully detected among 1,016 goats (:

processes and alter transcription factor binding. Thus, CpG islands in
the promoter and transcription factors bound to the SNP locus were
predicted. We found that the mutation did not affect the existence of
CpG island but changed the binding of the transcription factors
(Supplementary Figure $4). Notably, POU1F1a, a key transcription
factor that influences development and growth through direct
regulation of pituitary hormone secretion (35), could combine with
the A allele rather than the C allele i
mutation within POUI1FIa has been repor ted to be strongly related to
litter size in goat (25), suggesting that the novel SNP might cause

7). The missense

binding changes of important transcription factors and affect growth
or reproduction phenotypes in goat.

The changes in transcription factor binding can alter the
transcriptional activity of genes (36). Therefore, to investigate whether the
SNP influences gene transcriptional activity, vectors containing the A
allele and C allele were constructed. The results revealed that the vector
with the A allele exhibited significantly higher luminescence activity,
confirming that the SNP in the CDC25A core promoter aftects the genc’s
transcriptional activity (¥igue 113). Notably, the up or down-regulation
of the transcriptional activity of genes could alter phenotypic traits of
animals. We found that the litter size of goats with the AA genotype was
significantly better than those with the AC or CC genotype, which
corresponded to increased transcriptional activity in plasmids carrying
the A allele, and amounts of mothers with single/multi-lamb were
significantly correlated with genotype frequencies. Goats with the AA
genotype accounted for a higher proportion in the multi-lamb population

compared with the single-lamb population. It has been indicated that
CDC25A activity is crucial for both spermatogenesis (3, 6, 31) and oocyte
development, particularly during the metaphase I arrest in oocytes (7).
‘Therefore, the SNP may affect the expression of the CDC25A gene,
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thereby influencing downstream physiological processes, particularly
reproductive performance. In summary, the novel SNP within the core
promoter of the CDC25A gene changed promoter activity and was
remarkably associated with litter size in goat.

Our findings would provide a potential molecular genetic marker
for improving goat reproductive efficiency. However, more evidences
are required to determine whether the correlation between the novel
SNP and litter size is direct or indirect.

()]

~ i, -]
concuusion

In the present study, the core promoter of the goat CDC25A gene
was identified and a novel SNP in the core promoter was associated
with the litter size presumably by affecting transcriptional activity. The
novel SNP locus could be a potential molecular genetic marker to

improve goat reproductive efficiency.

The variant data for this study have been deposited in the European
Variation Archive (EVA) at EMBL-EBI under accession number
PRJEB84361, https://

www.ebi.ac.uk/eva/?eva-study=PRJEB84361.
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Simple Summary

The casein alpha s1 (CSN1S1) gene is a critical milk protein locus in goats, characterized by
extensive genetic polymorphism. The CSN151% allele is a key ‘null’ variant. However, its
distribution across diverse breeds and large populations remains unclear. Furthermore,
its associations with economic traits have not been fully elucidated. In this study, a cost-
effective genotyping approach was employed to screen 2319 goats from 11 Chinese breeds
for the CSN151°! allele. Our results show that the “1” allele predominates across all popula-
tions, whereas the “0” allele occurs at a low frequency, indicating limited genetic diversity
at this locus. Association analysis revealed that CSN151% genotypes are significantly
correlated with body length, third-parity litter size, and average litter size, specifically
in Laoshan dairy goats. This study provides important evidence for the association of
CSN1S1% genetic variation within goat populations.

Abstract

The casein alpha s1 (CSN1S1) gene plays an important role in milk protein synthesis and has
been associated with milk quality and calcium-related physiological processes in mammals.
To date, 19 CSN1S1 variants have been reported. Among them, the CSN151% allele has
been described as a key “null” variant that may influence goat milk production traits
through its effect on CSN151 gene expression. However, the association between this allele
and economically important traits in goats remains poorly understood. Therefore, the
present study aimed to investigate the CSN151%! allele in goats using economical and rapid
approaches, including mathematical expectation (ME) analysis and allele-specific PCR
(AS-PCR), and to evaluate its association with economic traits in Chinese goat breeds. A
total of 2319 goats from 11 breeds were analyzed. Compared with the “0” allele, the “1”
allele showed a higher frequency across all populations and exhibited low genetic diversity.
Significant associations were detected between CSN151%! genotypes and body length, third
parity, and average kidding number in Laoshan dairy goats (p < 0.05). In addition, the
low-frequency distribution of the CSN1S1 “0” allele was further confirmed. Overall, this
study provides population-based association evidence supporting the consideration of
CSN1S1% genetic variation in goat breeding programs.

Keywords: goat CSN151; AS-PCR; genotyping; mathematical expectation method
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1. Introduction

Casein is a unique phosphoprotein in milk that contains high levels of calcium and
phosphorus. In goats (Capra hircus), caseins consist of four polypeptide chains: oy, o, 3,
and k caseins [1]. The CSN genes encoding casein are linked as CSN1S1-CSN152-CSN2-
CSN3, and the gene cluster spans about a 250 kb region on goat chromosome 6 [2,3].
Polymorphisms in these four genes are associated with milk yield and quality traits (fat,
protein, and total solids), regulation of milk enzyme activity and edible suitability, body
measurement traits, and reproductive traits [4-6].

As we know, the o -casein (CSN151) is one of four caseins synthesized by the lactating
mammary gland. The goat CSN1S1 gene is generally polymorphic; at least 19 CSN1S51 pro-
tein variants have been identified in goats and used for breed characterization, biodiversity,
and phylogenetic research. Detailed information on the identified alleles is summarized
in Table 1. Most of the mutations contributing to CSN151 allele differentiation have been
characterized. The B1 allele is considered the ancestral form and has given rise to two major
lineages: type A (A, A2, A3,01, 02,1, G, and H) and type B (B2, B3, B4, C,E, F, and L) [7].
Previous studies have suggested that interallelic recombination events between type-A and
type-B alleles may have contributed to the formation of the CSN151 N and M alleles [8].
Certain alleles, such as the F allele, are distinguished by specific intronic insertions or
deletions [9,10]. Molecular approaches including PCR-SSCP have been widely used to
identify alleles such as N and F, and previous studies reported associations with milk yield
and composition in Chinese dairy goats [11]. The 02 allele has been described as a null allele
containing a large insertion that has not yet been fully characterized. In addition, alleles
01 and 02 are called 'null’ alleles and cause the deficiency of asl-casein [12]. An 11 bp
indel of this gene was associated with litter size and body measurement traits in goats,
suggesting a potential link between CSN151 polymorphisms and multiple traits [6,13].
However, the association between different CSN1S1 alleles and body measurements and
reproductive traits of goats has not been reported. The low-frequency CSN151%! allele of
the goat CSN1S1 gene was mentioned in previous studies, and the mutational origin of this
allele is the large deletion of a DNA segment of approximately 8.5 kb, starting from the
181st nucleotide of intron 12 [14]. Although the CSN151% allele is considered a null allele
and has multiple functions such as goat milk allergenicity [15]. Milk obtained from goats
carrying the “null” allele may be more suitable for specific nutritional or dietary purposes,
specific transformation technology processes, or for “humanized” milk production [16].
Given the diversity of CSN1S1 gene functions, its influence on growth and reproductive
traits requires further exploration. Previous studies have shown that the polymorphism
of the CSN151%! allele in goat breeds [17]. Thus, we detected this rare mutation in 11 goat
breeds by combining the allele-specific polymerase chain reaction method (AS-PCR) and
the mathematical expectation (ME) method [18] and explored the relationship between
mutation and its association with growth and reproductive traits.

Table 1. Details on the goat CSN151 alleles.

Alleles Variations References
A Glu (77) — GIn [19]
A2 uncharacterized NA
A3 uncharacterized NA
B1 Reference 199 residues [20]
B2 Leu (16) — pro [21]
B3 Leu (16) — pro, Arg (100) — Lys [21]

https:/ /doi.org/10.3390/anil16050730
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Table 1. Cont.

Alleles Variations References
B4 Leu (16) — pro, Arg (100) — Lys, Thr (195) — Ala [21]
C Leu (16) — Pro; Arg (100) — Lys; Thr (195) — Ala; His (8) — Ile [19]

Leu (16) — Pro, deletion 59 to 69 [19]

E a 457 bp insertion within exon 19 (last untranslated exon) [22]

presence of short insertions of 11 bp (CGTAATGTTTC) (nucleotides 9972-9982) and
F 3 bp (AAT) (nucleotides 10,639-1042) inside the 9th intron, and by the deletion of 7 bp [9]
(TTATCTA) at the 14th intron between the 14,647 and 14,648 nucleotides

G Glu (77) — Gln, deletion 14 to 26 [21]
H Glu (77) — GIn; Arg (1) — Lys [9]
1 unknown [23]

L Leu (16) — Pro; Arg (90) — His [23]
M ' . Se_r 4(66) — Leu . (23]

a single nucleotide transition C = T (nucleotide 23/exon 9)
N the deletion of cytosine at the 23rd nljlcleotide of the 9th. exon, without the insertion of (]
11 and 3 bp in the subsequent intron
01 the deletion of a ]?NA segment Qf ab01'1t 8.5kb starting from the 181st nucleotide of the 9]
intron 12, and including the last 7 exons of the gene
02 A large insertion, so far uncharacterized NA

“NA” indicates: Not Available.

In this study, we described an economical and rapid method for analyzing the goat
CSN1S1% allele and found a significant association between different genotypes of the
CSN151% allele and goat growth and reproductive traits. Therefore, this study provides
population-based association evidence that may inform future investigations into the role
of CSN151% genetic variation in goat breeding programs.

2. Materials and Methods
2.1. Samples and Data Collection

In this study, 2319 goats representing 11 breeds were used. Samples of Shaanbei white
cashmere goats (SBWC) were collected from Yulin, Shaanxi Province. Guizhou Heima goat
(GZHM) and Nubia goat (NG) samples were collected from Guizhou province. Guanzhong
(GZ) and Xinong Saanen (SA) dairy goats were collected from Qianyang County in Shaanxi
Province. Inner Mongolia white cashmere goats (IMWC) were collected from Ordos City
in the Inner Mongolia Autonomous Region. Goats of the same breed were raised and
managed under identical conditions, and individuals included in this study were randomly
selected. Body measurement traits were recorded following the protocol described by
Zhang et al. [24]. Sample collection and storage procedures were performed according to
the previously reported method [6].

2.2. DNA Isolation and Primer Design

Genomic DNA was extracted from the collected ear tissue samples using the high-
salt extraction method [25]. A Nanodrop 2000 spectrometer (Thermo Fisher Scientific,
Waltham, MA, USA) was used to determine the DNA purity and quality. Subsequently
double-distilled water was added to dilute the extracted DNA to 20 ng/uL and stored
at —20 °C. A set of allele-specific primers was designed based on previously published
methods to amplify a region spanning part of exon 12 and the adjacent intron 12 of
the goat CSN151 gene, which contains the deletion characteristic of the CSN151%! null
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allele [17]. The primers used were: goat-CSN151-AS-a (5'-CCCCAGCTGGTAATGTTTTA-
3'), goat-CSN151-AS-b (5-GGTCCATCAATTCCCTGTGT-3'), and goat-CSN151-AS-c (5'-
TGTATGGATCCCTGATTCCTTC-3'). The amplified fragment is approximately 249 bp
for the CSN151% allele and 281 bp for the reference allele, allowing clear discrimination
of homozygous, heterozygous, and reference genotypes. Primer positions relative to the
gene structure are illustrated in a schematic diagram. The PCR was performed in a 20 pL
reaction mixture containing 2 puL of DNA solution (20 ng) goat genomic DNA (constructed
from four different individuals), 10 uL of 2x Eco Tag PCR Super mix (Vazyme Biotech Co.,
Ltd., Nanjing, China; Cat# No. P222-01), 0.6 pL of forward primer, 0.4 uL of reverse primer,
and 6.6 1L of double distilled. The protocols for the PCR reaction mixture and amplification
conditions used in the present study were based on Yang et al. [26]. A 3.5% agarose gel was
used for electrophoresis of the PCR products to identify the indel locus [27].

2.3. Statistical Analysis

Previously reported methods were used to examine the Hardy-Weinberg equilibrium
(HWE) and population-genetic parameters, such as homozygosity (Ho), effective allele
numbers (Ne), and polymorphism information content (PIC) [28]. The association between
the goat CSN151% allele and economic traits was analyzed using t-test on SPSS software
(version 24.0). A linear model of the relationship between goat genotypes and each growth
trait was constructed using Hui’s method [29].

3. Results
3.1. Identification of Indel Variations and Genotyping

The AS-PCR amplification results showed that there were two genotypes in the goat
population: the A'A? genotype showed one band (281 bp), and the A! A? genotypes showed

two bands (281 and 249 bp) (Figure 1). However, only the A'A! genotype was detected in
IMWC, GB, BJ, MT, GW, SBWC, and NG goats (Table 2).

[ 858722500 goat Chromosome 6
L

| 86211376 p»
i

CSN1S1 ==+ CSN2 - CSN1S§2 = CSNFwd

goat CSNIS1 l 4

1 203 4 56789 w1z

~8.5kb

MBI LA A A Ay

~281

Figure 1. Electrophoresis of AS-PCR products of goat CSN1S1 gene. Note: Red arrows indicate the
transcription orientation of genes, colored boxes represent exonic regions, the blue arrow denotes the
deletion locus analyzed in this study, and the dashed line indicates the genomic distance between
CSN151 and CSN2 (~8.5 kb).
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Table 2. The population genetic metrics of the CSN151 locus for different populations.
AlAT ATA? Al/A? x2
Types Breeds Genotype  Genatype Total Alleles Ho He Ne PIC Value
Cashmere IMWC 689 14 703 0.985/0.015 0.969 0.031 1.032 0.03 0.11
type SBWC 1031 0 1031 1.000/0 1 0 1 0 0
GZHM 200 1 201 0.995/0.005 0.995 0.005 1.005 0.005 0.001
NG 69 0 69 1.000/0 1 0 1 0 0
Meat tvpe GZBG 21 0 21 1.000/0 1 0 1 0 0
P BJ 25 0 25 1.000/0 1 0 1 0 0
MT 22 0 22 1.000/0 1 0 1 0 0
GW 31 0 31 1.000/0 1 0 1 0 0
Dai Sa 66 8 74 0.946/0.054 0.898 0.102 1.114 0.097 0.24
rey LS 76 4 80 0.975/0.025 0.951 0.049 1.051 0.048 0.05
P GZ 60 2 62 0.984/0.016 0.968 0.032 1.033 0.031 0.02

Note: Sa = Saanen dairy goat, LS = Laoshan dairy goat, GZ = Guanzhong dairy goat, IMWC = Inner Mongolia
white cashmere goat, GZBG = Guanzhong black goat, B] = Banjiao goat, MT = matou goat; GW = Guizhou white
goat; SBWC = Shaanbei White Cashmere Goat; GZHM = Guizhou heima goat; NG = Nubia goat.

3.2. Genetic Parameter Analysis

The frequency of the A; allele ranged between 0.946 and 1.000, and this locus was
in Hardy—Weinberg equilibrium in all populations (p > 0.05). The genotypic distribution
among the 11 goat breeds was determined by calculating the genetic parameters associated
with the CSN1S51%" allele, such as genotype and allele frequencies (Table 2). Compared with
the “0” allele, the “1” allele had a higher frequency in the 11 goat breeds. Based on the PIC
values, this allele showed low genetic diversity in all breeds.

3.3. Association Analysis of Genotypes and Body Measurement Traits

The association between the CSN151%" allele and economic traits in Laoshan dairy
goats is shown in Tables 3 and 4. The CSN151% allele was highly associated with third
parity and average kidding number (p < 0.05, Table 3). A doe with ATA? genotype produces
approximately 0.6 more kids per parity (2.25 vs. 1.61) represent a major economic benefit
through more replacement stock. Similarly, the CSN151% allele was also associated with
body length (p < 0.05, Table 4). For all other traits (weight, height, chest, cannon), the AlA?
genotype had numerically higher averages than A' Al but statistically non-significant.

Table 3. Association between different genotypes of the CSN151 gene with litter size (means 4 SE) in
Laoshan dairy goats.

Fixed Effects AlA! Genotype (n=76)  A'A" Genotype (n=4) p-Value
The third parity 1.67 40102 250 + 029 0.02
Average 1.61+0.082 2254 043P 0.05

Note: Different lowercase letters (a, b) indicate significant differences at p < 0.05. “The third parity” refers to the
number of kids born at the third kidding. “Average” refers to the mean number of kids per kidding.

Table 4. Association between different genotypes of CSN151 gene and goat economic traits (Mean = SE)
in Laoshan dairy goat.

171 120
Traits A A(nG=e;1g;type ATA ( nG :Z?type p-Values
body weight (kg) 47.30 + 1.09 51.00 + 5.00 0.490
body height (cm) 76.05 £ 0.52 80.50 £ 0.50 0.119
body length (cm) 7829 +0.522 85.50 +£1.50° 0.014
chest circumference(cm) 79.34 £ 0.52 83.00 + 0.53 0.215
cannon circumference (cm) 9.63 £0.13 10.00 £+ 0.12 0.601

Note: Different lowercase letters (a, b) indicate significant differences at p < 0.05.
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4. Discussion

In this study, the CSN 151% polymorphism was systematically characterized across
multiple goat populations using AS-PCR and ME methods. Only two genotypes (A'A!
and A'A%) were detected, and the A° allele was observed at a very low frequency and
only in a limited number of breeds. This distribution pattern indicates that CSN15 lisa
low-polymorphism locus in goats, which is consistent with previous reports describing the
rarity of the A? allele in different geographic and production populations [13,17,30,31].

The investigation of genetic variation in the CSN151 gene and its association with
production traits is of considerable interest. Previous studies have demonstrated that
polymorphisms in CSN151 are associated with variation in milk casein content as well
as milk structure and nutritional properties. To date, ruminants—including cattle, sheep,
and goats—remain the primary source of milk for human consumption worldwide, and
most studies on CSN1S1 have therefore focused on these species. In cattle, ten CSN151
protein variants (A, B, C, D, E, F, G, H, I, and ]) have been reported, and several alleles have
been associated with differences in milk composition traits, such as milk fat percentage and
CSN1S1 content [32,33]. In sheep, seven CSN151 phenotypes (A, B, C, D, E, F, and X) have
been identified [34]. Beyond milk composition, CSN151 polymorphisms have also been
examined in association studies involving other economically relevant traits in livestock.
For instance, CSN151 polymorphisms have been associated with lower yearling weights
in cattle [35]. In goats, CSN151 polymorphisms have also been linked to reproductive
and growth traits [14,24]. However, the biological basis of these associations remains
unclear. Overall, existing evidence indicates that genetic variation at the CSN151 locus is
primarily relevant to milk-related traits, while reported associations with non-milk traits
should be considered descriptive and population-specific rather than indicative of direct
functional effects.

In the present study, we focused specifically on the CSN1S1% allele across differ-
ent goat populations. Methods including ME and AS-PCR were established for reliable
identification of the 01 allele, and the reported mutation frequency of this allele in other
goat populations is summarized in Table 5. Notably, while the frequency of the CSN151°!
allele varies across breeds, it reaches an exceptionally high level (approximately 70-73%)
in Norwegian Dairy goats, significantly impacting milk composition and technological
properties [36,37]. Genetic parameter analysis revealed that the CSN151 locus adheres to
the Hardy-Weinberg equilibrium (HWE) across all studied populations, with PIC values in-
dicating a low genetic diversity. These results suggest a relatively stable allelic distribution
and imply that strong directional selection is unlikely to be acting on this locus. However,
the limited polymorphism observed necessitates caution when interpreting downstream
association analyses, particularly concerning rare genotypes. Association analysis demon-
strated that the CSN1S1% allele is significantly correlated with the third-parity litter size
and body length in Laoshan dairy goats, whereas no significant associations were detected
for other morphological traits. Notably, these associations were inconsistent across breeds
and traits, highlighting a clear population- and trait-specific pattern. The absence of sig-
nificant effects on most growth-related parameters suggests that CSN151 polymorphisms
do not exert a broad influence on overall body conformation. Reproductive performance
and body measurements are complex quantitative traits governed by polygenic inheritance
and environmental-management interactions. The parity-specific associations observed
here further reflect the complexity of reproductive traits, potentially influenced by sample
structure, breeding history, or management practices. Consequently, the identified associ-
ations should be interpreted as localized statistical correlations rather than evidence of a
universal or direct genetic effect.
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Table 5. The allele frequency of the CSN151 locus for the reported populations.

Breeds Total A1/A0 Alleles References
GSB (White shorthaired) ;gg 83;?;88?3 E;}
BSH (Brown shorthaired) ;125 832?;881; Eg}
Sarda goats 935 0.999/0.001 [31]
Frisa 70 0.893/0.107 [30]
Orobica 66 0.977/0.023 [30]
Verzasca 67 0.993/0.007 [30]
Camosciata 88 0.9890/0.011 [30]
Neapolitan goats 285 1.000/0 7]
Alpine breeds 83 0.990/0.010 [38]
Kilis 60 1.000/0 [39]
Sanliurfa 66 1.000/0 [39]
Siirt 55 1.000/0 [39]
Norwegian dairy goat 575 0.263/0.737 [36,37]

From a methodological perspective, this study establishes a practical framework for
the detection and population-level screening of the CSN151 allele in goats. The integrated
application of AS-PCR and ME methods ensures reliable genotype differentiation across
diverse breeds, facilitating future investigations into CSN151 polymorphisms within var-
ious genetic backgrounds. However, several limitations must be acknowledged. First,
the low frequency of the A® allele constrained the statistical power of our association
analyses, particularly in breeds where only the A'A! genotype was present. Second, this
study focused on a single locus without integrating functional or expression data. Finally,
environmental and management factors, which can influence reproductive performance
and growth traits [40], should be considered in future investigations as their potential
effects were not explicitly modeled here. These constraints underscore the necessity for
further validation in independent cohorts and integrated omics research to fully elucidate
the biological significance of CSN1S51 variations.

In summary, this study systematically characterized the genetic variations in CSN151
across Chinese goat populations and elucidated population-specific associations with key
growth and reproductive traits. While these findings are preliminary and descriptive in
nature, they expand the current understanding of CSN151 polymorphisms and provide a
valuable foundation for subsequent functional validation.

5. Conclusions

AS-PCR and mathematical expectation (ME) methods can be used to rapidly and
efficiently detect goat CSN151%! allelic mutations. The low-frequency characteristics of the
CSN151%" allele are universal in the goat breeds. The CSN1S1% allele shows population-
and breed-specific associations with selected growth and reproductive traits in Laoshan
dairy goats.
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Research on the Development Trend and Innovation
Path of Goat Industry Based on Patent Metrology

HE Yiwen', ZHANG Shan®*, WANG Jingxuan®*, PAN Chuanying®, LAN Xianyong®”
(1.Library of Northwest A&F University , Yangling Shaanzi, 712100, China ;
2. College of Animal Science and Technology, Northwest A&F University , Yangling Shaanxi, 712100, China)

Abstract: This study aimed to explore the development landscape, technological advantages, and inno-
vation-driving factors of China’s goat industry patents, evaluating its agricultural innovation capacity and
competitiveness. Through a visual analysis of global patents in the goat sector, this research systematically
investigateed patent layout strategies, key technological domains, and industry-academia-research collabo-
ration mechanisms. The results revealed that China holds a significant advantage in the quantity of goat-re-
lated patents, demonstrating strong innovation activity, particularly in key areas such as genetic breeding,
intelligent farming, and molecular diagnostics. Northwest A& F University has played a pivotal leading and
bridging role in this field. However, challenges remain in patent quality and commercialization rates, with
gaps in core technologies and high-value patents. Currently, China's goat industry faces challenges related
to technological generational shifts and patent competition, necessitating strategic policy guidance, en-
hanced research collaboration, and enterprise-driven technology transfer to strengthen industrial layout and
guide technological roadmaps. This will drive the industry toward digital, precision-based, and low-carbon
high-quality development.
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Analysis of the Global Goat Research and Development Trend from 1992 to 2024
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Abstract : In order to comprehensively understand the current status and latest development trends of goat research both domestical-

ly and internationally, this study employed bibliometric methods to systematically search and analyze global goat research papers from
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the Web of Science database and Chinese-related papers from
the CNKI database spanning the period from 1992 to 2024.
The distribution characteristics of these publications were
analyzed across multiple dimensions, including the number of
annual publications,country-wise publication distribution,re-
search institutions,authors,journals, keyword co-occurrence,
and the evolution of research directions. Visual analysis was
conducted using Excel 2019, GraphPad Prism v5. 01, and
VOSviewer, with a focus on dynamic changes across three
key time periods: 2017 — 2019 ( pre-COVID-19 pandemic) ,
2020— 2022 (during the pandemic), and 2023 — 2024 ( post-
pandemic). The results show that China has maintained a
leading position in global goat research, ranking first in total
number of publications and demonstrating significant devel-
opment potential. The top 10 scholars in this field are mainly
from China and the United States, notably represented by
Northwest A&F University(China) and Langston University
(USA). The depth and breadth of goat research have
expanded considerably,accompanied by growing international
cooperation and academic exchange. The disciplinary
structure of goat research in China has become increasingly
aligned with global trends and is evolving toward interdisci-
plinary and multidisciplinary integration. However, in
emerging research areas, China still needs to increase invest—
ment and focus,enhance innovation and practical application,
and further improve academic quality to strengthen its influ-
ence in international goat research.The findings of this study
provide theoretical support and a decision-making basis for
improving goat breeding efficiency, promoting agricultural
development, and optimizing industrial layout.

Key words: goat; Web of Science; CNKI; literature analy-

sis;visualization; citation analysis;bibliometrics
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ZR AMHNEBEBRLULAREFRZEN, B RLR
MEFNAREEREXEE. WERBETFESIM
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ET.EFREREREFEFALEEITER

BER., WEFLIRRERFESHRHIRN BERY
RBN U ERESRERY EHRAANLEF
RERBTHEIHNWRRES ., kW, LFEEEH
W EERGELS ERSERESTE . FERE
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A SCFT 4 T B 48 Sk IR T Web of Science #%10>
FE ZHREERSHEST REARTESME &
MREREROVEENBEERE. AMARER
% TI=[goat NOT (“goat grass” OR “Aegilops”)]#A
TI=[ goat NOT (“goat grass” OR “Aegilops”)]AND
CU=China, #& E i B E B & E A 1992~2024 F,
#iB kB F SCl-Expanded £5|, MELERER,
EEREEMN, LI F 27 888 BES5 WLFEMHEHEHE SCI
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Fig.1 Annual trend of the number of goat research papers at home and abroad from 1992 to 2024
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RIEHAE) .2023~2024 SE(EBE), BER,ERMEZ
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F,1992~2024 EFHEMENERERE M, £H
MHEZ NEHGE=. BEEMBEIEFHILXH
ETLENER . LCTE-_HN. BESEFENR. KX
EHERE 2020 FREFTRENENHE B
E 7 2020~2024 FMENECEK B EHMERAY
=EREEA . ERHPEELEMAABHNXTIER
EZRA MEERME. DEMNEXLERKRZAMAR
TR ENHZRE=Z . EXENSENESRENA
BEEEY., REZENAXEHGEHREN.E
HEHESIBRAMNESKE — X8 T 27.95, 8
2022 FFKT 0.3, EHEFHEEXMNIEIN
O . BRl . PEERELANHELLZRIE,BEEE
BHSIR LRI E R, BETR, REFEL

EFHAENELNSTEEER.E5£KHBE
REZAEMAMNEFTELWNEENETEM. B
FERAMERENRR . A EEERLUERRKR
WEEEAEZMEEFENR.

2.3 WM R A TOPL0 HL48 500 5 447

2.3.1 £IKA1 10 MIFARVMTLESE RAEE
Gt ik RS0 1992~2024 ELHRENEBH S
HTHNME=ZNEMEROZSISERETTEAN
S FLERSISREABRBEITHIT(E 2).
MNENENAERE, PENH RO E 2020~
2024 FRFEER EVHEH KBS, EEH
5185k 75 E . B E 7 b R R K F (Northwest
A&F University) E& S EMPFRIVE, 110 657K
BEHSI MR MEEMNB, ERALERRS
BHZLNE BZRERFFER T2022F ik
W—RERBEUR . ZEHEMAWNERNER

1 1992 ~ 2024 FIUEHRENER 10 NER/M XL XL
Table 1 Trends in the top 10 countries/regions in terms of goat research publications from 1992 to 2024
EXE o LXE B B
He2 2017~2019  2020~2022  2023~2024  1992~2024 ElEZ DN 51#HE&

1 FE 690 1105 871 3 958 12.74 6

2 EJE| 447 450 277 3871 16.52 4

3 ENE 288 352 210 3 301 6.41 10

4 B 349 399 156 2172 11.09 7

5 T 233 236 137 2116 18.78 3

6 EE 115 104 70 1390 27.95 1

7 BXF 192 200 124 1376 19.03 2

8 #=H 105 126 64 901 15.82 5

9 TEH 144 177 5 872 10.17 9

10 E2WF 121 127 74 861 10.79 8

F2 1992 ~ 2024 FWET 5L CEE 10 AL E LT L
Table 2 The trend of the top 10 institutions in goat research from 1992 to 2024
aXE RH% sl
He& g ExR
2017~2019 2020~2022 2023~2024 1992~2024 313K BURHER

1 PdL R R K Northwest A&F University i 134 175 120 616 17.30 8
2 Autonomous University of Barcelona I F 21 16 8 130 23.88 1
3 PRI K% Southwest University hE 17 43 36 126 5.60 10
4 University of California Davis School EcS| 9 16 13 124 17.59 6
5 Utrecht University iz 17 13 4 122 22.52 2
6 Vetsuisse Faculty Bern and Zurich b 17 17 9 120 17.31 7
7 University Putra Malaysia SREITE 28 23 7 116 13.64 9
8 Aristotle University of Thessaloniki Eyi 19 17 8 106 19.58 4
9 University of Pretoria :E3 12 12 8 106 20.56 3
10 Norwegian School of Veterinary Science BB & 6 5 105 19.36 5
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BN, BERARRENELSNE . THLEER
SRR E—FTRALELKLERFRTABBE
A, X—FRHERERRILE T i%% E B RS
S WAFELEFINSRELREETE
SSEM, EE—REZ, PETEBEXE (Southwest
University) fE AR ERMERZF . HEXEH S
TOP3, iR $ =, BR H P E W R Z & HE R
f REERLHE M ERE WL EHROEZ SR
B, A AMTFHUEBESHABRF(UAB A X
ENEEHRE . BEURETHRMEE., ZEE
KRR (NRA BRHEE+, X—T 58]
M REE—8DY, i, mt+2NAPEEY
MWL ESFEREIHEFMTHR. ARS5ERE
ERTURARBANEERZRARZMERL. NE
B EIRRE 8 UEF BT 5 AL 40 7 L= Y
BXHWSI A cES . EXEF= . memdEaEx
WHEEE=., NN EHESIBRA M T EEL
FERRFEBHEREMN WIREEEEZRAMR
FHE LSS, S MELEMRTHNERTE,. A
ERLEEZVNTIZSMEBRHERETEZN
ZFARAZHEMEIERSE, NRESNNE, BB MWL
FHXEXHENRMN , BN ETERARBYRE.

232 EREXNEHMEZEZNHENLIHT ETF
1992~2024 FEERNILEMRIEL LR ELE,
ARIERT 2023 FENEH BRI TP, FUE
BHSIFRIEA SRR, EEAXEFE,. B XH

ERLZHNMASMNATLERABMFERZ PERL
HER.aERbXFMhEMNZER, HEEXHE
fR¥R 2 932 & .351 &5.284 BBFA 237 &, Lbsh, AL
REKF KRS E 1992~2024 FHRLHE BT
900 B, REERNARENHER SHILH, FEEK
EERHEEE—., ERBESIATE. LB T
MR EAREERLSEBHER, XRAE
ERWLEFRNE, FRIMWEEZRFIER BR
AR S E S AT LEMRER TERERD
ER. RIEEHESIMIHE. AERLXE HE
RUHZEMELRABEREZIVAN=.

23.3 EAPXYHMEZENMRANGSHT X
1992~2024 £ % F& T WL 3 Fss A9 o X Tkt 1T B9
MREHNHMELER TSI . EERBTLERTF R LY
MR, HEHTUAELREABEXZAEHT
KRN, FHELLERH#TTARLER (R
3D, PWERKRP,BREREARCHAUNELEER
A—B(EH, ER  ALRRBARKXKFZNELXE
BARHE, X3 1885 K. 2 HERE —NHMEXLEN
FEL TREMYA, TS ERTEERKRERX
FEENLUERRFBNESHASFER, A
EESKLUEMARTBNEFERABETEER
ik, 52019 FZRifALL ARMRBKARFEEILS £4%
XERERA. i, BEHWEXEH B ENN
WETEH XA MER S, T ILEZI, XL XY F
FieLERM, fln,BEEAFGRIEEHLE. X

£3 1992 ~ 2024 FILFEM TR XL EH BAT 10 BN
Table 3 The top 10 institutions in terms of the number of Chinese papers published in goat research from 1992 to 2024

HE#& LENE )R HE& ENE i
1 1885 B RHBEEKXE 6 277 "MKE
2 786 RERHFRLKZF 7 256 AEREKEXRZE
3 592 MERRLKEFE 8 245 R R K
4 476 HMKE 9 232 HERLXF
5 273 m iRl K & 10 214 Ade Rl K

£4 1992 ~ 2024 FIERARPNEZLEH B R 10 P EZOHTD

Table 4 Top 10 institutions(core journals) in terms of the number of Chinese published articles

in goat research from 1992 to 2024

H& ENE L4 H & ANE LA
1 891 AR REBERE 6 172 "MK
2 355 AERERL X 7 156 FERLKE
3 255 ARERRIKE 8 122 AERUNEREREREERRH
4 222 M KE 9 116 oI R lle X =
5 179 AERERE 10 114 HHRRLKZ
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R EMFERDBLE AIRENERARETEH WL
FIBAEREALEMFILLE,mIINE)IE
W ELFEMIBLESE, HEATR, mtRHKR
RRFZEENLEMARFEEEFESRIFEN. B
Ll ERMOM LM, B THINEERF
BER&E.
2.4 WETFRE TOP10 {E& 4347
241 WFERAMEREXXMERNEEZ SN
L 1992~2024 F WL E#F 5988 XIEE B4t
BIERE AR RLELITT 61 294 £ E RSB X
WEMREE, HIRBEXEHTHRE., L ER
L EMIEHEXER 20 BHOEE, FEH T ESE
HERENRFEEEENBEREITTE—EY. &
ZHELZNEHEAF T (TOPIO)BIEE (K 5),
MEEFMBERKE . AXEHBATHES
RLTAIRBRE.3URBEE., HP,ZEM 3
E& 15k B Z 871 X 2 (Langston University) , M
RE R 3 {ALEE N K B 4L 7 # R B K (North-
west A&F University), X—% B %, ik K%k
AR KESZHRAREELERRIBEEESH
FAZLMOMMARERE. ELENXEHT, ZHH
KEH) GOETSCH AL #1 SAHLU T B ; 8
REEEMREHRRUREZNRELBALFEE N
BRMEENMRAENESTEEHR, BN A& LE
HREESEENIARATTEFTFZZNW, It
SNERRARBMREREZNTELRKEB DT HW
ER R EERELENEEZFHIRBETIAE
EEMARFENBSTHR EXBEHREEITRE

FMESEEEH BREFERERNE . EF
EREFAEZNABRARANMRHAEESTHERR,
BENMEZHER.

fHEE 2020 F 2R, FEFEESRLEHZRF
IO BERA. REBSM B LT EERIK,
EBHERBMANERERE . FRARNMEH LY
B.ENPEEZTENZERBEESRE. 5,
MEXEHEBRE ZEFESENNSE, XPEEH
ZELFEMRTENLEF LKL, X—HIBIE
THENE-SEPHNAEAER. BEASRE XL
FH.ONEERZEREE.. UFE—FEBEFEESK
WEM R FIEMMZEREZ A,
242 EHXHMERMEETLEN XAHRZLHT
2017~2024 FNEM RN ENIELHIEESE
MEEREE ), UM EEEEREEGEXR.
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B2 2017 ~ 2024 FERLERRLMEREZ LN
Fig.2 Authors of international goat research

publications from 2017 to 2024

®S5 1992 ~ 2024 ELHRILERARELEH LA 10 £
Table 5 The top 10 authors in the number of global goat research papers from 1992 to 2024

He& E& LEXN=E iR E xR
1 GOETSCH AL 188 Langston University EJE|
2 SAHLU T 188 Langston University EJE|
3 KB ZHANG Y 171 HH Rl X% Gansu Agricultural University R E
4 PUCHALA R 165 Langston University EJE|
5 FELUO]J 156 4L K # fH B K 2 Northwest A&F University FE

4 2 B - A BT
6 WANG Y 199 :hlflj:eq;caimﬂywzf’;ciences—Kunming Inst Zool -
7 EWE LAN XY 143 4k R # R K% Northwest A&F University H &
8 Bi% CHEN H 139 #Edb R AR K 2 Northwest A&F University HE
9 BEXR TAN ZL 137 Chinese Academy of Sciences f [
18 WANG ZY 155 BHHERKZE-ERER Capital Medical University- "

Xuanwu Hospital Capital Medical University
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(density) 4 0.011 2, HENMEZNEEXLRETA
B FUZCIEENPORBREEESER, Hp,Li
Li, Guo Jiazhong. Zhang Hongping, Wang Linjie,
Luo Jun, Lan Xianyong, Kaba Jaroslaw. Cao Jia
xue.Zhan Siyuan.Qu Lei,Chen Hong& ZF & 4 F M
BHROZONE, FNHEBNFERZWDINEEX
. BEKkE SHFEENGEEIEETRERAMRN
i EEERBANSEHEEHFEILRE, 2L
HMUESREMFENER. ROEEZEEBEEKR
RE, AIEXRBAEY MBY2EFNSEENH
Gl EREAMEENH KRIW . SREHEFE.

ESEMES,Li Li @XBHRZ—, % 2017
FERRBN 0B UEEM. HFESHEHARSRE
HAEE. RERE, P EZFEE LFEGRR N
REAERA.TEZZUTERNED . EE. LF
MASRETZFHGTE . BEEEHNSEAENE
R AR EX A RESRENEZRET
BUMEE AMRATHRYER,BE, LE&L
FREZRWNEACHESZARE TEDFER; I
S, LT B 5 55 h AL L BA (8] B9 BX S TSk, HE B TR
ARROEL ZF AREERARORIE L REHE
TERXZRMEE.

& EATIR i SR E 5 U R R (A
AEEEER . FANRETHRUER WEMNTEKX
MAEBENBEERX . A ZEAMANBELRERE
TERM. KRR BEEEZRSESERSENRL,
FELEMAFNEFEHE—SRAZAZ W, i
T LR,

2.5 ERLFTHHRBTOELEE

T Web of Science #% 10 & EH T\ EX 1992
~2024 EINEMRIEXHWH A ERBERF TSR
TAWMER.EHHLERFTIEXH 2 136 FEFR
M, B EH AR 10 BOEATI BT830k 7 604

Animals
Small Ruminant Research
Journal of Dairy Science

Tropical Animal Health and Production
Journal of Dairy Science

#A T

Frontiers in Veterinary Science
Indian Journal of Animal Science
Reproduction in Domestic Animals
Indian Journal of Animal Research
Animal Biotechnology

B.oERXHER 27.27% (B 3), Ed, HE&w=
B9 B F) & ( Animals ) (s &, MDPI). { Small
Ruminant Research) (fif =, Elsevier) . { Journal of
Dairy Science)(ZE & , Elsevier), { Animals)/R & €l
T B R, {2 1 3 B D B WD S 40 I B0 B O R 3K B
(Open Access, OA) il Zz —, E LB WL FE W %M
WS EHERAZE— THBETEHETER
PR S IS HE R A i Em R AL, RSl T REMEX
o AR EA T RE; FEZE T #EE
ErHMBESE, LEBRETFIMEN ITHEM
RHET . REYARA SR, (Small Ruminant Re-
search)F1¢ Tropical Animal Health and Production) &
BEXFNEREGHMANLE BFONEFEER.B
MMBRS L, ZWEFHE 2.0 £/, B 2000 £
EESHRANEREHYHARBEZ LR Z—,
¢Journal of Dairy Science {E 4 H & XA S M
EFHRT,ELVHAROISELRIED T ZSEM
THLFEARETRNXE HISEIWRE A
MR EFNMEREANATEEAEEY N, &
VEMFIERUERKHFIE=C0, EDE HIRAY
HANEXEZE TGS, L8 mEFHE K. 5
HNERESRERA. FLUSKEMTEKXKEEANTE
HENWELERRIBNEMAOER, BRNREHR

GLEAR, R LEFRTBNZOBTER
EEZEFHBTN, FRIRIOA) B FI B M 7 5
ZEF,ENR(Animals) ERAZABHEESR
AREFBEE, BN WE=MEEWTLETIMAR
BRERTEN MESERNEZRIZWHEHR
T, I—BBRB, RESZTWEFHTEEM
XELEHARWEEAE . MEEEH FEEF.
BREBNMAHFSES, AR UFEFIHNZRE
HEZHFEAZE.

[ 2023~2024
2020~2022
BN 2017~2019

B3 ERAZXER 10 HPTISMBREIRETL
Fig.3 Changes in the number of papers in the top 10 journals with the largest

number of papers published in each stage
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26 EFKWFERT 10 AR AEITLIEE

EF Web of Science ##5FE , X 2017~2024 £
ERLUEMANBEXEH B +HORRH @EEIT
T ARG Fit— TR EB X 44 2017~2019
FFHEEER).2020~2022 &£ (B EHIE) . 2023
~2024FE (RER) =R, B NIBERE R NF
REBNEEL . BTFAESHIENEETLEREN.H
BREHBRBENTLEE . AHARESIHEERA
ST FEN S EEEEEREL D 100%, UEHIT
BEARLSIT.

NEZEBE OFAR . RUBXHR(ER)E
EREHPEHLFZ OO, FREEEEREHS
WEKEE, E 2023~2024 £, 2B RLERRS
ILB#EIE 452, PERRBEEKE, XERPULE
MAMNEIZERFEEE SR BRMESHEESR
HEZORLEFBRF, SR AFER LA XE
EAMEA . ETHEL EANBEE, 2020~2024
i@, 2E¥MABZERK. LHLEPE, X—HE
AREF -BERNNIER.ERHERRERER
EMPOEATHRS;ARSMA EVRERES
MESFAEWRNER  ERNESHEAEAHR
RELAEE RBEHZEFLED LFERRZEM
IrFmiEREK. EERANIT RERFIRLE
FEEMRFTEBETR. RESRESREZE %
MEERSFEYPZFEEMFRNARTSLEE N
EEREEXLETMMMRSLMENERRE, &
ERUWFEEHR EFAZESFEMHHFREE
F—EHRE . AWM, SERMEKFEHIE. MEEK
REE, RRFZH—TMBREETNS H Firid

— 4320172019
~— 1 E2017-2019

Science Technology Other Topics

Genetics Heredity

Biochemistry Molecular Biology

Reproductive Biology

— 4:3%2020~2022
e of1 [§2020~2022

riculture

WENERE (MAS) BRI B, 16 2= S 5E 1 At
EHEEAZHR, RETLEEREENH @
W RAPEEZOENERES.

I EEEER FEELE EHENER
MAMEMZTEHOM RS LMK, MEREX
LFEELNAERERLAHRPE, R LS EWL
FHRPHEEZEEIERE . RMTUERRIER
EFNTNMENBERELER. HPEFEEMEER
BEENERBREREAZNHNATEEXEE, X
RALEDFEMEMERAS L EEHE S
REfEfL. MAMEYZESDYHERE AR LB,
GZEEMREAFRMER @EERS. WP EEIZ
DEHEAMEERESBF . MEMBRANSEE.

BERkE BENLERREZRARLESE
REREE  FLHAERMARAE. £FHEEA, W
FHAEHESEHNINMENFTRELRE, #X
GUHBEEEMBE R SHARLOME. BNEE
ERAZ FEYENSRAFNEIS T, LER
AMRESITEHNGIAEZIR.ERT 1B
M EGEHEMAME. Rk.BEREEM.E5x
AE ERAENESMIEROTHEL, PEE
ERUEMRPHFZ MO EEH#H—$IEA,

2.7 EIRUFEHMWMEHXBIFLR

7= 90 3% R 1R HE RO 2 7E STk R 4R B B AR,
RBANRMXENARAEMZORNE, BHER
BEAGERHAEERARES™ . ATEANRES
KLUERARANARELBEE . AHWRFA VOS
viewer Al #R 4L X8 , 31992~ 2024 4F 1Ly 3= 7 55 47 4
B9 27 8885 XMkt T X IMELIM A4 18 B3| B 5

- 2 ¥£2023~2024
— 1 [E2023~2024

Velerinary Sciences

Food Science Technology

Zoology

Chemistry

Biotechnology Applied Microbiology
4 2017 ~2024 FEASERLERRTTFEATERNI S
Fig.4 Distribution of popular disciplines in the field of goat research at home and abroad from 2017 to 2024
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Fig.5 Co-occurrence analysis of key words in global goat research from 1992 to 2024

K>S RIEA B EEMG AN XBRIALIMRER
B (H 5).

HIMSHERTR, “milk” X—XKEIFHT R
BRK.RALEFRNDEESERNEER A%
TP RWZLER, BEHEREWRRE5EFD
KETHREA, LFEAFRNRBR . EFHIRBE
EARE THRESHWERX T, FE—THEN TR
REFERRARRORELZR., Rtz “treat-
ment ”, “ gene”, “ concentration”, “diet” #
“protein"E F MMM A T IWEMRTHEZEH, &
ETERZ BEF CHEE RRHERDNDRE
EXEMIH, “gene”., “supplementation”, “goat
milk” “PCR” # “isolate” £ X EiA WS ML, B
THIEERFHHARRS, X—EEELMESF
M2 BEEM. OTFEVEREMEARSTUHAR
BERESERSE.

BEAE-—SHNESHMXBAMSTRHNERT
|, A IEIERIRRTZRSTERNATEES S
HE. BERMEENAETFEAEE—H.HARE
BEZ OTEVENEYRAFTENS T RHHE
HE. BEEEEAZNSFRANRELRE, ILE
MAEFRTEEEIR ERBERDNEEREREDN
W, B ATBMARR,

XBAEAIMANBRTUERROESE
AR HZOE AR ERES, EEEFM.
ERL . IVERSEANESHE, ERHARE
BREFHAR " EEEFEAF¥NA FEEFRY
HEERRFELSETEHMMANEE—PREEL. K
KRR EMNMEERAENLERRRENEE
N, ARAZTIE MR 6 5 7=l 1k R A 1R 1
BEEZHE,

3% it
YT EESTE—MENHNMRAE.[ iz
FAFRAEESHNSHEAMIS FRAEAR

RERERAEY, BESWHELHPOHES K
B, Uit EFEBE T HZIE BB FZEAK
TRERSE, ZHRETF Web of Science > &
EHIREM CNKI HUEEE &R 1992~2024 £ & HY
WEMEHREXXEB. HERBEREATRISH
2017~2019 F (FFEEHEE) .2020~2022 F (Fi &
BIEH). 2023 ~2024 FE(HBRER) =T K.
RANBMITELZNEITZFE UELNE BR.
MR (EE HRAE.KBIARBSIMARERE
FRHITHETRLEST . ZESERRTRRE, LIBR
1992~2024 EFILEMANWMO BT EERH R
A,
31 ENENFEETHIE
ERUFERREAENHRARELERNETE. B
1990 ERMUAK . EFEANERZH K. ZESEAN
EAHE. HHEPE . ZENNEEER,EWLFE
MEMRPBALSEALMA, AWK LZWILER
RERTEPHN=ADXEERKT R 2007 F2EH/
MADNEBRBEHWEZEENR BERLEMNLEEZEA
HEEMNWEADFEMTINEEERAREETE
ML ARKHEN T EEEENREXHANTARH
KL,2017 ERLERAYRMKRFRMER K MEL
RORS,SFEVMESERAER AN IFED
THRAE;ER.2022 S B BERRMAEFINKRE
HRENENE. EESBANENEHNG, £
KA EEEEHS—EZR,E 2022 FEXE
ERVERE RBRHELUERTEBTRBEI L,
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2022 FWNFEFHEUVELREEANTIZTZ RN
REFHEEFE  TEET=AERE.—2EEE
BurEsME IR S, BB & 3 S & 15 B 1= 4 5 AN 1
L ABRENRRGEETENMAEBETES
XESHEXH; —RUENHSEELEFRMEN
BREINGERBTIZLE.BHETULS TR EEH
BOMEHEERASHANTF —RATHREH, =2
ZEMERLBTFRENBESH, RBEBERN
RUFAOFEEN, LERBLEZLEIBTR
HOEZRT . REREFHHTHE,

GLEMA, ILEMRWERMETNZE X
HTHED  BE5LRRUBRESE . AL DEEH
EMipRmRkEVHEX, HEEEKSRERENTS
B.ASEFATIZOBBEENRANENINELE:
=X
3.2 ER/MREMAERSH

MEBEERRE 20 EREEMKTXILE
MAMBMFABN . EXELBEM. FEIL 3958 &
BEANEELHREMN . BRULEZNHERYE . XB
ETFHRIZHFN“TORANETERHE S
EAUFMRRETEIRE. EENEHRRE
EMEMOFERBAE, ERBFETEEN0RH
E50HAR, HESEZRPERENEEKAE, B
THEBRENEZREN . BEEMREEEFIEF.
BER, SELXEMXMARN, EERNHLARNE
REX . PEESBRENTNESEX K, EEFIK
REAMAERNHEEBRE U KEERMEX
EHMEFNASSELZREWE, RMEZTEER
MEEmMEBES LNESR.

BEEME BERBENHAMERAES4MNE
EREHMUFEMARERNXABREER, EER. HE
FEEHATEMIFLERBULARNBE(ER
A% RAK (2016—2025 ) VAHIBHEHER L E
ENEREYHRMERMFARAEAS.BEHK
BIEFT MG EFE ENUEFIHTHEL R (K
WRHEXTFHHABHRUSRELZRBHIER (2019
FE)BRAMBEENRAESFEERNAE R, DD
WEEFERRREA; 2021 FLAHFN(CTHEAEK
WERMUBERARCFMGEEER, EHLES
WEMKL EHFLFRER, XLEHROFEE
W,OCAMMIERETHRAGDMESSHE  LEAE
RALERFHNRE LR S EEEEZHED
ER .

REVPEELEMRPCMBHE LHFE,
BEMTRENERFEAZW O TENEEEE.

S5Zt XEESMBHRESEKESH . HRE
BREMEMIEBRME. X—RERFHEHORB
FERBRENAERN BEHNESENFHURTEN
ATEFER, ARANHERB B RERE”
MET FEEE—TCRUMAETEEE BATR
MeFESEREM D, —FE. NFHFRSK
TREOMMR, TEEMBILESNALTENES;: S
—FE . EINEERESESBEENBE IR
REFl AL, EENK, PEFEESKWL
FRANHESEEFEEZWMAONZER AL, HE R
MERESAHELZRIRHELIE,

3.3 HMWTESEAIFML

ERENMER.ERUEMAEIHER—
BLRE BERSMIFBHER. AL REBHEKE
EERKPREMBRIFERARENL, Rl R
BEPERYEZEMBE ., AR KRE
RENB GRS ETHEBRAZTEN KGR
L EEAAERS A ERL A EIH LRSS
BREH  AEAERMES MREPNEEFES
FEBEELZN, EEREEN, ZEMMKFRHE
#7438 (UC Davis) . i& E B 5 2 Al # 55 Bt (INRA)
ENMERZMPARITERARE, A HEERA
FERRHSIVRRINTHRERE. HLL
ZT HEMRINMEERIBEREMAHE NES
METH BEREANZFESS) T EEEME. B
EERESENEHMENSEMAORR=HAENE
EEHE.

T £ 5F , BE & B R 3 03 7 oll B RE 2 6 RO T B
RABRNARINMKETRKERAES I, “+
SRR EETR T RTERL SRR & —
AIB RSN, ALFEERRRP AR FBIIE
BERFUIRAREEZRRETEAZE . #—FiEDH
TUEFIHRRETNGEAHELR., B2A
EEHE ERHANBRLESRUEBEHE—F
BUTILERFARN  AHEMRRRRP .BEF
R AGTE, W BIEEDTH B EES
MER BETHFRASEEFTENTERS. S
EHNSMRENAZEMZRESECIETHIE.

PERRENERMAESIE, SBRRFT, =
E.ZE4ERRARESE.BRLUEFERA.
ERAFHAREFHESXETIEFTFRKEN
X, BAHRATEERPKENMERES S, AW,
5&RTRAMEH AL, B E 2 B 5 R 8 R 6
HRXHEREMAUREESENRESE
FHMNAERAZE., KK, NiE—SBEFTKER
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SR EERRTARRENEREZE MBS E
RGENMHEEZ R AMERPEESKLE
MEFENERZWASFER. BHABRLER
B TEELRE.

3.4 FARELREFIE

BT &R, EFRE A R E L E RS
EM“EASIF—ERABHHEE. SEERESKX
FRMATNEERIREEE SHNRHAEE
M e HBEERIMEMSIMENMREBR. &
WEHEFEMAZ EFAR BERHES ST LB
REBERMEMM, BHED TERUE= DR
Ritd, AN, KE . TFE BRE FKE.Ek.K
BRI GRERE BEX RKIMEEEEMEEFE
EELENMTESESERS WETIESRB HH
B, BEKPEALREANR. ILZHEERSHER
BERAEM. EXRAR BERHREHTENS I
B, g THELUERREROBRS L.
THFRBIERE, AFIERIBHTELNRZ
B,

REME, PEEENH BZH BEERMOR
WMEREETR, 5K FE KR EE BRS04
ME, REKBENFERRMAZTRENEERE,
MRS KERFHANBEES AFEF. EINEL
MRS RARARROEAELRE,
B, NINESEERRIAMARTEARNNRES
B BELUEEEANR ERFERESTHHESEXE
FE,ERRERERLEBHZIEEREMRF
hEEERERATMEALNEmA. EEEIEN
2 EBXINE . EEHEEMZERTRANERE
MTEHLRAEENER, AELENHEESFIEK,
X—HBEMNAREEREEZRS U T EHNES
B EEERKAMEIETLETHAEENER . #
— S RELKMARFEN SRS E I .
3.5 ERHBITHAZRISE

EER.FHPINEESEBREZMRTH
MHEENERHAR WEREATEREXWATL
EESTRE.HABRDERUERRTELSHK
MEEEMEE. OAPTIEEELFREZH1E,
MRTHARREEGRERARNGENER, BEIE
BTEXHERZWMAMSI AR, i ERE
KE S E A (COVID-19) KT, F{NF M
TERHMAE  BELETLUERROG T 5K
B. RER.EERPAZENH=ZABZEH . §
— ETEHEEMRE 2020~2022 £ E L BT
KN E . RESVRESAX DT ESTNINENHE

ME, S EEMRETANSEEME FEBIARMK
REBREMNERT S, HRZOE N ERMM R
GRELR S ARMMNIXNEHRHRARBIRE
HETEZRESEENTHERREERNOBAT L,
RAEHPR AR DT REIAR.

1% W ¢ Animals).¢{Small Ruminant Research),
(Journal of Dairy Science)Z Hi Fll #£ 2000 £ J5 il 5
RELR EEZEMEMSLERTHERERTE
BE RAZTERREBFBOZOBE, XI—HAK
EWH. BELEVER . DYEFN . EREEMEFE
BEEWMRAENRL. AL SRE BERLFE
AREERMEREIEY) . 5k E RS, EDE H AR A9 H
NEBGFZAREFENEFERKARATE., H
AL XEHAEIERERASERENER S, BF
BAZARFE FRMRDR, T REERMRHR
B UMALEBEER EVRE NEAFREREERR
S, B RN . B ERCERSE. D
EXERITIEFEHEURREETHELRILE,
EHEXHIEERALEREARARTSE N  EAR
SEERERMANLRIERE.

3.6 FREHEIME

EER, SR UERREREREL BELS
AHEhTEEZR.ENHENZIXBESEHRE
SREHEBEEE, KRS IRS H SR =R
REBHMZAHABE.(ODWREXBHE—RLE
“RE-IEZHBEET. RUBERRNS
BESMUHBFEENRTEKRSE, EEX. B
RHEHAEZHNNSERETHRA LEE®
NMERBEMNFRRETAERIHESE, BHRZ
T.BEEZF5EYBASFTE—SEARNTE . ME
EEXOEZMNEIERE.MEMNRBKRSIESH
MHHECEH. OMRAZNEREISHBEELA

HHERER. SIMEEEMSERRE.BEER
HES5EYRANRB, MAERRE (M
CRISPR-Cas®) {E b Ll 2 @ #h, B & £ K 8E . LR
RENREEMECHIMAA G, EDHFHRBIRMN
EGEREMESFEERERAERE . EZEA
WEMEFERE AREDSEERE, KA LE
FHZORMN., OAFZIRESKERMAST

EE.GINMAERER ERUEHRREZRT @R D
MERER FEMEL SEBAHNTRENRRYE
FEER AAHNDEN SESHKEREENT
MERFEFERX. AN, KBRS TFERFR
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FHEBAERRIER BRAUFERER FERE
G ROR D & SR E S R HE R B 5 R
L EERREBLUNETREMGENI, B
BARSHEEENER.

BEHME . PEERBRUIMEEZHRHE
A E B, Rz it — 25 ISR AT A RHR S AR E R R R
thEEH RBRGTRERNAETM BRFESSER
EEHAOE . FERAPEELRLERRER
FHZFRIFENSES D,

REERBEEELEMANENMESRES
HFE—EER BEFLERSEZAH B &
BALZEHNRRAME BREGORAEZREARD

FEEVUTHEXREE: (DEZEOESEL. B
GEMIARBLERLFiZTEOZ O G, ERT
BEBS—WE— NI EEEEHMRER. B
it , “treatment” . “gene” . “concentration” & 3 $# 17
BEHM METLUEMANEMER, FRILES
mEESFHY EEFEREXNSIYRENE N, R
MTZRKBGRNETEERASERERE®RL

3K, “gene” ., “supplementation” 2% £ # A E M, &5
EEMRELERESZEFSHREOYFREETMHS

WMEINERZ EMERMARS FRNGE, AE
NEBENRMMRIBRER. EEAWRTND
HONFIEZRSREAZNEETE.FEN S
REXBEEEE™., k. FEBRB“REEE
R BEEFRENIREAR RELERRE
HEGRERFE REHE.IVBREETE L4
FROBTR.ERTEIZMREANBZHH
A, QEBEESEREEAEE . £RUEFR
EHESMETERERA ROBEEH . BEREER
ROFEMBRARNI ZNA., X—TUFVERE
REMAASHNEES R L, HEMAHFMLTR
THOAAR RAHBEARS5S0ESHmHAE
BMRER., OEFRHEEEZEZREA . FEE
TEHIE) (2020 ~2022 £), 5B EREE W “vac
cine” “immunity” 3 EHIM, ABEBRMHIES
EMREMRSINLE ZXxF.52RG A LD ER
BMEXERT ., #ENFEREME(2023~2024 £),
MAERE—TEREZBR BEFEGE
PHIERARER, AR HERE R AT iF L 55EE
KXWEM. FE,EZEE MW “gene editing”) 5

37 % (H “supplementation”) & £ % HF 55 /5 1 R 5
RE.AZHENE HEETSREERURFE
ERGEOEEE. ENHENMEEZNERAE
PN

GLERR, LERREEZTBHEZHIMK . H
BE—mEn HEAREBENTERR, Kk.HE
FRASEENTHRESHEAFROBEH,
LW¥EHREFEEFRREERA IVERRES S
ESNEFETEEAERRY ATHENENH
BEENSRENAHENEZBR ARG,
3.8 HEEENLFEREWROIIEDHT

HEEENERAMERTETIFRTZNE, L
FMRFNEMEERTMER SR KEER AT
B EZKIAUTENTE: (DHHHTEMERN
FEESRSEHEK, BBV, 2RMAMEILE
ZRRS,EEEXF BEREAPE . ERSEHE
B, SEBPLUEMZTREEERE. AWM. BER
ERER RS EENENHNES &, 8
WEHES WS, HE 2022 EXMBH R, BN
HILERRAERRARFHODESKEED. OHR
FEEFBMERSEHRFEGN. EERETHY
BESAEDIEZEHHNENXE, ML THIIWE
mIE ENREEEREMEBIFNIZEE.
ELERRD . EEAELZ MFERMES FEKR
RIENEF EREBEAR BAXARREEZEK, 4

M RANS BRI HFEMAE, DR AL D E
BCRESERMKT RS S WA A BRI
S5REBN ERBNLERRFE . ESFEHES
BARFEMRAEH. WOERSERR SHL
S5FAMEMELRL. BERETELLETERR
L EBMET& LSS RRIMENSINE R, B
BRTEESEMNNHE. ERTEARTHRFLES
aFt. RE, FREROABARELRE, W
(Animals) F A EZRATRELEBRXSH R
BRREBRE, ANOEDTLEMAYERTRE

REREEHRMAME-—SREBERLSEDK
W, ZEFEHRP  ERARE FEEFR ANNE
B MEMESHESEHNARRELR FEEWL
FRENEZFEERAMEEEBEEL . Eaks
RETHEEREE.

SRRE REMSEBEEHN LERB
ERNIE R — B, B EACHA SR AD i T W5 SE
KHEH ENTRARAST MENHSRBEBS
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KHORETE, AR PENSBELIFEH R B
ARBEZREFHEEMRE, TR N X £ 3K FH7
MR BRI LENMRESERE M, AEHKE
HUMFERBELERAMELSHERE.,
3.9 REHEREW
ATH—SRAPELERRNEERRESR
KOHENERLUEMREAEREREZR . BFML
TAANFEMKRTENE . (DBEARFERMS N
BAR . SEH—SMENFEMMNBARARRR, =
ERVIEMGR RABHNRERNERNZABT
MEKFEHE MRS RS UEMABNEERKE,
PEENSFH ER‘ GRE”, LHERIMER
A (I CRISPR E#M) M EZ B & (M “One
Health”{ER THEFRM ) A ENGEEESEE
R, OREFILEMSHRRFEME . SaTE A L
FHEEEIGMEFEIRAY EHEMNTSE M
RafEbBlmmE LGl k&, ILERTEER LY
TITULWAHELR™, AN, ERMAESKA
FEBALLBI LG, BRI TEHEERREBEENN
FHANSYEF A . #MEWT = lESikt5HE
M EZRAFIE, IIMEERERERO A aEET R
RS CNRARHER PR RAEMBHTES”, B
MBI FEARCHEMEIN RAFEDIE.
GOMAXEEBANSHAREL  EREIE M LE>
UIHEETH HIRERMBRMEFTERNR
kF@E.MRRFHERT K. RABGESN . H#H
BN HE— S NeE MR AN A BT
M ReEFHINELYE. HAARESF
WRERNE, TERAR LSRR ERMATREER,
EMAARMRREEREFIHEEHKL. D
HENBEFNEGESERTR - BRMMER KX,
RFESHEHUANLENEESRELZ EIEF
BB RE U HT, A WLEE R E R R AR A
RESLZEHN. NBZEEMHSENRAHRE,
RAEEREZ S FRICHDERETEHBES
RSN ENE LZE ERENFEZRBNT
BE DB EFESRBRBHIERACH; ZHE
RN 3 & 7£ ( Small Ruminant Research).{Journal
of Dairy Science)& & WA EEZRIBIL,1BH
MR ENEREmMA; HELEE RAEERE
BRME EFAEREEEMSOENERZR,
ARG BARELEFLNERESRD ., FRIEH
REERERGFEZ . MEELALRRXBKIU A
BHERMERS ARGE BRNREARTHTZ
ARErE, GOWIFFRELAIRED & 15 H 8 L FE T

HmEEFRRREER R XE ENEXTFR AN
Bt et mA LMK, EER, HEE
HEMZENESERREAR@ &=L #EE
W CRBRGFEE T AR, KRBT R BUR
Ml SEENR, PEEESHBRLFESTETD
IEE RS, SR WA RER, EEAESRE.
EUHSNERIERRK.
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