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ABSTRACT

IGF-1 and GH genes have been proven to be important genes that affect animal growth and development. The purpose of this experiment
was to analyse the effect of single nucleotide polymorphism (SNP) of sheep IGF-1 and GH genes on their growth and development
performance. The results showed that a SNP site T5299C was detected in the IGF-1 gene, while two SNP sites C408G and T364C were
detected in the GH gene. At the T5299C site, the CC genotype in the Charolais ewes, rams, and ram lambs, as well as the TT genotype in
the Charolais ewe lambs and the CT genotype in the Australian White rams were dominant genotypes. At the C408G site, the CG genotype
in the Charolais ewes and ram lambs, CC genotype in the Charolais rams and Australian White rams, and GG genotype in the Charolais
ewe lambs were dominant genotypes. At the T364C site, the CT genotype in the Charolais ewes, ram lambs, and Australian White rams,
CC genotype in the Charolais ewe lambs, and TT genotype in the Charolais rams were dominant genotypes. And we found the dominant
haplotype combinations of each breed of sheep through the haplotype combinations of different loci. This provides a certain reference for
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future research on the influence of IGF-1 and GH genes on the growth and development performance of sheep.
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INTRODUCTION

China is a large country with a history of sheep farming, has a rich variety of locally
bred high-quality sheep breeds, which are an important component of China's
livestock biodiversity (Yang, 2021). Sheep is one of the earliest domesticated
animals by humans, it is plump and has dense wool, with numerous breeds. Sheep
have great economic value and mutton is popular worldwide. Mutton is one of the
indispensable foods in people's diet, possessing high nutritional value. It contains
high-quality protein, various minerals, vitamins and other nutrients, which are
highly beneficial to human health. Eating mutton in moderation can help us
maintain good health. However, sheep have a slower growth rate and lower
average weight. To address the challenges faced today, people have employed
various methods and discovered certain genes that can improve the efficiency of
sheep growth and development.

Scientists have discovered through continuous research that IGF-1 and GH genes
can serve as candidate genes influencing the growth and development of sheep
(Ding et al., 2021). Insulin-like growth factor-1 (IGF-1) is a member of the insulin-
like growth factor family, which mediates the growth-promoting effects of Growth
Hormone (GH). GH stimulates the liver to synthesize and secrete IGF-1, which in
turn stimulates differentiation of various target tissues and cells through specific
IGF receptors (Bergan-Roller et al., 2017). In 1978, Rinderknecht and Humbel
first isolated the IGF-1 protein from human serum and elucidated its amino acid
sequence and protein structure (Rinderknecht et al., 1978). In 1989, the cDNA
sequence of IGF-1 was isolated and cloned from the liver of lambs (Wong et al.,
1989). The signaling pathway of IGF-1 not only has an important regulatory effect
on protein synthesis and degradation, but also plays an important role in the growth
and development of skeletal muscles (Schiaffino et al., 2013). The GH gene is a
pituitary anterior lobe hormone secreted by the anterior pituitary gland (Ding et
al., 2020). In early studies, it was believed that the GH gene only had significant
effects during early animal development. However, it was later discovered that the
GH gene regulates skeletal calcium balance throughout the entire lifespan and
promotes animal growth and development (Dhandare et al., 2020).

SNP refers to the DNA sequence polymorphism at the genomic level caused by a
mutation in a single nucleotide. It is a next-generation molecular marker
technology. SNPs have the characteristics of easy detection and good genetic
stability. In theory, SNPs can be biallelic or have 3 or 4 alleles, but in practice, the
occurrence of the latter two are very rare and can be ignored, so it is commonly
said that all SNPs are biallelic polymorphisms. SNPs located in the coding region
directly impact protein function and synthesis, leading to genetic mutations and

changes in traits. SNPS in the promoter region may affect transcriptor binding and
thus the transcription level of this gene, SNPS in the non-coding region may affect
the function of regulatory elements. This holds significant importance for animal
genetics and breeding. An et al. (2014) found through their analysis of the role of
the sheep IGF-1 gene in the proliferation of sheep muscle cells that it effectively
promotes the growth of sheep skeletal muscle cells. Cao (2013) discovered through
experiments that there are two single nucleotide polymorphisms (SNPs) in the
second exon and second intron of Small Tailed Han sheep IGF-1, which are
dominantly associated with traits related to growth and development such as
shoulder height, body height, and body length. Research has found that in animals
such as chickens, cows and sheep, the GH gene is one of the candidate genes that
are identified for polymorphisms and are associated with their growth and ketone
traits (Ip et al., 2001; Ishida et al., 2010; Liu et al., 2011). Wu et al. (2012)
conducted PCR-RFLP genotyping of the GH gene introns 2, 3 and 4 in three
different breeds of ducks and performed association analysis with growth-related
traits. They found a C>T mutation at position 172 bp in the second intron and
identified three genotypes:CC, CT, and TT. Individuals with the TT and CT
genotypes exhibited significantly higher growth-related trait indices compared to
those with the CC genotype. Zhou et al. (2013) conducted a study on the IGF-1
gene in Liangshan semi-fine wool sheep and identified two SNP sites in the
promoter region and exon 3. Although these SNPs did not cause changes in amino
acids, they had a certain promoting effect on the early development of sheep.

The purpose of this experiment is to investigate the impact of SNP sites in the IGF-
1 and GH genes on the growth and development performance of sheep. By
analyzing the genetic diversity of SNPs and conducting correlation analysis with
growth and development performance, the genotypes and haplotypes that affect the
growth and development performance are determined. This study aims to facilitate
the breeding and improvement of sheep breeds and advance the progress of sheep
genetic breeding, providing theoretical support for the cultivation of sheep with
higher growth and development performance.

MATERIALS AND METHODS

Experimental animals

A total of 632 healthy sheep were collected from Tianfeng Sheep Farm in Zhangwu
County, Fuxin City, Liaoning Province, including 312 Charolais ewes, 120

Charolais ewe lambs, 40 Charolais rams, 120 Charolais ram lambs, and 40
Australian White rams. All animals selected for this study were under the same
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feeding conditions. All animal handling procedures and protocols used in this study
were approved by the Institutional Animal Care and Use Committee of Shenyang
Agricultural University. Blood samples for DNA extraction were collected from
the jugular vein of each sheep under the guidance of a qualified veterinarian, with
1ml of blood collected per sheep. After collection, the blood was placed in blood
collection tubes containing EDTA and stored at-20°C.

Body size performance data

The body size performance data used in the experiment were provided by Tianfeng
Sheep Farm in Zhangwu County, Fuxin City, Liaoning Province. These body size
performance data include weight, body height, sacral height, back height, waist
height, hip height, frontal width, tube circumference, chest circumference, limb
length, leg length, body length, chest depth, chest width, waist angle width and hip
width.

DNA extraction

Take 200puL of blood from the anticoagulant tube and transfer it to a centrifuge
tube. Add 20uL of Proteinase K and mix well. Then add Buffer DL, shake
vigorously, and incubate at 56°C in a water bath for 10 minutes. Next, add 200uL

Table 1 Primer design of IGF-1 and GH genes

of anhydrous ethanol to the centrifuge tube and mix well. Transfer the liquid to a
DNA adsorption column and let it stand for two minutes. Centrifuge at 10,000rpm
at room temperature for 1 minute and discard the waste liquid in the collection
tube. Add 500uL of GW Solution to the adsorption column, centrifuge at 10,
000rpm for 30 seconds, and discard the waste liquid. Add 700uL of Wash Solution
to the adsorption column, centrifuge at 10, 000rpm for 30 seconds, and discard the
waste liquid. Repeat this step twice. Then centrifuge at 12,000rpm at room
temperature for 2 minutes to remove any remaining liquid. Remove the adsorption
column and place it in a new centrifuge tube. Add 50uL of CE Bufter, let it stand
for 3 minutes, and centrifuge at 12,000rpm at room temperature for 2 minutes.
Collect the DNA solution and measure the sample's OD value using UV
spectrophotometry. Store the qualified samples at-20°C.

Primer design

The reference sequences for the IGF-1 gene and GH gene were obtained from the
NCBI database (accession numbers NC_056056.1 and NC_056064.1,
respectively) and specific primers were designed using Primer Premier 5 software.
(Table 1)

Gene  Sense primer (Forward) Anti-sense primer (Reverse) TM(°C)F/R Frsaiggnent Regions
IGF-1 S5AGGAATGCAGAGATGGGGTAAZ3 5CACAGGCGGTCATTCAGCT3' 59/59 329bp 5116-5445
GH 5GGAGATCAGGCGTCTAGCTC3' 5CAGTTCCCTCCCATTGTGTG3' 59/59 303bp 259-562

PCR amplification

The PCR reaction system has a volume of SOuL, including 25uL of 2x SanTaq
PCR Mix solution, 1pL of DNA template, 2pL of upstream and downstream
primers, and 20puL of ddH,O. The above reagents are added to a PCR tube,
thoroughly mixed and centrifuged, and PCR amplification is performed according
to the PCR reaction conditions in a PCR machine. The reaction conditions are as
follows: initial denaturation at 94°C for 5 minutes, denaturation at 94°C for 30
seconds, annealing at 59°C for 30 seconds, extension at 72°C for 30 seconds, and
a final extension step at 72°C for 10 minutes. Then, electrophoresis is performed
for 20 minutes at 130V and 180W. After electrophoresis, observe whether the band
of the electrophoresis result contains the target fragment (Figure. 1). If it is present,
send the sample to Shanghai Sangon Biotech Co. , Ltd. for sequencing.
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Figure 1 PCR amplification products of IGF-1 (left) and GH (right)
Note:From left to right, the first to fourth bands are Charolais ewe lambs, the fifth
to ninth bands are Charolais ewes, the tenth to fourteenth bands are Charolais ram
lambs, the fifteenth to nineteenth bands are Charolais rams, and the twentieth to
twenty-fourth bands are Australian White rams.Gel electrophoresis results for both
genes were obtained using the same samples, which were selected at random.

Statistical analyses

Calculate genotype and allele frequencies, polymorphic information content (PIC),
effective allele number (Ne), and heterozygosity (He). Perform single-factor
analysis on the growth and development traits of Charolais sheep and Australian
White rams with IGF and GH genes using SPSS software (23.0). Use the animal
model integrity equation Yiy = p + hi + pj + s + m; + ejjq to analyze, where Yijq is
the observed value, p is the overall mean value, h; is the effect of genotype or
haplotype combination, P; is the effect of season and farm, s is the effect of year,
m; is the effect of paternal lineage, and e is the random error. If the p-value is
less than 0.05, the difference is significant, and Duncan's method is used for
multiple comparisons.

RESULTS

SNP identification

We compared the results and gene sequences of the IGF-1 and GH genes. Using
Chromas 2 and DNAMAN software, we conducted comparative analysis and

found that the IGF-1 gene has one SNP site at T5299C, while the GH gene has two
SNP sites at T364C and C408G (Figure. 2,3).
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Figure 2 T5299C site of the IGF-1 gene
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Figure 3 T364C and C408G sites of the GH gene

Table 2 Genetic diversity analysis of the IGF-1 and GH genes in sheep

Genetic diversity of IGF-1 and GH genes

The genotype and allele frequencies of the SNP sites of the IGF-1 and GH genes
in Charolais and Australian White rams are shown in Table 2. Genes with a
frequency greater than 0.5 are considered dominant genes. The T5299C site of the
IGF-1 gene in Charolais ewes, Charolais ram lambs, and Charolais rams has a PIC
value of less than 0.25, indicating a low level of polymorphism. This suggests that
there is low genetic variation at this site in Charolais ewes, Charolais ram lambs,
and Charolais rams. However, in Charolais ewes and Australian White rams, the
PIC values range from 0.25 to 0.5, indicating a moderate level of polymorphism.
This suggests that there is a higher degree of genetic variation at this site in
Charolais ewes and Australian White rams, which may lead to greater genetic
progress. The T364C and C408G sites of the GH gene in both Charolais and
Australian White rams have PIC values ranging from 0.25 to 0.5, indicating a
moderate level of polymorphism. This suggests that there is a higher level of
genetic variation at these sites in both groups, which may lead to greater genetic
progress.

] . Allelic 2
Name site specimens Genotype Frequency Frequencies PIC He Ne X P

MM Mm mm M m
Charolais ewe lambs T5299C 120 0.33 0.47 0.2 0.57 0.43 0.37 0.49 1.97 0.07 0.79
Charolais ewes T5299C 312 0.1 0.13 0.77 017 0.83 0.24 0.28 1.38 22.62 1.97894E-06
Charolais ram lambs T5299C 120 0 0 1 0 1 0 0 1 - -
Charolais rams T5299C 40 0 0 1 0 1 0 0 1 - -
Australian White rams ~ T5299C 40 0.5 0.3 0.2 065 0.35 0.35 0.46 1.83 1.16 0.281364385
Charolais ewe lambs C408G 120 0 0.93 0.07 0.47 053 0.37 0.50 1.99 22.97 1.64656E-06
Charolais ewes C408G 312 0.01 0.95 0.04 0.49 051 0.37 0.50 2.00 63.00 2.0719E-15
Charolais ram lambs C408G 120 0.03 0.93 0.03 0.5 05 0.38 0.50 2.00 22.53 2.06529E-06
Charolais rams C408G 40 025 075 0 082 oars 036 047 188 7.20 0.01
Australian White rams C408G 40 0.2 0.7 0.1 0.55 0.45 0.37 0.50 1.98 1.72 0.19
Charolais ewe lambs T364C 120 0 0.93 0.07 0.47 0.53 0.37 0.50 2.00 22.97 1.64656E-06
Charolais ewes T364C 312 0.01 0.95 0.04 0.49 0.51 0.37 0.50 2.00 63.00 2.0719E-15
Charolais ram lambs T364C 120 0 0.97 0.03 0.48 0.52 0.37 0.50 2.00 26.25 2.99349E-07
Charolais rams T364C 40 0.05 0.95 0 0.53 0.47 0.37 0.50 2.00 16.37 5. 20517E-05
Australian White rams T364C 40 0 0.9 0.1 0.45 0.55 0.37 0.50 1.98 6. 69 0.01

Gene substitution effect analysis

Except for Australian White rams, all other sheep show a negative effect at the
T5299C site of the IGF-1 gene. The C408G and T364C sites of the GH gene also
exhibit a negative effect in all tested sheep, leading to a decrease in growth and
development performance. Specifically, in Charolais ewes, replacing T with C at

Table 3 Gene substitution effect analysis

the T5299C site of the IGF-1 gene results in a 17.80% decline in growth and
development performance. At the C408G site of the GH gene, replacing C with G
causes a 25.61% reduction in growth and development performance. Similarly, at
the T386C site of the GH gene, replacing T with C leads to a 25.61% decrease in
growth and development performance (Table 3).

Name site Dominant Additive Average effect of ~ Average effect of ~ The average effect
effect effect u gene U gene of u instead of U
d a al a2 a

Charolais ewe lambs T5299C 6 -2 0.03 -0.02 0.05
Charolais ewes T5299C -24 26 11.94 -5.86 17.80
Charolais ram lambs T5299C -15 15 6.62 -3.25 9.87
Charolais rams T5299C -10 10 4.42 -2.17 6.58
Australian White rams T5299C -0.5 -1.5 -1.12 0.55 -1.67
Charolais ewe lambs C408G 27 1 6.86 -3.37 10.23
Charolais ewes C408G 72 1 17.18 -8.43 25.61
Charolais ram lambs C408G 27 0 6.19 -3.04 9.23
Charolais rams C408G 12.5 -2.5 1.19 -0.58 1.7725
Australian White rams C408G 5.5 -0.5 0.93 -0.45 1.38
Charolais ewe lambs T364C 27 1 6.86 -3.37 10.23
Charolais ewes T364C 72 1 17.18 -8.43 25.61
Charolais ram lambs T364C 28.5 0.5 6.87 -3.37 10.24
Charolais rams T364C 18.5 -0.5 3.91 -1.92 5.82
Australian White rams T364C 8.5 0.5 2.28 -1.12 3.41

Analysis of the relationship between SNPs and body size

At the T5299C site in Charolais ewe lambs, the TT genotype is superior to other
genotypes in terms of weight, hip height, and barrel circumference, while it
performs significantly better than the CC genotype in terms of hip width. The CT
genotype is superior to other genotypes in terms of limb length and waist angle
width. The CC genotype is superior to other genotypes in terms of body height,
back height, and waist height. At the C408G site, the CG genotype is superior to

the GG genotype in terms of body height, back height, and waist height, while the
GG genotype is superior to the CG genotype in terms of weight, frontal width, and
chest circumference, and significantly better than the CG genotype in terms of
barrel circumference. At the T364C site, the CT genotype is superior to the CC
genotype in terms of body height, back height, and waist height, while the CC
genotype is superior to the CT genotype in terms of weight, frontal width, and chest
circumference, and significantly higher than the CT genotype in terms of barrel
circumference (Table 4).
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Table 4 Body size performance of T5299C, C408G and T364C sites in Charolais ewe lambs

Name Charolais ewe lambs

Site T520C T5290C T5290C CA08G CA08G THAC THAC
Genotype TTEY10) CT(E6120) CC4120) CG(12/120) GGEI120) CT(@12/120) CC@E120)
Weight(kg) 810+032 7864032 7834081 783025 8754075 783025 8754075
body height(cm) D502 42614041 4400£089 4296+032 41504025 42961032 4150050
back height(cm) 42504058 2114057 4308+1.08 524041 41254025 2524041 41254025
waist height(cm) DA0049 D70+059 4433+137 498045 2504000 498045 2504000
sacral height(cm) 4210051 42364051 4350+1.14 2454038 4325+1.775 42454038 4325+175
hip height(cm) 3710095 3689£1.00 3700£148 3700063 3675375 3700063 3675375
frontal width(cm) 1030+032 993+020 10334028 10094016 10754025 10294016 10754025
tube circumference(cm) 790016 786019 760:019 775£011° 875025 775:011° 875025
chest circumference(cm) 4825+103 47614063 4783189 47734059 497754125 477734059 497754125
limb length(cm) 15.10+043 15434050 14084051 14964027 16254325 1496027 16254325
leg length(cm) 32204079 2B24212 3192£152 3061+£1.16 3000£1.00 3061+1.16 3000£1.00
body length(cm) 3000094 2061+162 2975075 2980087 2025+1.75 2980087 2925+1.75
chest depth(cm) 16424026 16174038 15384055 1601023 1730+080 16014023 1730080
chest width(cm) 1198038 1184036 1150050 11794024 12254025 11794024 12254025
waist angle width(cm) 1005044 10344043 9154033 9994026 1020£230 9994026 1020230
hip width(cm) 1449+067 1358+059° 11774064 13484041 14104290 13481041 14.104290

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

At the T5299C site in Charolais ewes, the TT genotype is superior to other
genotypes in terms of weight, barrel circumference, chest circumference, and chest
width, while it performs extremely significantly better than the CT genotype in
terms of chest depth. The CT genotype is superior to other genotypes in terms of
leg length and waist angle width. The CC genotype is superior to other genotypes
in terms of recommended height, hip height, and frontal width, and significantly
better than the CT genotype in terms of body height, back height, and waist height.
At the C408G site, the CC genotype is superior to other genotypes in terms of limb
length, leg length, and hip width. The GG genotype is superior to other genotypes
in terms of weight, body height, back height, and waist height, while the CG
genotype significantly outperforms the CC genotype in terms of chest

circumference and performs better than other genotypes in terms of body length
and waist angle width. Both CG and GG genotypes show significant superiority
over the CC genotype in terms of chest width. At the T364C site, the TT genotype
is superior to other genotypes in terms of leg length and hip width. The CC
genotype is superior to other genotypes in terms of weight and body height, while
the CT genotype significantly outperforms the TT genotype in terms of chest
circumference and performs better than other genotypes in terms of body length
and waist angle width. Both CT and CC genotypes demonstrate significant
superiority over the TT genotype in terms of chest width (Table 5).

Table 5 Body size performance of T5299C, C408G and T364C sites in Charolais ewes

Name Charolais ewes

Site TH9C TEXC TE0C CA08G CA08G CA08G THIC TAC T364C
Genotype TT(32/312)  CT(40/312)  CC(240/312)  CC(4/312) CG(296/312) GG(12/312)  TT(/4312) CT(296/312)  CC(12/312)
Weight(kg) 8181:525 7350:3% 79484148 6950:000 78974139 81674953 H504000 TRI7139 81674953
body heightcm) ~ 71.56+1.142  69.02+0.70b  72.16:0.382  73.0040.00  71.59+0.36  73.83+1.88 73.00£0.00  71.59+0.36  81.67+9.53
back height(cm) ~ 70.44+0.97  69.15+0.61°  71.64+0.40°  71.0040.00 71104036  73.67+0.88 71.00£0.00 71104036  73.83+1.88
‘é‘g';;t(cm) 70.88+1.36®  69.55£1.02b  72.21£039°  73.0040.00  71.60+0.38  74.67+0.88 73.00:0.00  71.604038  73.67+0.88
;i?;'t(cm) 70.75+1.06 70.05+0.80  71.59+0.48 69.00£0.00°  71.1940.41®  75.0040.58%  69.0040.00°  71.19+0.41%  74.67+0.88
hip heightcm)  63.56+2.13 6430£1.00  64.44+0.72 65.00:0.00 64284062  65.33+4.41 65.00£0.00  6428+0.62  75.00+0.58°
K?é‘ttﬁ('cm) 15.31£0.27 153040.15  15.56+0.12 16.000.00 15.4620.10 16.5040.29 16.00£0.00 1546+0.10  65.33+4.41
tube

circumference(c ~ 9.44+0.24 9.3740.20 9.78+0.10 10.00£0.00  9.67+0.09 10.00+0.76 10.0040.00  9.67+0.09 16.50+0.29
m)

chest

circumference(c  128.542.65 126004342 125.16+£1.23  110.00+0.00°  126.0041.09*  121.174332®  110.00£0.00°  126.00+1.09°  10.00+0.76
m)

limb length(cm) ~ 20.810.61 20954123 21.70+0.26 23.0040.00  21.504027  21.33£1.20 23.0040.00  21.50£027  121.17+3.32%
leg length(cm) ~ 46.3142.89 482042.02  46.93+0.84 55.00:0.00  46.8040.77  50.00+3.21 55.00£0.00  46.8040.77  21.33%1.20
body length(cm) ~ 63.502.00 61.80£1.85  64.38+0.61 62.00:0.00  64.06£0.58  62.00+2.65 62.00:0.00  64.06:058  50.00+3.21
chestdepth(cm)  37.14+0.69%  34.42+0.71%  36.63:0.30“°  34.5040.00  36.42+028  36.50+1.61 3450+0.00  3642+028  62.0042.65
chest width(cm) ~ 35.75+1.23 34.34+1.07 34724038 29.5040.00°  34.874035°  34.17+136°  29.50£0.00°  34.87+0.35%  36.50+1.61
xféfa(cm) angle 334943 33.0241.07  31.98+0.71 25504000  32.19:0.63  30.60+3.32 25.50+0.00 32.1940.63  34.17+1.36°
hip width(cm)  34.39+1.21 32.86+0.97  34.44+0.43 37.00£0.00 34204039  34.00+1.89 37.0040.00 34204039  30.60+3.32

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

At the C408G site in Charolais ram lambs, the CC genotype is superior to other
genotypes in terms of barrel circumference. The CG genotype is superior to other
genotypes in terms of weight, body height, and waist height, significantly
outperforming the CC genotype in terms of back height and hip height, and
extremely significantly better than the GG genotype in terms of chest depth. The
GG genotype is significantly superior to the CC genotype in terms of limb length.
At the T364C site, the TT genotype is superior to other genotypes in terms of barrel

circumference. The CT genotype is superior to other genotypes in terms of weight,
body height, and waist height, significantly outperforming the TT genotype in
terms of back height and hip height, and extremely significantly better than the CC
genotype in terms of chest depth. The CC genotype is superior to the TT genotype
in terms of limb length (Table 6).
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Table 6 Body size performance of T5299C, C408G and T364C sites in Charolais ram lambs

Name Charolais ram lambs

Site T5299C C408G C408G C408G T364C T364C T364C
Genotype CC(120/120) CC(4/120) CG(112/120) GG(4/120) TT(4/120) CT(112/120) CC(4/120)
Weight(kg) 8.77+0.29 7.50+0.00 8.84+0.31 8.00+0.00 7.5040.00 8.84+0.31 8.00+0.00
body height(cm) 42.76+0.41 40.00+0.00 42.92+0.42 41.00+0.00 40.00+0.00 42.92+0.42 41.00+0.00
back height(cm) 42.27+0.43 38.00£0.00° 42.50+0.42° 40.00+0.00% 38.00+0.00° 42.50+0.42° 40.00+0.00*
waist height(cm) 43.04+0.42 41.00+0.00 43.11+0.45 43.00+0.00 41.00+0.00 43.11+0.45 43.00+0.00
sacral height(cm) 38.06+0.41 36.00+0.00 38.13+0.44 38.00+0.00 36.00+0.00 38.13+0.44 38.00+0.00
hip height(cm) 42.66+0.42 39.00:£0.00° 42.85+0.422 41.00+0.00% 39.00:£0.00° 42.85+0.422 41.00+0.00%
frontal width(cm) 10.22+0.11 10.00+0.00 10.23+0.12 10.00+0.00 10.00+0.00 10.23+0.12 10.00+0.00
tube circumference(cm) 7.75+0.14 8.00+0.00 7.77+£0.15 7.00+0.00 8.00+0.00 7.77+0.15 7.00+0.00
chest circumference(cm) 48.68+0.64 43.50+0.00 48.99+0.64 45.00+0.00 43.50+0.00 48.99+0.64 45.00+0.00
limb length(cm) 15.87+0.29 13.00+0.00° 15.96+0.29° 16.00+0.00? 13.00+0.00° 15.96+0.29* 16.00+0.00?
leg length(cm) 31.90+0.43 30.50+0.00 31.98+0.45 31.00+0.00 30.50+0.00 31.98+0.45 31.00+0.00
body length(cm) 29.00+0.59 27.50+0.00 29.02+0.63 30.00+0.00 27.50+0.00 29.02+0.63 30.00+0.00
chest depth(cm) 16.01+0.33 13.50+0.00°48 16.25+0.30% 12.00+0.00°8 13.50+0.00°48 16.25+0.30% 12.00+0.00°8
chest width(cm) 12.3340.32 11.00+0.00 12.43+0.34 11.00+0.00 11.00+0.00 12.43+0.34 11.00+0.00
waist angle width(cm) 10.54+0.42 9.50+0.00 10.56+0.44 11.00+0.00 9.50+0.00 10.56+0.44 11.00+0.00
hip width(cm) 14.06+0.46 11.50+0.00 14.17+0.48 13.50+0.00 11.50+0.00 14.17+0.48 13.50+0.00

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

At the C408G site in Charolais rams, the CC genotype is superior to the CG  terms of weight, back height, and waist height, while the CT genotype is superior
genotype in terms of weight, body height, and back height, while the CG genotype  to the TT genotype in terms of body height, limb length, and body length (Table
is superior to the CC genotype in terms of barrel circumference, limb length, and 7).

body length. At the T364C site, the TT genotype is superior to the CT genotype in

Table 7 Body size performance of T5299C, C408G and T364C sites in Charolais rams

Name Charolais rams

Site T5299C C408G C408G T364C T364C
Genotype CC(40/40) CC(10/40) CG(30/40) TT(2/40) CT(38/40)
Weight(kg) 87.03+2.43 90.70+4.73 85.80+2.85 88.00+0.00 86.97+2.56
body height(cm) 70.56+0.71 71.50+1.64 70.24+0.80 67.00+0.00 70.74+0.73
back height(cm) 70.23£0.83 72.20+1.23 69.57+0.99 72.00+0.00 70.13+0.87
waist height(cm) 72.49+0.87 73.66+0.78 72.10£1.13 74.00+0.00 72.41+£0.91
sacral height(cm) 72.44+0.86 73.80+0.75 71.98+1.11 76.00-+£0.00 72.25+0.89
hip height(cm) 65.24+1.12 67.10+2.41 64.62+1.27 70.00+0.00 64.99+1.15
frontal width(cm) 16.30+0.23 16.30+0.37 16.30+1.10 17.00+0.00 16.26+0.24
tube circumference(cm) 11.28+0.21 11.00+0.42 11.37+0.25 12.00+0.00 11.24+0.22
chest circumference(cm) 107.33+1.14 109.30+2.15 106.67+1.34 108.00+£0.00 107.29+1.20
limb length(cm) 23.65+0.55 22.40+0.40 24.07+0.70 22.00+0.00 23.74+0.57
leg length(cm) 52.45+0.87 54.60+0.93 51.73+1.07 56.00:£0.00 52.26+0.90
body length(cm) 65.60+£0.93 65.20+1.36 65.73+£1.18 65.00+0.00 65.63+£0.98
chest depth(cm) 34.79+0.45 35.90+0.87 34.41+0.51 36.00+0.00 34.72+0.47
chest width(cm) 28.89+0.49 30.90+1.21 28.22+0.42 33.00+0.00% 28.67+0.47°
waist angle width(cm) 23.47+0.86 23.40+2.54 23.49+0.85 18.00+0.00 23.76+0.86
hip width(cm) 30.02+0.76 31.70+1.81 29.45+0.80 32.50+0.00 29.88+0.79

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

At the C408G site in Australian White rams, the CC genotype is significantly ~ width, while the CG genotype is significantly better than the GG genotype in terms
superior to the GG genotype in terms of back height, body length, and waist angle  of chest width (Table 8).

Table 8 Body size performance of T5299C, C408G and T364C sites in Australian White rams

Name Australian White rams

Site T5299C T5299C T5299C C408G C408G C408G T364C T364C
Genotype TT(20/40) CT(12/40) CC(8/40) CC(8/40) CG(28/40) GG(4/40) CT(36/40) CC(4/40)
Weight(kg) 67.60+£5.23 77.83+£8.35 84.25+15.25 69.50+1.00 76.00+6.54 69.00+0.00 74.56+5.09 69.00+0.00
body height(cm) 60.50+10.08 75.17+0.73 72.00+1.00 75.75+0.75 64.21+7.36 71.00+0.00 66.78+5.87 71.00+0.00
back height(cm) 70.00+1.23 74.50+0.50 72.00+5.00 75.00+0.00% 71.50+1.35% 67.00+0.00° 72.28+1.15 67.00+0.00
waist height(cm) 71.46+1.07 74.83+0.93 74.25+3.25 75.75+£0.25 72.54+1.13 71.00+0.00 73.26+0.98 71.00+0.00
sacral height(cm) 71.20+1.19 73.67+1.67 73.50+2.50 74.50+2.50 72.00+1.06 71.00+0.00 72.56+0.98 71.00+0.00
hip height(cm) 65.80+£0.92 61.67+4.18 67.25+3.25 64.00+6.00 65.21+1.65 64.00+0.00 64.94+1.62 64.00+0.00
frontal width(cm) 16.54+0.54 16.17+0.33 17.00+0.00 16.50+0.00 16.46+0.41 17.00+0.00 16.47+0.31 17.00+0.00
t".lbe 10.80+0.68 11.83+0.44 11.00+1.00 11.50+0.50 11.21+0.54 10.00+0.00 11.28+0.43 10.00+0.00
circumference(cm)

chest 97.30+2.58 101.33+4.60 103.50+2.50 96.75+0.75 100.43+£2.74 101.00+0.00 99.61+2.16 101.00+0.00
circumference(cm)

limb length(cm) 23.50+1.00 21.83+1.01 22.50+0.50 21.75+1.75 23.21+0.72 22.00+0.00 22.89+0.66 22.00+0.00
leg length(cm) 50.80+1.65 52.50+3.01 52.50+0.50 51.25+4.75 51.57+1.28 53.00+0.00 51.50+1.26 53.00+0.00
body length(cm) 66.50+1.10 66.67+2.73 65.00+4.00 67.50+4.502 66.64+0.88%° 61.00+£0.00° 66.83+1.01 61.00+0.00
chest depth(cm) 34.00+1.06 35.50+0.87 36.00+1.00 34.75+0.75 34.86+0.92 35.00+0.00 34.83+0.71 35.00+0.00
chest width(cm) 25.14+0.89 24.67+1.48 22.50+1.50 23.25+0.75%® 25.31+0.73%2 21.00+0.00° 24.86+0.65 21.00+0.00
ﬁéﬁﬁ?&%ﬁe 21.98+0.53 24.70+2.22 20.75+4.75 22.55+0.95% 23.49+1.11° 16.00£0.00° 2328087  16.00£0.00
hip width(cm) 25.22+1.52 26.30+2.51 29.00+2.00 23.95+1.55 26.87+1.50 27.00+0.00 26.22+1.25 27.00+0.00

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.
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Haplotype combinations of the two SNP sites in the GH gene

Through the analysis using SHEsis software (http://analysis. bio-x.

cn/myAnalysis. php) , it was found that there are 9 possible haplotype
combinations between the GH gene C408G and T364C sites. However, out of the
632 experimental sheep, only 4 haplotype combinations were observed (Table 9) .

Table 9 Haplotype combinations of the two SNP sites in the GH gene

Haplotype H1:CC H2:.CT H3:TT
H1:cC ccce CCCT (76/632) CCTT (10/632)
H2:CG CCCG CCGT (518/632) CGTT
H2:GG CCGG (28/632) CTGG TTGG

The correlation analysis between the haplotype combination of GH gene
C408G and T364C and body size

Among the Charolais ewe lambs, 2 haplotype combinations were identified.
CCGG haplotype combination was superior to CCGT haplotype combination in
sacral height, chest circumference and other aspects, so CCGG is the dominant
haplotype combination (Table 10).

Table 10 Body size performance of haplotype combinations of GH gene C408G
and T364C sites in Charolais ewe lambs

Name Charolais ewe lambs
Haplotype CCGT(112/120) CCGG(8/120)
Weight(kg) 7.88+0.25 8.75+0.75
body height(cm) 42.96+0.32 41.50+0.50
back height(cm) 42.52+0.41 41.25+0.25
waist height(cm) 42.98+0.45 42.50+0.00
sacral height(cm) 42.45+0.38 43.25+1.75
hip height(cm) 37.00+0.63 36.75+3.75
frontal width(cm) 10.09+0.16 10.75+0.25
tube circumference(cm) 7.75+0.11 8.75+0.25
chest circumference(cm) 47.73+0.59 49.75+1.25
limb length(cm) 14.96+0.27 16.25+3.25
leg length(cm) 30.61+1.16 30.00+1.00
body length(cm) 29.80+0.87 29.25+1.75
chest depth(cm) 16.01+0.23 17.30+0.80
chest width(cm) 11.79+0.24 12.25+0.25
waist angle width(cm) 9.99+0.26 10.20+2.30
hip width(cm) 13.48+0.41 14.10+2.90

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Table 11 Body size performance of haplotype combinations of GH gene C408G and T364C sites in Charolais ewes

Name Charolais ewes

Haplotype CCCT(60/312) CCTT(4/312) CCGT(236/312) CCGG(12/312)
Weight(kg) 79.67+2.74 69.50+0.00 78.80+1.61 81.67+9.53
body height(cm) 71.53+0.81 73.00+0.00 71.60+0.40 73.83+1.88
back height(cm) 71.50+0.95 71.000.00 71.00+0.38 73.67+0.88
waist height(cm) 71.60+0.99 73.00+0.00 71.60+0.41 74.67+0.88
sacral height(cm) 71.81£0.77% 69.00£0.00° 71.03+0.48% 75.00+£0.582
hip height(cm) 65.05+1.38 65.00+0.00 64.09+0.70 65.33+4.41
frontal width(cm) 15.49+0.19 16.00+0.00 15.45+0.12 16.50+0.29
tube circumference(cm) 9.48+0.26 10.00+0..00 9.72+0.90 10.00+0.76
chest circumference(cm) 124.57+1.95% 110.00£0.00° 126.36+1.28% 121.17+3.32%®
limb length(cm) 22.03+0.45 23.00+0.00 21.36+0.32 21.33+1.20
leg length(cm) 47.37+1.71 55.00+0.00 46.65+0.86 50.00+£3.21
body length(cm) 64.40+1.42 62.00+0.00 63.98+0.64 62.00+2.65
chest depth(cm) 35.95+0.67 34.50+0.00 36.53+0.31 36.50+1.61
chest width(cm) 34.50+0.90% 29.50+0.00° 34.97+0.382 34.17+1.36°
waist angle width(cm) 31.65+1.70 25.50+0.00 32.33+0.67 30.60+3.32
hip width(cm) 33.33+0.90 37.00+0.00 34.42+0.43 34.00+1.89

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Four haplotype combinations were discovered in Charollais ewes. The CCGG
haplotype combination exhibited a significant advantage in terms of shoulder
height compared to the CCTT haplotype combination. Additionally, the CCGT
haplotype combination showed a significant advantage in terms of chest
circumference and chest width compared to the CCTT haplotype combination.
Therefore, the CCGG haplotype combination is considered the dominant haplotype
combination (Table 11).

Three haplotype combinations were found in Charollais lambs. The CCGT
haplotype combination exhibited a significant advantage in terms of back height,
hip height, and other aspects compared to the CCTT haplotype combination.
Additionally, the CCGT haplotype combination showed an extremely significant
advantage in terms of chest depth compared to the CCTT haplotype combination.
Therefore, the CCGT haplotype combination emerged as the dominant haplotype
combination in Charollais lamb (Table 12).

Table 12 Body size performance of haplotype combinations of GH gene C408G and T364C sites in Charolais ram lambs

Name Charolais ram lambs

Haplotype CCTT(4/120) CCGT(112/120) CCGG(4/120)
Weight(kg) 7.50+0.00 8.84+0.31 8.00+0.00
body height(cm) 40.00+0.00 42.92+0.42 41.00+0.00
back height(cm) 38.00+0.00° 42.50+0.422 40.00+0.00%®
waist height(cm) 41.00+0.00 43.11+0.45 43.00+0.00
sacral height(cm) 36.00+0.00 38.13+0.44 38.00+0.00
hip height(cm) 39.00+0.00° 42.85+0.422 41.00+0.00%
frontal width(cm) 10.00+0.00 10.23£0.12 10.00+0.00
tube circumference(cm) 8.00+0.00 7.77+0.15 7.00+0.00
chest circumference(cm) 43.50+0.00 48.99+0.64 45.00+0.00
limb length(cm) 13.00+0.00° 15.96+0.29% 16.00+0.00?
leg length(cm) 30.20+0.00 31.98+0.45 31.00+0.00
body length(cm) 27.50+0.00 29.02+0.63 30.00+0.00
chest depth(cm) 13.50+0.00°48 16.25+0.30% 12.00+0.00°8
chest width(cm) 11.00+0.00 12.43+0.34 11.00+0.00
waist angle width(cm) 9.50+0.00 10.56+0.44 11.00+0.00
hip width(cm) 11.500.00 14.17+0.48 13.50+0.00

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Three haplotype combinations were found in Charollais rams. The CCCT
haplotype combination showed a significant advantage in terms of body height
compared to the CCTT haplotype combination. On the other hand, the CCTT
haplotype combination exhibited an extremely significant advantage in terms of
chest width compared to the CCGT haplotype combination. Consequently, the

CCCT haplotype combination is considered the dominant haplotype combination
(Table 13).
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Table 13 Body size performance of haplotype combinations of GH gene C408G
and T364C sites in Charolais rams

Name Charolais rams

Haplotype CCCT(8/40) CCTT(2/40) CCGT(30/40)
Weight(kg) 91.38+6.04 88.00+0.00 85.80+2.85
body height(cm) 72.63+1.55% 67.00£0.00° 70.24+0.80%
back height(cm) 72.25+1.59 72.00+0.00 69.57+0.99
waist height(cm) 73.58+1.00 74.00+0.00 72.10+1.13
sacral height(cm) 73.25+0.66 76.00+0.00 71.98+1.11
hip height(cm) 66.38+2.97 70.00+0.00 64.62+1.27
frontal width(cm) 16.13+£0.43 17.00+0.00 16.30+0.28
tube 10.75:0.43 12.00-0.00 11374025
circumference(cm)

chest 109.63+2.75 108.0040.00 106.67+1.34
circumference(cm)

limb length(cm) 22.50+0.50 22..00+0.00 24.07+0.7.0
leg length(cm) 54.25+1.11 56.00+0.00 51.73+1.07
body length(cm) 65.25+1.75 65.00+0.00 65.73+1.18
chest depth(cm) 35.88+1.13 36.00+0.00 34.41+0.51
chest width(cm) 30.38+1.41248 33.00+0.00% 28.22+0.42%8
walst angle 54 7549 780 18.00+0.00? 23.49+0.85%
width(cm)

hip width(cm) 31.504+2.33 32.50+0.00 29.45+0.80

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Table 14 Body size performance of haplotype combinations of GH gene C408G
and T364C sites in Australian White rams

Name Australian White rams

Haplotype CCCT(8/40) CCGT(28/40) CCGG(4/40)
Weight(kg) 69.50+1.00 76.00+6.53 69.00+0.00
body height(cm) 75.75+0.75 64.21+7.36 71.00+0.00
back height(cm) 75.00+0.00% 71.50+1.35% 67.00+0.00°
waist height(cm) 75.75+0.25 72.54+1.13 71.00+0.00
sacral height(cm) 74.50+2.50 72.00+1.06 71.00+0.00
hip height(cm) 64.00+6.00 65.21+1.65 64.00+0.00
frontal width(cm) 16.50+0.00 16.46+0.41 17.00+0.00
t".Jbe 11.50+0.50 11.21+£0.54 10.00+0.00
circumference(cm)

chest 96.75+0.75 100.43+2.74 101.000.00
circumference(cm)

limb length(cm) 21.75+1.75 23.21+0.72 22.00+0.00
leg length(cm) 51.25+4.75 51.57+1.28 53.00+0.00
body length(cm) 67.50+4.50% 66.64+0.88% 61.00+0.00°
chest depth(cm) 34.75+0.75 34.86+0.92 35.00+0.00
chest width(cm) 23.25+0.75%® 25.31+0.73% 21.00+0.00°
waist angle ) s5.0,950 23.49+1.117 16.00:£0.00°
width(cm)

hip width(cm) 23.95+1.55 26.87+1.50 27.00+0.00

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.
Three haplotype combinations were found in Australian White rams. The CCGT
haplotype combination exhibited a significant advantage in terms of chest width
and waist angle width compared to the CCGG haplotype combination. Moreover,
the CCCT haplotype combination demonstrated a significant advantage in terms
of back height and body length compared to the CCGG haplotype combination.
Hence, the CCCT haplotype combination was identified as the dominant haplotype
combination (Table 14).

The haplotype combinations of the IGF-1 gene T5299C site and the GH gene
C408G site

Through the analysis using SHEsis software (http://analysis. bio-x.
cn/myAnalysis. php) , it was found that there are 9 possible haplotype
combinations between the IGF-1 and GH (C408G) genes. However, out of the 632
experimental sheep, only 7 haplotype combinations were observed (Table 15).

Table 15 Haplotype combinations of the IGF-1 gene T5299C site and the GH gene
C408G site

Haplotype H1.CC H2:CG H3:GG

HLTT HIHLTTCE H1H2:T3T2c):G (88/6 H1H3:TT)GG (41632
H2-CT H2HL.CTCC (8/632) H2H2:C3';§G (96/6 H2H3:CT)GG (41632
H3:CC H3H1:CCCC (10/632) H3H2:CCCG (406/ H3H3:CCGG (16/63

632) 2)

The correlation analysis between the haplotype combination of IGF-1 gene
T5299C and GH gene C408G and body size

Among the Charolais ewe lambs, 5 haplotype combinations were identified. The
CCCG haplotype combination showed a significant advantage in terms of body
height compared to the CTGG haplotype combination. The CTGG haplotype
combination demonstrated a significant advantage in sacral height compared to the
TTGG haplotype combination. Furthermore, the CTGG haplotype combination
exhibited an extremely significant advantage in hip height compared to the TTGG
haplotype combination. In terms of tube circumference, the CTGG haplotype
combination displayed a highly significant advantage over the CCCG and CTCG
haplotype combinations. Additionally, the CTGG haplotype combination showed
an extremely significant advantage in limb length compared to other haplotype
combinations. In terms of chest depth, the CTGG haplotype combination exhibited
a highly significant advantage over the CCCG haplotype combination. The TTGG
haplotype combination showed a highly significant advantage in loin angle width
compared to TTCG, CTGG, and CCCG haplotype combinations. Moreover, the
TTGG haplotype combination demonstrated an extremely significant advantage in
hip width compared to CTGG and CCCG haplotype combinations, indicating that
CCCG is the dominant haplotype combination (Table 16).

Table 16 Body size performance of haplotype combinations of IGF-1 gene T5299C and GH gene C408G sites in Charolais ewe lambs

Name Charolais ewe lambs

Haplotype TTCG(36/120) TTGG(4/120) CTCG(52/120) CTGG(4/120) CCCG(24/120)
Weight(kg) 8.1120.36 8.00+0.00 7.73£0.32 9.50£0.00 7.83+0.81
body height(cm) 42.61+0.47%® 42.00+0.00% 42.7340.42%® 41.00+0.00° 44.00+0.897
back height(cm) 42.67+0.62 41.00+0.00 42.15+0.62 41.50+0.00 43.08+1.08
waist height(cm) 42.39+0.55 42.50+0.00 42.77+0.63 42.50+0.00 44.33+1.37
sacral height(cm) 42.17+0.57%® 41.50+0.00° 42.15+0.51% 45.00+0.00? 43.50+1.14%
hip height(cm) 37.56+0.9323048 33.00+0.00°8 36.62+1.032°48 40.50+0.00% 37.00+1.482°48
frontal width(cm) 10.28+0.35 10.50+0.00 9.85+0.19 11.00+0.00 10.33+0.28
tube circumference(cm) 7.83+0.17°48 8.50:£0..00%48 7.77+0.18%8 9.00+0.00 7.60+0.198
chest 48.22+1.16 48.50+0.00 47.35£0.62 51.00£0.00 47.83+1.89
circumference(cm)

limb length(cm) 15.33£0.41°8 13.00:£0.00°® 15.12+0.42°8 19.50+0.00** 14.08+0.51°8
leg length(cm) 32.33+0.87 31.00+0.00 28.81+£2.29 29.00+0.00 31.92+1.52
body length(cm) 30.28+1.00 27.50+0.00 29.50+1.75 31.00+0.00 29.75+0.75
chest depth(cm) 16.40+0.29248 16.50+0.00%>48 16.02+£0.37°48 18.10+0.00** 15.38+0.55%8
chest width(cm) 11.98+0.42 12.00+0.00 11.79+0.38 12.50+0.00 11.50+0.50
waist angle width(cm) 9.78+0.39%B 12.50+0.00** 10.52+0.42°48 7.90+0.00°® 9.15+0.33%B
hip width(cm) 14.21+0.682°48 17.00£0.00*A 13.76+0.61°8 11..20+0.00°8 11.7740.64°8

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Charolais ewes, 4 haplotype combinations were identified. The CCGG
haplotype combination showed a significant advantage in terms of body height,
waist height, and chest depth compared to the CTCG haplotype combination.
Additionally, the CCGG haplotype combination demonstrated a significant
advantage in frontal width compared to both the CTCG and TTCG haplotype
combinations. Moreover, the CCGG haplotype combination exhibited an
extremely significant advantage in tube circumference compared to both the CTCG

and TTCG haplotype combinations, indicating that the CCGG haplotype is the
dominant one (Table 17).
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Table 17 Body size performance of haplotype combinations of IGF-1 gene T5299C and GH gene C408G sites in Charolais ewes

Name Charolais ewes

Haplotype TTCG(32/312) CTCG(40/312) CCCG(232/312) CCGG(8/312)
Weight(kg) 81.81+£5.25 73.50+3.95 79.33£1.48 84.00+16.00
body height(cm) 71.56+1.14% 69.02+0.70° 72.10+0.39% 73.75+£3.252
back height(cm) 70.44+0.97 69.15+0.61 71.60+0.41 73.00+1.00
waist height(cm) 70.88+1.36% 69.55+1.02° 72.15+0.40% 74.00£1.00%
sacral height(cm) 70.75+1.06 70.05+0.80 71.49+0.49 74.50+0.50
hip height(cm) 63.56+2.13 64.30+1.00 64.52+0.73 62.00+5.00
frontal width(cm) 15.31£0.27° 15.30+0.15° 15.53+0.12% 16.50+0.50°
tube circumference(cm) 9.44+0.24%8 9.37+0.20°8 9.74+0.10°48 10.75+0.25%
chest circumference(cm) 128.50+2.65 126.00+3.42 125.20+1.27 124.00+3.00
limb length(cm) 20.81+0.61 20.95+1.23 21.72+0.26 21.002.00
leg length(cm) 46.31+2.89 48.20+2.02 46.73+0.85 52.50+3.50
body length(cm) 63.50+2.00 61.80+1.85 64.39+0.62 64.00+3.00
chest depth(cm) 37.14%0.69% 34.42+0.71° 36.59+0.31% 37.75+1.75
chest width(cm) 35.75+1.23 34.34+1.07 34.76+0.39 33.75+2.25
waist angle width(cm) 31.3442.43 33.02+1.07 32.09+0.72 28.65+4.65
hip width(cm) 34.39+1.21 32.86+0.97 34.45+0.44 34.25+3.25

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Charolais ram lambs, 2 haplotype combinations were identified. CCCG
haplotype combination was superior to CCGG haplotype combination in weight,
body height, back height and other aspects, so CCCG is the dominant haplotype
combination (Table18).

Table 18 Body size performance of haplotype combinations of IGF-1 gene
T5299C and GH gene C408G sites in Charolais ram lambs

Name Charolais ram lambs
Haplotype CCCG(116/120) CCGG(4/120)
Weight(kg) 8.79+0.30 8.000.00
body height(cm) 42.82+0.42 41.00+0.00
back height(cm) 42.35+0.43 40.00+0.00
waist height(cm) 43.04+0.44 43.00+0.00
sacral height(cm) 38.06+0.43 38.00+0.00
hip height(cm) 42.71+0.43 41.00+0.00
frontal width(cm) 10.22+0.12 10.00+0.00
tube circumference(cm) 7.78+0.14 7.00+0.00
chest circumference(cm) 48.80+0.65 45.00+0.00
limb length(cm) 15.86+0.30 16.00:£0.00
leg length(cm) 31.93+0.44 31.00+0.00
body length(cm) 28.97+0.61 30.00+0.00
chest depth(cm) 16.15+0.31 12.00+0.00
chest width(cm) 12.38+0.33 11.00+0.00
waist angle width(cm) 10.52+0.43 11.00+0.00
hip width(cm) 14.08+0.47 13.50+0.00

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Charolais rams, 2 haplotype combinations were identified. CCCC
haplotype combination was superior to CCCG haplotype combination in weight,
body height, back height and other aspects, so CCCC is the dominant haplotype
combination (Tablel9).

Table 19 Body size performance of haplotype combinations of IGF-1 gene
T5299C and GH gene C408G sites in Charolais rams

Name Charolais rams

Haplotype CCCC(10/40) CCCG(30/40)
Weight(kg) 90.70+10.57 85.80+11.04
body height(cm) 71.50+1.64 70.24+0.80
back height(cm) 72.20+£1.23 69.57+0.99
waist height(cm) 73.66+0.78 72.10+1.13
sacral height(cm) 73.80+0.75 71.98+1.11
hip height(cm) 67.10£2.41 64.62+1.27
frontal width(cm) 16.30+0.37 16.30+0.28
tube circumference(cm) 11.00+0.42 11.37+0.25
chest circumference(cm) 109.30+2.15 106.67+1.34
limb length(cm) 22.40+0.40 24.07+0.70
leg length(cm) 54.60+0.93 51.73+1.07
body length(cm) 65.20+£1.36 65.73+1.18
chest depth(cm) 35.90+0.87 34.414+0.51
chest width(cm) 30.90+1.21 28.22+0.42
waist angle width(cm) 23.40+2.54 23.49+0.85
hip width(cm) 31.70+1.81 29.45+0.80

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Australian White rams, 5 haplotype combinations were identified. The
CCCG haplotype combination exhibited an extremely significant advantage in
terms of weight, back height, and waist height compared to the CCGG haplotype
combination. Furthermore, in terms of hip height, the CCCG haplotype
combination showed a highly significant advantage over the CTCG haplotype
combination. Additionally, the CCCG haplotype combination demonstrated a
significant advantage in body length compared to the CCGG haplotype
combination, indicating that the CCCG haplotype combination is the dominant one
(Table 20).

Table 20 Body size performance of haplotype combinations of IGF-1 gene T5299C and GH gene C408G sites in Australian White rams

Name Australian White rams

Haplotype TTCG(20/40) CTCC(8/40) CTCG(4/40) CCCG(4/40) CCGG(4/40)
Weight(kg) 67.60+5.23%8 69.50+1.00°8 94.50+0.00%8 99.50+0.00% 69.00+0.00°8
body height(cm) 60.50+10.08 75.75+0.75 74,00+0.00 73.00+0.00 71.00£0.00
back height(cm) 70.001.2358¢ 75.00:£0.00%8 73.50+0.00%048 77.00£0.00%A 67.00+0.00°C
waist height(cm) 71.46+1.07°® 75.75+0.25%A8 73.0040.00°A8 77.50+0.00%4 71.00+0.00°®
sacral height(cm) 71.20+1.19 74.50+2.50 72.00+0.00 76.00+0.00 71.00+0.00
hip height(cm) 65.80+0.92%8 64.00£6.00%18 57.00:£0.00°® 70.50£0.00%A 64.00:£0.00%018
frontal width(cm) 16.54+0.54 16.50+0.00 15.50+0.00 17.00+0.00 17.00+0.00
tube circumference(cm) 10.80+0.68 11.50+0.50 12.50+0.00 12.00+0.00 10.00+0.00
chest 97.30+2.58" 96.75+0.75" 110.500.00° 106.00£0.00 101.00£0.00°
circumference(cm)

limb length(cm) 23.50+1.00 21.75+1.75 22.00+0.00 23.00+0.00 22.00:£0.00
leg length(cm) 50.80+1.65 51.25+4.75 55.00+0.00 52.00+0.00 53.00+0.00
body length(cm) 66.50£1.10% 67.50+4.50% 65.00+0.00* 69.00+0.00° 61.00+0.00°
chest depth(cm) 34.00+1.06 34.75+0.75 37.00+0.00 37.00+0.00 35.00+0.00
chest width(cm) 25.14+0.892048 23.25+0.75°A8 27.50+0.00 24.00+0.00°A8 21.00+0.00°®
waist angle width(cm) 21.98+0.53¢C 22.55+0.95¢ 29.00+0.00% 25.50+0.00°8 16.000.00%°
hip width(cm) 25.2241.52%® 23.95+1.55° 31.0040.00° 31.0040.00° 27.0040.00®

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.
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The haplotype combination of IGF-1 gene T5299C site and GH gene T364C
site

Through analysis using SHEsis software (http:/analysis. bio-x. cn/myAnalysis.
php) , it was found that the IGF-1 and GH T364C SNP sites can form 9 haplotype
combinations. However, only 7 haplotype combinations were identified among the
632 experimental sheep.

Table 21 The haplotype combination of IGF-1 gene T5299C site and GH gene
T364C site

Haplotype HL1.TT H2:.CT H3:CC

HL.TT TTTT TTCT (88/632) TTCC (4/632)
H2:CT CTTT CTCT (104/632) CTCC (4/632)
H3:cC CCTT (6/632)  CCCT (406/632) CCCC (20/632)

The correlation analysis between the haplotype combination of IGF-1 T5299C
and GH T364C and body size

Among the Charolais ewe lambs, 5 haplotype combinations were identified. The
CCCT haplotype combination exhibited a significant advantage in terms of body
height compared to the CTCC haplotype combination. The CTCC haplotype
combination showed a significant advantage in shoulder height compared to the
TTCC haplotype combination, and a highly significant advantage in hip height
compared to the TTCC haplotype combination. Additionally, the CTCC haplotype
combination demonstrated a highly significant advantage in limb length compared
to other haplotype combinations. In terms of chest depth, the CTCC haplotype
combination showed a highly significant advantage over the CCCT haplotype
combination. The TTCC haplotype combination exhibited a highly significant
advantage in waist width and hip width compared to the CCCT and CTCC
haplotype combinations. Therefore, the CCCT haplotype combination is the
dominant one (Table 22).

Table 22 Body size performance of haplotype combinations of IGF-1 gene T5299C and GH gene T364C sites in Charolais ewe lambs

Name Charolais ewe lambs

Haplotype TTCT(36/120) TTCC(4/120) CTCT(52/120) CTCC(4/120) CCCT(24/120)
Weight(kg) 8.11+0.36 8.00::0.00 7.73+0.32 9.50+0.00 7.83+0.81
body height(cm) 42.61+0.47% 42.00+0.00% 42.73+0.42% 41.00+0.00° 44.00+0.89*
back height(cm) 42.67+0.62 41.00+0.00 42.15+0.62 41.50+0.00 43.08+1.08
waist height(cm) 42.39+0.55 42.50+0.00 42.77+0.63 42.50+0.00 44.33+1.37
sacral height(cm) 42.17+0.57* 41.50+0.00° 42.15+0.51% 45.00+0.00? 43.50+1.14%
hip height(cm) 37.56+0.93%18 33.00+0.00°8 36.62+1.03%018 40.50+0.00 37.00+1.48018
frontal width(cm) 10.28+0.35 10.50+0.00 9.85+0.19 11.00+0.00 10.33+0.28
tube circumference(cm) 7.83+0.17°48 8.50+0..002A8 7.77+0.18%8 9.00+0.00% 7.60+£0.19%8
chest 48.22+1.16 48.50+0.00 47.35+0.62 51.00+0.00 47.83+1.89
circumference(cm)

limb length(cm) 15.33+0.41%8 13.00+0.00°® 15.1240.42°8 19.50+0.00*A 14.08+0.51°8
leg length(cm) 32.33+0.87 31.00+0.00 28.81+2.29 29.00+0.00 31.92+1.52
body length(cm) 30.28+1.00 27.50+0.00 29.50+1.75 31.00+0.00 29.75+0.75
chest depth(cm) 16.40+0.2928 16.50+0.002A8 16.02+0.37°48 18.10+0.00*A 15.380.55%8
chest width(cm) 11.98+0.42 12.00+0.00 11.79+0.38 12.50+0.00 11.50+0.50
waist angle width(cm) 9.78+0.39%B 12.50+0.00* 10.52+0.42°48 7.90+0.00°® 9.15+0.33%B
hip width(cm) 14.210.682°8 17.00+0.00* 13.76+0.61""8 11..200.00°® 11.77+0.64°8

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Charolais ewes, 5 haplotype combinations were identified. The CCCC
haplotype combination exhibited a significant advantage in terms of body height,
back height, and waist height compared to the CTCT haplotype combination. It
also showed a significant advantage in shoulder height compared to the CCTT
haplotype combination. The TTCT haplotype combination exhibited a highly

significant advantage in chest circumference and chest width compared to the
CCTT haplotype combination. Thus, the CCCC haplotype combination is the
dominant one (Table 23).

Table 23 Body size performance of haplotype combinations of IGF-1 gene T5299C and GH gene T364C sites in Charolais ewes

Name Charolais ewes

Haplotype TTCT(32/312) CTCT(40/312) CCTT(4/312) CCCT(224/312) CCCC(12/312)
Weight(kg) 81.81+5.25 73.50+3.95 69.50+0.00 79.55+1.52 81.67£9.53
body height(cm) 71.56£1.14%® 69.02+0.70° 73.00+0.00% 72.05+0.40% 73.83+1.88%
back height(cm) 70.44+0.97% 69.15+0.61° 71.000.00% 71.55+0.42% 73.67+0.88%
waist height(cm) 70.88+1.36% 69.55+1.02° 73.00£0.00% 72.07+0.41% 74.67+0.88%
sacral height(cm) 70.75£1.06* 70.05+0.80% 69.00+0.00° 71.45+0.50% 75.00+0.582
hip height(cm) 63.562.13 64.30+1.00 65.00=0.00 64.38+0.75 65.33+4.41
frontal width(cm) 15.31+£0.27 15.30+0.15 16.00+0.00 15.51+0.13 16.50+0.29
tube circumference(cm) 9.44+0.24 9.37+0.20 10.00+£0.00 9.76+0.10 10.00+0.76
chest 128.5042.65% 126.0043 42348 110.00+0.00°8 125.65+1.27:48 121.1743.32%48
circumference(cm)

limb length(cm) 20.81+0.61 20.95+1.23 23.00+0.00 21.70+0.27 21.33£1.20
leg length(cm) 46.31+2.89 48.20+2.02 55.00+0.00 46.62+0.87 50.00+3.21
body length(cm) 63.50+£2.00 61.80+1.85 62.00+0.00 64.55+0.63 62.00£2.65
chest depth(cm) 37.14+0.69 34.42+0.71 34.50+0.00 36.67+0.32 36.50+1.61
chest width(cm) 35.75+1.23% 34.34+1.07%8 29.50+0.00°8 34.85+0.39%8 34.17+1.36*8
waist angle width(cm) 31.34+2.43 33.02+1.07 25.50+0.00 32.17+0.74 30.60+3.32
hip width(cm) 34.39+1.21 32.86+0.97 37.00+0.00 34.42+0.45 34.00+1.89

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Charolais ram lambs, 2 haplotype combinations were identified. CCCT
haplotype combination was superior to CCCC haplotype combination in weight,
body height, back height and other aspects, so CCCT is the dominant haplotype
combination (Table24).
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Table 24 Body size performance of haplotype combinations of IGF-1 gene
T5299C and GH gene T364C sites in Charolais ram lambs

Table 25 Body size performance of haplotype combinations of IGF-1 gene
T5299C and GH gene T364C sites in Charolais rams

Name Charolais ram lambs Name Charolais rams

Haplotype CCCT(116/120) CCCC(4/120) Haplotype CCTT(2/40) CCCT(38/40)
Weight(kg) 8.79+0.30 8.00+0.00 Weight(kg) 88.00+0.00 86.97+2.56
body height(cm) 42.82+0.42 41.00+0.00 body height(cm) 67.00+0.00 70.74+0.73
back height(cm) 42.35+0.43 40.00+0.00 back height(cm) 72.00+0.00 70.13+0.87
waist height(cm) 43.04+0.44 43.00+0.00 waist height(cm) 74.00+0.00 72.41+£0.91
sacral height(cm) 38.06+0.43 38.00+0.00 sacral height(cm) 76.00+0.00 72.25+0.89
hip height(cm) 42.71+0.43 41.00+0.00 hip height(cm) 70.00+0.00 64.99+1.15
frontal width(cm) 10.22+0.12 10.00+0.00 frontal width(cm) 17.00+0.00 16.26+0.24
tube circumference(cm) 7.78+0.14 7.00+0.00 tube circumference(cm) 12.00+0.00 11.24+0.22
chest circumference(cm) 48.80+0.65 45.00+0.00 chest circumference(cm) 108.00+0.00 107.29+1.20
limb length(cm) 15.86+0.30 16.00+0.00 limb length(cm) 22.00+0.00 23.74+0.57
leg length(cm) 31.93+0.44 31.00+0.00 leg length(cm) 56.00+0.00 52.26+0.90
body length(cm) 28.97+0.61 30.00+0.00 body length(cm) 65.00+0.00 65.63+0.98
chest depth(cm) 16.15+0.31 12.00+0.00 chest depth(cm) 36.00+0.00 34.7240.47
chest width(cm) 12.38+0.33 11.00+0.00 chest width(cm) 33.00+0.00 28.67+0.47
waist angle width(cm) 10.52+0.43 11.00+0.00 waist angle width(cm) 18.00+0.00 23.76+0.86
hip width(cm) 14.08+0.47 13.50+0.00 hip width(cm) 32.50+0.00 29.88+0.79

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Charolais rams, 2 haplotype combinations were identified. CCTT
haplotype combination was superior to CCCC haplotype combination in weight,
back height, waist height and other aspects, so CCTT is the dominant haplotype
combination (Table 25).

Note: Different lower case letter superscripts indicate significant differences at the
0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

Among the Australian White rams, 4 haplotype combinations were identified. The
CCCT haplotype combination exhibited an advantage in terms of weight and hip
height compared to the CTCT haplotype combination. It also showed a highly
significant advantage in back height and waist height compared to the TTCT and
CCCC haplotype combinations. In terms of body length, it exhibited a significant
advantage over the CCCC haplotype combination, and in terms of waist width, it
demonstrated a highly significant advantage over the CCCC haplotype
combination. Therefore, the CCCT haplotype combination is the dominant one
(Table 26).

Table 26 Body size performance of haplotype combinations of IGF-1 gene T5299C and GH gene T364C sites in Australian White rams

Name Australian White rams

Haplotype TTCT(20/40) CTCT(12/40) CCCT(4/40) CCCC(4/40)
Weight(kg) 67.60£5.23° 77.83+8.35% 99.50:£0.00? 69.00:£0.00°
body height(cm) 60.50+10.08 75.17+0.73 73.00+0.00 71.00+0.00

back height(cm) 70.00+1.23°B¢ 74.50+0.50%8 77.00£0.00%4 67.000.00°C
waist height(cm) 71.46+1.07"8 74.83+0.93%A8 77.50+0.00%A 71.000.00°8
sacral height(cm) 71.20+1.19 73.67+1.67 76.00+0.00 71.00+0.00

hip height(cm) 65.80+0.92% 61.67+4.18" 70.50+0.00% 64.00+0.00%
frontal width(cm) 16.54+0.54 16.17+0.33 17.00+0.00 17.00+0.00

tube circumference(cm) 10.80+0.68 11.83+0.44 12.00+0.00 10.00+0.00

chest circumference(cm) 97.30+2.58 101.33+4.60 106.00+0.00 101.00+0.00
limb length(cm) 23.50£1.00 21..83+1.01 23.00+0.00 22.00+0.00

leg length(cm) 50.80+1.65 52.50+3.01 52.00+0.00 53.00+0.00

body length(cm) 66.50+1.10% 66.67+2.73% 69.00+0.00° 61.00+0.00°
chest depth(cm) 34.00+1.06 35.50+0.87 37.00+0.00 35.00+0.00

chest width(cm) 25.14+0.89° 23.25+0.75% 24.00+0.00% 21.00+0.00°
waist angle width(cm) 21.98+0.53%48 24.70+2.22% 25.50+0.00% 16.00+0.00°8
hip width(cm) 25.22+1.52 26.30+2.51 31.00:£0.00 27.00+0.00

Note: Different lower case letter superscripts indicate significant differences at the 0.05 level, while upper case letter superscripts indicate differences at the 0.01 level.

DISCUSSION

The growth and development traits of sheep are highly important economic
characteristics. By selecting and breeding sheep with excellent growth and
development traits, it can promote the development of the sheep industry in the
country and bring significant economic benefits. In previous studies, it has been
found that genes such as MSTN, CLPG (Hu et al., 2016) and Myf5 (Niu et al.,
2014) are associated with the growth and development of sheep. Research has
shown that three SNP sites, rs6214, rs10860860 and rs2946834 in IGF-1 are
associated with the inheritance of high myopia (Rydzanicz et al., 2011). Yan et al.
(2014) conducted their study using Suffolk rams as experimental subjects and
found that the content of the GH gene in tissues such as the testes, spleen and
mesenteric lymph nodes was significantly higher than in other tissues. Similarly,
the content of the IGF-1 gene in the liver and mesenteric lymph nodes was
significantly higher than in other tissues. This indicates that the IGF-1 gene and
GH gene have a certain promoting effect on growth and development. Kumar et
al. (2023) conducted experiments to determine the correlation between the IGF-1
gene and performance traits in Munjal sheep. The results indicated that certain SNP
site mutations in the IGF-1 gene would lead to positive development of growth and
development-related traits in Munjal sheep. Li et al. (2012) through their study,
found a correlation between the mutation site in the fourth exon of the GH gene
and the weight and body size of sheep. Han (2016) found three SNP sites on the
GH gene in Tibetan sheep, among which two sites, G498C and G616A, were
significantly correlated with some growth traits of Tibetan sheep. This provides
assistance for breeding Tibetan sheep.
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This study primarily analyzed the effects of genotypes and selected haplotype
combinations at different sites of the IGF-1 and GH genes on the growth and
development performance of sheep.We used SNP genetic analysis, which can help
us better understand the impact of genetic variation on epigenetics (Zhu and Zhou,
2020). This study discovered one SNP site, T5299C, in the IGF-1 gene, and two
SNP sites, C408G and T364C, in the GH gene.The T5299C site of the IGF-1 gene
in Charolais ewe lambs exhibits a moderate degree of polymorphism, with a PIC
value ranging from 0.25 to 0.5. The T364C site of the GH gene in Charolais sheep
and Australian White rams also shows a moderate degree of polymorphism, with
a PIC value ranging from 0.25 to 0.5. Additionally, the C408G site of the GH gene
in Charolais sheep displays a moderate degree of polymorphism, with a PIC value
ranging from 0.25 to 0.5. These findings indicate a relatively high level of genetic
variation, suggesting the potential for significant genetic progress. The T5299C
site of the IGF-1 gene exhibits a relatively high He value in Charolais ewe lambs
and Australian White rams, while the C408G and T364C sites of the GH gene
display a relatively high He value in Charolais sheep and Australian White rams.
These results suggest that these sites have undergone a relatively high degree of
relative mutation in the corresponding populations, thus indicating a greater
abundance of genetic resources and diversity.

The research conducted by Muniasamy et al. (2023) demonstrated that a mutation
occurs at the A781G locus of the GH gene in Kilakarsal sheep, resulting in the AA
genotype and AG genotype. The AG genotype was found to have significantly
higher birth weight than the AA genotype (P=0.038). There was also a significant
difference in body weight at 9 months of age, with a difference of 1.40 kg,Similar
findings have been reported in other studies.Through the analysis of the
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relationship between genotypes and growth and developmental traits, it can be
determined. At the T5299C site of the IGF-1 gene, the advantageous genotypes for
body height and body length of Charolais ewes, rams, and ram lambs were CC,
while the advantageous genotype for weight, chest circumference, and body length
of Charolais ewe lambs was TT and the advantageous genotype for body height
and body length of Australian White rams was CT. At the C408G site of the GH
gene, the advantageous genotypes for chest circumference and body length of
Charolais ewes and ram lambs were CG, while the advantageous genotype for body
height of Charolais and Australian White rams were CC and the advantageous
genotype for body height, sacral height of Charolais ewe lambs was GG. At the
T364C site, the advantageous genotypes for body length of Charolais ewes, ram
lambs, and Australian White rams were CT, while the advantageous genotype for
weight, chest circumference, and tube circumference of Charolais ewe lambs was
CC, and the advantageous genotype for weight and chest circumference of
Charolais rams was TT. Compared to the genotype results, haplotype combinations
are more convincing. Research has shown that SNP analysis of the IGF1R gene in
Hulun Buir sheep revealed that the favorable haplotype combinations for growth
and development are TGTG and TGCA (Ding et al., 2022). In this study, we found
that in the haplotype combinations of different sites of the GH gene, the
advantageous haplotype combination for weight of Charolais ewes and ewe lambs
was CCGG, while the advantageous haplotype combination for body height of
Charolais and Australian White rams was CCCT, and the advantageous haplotype
combination for weight and body height of Charolais ram lambs was CCGT. In the
combination of T5299C and C408G, the advantageous haplotype combination for
body height, body length, and chest circumference of Charolais rams, ram lambs,
and ewe lambs as well as Australian White rams was CCCG, while the
advantageous haplotype combination for weight and body height of Charolais ewes
was CCGG, and the advantageous haplotype combination for weight, body height,
and chest circumference of Charolais rams was CCCC. In the combination of
T5299C and T364C, the advantageous haplotype combination for body height and
sacral height of Charolais rams, ram lambs, and ewe lambs as well as Australian
White rams was CCCT, while the advantageous haplotype combination for body
height and sacral height of Charolais ewes was CCCC, and the advantageous
haplotype combination for weight and chest circumference of Charolais rams was
CCTT. This experiment shows a negative impact of mutations in the IGF-1 and
GH genes on the growth and development of sheep, which contradicts the previous
description. This discrepancy may be due to the fact that the sheep have already
been subjected to artificial selection on the breeding farm.

CONCLUSION

This study detected one SNP in the IGF-1 gene and two SNPs in the GH gene in
Charolais ewe lambs, Charolais ewes, Charolais rams, Charolais ram lambs, and
Australian White rams.The results indicate that at the T5299C site of the IGF-1
gene, the advantageous genotypes for body height and body length of Charolais
ewes, rams, and ram lambs were CC, while the advantageous genotype for weight,
chest circumference, and body length of Charolais ewe lambs was TT and the
advantageous genotype for body height and body length of Australian White rams
was CT. At the C408G site of the GH gene, the advantageous genotypes for chest
circumference and body length of Charolais ewes and ram lambs were CG, while
the advantageous genotype for body height of Charolais and Australian White rams
was CC and the advantageous genotype for body height, sacral height of Charolais
ewe lambs was GG. At the T364C site, the advantageous genotypes for body length
of Charolais ewes, ram lambs, and Australian White rams were CT, while the
advantageous genotype for weight, chest circumference, and tube circumference
of Charolais ewe lambs was CC, and the advantageous genotype for weight and
chest circumference of Charolais rams was TT. In the haplotype combinations of
different sites of the GH gene, the advantageous haplotype combination for weight
of Charolais ewes and ewe lambs was CCGG, while the advantageous haplotype
combination for body height of Charolais and Australian White rams was CCCT,
and the advantageous haplotype combination for weight and body height of
Charolais ram lambs was CCGT. In the combination of T5299C and C408G, the
advantageous haplotype combination for body height, body length, and chest
circumference of Charolais rams, ram lambs, and ewe lambs as well as Australian
White rams was CCCG, while the advantageous haplotype combination for weight
and body height of Charolais ewes was CCGG, and the advantageous haplotype
combination for weight, body height, and chest circumference of Charolais rams
was CCCC. In the combination of T5299C and T364C, the advantageous haplotype
combination for body height and sacral height of Charolais rams, ram lambs, and
ewe lambs as well as Australian White rams was CCCT, while the advantageous
haplotype combination for body height and sacral height of Charolais ewes was
CCCC, and the advantageous haplotype combination for weight and chest
circumference of Charolais rams was CCTT. However, it was observed through
experiments that the gene substitution effect was positive, indicating a decrease in
growth and development efficiency, which is contrary to expectations. The reason
for this may be that the breeding farm has already undergone selection, retaining
sheep with advantageous genes and eliminating those with disadvantageous genes.
It is hoped that this study can provide reference for future research.
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