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Abstract: Searching for effects of candidate gene polymorphisms on cashmere production traits is an important
goal for goat industry. Genetic variations in IGF-1 may alter protein function. This study investigated the
association between polymorphisms in insulin-like growth factor-1 (IGF-1) and cashmere traits data with two
Kinjiang local goat breeds. The results showed IGF-1-P1 locus has polymorphisms. The polymorphism locus
of IGF-1-P1 by PCR-RFLP and DNA sequencing methods in 530 individuals from two Xinjiang local goat breeds
i China. The frequencies of genotype AA in two goat breeds (Xinjiang goat, Nanjiang cashmere goat) were
0.487 and 0.277. Genotype BB was 0.274 and 0.486. Genotype AB was 0.239 and 0.236. The polymorphisms of
the IGF-1 gene were associated with cashmere yield, fiber diameter, body weight in cashmere goat. However,
concern on cashmere production traits among three genotypes were shown not significantly (p=0.05).
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INTRODUCTION

In the present study, the insulin-like growth factor-1
(IGF-1), insulin-like growth factor-2 (IGF-IT) and insulin,
plays a central role in the regulation of development and
growth by its potent metabolic and mitogenic action
(Reinecke and Collet, 1998). Hence, the polymorphisms of
the IGF-1 gene analyzed as a genetic marker candidate for
people widely believed to be involved in carcinogenesis
(Furstenberger and Hans-Jorg, 2002; Pollak et al., 2004).
Report the Insulin-Like Growth Factor (IGF) system plays
a significant role in the regulation of the metabolism and
physiclogy of mammalian growth (L.eRoith et al., 1992,
Tatar et al, 2003) and in a variety of health outcomes
(Rosen, 1999; Tuul, 2003; Juul et ai., 2002; Vasan ef al.,
2003). The IGF-1 protein can accelerate the proliferation
and differentiation of the cells m the skin (Zhang ef al,,
2005, Philpott et al., 1994). There is growing evidence that
the TIGFs are important in the control of hair cycles
(Philpottt et al., 1995; Nixon et al., 1997).

In addition, it believed to be involved in growth of
wool fiber traits. In this study, we focus on associations
between the IGF-1 gene and a number of cashmere
production traits data. These studies could help explain
experimental and mfluence on cashmere production traits.
Tt suggested that the TGF-1 plays a role in cashmere
production traits, also. To date, there are few
polymorphisms studies within cashmere production traits
of IGF-1 gene have been reported. Few molecular research
1n Xingiang local goat, also. Therefore, it was a preliminary
and interesting research to analyze the genetic variations
of IGF-1 gene in 530 goats individual of Xinjiang in China.
Herein, we are the first to identify the novel genetic
variation of cashmere goat IGF-1 gene by PCR-RFLP
{(Polymerase Chamm Reaction-Restriction Fragment Length
Polymor-phism) and DNA sequencing methods, which
will possibly contribute to conducting association
analysis and evaluating them as genetic markers in
cashmere production and other performance for animal
breeding and genetics.
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MATERIALS AND METHODS

Animal source: Five hundred and thirty all unrelated
ammals (Xinjlang goat, n = 220; South of Xinjiang
Cashmere goat, n = 310) were collected and used in this
study. The Xinjiang goat were from the breeding centre of
KuFErLe of Xinjiang in China, the Nanjiang cashmere goat
were from AkeSu Goat Research Center of Ximjiang. Many
records of cashmere traits and body weight were used to
statistical analysis.

DNA preparation and Primer design: Genomic DNA of
530 cashmere goat were isolated from 2% heparin-treated
blood samples and stored at -80°C, following standard
procedures (Sambrook and Russell, 2001). According to
the sequence of IGF-1 (GenBank accession number
D26119), one pair of PCR primers was designed with
Primer 5.0, as follow:

Forward: 5- CACAGCGTATTATCCCAC -3°
Reverse: 5°- GACACTATGAGCCAGAAG -3’

They were used to amplify 363 bp PCR products,
containing for Capra IGF-1 gene exon 4 and partial of
intrond locus (P1 locus).

PCR amplification: One pair of PCR primers was designed
using Primer 5.0 software to amplify the coding and
flanking region of Capra IGF-1 gene (GenBank accession
D26119), the size of PCR products was 363 bp. The 25 pL
volume contained: 50 ng genomic DNA, 0.5 uM of each
priumer, 1x Buffer (ncluding 1.5 mM MgCl,), 200 uM
dNTPs and 0.625 units of Tagq DNA polymerase (MBT).
The PCR was performed using the following program:
94°C for 5 min followed by 35 cycles of 94°C for 40 sec,
annealing for 35 sec and 72°C for 35 sec and a final
extension at 72°C for 10 min.

PCR-RFLP and DNA sequencing: Aliquots of 10 ul, PCR
products of IGF-1 gene were incubated with 6 units
restriction enzyme Haelll (MBI fermentas) for 8 hat 37°C,
then electorphoresed on 2% agarose gel stained with
1= TBE buffer (89 mM Tris, 89 mM boric acid and 2 mM
Na,EDTA), containing 200 ng mL ™" ethidium bromide. A
6 pL aliquot of PCR products was added to 1.5 ul. of
loading dye (0.025% bromophenol blue, 0.025% xylene
cyanol, 40%, w/v sucrose) and the gels were run at a
constant voltage (100 V) for 0.3-0.5h.

The PCR fragments from different patterns in the two
breeds were amplified by the pawr of primers were
sequenced in both directions by ABI PRIZM 363 bp DNA
sequerncer (PerkanElmer) and the sequences were analyzed
with BioXM software (version 2.6).
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Statistical methods and analysis: Tn these goat breeds,
base on the genotypes of IGF-I-P1-Haelll locus in two
goat breeds, the genotypic frequencies, the allelic
frequencies and Hardy-Weinberg equilibriums were
directly. Differences genotypic frequencies at TGF-I-P1
locus among indigenous goat and cashmere goat
populations in China were analyzed and using a j’-test,
which were performed by SPSS software (versionl6.0)
(Norusis, 2008). Population genetic indexes, such as He
(gene heterozygosity), Ho (gene homozygosity), Ne
(effective allele numbers) and PIC (Polymorphism
Information Content) were calculated according to
Nei and Roychoudhury (1974) and Nei and Li (1979),
respectively.

Hu:ipiz’ Hezl_ipf
i=1 i=l

Furthermore, statistical analysis was performed for
records of cashmere traits in Nanjiang cashmere goat
(n = 310) and Xinjiang goat (n = 220). All analyses were
done 1n two steps, first using a full animal model and then
using a reduced ammal model. The full ammal model
included fixed effects of marker genotype, age of ram, ewe,
sex, farm, body weight, after combed cashmere fineness,
down cashmere thickness, cashmere yield and random
effects of ammal. The reduced model was used m the final
analysis (Boldman et al., 1993; Zhao et al, 2004). The
software SPSS (version 16.0) was used to analyze the
relationship between the genotypes and cashmere traits
in goat. The reduced linear model with fixed effects was
established and included effects of ewe, ram within ewe,
age and genotype, as well as interaction between ram and
genotype was involved. Reduced linear model:

Yigm =0+ S +D;+ A, + G +(8G), + B,

Where:

Yiiim The trait measured on each of the yklmth animal

v = The overall population mean

5 = The fixed effect associated with the ith ram

Dy The fixed effect associated with jth ewe with
ram 1

Ak = TFixed effect due to the kth age

G, = The fixed effect associated with Ith genotype
(IGF-1/AA, AB and BB genotype)

(3G), = Interaction between the ith ewe and the lth
genotype

Eiiim The random error

An effect associated with farm, sex were not matched
in the linear model, as the preliminary statistical analyses
indicated that these effect did not have a significant
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influence on variability of traits in analyzed populations.
The Least Square Means Estimates (L3M) with standard
errors for three genotypes of IGF-1 gene and growth traits
were used (Zhao et af, 2004, Linet al, 20097,

RESULTS AND DISCUSSION

In this study, screening for polymorphisms in all the
analyzed regions revealed the presence of a polymorphic
site in IGF-1 (Table 1 and 2). The mutation was detected
at IGF-1-P1 locus (Fig. 1), however, it was demonstrated
that there were three genotypes (named as genotype A4,
BB and AB) (Fig. 2) of the e¢xon 4 and intron 4 partial
region (Pl locus) by PCR-RFLP method. DNA sequencing
analysis showed, in this locus, the sequence of PCR
products of P1 locus 1s the same to sequence (026119 1n
Genebank. In intron 4 region, anovel of SNP was revealed
in intren 4 (Genebanlk D26 119 o 5752G>C). The frequency
of genotype AB is low in two breeds (injiang goat,
0.236; WNanjiang Cashmere goat, 0.239). Genotypic and
haplotypic frequencies of IGF-1-P1 locus in the two
breeds were showed in Table 2. Frequencies of haplotype
[GF-1-Pl-&, Bwere 0.605, 0.395in Xinjiang goat (n= 2207,
0,606, 0.394 in Nanjiang Cashmere goat (n = 310). A
haplotype and A A genotype were  predominant  in
Wanjiang cashmere goat The y'-test showed that the
genotype distnbutions of [GF-1-P1l loct ere in  agreement
with Hardy-Weinberg equilibrium in two breeds (Table |

Table 1: Genotype distribution and allelic fiequencies at the IGF-1-P1 locus

and 2). Based on y*-test, genotypic frequencies of the
warious polymorphism at IGF-1-P1 loci were found to be
significantly different in the two breeds (p<0.01), as well
as allelic frequencies among the two breeds were also
significantly different (p<0.01). Gene homozygosity, gene
heterozygosity, effective allele numbers, PIC of IGF-1
gene 1in the two breeds, respectively (Table 2). According
to the classification of PIC (low polymorphism 1f PIC
vaue<0 25, median polymorphism 1f 0.25<PIC walue<0.3
and high polymerphism 1f PIC value>0.5), IGF-1 genein
Himiang goat population, Nanjiang Cashmere goat was at
median polymorphic level. Gene heterozy gosity, effective
allele numbers and PIC of IGF-1 gene in Xinjiang goat
population were higher than that of Nanjiang cashmere
goat population. According to Wei and Roychoudhury
(19747 and Nie and Lie (1979 methods, the population
genetic indexes (namely, gene homozygosity, gene
heterozygosity, effective allele Mumbers (Ne) and
Polymorphism Information Content (PIC)) were calcul ated
(Table 2). Among the loci of the twro populations showred
lowr polymorphism.

The wvalues of PIC, He of Xinjiang goat breed in the
loci were higher than that of Nenjiang cashmere goat
populations, which implied that the polymorphism and
genetic variation of Xinjiang goat breed were higher than
that of Nanjiang cashmere goat. Gene homozygosity
varied from 0.522 (Hinjiang goat) to 0.523 (Nanjiang

Cihgerved genotypes and frequencies

Elelic frequencies

Breeds Sl &0 Do Total £ b ¥HWE)
Hinjiang goat 6140277 5200237 100436 220 0.3955 0.6045 T3
‘Wanjiang cashme e goat 151/0.487 TH0. 2387 B50.274 310 0.6065 0.3935 56.252

Bold walies: Genotype frequencies at the IGF-1-P1 (Exond and partial of intronet region) locus, ¥° (HWE): Hardy-Weinbers Equilibrium 3 *value

i
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Fig. |: Sequencing maps from different genotypes in cashmere goat IGF-1 gene
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Igble 2: Greretic indezes in two Hinjiang local zoatin Chita

EBreeds Ho He He HC
Virjiang goat 0522 0475 1916 0.364
Harnjiare caslune® zoat 0525 0477 1913 0.363

Ho: Gene Homomygoeity, He: Gere Heteromyeosity, He: Effective alleke
rutth ers , PIC: Polyrorphisim [ifbomation Content

Tdble 5: Association of genotypes at the IFF-1 gere Exond and partial of
intmrd rexion lomns with groarth traits in Narjisre @shiver @oat
Gerotypes &t I7F-1 gene

Cashirers

traits A4 (MeartiE) AR (MeartZE)  BE (MeantZE)  p-vshie
BWC (kg 215030222 21 2160317 2170200 =005
CD(png  15745£0070 15/21+0 099 157940093 =0.05
CIcm) 471220057 4.1 0052 o 020,07 =0.05
CY (=) 47665628 547 45025718 18] 46552011 566 =005

BT Body "Weight after Corrbed, CDr: Cashenere Finehess, C 1 O lerere
IThicloess, CF: Cashevers Tield, *Vahes with different mpencript witlin
the sare live differ sigrifiantly at p=005, BE: Standar Emor of Mears

A0bp

Fig. 2. PCR-RFLP patterns of the IGF-1-P2 in Cashmere
goat, line: 8, 11: 100-bp ladder matker, line: 1,27
homozygous AL genotype (363 bp), line 3, &8
homezygous BB genotype(264-99 bp), line: 4,5, 9,
10 heterozygous AR genotype (363-264-99 bp)

caghtmere goat) and MNe ranged from 1913 (IManjiang
cashimere goat) to 1.916 (Zinjiang goat). The mininmum and
mazitrnum PIC values were 0.343 and 0.364. This reflected
that there was not a wery high genetic diversity within
Chineze cashmere goat IGF-1 gene in  analyzed
populations, which could explain that all analyzed samples
were healthy individuals. In this study, we glso revealed
that the polymomhism of [GF-1 gene associated with fiber
diammeter, cashimere thickness, cashmere yield and body
weight in Manjiang cashmere geat, firstly. Mo other
statistically significant differences were obzerved
between the AL, BB and AC genotypes of the two
breeds concerning growth traite (p=0.051(Table 3.

The present study is the first report on polymorphizm
of IGF-1 gene associated with production traits data in
cashimere goatin China This research attempted to detect
polymorphizm at IGF-1 gene in two goat breeds of
Hinjiang in China The result showed that there was a
mutation at I[GF-1-PFl  locus, which the first
reported in Chinese goat. Just in Xinjiang goat was
monomorphizm at [GF-1-P1 locus, so mixtre of genotypes
maybe resilted in that gene heterozygosity, effective
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allele numbers and PIC of IGF-1.P1 locus were higherin
Finjiang goat population than that of Manjiang cashimere
goat population.

This reflected that there was not a wery high genetic
diversity within Chinese Capra IGF-1 gene in analy=zed
populations, which could explain that all analyzed samples
were Homemygouty individuals. Although, there were
polymorphisms at IGF-1.P1l locus in these two breeds,
getlotypic fegquencies and haplotypic frequencies of
IGF-1-Pl locus were found not to be sgnificantly
different in the two breeds, which lead us more to
believe that IGF-1 gene is very conservation in different
breeds,

Cashmere traits were an important trait i cashmere
goat. Few researchers have reported that genetic variation
at IGF-1 loci might play an important role in determining
varous cashimere traits and associated with variation in
fiber diameter, cashmere yield, the body weight after
combed cashmere, cashmete thickness.

It 15 wery interesting that among of fiber diameters,
cashmere yield, cashmere thickness, body weight of
Himjiang goat, Manjiang cashimere goat are thinner than
that of others cashmere goat.

These results wete could be explained that the
polymotphisn of IGF-1 zene might be relevant to fiber
diameter, cadunere yield and cashmere thickness of
caghmere. The 3MNP at IGF-1-.P1 regiontmay not be
a causal mutation in IGF-1 protein, which may be
lead to protein with the same amine acid sequence but
different stuctural and functionsl properties (K omar,
2007,

We know that the genome iz highly redundant in
terms of tREIMNA species for each amine acids, but
enigmatically under-represents a number of specific
codons (Mei and Foychowdhury, 19740, In the synthesis
of IGF-1 protein, if the change of baze at this pozition iz
not represented by a2 corresponding codon within the
tclear tBA | the rate of expression of the IGF -1 protein
tnay change, which may affect fiber diameter, cashimere
vield and caghimere thicleness of cashimere.

CONCLUSION

This study revealed anewel MNP in cashmere goat of
IGF-1-P1 locus The 3MNP iz association with fiber
diameter, caghumere wyield and body weight not
significantly. It will be practical for the improvement of
Chinese native goat and the bresding of genuvine
cashimere goat it China. The firther research iz wanranted.
Heowewer, the above described SHP (Genebank D26119:
ST52G =0 of IGF-1 gene extend the spectnum of genetic
variation of cashmere goat IGF-1 gene.
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