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Polymorphism of KIFI Gene Associated with Cashmere Traits in Xinjiang Goat Breeds
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Abstract: The wool fiber is structurally composed of low-sulfur protems, for which the Keratin Intermediate-
Filaments (KIF) gene 1s responsible along with Keratin-Associated Proteins (KAPs). In this study, PCR-RFLP
and DNA secuencing were used to detect polymorphisms of the Keratin Intermediate-Filaments type I (KIFT)
gene 1n three Chinese cashmere goat breeds (Xinjiang, Nanjiang and Bogeda White), to estimate gene and
genotype frequencies and Polymorphism Information Content (PIC) and to determine impacts of genotype for
KIFI on expression of cashmere traits. Results showed a novel A-C (GGCA-to-GGCC) mutation in intron 1,
which forms a Haelll endonuclease restriction site. Three unique PCR-RFLP banding patterns (genotypes AA,
AC and CC) were found. The frequencies of the A allele in the samples from the goat breeds varied from
0.700-0.747. The genotypic distributions in three cashmere goat breeds were in Hardy-Weinberg equilibrium
(p=0.05). According to the classification by PIC, the Xinjiang cashmere goat breed was more polymorphic at
this locus than the other breeds. Furthermore, analysis of the impact of KIFI gene polymorphism on cashmere
traits (cashmere fineness, down cashmere thickness, cashmere yield, body weight after combing) in goats from
the Xinjiang breed indicated greater cashmere fineness n genotype AA compared to genotype CC (p<0.05),

suggesting that this mutation may have significant influence on the cashmere fineness.
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INTRODUCTION

Goats account for a large proportion of total small
ruminants in China and cashmere production is an
umportant component of the Chinese goat industry. While
gene migration through importation of foreign goat
genetics has potential to improve wool quality and yield,
adaptation of these imports to austere conditions of
western China 1s questionable. Consequently, genetic
unprovement of native breeds i wool traits 1s desirable
because of the adaptation and fitness of these
breeds in their production environment. However, breed
umnprovement through traditional genetics and breeding
methods 1s difficult because of the demographics of the
goat herds and extensive production systems in western
China (Subramanian et al., 2005). Consequently, efforts in
genetic mmprovement of goats might be accomplished
more efficiently through the use of DNA markers using
Marker-Assisted Selection (MAS) (Lan et al., 2009).

The physical properties of the wool fiber can be
attributed to proteins from the keratin family whuch are the
primary constituents of the fiber (Itenge-Mwezaa ef al.,
2007). Keratins and Keratin-Associated Proteins (K APs)
are a large heterogeneous group of proteins comprising

about 90% of the wool fiber. Heteropolymers of the type
I and type II keratins form microfibrils of the wool fiber
(Powell and Rogers, 1997). Microfibrils are embedded in a
matrix of KAPs and consist of Keratin Intermediate-
Filaments (KIF) (Schweizer et al., 2006, Powell, 1996).
Consequently, variation m family of genes plays an
important role in determimng different properties of
cashmere quality and production.

Keratin mtermediate-filaments are also known as hard
a-keratins as might be associated with hair, nails, or
hooves. They are low-sulfur proteins, classified into type
I kerating (acidic) and Type I keratins (non-acidic)
(Schweizer et al., 2006, Powell, 1996) with =50 genes
encoding these proteins m vertebrates (Pruett et al,
2004). Sheep type T and type 1T genes are at 11¢25~q29
and 3ql 4~q22 (Dolling and Brooker, 1966) with the type T
gene about 45 kb 1 length and containing 6 introns and
the Type I gene about 79 kb n length and containing 8
introns (Powell and Rogers, 1997).

Hinjiang Cashmere Goat (XJG3) is a native indigenous
goat breed that has not been subject to artificial selection
or gene mtrogression from imported breeds. The Nanjiang
Cashmere Goat (NJG) is a composite breed, from crosses
of Liaoning Cashmere Goat with Xinjiang local goat
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(Fiao and Xu, 2002). Bogeda Cashmiere Goat (B3 is a
composite of Liaonding Castanere Goat Capra iber and
Firgiang local goat, named as a breed by the Autonomous
Regional Committee of Livestock Species in 1998, Few
molecwlar stadies have been done in these breeds
(¥ eEtZiaTiand ¥ e, 20027,

The objective of this study was to detect
polymorphisms within Kerdin Irtermediate-Filamerds
type I (EIFT) gene inthwee Chiness goat breeds UG, HIG,
B3 atd assess the effect of these polymorplisms on
cashanere traits, with the irterd of idertifing matlers
uzefial i m atker- assisted selection,

MATERIALS AND METHODS

Animal source: Data on cashmere traits and DHNA from
Zirgiang cashmere goat (n = 202) were ohtaned from two
different households in Earbaumugye Village, Cedaya
Township, Luntai County, Bayinguoleng Prefectare,
injlang Autonomous Region, DNA from  Hargiang
Caghan ere Goat (n= 2537 were obtained from two flocks,
reared in BaiHuTai Breeding Farm, Wenm C ounty, Akau
FPrefectwre, Hinjiang Autonomous Heglon, and data on
cashimere traits and DHA from Bogeda Cashimere Goat
(= 2517 wete collected from Banfangzon Farm, Tnaumg
City, Hinjiang Autonom ous Reglon.

DINA sample preparation: Genomic DNA of 712 anim ol s
was igalated from 2% heparin-treated blood samples and
stored at -20°C, following procedures of Sambrook and
Ruszell (20020,

PCR amplification: Based ona published gene sequetice
fror sheep (GerBank accession WolI23912), one pair of
PCRprimers(F: 5"-GGCTTRGTOAACT TR GCTC TG -3 and
R: SLTCGGATTCOCTOCCTACAAC-E"Y was designed
uging Pritmer 5.0 software to amplify cashimere goat KIFI
gene. The size of the PCR products was 459 bp,
cotitaining partial 57 Untransl ated Regions (U TER), exonl
atd part of intron .

& 25 pl PCR solaticn cortairndng 50 ng DA
template, 10 wmool of each primer, 0.20 mDI dWTE, 2.5 mb
MIzC1, and 0.5 1T Tag DHA polymerase (Dingguo, Beijing
and Ching) was used The PCR was performed using the
foll marinng por ogratm: 95°C for 5 minfoll cered e 34 cyrcles of
94°C for 30 sec, annealing for 40 sec and 7270 for 45 sec
anid a final extension at 72°C for 10 min. PCR products
were electrophoresed onl 3% agarose gels using 1= TEE
bdfer (29 mM Trig, 89 mhIboric acid 2 mMNa, EDTA),
contaning 200 ngm L™ ethidium bromide.

Genotyping o f Haelll EIFI alkle hy PCR-RFLP: FCR
prochacts (10 pl) were digested with Haelll (51, With

Fig 1: PCR-RFLP patterns of the KIFI gene in gods
(Genotrpe A4 Genotype AC, G enotype CO)

BE&) at 370, overnight The digested products were then
electrophoresed in 2 0% agarose gel using 1 *TBE tnaffer
(2% mM Trig 29 mM boric acid, 2 mM Na, EDTA),
cortaining 200 ng mL™ ethidivm bromide O enotypes
wete assigned according to PCR-RLFP banding patterns
(Fig. 1) for each individual.

Statistical analysis: Based on results of genotyping for
KIFI, genotypic frequencies, allelic frequencies and
Hardy-Weitther g ecuilibeivm s were estimated. Differences
among Chinese cashivere goat populations in genotypic
atwd allelic frequencies of the KIFI gene wete tested uaing
a y-test (SP33, Inc, Shanghai, PRC, version 15.0).
Population genetic indexes (gene heterozygosity, gene
ho omypgosity  and  effectiwe  allele  rombers)  were
caleulated by methods of Mei and Li (1979 The
P ol crphiam Infortmation Content (PICTY was caleulated
according toBotstein of . (19807

The linear model used in analyses of the impact of
KIFI genotype on cashimere traits in Hinjlang cashmere
goat (n = 208) included effects of age of goat, origin and
KIFT genotype with random residoal vsed as error
(SFE3E, Ine, Shatghal, PRC, version 15 0).

RESULTS AND DISCU SSI0N

The KIFI gene has been located on ovine
chromosome 11 and was identified az a QTL for woal
staple strength (Fowell and Rogers 1994, Purds and
Framklin, 2005). Polwymorplism  associated with the
catidfidate gere for wool keratin has been described in
several sheep breeds (Rogers ef al., 1993). There are few
teports in the literabire on polymorphisms of KIFT in
cashimere goat.

I this research, we detected the patial S°UTER, the
entivety of exon 1 and part of intron 1 of the castonere
goat KIFT gene. The mutation & to © (300 A-to-GGEOC
located ot introrn 1 formed a Haelll endomiclease
testrictiory gte. Three wnigue PCE-RFLE banding patterns
(genotype AL AT and OO were detected (Fig. 1. The
PCRE-RFLE bvanding patterns were sequenced in both
directions and were published in the GenB ark database
(GerBark accession FI429182-FI429184) (Fig 2.
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The frequencies of allele & inXinjlang castun ere goat
(=208, Hajiang Cashunere Goat (n=253) andBogeda
Castunere Goat (0= 2510 were 0.700, 0.729 and 0.747,
respectively and frequencies of allele © was 0300, 0.271
and 0233 (Tahle 1) Population genetic indexes
(homozygosity, heterozygosity, effective allele Humbers
(Me) and P olymorpldsm Inform ation © onterd (PICT) were
calewlated according to Mei and Li (19797 (Table 2. A
breeds showed moderate polymorphism for ETFT and
therefore moderate genetic diversity of this gene in
Clinese cashmere goat populations. However, PIC in the
Hirjiang castunere goat breed was greater than those of
the other taro teeeds, implying that the polym apldsm and
genetic variation in the Xinjiang cashemere goat breed
were higher than those of the Margiang Cashmere God
and Bogeda Cashumere Goat Tests of Hardy-Weirheg
equilibriem  confirmed that all three tweeds were in
euilibrivem (p=0.05) (Table 27

Analyses of KIFD genotype with castimere quality
traits (castumere fineness down cashmere thickness
cashunere wield and body weight after combing were
atalyzed in Hinjiang cashumere goat The mean fiber
di atn eter for genotype AA was amaller than genotype CC
(p=0.05), demonstrating the influence of this gene on the
cashimere fineness. Genotype CC had a trend of
roarerically thicker down castimere fleece and gredter
cagtunere wield (Table 3. Howewer, no significart
differenice. Tlis is consistent with results of other
research that show negative relationships of fiber
diameter atud fleece yiel d(Y B3 aTi and Ve, 2002,

Aince, the 4-C mutation ig located in one of the
intron regions, the SHEP studied here may not be a causa
mutation If not, it is possible that itis linked to another
mutation in the coding of regmdatory regions of another
gete, which iz a causal mutation for castmere traits
(Lai ef al, 2009, Howewver, introns (especidly intron 1)
hawve heen shown to affect transcriptional
of munerous genes in s varety of organiasms
(Greetwood and Kelsoe, 2003; LeHir of ol 20037, For
example, Marie-Lawre ef of . (20067 found a splice defect
(e357 £2T-C0 in intron 3 of the nmvan Hestl gene,
which led to  the sythesis  of toancated proteins
partiallly or entirely lacking the homeodomain, with no
transeriptional repression, as shown by their inabdlity to
irhibit Propl actiwity (Marie-Lanre of of , 20067

efficiency

.1: y iV "

fr i W I 11 o ! ) uf E AL

3R O —L Genotype OO
Fig Z: Gequencing maps from different genctypes in
cashimere goat KIF] gene

Table 1: Gerwtypic disribnatior, arud ale bic fre quetcies of casherere goat ETFT zere

Oherved gerotype s ard fhe T frequencies Allele frequencies

Ereeds' L AL o Total o [
M 105(0.505) 2100329 2200.1067 208 0.700 0.300
HI 122050067 1130 44T 1200477 53 0.729 0.271
Eix 1410562 Q303707 1700 0687 251 0.747 0.253
100G Mgjiang Cackavere Groat; HIG: Hanjisng Cadunere Goat; B Bogeds Caclorers Coat
Tahle 3: Geneti diversity ectimate s for Chie s cachemere goat gene KIF

Crate Cretue Effective allele Fobmnaphism Inf onmuatfoe
Ereeds' Houmomrgoesite (Ho)  Heterozyrgosty (He) Lhombers (He) Copitent (FIC 0 EE pwalie (HVWH
M 05796 04204 1.7252 03320 1.1282 =005
HI 0.6051 03940 16526 03169 43451 =005
Eix 0.6220 03780 1.6076 01 3065 0.0376 =005
100G Mgjiang Cackavere Groat; HIG: Hanjisng Cadunere Goat; B Bogeds Caclorers Coat
Tablk 3: Mleane for ETFT genobypes for caskenere traite & Minjiang cashmers goat
Tra it A= 105) Al =81 CC k=21 perahie
Cashomere fhetess (pm) 15.7634). 1044 15976+0.12140 1647420 257The =0.05
Doy cashirere thickaess () 3.387H).005 3424 #).110 35710233 =0.05
Cackomere yield () 1465764051 147 23244 706 156 571+9 932 =1.05
Bodywre ighd after copmbed (k) 29 635+ 0 5209 30,1590 731 28214+1551 =05

Tleatis op fhe came e with diff ererd auperccripte dffer (p=0057
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CONCLUSION

The present study revealed a novel substitution in
the mtron 1 of cashmere goat KIFI gene which forms a
Haelll endonuclease restriction site. This mutation
appears to be associated with cashmere fineness (p<0.05)
and may be useful in genetic improvement of cashmere
traits of Chinese cashmere goats through marker assisted
selection.
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