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Abstract: In this study, a novel deletion mutation in the whole CDS region at
cashmere goat K4P16.5 gene locus 13 reported, which result showed the deletion
of KAP16.5 gene in 816 cashmere goat samples was firstly detected in China. At the
same time, parts of these samples sequenced. However, there are not many studies
of goat K4AP16.5 gene and its polymorphisms in literary sources. The
polymorphism was studied in three Xinjiang local goat breeds of China. The results
showed that there was 15 bp-deletion mutation in this gene. The frequencies of the
KAPI6.5-Y allele in Xinjiang goat (n = 220), Nanjiang cashmere goat (n = 310) and
BoGeDa cashmere goat breeds (n = 286) were 0.9591, 0.8694 and 0.8846,
respectively. The y’-test showed that the genotype distributions in these three
cashmere goat breeds were not in agreement with Hardy-Weinberg equilibrium.
According to the classification of PIC, Nanjiang cashmere goat was more
pelymorphic at this locus. Moreover, the 15 bp-deletion mutation was described at
KAP16.5 locus for the first time and not have described at K4FP16.5 locus. Then,
the deletion polymorphisms within the K4API6.5 have been associated with
economic production traits data in Nanjiang cashmere goat breed shown no
significant (p>0.05).

Key words: Cashmere goat, goat, cashmere traits, breed, K4P16.5 gene, deletion
mutation

INTRODUCTION

The hair keratin-associated proteins are a major component of the matrix between the
hair keratins form intermediate filaments and are thought to form the rigid hair shaft through
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a cross-linked network with the hair kerating form intermediate filaments (Powell and Rogers,
1994). Mammalian skin consists of three major compartments: epithelium, dermis and
hypodermis. Tt is important that epidermis is a derivative of the swface ectoderm, as a
protective barrier and specific appendages mncluding hair, nails and different ecerine glands
(Tonker et al., 2004; Bond et al., 1996). The cuticle, the cortex and the medulla is a main
structure of all hairs and wool (Bond et al., 1996, Langbein et al., 1999, 2001; Hawkins and
Ragnarsdéttir, 2009; Feughelman, 2002). The internal cortical cells are long polyhedral
spindle-shaped structures (Jones, 2001), which mechanically, are the most important
component of any «-keratin fiber (Feughelman, 2002). The flattened overlapping, cuticle cells
surround the cortex and forms the external layer of the fiber (Marshall et af., 1991). The
structure of the cashmere fiber largely mvolves the expression of hawr keratins and their
keratins-associated proteins (Langbein et al, 1999, 2001). The keratins and Keratin-
Associated Proteins (KAPs) are a large heterogeneous group of proteins that make up about
9000 of the wool fiber (Powell and Rogers, 1994). The human hair is very resistant to external
stimuli and high stability is due to keratin (Barba et al., 2009). The keratins and Keratin-
Associated Proteins (K APs) plays an essential role i hairs and wool

KAPs are encoded by a large munber of multigene families. Furthermore, the KAP genes
are small in size less than 1 kb, generally contamn a single exon. The KAPs have been divided
into three categories, the high sulphuwr KAPs (<30 mol% cysteine content), the ultra-high
sulphur KAPs (>30 mol% cysteine content) and the high tyrosine/glycine KAPs
(Barba et al., 2009). The hair keratins represent the type T (acidic) and type TT (basic) two
multigene families. They form the 8-10 nm intermediate filaments (KIF) of trichocytes by
co-polymerization of type I and type II members, which are differentially expressed during
hair fiber development (Langbein et al., 1999, 2001). Previous studies have introduced these
KAPs are using the abbreviations KAP1.n through KAP23.n for these members known at
that time with n referring to a number identifying individual members, also subdivided into
23 distinct families (Rogers and Powell, 1993) and more than 100 KAP genes have been
1solated from human and other mammalian species. Genetic markers for the keratin
and keratin-associated protein genes have been associated with vanation in fiber diameter
and staple strength (McLaren et al., 1997).

The KAPI16.5 gene is one of high sulphw KAPs, which are important for the hair
structure. Apparent molecular weights of the high sulphwr proteins were 26.5-43.0 kd, but it
is probably higher than the real values 75-150% (Marshall, 1983). The high sulphur proteins
predominantly found m the cuticle with some alse found in the cortex (Irvine, 2005). All
KAPI6 gene extubit strong expression i a narrowly defined pattern restricted to the lower
and middle cortical region of the hair shaft in both developing and cycling hair (Pruett et af.,
2004).

To date, no polymorphisms of K4FP16.5 gene have been reported for China cashmere
goat. Therefore, the aim of ow study is analyzed the genetic variations of KAP16.5 gene in
816 goat individual m China by electrophoresed on agarose gels, PAGE and DNA
sequencing methods.

MATERIALS AND METHODS

Animal Source

Eight hundred and sixteen all unrelated animals (Xmjiang goat, n = 220; Nanjiang
cashmere goat, n = 310; Bogeda cashmere goat, n = 286) were collected and used m this
study 1n March to December of 2009. The Ximiang goat were from the breeding centre of
KuErLe of Xinliang in China, the Nanjiang cashmere goat were from AkeSu Goat Research
Center of Xinliang and Bogeda cashmere goat were from Urumugi of XinJiang in China.
Many records of cashmere traits and body weight were used for statistical analysis.
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3DNA Preparation and Primer Design

Genomic DNA of 816 cashmere goat were isolated from 2% heparin-treated blood
samples and stored at -80°C, following standard procedwres (Sambrook and Russell, 2001).
According to the sequence of KAP 6.5 (GenBank accession number AY510117), one pair of
PCR primers was designed with Primer5.0, as follow:

»  Forward: 5 -AGCAAACCAAACTCACCACC-3
¢« Reverse: 5 -TTCAGATGTCGGAGTGGGAT- 3’

Tt was used to amplify 272 bp PCR products for cashmere goat KAP 6.5 gene of the
whole CDS region.

PCR Amplification

One pair of PCR primer were designed using Primer 5.0 software to amplify the whole
CDS region of Capra KAPI16.5 gene (high sulphur KAPs) (GenBank accession number
AYS510117), the size of the PCR products was 272 bp. The 25 uL. volume contained: 50 ng
genomic DNA, 0.5 uM of each primer, 1xBuffer (including 1.5 mM MgC1,), 200 uM dNTPs
and 0.625 umts of Tag DNA polymerase (MBI). The PCR was performed using the following
program: 94°C for Smin followed by 33 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.

Deletion Mutation Polymorphism in the KAP6.5 Gene and DNA Sequencing

PCR products were electrophoresed on 4% agarose gels with 1 xTBE buffer (89 mM Tris,
89 mM boric acid and 2 mM Na;EDTA), containing 200 ng mL " ethidium bromide. A 6.5 pl.
aliquot of PCR products was added to 1.5 ul. of loading dve (0.025% bromophenol blue,
0.025% xylene cyanol, 40%, w/v sucrose) and the gels were run at a constant voltage (100 V)
for 0.5-1.0h.

Aliquots of 5 pL PCR products were loaded on 10% PAGE gel (80%x73x0.75mm) in 1 xXTBE
buffer and constant voltage 110 V for 3.5 h. The gel was stained with 0.1% silver nitrate
solution. The two methods show equal data results: genotype YY, YZ and ZZ.

The PCR fragments from different patterns i the three breeds were amplified by the pair
of primer, then sequenced in both directions by ABI PRIZM 272 DNA sequencer
(PerkinElmer) analyze the sequences with BioXM software (version 2.6).

Statistical Methods and Analysis

In these Chinese goat breeds, base on the genotypes of KAPI6.5 locus, genotypic
frequencies, allelic frequencies and Hardy-Weinberg equilibriuuns were directly. Differences
in genotypic frequencies at Capra hircus KAP16.5 locus among Xinjiang indigenous goat
and cashmere goat populations in China were analyzed using a y’-test, which were performed
by SPSS software (1999). 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 L1 (1979),
respectively.

o = gpf; Ne=1 2133; PIC=1- gpf - mEl i 2P7P;

i=1 j=i+l
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RESULTS

Few studies related to polymorphisms of K4AP16.5 gene in cashmere goat had been
reported. In this study, the entire CDS region and its flanking region of cashmere KAP16.5
gene demonstrated polymorphic patterns in three cashmere goat populations of China.
However, the deletion polymorphisms (named genotype YY, YZ and ZZ) were firstly detected
at KAP16.5 locus (Fig. 1a, b).

Frequencies of allele £4P16.5-1 allele i1 the analyzed populations were 0.8694, 0.8846
and 0.9591 for Nanjang cashmere goat (NJG), BoGeDa cashmere goat (BGD) and Xinjiang
goat (XIG), respectively. The genotypic frequencies at KAP16.5 locus were sigmficantly
different among Xinjiang goat, Nanjiang cashmere goat and Bogeda cashmere goat based on
a y’-test (y* = 34.588, df = 4, p<0.001), as well as allelic frequencies among the three
populations {(¥° = 8721, df = 2, p<0.03). The y°-test showed that the genotype distributions
of NIG, BGD and XJG breeds were not in agreement with Hardy-Weinberg equilibrium
(Table 3). In present populations, the population genetic parameters (namely, homozygosity,
heterozygosity, effective allele numbers (Ne) and PIC (Polymorphism Information Content))
were calculated (Table 2). According to the classification of PIC (high polymorphism if PIC
value=0.5, median polymorphism if 0.25<PIC value<0.5 and low polymorphism if PIC
value<0.25) (Botstein et al., 1980). Genotypic and allele frequencies of KAP16.5 gene in the
three breeds were shown m Table 1 and 2. Value of homozygosty estinate varied from
0.773 (NIG) t0 0.922 (XJG3) and Ne ranged from 1.085 (XIG) to 1.294 (NJG). PIC values varied
from 0.075 (XIG) to 0.201 (NJG). The three goat populations were at low polymorphic level.

(a) Marker 77 YY YZ YZ
400 bp NN I I 0 T
300 bp ——
100 bp ——
sovr I
50 bp L - = S
(b) ZZ  Marker ZZ YZ YZ 77 YY

Fig. 1. (a) The 10% PAGE electrophoresis patterns of 272 bp PCR products of KAP16.5 gene
m goat (ZZ: 257 bp;, YY: 272 bp). (b) The 4% agarose gels electrophoresis patterns
of 272 bp PCR products of KAP 6.5 gene ingoat (Z7: 257 bp; YY: 272 bp)

Table 1: Genotype distribution and allelic frequencies at the K4PJ76.5 gene locus

Observed genotypes Allelic frequencies

Breeds YY YZ 77 N Z Y v (HWE)

XIG 205.0000 12.0000 3.0000 220 0.0409 0.9591 20,452
0.9318 0.0540 0.0136

NIG 239.0000 61.0000 10.0000 310 0.1306 0.86%4 5.545
0.7710 0.1968 0.0322

BGDG 238.0000 30.0000 18.0000 286 0.1154 0.8846 07.598
0.8322 0.1049 0.0629

Genotype frequencies at the KAP16.5 gene locus; y* (HWE): Hardy-weinberg equilibrium y? value; NJG: NanJiang
cashmere goat; BGDG: BoGeDa cashmere goat; XIG: XinJiang cashmere goat
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Table 2: Genetic index in three Xinjiang local goat in China

Breeds Type Ho He Ne PIC

NIG Cashrmere 0.773 0.227 1.294 P=0.201
XIG Cashimere 0.922 0.078 1.085 P=0.075
BGDG Cashimere 0.796 0.204 1.257 P=0.183

Ho: Gene homozygosities; He: Gene heterozygosities; Ne: Effective allele nunber; PIC: Polymorphic information content

YY genotype ZZ deletion
TT(;Gc.|GGCCTGGGCT TTGGOCEC G TG G C TGT

T TG 6 Cpdgof © T 6 6 c T B i
ZZ genotype )

Fig. 2. The sequencing and sequence comparison results of KAFPI16.5gene in goat. The
sequencing results of KAP 6.5 gene YY (up) and Z.7Z (down, Deletion) genotype in
goat

AYEI0LLT g 38 ATGTGOCCATTACAGUAACTAC TACAGUGLOUTGGHOUTACGGCTAC 102
ZZ gemotype g 58 ATGTGOCATTACAGCAACTACTACAGOGGCCTGGGCTACGGCTAC 102

AYI10117 g 103 GGAGGC TTTGGO GG C THGHO T T TGGOOGTGGC TG TEGATGCGGT 147,
ZZ grmotype 2. 103 GUAGGUTTIGGO - - - - - == - - - - — o= - OGTGGUTGTGGATGOGET 132
Y penotype MOCHY SMY Y SGLGY GYGGRGUOLGRFGRGOGOGEFRELGFS TGRGGY GO 46
ZF penotype  MCHYSNYYBGLOYOYOGOFOGLG - - - - - OCGSFRERLGFSTOFGOY G 51.

Fig. 3: The sequencing, sequence and Amino acid sequence comparison results of KAP16.5
gene in goat. The sequencing and sequence comparison results of K4P 6.5 gene in
goat. Amino acid sequence comparison of K4716.5 protein, the individuals of ZZ
genotype delete 15 bp -GGCCTGGGCTTTGGC-

Taking nucleotide sequence AY510117 (GenBank Accession Number AY510117) as
criterion, nucleotide sequences from 24 individuals with 3 different genotypes were aligned
with the multiple sequence alignment program ClustalW (http://www.ebi.ac.uk/clustalw). A
novel 15-bp deletion was detected among them (Fig. 2, 3; GenBank Accession No.
AY510117). According to the mutation nomenclature and proposals (Den Dunnen and
Antonarakis, 2000), the 15 bp deletion mutation was described as 1r.115-129 deletion
(-GGCCTGGGECTTTGGC-) mutation (Fig. 2, 3). Observed significant differences of genotypic
frequencies for YY, YZ and 77 indicate that the breeds are different according to content of
allele Z-with deletion by y’-test (y*= 8.721, df =2, p<0.05) (Table 3). Taking in consideration,
that the breeds studied represent different capara utility type (economic production of
cashmere traits), the genotypic distribution possibly effect utility type of the breeds. Allele
KAP16.5 gene was detected in all the cashmere goat breeds. Probably, deletion was not
spread in the breed discussed.

The association of novel 15 bp deletion n KA4~16.5 gene with cashmere production
traits (body weight after combed, cashmere fiber diameter, down cashmere thickness,
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Table 3: Association of genotypes at the X4 P76, 5 gene with cashmere traits in NanJiang cashmere goat
Genotypes at KAP13.1 gene

YY YZ 7z,
Cashmere traits (Mean+SE) p-value
BWC (kg) 21.427+0.174 21.230+0.344 21.500+0.850 >0.05
CD (pum) 15.758+0.055 15.625+£0.110 15.706£0.271 =(.05
DCT (mm) 4.667+£0.045 4.695+0.090 5.100+0.221 =(.05
CY () 464.870+6.701 468.770+13.265 490.000+32.761 >(0.05

BWC: Bodyweight after combed; CD: Cashmnere fineness; DCT: Down cashmere thickness; CY: Cashmere yield

cashmere yield) in Nanjang cashmere goat were analyzed (Table 3). The cashmere production
traits in the records had no significant associated with genotypes studied (p=0.05).

DISCUSSION

Many previous studies reported genetic polymorphisms in humean high sulfur hair
keratin-associated protemn, which also play an important role in determining various wool
traits as well as the variation in fiber diameter (McLaren et al., 1997; Parsons et al., 1994). Few
studies have been reported related to K4AP16.5 gene in human and mouse, which also not
have been reported in goat. Tt is known that the fiber diameter, cashmere yield and down
cashmere thickness were important cashmere production traits in cashmere goat. Present
study is considered as the firstly detected a deletion mutation in the coding region of
KAP16.5 gene in these cashmere goat breeds m China.

Notably, all K4P16 gene exhibit strong expression in a narrowly defined pattern
restricted to the lower and middle cortical region of the hair shaft in both developing and
cycling hair. The study of 15-bp deletion mutation in our results was not a casual mutation,
which 1s essential for K4PI16.5 gene CDS region, it showed 15-bp deletion mutation in
KAP16.5 protein Cys, Ala, Cys, Cys and Ala, which may be linked to cashmere goat in the
coding or regulatory regions of the gene. The result of polymorphic level of Xinjiang goat
population was lower than that of Nanjiang and Bogeda cashmere goat population. Tn order
to better understand the detailed genetic varnation of K4P16.5 gene, we analyzed it with
cashmere production traits in the records. Moreover, the research results revealed no
significant impact for genotypes studied (p=0.05) by artificial selection and breeding. So, the
objective of this study was to detect the polymorphism within goat KAP 6.5 gene in Chinese
animals, which may possibly contributed to conducting association analysis and evaluating
them as genetic markers in cashmere production and other performance for animal breeding
and genetics. In order to get more genetic variation information we would do pay more
attention to further research in the future.

The y°-test results obtained in present study that may be caused by nenrandom mating
and among the three Xinjiang local goat breed selected some of the excellent individuals
could violate the Hardy-Weinberg equilibrium.

For all the available information concerning KAFP16.5 gene in human and mouse, there
15 no information known for cashmere goat. Our study is considered as the firstly detected
the deletion novel mutation in the coding region of KAPI6.5 gene in three cashmere goat
breeds and associated with cashmere production traits of China. Therefore, the presence of
15 bp deletion in K4AP16.5 gene might straddling influence the body weight after combed,
cashmere fiber diameter, down cashmere thickness, cashmere yield. The K4PI6.5 gene
seems to be promising as it plays an important role in fiber diameter traits. Tt is important that
cashmere production traits to the livestock mdustry, it appears clearly that essential further
researches on KAP16.5 gene in the livestock should be done.
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CONCLUSION

In this study, we revealed a novel 1 5-bp deletion polymorphism in the whole CDS region
of KAP16.5 gene. The deletion mutation 1s not sigmficantly associated with body weight
after combed, cashmere fiber diameter, down cashmere thickness and cashmere yield trait.
The Z allele was a straddling influence m the three goat breeds and it should be pay attention
from the breeding schemes of goat. Therefore, this study considered as a preliminary
umportant research for improving the Xinjiang local goat breeds and the breeding of genuine
cashmere in China. Also, the present study is one of initial studies performed on China goat
cashmere traits and provides preliminary mformation about alleles and genotypes of
KAP16.5 gene in three goat breeds of China.
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