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ABSTRACT 
 

Cashmere goat (Capra hircus) represents a world renowned goat famous for production of 
superfine downfibre “Cashmere”. The worldwide total production of cashmere fibre is about 10000-
15000 tonnes per annum. Among all the fibres cashmere is the finest fibre of animal origin, 
produced in fairly large quantity in the world derived from goat breed indigenous to Asia. The 
physical properties of cashmere fibres can be attributed to proteins from Keratin family which are 
primary constituents of the fibre. Keratin proteins (KP) and keratin-associated proteins (KAPs) 
constitute about 90% of cashmere fibre, the said proteins are encoded by the keratin family genes. 
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Keratin-associated protein is one of the major structural proteins of the fibre, whose percentage in 
fibre has significant effect on its quality. Summing up, the evidence presented in past studies 
indicated that in the formation of cashmere fibre, there is important role of HGTKAPs in fineness of 
the fibre. This review summarises the information regarding keratin and keratin associated proteins 
in a national and international research programme designed to identify and utilize KAP genes of 
importance in the fibre quality. 
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1. INTRODUCTION 
 
Cashmere, the world’s most costly natural fibre, 
locally known as Pashmina is produced from 
cashmere goat (Capra hircus) as a superfine 
downfibre, from its secondary hair follicles. There 
are about 68 breeds of goats from 12 different 
countries that produce cashmere fibre. 
Changthangi goats raised in the Ladakh region of 
India produce Pashmina, which is internationally 
known as “cashmere” is a fine, lustrous and 
softest fibre of domestic animal origin [1]. 
Pashmina producing goats in world have 
remarkable reputation for uplifting the economy. 
The Chanthangi breed produces world famous 
“Pashmina” as super fine fibre. Superfine non-
medullated cashmere fibre (mean diameter of 
11-18 microns) is produced from the specialized 
structure of a secondary hair follicle with the 
outer medullated guard hair (mean diameter of 
50-150 microns). The hair of almost all of the 
single coated species (sheep and non-cashmere 
goat breeds viz, Bhakerwaal, Boer, Jamunapuri, 
Beetal etc.) being derived from primary follicle. 
Primary hair follicles are larger in size and are 
associated with secondary structures viz, sweat 
glands, sudoriparous glands and arrector pili 
muscles. Secondary hair follicles are much 
smaller in size and are devoid of these 
associated structures. The physical properties of 
cashmere and other hair fibres can be attributed 
to proteins from Keratin family which are primary 
constituents of the fibre [2]. Keratins and Keratin 
associated proteins (KAPs) are a large 
heterogeneous group of proteins comprising 
about 90% of the fibre [3]. Type 1 and type 2 
keratins form micro fibrils of the wool fibre, the 
microfibrils are embedded in a matrix formed by 
KAPs and consist of Keratin intermediate 
filaments (KIF). KAPs are the major component 
of the matrix between KIF are thought to form the 
rigid hair shaft through a cross linked network 
with KIF. The KAP are classified into three major 
groups on the basis of their protein sequences, 
(i) the high sulphur group (16-30% cysteine 
content), (ii) the ultra-high sulphur group 
(>30%cysteine content) and (iii) the high glycine 

tyrosine group which significantly varies within 
and between the species [4].  
 

2. KERATIN ASSOCIATED PROTEIN 
GENES 

 
Keratin Associated Protein are encoded by a 
large number of multigene families, till date more 
than 100 KAP genes have been isolated from 
human and other mammalian species and more 
than 50 genes have been found to encode 
keratin proteins. The variation in the family of 
these genes in cashmere goats play an key role 
in defining different properties of cashmere fibre 
quality (fineness, lustre, warmth, curvature) and 
production of fibre. The keratin proteins are 
found in two places in wool, namely the cuticle 
and the cortex, as in the cortex they are in 
microfibrils which are in turn embedded in a 
matrix of KAPs. The keratin proteins belong to 
either of two types, keratin type I (K31-40) or 
keratin type II (K81-87), which are coded by 
multi-gene families [5]. 
 
There are three major groups of KAPs which are 
categorized on the basis of primary protein 
structures namely high glycine-tyrosine KAPs 
which are encoded by KAP6.n, KAP7 and KAP8 
genes, the high sulphur KAPs coded by the 
KAP1.n, KAP2.n and KAP3.n multi-gene families, 
KRTAP4.n and KRTAP5.n gene families specify 
the ultra-high sulphur KAPs [3]. 
 

3. ROLE OF KAP GENES  
 

Keratins and keratin-associated proteins (KAPs) 
are the main structural components of the hair 
and wool fibres. The extensive disulfide bonding 
link keratin intermediate filaments (KIFs) with 
KAPs, located in the matrix [4,6]. The effect of 
KAP on the assembly of keratins into KIFs is 
considered to be very crucial as it affect specific 
attributes of hair and wool fibres (strength, 
inertness, and rigidity) [7]. KAPs are composed 
of either a high cysteine or glycine, tyrosine 
content. Across the range of species, 27 families 
of KAPs have been found. KAP1-3, KAP10-16, 
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and KAP23-27 are high-sulphur families (HS-
KAPs) and possess less than 30 mol% cysteine. 
KAP4, KAP5, KAP9, and KAP 17 are ultra-high-
sulphur families (UHS-KAPs), and they possess 
greater than 30mol% cysteine. KAP6-8 and 
KAP18-22 are high- glycine-tyrosine families 
(HGT-KAPs) [8]. The KAPs are encoded by a 
large number of multi-gene families, which 
appear to be organized into domains and 
generally contain a single exon. Polymorphism in 
the caprine KAP13-1 gene has profound effect 
on some fibre traits [9]. 
 

4. HIGH GLYCINE TYROSINE KERATIN 
ASSOCIATED PROTEIN GENES 

 
The high glycine–tyrosine (HGT) KAPs are the 
smallest of wool keratins which are encoded by 
KAP6, KAP7 and KAP8 gene families, which are 
intron less of 0.6-1.5 kb in size [10], whose 
expression differs to a great extent in cashmere 
goat of different species [5]. KAP6 is encoded by 
a multigene family whereas KAP7 and KAP8 are 
each coded by a single gene, [11]. Past studies 
showed that the polymorphism of KAP 6, KAP7 
and KAP8 genes in different species attributes to 
the variation in physiochemical properties of fibre 
[12]. 
 

5. HIGH GLYCINE-TYROSINE KERATIN 
ASSOCIATED PROTEIN GENES AND 
FIBRE FINENESS 

 
The understanding of the expression mecha-
nisms of these genes are a key in understanding 
the cashmere production at molecular level. 
There is a significant variation of high glycine-
tyrosine (HGT) proteins in fibre both within and 
between species ranging from 1% to 12% in 
sheep wool, 18% in mouse hair to more than 
30% in echidna quill [13].  The broad range in the 
content of high glycine tyrosine proteins in fibre 
raises fascinating questions concerning the 
regulation and function of these proteins in the 
matrix structure of the fibre. The variation in 
KAPs is due to a variety of genetic, nutritional 
and physiological factors [13]. 
 

5.1 KAP6 Gene 
 
KAP6 is a member of high glycine-tyrosine KAP 
and contain multiple-family members. Till date, 
five different ovine KAP6 sequences were 
detected, and these sequences were divided into 
three groups: KAP6-1, KAP6-2, and KAP6-3 [8].  
KAP6.1 is an important gene from group of high 

glycine /tyrosine which are smallest among the 
keratin proteins having single exon of less than 
1000bp and is located in the type II keratin gene 
cluster on sheep chromosome 1 [14]. These 
proteins are rich in glycine, tyrosine, serine, and 
phenylalanine. The HGT KAP varies in 
abundance from less than 3% in human hair and 
Lincoln sheep wool to 13% in Merino wool and 
up to 30% in Echidna quill. Genetic variations in 
wool keratin and keratin associated proteins 
(KAP) are responsible in the variation of wool 
and fibre in different species/breeds [4,12,15].  
 

KAP 6.2 is significant member of high 
glycine/tyrosine and being the smallest among 
the keratin proteins, most having molecular 
weight below 10,000. The KAP6 gene is known 
to be a complicated and shows high 
polymorphism in family of sheep HGTPs as 
numerous protein spots were separated from 
total glycine/tyrosine-rich HGTPs using auto-
radio graphs of two-dimensional polyacrylamide 
gels [16]. Subsequently, Northern blot analysis 
showed that more than one member of the KAP6 
family was expressed in sheep skin [17]. 
Therefore, it was suggested that the proportions 
and spatial arrangement of orthocortical and 
paracortical fibers, which are believed to be 
highly relevant to the crimps and curls of wool 
fibre, are the two major types of cortical 
keratinocytes [16]. The results of an in situ 
hybridization study suggested that the KAP6 
gene family was expressed in cells of the hair 
shaft cortex after transcription of the hair keratin 
intermediate filament gene [3]. KAP6 family 
genes might play a domineering role in 
determining wool trait characteristics, such as 
diameter and crimps, as indicated by their spatial 
and timely arrangement and their expression 
pattern. 

 

5.2 KAP 7 
 

Another variant of HGT gene KAP7.1 which is 
involved in the development of hornification and 
inner root sheath (IRS) of villi hence is the 
structural components of cortex and inner root 
sheath. KAP plays an important role in 
determining the cashmere growth and quality. 
Expression signals of KAP7.1 also appears from 
the matrix which reflects that KAP 7.1 is the 
important component of matrix of second hair 
follicles, moreover, has significant effect on the 
growth and development of cashmere. Studies 
have shown that expression pattern of KAP7.1 
gene is identical in the cashmere goat and in 
human, sheep and rabbits, which predominantly 
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expressed in the cortex but the difference, is that 
KAP7.1 in IRS of primary and secondary follicle 
is also expressed. This could be a possible 
reason for different cashmere quality in the 
different species [18-20].  
 

5.3 KAP 8 
 

KAP8 is member of HGT family, genes coding for 
HGT proteins and are located on chromosome 
21q22.1 in humans [21]. The KAP 8 gene has 
been mapped to ovine chromosome 1 [22]. The 
keratin-associated protein 8.2 (KAP8.2) is one 
among two members of the HGTKAP8 proteins 
that belong to one of the three classes of KAP 
proteins [23]. The KAP8.2 gene has a coding 
sequence of 192bp, which lacks introns and 
mainly is expressed in the wool follicle cortex. 
KAP 8.2 shows specific expression in hair 
follicles and expresses differentially in primary 
and secondary hair follicles of Liaoning 
cashmere goat but the expression is significantly 
higher in secondary hair follicles [18]. It has been 
reported that allelic variation at the KAP8 locus 
and fibre diameter was significant associated in 
sheep [24]. This suggests that the KAP8 gene 
may play an important role in determining the 
phenotypes for different cashmere quality and 
production traits.  
 

6. CONCLUSION 
 
With the recent development of molecular 
science and technology, the KAP genes 
controlling important traits of fibre have been 
found which are believed to be useful for 
selecting novel molecular markers associated 
with the fineness of fibre, so there is a need of 
more work on these markers by which fine fibre 
producing animals can be introduced at large 
scale by which economic sector of livestock will 
get developed. 
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