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Abstract 
Sheep and goat are two species of small ruminants that produce different kinds of fibres that differ in 

their characteristics mainly on the breed-wise basis. On one hand, Pashmina breeds produce the fine type 

of fibre while breeds of South India produce fibre that is not much fine. Cashmere and Mohair are 

important fine fibres having immense demand in international markets. Understanding the pathways for 

genesis, development and differentiation of fibres have the potential to help us in manipulating the 

breeding plans for efficient fibre production from these sheep breeds. Keratin forms an important part of 

the wool fibre and determines the most part of its structure and physical characteristics. Different studies 

have aimed at elucidating the polymorphism and association thereby with different fibre characteristics. 

Two multi-gene families have been reported for Keratin, the type I (acidic) and type II (basic) families. 

Application of results from these studies is surely going to help reap rich benefits if applied meticulously 

into the existing breeding plans for these species. A standard set of abbreviated coding pattern has been 

proposed recently regarding the nomenclature of different KAP genes and proteins. 

 

Keywords: Association, cashmere, KAP, Keratin 

 

1. Introduction 
Human societies have benefited immensely ever since the domestication of farm animal 

species. Animal rearing has improved the livelihood, thus it still remains highly relevant in 

present times, where everything is seen through an economic prism. On one hand, large 

animals are mainly reared for milk production, the small ruminants, mainly sheep and goat, 

have significance in their own ways. One of the main outputs is the production of the fibre of 

different types. A number of attempts have been made to understand the genetics and 

phenotypic parameters of wool and fibre growth in various species.  

Wool fibres are of different kinds, produced from small animals, mainly sheep, goat, rabbit 

and a few other species. Even different breeds, within a single species, produce different kinds 

of fibres. These fibres differ significantly in terms of structural, mechanical and other 

characteristics. Of these fibres, Cashmere and Mohair are highly relished and are being used 

for various purposes all over the world. Due to less productivity per animal and ever-

increasing demand, this forms a hot-cake in the small animal genetic studies. Different 

interrelated genes and pathways are thought to be responsible for different fibre characteristics 

like fibre yield, fineness, fibre diameter, staple length, fibre weight and colour and others. 

However, other parameters like tensile strength, moulting, spatial and temporal expression are 

some other factors important for our understanding and for any manipulations targeted for rich 

future reaps.  

 

1.1 Pashmina fibre 

Pashmina is a fine, undercoat of the Cashmere goat (Capra hircus), which serves as a layer of 

insulation during the cold winter months. During the spring, the Cashmere moults 

spontaneously and is harvested by the farmer by combing of animals while it is entangled with 

primary fibres. Pashmina, produced in India, especially in the Jammu and Kashmir State, is 

known for its quality all over the world. The fineness of fibres varies from 11.30 µ [1] to 

13.51µ [2]. Similarly, fibre length also shows considerable variation and has been reported to 
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be 4.0 to 6.20 cm [1], 4.95-5 cm [3], 5.80 cm [4], 4.86 cm [5]. 

However, the Cashmere fibres are rather weak and about 10% 

below the strength of the finest wool and about 40% weaker 

than fine Mohair [6]. 

Pashmina fibres are non-medullated and lack crimps. On an 

equal weight basis, Pashmina possesses three times more 

insulating capacity as that of wool [6]. The common natural 

colours of Pashmina are grey, brown, black and white. The 

Cashmere traits of industrial importance are the fibre 

diameter, fibre length, and fibre yield, fibre weight and 

colour. Among all shades, white fetches the highest price 

because of its rarity. There is sparse information on the genes 

involved in Pashmina fibre production and quality. For 

analyzing the genetic association of particular gene 

polymorphism with production traits, studies which focus on 

associations between genetic variation within candidate genes 

and phenotypes are required. Hence, searching for the effects 

of candidate gene polymorphisms on Cashmere production 

traits is important to develop markers for selection and /or 

alleles of interest influencing Pashmina fibre for goat 

industry. Some quality attributes and related genes found to 

be associated with Cashmere traits shall be reviewed below. 

 

1.2 Fibre Structure 

The undercoat Pashmina fibres microscopically consist of the 

epidermis and the cortical layer and are free of any 

medullation. The epidermis scales are more distinct in 

Pashmina fibre than in Mohair, but less than wool. In the very 

fine Pashmina fibres, one or two scales encircle the entire 

fibre shaft. The scale margins are relatively far apart, 

averaging 6 to 7 per 100 microns, and have smooth edges. 

Scales with crenate edges are very rarely found. 

The cortical layer of the white and light coloured fibre shows 

distinct longitudinal striations which are covered up by the 

colour pigment in the dark fibres. The distribution of pigment 

is generally uniform in the light coloured Chinese and 

Mongolian fibres, whereas in many of the dark brown and 

black Iranian fibres asymmetrical distribution of the pigment 

is common, indicating the presence of the two distinct 

portions, the ortho-cortex and the meso-cortex [6]. 

 

2. Understanding the genetics underlying the fibre related 

characteristics in animals 

2.1 Keratin Genes  

Keratin forms a major part of fibre and hair structures in 

mammals giving them intense strength. Keratin and keratin 

associated genes are responsible for various aspects of skin 

and fibre development in mammals. Different proteins and 

underlying proteins have been studied for the developmental 

pathways and characteristics of wool and hair in animals and 

humans. The Keratins proteins are divided into two groups- 

the keratin intermediate filament (KIF) proteins and the 

keratin-associated proteins (KAPs). The keratin and Keratin-

associated proteins are among few of the largest multigenic 

families in mammalian genomes. These, in turn, encode a 

heterogeneous group of proteins that make up about 90% of 

the Cashmere fibre i.e. Keratin associated proteins7. 

Furthermore, the individual KAP genes are small in size less 

than 1 kb and consist of a single exon, most of the times. It 

is apparent with our current understanding of wool fibre 

structure that in vertebrate epidermal cells, regardless of their 

keratinization status, the intermediate filaments of 

their cytoskeletal base is composed of Keratin proteins. The 

hair keratins represent 2 major multigene families i.e., type I 

(acidic) and typeII (basic). They copolymerize to form the 8-

10 nm intermediate filaments (KIF) of trichocytes that are 

eventually differentially expressed throughout the hair/fibre 

development [8]. 

 

2.2 Keratin associated proteins (KAPs) 
Keratin-associated proteins are reported to be coded by a 

large multiple-gene families. This seems to be the most 

probable reason for the immense variation in their content and 

structure. However, the keratin content, being coded by only 

multiple gene families is found to vary within a narrow range 

in the fibre of animals. The KAP genes are small, between 0.6 

and 1.5 kb in size and are intron-less [9]. The KAPs have been 

divided into three major groups on the basis of their amino 

acid components: 

i. The high sulphur group (16-30 mol % cysteine) that are 

encoded by the KAP1.n, KAP2.n and KAP3.n multi-gene 

families [10, 11]. These proteins are 11-26 kDa and contain 

up to 30 % cysteine [12]. 

ii. The ultra-high sulphur group protein (>30 mol % 

cysteine) and are encoded by the KAP4.n and KAP5.n 

multi-gene families [10, 11]. 

iii. The high glycine-tyrosine group proteins are encoded by 

the KAP6.n, KAP7.n and KAP8.n multi-gene families [9, 

11]. These are 6-9 kDa and contain up to 15 and 30 moles 

% of these amino acids, respectively [12]. These kinds of 

proteins are reported to vary significantly at individual 

and species levels. The ranges of 1% to 12% were 

reported for sheep wool; while it was around 18% in 

mouse hair and above 30% in echidna quills [13]. 

 

2.3 Keratin intermediate filaments (KIFs)  
In Mammalian epidermal cells, Keratin proteins were reported 

to be in the range of 50-67 kDa and they represent a 

category of intermediate filaments of 8-10 nm in diameter [14]. 

KIF’s are ideally low-sulphur proteins, classified into type I 

keratins (acidic) and type II (non-acidic) keratins [9]. Wool 

keratin IF type I genes were reported to be 4-5 kilobase 

long with six introns in its sequence, whereas the type II gene 

sequence covered 7-9 kilobase length with eight introns. The 

two KIF macromolecule families) polypeptide) were reported 

to be large in size and includes 10-20 proteins [15]. KIF type I 

genes have also been reported in inner root sheaths of the hair 

follicle in humans [16]. However, the expression levels in 

different species are bound to vary and this may follow trends 

at individual, population and other levels as well. Individual 

KIF type I and II keratin genes have been isolated from 

bovine [17], mouse [18] and human [19, 20].  

 

3. Chromosomal Location of KAP and KIF genes  

3.1 Humans: 

Two genes encoding KIF Type I and K16 besides three genes 

encoding K14 were clustered in two distinct regions of 

chromosome 17 [21]. 

 

3.2 Sheep 
Sheep type I and type II genes are at 11q 25-q29 and 3q l4-q 

2222 with the type I gene about 4-5 kb in length and 

containing 6 introns and the Type II gene about 7~9 kb in 

length and containing 8 introns [10]. The KIF type II, KRT2.10 

and KRT2.13 are located on chromosome 3 [11]. The high 

glycine/tyrosine KAPs (KAP 6.1, 7, 8) are located on 

chromosome 1, the high-sulphur group KAP1.1, 1.2, 1.3 and 

3.2 are located on chromosome 11 and the ultra-high sulphur 

group KAP5.1 is located on chromosome 21 [11]. Three B2 

high-sulphur keratin genes (new name KAP1.n family) 
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KAP1.1 (B2A), KAP1.3 (B2C) and KAP1.4 (B2D) were 

cloned in Charon 4A breed of sheep. The results from this 

study reported that the B2A and B2D genes were closely 

linked in the genome, only 1.9kb apart and are transcribed in 

the same direction [23]. 

 

3.3 Nomenclature of KAP genes 

Previous studies have reported KAPs in their studies 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 
[24], more than 100 KAP genes have been isolated from human 

and other mammalian species. Genetic markers for the keratin 

and keratin-associated protein genes have been associated 

with variation in fibre diameter and staple strength [11]. Due to 

this, variation in the sequences also needs to be incorporated 

into the standard nomenclature of Keratin and keratin 

associated genes. A standard nomenclature was advocated as 

using the abbreviation of model sp-KAPm-nL*x for KAP 

proteins and sp-KRTAPm-n(p/L)*x for KAP genes [25]. In this 

system “sp” refers to the species-specific unique letter-based 

code as described by the protein knowledge-based UniProt. 

The gene or protein family is identified by the letter “m: 

whereas “n” is a constituent member of that family. A 

pseudogene in the family is identified as “p” and alphabet “L” 

refers to a naive gene/protein that is yet to be assigned any 

place in any family. The alphabet “x” signifies a genetic 

variant or allele. 

 

4. Approaches to studying KAP genes 

For any attempt for an efficient understanding of fibre based 

traits at the molecular level, different genetic parameters are 

needed to be studied. Several of these aspects are still naive 

and not yet studied properly. Studying various genetic aspects 

of Keratin and Keratin Associated proteins (KAPs) in host 

species formed the basic step. This approach surely has 

helped in our approach, moving ahead in understanding 

regarding KAPs. Studying the polymorphism and underlying 

association (if any) of Keratin, KAP and KIF genes has helped 

in the development of strong molecular markers for selection 

and other procedures.  

Candidate gene approach is the major technique to study the 

effects of KAP genes on fibre related genes. KAP6, KAP7 

and KAP8 genes were studied as candidate genes in Chinese 

sheep breeds and realized the potential of SNP based 

variations to be effectively associated with fibre related 

traits26. These can thus be used as candidate genes for wool 

quality based genetic studies. The polymorphisms of KAP13.1 

gene were investigated and corresponding associations with 

cashmere production traits (diameter, cashmere yield, down 

Cashmere thickness) were reported [27]. 

Another approach of identifying the underlying genes 

responsible for fibre related traits is the transcriptome 

analysis. Based on the relative and differential expression 

based studies, the underlying genes can be identified. In this 

way, the genes responsible for hair and fibre traits along with 

unique expression patterns can be elucidated. The keratin-

associated genes were studied via transcriptome approach and 

concluded that hair growth is associated with upregulation 

and downregulation of these genes [28]. Similarly, a related 

study on transcriptome analysis was done, studying the 

seasonal patterns of the eruption of Keratin based functions in 

Leptobrachium boringii [29]. These approaches along with the 

supplementation of other techniques have helped in better 

understanding the genetics of wool and fibre growth and other 

related traits in animal species. One more advanced approach 

that needs to be taped is the relative spatial and temporal 

based studies on various keratin and KAP genes in sheep and 

goat species. HGT-1 and HGT-2 were reported to be unique 

in Glycine/tyrosine-rich KAP genes and they were probably 

involved in spatial and temporal regulation of fibre 

development along with other characteristics [30]. 

A still highly advanced approach is that of transgenesis into 

smaller but evolutionarily related species. At many instances, 

the gene segments found to be associated with fibre 

characteristics can be introduced in other species like mice or 

in other species and the expression patterns can be studied in 

depth. In this regard, a study was conducted on a few aspects 

of keratin genes by using transgenic model, though the study 

was aimed at differentiating skin development based on 

keratin genes [31]. They studied differential expression patterns 

of Keratin 16 in Progenitor Basal Cells and its role in skin 

maturation. Similarly, tissue and differentiation-specific 

patterns of keratin 14 were reported [32]. In fibre associated 

traits, the role of FST (Follistatin) gene was studied [33, 34]. 

However, disrupting the normal functioning of fibre 

associated genes (Keratin or Follistatin) need to be studied 

extensively before applying any major biotechnological 

intervention into them. 

 

5. Polymorphism of Keratin and Keratin associated 

genes/proteins and association-based studies 

5.1 Studies on Variants of KAP genes 
A study reported KAP8.1 gene to be strongly associated with 

three cashmere fibre traits including cashmere weight, 

cashmere length and hair length [13]. Another study aimed 

another variant i.e., KAP1.4 gene and reported that the length 

of this gene was shorter in Sheep than Goat [35]. This sequence 

was found to be 30 kb in sheep (i.e. 10 amino acids shorter in 

protein notation) when compared to Goat. This difference was 

attributed to deletion of this segment from the Ovine genome 

during species divergence in evolutionary timescale. 

Similarly, the polymorphism of KAP1.1, KAP1.3 and K33 

(KAP1.2) genes was reported to be polymorphic in Merino 

sheep [36]. 

 

5.2 Species-wise allelic variations of KAP and KIF genes 

5.2.1 Sheep 
From sheep genomic library of the high-sulphur keratin genes 

KAP 1.n family (previously called B2 high-sulphur genes), 

four genes KAP 1.1 (B2A), KAP 1.2 (B2B), KAP 1.3 (B2C) 

and KAP 1.4 (B2D) were isolated [23]. All allelic variations 

were confirmed by DNA sequencing. Three alleles at KAP1.1 

locus, five alleles at KAP1.2 locus and nine alleles at the 

KAP1.3 locus were reported [36]. Two alleles at KIF type I 

have been reported in Indian sheep breeds [37], whereas nine 

alleles at KAP1.4 were reported [38]. 

 

5.2.2 Goat 

Information on these genes in the goat genome is sparse. 

Three alleles at KAP8.2 gene locus have been reported in 

Chinese Inner Mongolian Cashmere goats [39]. Three alleles at 

KIF type I have been reported in Xinjiang goat breeds [40]. In 

general, very scanty information is available on these genes 

and their allelic variants in sheep and information are even 

scantier in goats. This may be attributed to limited inventory 

of these animals maintained under specific climatic conditions 

only, along with the prevailing harsh climatic conditions and 

other factors like relative inaccessible nature of breeding 

tracts.  
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6. Polymorphism and association of KAP and KIF genes 

with Cashmere Traits 

Genetic variation, a raw material for the animal breeders, is 

used to mold our domestic animal species to satisfy the needs 

of society. The genetic variations both between and within the 

breeds are described as the diversity within a species. The 

generation of information for estimation of genetic distance, 

variation in gene products from enzymes, blood group 

systems and leukocyte antigens has now been almost entirely 

superseded by polymorphisms at the molecular level. A recent 

trend is to use molecular techniques for characterization 

which detect the genetic variation at DNA level. DNA 

polymorphisms may be detected through a variety of ways, 

mostly based on restriction fragment length polymorphisms 

(RFLPs), randomly amplified polymorphic DNAs (RAPD) 

and a variable number of tandem repeats (VNTRs) in the form 

of minisatellites and microsatellites. Very recently, 

microsatellites and SNP- based studies have received 

significant attention in polymorphism and association-based 

studies. Their emergence may, in turn, be attributed to many 

specialities in their use as markers of choice. All these 

markers have been used for studies related to fibre 

characteristics.  

Various characteristics define the properties of fibres and 

thereby their significance. The most important ones include 

the yield, fineness, mean fibre diameter, mean fibre length, 

guard hair percentage. Studies on their association and the 

incorporation thereby into the breeding policies and decisions 

may help realize the best potential of these breeds producing 

various kinds of fibres.  

A study utilized candidate genes approach for identifying the 

alleles affecting the wool fibre quality and quantity in a 

Medium Peppin Merino sheep flock at two KAP loci (KAP6 

and KAP8) [41]. The results of analysis between polymorphism 

of these two loci and production traits gave significant 

evidence of association with fibre diameter. The 

polymorphism and association of five KAP genes (KAP6.1, 

KAP8.1, KAP8.2, KRTAP9-2 and KAP16.4 [KAP16.4-1 and 

KAP16.4-2]) in Chinese Merino (Xinjiang type) sheep [42]. 

Based on their study, they strongly recommended SNP 

variations as potential markers for wool characters. Similarly, 

the polymorphism of KAP 8.2 nucleotide sequence was 

studied in Mongolian Cashmere goats to work out any 

associations between ascertained genotypes and fibre traits 
[39]. The fibre traits investigated were Cashmere fibre 

diameter, fibre weight, Cashmere fibre length and guard 

hair length. They reported significant (p<0.01) association 

between the genotypes present and fibre traits including 

Cashmere fibre diameter, Cashmere weight and hair length. 

Cashmere length was the sole fibre characteristic that did not 

show any association with the ascertained genotypes. The 

genotype AA (0.73) was found to be predominant in Inner 

Mongolian Cashmere goats and therefore the animals with 

this genotype had the thinnest Cashmere fibre diameter 

compared to different genotypes. These results urged that 

polymorphisms in KAP 8.2 cistron could also be a possible 

marker for Cashmere fibre diameter in Cashmere goats. The 

polymorphism of KIF Type I gene was studied with the aim 

to associate the observed polymorphism with Cashmere traits 

in 253 animals of three Xinjiang goat breeds using PCR-

RFLP [40]. Two of the alleles have an impact on Cashmere 

traits (fineness, thickness, and yield and body weight). This 

study provided ample evidence of an association between 

different allelic variations and fibre diameters.  

The polymorphism of KRTAP 1-4 (B2D), a gene encoding a 

member of KAP1-n family was studied in ovine species using 

PCR-SSCP [38]. A total of 14 SNPs were identified as 

clustered in two regions from this study. Of the 13 SNPs 

found in the coding region, nine were non-synonymous SNPs 

and would result in amino acid changes. The variations 

detected may have an impact on the structure of KAP1.4 and 

hence affecting the wool traits. The polymorphism in KAP 

13.1 gene was reported and association studies were carried 

out with Cashmere traits in three Local Goat Breeds (Nanjing, 

Xinjiang, Bogeda) of China [27]. In another similar study, 

characterization and expression analysis of KAP 7.1 and KAP 

8.2 genes were carried out in Liaoning new-breeding 

Cashmere goat [43]. qRT–PCR results showed that the 

expression of KAP7.1 and KAP8.2 genes within the 

secondary hair follicles was considerably higher than that of 

primary follicles. Furthermore, semi-quantitative RT–PCR 

results revealed that KAP 7.1 and KAP 8.2 template RNA 

were not present in other tissues including heart, liver, 

spleen, respiratory system and urinary system, demonstrating 

that KAP7.1 and KAP8.2 were exclusively expressed in hair 

follicles. Moreover, the results indicated that during the 

formation of Cashmere and wool fibres, the differential 

expression of above two genes within primary and secondary 

hair follicles could possibly have a crucial role in the 

regulation of fibre diameter. A missense mutation of 

KAP16.6 sequence was detected in three goat breeds in China 

and studied the polymorphism and its associations with 

Cashmere fibre traits [40]. In Xinjiang goat population, the 

statistical evaluation revealed significant differences (p<0.05) 

between the fibre diameter and Cashmere yield trait of GG 

genotype. In Nanjiang Cashmere goat population, no 

significant differences (p>0.05) between Cashmere 

production traits were observed. 

The polymorphic analysis of KAP 8.1 gene was carried out in 

two breeds of Chinese Cashmere goats [44]. The polymorphism 

was detected by PCR-SSCP and results showed that there 

were two mutations 63T > G and 66C > G in KAP 8.1 gene. 

The study also indicated that the polymorphism might be 

relevant to fibre diameter. According to one other study, 

three alleles were present in the KAP8.2 sequence of Chinese 

Inner Mongolian Cashmere goats [39]. They studied 

polymorphism of KAP 8.2 gene to determine associations 

between discovered genotypes and fibre traits in 542 animals 

of Chinese Inner Mongolian Cashmere goats using 

polymerase chain reaction-single strand conformation 

polymorphism (PCR-SSCP) techniques. There was significant 

(p<0.01) association between the different genotypes with 

Cashmere fibre diameter, Cashmere weight and guard hair 

length. Cashmere length was the only trait that was not 

associated with the observed genotypes. The genotype AA 

(0.73) was found to be predominant in Inner Mongolian 

Cashmere goats and the animals with this genotype had the 

thinnest Cashmere fibre diameter compared with other 

genotypes. These results suggested that polymorphisms in 

KAP 8.2 gene may be a potential marker for Cashmere fibre 

diameter in Cashmere goats.  

The polymorphisms in the keratin-associated protein 1.1 

(KAP1.1) gene was explored by PCR-SSCP and DNA 

sequencing methods in Liaoning Cashmere goat and Inner 

Mongolia white Cashmere goat [45]. One SNP was detected at 

the KAP1.1gene and resulted in three different genotypes. A 

novel SNP (g.688T>C) was found in the sequence of TT 

genotype and caused synonymous mutation for the amino acid 

sequence. Statistical analysis demonstrated for Cashmere 

yield, body weight and Cashmere fineness of Liaoning 
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Cashmere and Inner Mongolia White Cashmere goat, TT 

genotype was significantly higher than CC and CT genotype 

for Cashmere yield and body weight). However, there was no 

difference between three genotypes for Cashmere fineness, 

these results showed that TT genotype could be a favourable 

marker for early breeding selection of the Liaoning and Inner 

Mongolia White Cashmere goat. 

An association study was carried out between the 

polymorphism of KAP 9.2 gene and Cashmere traits, together 

with the variation and expression of KAP9.2 gene affecting 

Cashmere trait in goats [46]. DNA sequencing revealed a novel 

C/T polymorphism of KAP9.2 gene from a genomic DNA 

pool. Quantitative real-time PCR analysis revealed that the 

expression level of KAP9.2 was reduced in the individuals 

bearing genotype CC compared with TT individuals, 

suggesting that C was the nucleotide causing decreased 

expression of KAP9.2 or was in linkage disequilibrium with 

the causative SNP. They proposed that the 586C/T SNP found 

in this study might control translation or stability of KAP9.2 

mRNA, which would be beneficial for marker-assisted 

selection in Cashmere goat breeding. 

Another study investigated the genetic basis underlying the 

development of Cashmere fibres by sequencing the 

transcriptomes of primary and secondary hair follicles [47]. 

Based on an annotated set of goat genes, they generated and 

compared transcriptomic data from secondary hair follicles 

(which produce the Cashmere fibre) with data from primary 

hair follicles of the Inner Mongolia Cashmere goat, shedding 

light on the genetic basis of the formation of Cashmere fibres. 

Notably, two out of the 29 keratin genes and ten out of 

the thirty KAP genes were differentially expressed on a 

consistent basis between primary and secondary hair 

follicles in all 3 sample sets. Furthermore, each of above 

genes was expressed in higher proportions in secondary than 

in primary follicles. They concluded that the KAP genes may 

additionally be vital in deciding the physical and mechanical 

structures of Cashmere fibres. On the similar lines, the 

differential gene expression patterns were reported in primary 

and secondary hair follicles of Inner Mongolian Merino sheep 
[48]. 

KAP 1.4 cistron was explored for its characterization in 

Changthangi (pashmina producing), Bakerwal and native 

Kargil (non-pashmina) goats [35]. In comparison to published 

sequences of sheep, goat sequences explored were differing at 

positions 174, 462 and 568 & at these positions. G, T & T, 

present in sheep were replaced by A, C & C, respectively. 

They reported the effects of the genotypes on pashmina and 

guard fibre diameter and length in these goats to be non-

significant (P>0.05). The non-significance association 

reported herein could have been due to small sample size. 

 

7. Recommendations  

Based on the available literature and the research experience 

of the authors, it may be advocated that different Keratin and 

Keratin associated genes have a definite impact (positive or 

negative) on fibre characteristics including fibre fineness, 

length, yield and others, but ample scope remains to tape so 

the real production potential at the molecular levels. 

Aggressive research approach needs to be taken up at the 

earliest on various aspects of these gene families (i.e., KAP’s 

and KIF’s genes). Only some of the KAP’s viz. KAP 1.1, 1.3, 

1.4, KAP 2, KAP 4, KAP 6, KAP 7.1, KAP 8, KAP 8.1 and 

KAP 8.2 has been molecularly characterized and their 

polymorphism associated with fibre attributes in sheep. Only 

four KAP’s 7.1, 8.1, 8.2 and 13.1 had been explored in goats 

and polymorphisms of these genes have been associated with 

fibre diameter, combed fibre weight, fibre length and guard 

hair length traits. KIF Type I gene has been molecularly 

characterized and their polymorphism stands associated with 

fibre traits both in sheep and goats. However, from KIF Type 

I group of genes, only KIF 2.10 and K33 have been studied 

only in sheep. In short, sparse research has been carried out in 

goats with regard to KAP and KIF families of genes and their 

polymorphism. Keeping in view the importance of KIF and 

KAP families of genes in controlling the variability existing 

between different animals with regard to various fibre traits, 

characterization of these genes in goats in general and 

Pashmina goats in particular and exploration of 

polymorphism in these genes, if any is warranted. The 

association of the polymorphism, if present, with quality 

traits, is essentially required to develop any molecular marker 

for fibre traits.  

The structural characterization of extra genes and also 

the assessment of their levels of polymorphism 

in numerous goat populations are going to be necessary to 

elucidate the genetic factors fully that modulate the fibre 

production. This may, in addition, facilitate unveil 

the intricate network of interactions that are established by 

these genes for their expression. By careful selection 

experiments, there is scope for increasing the frequencies of 

the desired allele in relevant livestock populations.  

In Pashmina goats of Ladakh, selection by conventional 

technique has improved the traits of interest to some extent. 

However, due to limitations posed by harsh climatic 

conditions and difficulty in accurate data recording, the 

improvement has been static for few decades. The 

Polymorphic marker-based selection also known as Marker 

Assisted Selection (MAS) offers an excellent opportunity as it 

not only reduces the time interval to obtain maximum genetic 

gain but also increases the accuracy of selection. Further, 

selection based on markers can play important role in genetic 

improvements of animals before expressing the actual target 

traits, sometimes before birth or at the time of birth. 

Ultimately MAS increases the genetic gain if it is coupled 

with the conventional breeding programme. Certain 

polymorphisms have been identified in goats by various 

workers and some are under study to see their influence in the 

production status.  

Since the production performance of Cashmere goats remains 

confined mainly to the cold regions of the world, whether 

Ladakh (J&K), Tibet or Mongolia, the field of epigenetics, 

nutrigenomics and nutrigenetics hold a great promise. To this 

date, no major research of such kind is reported, however, it 

seems to possess the potential to greatly enhance our 

understanding of production aspects of these fibres. 

 

8. Conclusion 

Fibre coat and characteristics of animals are very important 

for normal physiology and sometimes survival of animals. 

Fibre traits play an important role in the welfare of human 

beings and their protection during adverse climatic conditions. 

These traits assume peculiarity with immense demand in 

national and international markets for fine fibres like 

Cashmere and Merino and our understanding is important 

regarding the selection and breeding of animals for these 

traits. Studying and understanding various aspects of fibre 

growth and development will help in the efficient 

manipulation of these pathways for proper realization and 

better utilization of production potentials of these animals.  
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