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ABSTRACT

Background: Keratin-associated protein’s (KRTAPs) are the major constituent proteins of cashmere fibre and have been implicated
to have an important effect on the quality traits of this commercially valuable fibre. The objective of the present study was to determine
the molecular characteristics of KRTAP9.2 gene in Pashmina (Cashmere) goat, known as Changthangi breed in J and K, India and
well known for its finest fiber quality.

Methods: We have studied the KRTAP9.2 gene expression status in hair follicles at different fiber development stages viz Anagen
(growth) and Telogen (rest) in Changthangi goats of Kashmir and Ladakh region by performing quantitative Real Time PCR from fresh
skin biopsies using gene specific primers. Furthermore, KRTAP9.2 structural models were generated and validated using various
Bioinformatic tools.

Result: Phylogenetic studies reveal close relation of KRTAP9.2 gene with Pantholops hodgsonii KRTAP9.2 (XM-005964828.1) and
Ovis aries musimon KRTAP9.9 (XM-012152535.1). In our study we predicted a total of 20 KRTAP9.2 protein structures by QUARK and
LOMET server and 5 structures by RaptorX, moreover, the validity of predicted structures was checked by using different parameters
like RMSD value, C-Score, TM-value and ramachandran values, all parameters suggested structure predicted by RaptorX as better in
our case. Real time PCR results showed expression of KRTAP9.2 in Pashmina hair follicles with a higher expression at the Telogen
stage as compared to the Anagen stage. Owing to the structural importance of KRTAPSs, such studies are indispensable for deciphering

the molecular mechanism of pashmina growth which in turn will improve production, quality and diversity of pashmina fiber.
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INTRODUCTION

Pashmina derives its name from Persian word “pashm”
meaning soft gold, the king of fibers. It is produced by the
secondary hair follicle in a cyclic process involving three
stages i.e., anagen, catagen and telogen (Hebert et al.,
1994). Pashmina (Cashmere) from Jammu and Kashmir is
popularly known as Changthangi pashmina. Owing to its
properties such as fine diameter (11-14 microns), lightness,
warmth and moisture/dye absorbing ability, it has great
demand in international market. Pashmina fiber composed
of keratins and keratin associated proteins (KRTAPSs) is the
finest and the most lucrative fiber in the textile industry (von
Bergen, 1963; Ammayapan et al., 2011). Keratins and keratin
associated proteins (KRTAPs) are the highly expressed gene
families which regulate the physical properties and quality
of Pashmina fiber (Itenge-Mweza et al., 2007). KRTAPs form
semi-rigid matrix wherein the keratin intermediate filaments
(KIFs) are embedded (Shah et al., 2012). The relative
proportions of KRTAPs show inter-specific as well as intra-
specific variability due to dietary, chemical and hormonal
changes (Gillespie and Marshall, 1980). KRTAPs encoded
by a large number of multigene families are generally less
than 1kb in size containing single exon (Powell 1997;
Bharathesree et al., 2019). KRTAP9.2 (686bp), an intronless
member of KRTAPs family is one of the ultra high sulfur
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KRTAPs and is considered important for hair formation
(Wang et al., 2012). Despite a long history of nearly 2,500
years, with enormous production of raw cashmere
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(pashmina), estimated to be 10,000 tons/year in China, the
world’s largest producer of pashmina, little is known about
the underlying mechanism of its formation and development
(Dong et al., 2013; Ramakrishna et al., 2007). Pashmina fiber
induction and progression is a highly complex phenomenon
involving many signalling pathways involving crucial factors
such as tumour necrosis factor (TNF), BMP, Notch, Wnt, sonic
hedgehog (Shh), fibroblast growth factor (FGF) and tumour
growth factor-beta (TGF-B) (Fuchs et al., 2001; Millar 2002;
Liu G et al., 2015). Moreover, studies done earlier have
markedly associated the variation of keratin and keratin
associated proteins (KRTAPs) with cashmere fineness and
intensity (Parsons et al., 1994; Rogers et al., 2001). Variation
in the KRTAP genes has been reported to affect the structure
of keratin associated proteins and hence fiber characteristics.
Since no information is available on this gene in Changthangi
goats (Capra hircus), therefore present work was designed
to characterize KRTAP9.2 gene at molecular level and to
analyse its expression pattern at different stages of follicular
development.

MATERIALS AND METHODS
Animal and skin sample collection

Pashmina goats maintained at Mountain Research Station
on Sheep and Goats (MRSS and G) of Sher-E-Kashmir
University of Agricultural Sciences and Technology
(SKUAST-K) and from Ladakh region of Jammu and
Kashmir, India were used for the study. Skin tissue samples
collected at different developmental stages of pashmina fiber
(Anagen and Telogen) during session 2017-18 were stored
at -80°C.

RNA extraction

Total RNA was extracted from the skin tissue samples of
the healthy animals using using standard Trizol method. The
quality and quantity of isolated RNA was checked by
spectrophotometeric and electophoretic technique. Prior to
reverse transcription, DNA contamination was ruled out by
running RNA samples on a 1% agarose gel and visualized
with ethidium bromide. The extracted total RNA was stored
at -80°C for future use.

cDNA synthesis and amplification

First strand cDNA synthesis was performed by reverse
transcription PCR with total RNA template(1.5ug) and Oligo
(dT)18 as primer using thermoscientific revert aid first strand
cDNA synthesis kit as per manufacturer’s instructions. The
integrity of the cDNA was checked by PCR using specific
primers as follows: 5-CTCCACCACTGACGCAATGA-3’
(forward) and 5-ACATGGTTCTATGACAGGAGGA-3’
(reverse). The size of amplicon generated was 686bp. The
amplified PCR product was elecrophoretically separated on
1% agarose gel.

Sequence analysis and phylogeny

PCR amplified (Fig 1) cDNA products were sequenced at
SciGenom Labs Cochin, Kerala. The resulting sequences

were aligned using the BioEdit program (BioEdit 5.0.9) and
the obtained consensus sequences were used to compare
it with GenBank caprine sequence using the BLAST
algorithm and Muscle alignment tool and phylogenetic tree
(Fig 3) was constructed using Parsimony method.

Quantitative Real Time-PCR

Quantitative Real time polymerase chain reaction (qrt-PCR)
was used for expression analysis of KRTAP9.2 cDNA template
at anagen and Telogen phases of follicular development, using
GAPDH as reference gene. Each reaction was performed in
a volume of 20 pL with 10 yL SYBR green master mix (2X),
0.3pl each of forward and reverse primer (10uM), 0.5 yl cDNA
(50ng/uL), 0.3l DNA polymerase (3U/ul) and 8.6l nuclease
free water. Primers designed for KRTAP9.2 gene amplification
include 5-ACCTGCTGTGAGTCCATC-3’ (forward) and 5’-
GACCC ACTGAAGGTTTGTC-3’ (reverse). The gqRT-PCR
conditions were set as follows: Pre-incubation at 95°C for
5min, followed by 40 cycles of amplification at 95°C for 20sec
and at 56°C for 15 sec, 72°C for 15 sec, followed by 72°C for
10 min as a final step. Melting was accomplished at 95°C for
5sec and at 70°C for 1min followed by 95°C (continuous) for
1 cycle. Cooling was performed at 40°C for 1sec for 1 cycle.
For amplification of house-keeping gene GAPDH, reaction
mixture of 20 uL volume containing 10uL SYBR green master
mix (2X), 0.3pl each of forward and reverse primer (10uM),
0.5ul .DNA (50ng/uL) and 0.3pl DNA polymerase (3U/ul) and
8.6l nuclease free water was used. Primers designed for
GADPH amplification include 5'-ATGGTGAAGGTCGG
AGTGAAC-3’ (forward) and 5-TTGCCGTGGGTGGAA
TCATAC-3’ (reverse).The gRT-PCR conditions were set as
follows: Pre-incubation at 95°C for 5min, followed by 40 cycles
of amplification at 95°C for 20sec and at 61°C for 15 sec,
72°C for 15 sec, followed by 72°C for 10 min as a final step.
Melting was accomplished at 95°C for 5sec and at 70°C for
1min followed by 95°C (continuous) for 1 cycle. Cooling was
performed at 40°C for 1sec for 1 cycle. The relative gene
expression was calculated by comparative C. method, also
known as 22¢T method (Livak and Schmittgen, 2001). All
samples were measured in triplicate to ensure reproducibility.

Statistical analysis

Statistical analysis of the data was done by using unipaired
t-test. P values of less than 0.05 (P<0.05) were taken as
statistically significant. The analysis of data was performed
by using statistical package SPSS version 20.0 (Chicago,
USA).

RESULTS AND DISCUSSION
Molecular characterization of KRTAP9.2

RNA Isolated from skin samples of healthy animals was used
for cDNA synthesis. The later was amplified (Fig 1) and used
for sequencing. PCR amplified cDNA of KRTAP9.2 gene
was sequenced and aligned using the BioEdit program
(BioEdit 5.0.9). KRTAP9.2 protein sequences from different
species have been downloaded from Uniprot database to
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study evolutionary relationship of Capra hircus KRT9 protein
sequence (Fig 2) with other species Muscle (Edgar, 2004)
alignment tool has been used for alignment and phylogenetic
tree was constructed using Parsimony method (Fig 3).
Sequence based analysis of KRTAP9.2 gene between
pashmina goat and other species showed that the pashmina
goat sequences exhibited 98% similarity with Capra hircus
KRTAP9.2 (NM-001285537.2), Capra hircus KRTAP9.2 (XM-
018065082.1), Capra hircus KRTAP9.2 (AY510124.1) and
Pantholops hodgsonii KRTAP9.2 (XM-005964828.1). The
similarity was 97% with Ovis aries musimon KRTAP9.9 (XM-
012152535.1), Capra hircus KRTAP9.2 (XM-018065084.1),
Ovis aries KRTAP9.9 (XM-012186088.2) and Pantholops
hodgsonii KRTAP9.2 (XM-005964822.1). Pashmina goat,
goat and sheep were found to cluster together and form a
group apart from other mammals. The relationship displayed
in the phylogenetic tree was found to correspond to
mammalian classification group. The homology indicates the
relationship of KRTAP9.2 gene with fiber related traits.

Structural analysis of KRTAP 9.2

Due to lack of availability of template structures in Protein
Data Bank (PDB) multi-threading and other method have
been used for structure prediction for KRTAP9.2 protein.
RaptorX (Kallberg, 2012) predicts protein structure when
close homologs are not available in the Protein Data Bank
(PDB). In our study, total of 5 structures were predicted by

Fig 1: PCR amplification of KRTAP9.2 gene (686bp).

RaptorX using templates given in supplementary 1, best
structure (Fig 4) is predicted using 3QWQ (p-value = 3.28e-
04) 285 (77%) residues are modeled correctly by RaptorX.
Ramachandran plot suggests 88.1% residues are in favored
region and 8% residues are in allowed region of predicted
model. However, QUARK (Xu and Zhang 2012) and LOMET
(Wu and Zhang 2007) have also been used in structure
prediction of Capra hircus KRTAP9.2 protein. Quark is
suitable for structure prediction without known homologs
using amino acid sequence only. Lomet generates 3D model
by identifying small high scoring targets on query sequence.
Total of 20 structures were predicted by QUARK and LOMET
server, we have used different parameters to check the
validity of predicted structure like RMSD value, C-Score,
TM-value and ramachandran values, all parameters suggest
structure predicted by RaptorX is better in our case.

Our study identified 2 domains in KRT9.2 protein
sequence, using RaptorX Binding server, a total of 13 binding
sites, 5 in domain-1 and 8 in domain-2 were discovered, in
addition possible ligands and binding residues are given in
Table 2 below.

Expression analysis

The expression pattern of KRTAP9.2 gene at Anagen and
Telogen stages of pashmina fiber development was
determined by quantitative Real Time PCR. KRTAP9.2 gene
was found to express remarkably at Telogen stage compared
to Anagen stage in Changthangi goats of both the regions.
In Changthangi goats of Ladakh region, the expression was
found significantly higher at Telogen stage (70.875+7.402
fold) compared to that at Anagen stage (2.039+0.904 fold)
with P value less than 0.0001, likewise in Kashmir region,
its expression was also higher at Telogen stage
(58.125+54.556 fold) (Fig 5) compared to that at Anagen
stage (1.935+£1.513), however the difference was not
statistically significant (P=0.149123) as described in Table 1.
Comparative expression of KRTAP9.2 gene at Telogen
phase was observed to be lower in goats maintained at

PREDICTED: Capra hircus keratin-associated protein 9-2-like (LOC108638292), mRNA
Sequence |D. XM_018065082.1 Length: 659 Number of Matches: 1

Range 1: 160 to 586

SO o Thdbyyyuayvadhodhogveyvayvathodheryyuadhvsahibibyvayyab et
S o0y vnaayusthaRboyueyyyeaadbodhibyvensyesthodhabyvdbaribibs e
avser zoo TR RO TR SRR T T T 25
svger a0 ALTRIREI ST ENERI R L T TR T T 250
ool v 1 180 v vyyyeadRbyvahondbayuedhnnnagvondinedbonyvesiod Mby e
svser ace JONLTTHTERU TR AT A AR T R TAITOE 22
bt u0yyeuanyueyyuhdbevdhoyvedhodhonyvoniibeyvsnseasthabibdhi e

Fig 2: Sequence of KRTAP9.2 gene.
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MRSSandG Kashmir than the goats maintained at high S2F
altitude Ladakh region, this finding coincides with the delay
in cashmere fiber development in goats at MRSSandG. g

Hair follicle is a dynamic mini-organ of the body, formed S1F
due to interaction between ectoderm and mesoderm
(Botchkarev and Paus 2003; Millar 2002; Schneider et al., —"’i‘;\iﬁﬁlmuslmon‘mmw9}
2009; Hardy, 1992). It is broadly differentiated into three B e 0121350532
parts including the outer and inner root sheath, hair shaft (Ovis aries-KRTAP9.9)
and matrix. Formation of hair follicle occurs in a cyclical = UI1/G500) 1 IGapieiioe RREAE0)
fashion, involving growth (Anagen), regression (Catagen) L it )

and resting phases (Telogen), followed by the shedding of

the hair shaft. The process involves the expression of both XM 005964822 1

hair keratin intermediate filament (KIFs) proteins and their Felies lodpon) KR
keratin associated proteins (KRTAPs) (Shimomura et al.,
2002; Rogers et al., 2008; Rogers et al., 2002; Powell et al.,

001790391.4
(Bos taurus-KRTAPS.9)

1995; Pruett et al., 2004). Both keratins (KRTs) and keratin 0000
associated proteins (KRTAPs) are the important structural Fig 3: Phylogenetic tree of Krtap9.2 gene.

proteins of the secondary hair follicle, whose content in hair
follicle remarkably determines the quality and fineness of
cashmere (Jin et al., 2011). Being major constituent of hair
proteome, KRTAPs have been long associated with
phenotypic differences in hair and wool (Khan et al., 2014).
So far different KRTAPs have been implicated in
development of cashmere fiber, most notably KRTAP6.1 (Liu
et al., 2007), KRTAP7.1 (Jin et al., 2011), KRTAP8.2 (Liu H
etal., 2007) and KRTAP1.4 (Shah et al., 2013). In the present
study, KRTAP9.2 variant of KRTAPs was sequence analysed
to construct a phylogenetic tree which revealed the similarity
between Changthangi goat and Capra hircus variants,
Pantholops hodgsonii and Ovis aries musimon. Changthangi
goat was found to cluster with goat (Capra hircus) and sheep,
forming a separate group, distinct from other mammals. The Fig 4: predicted secondary structure of KRT9.2 using RaptorX.

Table 1: Expression of KRTAP9.2 gene at different stages of Pashmina development

Geographical Region Ladakh Kashmir

Stage of Cycle Anagen Telogen Anagen Telogen
2-AACT

Fold Expression (MeantSE) 2.039+ 0.904 70.875+ 7.402 1.935+ 1.513 58.125+ 54.556
P value < 00001 =0.149123

Table 2: Possible ligands and binding residues of KRTAP9.2 Protein sequence.

Pocket Pocket Quality Possible Ligand Binding residues

1 29 NAG T74 T75 C76 C77 C81 K83 P84 C86

2 13 NAG C163 T166

3 11 NAG P33 T67 Y69

4 7 FUC H126 R127 1128

5 7 NAG P65 R78

6 50 TGL R331 A332 C335 A338 K339 P340 L350 A351 A353 L354 L355 L361
7 23 BCL R315 F316 T317 A352 L355 L356 H359 L366
8 20 BCL L355 D358 H359 Q362 D363 L366

9 18 BCL R315 S349 A352 L356 H359 D363

10 17 LDA Q362 L365 L366 Q369 L370

11 15 RG1 V318 G344 A347 A351 A352 L355

12 12 BCL A351 L354

13 12 BCL L354 L355
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Fig 5: Fold expression (Y axis) at anagen and telogen stages (X
axis) of KRTAP9.2 gene.

present study provides the first report about the phylogenetic
analysis of KRTAP9.2 gene in Changthangi goat of Ladakh
and Kahmir region of JandK, India. Such phylogeny based
studies are beneficial for identifying the essential
morphogenetic features in different species or sub species
(Avise, 2000). In fact phylogenetic reconstruction is one of
the most important subjects in molecular evolution, in
particular, they are important in understanding the molecular
mechanism of evolutionary events that lead to genetic as
well as species diversity. Besides, phylogenetics is viewed
as an important tool for performing selective breeding
between compatible species for better productivity and
quality (Tabbaa and Al-Atiyat, 2009).

Real time PCR based analysis of KRTAP9.2 gene
revealed that it is expressed significantly at Telogen stage
(70.875+7.402folds), as compared to Anagen stage
(2.039+0.904folds) in the Chanthangi goats of JnK and
Ladakh region (P < 0.00001). These results are in
consonance with those reported earlier by Wang et al.
(2014). It has been shown earlier that mRNAs of KRTAP
variants like KRTAP7.1 and KRTAP8.2 do not get expressed
in the tissues like kidney, heart, lung, liver and spleen, but
are inimitably expressed in hair follicles participating in hair
formation (Jin et al., 2011). Rogers (2004) demonstrated
that a large number of KRTAPs are expressed only in hair
follicles and not in other tissues. From the present study, it
may be inferred that KRTAP9.2 gene down regulates
pashmina fiber growth owing to its high expression at telogen
stage. Wang et al. (2014) demonstrated similar findings
while investigating expression pattern of KRTAP9.2 gene
in Shaanbei white cashmere goat. Also, our results indicate
lower expression of KRTAP9.2 gene at Telogen phase in
Changthangi goats maintained at MRSSandG Kashmir than
the goats maintained at high altitude Ladakh region.
Previously it has been established that duration of solar
radiation has an important effect on the thermo-physiological
and the growth parameters of goats (Al-Tamimi, 2005). In
particular, development of hair cycle is critically influenced
by the photoperiod (Liu et al., 2016). Thus photoperiod could
be an important factor regulating the altered expression of

KRTAP9.2 gene in pashmina/Changthangi goats. Secondly,
since KRTAP9.2 is associated with fiber traits (Wang et al.,
2014), its differential expression in the Pashmina goats of
Ladakh and Kashmir region might correspond to the
difference in fiber traits between two geographical regions.
Characteristics of pashmina (Cashmere) fiber change
significantly in Cashmere goats belonging to different
geographical regions or species probably due to differential
expression of KRT/KRTAP genes (Jeffrey and Warren 2000)
in response to environmental conditions. KRT/KRTAPs being
essential for the process of keratinisation are highly evolved
in response to changing environmental conditions (Khan et
al., 2014). It is noteworthy to mention that keratinization is
an essential process safeguarding animal body by forming
a protective barrier between the body and external
environment. Climatic factors like cold stress requires more
adaptability towards environment, which may be
accomplished by altered expression of specific genes for
example, enhanced KRTs/KRTAPs expression causing more
keratinisation. Changthangi goats from Ladakh region are
naturally more adapted to extreme cold arid conditions,
compared to those from Kashmir region which may
correspond to the difference in their fiber quality. Certain
species of goats like dairy goats do not express KRTAP9.2
at all (Wang et al., 2012) thus pin pointing towards the
possible key role of this gene in the regulation of cashmere
growth in Changthangi goats. Furthermore ,the data of
changthangi goat maintained in the J and K had outlier that
contributed to a marked standard error, making the difference
nonsignificant. Such outliers cannote be under estimated

CONCLUSION

The present work characterized KRTAP9.2 gene and
analysed its expression pattern at Anagen and telogen
stages of pashmina fiber development in Changthangi goat.
Earlier studies have confirmed that KRTAPs plays pivotal
role in regulating cashmere quality, which may be caused
by multiple interactions like KRTAP—KRTAP, Keratin—-KRTAP
and Keratin—Keratin and may also be affected by other genes
as well (Rogers et al., 2008; Rogers et al., 2007; Kariya,
2005). Sequence based phylogenetic analysis revealed
similarity of Changthangi goat with goat and sheep, forming
a distinct group apart from other mammals. Variation of
KRTAP9.2 expression at Telogen and Anagen stages of
follicular development could be a crucial factor governing
the mechanism of hair follicle formation and development,
probably by down regulating pashmina fiber growth. Factors
like altered photoperiod, differences in geographical/
environmental conditions or species variation may play a
crucial role in differential expression of KRTAP9.2 gene in
pashmina goats of Kashmir and Ladakh. Present study lays
foundation for future investigation to decipher the actual
molecular mechanism through which KRTAP9.2 gene
regulate cashmere development which in turn could help to
shed light on the enhancement of cashmere traits for
improved yield and quality.
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