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Abstract Keratin-associated protein is one of the major
structural proteins of the hair, whose content in hair has
important effect on the quality of cashmere. In order to
study the relationship between HGTKAP gene expression
and cashmere fineness, the quantitative real-time RT-PCR
(qQRT-PCR) was firstly used to detect the levels of KAP7.1,
KAP8.2 gene expression in the primary and secondary hair
follicles; semi-quantitative RT-PCR was used to detect
whether KAP7.1, KAP8.2 gene are expressed in heart,
liver, spleen, lung, kidney tissues; and in situ hybridiza-
tion(ISH) to detect KAP7.1 gene expression location. qRT-
PCR result showed that the expression of both KAP7.1 and
KAP8.2 gene in the secondary hair follicles are signifi-
cantly higher than that in the primary follicles, relative
quantitative analysis obtained that KAP7.1 was 2.28 times,
while KAPS.2 was 2.71 times. Semi-quantitative RT-PCR
results revealed that KAP 7.1 and KAP8.2 mRNA were not
detected in the heart, liver, spleen, lung and kidney tissues,
demonstrating that KAP7.1 and KAPS8.2 were specially
expressed in hair follicles, participating in hair formation.
Moreover, KAP7.1 gene has a strong expression in the
cortical layer, inner root sheath of the primary follicles and
the cortical layer, inner root sheath and hair matrix of the
secondary hair follicles by ISH analysis. Taken together,
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the evidence presented here indicated that in the formation
of cashmere and wool, differential expression of these two
genes in the primary and secondary hair follicles may have
an important role in regulating the fiber diameter.
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Abbreviations

KAP Keratin-associated protein
gRT-PCR  Quantitative real-time PCR
PCR Polymerase chain reaction
ISH In situ hybridization

PF Primary hair follicle

SF Secondary hair follicle
Introduction

Keratin and keratin-associated protein (KAP) are the main
structural proteins of hair fiber, determining the quality of
hair fiber together. Hair keratin consists of represent two
multi gene families, the type I (acidic) and type II (basic)
families, which form the skeleton of hair, what’s more, its
content and structure are more stable in the different spe-
cies hair. But KAP encoded by large multigene families
differs greatly, which can be classified into high sulfur
KAP, ultra-high sulfur KAP and high glycine- tyrosine
KAP [1-3]. Study showed that quality of hair is closely
relevant to the keratin composition of hair, and also subject
to genetic factors. Cashmere characteristics significantly
change in cashmere goat of the different regions and
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different species, which is caused by different expression
of keratin genes [4]. Therefore, from the level of molecular
to study keratin and KAP genes are the important means to
control fiber fineness and improve cashmere quality.

Hair follicles of cashmere goat generate cashmere and
wool. Observation on histological structure, we can see that
the hair follicle can be divided into the outer epidermis,
outer and inner root sheath, hair cuticle and cortical layer
from outside to inside, while medullary layer only exists in
the primary follicles [5]. The formation of mature hair is
the upper hair matrix cell which continuously move
upward, when they leave the germinal zone, the encoding
gene of the two structural protein families in the hair
matrix, cuticular Layer and cortical layers were activated,
this two structural protein families are keratin and KAP,
which consist of the basic structure of the hair [2]. The high
glycine—tyrosine (HGT) KAPs encoded by KAP6n, KAP7
and KAPS gene families are the smallest of wool keratin,
whose expression is the greatest different in cashmere goat
of different species [6].To date, there are few reports on
HGTKAPs. Parsons et al. [7] found that the loci between
KAP6 and KAPS are chained with fiber diameter. Zhao
et al. [8] had proved that KAPS8.2 is significantly correlated
with cashmere fineness. Zhao et al. [9] use PCR-SSCP
technique to illustrate that KAP8.1 has a remarkable cor-
relation with cashmere fineness. Liu et al. [10] regard the
exons of KAP6.1 as a candidate gene of cashmere fineness.
KAP6.1, KAP7 and KAP8 were localized in chromosome 1
in the study of sheep. Moreover, function similar gene is
clustered together in the chromosome [3]. The above study
indicated that HGTKAPs genes are fineness-related genes.
However, there is no report about the expression of
HGTKAPs gene in hair follicles. Therefore, in this report
we firstly took unique genetic resources in China that
Liaoning new-breeding cashmere goat skin hair follicles as
the research object, and KAP7.1 and KAPS.2 of HGTKAPs
gene families were selected as candidate genes. Quantita-
tive real-time PCR, semi-quantitative RT-PCR and in situ
hybridization were used to detect the expression charac-
teristics of the two genes in primary and secondary folli-
cles, aiming at improving the cashmere quality by
regulating gene expression.

Table 1 Oligonucleotide primers used in the experiments

Materials and methods
Goats and hair follicle’s separation

Liaoning new-breeding cashmere goat were obtained from
cashmere goat farm at Wafangdian, Dalian, China. In later
October, the skin, heart, liver, spleen, lungs, kidneys tissues
were collected after slaughtering and quickly placed in
liquid nitrogen for preservation. The separation of primary
and secondary hair follicles: Firstly cutting the skin of
cashmere goat into a leash with width of 0.5 cm, exposing
the complete hair follicle bulb after the removal of sub-
cutaneous fat with dissecting needle to fix leash, using
forceps bluntly separating the hair follicle tissues along the
direction of hair follicles growth, and then using needle to
remove surrounding tissues of follicles as far as possible
under the premise of the hair follicles not damaged, and
then immigrating into the culture medium of follicles.

Primer design

Using cashmere goat ff-actin as internal standard gene, the
primers of Actin and the gene of interest, KAP7.1 and
KAPS.2 were designed by Primer 5.0 software according to
the gene sequences of cashmere goats KAP7.1
(AY510121), KAP8.2 (AY510123) and f-actin
(AF481159) reported by GeneBank (Table 1), and were
synthesized from Dalian Takara Corporation.

Total RNA extraction and reverse transcription

Trizol (Invitrogen, USA) was used to extract total RNA
from skin, heart, liver, spleen, lung and kidney, primary
and secondary hair follicles. 1% agarose gel electropho-
resis and UV spectrophotometer were used to detect the
RNA quality and concentration. The total RNA samples
were placed at —80°C reservation. Ahead of RT-PCR, the
extracted samples were handled with Dnase 1. Then, the
purified total RNA needed to be detected by agarose gel
electrophoresis and UV detection one more time. Reverse
transcription was performed following the RT-PCR

Gene name Primer sequences (5 — 3') Amplicon length (bp) Annealing temperature (°C)
KAP7.1 (F) CTTGGCTCTCCCCTTGGTT 81 61.54
(R) CAGGTTGCTAAAGTTGCTTCCA 61.64
KAPS8.2 (F) CTTTGCCACTGAACACTCATCTCT 132 62.06
(R) TGCTACCATATCCACAGCCAAC 62.16
Actin (F) CCAAAGCCAACCGTGAGAA 101 62.16
(R) AGAGGCGTACAGGGACAGCA 63.29
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(Takara, Japan) Kit Manufacturing instructions. cDNA
products were reserved in —20°C.

Quantitative real-time PCR

The qPCR assays were performed in a PCR Thermal
Cycler Dice and Real Time system (Takara, Japan).
Reaction system for the 25 pl, including 12.5 ul SYBR
Premix Ex Taqll (2x), 1 ul upstream and downstream
primers, 2 ul RT product, 9.5 ul dH,O. gPCR amplification
conditions: 95°C predegeneration 10 s; 95°C denaturation
5 s; 60°C annealing 30 s, 72°C extension, 40 cycle. Test
was firstly performed in an ordinary qPCR which can
optimize experimental conditions, including annealing
temperature and primer concentration. fi-Actin served as a
reference gene, each sample was repeated three times.

Semi-quantitative RT-PCR

cDNA first chain was synthesized according to the RT-
PCR Kit (Tiangen, China) instruction, RT products were
used as template and designed specific primers to amplify
KAP7.1, KAPS.2 and f-actin cDNA fragment of goat. The
reaction system (25 ul) is as follows: 2x Master Mix
12.5 ul, RT products 2 ul, the upstream and downstream
primers 1 ul, deionized water 8.5 ul; reaction conditions:
94°C predegeneration 3 min, 94°C denaturation 30 S,
56.5°C annealing 30 s, 72°C 1 min, 30 cycles, 72°C
extension 5 min. PCR products were examined by 1.0%
agarose gel electrophoresis.

In situ hybridization

After cloning and sequencing, RT-PCR products of
KAP7.1 gene were repeated purified, generated the
KAP7.1 cDNA product concentration for 104.5 ng/ul,
which was used as a Digoxigenin Labeled template. Label
was performed according to digoxigenin kit instruction
(Roche, Germany), and the prepared probes were stored in
—20°C refrigerator. Tissue section of in situ hybridization
were via dewaxing, rehydration, proteinase K digestion,
dry, and then pre-hybridization 1 h with 50% deionized
formamide, 42°C hybridization overnight, the hybridizated
section was placed in turn in 2x SSC wet box, 1x SSC,
0.25x SSC washing, after hybridization adding antibody
dilution according to the 1:500, combined with antibodies

order to immunological detection, using NBT/BCIP color,
and eosin-stained, neutral resin Seal Sheet. Observe by
microscope and take photo.

Results
Quantitative real-time PCR

Standard curve of KAP7.1 and KAP8.2 shown in Supple-
mentary Fig. 1 which were achieved according to different
concentrations standard Ct value. Standard curve showed a
good linear relationship, correlation coefficient R? > 0.98,
which achieve accurate quantificative goal in a wide range,
better amplification efficiency, 0.8 < E < 1.2.

Internal standard gene f-Actin was used as the
homogenization correction of KAP7.1, KAP8.2 gene
quantitative results in Liaoning new-breeding cashmere
goat primary and secondary hair follicles (Table 2). The
results showed that: KAP7.1, KAP8.2 gene were expressed
in both primary and secondary hair follicles, and the
expression was more active in the secondary hair follicles
than that in the primary hair follicles, KAP7.1 in the second
hair follicles was 2.28 times than in primary follicles;
KAP8.2 was 2.71 times as high as that in primary hair
follicles (Fig. 1).
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Fig. 1 Quantitative results of KAP7, KAP8.2 in the primary and
secondary hair follicle of Liaoning new-breeding cashmere goat

Table 2 The calibration results of KAP7.1, KAP8.2 in the primary and secondary hair follicle of Liaoning new-breeding cashmere goat

KAP7.1 KAPS.2 Actin KAP7.1/actin KAP8.2/actin
Quantitative results of the PF 8282.5 5304 6813 1.22 0.78
Quantitative results of the SF 10450 7952.5 3763.5 2.78 2.11
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Semi-quantitative RT-PCR

Semi-quantitative RT-PCR analysis of KAP7.1 and
KAP8.2 gene in the different tissues of cashmere goat,
results showed that no signal were seen in heart, liver,
spleen, lung and kidney of Liaoning new-breeding
cashmere goat (Supplementary Fig. 2). It indicated that
KAP7.1, KAP8.2 gene were specifically expressed in
hair follicles and played an important role in hair
formation.

In situ hybridization

The positive results of ISH was seen based on the obser-
vation by Microscope, that was blue-violet hybridization
signal, ISH results showed that KAP7.1 had a strong signal
in the cortical layer of primary and secondary hair follicles
(Fig. 2a, b, e). signal in the inner root sheath of in the
primary hair follicles was found (Fig. 2h). Additionally, a
clear signal (Fig. 2c, d) in inner root sheath and hair matrix
in the secondary hair follicle were found as well, but no
signal in the medulla layer of primary follicles. Each
experiment had a separate control, in which no expression
signal was found.

A, B the expression of KAP7.1 gene in the PF (slitting
line, respectively x100, x400) C, D, E the expression of
KAP7.1 gene in the SF (slitting line, respectively x 100,
x400) F the expression of KAP7.1 gene in the PF and
SF (transverse section, x100) G the expression of

KAP7.1 gene in the SF (transverse section, x100) H the
expression of KAP7.1 gene in the PF (transverse section,
x400).

Fig. 2 The expression of KAP7.1 gene in the cashmere goat primary
and secondary hair follicle
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Discussion

Liaoning new-breeding cashmere goat is Chinese unique
genetic resource whose characteristics are long cashmere,
short wool and significantly exposing cashmere. Further-
more, cashmere yield ranked the first nation wide [11, 12].
Owing to the high quality cashmere, Liaoning new-
breeding cashmere goat together with Inner Mongolia
cashmere goat, are known as the most outstanding two
representatives cashmere goat breed. In addition, cashmere
length and yield were significantly higher than those of
Inner Mongolia cashmere goat, but the cashmere fineness is
thicker than that of Inner Mongolia cashmere goats.
Cashmere is more valuable than wool, cashmere fineness
are the determinants of price [13]. Therefore, the study of
hair fiber diameter has become the most important part of
Liaoning cashmere goat breeding. The experiment study
fiber function associated genes, KAP7.1 and KAPS.2,
aiming at controlling cashmere fineness of Liaoning new-
breeding cashmere goat in the molecular level, and making
cashmere quality to meet national good quality standards.

In general, cashmere goat is heterogeneous fleece
composed of cashmere and wool which are respectively
generated by the secondary and the primary hair follicles.
The secondary hair follicle is differentiated from the pri-
mary hair follicle; but their structures and composition are
very similar. However, it is surprising that there are obvi-
ous differences between wool and cashmere fineness.
Previously study of human hair and different varieties of
wool shows that the content of HGTKAPs (KAP6, KAP7
and KAPS) is less than 3% in human hair and the wool of
sheep to 19%, and up to 30-40% in echidna quill [14],
which indicates HGTKAP content changes in the different
varieties of hair is relevant closely to the cashmere quality.
Shu Weili et al. [15] also demonstrated that HGTKAPs can
regulate the quality of hair fibers by the finding that the
mutant of Australian Merino sheep has a significant
reduction of HGTKAPs expression. Therefore, the research
was the first analysis of the expression characteristics of
KAP7.1, KAPS.2 gene by using quantitative real-time PCR
in the primary and secondary hair follicles of Liaoning
new-breeding cashmere goat. The results showed that both
of KAP7.1, KAPS8.2 have a significantly higher expression
in the secondary hair follicles than that in the primary hair
follicles, which presented respectively 2.28 and 2.71 times
as high as those in the primary hair follicles. Therefore, we
speculate that the two genes have function of regulating
cashmere fineness.

In addition, the activity of hair follicles go through three
regular changes including anagen, catagen and telogen in a
year cycle [16]. In anagen, the villi rapidly grows and the
expression of keratin genes is the most active. The previous
research demonstrated that the difference of HGTKAP
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expression location is also the associated with the different
cashmere quality [17]. Therefore, this research used ISH to
analyze of the expression of KAP7.1 in hair follicles. The
results showed that KAP7.1 gene has a strong signal in the
cortex of the primary and secondary hair follicles in ana-
gen, signal was also found in the inner root sheath of the
primary and secondary hair follicles, all these indicate that
KAP7.1 is the structural components of cortex and inner
root sheath, participating in the formation of hornification
and inner root sheath of villi, playing an important role in
the cashmere growth and quality. In addition, hair matrix of
secondary hair follicles also appeared expression signals
(Fig. 2c, d) that KAP7.1 is the components of hair matrix
of second hair follicles, moreover, has important implica-
tion on the growth of cashmere. But no signal in the outer
root sheath (ORS), sebaceous glands and hair medulla,
explained that KAP7.1 is not involved in the composition
of ORS, sebaceous gland and hair medulla in hair follicle
Anagen. Besides, expression pattern of KAP7.1 gene in the
cashmere goat was identical to the expression in human,
sheep and rabbits, which predominantly expressed in the
cortex [2, 18, 19]. But the difference is that KAP7.1 in IRS
of primary and secondary follicle is also expressed
(Fig. 2c, d, h). This may be one of the reasons for different
cashmere quality in the different species. PCR product of
KAPS.2 after being sequenced varied greatly in sequence
with Inner Mongolia cashmere Goats, whose causes need
to be further studied. So this experiment did not detect
KAPS.2 genes in ISH. Moreover, we used semi-quantita-
tive RT-PCR to illustrate that KAP7.1, KAP8.2 were not
expressed in Liaoning new-breeding cashmere goat’s heart,
liver, spleen, lung and kidney, which showed KAP7.1,
KAP8.2 were only expressed in the hair follicle. RT-PCR
result was consistent with Rogers et al. [20] who demon-
strate that a large number of KAP family members were
expressed only in hair follicles.

At present, there were extensive researches on KAPs by
domestic and foreign scholars. 30 KAP family members in
human were located and qualitative. However, the exact
function and regulation mechanism of KAPs remains
unclear. Privious studies had shown that KAPs plays an
important role in regulating cashmere quality, may be
caused by the interaction of KAP-KAP, Keratin-KAP and
Keratin—Keratin, and may be affected by other genes [18,
21, 22]. As Bawden et al. [23] who used transgenic
method, illustrating when sheep K2.10 were over-
expressing, the expression of KAP8 and KAP2 would be
reduced; fiber quality would also change correspondingly.
Jave-Suarez et al. [24] also demonstrated that the HOX13
selective regulates transcription of mice KAP16 gene
cluster. The adjustment mechanism of KAP gene is key
factor to achieve the cashmere growth of artificial control;
and it has great significance to the cashmere goats

breeding. Therefore, regulation mechanism of KAP7.1,
KAP8.2 gene is worthy of our further research. In this
study, we use quantitative real-time PCR, semi-quantitative
RT-PCR and in situ hybridization firstly compare the
expressions of KAP7.1, KAP8.2 gene in the primary and
secondary follicles anagen. Two gene expressions play a
regulatory role in cashmere fineness were investigated in
the molecular level, laying a foundation for the study of
HGTKAPs gene function in cashmere goat.
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