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ABSTRACT

The current study investigates the polymorphic patterns of keratin-associated protein (KAP) 3.2
gene in Sandyno breed of sheep. Genomic DNA was isolated from blood samples of 51 numbers of
Sandyno breed. Ovine specific primer associated PCR amplification of KAP 3.2 gene revealed
product at 393 bp and genotyped by PCR-SSCP (Single Strand Conformation Polymorphism)
method and visualized under silver staining technique. KAP 3.2 gene locus revealed 3 genotypes,
viz. AA, AB and BB with a frequency of 0.84, 0.16 and 0 in Sandyno breed with allele frequencies of
A(0.92) and B(0.08). Regarding population genetic indices, the effective number of alleles (N;) for
KAP 3.2 in Sandyno breed of sheep was found to be 1.1716. The PIC values was 0.1356 and Fg
values was negative (— 0.0864) in this breed. The result revealed that the selected population of
Sandyno breed of sheep was in Hardy-Weinberg equilibrium without any significant deviation from
the population mean and was monomorphic for KAP 3.2 gene.

*Corresponding author: E-mail: rbharathi92@gmail.com;



Bharathesree et al.; BJI, 24(4): 40-45, 2020; Article no.BJI.59422

Keywords: Keratin Associated Protein (KAP) 3.2; Sandyno; PCR-SSCP; silver stain; monomorphic.

1. INTRODUCTION

Keratin Associated Protein (KAP) was one of the
major genes that influence the economically
important traits in wool sheep hence gene
mapping studies of keratin proteins have
identified some chromosomal regions associated
with variation in wool quality and production traits
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The KAP genes are small, between 0.6 and 1.5
kb in size and are intron less [2]. The matrix
KAPs are divided into 3 groups based on their
amino acid compositions: the high-sulphur
proteins (16-30% cysteine content) KAP1.n,
KAP2.n, KAP3.n, ultra-high-sulphur proteins
(30% cysteine content), KAP4.n, KAP5.n,
KAP10.n and high- glycine-tyrosine proteins i.e.,
KAP6.n, KAP7.n, KAP8.n Barba et al. [3]
Plowman, [4]; Rogers et al. [5], Schweizer et al.
[6].

Among all the classes of Keratin Associated
Protein gene, KAP 3.2 is found to be polymorphic
having impact on wool characteristics and was
reported by various researchers. The Nilagiri
sheep which is a dual utility (fine wool and meat),
native to the Nilagiri hills of Tamil Nadu breed
has been used along with Merino, in the
development of another synthetic wool breed
named Sandyno, which has better wool quality
and it has been improved for fine wool production
through  Marker  Assisted Selection [7].
Considering above facts, the study was
undertaken to investigate polymorphism of KAP
3.2 in Sandyno breed of sheep.

2. MATERIALS AND METHODS

A total of 51 blood samples of Sandyno breed of
sheep were collected from the Sheep Breeding
Research Station (SBRS), Sandynallah, the
Nilgiris. Genomic DNA was isolated from whole
blood using a modified method of Montgomery
and Sise [8] with slight modifications by using
saturated Phenol: Chloroform: Isoamyl alcohol
mixture. Good quality DNA samples with clear
bands were selected for further study (Fig. 1).

Primers of KAP 3.2 F (5-
CCAAGACTTCTCTCATCAACC-3’) and KAP 3.2
R (5-GCATTAAGACTTGAGCAGCTC-3’) were
used for the amplification of the KAP 3.2 gene as
described by Mahajan et al. [9]. PCR reactions
were carried out with 20 pl of reaction mixture
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comprising 0.5 ul (5 picomoles) of each forward
and reverse primers, 10 pl of 2 x PCR master
mixes (1.5 mM MgCl,, Tag DNA polymerase,
100 uM dNTPs) and 8.5 ul of nuclease free water
was aliquoted in each PCR tube contaiing one pl
template DNA. The thermal protocol consists of
an initial denaturation step at 94°C for 4 min,
followed by 35 cycles of denaturation (94°C, 30
sec), annealing (56°C, 45 sec) and DNA
extension (72°C, 30 sec) and a final extension
step at 72°C for 10 min. To PCR products was
confirmed by 2 per cent (w/v) agarose gel
electrophoresis. The sizes and quantities of PCR
products were verified by comparison with 100
bp DNA ladder.

To explore genetic polymorphism in KAP 3.2
gene, amplified PCR products were subjected
for SSCP (Single Strand Conformation
Polymorphism) through 8% Polyacrylamide gel
electrophoresis (acrylamide: bisacrylamide (29:1)
13.3 ml; 5 x TBE buffer 10 ml; Ammonium
persulfate (10%) 250 ul; TEMED 100 pl; Triple
distilled water 26.35 ml and total volume of 50
ml). After the run was completed, silver staining
was carried out according to Bassam et al. [10]
with certain modifications to visualize the
banding patterns (Fig. 1).

The allele and genotype frequencies were
calculated and Hardy-Weinberg equilibrium was
tested by comparing expected and observed
genotype frequencies using a Chi-square (x?)-
test along with population genetic indexes such
as gene homozygosity (Ho), gene heterozygosity
(He), effective allele numbers (Ne), fixation index
(Fis) and Shannon’s Information index (I) were
executed in POPGENE 32 version 1.32 software
[11]. The polymorphism information content (PIC)
was calculated by PIC calculator.

3. RESULTS

The quantity and quality of DNA was assessed by
Biophotometer and the mean yields of DNA
isolated from Sandyno breed of sheep was
319.98 £ 53.33 pg/ml. The PCR amplification
yielded product at 393 bp (Fig. 2) as expected for
KAP 3.2 gene. PCR amplicons were subjected to
SSCP analysis to detect the polymorphic
patterns of KAP 3.2 gene. PCR-SSCP analysis
of KAP 3.2 gene (Fig. 3) revealed AA, AB and
BB genotypes with predominance of AA
genotype. The genotype frequencies of AA, AB
and BB were in the order of 0.84, 0.16 and 0.0 in



Sandyno breed. The A and B allele frequencies
were 0.92 and 0.08 respectively in Sandyno
breed of sheep (Table 1).

The present populations were consistent with
Hardy-Weinberg equilibrium and had no
significant difference (P > 0.05) in KAP 3.2 gene.
The heterozygosity value (0.1591) in Sandyno
breed was almost similar to the expected
heterozygosity (0.1481) for KAP 3.2 gene (Table
2). The effective number of alleles (N,) was
1.1716 and the PIC values for KAP 3.2 gene was
0.1356 in Sandyno sheep (Table 2). The Fs
values were negative (— 0.0864) in the selected
population for KAP 3.2 gene (Table 2).

4. DISCUSSION

The PCR amplification yielded product at 393 bp
(Fig. 2) as expected for KAP 3.2 gene. Similarly,
Mahajan et al. [9] and Wang et al. [12] also
obtained products at 393 bp whereas McLaren et
al. [13] observed product at 424 bp.

PCR-SSCP analysis of KAP 3.2 gene (Fig. 3)
revealed AA, AB and BB genotypes with
predominance of AA genotype. The genotype
frequencies of AA, AB and BB were in the order
of 0.84, 0.16 and 0.0 in Sandyno breed. The A
and B allele frequencies were 0.92 and 0.08
respectively in Sandyno breed of sheep (Table
1). Wang et al. [14] observed similar type of
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polymorphism in KAP 3.2 gene with three
genotypes (AA, AB and BB) in Tibetan sheep.
Similarly, ltenge-Mweza, [15] in Merino sheep
and Mahajan et al. [9] in Rambouillet sheep
observed three genotypes by PCR-SSCP
analysis. Contrary to the present findings,
Mahajan et al. [9] in Rambouillet sheep observed
the genotypic frequency for KAP 3.2 gene as
0.46, 040 and 0.14 for AA, AB and BB
genotypes respectively. Whereas, the gene
frequencies of A and B alleles were 0.66 and
0.34 respectively in Rambouillet sheep.

The heterozygosity value (0.1591) in Sandyno
breed was almost similar to the expected
heterozygosity (0.1481) for KAP 3.2 gene (Table
2). However, Mahajan et al. [9] reported
expected heterozygosity (He) value of 0.45 in
Rambouillet sheep and Wang et al. [12] for
Tibetan sheep (0.50) and Wang et al. [14] for
Tibetan (0.50), Oula (0.47) and Qiaoke (0.29)
sheep.

The effective number of alleles (N,) for KAP 3.2
gene was 1.1716 in Sandyno breed of sheep
(Table 2). Mahajan et al. [9] observed almost
similar value of 1.81 in Rambouillet sheep. The
results obtained in this study were not in
agreement with those reported by Wang et al.
[12] for Tibetan sheep (2.00) and Wang et al. [14]
in Tibetan (2.00), Oula (1.87) and Qiaoke (1.40)
sheep.

Collection of Blood
samples (Sandyno - 51
nos)
| |
Genomic DN.{L Isul.aﬁun PCR on K4P 3.2 gene SSCP .fo.]lowed by Silver
and Quantification specific primers Staining me?hmi of
genofyping

[Montgomery and Sise
modified (1990)]

[Mahajan et al. (2015)]

[Bassam et al. (1991)]

Fig. 1. Pictorial representation depicting the methodology of KAP 3.2 gene
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Table 1. Genotype and allele frequencies of KAP 3.2 gene in Sandyno breed of sheep

Breed /Group Total number Observed genotypic Allele frequency Expected Genotype frequency X’ value P value
of animals (n) frequency
AA AB BB A B AA AB BB
Sandyno 51 0.84(44) 0.16(7) O 0.92 0.08 0.85(37.24) 0.15 0.00 0.28™ 050
(6.51) (0.24)

Table 2. Heterozygosity statistics and genetic diversity at KAP 3.2 gene in Sandyno breed of sheep

Breed Gene Observed Observed Expected Expected Ne PIC Fis
homozygosity heterozygosity homozygosity heterozygosity
Sandyno KAP 3.2 0.8409 0.1591 0.8519 0.1481 1.1716 0.1356 -0.0864

Ne = Effective number of alleles; PIC = Polymorphic information content; F;s = Fixation index
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" S0be
< 393bp

——

100 bp

KAP 3.2 gene {Lane: 1 to 6 and 8 to 13 samples; Lane M: Marker (100 bp)}

Fig. 2. PCR amplified product of KAP 3.2 of Sandyno sheep (2 % agarose gel electrophoresis)

KAP 3.2 (393 bp PCR product)

Fig. 3. SSCP patterns of PCR products of KAP 3.2 genes in Sandyno breed of sheep
(8% PAGE electrophoresis)

The PIC values for KAP 3.2 gene was 0.1356 in gene may be due to breed differences and
Sandyno sheep (Table 2). However, Mahajan et  selective breeding practices. However, presence
al. [9] estimated polymorphic information content  of few alleles at the KAP 3.2 loci in Sandyno
(PIC) values with medium polymorphism as 0.35 breed of sheep indicates monomorphic
in Rambouillet sheep. The result is deviated from  situation.
the findings of Wang et al. [12] for Tibetan sheep
(0.38) and Wang et al. [14] in Tibetan (0.38), 5. CONCLUSION
Oula (0.36) and Qiaoke (0.24) sheep.

The selected population of Sandyno breed of
The Fis values were negative (— 0.0864) in sheep was analysed for KAP 3.2 gene and their
Sandyno breed for KAP 3.2 gene (Table 2). polymorphism. PCR-SCCP analysis revealed the
However, Mahajan et al. [9] observed Fixation = monomorphic pattern in KAP 3.2 loci with three
index (F;s) value of 0.11 in Rambouillet sheep. genotypes. The population genetic indices were
Deviation from the reported studies at KAP 3.2 calculated and the resulted allele frequency was
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almost nearing to fixation in Sandyno sheep
(0.92).

ETHICAL APPROVAL

Animal Ethic committee approval has been taken
to carry out this study.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Feughelman M. Mechanical properties and
structure of alpha-keratin fibres: Wool,
human hair and related fibres. UNSW
Press Sydney, Australia; 1996.

Powell BC. The keratin proteins and genes
of wool and hair. Wool Tech Sheep Bree.
1996;44:100-118.

Barba C, Mendez S, Marti M, Parra JL,
Coderch L. Water content of hair and nails.
Thermochim Acta. 2009;494:136—40.
Plowman JE. Proteomic database of wool
components. J. Chromatogr. B. 2003;787:
63-76.

Rogers MA, Langbein L, Praetzel WS,
Winter H, Schweizer J. Human hair keratin
associated proteins (KAPs). Int Rev Cytol.
2006;251:209-263.

Schweizer J, Bowden PE, Coulombe PA,
Langbein L, Lane EB, Magin TM, Maltais
L, Omary MB, Parry DA, Rogers MA,
Wright MW. New consensus nomenclature
for mammalian keratins. J. Cell Biol. 2006;
174:169-174.

Ganesakale D, Rathnasabapathy V. Sheep
breeds of Tamil Nadu. Cheiron.
1973;2:146-155.

Montgomery GW, Sise JA. Extraction of
DNA from sheep white blood cells. New
Zeal J Agr Res. 1990;33(3):437-441.

Bharathesree et al.; BJI, 24(4): 40-45, 2020; Article no.BJI.59422

9.

10.

1.

12.

13.

14.

15.

Mahajan V, Das AK, Taggar RK, Kumar D,
Kumar N. Polymorphism of keratin-
associated protein KAP) 3.2 gene and its
association with wool traits in Rambouillet
sheep. Indian J Anim Sci. 2015;85(3):
262-265.

Bassam BJ, Caetano-Anolles G, Gresshoff
PM. Fast and sensitive silver staining
of DNA in polyacrylamide gels. Anal
Biochem. 1991;196:80-83.

Yeh FC, Yang RC, Boyle BJT, Ye ZH, Mao
XJ. POPGENE 32 version 1.32, the user-
friendly shareware for population genetic
analysis. Molecular Biology and
Biotechnology = Centre, University of
Alberta, Canada; 1999.
Available:http://www.ualberta.ca/~fyeh/fye
h

Wang ZY, QI QQ. Analysis on single
nucleotide polymorphisms of Keratin-
associated Proteins gene in Plateau
Tibetan sheep. China Animal Husbandry &
Veterinary Medicine. 2010b;37(10):120-
124.

McLaren RJ, Geraldine R. Rogers,
Kizanne P. Davies, Jill F. Maddox, Grant
W. Montgomery. Linkage mapping of wool
keratin and keratin-associated protein
genes in sheep. Mamm Genome. 1997;8:
938-940.

Wang ZY, Chen YL, Xu QL, Ma ZR, Qi
QQ. Polymorphism of KAP 3.2 gene and
its effect on partial economic traits in
Tibetan sheep. Acta Veterinaria et
Zootechnica Sinica. 2011;42(2):284-288.
ltenge-Mweza  TO. Identification  of
polymorphism in the keratin genes
(KAP3.2, KAPG6.1, KAP7, KAP8) and
microsatellite BfMS in merino sheep using
polymerase chain reaction-single strand
conformational polymorphism(PCR-SSCP)
analysis; 2012.
Available:http://dx.doi.org/10.5772/45732

© 2020 Bharathesree et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/59422

45



