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Abstract

The objective of the study was to determine polymorphism in the KAP1.3 and KRT33A genes of Swakara
sheep. Blood samples were collected from 40 Swakara sheep randomly selected from four farms;
Neudamm, Gellap-Ost, Kalahari and Tsumis. Genomic Deoxyribonucleic acid was isolated using the
Ingaba biotech-kit protocol. PCR-Single strand conformational polymorphism gel electrophoresis method
was used for genotyping the two genes. The PCR products were sequenced to construct phylogenetic trees
for evolutionary analyses. Chi-square test at 5% level of significance was used to analyze the data. Three
genotypes were identified at KAP1.3 gene, with genotype frequencies of 0.5 (AA), 0.35 (AB) and 0.15
(CC). The frequency distribution of genotypes across all four farms differed significantly (P=0.05). Two
genotypes (AA and BB) of the KRT33A gene were identified. The KRT33A locus was not statistically
significant (P=0.118), and the allele frequency was 0.25 (A) and 0.75 (B). The KAP1.3 and KRT33A genes
showed no significant deviation from the Hardy Weinberg Equilibrium. The phylogenetic tree showed
relatedness of the Swakara sheep found in Namibia. The revealed polymorphism in the KAP1.3 and
KRT33A may prompt further studies on KAP genes in Swakara sheep, which may help with the
identification of genetic markers linked to superior pelts and strategic selection of breeding stock.
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1. Introduction

Swakara is a fat-tailed breed of sheep that is profoundly bred for the production of high-quality pelts in
Namibia (Campbell, 2007). It originated from Uzbekistan in Central Asia and was imported into Namibia
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(as Karakul then), in 1907 (Lundie, 2011; Kevorkian et al., 2011; Bravenboer, 2007). It may also be kept
for meat and wool (Malesa, 2015; Nsoso and Madimabe, 2003). Soon after its introduction in Namibia, the
Karakul sheep were subjected to intensive research and strategic breeding programmes, which has resulted
in the production of unique quality pelt characterized by short hair, exceptional patterns and better hair
texture.

The Swakara sheep are farmed mainly in Namibia, South Africa and Botswana (Malesa, 2015). Swakara
breed plays a vital role in pelt production despite the availability of other pelt breeds globally (Rothauge,
2009). Because of the significant differences between the pelts of the Namibian lambs, when compared to
those in the country of origin, characterized by lustrous features of different colours and unmatched quality
across the globe, the Namibian authorities granted permission for the change of breed name from Karakul
to Swakara in 2012 (Itenge & Shipandeni, 2015). Swakara is the trade name for all pelts produced in three
Southern African countries; Namibia, South Africa and Botswana which are auctioned in Copenhagen,
Denmark bi-annually in April and September. These sought-after pelts contribute significantly to the
Namibian economy (Itenge & Shipandeni, 2015).

Pelts are harvested from lambs by well-trained personnel, adhering to the Swakara industry’s Code of
Practice (Kruger et al., 2013). Harvesting is done within 48 hours of birth because the curl structure of the
pelt deteriorates with increase in age (Martins & Peters, 1992). Farmers are required to practice rigorous
husbandry practices. The code of practice focuses on the welfare of Swakara sheep; it set out strict ethical
parameters regarding the humane treatment of the Swakara. Induced abortion is illegal in Namibia, and
Swakara farms in Namibia are subject to an animal health inspection at least once a year.

Primarily, four natural colour types are found in the Namibian Swakara sheep, namely black, which was
the original colour, white, grey and brown (Bravenboer, 2007). The white pelt is the most preferred pelt
colour because it can be dyed into several colour tones to satisfy the fashion trends. Currently, visual
appraisal technique is being used in the Swakara industry to select animals with superior pelt traits.
However, the efficiency of breeding programmes of pelt production may be accelerated through the
development of gene-markers linked to superior pelts. Genetic markers can either be genes or non-
functional DNA segments such as microsatellites (Abdul-Muneer, 2014) or minisatellites. According to
Itenge (2012), a genetic marker for a particular trait can be defined as a piece of DNA that directly affects
a phenotype and shows polymorphism. It can also be a piece of DNA that is closely linked to another piece
of DNA that affects a phenotype.

The keratins, which are genes of interest in this study, are structural intermediate filamentous proteins
that constitute about 90% of the total wool fibre in sheep. The protein gene family is divided into two
groups; Keratin Intermediate Filament proteins (KRTs) and Keratin Associated Proteins (KAPs). The KRTs
form the skeletal structure of the wool fibre (micro-fibrils) and are embedded in a matrix of KAPs (Powell
& Rogers, 1986). Numerous studies showed that there had been an increase in the number of KAP genes
defined in humans and sheep species as well as progressive accounts of variation in these genes (Gong et
al., 2012). Rogers et al. (2005) illustrated that keratin-associated proteins are encoded by a large number of
highly polymorphic genes. Between two to nine alleles have been identified in KAP genes among Ovies
aries species (Zhou et al., 2012; Gong et al., 2010). Gene expression can be affected by the structure and
function of the encoded proteins (Elmaci, 2013), and variation in KAP genes has significantly influenced
wool traits (Yardibi et al., 2015) in most ovine species. Keratin associated proteins play a critical role in
determining the physicomechanical properties of hair and wool fibres as they form a semi-rigid matrix in
which the Keratin intermediate filaments are rooted (Li et al., 2018; Rogers et al., 2007; Powell et al., 1995).
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To our knowledge, no genetic markers have yet been associated with pelt quality traits in Swakara sheep.
Therefore, the objectives of the study were to determine polymorphism in the KAP1.3 and KRT33A genes,
as well as to compare the level of polymorphism of the keratin genes from different study sites situated in
three regions of Namibia (Khomas, Hardap, Karas). The identification of polymorphism in the KAPs and
KRT genes could facilitate the possible development of genetic markers associated with pelt quality traits.

2. Materials and Methods
2.1 Sheep and blood collection

In this study, we used 40 Swakara sheep sourced from four farms; Neudamm farm in the Khomas region
(22.30°S, 17.22°E), Gellap-Ost research station in the Karas region (26.27°S, 18.05°E), Tsumis research
station in Rehoboth, Hardap region (23.73°S, 17.19°E) and Kalahari research station in Mariental are
located in the Hardap region (25.55°S, 16.39°E). Ten Swakara sheep were randomly selected from each of
the four farms. The flock comprised of 24 ewes and 16 rams Swakara sheep with age ranging from six
months to seven years old. An ethical clearance (FANR/003/2019) for the study was obtained from the
University of Namibia through the Centre for Research and Publications. All animals were handled
humanely.

Blood samples from each Swakara sheep were collected in four mL K2E-EDTA anti-coagulant vacutainer
tubes via jugular vein puncture. Blood samples were immediately placed in a cooler box with ice packs and
transported to the laboratory. One hundred pL blood samples were aliquotted into Eppendorf tubes to
minimize contamination before refrigeration at 4°C until DNA extraction was performed.

2.2 DNA Extraction

Genomic Deoxyribonucleic acid (JDNA) was extracted using the Ingaba biotech-kit protocol (Ingaba
Biotechnical Industries (Pty) Ltd, Pretoria, South Africa). Purity and concentration of gDNA were
determined by using a Spectrophotometer (Nano-drop 2000). Genomic DNA quality was assessed by using
1% horizontal Agarose gel-electrophoresis stained with 0.1 mg/L ethidium bromide and electrophoresed at
90 volts for 45 minutes. Gels were visualized by trans-illumination on a UV trans-illuminator (Syngene
bioimaging, Cambridge, United Kingdom). The gDNA samples with good quality, as shown by intact
bands, were used for further analysis.

2.3 PCR amplification of the KAP 1.3 and KRT33A genes

The primer sequences information used to amplify the KAP 1.3 locus were obtained from Rogers et al.
(1994) and were as follows: KAP1.3 upstream 5'-GGG TGG AAC AAG CAG ACC AAA CTC-3' and
KAP1.3 downstream 5'- TAG TTT GTT GGG ACT GTA CAC TGG C-3', defining a 598 bp amplimer.
The primer sequence information used to amplify the KRT33A locus were sourced from Rogers et al.
(1993a), and were as follows: upstream 5'-CAC AAC TCT GGC TTG GTG AAC TTG-3' and downstream
5-CTT AGC CAT ATC TCG GAT TCC CTC-3' and defined a 480 bp region of the KRT33A locus. All
primers were synthesised by Ingaba Biotechnical Industries (Pty) Ltd, Pretoria, South Africa.

The protocols for amplification of the loci were sourced from Itenge-Mweza et al. (2007). For both KAP
1.3 and KRT33A genes, PCR amplifications were performed in 25 pL reactions containing 200 ng gDNA
from whole blood, 1X One Taq Master Mix (Ingaba Biotechnical Industries (Pty) Ltd, Pretoria, South
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Africa), 200 mM of forwarding primer, 200 mM of reverse primer, and nuclease-free water (New England
BioLabs® Inc.).

Amplification consisted of an automated preheating Thermocycler (Thermo Scientific, Arktik thermal
cycler) lid at 110 °C for two minutes, an initial denaturation of one minute at 95 °C, followed by 30 cycles
of denaturation at 95 °C for one minute, annealing at 65 °C for 1 min and extension at 72 °C for 1 min, with
a final extension of 72 °C for 7 min. Amplimers were stored at 4 °C until they were subjected to agarose
gel electrophoresis.

2.4 Agarose gel electrophoresis

To confirm that PCR amplification has worked, amplimers were run in 1.0% w/v Agarose gels (Ingaba
Biotechnical Industries (Pty) Ltd, Pretoria, South Africa) prepared with 0.5X Tris-Acetate EDTA (TAE)
buffer (Ingaba Biotechnical Industries (Pty) Ltd, Pretoria, South Africa), containing 0.1 mg/L of ethidium
bromide. Seven pL of PCR product was mixed with 1.8X loading dye (Ingaba Biotechnical Industries (Pty)
Ltd, Pretoria, South Africa). A 100 bp molecular weight marker (Ingaba Biotechnical Industries (Pty) Ltd,
Pretoria, South Africa) was included on the agarose gels in order to confirm the size of the expected
amplimer (598 bp for KAP1.3 and 480 bp for KRT33A). DNA bands were visualized under a UV trans-
illuminator (Syngene bioimaging, Cambridge, United Kingdom).

2.5 Detection of sequence variation using Polymerase chain reaction-Single Strand Conformational
Polymorphism (PCR-SSCP) analysis

To detect genetic variation in the KAP1.3 and KRT33A loci, amplified PCR products were subjected to
PCR-SSCP analysis according to the method of Itenge (2007), with minor modifications. Polyacrylamide
gels (38:2 acrylamide/ bis-acrylamide, (Bio-Rad Laboratories, Ltd, Johannesburg, South Africa) vertical
gels (Protean |1 16 x 16 cm, 1.0 mm thick spacers, 24 well combs, Bio-Rad Laboratories, Ltd, Johannesburg,
South Africa) were prepared to contain 1X TBE, 7 M of Urea, 30% ammonium persulphate (APS) and 30
pL TEMED (Ingaba Biotechnical Industries (Pty) Ltd, Pretoria, South Africa). The polyacrylamide gels
were pre-run for an hour in order to remove any polar impurity in the vertical gel electrophoresis tank. The
PCR products were mixed with 50 pL loading dye (95% formamide, ten mM NAEDTA, 0.025%
bromophenol blue, 0.025% xylene cyanol) (Ingaba Biotechnical Industries (Pty) Ltd, Pretoria, South
Africa), denatured by firstly preheating the Thermo-cycler lid (Thermo Scientific, Arktik thermal cycler)
for two minutes followed by denaturing at 95°C for five minutes and immediately placed on wet ice before
loading 10 uL aliquots. The gels were electrophoresed in 1X TBE running buffer (Ingaba Biotechnical
Industries (Pty) Ltd, Pretoria, South Africa) at 200 V for 16 hours 30 minutes, followed by silver staining
according to the method of (Sanguinetti et al., 1994).

2.6 DNA Sequencing

DNA sequencing of 20 samples was carried out at the University of Porto in Portugal following the ABI
Prism BigDyeTM Terminator v3.1 Sequencing Kit protocol on an ABI3130xI DNA Analyzer (Applied
Biosystems, Foster City, California, USA). The sequencing was, however, only performed for one
independent PCR.
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2.7 Statistical analysis

Chi-square test of association at a 5% level of significance was used to test for allele frequency
distribution across all four farms. The Spearman’s Rank correlation formulae was used to calculate
genotype frequencies of the two loci under study; KRT33A and KAP1.3. Frequency distribution of the
different alleles in Swakara sheep was tested for Hardy Weinberg Equilibrium.

The Chi-square test of association equation used:

Zz _ Z(Oi - Ej)2
C EJ
Where;

xZis the Chi-square statistic value with ¢ degrees of freedom
O, is the observed allele frequencies for the i" allele
E; is the expected allele frequencies for the i"allele

Spearman’s Rank correlation defined by (1)—(3): Allele frequency distribution:

A= [2(AA)+(AB) + (AC)] (1)
2sample size

g _ [2(BB) +(AB) + (BO) @)
2sample size

Co [2(CC)+ (AC) +(BC)] 3)

2sample size

The Spearman’s Rank correlation a non-parametric test relates the relationship between two genotypes
under study; KRT33A and KAPL1.3.

Hardy Weinberg Equilibrium equations
p’+2pg+q° =1 (4)
P> +0°+r®+2pg+2qr+2pr=1 (5)

(https://www.icalcu.com/stat/chisqtest.html)
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3. Results

Three different banding patterns (AA, AB and CC) of the KAP1.3 gene were revealed in the PCR-SSCP
analysis (Figure 1). Two patterns appeared to be from homozygous sheep, while the third pattern appeared
to be from heterozygous sheep. It is important to note that although lanes 1 and 2 seem to be the same as
lanes 4 and 5, they were different when observed while in the developer solution at scoring. The A allele
(lanes 1 and 2) had no space between the bands while the C allele (lanes 4 and 5) had space between the
bands. The alleles were not sequenced.

T ——
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1 2 3 4 5 6 7
AA AA AB CC cC AB AB

Figure 1: PCR-SSCP analysis of the 598 bp amplimer of the KAP1.3 gene in Swakara sheep. Gels
were electrophoresed on a 10% acrylamide/bis-acrylamide, containing 7 M urea, run for 16 hours
30 minutes, 200V at room temperature. Lane one to lane seven denotes the different genotypes at
the KAP1.3 gene.
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Figure 2: KAP1.3 genotype frequency distribution of Swakara sheep at the four farms
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Figure 3: PCR-SSCP analysis of the 480 bp amplimer of the KRT33A gene, in Swakara sheep
electrophoresed at 10% acrylamide/bis-acrylamide gel that contained 7 M urea run for 16 hours 30
minutes at 200V at room temperature. Lane one to lane seven denotes the different genotypes at the

KRT33A gene.

12
[72]
= 10
e
= 8
©
G 6
3 4
S
> 2

0

Farm Farm Gellap- Farm Earm Tsumis
Neudamm Ost Kalahari

= BB 8 6 10 6
= AA 2 4 0 4

Genotype distribution

Figure 4: KRT33A genotype frequency distribution of Swakara sheep at the four farms

The frequency of the genotypes AA, AB and CC in the total 40 sheep studied was 0.5, 0.35 and 0.15,
respectively (Figure 2). The frequency distribution of genotypes across all four farms differed significantly
(P=0.05) and was in Hardy Weinberg Equilibrium. Overall, the KAP1.3 AA genotype was highly
distributed in comparison to the AB and CC across the four farms under study. At Gellap-Ost, only the AA
genotype was present, whilst Neudamm, Kalahari and Tsumis showed all the three genotypes.



Nyoni— Polymorphism of the KAP1.3 and KRT33A genes in the Swakara sheep

Two different banding patterns (AA and BB) of the KRT33A gene were revealed in the PCR-SSCP
analysis (Figure 3). Both banding patterns were from homozygous sheep. The frequency of the genotypes
AA and BB in the 40 sheep studied was 0.25 and 0.75, respectively. The frequency distribution of genotypes
across all four farms did not differ significantly (P=0.05), but it was in Hardy Weinberg Equilibrium. The
genotype frequency distribution of the KRT33A gene is shown in Figure 4.

Phylogenetic trees were constructed to trace evolutionary relationships among the study animals located
on the four farms. A pattern of the relative closeness of Swakara sheep located on the four farms in Namibia
and other relative sheep breeds around the world was performed. Sample denotes the current study animals
whilst AY, KY, KF and number are the similar sheep breeds. The KAP1.3 and KRT33A results are shown
in Figure 5.
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Figure 5: The evolutionary history was inferred using the Neighbor-Joining method, based on a 598 bp
sequence and NCBI sequences were used for comparison in the KAP1.3 locus, in Swakara sheep. The
optimal tree with the sum of branch length = 0.11929587 is shown. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (100 replicates) are shown next to the
branches. The analysis involved 21 nucleotide sequences. KAP1.3 (AY835593.1) Sheep was used as an
out-group/root of the tree. Evolutionary analyses were conducted in MEGA version 6.
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4. Discussion

This study reports three genotypes at the KAP1.3 locus defining a 598 bp amplimer, using PCR-SSCP
typing method, denoted as AA, AB and CC. While similar genotype numbers of KAP1.3 have been
reported, the typing method used in these studies was not PCR-SSCP, but PCR-RFLP. In a study by
Mahajan et al. (2017), three different RFLP patterns were obtained at two restriction sites corresponding to
AA, AB and BB genotypes in Rambouillet sheep. The sizes of the RFLP patterns were as follows: AA
pattern (350, 225 and 23 bp); AB pattern (350, 307, 225, 43 and 23 bp); BB type (307, 225, 43 and 23 bp).
The 43 bp and 23 bp fragments were however not visible on the visualized gels. Different RFLP patterns
using Bsr | restriction enzyme for the KAP1.3 locus defining a 598 bp amplimer were reported by Rogers
et al. (1993Db) in six sheep breeds, Xu et al. (2008) in 5 breeds of sheep of Xinjiang and Chen et al. (2011)
in Chinese Merino sheep. Kumar et al. (2016) identified three genotypes denoted as XX, XY and YY at the
KAP 1.3 gene in 11 Indian sheep breeds using Bsr | restriction enzyme. The sizes of the RFLP patterns
were as follows: Y'Y genotype (309, 225, 41 and 23 bp); XY genotype (350, 309 and 225 bp). The XX
genotype was similar to the AA pattern in Mahajan et al. (2017). Kumar et al. (2016) also reported that
smaller fragments of 41 and 23 bp were not visible on the 2 % agarose gel electrophoresis. Besides, Meena
et al. (2018) identified three genotypes denoted as XX, XY and YY in the KAP 1.3 gene of Magra sheep,
using Bsr | restriction enzyme.

Although RFLPs were the first genetic markers developed, they are losing popularity as a screening
method to identify genetic markers because they have the disadvantages of not identifying all of the
polymorphism within a length of DNA, are time-consuming, and restriction enzymes and consumables tend
to be expensive (Itenge 2012). Since the restriction enzymes only target restriction sites, genetic variations
that are not within the restriction sites, are therefore not recognizable by restriction enzymes when using
this method. Itenge (2012), stated that the PCR-SSCP technique offers a rapid, sensitive, relatively
inexpensive and simple way to screen for sequence variation, and has become one of the preferred methods
for screening samples to detect polymorphism in genes. Numerous studies have reported at least six alleles
of the KAP1.3 gene, using PCR-SSCP typing method. Rogers et al. (1994) reported six alleles in a 598 bp
KAP1.3 amplimer from Romney sheep of New Zealand using PCR-SSCP typing method. Nine unique
KAP1.3 SSCP patterns (designated A-I) were identified in Merino sheep of New Zealand (ltenge-Mweza
etal., 2007) and in Chios, Kivircik and Awassi sheep (Yardibi et al., 2015).Furthermore, Gong et al. (2015);
Mahajan et al. (2017) and Sulayman et al. (2017) reported six KAP1.3 alleles. In two different studies by
Farag et al. (2018a) and (2018b), seven KAP1.3 alleles (A, B, C, D, F, G, T) in Egyptian sheep, and ten
patterns in 112 tested sheep were identified, respectively using PCR-SSCP analysis of amplified 598 bp
KAP1.3 gene. Since only three genotypes of the KAP1.3 gene were detected in this study, it is possible that
the PCR-SSCP protocol may not have been optimized well enough to detect all the alleles present. While
the PCR-SSCP protocol in this study was performed at room temperature, the vertical gel electrophoresis
tanks used by Itenge (2007) were connected to a circulating water chiller to maintain a constant gel
temperature. This cooling system was, however, not accessible in the current study. The detection of only
three genotypes and not more could also be attributed to the sample size of animals used in the study (n=40).
It is also possible that only three alleles are present at the KAP1.3 locus. It may also be possible that
selection (which is most likely to occur in these flocks) may have reduced the frequency of some of the
alleles. With selection for pelt quality taking place every generation, it would be expected that marker
alleles associated with ‘inferior’ pelt quality would likely be reduced or even be eliminated from the
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population over time. Therefore, we recommend that the sample size is increased to more than 100 animals
in future studies, which include both commercial and communal Swakara sheep flocks.

The frequency of the genotypes KAP1.3 AA, AB and CC, was 0.5, 0.35 and 0.15, respectively. Overall,
the KAP1.3 AA genotype was highly distributed in comparison to the AB and CC across the four farms
under study. It was observed that the AA genotype was inherent mostly among ewes in comparison to rams.
Gellap-Ost farm only had the AA genotype, whilst Neudamm, Kalahari and Tsumis showed all the three
genotypes. Mahajan et al. (2017) observed the genotype frequencies of 0.41 (AA), 0.47 (AB) and 0.12
(BB), while Meena et al. (2018) observed the genotype frequencies in three genotypes; XX, XY and YY of
0.12, 0.17 and 0.71, respectively. In contrast, Kumar et al. (2016) had a higher frequency of XY genotype
in comparison to the Y'Y genotype in Indian sheep breeds. The A and B alleles in the study by Mahajan et
al. (2017) were the same as the X and Y alleles in described by Kumar et al. (2016), though in different
sheep breeds located in two different countries.

It should be noted that the AA genotype of Mahajan et al. (2017) is not similar to the AA genotype in this
study, since the typing methods used were different. Variation in genotype frequencies could be as a result
of selective breeding schemes, breed differences and mere evolutionary pressure (Mahajan et al., 2017).

Two different banding patterns (denoted as AA and BB) were detected at the KRT33A locus defining a
480 bp amplimer, using PCR-SSCP analysis, with genotype frequency of 0.25 and 0.75, respectively. A di-
allelic polymorphism was reported at the KRT1.2 locus defining a 480 bp amplimer, using PCR-RFLP in
Romney sheep by Rogers et al. (1993a). The two alleles were identified as a result of the presence/absence
of an Msp | recognition site at nucleotide 259 bp (allele M/N respectively). In a study on 15 Indian native
sheep breeds, Arora et al. (2008) found three genotypes (MM, MN, NN) in the 480 bp amplimer of the
KRT1.2 locus across the breeds investigated. The sizes of the RFLP patterns were as follows: MM genotype
(159, 126, 100 and 95 bp); MN genotype (259, 159, 126, 100 and 95 bp); NN genotype (259, 126 and 95
bp). Ahlawat et al., (2014) reported similar KRT1.2 genotype findings in Patanwadi, Marwari and Dumba
sheep breeds of India, with overall genotypic frequencies at KRT 1.2 locus for MM, MN and NN being
0.64, 0.34 and 0.02, respectively. Furthermore, Kumar et al. (2016) reported three genotypes (MM, MN,
NN) in Patanwadi and Nali sheep breed with an allele frequency distribution of 0.778 (M) and 0.222 (N),
with genotype frequencies of 0.648 (MM), 0.260 (MN) and 0.092 (NN). The same three genotypes (MM,
MN, NN) were observed by Meena et al. (2018) in the Magra sheep.

The number of alleles observed in the present study, and observed only in the homozygous form is not
comparable to the number of alleles reported at the KRT1.2, using PCR-SSCP method. Itenge-Mweza et
al. (2007) identified five alleles (A, B, C, D and E) in the KRT33A gene, (previously referred to as KRT1.2
gene) of the Merino sheep in New Zealand using PCR-SSCP protocol. The banding patterns in the stained
gels were also not comparable. It is possible that there were more than two alleles within the KRT33A gene
of the Swakara sheep, but the PCR-SSCP genotyping method used may not have detected all the variations.
We recommend further studies which will optimize the PCR-SSCP protocol in order to pick up more alleles
which may be available. It is also recommended that the sample size is increased to more than 100 animals
in future studies, which include both commercial and communal Swakara sheep flocks. We recommend
that polymorphism reported in the KAP1.3 and KRT1.2 in the current study through PCR-SSCP typing
method is confirmed in other independent studies. Besides, we recommend that the PCR-RFLP typing
method is carried out by digesting KAP1.3 and KRT33A loci with Bsr | and Msp | restriction enzymes,
respectively in the Swakara sheep.
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The evolutionary history was inferred using the Neighbor-Joining method, based on a 598 bp sequence
and NCBI sequences were used for comparison in the KAP1.3 locus, in Swakara sheep (Figure 5), as well
as on a 480 bp sequence and NCBI sequences for comparison in the KRT1.2 locus, in Swakara sheep.
Inferences made using phylogenetic tree analysis entail the relatedness of the Swakara sheep found in
Namibia. Figure 5 shows gaps between clads in the tree, which entails uniqueness between individuals
sharing a common ancestor.

5. Conclusion

Swakara sheep are primarily kept for pelt production in Namibia, which is sought after in the fashion
industry. The present study reveals the presence of genetic variation at the KAP1.3 and K33A genes in
Swakara sheep. Results obtained may prompt further studies on KAP genes in Swakara sheep, which may
help with the identification of genetic markers linked to superior pelts and strategic selection of breeding
stock.

The use of genetic markers in the selection of breeding stock would complement the current visual
appraisal technique used during pelt sorting and grading of Swakara pelts. It may also potentially improve
the accuracy of selection for exceptional lustrous pelt pattern. This work has the potential to provide crucial
baseline information that other researchers can use in better utilization and improvement of the Swakara
sheep
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