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Abstract 
The present study was carried out on a total of fifty Rambouillet sheep with the objectives to determine 

genetic polymorphism of KRT gene and to study association of polymorphic variants of KRT gene with 

wool traits. The blood samples and wool records such as greasy fleece weight (GFW) (gm), staple length 

(SL) (cm) and fibre diameter (FD) (µ) were collected from Rambouillet sheep maintained at Sheep 

Breeding and Research Farm, Reasi, Jammu. DNA was isolated and amplification of KRT1.2 gene was 

carried out. PCR-RFLP was performed with with restriction enzyme MspI. Population genetic indexes 

were calculated by using POPGEN 32. Three types of genotypes AA, AB and BB were obtained with 

frequency of 0.36, 0.56 and 0.08, respectively. The calculated expected homozygosity (Ho), expected 

heterozygosity (He), Shannon’s information index (I) and polymorphic information content (PIC) values 

were 0.535, 0.465, 0.65 and 0.35, respectively. The overall least-squares means and standard errors for 

different wool production traits i.e. GFW, FD and SL were 1323.08 ± 82.04 gm, 22.17 ± 0.16 µ and 5.02 

± 0.15 cm, respectively. Analysis of variations showed that the sex had significant effect only on GFW, 

whereas it had non-significant on FD and SL. The genotype had non-significant effect on all the traits 

under study. Males were superior in GFW. High GFW production was recorded for BB genotype 

(1487.50 ± 210.66 gm) followed by AB genotype (1255.36 ± 79.62 gm) and least by AA genotypes 

(1226.39 ± 99.31 gm) in Rambouillet sheep. No significant association was found in the Rambouillet 

population which may be due to the small number of observations for the present study. 

 

Keywords: KRT 1.2 gene, PCR-RFLP, Shannon index, PIC, wool production traits, Rambouillet sheep 

 

1. Introduction 

The physical properties of wool fibre can be attributed to proteins from the keratin family 

which are the primary constituents of the fibre (Itenge-Mwezaa et al., 2007) [6]. The keratin 

intermediate-filament proteins (KRTs) and keratin-associated protein (KAPs) are the major 

proteins that make up the wool fibre. The KRTs form the skeletal structure of the wool fibre 

(microfibrils) and are embedded in a matrix of KAPs. These proteins are connected through 

disulphide cross-linkages which are important for the stability and the mechanical properties of 

wool (Powell and Rogers, 1986; Marshall et al., 1991 and Feughelman, 1996) [14, 10, 12]. The 

microfibrils consist of KRTs, also known as the “hard” a-keratins. These are low sulphur 

proteins, which are classified into two protein families, Type I and Type II keratins (Powell, 

1996; Schweizer et al., 2006) [15, 13].  

The efficiency of wool processing is dependent on the consistency of wool fibre. Although 

selective breeding of sheep has in part reduced the variation in wool fibres, considerable 

variation both within and between fleeces still exists. This genetic diversity has impact on 

wool fibre structure and genes and proteins present in the wool fibre may be used as markers. 

The use of genetic markers greatly accelerates the efficiency of wool breeding programmes. 

Therefore, the present study was conducted to determine genetic polymorphism of KRT gene 

and its association with wool traits in Rambouillet sheep. 

 

2. Materials and Methods 

The blood samples and wool records such as greasy fleece weight (GFW) (gm), staple length 

(SL) (cm) and fibre diameter (FD) (µ) were collected from Rambouillet sheep maintained at 

Sheep Breeding and Research Farm, Reasi, Jammu. DNA was isolated by HiPuraTM SPP 

Blood DNA Kit (HIMEDIA). The purity of DNA was checked using spectrophotometer by 

taking the ratio of optical density values at 260nm and 280nm. Only good quality DNA that 

was having OD values ranging from 1.7 to 1.9 was used for further analysis.  
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A pair of primers i.e. the forward primer with sequence 5´-

CACAACTGTGGCTTGGTGAACTTG-3´ and reverse 

primer with sequence 5´-

CTTAGCCATATCTCGGATTCCCTC-3´ for amplification 

of KRT1.2 gene was used on the basis of published sequences 

as reported by Rogers et al. (1993) [14] that resulted in a 480 

bp PCR product. 

The PCR conditions were as follows- initial denaturation at 

94°C for 5 min; denaturation at 94°C for 30 sec; annealing at 

59°C for 1 min; extension at 72°C for 30 sec-these followed 

30 cycle and final extension at 72°C for 10 min and hold at 

4°C for infinity. PCR product was digested with restriction 

enzyme MspI in 32 µl volume at 37°C for 16 hr. After 

restriction digestion, the restriction product mixtures were 

electrophoresed on 2.5% agarose gel to get different bands 

and genotyping was done according to the band pattern of 

respective genotypes. 

The frequency of KRT1.2 gene; allele A and B were 

estimated using the POPGENE software package (Yeh et al., 

1999) [18]. Population genetic indexes such as gene 

homozygosity (Ho), gene heterozygosity (He), observed 

number of alleles (NO), effective allele numbers (Ne), fixation 

index (Fis) and Shannon’s Information index (I) were 

estimated using POPGENE 32 version 1.32 software (Yeh et 

al., 1999) [18]. The polymorphism information content (PIC) 

was calculated according to Botstein et al. (1980) [2].  

The data on greasy fleece weight (gm), fibre diameter (µ) and 

staple length (cm) were subjected to least squares analysis by 

using by Harvey (1990) [5]. The following model was used for 

this purpose: 

 

Yijk = µ + Gi + Sj + eijk 

 

Where,  Yijk = kth observation under jth sex and ith 

genotype 

µ = overall population mean 

Gi = effect of ith genotype 

Sj = effect of jth sex 

eijk = Random error associated with each observation and 

assume to be normally and independently distributed with 

mean zero (0) and variance (σ2e). 

 

3. Results and Discussions 

Genotyping of individuals for the KRT1.2 gene was done by 

PCR-RFLP. MspI restriction enzyme was used for restriction 

digestion. Three types of genotypic band patterns viz. AA 

(160 bp, 126 bp, 100 bp and 94 bp), AB (260 bp, 160 bp, 126 

bp, 100 bp and 94 bp) and BB (260 bp, 126 bp and 94 bp) 

were obtained. 

The genotypic frequencies for AA, AB and BB genotypes 

were 0.36, 0.56 and 0.08, respectively. The allele frequency 

of A and B alleles of KRT1.2 gene was 0.64 and 0.36, 

respectively (Table 1). The Chi-square test (χ²-test) and G2 

tests showed that the values were non-significant and the 

population was in Hardy-Weinberg equilibrium (HWE). 

Singh (2017) reported higher A allele and AA genotype 

frequencies in Magra sheep. Arora et al. (2008) [1] on 15 

different native sheep breeds reported three genotypes viz. 

MM, MN and NN with allele M yielding two bands of 100 

and 159 bp, and allele N gave one fragment of 259 bp. 

Invariant fragments of 126 and 95 bp were present in both the 

alleles. Kumar et al. (2016) [7] reported three genotypes of 

KRT1.2 viz., MM, MN and NN in all breeds/strains studied 

except Malpura and Avikalin in which NN genotype was not 

observed. Farag et al. (2018) [3] reported eight genotypes in 

KRT1.2 gene by PCR-SSCP techniques in Egyptian sheep. 

Meena et al. (2018) reported higher frequency of MM 

genotypes in Magra sheep. Kumar et al. (2016) [7] and Singh 

(2017) also reported non-significant χ²- value for KRT1.2 

locus in Indian sheep breeds and Magra sheep, respectively.  

 
Table 1: Genotype distribution and allelic frequencies of KRT1.2 

gene in Rambouillet sheep 
 

Locus 
Genotypes Gene/Allele χ²-test 

AA AB BB A B (HWE) 

KRT1.2 0.36 (18) 0.56 (28) 0.08 (4) 0.64 0.36 2.32 

Figures in parentheses are number of observations 

 

The population genetics indexes of KRT1.2 gene have been 

presented in Table 2. The calculated expected homozygosity 

(Ho) and expected heterozygosity (He) values were 0.535 and 

0.465, respectively. It was observed that the Ho value was 

more than the He value. It indicates that the homozygosity 

was more for KRT1.2 gene in the Rambouillet population. 

Arora et al. (2008) [1] reported lower He value of 15 different 

native Indian sheep of the KRT1.2 gene.  

 
Table 2: Population genetic indexes of KRT1.2 gene in Rambouillet 

sheep 
 

Ho He na ne I FIS SE PIC 

0.535 0.465 2.00 1.85 0.65 -0.22 0.03 0.35 

 

Ho = Expected homozygosity,  

He = Expected heterozygosity (Levene, 1949),  

na = Observed number of alleles,  

ne = Effective number of alleles,  

I = Shannon's Information index by Lewontin (1972),  

Fis = Fixation index of individual with sub-population by 

Wright’s (1978),  

SE = Standard error and  

PIC = Polymorphic information content 

 

The calculated observed number of alleles (na) and effective 

number of alleles (ne) values were 2.00 and 1.85, respectively. 

The Shannon’s information index (I) was 0.65. It was 

observed that Shannon’s information index (I) was higher in 

the population statistics for KRT1.2 gene. Shannon’s diversity 

index indicates that there are different types of alleles present 

in population. Fixation index of individual with sub-

population (FIS) was negative value (-0.22) which implies that 

an excess of heterozygotes may occur for KRT1.2 gene. 

Standard error (SE) of the mean allelic frequencies was 0.03. 

The calculated polymorphic information content (PIC) value 

was 0.35. The PIC value of the present study indicates the 

marker is moderately informative. The chi-square value for 

genotypes was non-significant. Kumar et al. (2016) [7] 

reported lower mean effective number of alleles in Indian 

sheep breeds. However, lower estimate of SE value was 

obtained by Arora et al. (2008) [1] for KRT1.2 alleles. 

Analysis of variations showed that the sex had significant 

effect only on GFW, whereas it had non-significant on FD 

and SL. The genotype had non-significant effect on all the 

traits under study (Table 3). Males were superior in GFW 

(1502.58 ± 101.40 gm); whereas, female were found to be 

superior in FD (22.18 ± 0.20 µ) and SL (5.13 ± 0.19 cm). 

Non-significant differences between the least squares means 

of various genotypes were observed for GFW, FD and SL. 

High GFW production was recorded for BB genotype 
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(1487.50 ± 210.66 gm) followed by AB genotype (1255.36 ± 

79.62 gm) and least by AA genotypes (1226.39 ± 99.31 gm) 

in Rambouillet sheep. Itenge-Mweza et al. (2007) [6] reported 

non-significant effect of A and B alleles of KRT1.2 gene on 

GFW and significant effect of alleles of KRT1.2 gene for FD 

in New Zealand. Singh (2017) reported non-significant effect 

of KRT1.2 in SL whereas, significant effect in FD in Magra 

sheep. On Contrary to the present findings, Farag et al. (2018) 

[3] reported significant effect on genotypes on SL, FD and 

clean FW in Egyptian sheep.  

 
Table 3: Least-squares means along with standard errors for greasy 

fleece weight (GFW), fibre diameter (FD) and staple length (SL) in 

Rambouillet sheep 
 

 GFW (gm) FD (µ) SL (cm) 

Overall (50) 1323.08 ± 82.04 22.17 ± 0.16 5.02 ± 0.15 

Sex ** NS NS 

M (25) 1502.58 ±101.40 22.17 ± 0.20 4.91 ± 0.19 

F (25) 1143.58 ± 101.40 22.18 ± 0.20 5.13 ± 0.19 

Genotype NS NS NS 

AA (18) 1226.39 ± 99.31 22.07 ± 0.19 5.20 ± 0.19 

AB (28) 1255.36 ± 79.62 22.07 ± 0.15 5.36 ± 0.15 

BB (04) 1487.50 ± 210.66 22.37 ± 0.41 4.50 ± 0.39 

Figures in parentheses indicates number of observations 

**P<0.01 NS- Non-significant 

 

4. Conclusions 

The present study on KRT1.2 gene was carried out to study 

the association of KRT1.2 polymorphic variants with wool 

traits in Rambouillet sheep. Genotyping of KRT1.2 gene by 

PCR-RFLP showed that KRT1.2 gene is polymorphic in the 

studied Rambouillet sheep population. The non-significant 

chi-square value for genotypes indicates that the population 

was in Hardy-Weinberg equilibrium for KRT1.2 gene. The 

higher Shannon’s information index (I) and negative FIS value 

for KRT1.2 gene in the population indicates there is an excess 

of heterozygotes which indicates proper breeding strategies of 

the farm. The non-significant effect of genotypes for all the 

traits was not sufficient to establish the KRT1.2 gene as a 

suitable marker for wool traits in this Rambouillet population 

which may be due to the small number of observations for the 

present study. Further study should be conducted on large 

population to explore KRT1.2 gene as a marker for wool 

traits. 
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