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Introduction

Ghezel is a fat-tailed sheep breed mostly inhabited in 
the East and West Azerbaijan provinces (North West of 
Iran), [2]. Cold and humid weather in the area accompanied 
with improper housing in winter, especially in rural areas, 
caused high prevalence of footrot in Ghezel sheep [2]. The 
incidence of ovine footrot usually increases treatment 
costs, while reduces animal production and their welfare 
[15]. Footrot in East and West Azerbaijan provinces mainly 
occurred by Fusobacterium necrophorum and Dichelobacter 
nodosus, two Gram negative and anaerobic bacteria [18, 
36]. Antibiotics are common treatments for footrot lesions 
in sheep, but has some limitations including short time 

effectiveness, developing resistant bacteria, and deposition 
of antibiotic residues in meat [10, 16]. Therefore, marker 
assisted selections of resistant animals to diseases have 
been considered [3, 28] in order to improve the economy of 
farmers. As phenotypic selection of footrot resistance animals 
is time-consuming [24, 25]; then, most studies focused on 
using DNA markers. Litchfield et al. [20] using Restriction 
Fragment Length Polymorphisms (RFLPs) in class II MHC 
(Major Histocompatibility Complex) identified a relationship 
between this gene and footrot resistance in merino sheep. 
Some previous studies showed a strong association between 
polymorphism of Ovar MHC-DRB1 gene and resistance to 
internal parasite infections in different sheep breeds [6, 7, 14, 
19, 32].

SUMMARY

The present study was designed to explore polymorphisms of Ovar-DRB1 
and BMC5221 genes for identifying resistant animals to footrot in Ghezel 
sheep. In this experiment, a small population of 88 sheep was divided 
into two groups including 45 susceptible and 43 resistant animals based 
on footrot records collected during past three years. Afterward, four-stage 
footrot scoring system was used to quantify footrot as phenotypic records. 
Blood samples from all animals were also collected for DNA isolation and 
PCR was performed to amplify microsatellite regions of BMC5221 locus 
and the second intron of Ovar-DRB1 gene using their specific primers. 
Then, PCR products were electrophoresed in 4% acryl amide gel and were 
identified using UVIdoc software. Distribution of genotype frequencies for 
both loci was analyzed by χ2 test. The present study identified 20 alleles on 
Ovar-DRB1 gene, while 7 alleles on BMC5221 locus. Statistical analysis of 
Ovar-DRB1 alleles showed higher frequencies of FF and AA genotypes in 
footrot resistant animals (P<0.01), while higher frequencies of DD genotype 
in susceptible animals (P<0.01). In BMC5221 locus, higher frequencies of 
A1A3 genotype were observed in footrot resistant animals (P< 0.01), while 
higher frequencies of A3A3 and A2A2 genotypes in susceptible animals 
(P<0.01). The overall results of the present study showed an association 
between resistance to footrot lesions and polymorphisms of Ovar-DRB1 and 
BMC5221 in Ghezel sheep breed.
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RÉSUMÉ

Association entre résistance au piétin et un polymorphisme 
microsatellitaires des loci ovar-DRB1 et BMC5221 chez les moutons 
iraniens de Ghezel

Cette étude a été conçue pour explorer le polymorphisme des loci Ovar-
DRB1 et BMC5221 pour identifier des animaux résistants au piétin. Une 
petite population de 88 moutons a été divisée en deux groupes dont 45 
animaux sensibles et 43 animaux résistants basés sur  les enregistrements de 
piétins recueillis au cours des trois dernières années. Un système de notation 
du piétin a été utilisé à 4 niveaux a été utiliser pour quantifier les symptômes. 
Des échantillons de sang de tous les animaux ont été prélevés pour analyse 
PCR par amplification des régions microsatellites du locus BMC5221 et le 
second intron du gène Ovar-DRBl en utilisant leurs amorces spécifiques. 
Les produits de PCR ont été soumis à une électrophorèse dans un gel 
d’acrylamide à 4% et identifiés à l’aide du logiciel UVIdoc.  La répartition des 
fréquences des génotypes des deux loci a été analysée par le test du χ2. Cette 
étude a identifié 20 alleles Ovar-DRB1, et 7 allèles sur le locus BMC5221. 
Une analyse statistique des allèles Ovar-DRB1 a montré des fréquences plus 
élevées de génotypes FF et AA (P <0,01) chez les animaux résistants, alors 
que les fréquences plus élevées du génotype DD ont été observées chez les 
animaux sensibles (P <0,01). Dans le locus BMC5221, des fréquences plus 
élevées des génotype A1A3 ont été observés chez les animaux résistants (P 
<0,01), alors que des fréquences plus élevées des génotypes A3A3 et A2A2 
ont été trouvées chez les animaux sensibles (P <0,01). Les résultats globaux 
de cette étude ont montré une association entre la résistance aux lésions du 
pied et les polymorphismes de Ovar-DRB1 et BMC5221 chez le mouton de 
Ghezel.
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The BMC5221 marker is located on the mitochondrial 
oxodicarboxylate carrier and linked to the region containing 
the Chromogranin precursor A gene (CHGA) on ovine 
chromosome 18 [21]. BMC5221 locus was selected because, 
based on gene ontology classification, it belongs to a group of 
genes code for immunological defense responses to Gram-
negative bacteria [17, 35]. Smith et al. [35] by studying 
14 microsatellite loci in Lowland sheep breed reported a 
strong association between heterozygosity at BMC5221 and 
TGLA48 loci and resistance to footrot. 

Since there is no report regarding the relationship 
between Ovar-DRB1 gene and footrot resistance and just 
one report based on association between BMC5221 loci and 
resistance to footrot [35], and also because till to date, there 
is no research on Ghezl sheep population regarding the use 
of markers for identifying resistant animals to footrot for 
improving welfare and productivity of this breed, the present 
study was designed to investigate whether microsatellite 
polymorphisms of Ovar-DRB1 and BMC5221 loci relate to 
genetic footrot resistance in Ghezel sheep. 

Material and Methods

STUDY POPULATION AND SAMPLING

A village in East Azerbaijan province called Narges Abad 
(37°:12’ N, 46°:59’ E) was chosen as study area. Low-income 
farmers always have to deal with high prevalence of footrot 
and lameness in Ghezel sheep (main breed in the area) 
especially in winter and spring seasons. Individual records 
of lameness were collected during 2011 to 2014 from a 
small population of 88 Ghezel sheep. Based on the records, 
animals of the population were divided into two groups of 
susceptible (N=45) and resistant (N=43) animals to footrot. 
Blood samples were also collected from the jugular vein of 
all animals using sterile vacuum tubes contains anticoagulant 
(EDTA) and were frozen at -20°C until DNA extraction.

Foot lesions (as phenotypic records) were quantified 
using four-stage footrot scoring system [9] which was as 
following: score 0: normal dry or wet foot (normal hoof); 
score 1: limited interdigital dermatitis; score 2: more extensive 
interdigital dermatitis; score 3: severe interdigital dermatitis 
and under-running of the horn of the heels and sole; score 4: 
resemble to 3, but with under-running extended to the walls 
of the hoof (severe infected hoof). 

MOLECULAR ANALYSIS

Whole blood DNA was extracted using Samadi Shams 
et al. [30] protocol. Then, polymerase chain reaction (PCR) 
was performed by using 10μl PCR master mix kit (Ampliqon 
Company) in a T-Personal thermo-cycler (Biometera 
Personal Cycler Version 3.26 Co., Germany). The PCR mixture 
contained: 50–100 ng of DNA, 2.5 μl of 10X PCR buffer (200 
mM (NH4) 2SO4), 0.1 mM Tween 20%, 750 mM Tris-HCl 
(pH=8.8), 2.5 mM MgCl2, 200 μM dNTPs and 3 μl mix of 

oligo nucleotides (10 p mol from each primer), 1U Taq DNA 
polymerase (Dream Taq polymerase, Ampliqon company) 
and 11 μl ddH2O. Forward and reverse sequences of primers 
(Bioneer, Korea) used for amplification of the second exon and 
microsatellite sequences in the second intron of Ovar-DRB1 
gene included F: 5’-TCTCTGCAGCACATTTCCTGG-3’ 
[1] and R: 5’-CGTACCCAGAGTGAGTGAAGTATC-3’ 
[31]. Furthermore, forward and reverse sequences 
of primers (Bioneer, Korea) used for amplification of 
microsatellite sequences in BMC5221 locus included 
F: 5’-AGCAAGGAGAACAGGCATTC-3’ and R: 
5’-CTTCTTTGGCAGCACAGTTTC-3’ [17]. PCR program 
included 36 cycles of amplification for BMC5221 and Ovar-
DRB1 microsatellites, which were as following: 1 cycle 
of initial denaturation at 94°C for 5m; 35 cycles included 
denaturation at 94°C for 30s, annealing at 55°C for 60s, 
extension at 72°C for 60s; followed by termination at 72°C 
for 5m. Afterward, PCR products were electrophoresed at 
1200 V with 25 mA for 35 min in 4% acryl amide gel using 
Gel-Scan™ 3000 automated DNA Sequencer on a Real-Time 
Gel system (Corbett Robotic Co., Australia). Size of the PCR 
products was determined based on a 25bp DNA standard 
ladder (Thermo Scientific). The UVIdoc software (Version 
99.02 for Windows) was used to identify microsatellite alleles 
in BMC5221 locus and the second intron of the Ovar-DRB1 
gene.

STATISTICAL ANALYSIS

Distribution of genotype frequencies at Ovar-DRB1 
and BMC5221 loci in the healthy and infected sheep was 
analyzed by χ2 test using FREQ Procedure of “SAS Studio”. 
As Scores did not have normal distribution, Chi-square test, 
a nonparametric statistics, was used to evaluate associations. 
To assess the association between codes and scores, chi-
square tests were computed. In the TABLES statement, 
for creating code*score table, rows specified for codes of 
genotypes, while columns specified for scores. Therefore, the 
cell chi-square values showed that most of the associations 
were due to a specific code with a specific score. It should be 
also mentioned that each code considered as a combination 
of studied allele codes. Moreover, scores had 4 levels or 
modalities.

 
Results

The 0, 1, 2, and 3 footrot scores, measured in the sheep 
population using the footrot scoring system, were 51.14, 
12.50, 28.41, and 7.95 %, respectively. On the other hand, 
footrot score 4 (the most severe footrot lesion) had a zero 
frequency in the sheep population. 

Analysis of microsatellite polymorphisms showed 20 
alleles and 24 genotypes in Ovar-DRB1 gene, while 7 alleles 
and 11 genotypes in BMC5221 locus. The frequencies of 
each observed allele and genotype from both regions are 
presented in Table 1. The frequencies of each observed allele 
and genotype from both regions are presented in Table 1. 
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Based on the results, heterozygote genotypes at microsatellite 
regions of BMC5221 locus were more than the microsatellite 
regions of Ovar-DRB1 locus in the studied population of 
Iranian Ghezel sheep breed. The highest allelic frequencies in 
Ovar-DRB1 gene belong to F (25%), D (24.4%) and A (19.3%) 
alleles, while the highest allelic frequencies in BMC5221 
locus belong to A3 (51.1%), A1 (21%) and A2 (20.4%) alleles.

Based on the results presented in Table 2, resistant 
animals with zero score of footrot had higher frequencies 
of FF (22.73%) and AA (17.05%) homozygote genotypes in 
Ovar-DRB1 locus than other genotypes (P<0.01). On the 
other hand, higher frequency of DD (23.86%) homozygote 
genotype in Ovar-DRB1 locus was observed in susceptible 
animals with 2 and 3 footrot scores in comparison with other 
genotypes (P< 0.01), (Table 2). 

Analytical results in BMC5221 locus showed that 
A1A3 heterozygote genotype had the highest frequency 
(42.04%) in resistant animals with zero score of footrot in 
comparison with other genotypes (P< 0.01), (Table 3). In 
contrast, susceptible animals with higher prevalence of 2 and 

3 footrot scores had high frequencies of A3A3 (28.40%) and 
A2A2 (20.45%) homozygote genotypes in BMC5221 locus 
(P<0.01), (Table 3). 

As an outstanding finding regarding BMC5221 locus, 
results showed a strong relationship between heterozygosity 
and footrot resistance in Ghezel sheep (P< 0.01), (Table 3). 
In contrast, a strong relationship between homozygosity 
in BMC5221 locus and footrot susceptibility was observed 
(P< 0.01). Also, it seems that observing higher frequency 
(P< 0.01) of A1A3 (as a heterozygote genotype in resistant 
group) in comparison with A3A3 and A2A2 (as homozygote 
genotypes in susceptible group) might cause plenteousness 
of A1 allele among studied samples (Table 3). Furthermore, 
higher frequency of heterozygosity at BMC5221 locus was 
observed in footrot resistant animals than homozygosity (P< 
0.01). 

Discussion

In the present study 20 alleles and 24 genotypes were 
identified in Ovar MHC-DRB1 gene, which was similar 

Ovar-DRB1 BMC5221 
Alleles Allelic 

Frequency
Genotype Genotypic 

Frequency 
(%)

Alleles Allelic 
Frequency

Genotype Genotypic 
Frequency 
(%)

A 0.193 AA 17.06 A1 0.210 A1A3 42.04
B 0.011 BB 1.13 A2 0.204 A5A3 3.420
C 0.017 CC 1.14 A3 0.512 A6A4 3.420
D 0.244 DD 23.860 A4 0.029 A7A4 2.270
E 0.057 EE 5.69 A5 0.017 A2A2 20.45
F 0.25 FF 22.74 A6 0.017 A3A3 28.40
G 0.017 GG 1.13 A7 0.011
H 0.022 HH 2.27
I 0.011 II 1.13
J 0.011 JJ 1.13
K 0.011 KK 1.14
L 0.011 LL 1.14
M 0.017 MM 1.13
N 0.022 NN 2.28
O 0.034 OO 3.41
P 0.017 PP 1.13
Q 0.011 QQ 1.13
R 0.022 RR 1.14
S 0.011 SS 1.13
T 0.005 FA 4.55

MC 1.13
PD 1.14
RG 1.13
TR 1.14

Table I: Allelic and genotypic frequencies of Ovar-DRB1 and BMC5221 loci in 88 Ghezel sheep breed.
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Ovar-DRB1 locus Genotypic frequencies observed in different 
footrot scores (%)

Genotypes N Frequency (%) 0 1 2 3 χ2 Relationship
AA 15 17.06 17.06 ** Resistant
BB 1 1.13 1.13
CC 1 1.14 1.14
DD 21 23.86 19.32 4.54 ** Susceptible
EE 5 5.69 4.56 1.13
FF 20 22.74 22.74 ** Resistant
GG 1 1.13 1.13
HH 2 2.27 2.27
II 1 1.13 1.13
JJ 1 1.13 1.13
KK 1 1.14 1.14
LL 1 1.14 1.14
MM 1 1.13 1.13
NN 2 2.28 1.14 1.14
OO 3 3.41 3.41
PP 1 1.13 1.13
QQ 1 1.13 1.13
RR 1 1.14 1.13
SS 1 1.13 1.13
FA 4 4.55 3.41 1.13
MC 1 1.13 1.13
PD 1 1.14 1.14
RG 1 1.13 1.13
TR 1 1.14 1.13

Table II: Relationship between different genotypes of Ovar MHC-DRB1 and footrot lesions in 88 Ghezel sheep breed. 

BMC5221 locus Genotypic frequencies observed in 
different footrot scores (%)

Genotypes 0 1 2 3 N Frequency 
(%) χ2 Relationship

A1A3 42.04

45 51.14

H
et

er
oz

yg
ot

e

** Resistant
A5A3 3.42

A6A4 2.29 1.13
A7A4 1.13 1.13

A2A2 1.13 9.09 10.22

43 48.86

H
om

oz
yg

ot
e

** Susceptible

A3A3 20.45 7.95

Table III: Relationship between heterozygosity or homozygosity in BMC5221 locus and footrot lesion scores in 88 Ghezel sheep breed.
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to findings of previous studies including Charon et al. [7], 
Schwaiger et al. [31], and Castillo et al. [6]. Based on the 
results of the present study, 7 microsatellite alleles were 
identified in BMC5221 locus, while Kemp et al. [17] and 
Smith et al. [35] reported 10 and 6 alleles for BMC5221 
locus, respectively. Present results showed high levels of 
heterozygosity in BMC5221 locus which was resemble to the 
results of Kemp et al. [17] and Smith et al. [35]. Furthermore, 
present results showed that most of footrot resistant animals 
had heterozygote genotypes in BMC5221 locus which is in 
accordance with the results of Smith et al. [35]. 

Several previous studies proved the role of Ovar MHC 
class II gene region on resistance or susceptibility to footrot 
and they suggested using appropriate markers of this gene 
region for breeding programs in order to prevent footrot 
infections in sheep [12, 20]. Escyge et al. [12] using RFLPs 
in a couple of MHC gene loci (DQA1, DQA2, DQB and 
DRA) reported an association between MHC DQA1 and 
DQA2 haplotypes and resistance to footrot in Broomfield 
Corriedales sheep. Ennen et al. [11] found an association 
between polymorphism in MHC-DQA2 gene and resistance 
to footrot in German Mutton Merino, German Merino, 
and German Blackheaded Mutton sheep breeds. They also 
reported that the presence of G and J2 duplicated alleles in 
DQA2 gen was accompanied with lower footrot infection 
than E and L unduplicated alleles [11]. An association 
between polymorphism of MHC-DQA2 gene and resistance 
to footrot was also reported by Gelasakis et al, [13] using PCR 
single strand conformational polymorphism technique. The 
results of the present study indicated an association between 
the FF and AA genotypes in Ovar-DRB1 gene and resistance 
to footrot in Iranian Ghezel sheep. 

Results related to BMC5221 locus, another marker 
outside the MHC gene region, indicated that heterozygote 
animals were more resistant to footrot than their homozygote 
counterparts; then, the present study, as the second report, 
verified the results of Smith et al. [35]. Resemble to these 
results at BMC5221 locus, some other studies reported 
the beneficial effects of heterozygosity on animal’s disease 
resistance, while the detrimental effects of homozygosity 
on animals’ well-being [4, 8]. In the present study, A1A3 
heterozygote genotype in BMC5221 locus had the highest 
frequency in footrot resistant animals. According to our 
findings, heterozygosity at BMC5221 locus was related to 
resistance of animals to footrot disease. It seems that outcross 
mating of Iranian Ghezel breed with other Iranian breeds 
during past generations increased heterozygote genotypes in 
BMC5221 microsatellite regions and then, resulted in footrot 
resistance. However, more studies with larger population 
will be needed to prove that BMC5221 locus can be used as 
an candidate DNA marker for breeding resistant sheep to 
footrot lesions. 

Several studies focused on identifying resistant or 
susceptible sheep breeds to footrot lesions in order to use in 
breeding programs [22, 27, 34]. Meanwhile, it was proved 

that susceptibility or resistance to footrot is heritable [5] 
and its heritability value varies from 0.12 to 0.3 [26, 29, 33]. 
As estimating breeding values by using classic quantitative 
methods are very variable between different sheep 
populations or phenotypic methods [5, 26], it is suggestible 
for future studies to use DNA markers detected in the present 
study in animal breeding to evaluate their breeding values 
in practice. Results of the present study indicated that most 
of susceptible genotypes in Ovar-DRB1 (named as DD) and 
BMC522 (named as A2A2 and A3A3) loci were homozygote 
genotypes. However, it require more studies on these loci for 
finding the genotypes which can be used as powerful genetic 
markers for applying selection programs among Ghezel 
sheep population against footrot disease

Though Mucha et al. [23] did not identify a significant 
association between genome-wide QTL (quantitative trait 
locus) and resistance to footrot using the ovine 50K SNPs 
(single nucleotide polymorphisms) array in Texel sheep breed 
in the United Kingdom, it is advisable for future studies to use 
array-based SNP genotyping technique at Ovar-DRB1 and 
BMC5221 loci in order to have a more accurate estimation of 
relationship between footrot and candidate genes or marker 
regions in Ghezel sheep. Moreover, these markers can be 
verified by using GWAS or genotype sequencer studies to 
find more specific regions of responsible candidate genes to 
footrot resistance.

Conclusion

The results of the present study indicated a strong 
association between polymorphisms in Ovar-DRB1 (the first 
report) and BMC5221 loci (the second report after Smith et 
al. [35]) and footrot disease resistance or susceptibility in 
Ghezel sheep population. According to the results, FF and 
AA, as two homozygote genotypes in Ovar-DRB1 locus 
were associated with resistance to footrot. On the other 
hand, sheep homozygous at BMC5221 (A2A2 and A3A3 
genotypes) were associated with high prevalence of footrot, 
while heterozygote animals (A1A3 genotype) had the least 
prevalence of footrot in Ghezel sheep. 
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