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ABSTRACT 

        Background and Objective: Paratuberculosis has been repeatedly reported from 

Iranian ruminant herds. The extrem fastidious nature of Mycobacterium avium subspecies 

paratuberculsos hinders genomic diversity studies of the pathogen. Short Sequence Repeat 

analysis is one of the genome-based approches recently developed to overcome this difficulty. In 

this study we describe the application of SSR genotyping on three Iranian MAP type strains plus 

the III & V vaccinal strain.  

        Methods: All the bacteria were examined by PCR-F57 and PCR-IS900 experiments in order 

to authenticate their identity as MAP. SSR genotyping using SSR1 & SSR2 loci was conducted 

according to the Amonsin method. PCR amplicons were sequenced to guarantee the accuracy of 

findings. 

        Results: At SSR1 locus two allels were identified, a larger allel of 770 bp and a smaller 

allel of 763 bp long. At SSR2 only a single allele, 800 bp long, was detected. Two Iranian bovine 

and ovine MAP isolates along with the vaccinal III & V strain shared a single SSR1/SSR2 pattern 

while a different SSR1/SSR2 was represented by the third (caprine) Iranian MAP isolate. 

        Conclusion: While finding a shared SSR type between the two Iranian MAP isolates and 

the III & V strain might represent a mutual ancestral background but this has to be assessed 

through further studies. Detection of two SSR genotypes between three Iranian type strains is 

likely a reflection of more MAP clones in Iran. 

       Keywords: Mycobacterium Avium Subspecies Paratuberculosis (MAP), SSR Genotyping, 

Genetic Marker, Genetic Locus. 
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Laboratory culture of MAP is not an easy 

experiment since its culture medium is 

required to be Iron-supplemented with 

mycobactin J and incubated for as long as 

several months(16). Over the last two 

decades, two groups of molecular biology 

techniques have been used in genetic 

characterization and diversity studies of 

MAP. These can be classified into primary 

genotyping methods such as RFLP-IS900, 

PFGE and high resolution genotyping 

methods, so-called "subtyping" systems like 

Variable Number Tandem Repeat (VNTR) 

and Short Sequence Repeat (SSR) typing. In 

2004 in an attempt to detect SSR loci, 

Amonsin screened the recently-released 

genome of MAP K10 (17, 18). Among the 

11 reported loci by Amonsin, there were 

single (eg. G), dual (eg. GC) and triple (eg. 

GGT) nucleotide repeat unit structures that 

were found to be polymorphic within MAP 

isolates (17). These newly-found 

polymorphic loci were employed by 

Amonsin in his initiative method, known as 

SSR typing. This system was later used by 

many other researchers and is now 

established as one of the few standard 

genotyping methods in epidemiological 

studies of MAP. With introduction of MAP 

vaccinal and laboratory strains including the 

III & V to Razi Vaccine & Serum Research 

Institute (RVSRI) in 1960s, attempts have 

been made to isolate and archive these 

mycobacteria at this institute. Due to lack of 

published data regarding the genomic 

characterization of MAP in Iran, this study 

aimed to evaluate the application of SSR 

typing on the III&V strain and a number of 

Iranian MAP field isolates. 

 

 

 

INTRODUCTION 

       Paratuberculosis is among few the 

serious diseases in ruminants farming where 

the zoonotic importance of the condition 

have been overwhelmed by its economic 

losses (1,2) Reduced economic value due to 

progressive emaciation, premature culling, 

drop in milk yield and meat production plus 

trade and transport restrictions on infected 

animals are some of the major challenges 

caused by paratuberculosis in struck herds. 

Pathological, microbiological and molecular 

biology findings over the last century have 

represented that Mycobacterium avium 

subspecies paratuberculosis (MAP), the 

aetiological agent  of paratuberculosis, is 

capable of infecting humans of all ages (3) 

but its involvement  in development of 

disease in human hosts is still controversial 

(4, 5). While it was demonstrated that 

bovine tuberculosis (bovine Tb) have been 

infecting native cattle population of Iran 

before importation of the foreign breeds (6), 

introduction of paratuberculosis in local 

cattle, sheep and goat herds is contributed to 

the animal importation policy (7). Numerous 

previous studies on paratuberculosis 

epidemiology (8) indicated that this disease 

is now circulating in almost all farming 

zones of the country including Eastern 

Azerbaijan (9), Razavi Khoarasan (10) Fars 

(11), Isfahan (12), Markazi (13), 

Mazandaran (14) and Khouzestan(15). 

Funding obstacles along with extensive 

engagements of the Iranian Veterinary 

Organization (IVO) with bovine Tb and 

brucellosis control programs have resulted 

in removal of paratuberculosis from the 

IVO’s current action plans despite its large 

devastating impacts. 
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About 1kb of MAP K10 genome (available 

at ftp://ftp. ncbi.nlm.nih.gov/genomes/), 

surrounding the locus was selected and fed 

to the Primer 3 version 4.0.0 (24,25) 

software to design the primers (Table 1). 

PCR optimization was achieved through the 

recommended procedure by Najafi 

Olya(26). The 12 µl PCR reactions consisted 

of 6 µl commercial PCR master 

mix(Ampliquor
®
, Denmark). This ready to 

use cocktail holds all the PCR-required 

minerals and enzyme ingredients Including 

1 µl of each primer, 0.48 µl DMSO, 3 µl 

DNA template plus 0.52 µl PCR water. 

Plain PCR water was used as negative 

control. Gel electrophoresis of PCR 

amplicons was performed using pre-stained 

molecular grade agarose gels (1,5%) with 

Red safe
®
  (Invitrogen

®
 , USA) for 2 h on a 

2V/cm electrical field. This was followed by 

gel photography (BioRad
®
, USA) where a 

100 bp DNA size marker (Invitrogen
®
, 

USA) was incorporated to assist visual 

sizing of PCR products. Two PCR protocols 

were used in this study. The first protocol 

was applied in IS900 & F57 experiments 

and included an initiation heating phase at 

95°C for 5 m followed by 40 cycles of 95°C 

for 30 s, 61°C for 30 s and 72°C for 45 s 

plus a single ending extension phase of 72°C 

for 10 m. The second protocol was used for 

SSR genotyping where PCR reactions were 

initially treated for 5 m at 95°C and then 

went under 35 cycles of 95°C for 1 m, 62°C 

for 45 s, 72°C for 45 s and a final extension 

step at 72°C for 10 m. 

RESULTS 

    All four tested bacteria produced a 560 bp 

and a 704 bp long fragment in PCR-IS900 

and PCR-F57 experiments, respectively,  to 

 

 

MATERIAL AND METHODS 

      Three field MAP bacteria including a 

single bovine (originally, from Zanjan) plus 

two caprine and ovine (both from Isfahan) 

isolates along with the MAP III & V strain 

were incorporated in this study (Table 1). 

The field bacteria were obtained from lymph 

nodes of autopsied paratuberculoid animals 

in 2010-2011 which were previously 

genotyped by standard MAP VNTR typing 

system (19). Therefore, Razi 01450 (cattle), 

Razi 01911 (goat) and Razi 01231 (sheep) 

isolates representing INMV5, INMV39 and 

INMV2 VNTR types respectively, were 

selected to participate in this study. Besides, 

the MAP III & V strain shared INMV2 type 

with the sheep isolate (19). 

All the bacteria were sub-cultured on 

mycobactin J-supplemented Herrold's egg 

yolk medium and incubated at 37°C for 8-12 

weeks until colonies became visible. 

Mycobacterial growth characteristics were 

examined by acid-fast microscopy. Bacterial 

genome was extracted through the boiling 

method (20). 

Two genomic markers of IS900 and F57 

were employed in order to authenticate the 

identity of bacteria as MAP. Polymerase 

chain reaction  (PCR) was conducted 

according to the method developed by 

Dohmann (21) , Schonenbrucher (22) and 

their following modifications by 

Ebrahim(23). SSR genotyping was 

performed as instructed by Amonsin(17). 

For financial reasons and cost management, 

two of the 11 SSR loci studied in the 

Amonsin study e.g. SSR1 and SSR2 with 

the highest level of genomic diversity were 

selected and used in this research. A new 

pair  of  primers was  designed  and  used  to 

amplify SSR2 due to difficulties caused by 

those from the original method of Amonsin. 
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Moreover, at SSR2 a single unique allele of 

800 bp was shared by all tested bacteria. 

When the constructing repeats at SSR1 & 

SSR2 loci were searched, it was understood 

that  they both consisted of "G" units. At 

SSR1, there were 7 (allele 1) or 19 (allele 2) 

copies of "G" units , and at locus SSR2, 

there was 10 copies of this repeat unit in the 

study panel (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

prove their identity as MAP. Analysis of gel 

electrophoresis findings regarding the SSR1 

and SSR2 loci (Figure 1) supported by 

sequencing results and paralleled by 

outcomes of running the tandem repeat 

finder package, detected a larger allele of 

770 bp represented by MAP III & V, Razi 

01450  and Razi 01231 and a smaller allele 

of 763 bp produced by Razi 01911 at SSR1.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reference (s) Expected 

size (bp) 

Stop Start Nucleotide sequence (5'→ 3') Alias Locus/primer 

(21) 560 39836 39815 TTC TTG AAG CGT GTT CGG GGC C - IS900f 

40374 40353 GCG ATG ATC GCA GCG TCT TTG G IS900r 

(22, 23) 704 886793 886774 ACC GAA TGT TGT TGT CAC CG - F57f 

887477 887458 GGA CAC CGA AGC ACA CTC TC F57r 

(17) 770 1792773 1792754 ACC TTC ACC CCG AGT ACA AC  SSR1f 

1793523 1793505 CGG CCT CAT AAC CGT TGC T SSR1r 

This Study 800 2718644 2718626 CCT CCA GCC CGG AAT CGT C  SSR2f 

2719425 2719410 CTG TTC GCC GCC CAG C SSR2r 

 

Table 1- Primers used for PCR amplification of MAP identification markers and SSR genotyping. Genomic characterizations of 

these are detailed based on MAP K10 genome. 
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Figure 1- The amplification products of SSR1 & SSR2 from Iranian MAP isolates: Razi 01911 (lane 1), Razi  01450 (lane 2),Razi 

01231 (lane 3) and the laboratory strain of MAP III & V (lane 4). The DNA size marker (marked as “Lad”) has 5 bands 

depicting 900, 700, 500, 300 and 100 bp rungs. 
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the well-known MAP K10 strain carry 19 

and 10 copies of the unit repeat at these loci, 

respectively. This specific type therefore, 

benefits from a broader geographical 

frequency compared to other types reported 

from the US(27), Canada (27) and Europe 

(28) .Contrary to bovine Tb, no documented 

evidence on paratuberculosis activity in 

Iranian ruminants is available before 

importation of pure-breed animals initiated. 

Besides, some Iranian workers have blamed 

imported animals from the UK and Israel for 

transboundary introduction of the infection 

into Iran. Assuming that an identical SSR1 

& SSR2 genomic structure is shared 

between two Iranian MAP isolates and the 

exotic strains of, MAP III & V and MAP 

K10, cannot ascertain a mutual origin and 

phylogeny on its own between these, as only 

two loci have been studied. On the other 

hand, circulation of at least two SSR types 

in Iranian farms, as demonstrated in this 

study, indicates that some level of genomic 

diversity is present in the MAP population 

in Iran. Further research is however 

necessary using extra SSR loci and MAP 

isolates to address the origin and phylogeny 

of paratuberculosis in Iran. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

        SSR1 and 2 loci with "G" unit repeats 

are genetically known to be highly 

polymorphic among the 11 loci introduced 

by Amonsin in MAP population(17). This 

observation was later noticed by others such 

as Sohal in Canada(27), Ricchi in Italy (28) 

and Okuni in Uganda where African MAP 

isolates were studied(29). Therefore 

selection and focus of this study on SSR1 

and  SSR2  loci  are  justified. While  some 

SSR  types  demonstrate  no host-specificity, 

there are cases  where different  hosts are 

struck  by  specific  genotypes (30,31). To 

exemplify, all studied human MAP isolates 

carry 7 copies of "G" units at  their SSR1 

locus  (30).  Due  to  lack  of  available  data 

in Iran, authors of this study are  unable to 

comment  further;  nevertheless  we know 

that those  MAP  isolates  holding 19  copies  

of  the  unit repeat have the  capability  to  

infect  both  cattle and  goats  in the  Iranian   

environment.  The MAP  K10  is a  well-

known   bovine  laboratory strain   with    a 

fully-characterized  genome, available to   

public  domain  (32) Comparative  structure 

analysis  of  SSR1  and  SSR2  loci  showed 

that  the  MAP III & V strain,  the  Iranian 

bovine     and    ovine    isolates     similar  to 
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Figure 2- Clustal X (2.0.12) alignment of SSR1 (A) and SSR2 (B) loci in genomes of MAP K10 and 

three MAP isolates from Iran (Razi 01231, Razi 01450 and Razi 01911) plus the laboratory strain 

of MAP III & V. The dots (.) indicate those sites where all the DNA sequences are homologous. 
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CONCLUSION  

         While shared SSR1 and SSR2 types 

between bovine and ovine hosts of MAP in 

Iran might reflect an associated 

epidemiology but this assumption needs to 

be analyzed through future studies. 

Detection of two MAP strains between 

Iranian field isolates is possibly referring to 

more clones than the currently circulating 

clones in this environment. 
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