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ABSTRACT 

Repetitive element sequence-based PCR (rep-PCR) is a genotyping method that target noncoding repetitive sequences interspersed 

throughout the bacterial genome and abled to generate DNA fingerprinting that discriminates bacterial strains. Hence, the present study was designed 

to evaluate the applicability of rep-PCR in molecular typing of Staphylococcus aureus isolated from human and animal clinical samples. To achieve 

the target, total 157 genotypically confirmed S. aureus isolates obtained from various clinical samples of human, ruminants (cattle, buffalo, goat and 

sheep), non- ruminants (pig and camel) and companion animals (horse and dog) were included in study. The rep-PCR demonstrated a higher 

discriminatory power (D.I. 0.8892) with thirty six different rep patterns, comprising of 300 to 1400 bp band sizes. Out of the total isolates, 156 isolates 

were typeable with rep-PCR while one isolate (J9) from camel was exceptionally non-typeable. All isolates were classified into five clusters at 80% 

genetic similarity level and the animal and human isolates fell into different cluster with high genetic discrimination. The study provides valuable 

inputs in regards to suitability of rep-PCR as molecular tool to differentiate the S. aureus isolates of different origins. 
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Staphylococcus aureus is an important Gram 

positive pathogen of human and animal and is associated 

with various suppurative infections. In human, it is 

associated with food toxicity, skin infections, pneumonia, 

deep abscesses, osteomyelitis and endocarditis. In 

animals, this organism known to cause mastitis, 

endometritis, pyoderma, cystits, dermatitis, scirrhous 

cord, tick pyaemia and bumble foot in poultry along with 

many unique phenotypic characteristics (Naber, 2009; 

Sharma et al., 2013; Sharma et al., 2018; Verma et al., 

2023). 

Looking to the variations in phenotypic and 

biochemical characteristics of S. aureus isolates, DNA 

based molecular methods have been found most effective 

tools for typing of the various origin. Molecular typing is 

an important tool to confirm the epidemiological 

relationships and monitoring the local and international 

spread (Tenover et al., 1994; Zehra et al., 2020). S. aureus 

strains were reported with variations in their genome so 

molecular typing is necessary to differentiate epidemic, 

nonepidemic strains and also comparison of S. aureus 

strains from human and animal origin. The ideal system 

for the molecular typing of S. aureus strains should be easy, 

rapid, reliable, highly discriminatory and reproducible 

(Diep et al., 2003; Yadav et al., 2015). 
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The prokaryotic chromosomes having unique repeat 

DNA sequences which can able to produce specific DNA 

fingerprint pattern for an individual strain. These repetitive 

sequences are existing as three types i.e. repetitive 

extragenic palindromic (rep) sequence, enterobacterial 

repetitive intergenic consensus (ERIC) sequence and BOX 

element sequences (Del Vecchio et al., 1995). Out of these 

three, repetitive extragenic palindromic (rep) sequence 

based PCR method is most referred and proven 

methodology (Shutt et al., 2005). The rep-PCR was proven 

to be a highly discriminating and rapid screening 

molecular typing method based on short repetitive 

sequence elements distributed throughout the bacterial 

genome to create DNA fingerprints to discriminate and to 

classify variety of staphylococcal infections without the 

need of enzyme digestion techniques (Arabestani et al., 

2022). Hence present study was designed to detect and 

establish genetic variations among different S. aureus 

isolates from human and animal samples using rep-PCR 

technique. 

MATERIALS AND METHODS 

Bacterial Isolates 

In the present investigation, 157 genotypically 

confirmed (23S rRNA based species-specific primers) 

Staphylococcus  aureus  isolates  were  subjected  to 
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molecular typing (Sharma et al., 2017). The samples were 

collected in and around Bikaner region of Rajasthan and all 

157 isolates belong to human clinical samples (35), meat 

samples (20), horse wounds (03), pig nasal swabs (02), 

camel wounds (08), dog skin swabs (06), sheep clinical 

samples (06), buffalo mastitic milk (21), goat mastitic milk 

(28) and cattle mastitic milk (28). 

Repetitive element sequence-based PCR (rep–PCR) 

Genomic DNA was isolated from all 157 S. aureus 

isolates as per protocol of HiPer® Bacterial Genomic 

DNA Extraction Kit (HTBM008). The integrity of DNA 

was checked by submerged agarose gel electrophoresis. 

Each DNA sample was mixed with one-fifth volume of the 

gel loading buffer. For electrophoresis, 0.8 per cent 

agarose gel in TBE buffer containing ethidium bromide 

(0.5-1.0 μg) was used. The repetitive element sequence- 

based PCR (rep-PCR) was carried out as per van Belkum et 

al. (1995). DNA amplification consisted of a cycle of pre 

denaturation at 94º C for 5 minute, followed by 40 cycles 

of 1 minute denaturation at 93º C, 1.30 minute annealing at 

37º C and 1 minute extension at 72º C. A final extension 

step of 72º C for 10 minute was included. A negative and a 

positive control were also included. Each isolate was 

tested under the same conditions at least twice with the 

selected single rep-PCR primer (5’-TCG CTC AAA ACA 

ACG ACA CC- 3’). Amplified products were separated by 

electrophoresis in a 1.5% Metaphore- agarose gel in 1-X 

TBE buffer at a constant voltage of 4 V/cm and stained 

using ethidium bromide (0.5 μg/ml). Variable multiple 

rep-PCR product patterns were obtained (Fig. 1). The rep- 

PCR pattern and dendrogram analysis was performed as 

described by Reinoso et al. (2004) with DICE & UPGMA 

(Unweighted Pair Group Method with Arithmetic Mean) 

methods by MEGA 6 bioinformatics software. The 

Discriminatory Power (D)/ discriminatory index (D.I.) 

was calculated by formula of Simpsons index of diversity 

as described in the method of Hunter (1990). 

RESULTS AND DISCUSSION 

The study was attempted to type S. aureus isolates 

obtained from clinical samples of human and animals 

along with establishment of rep-PCR method to determine 

genetic variations among bacterial isolates. During rep- 

PCR screening, total 36 different rep patterns (Table 1) 

detected which comprises amplified products in the range 

from 300 to 1400 bp (Fig. 1) among the total 157 studied 

isolates. In the present investigation, all isolates 

differentiated with 0.8892 discriminatory index (D.I.) 

which indicates high level of discrimination of S. aureus 

isolates by rep-PCR. Out of the total isolates, one isolate 

(J9) from camel was exceptionally non-typeable with rep- 

PCR while remaining 156 isolates were typeable with rep- 

PCR. The pattern rep 30 was most common with 47 cattle 

and goat origin isolates followed by rep 17 with 13 isolates 

which belonged to sheep, horse and camel. Then, rep 7 

pattern comprises 10 isolates of human origin and other 

remaining rep-patterns comprising with less than seven 

isolates of different origins. The production of large 

number of separate rep-patterns in isolates of different 

origin in the present study indicated usefulness of the 

method in differentiating S. aureus from various sources. 

In the source-wise analysis of rep-patterns it was 

found that human isolates were differentiated into 

maximum rep-profiles (16 rep-profiles) indicating more 

variations while sheep isolates were grouped only into one 

rep-pattern (rep 17) indicating minimal variations. Other 

sources including variable number of rep profiles i.e. meat 

sample (11 rep-patterns), buffalo (8 rep-patterns), camel (6 

rep-patterns) dog (5 rep- patterns) and remaining sources 

having less than four rep-patterns with less variabilities as 

described in Table 2. The phylogenetic cluster analysis of 

various rep-patterns was attempted and all 36 rep-patterns 

were classified into five clusters on the basis of 80% 

genetic similarity (Fig. 2). The cluster analysis indicates 

that most of animal origin isolates were separately 

clustered (I
st 
and V

th 
cluster) in comparison to human origin 

isolates and meat piece origin isolates (II
nd 

and IV
th 

cluster). 

The fifth cluster comprising 73 isolates and most of 

belongs to cattle, goat and buffalo while fourth cluster 

having 41 isolates of human and meat piece samples. Few 

rep-patterns fell into both human and animal clusters with 

indication of cross transmission between human and 

animals. It may also be concluded that human isolates 

could be separately differentiated from animal origin 

isolates even up to 80% similarity level. Similar to present 

study, Reinoso et al. (2008) have also reported 35 rep 

profiles along with seven different clusters in dendrogram 

analyses at 60% of relative genetic similarity level among 

45 S. aureus strains studied by rep-PCR obtained from 

humans, bovine subclinical mastitis and food samples. In a 

study by Dini et al. (2019) the results of the rep-PCR 

analysis revealed 14 different patterns (seven common 

types and seven unique types) among 55 isolates of the 

Methicillin-resistant S. aureus (MRSA) and Methicillin- 

susceptible S. aureus (MSSA) strains. Reinoso et al. 

(2007) assessed genetic relationship of 52 S. aureus strains 

isolated from mammary gland infections of bovine origin 

and similar to present study, they also detected a total of 31 

rep-profiles in the range size from 300 to 6000 bp during 

rep-PCR analysis. At the level of 50% similarity, it could 

be defined 5 clusters namely I to V and most of the strains 

(75%) were grouped in cluster I and suggested that rep- 
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Table 1.  rep patterns of Staphylococcus aureus isolates 
 

S.No. rep pattern I.D. rep pattern Number of  S. aureus Isolate I.D. 
 Isolates  

 

1. rep 1 500bp, 600bp 1 H1 

2. rep 2 300bp, 500bp, 600bp, 700bp, 1000bp, 1050bp 1 H2 

3. rep 3 300bp, 700bp, 1000bp, 1050bp 6 H3, H4, H15, H21, H24, Mt15 

4. rep 4 300bp, 500bp, 600bp,700bp 1 H5 

5. rep 5 300bp, 600bp, 900 bp,1000bp, 1400bp 5 H6, H9, H10, H11, H28 

6. rep 6 300bp, 700bp, 1000bp 4 H14, Mt31, J2, B26 

7. rep 7 300bp, 700bp, 750bp, 1000bp, 1050bp 10 H29, H33, H37, H39, H40, H41, H46, H48, 
Mt2, Mt9 

8. rep 8 300bp, 700bp, 800bp, 1000bp, 1050bp 2 Mt1,Mt4 

9. rep 9 300bp, 600bp, 700bp, 750bp, 1000bp, 1050bp 1 H45 

10. rep 10 300bp, 600bp, 700bp, 1000bp, 1050bp 5 Mt3, Mt10, Mt11, Mt13, Mt14 

11. rep 11 300bp, 400bp, 600bp, 700bp, 1000bp 2 D13, B46 

12. rep 12 300bp, 400bp, 600bp, 700bp, 1050bp 3 B5, B19, B21 

13. rep 13 300bp, 500bp, 700bp, 750bp, 1000bp, 1050bp 1 H12 

14. rep 14 600bp, 900bp, 1000bp, 1400bp 1 H8 

15. rep 15 400bp, 700bp, 1000bp, 1050bp 1 H31 

16. rep 16 300bp, 600bp,700bp, 750bp 2 H30 ,H34 

17. rep 17 300bp, 600bp, 700bp, 1000bp 13 Mt19, Hrs3, Hrs4, Pg2, J14,J18, D10, SV2, 
SV3, SV4, SN3,SN4, SN14 

18. rep 18 300bp, 600bp, 1000bp, 1050bp 2 Mt20, Mt24 

19. rep 19 300bp, 400bp, 700bp, 1000bp 2 D7, B24 

20. rep 20 300bp, 400bp, 700bp, 750bp, 1000bp 1 D9 

21. rep 21 300bp, 400bp, 600bp, 1000bp 7 B27, B28, B29, B30, B31, B34, B36 

22. rep 22 300bp, 400bp, 600bp, 700bp 6 B10, B39, B42, B43, B55, B57 

23. rep 23 300bp, 350bp, 600bp, 700bp 6 AG8, G29, C3R, C8, C17, C22 

24. rep 24 300bp, 350bp, 600bp, 1000bp 2 G46, C15 

25. rep 25 300bp, 700bp, 1400bp 1 H27 

26. rep 26 300bp, 600bp, 700bp 3 H44, Mt27, B23 

27. rep 27 300bp, 800bp, 1000bp 1 Hrs1 

28. rep 28 600bp, 700bp, 1000bp 1 J4 

29. rep 29 300bp, 400bp, 700bp 1 J15 

30. rep 30 300bp, 350bp, 600bp 47 AG5, AG6, AG10, AG13, AG15, AG17, G1, 
G2, G7, G9, G10, G11, G16, G21, G24, G35, 
G37, G39, G40, G41, G43, G45, G47, G49, 
G55, C2, C5R, C7, C9, C11, C12, C13, C20, 
C23, C26, C29, C34, C36, C37, C39, C40, 
C41, C43, C46, C47, C50, C52 

31. rep 31 300bp, 700bp 5 H7, H16, H22, H25, J10 

32. rep 32 400bp, 1000bp 1 H13 

33. rep 33 300bp, 600bp 7 Mt22, Mt25, Mt28, J3, D4, D6, C2R 

34. rep 34 300bp, 1000bp 1 Mt26 

35. rep 35 600bp 2 Mt12, Pg4 

36. rep 36 300 bp 1 B1 
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Table 2.  Group wise distribution of rep patterns among Staphylococcus aureus isolates 
 

S.No. Source of S. No. rep pattern rep pattern Number of Isolate I.D. Total No. 
Isolate  I.D.  Isolates of Isolate 

1. Human 1. rep1 500bp, 600bp 1 H1 35 

2. rep2 300bp, 500bp, 600bp, 700bp, 1000bp, 1 H2 
 1050bp  

3. rep3 300bp, 700bp, 1000bp, 1050bp 5 H3, H4, H15, H21 and H24 

4. rep4 300bp, 500bp, 600bp, 700bp 1 H5 

5. rep5 300bp, 600bp, 900bp, 1000bp, 1400bp 5 H6, H9, H10, H11 and H28 

6. rep6 300bp, 700bp, 1000bp 1 H14 

7. rep7 300bp, 700bp, 750bp, 1000bp, 1050bp 8 H29, H33, H37, H39, H40, 
H41, H46 and H48 

8. rep9 300bp, 600bp, 700bp,750bp, 1000bp, 1 H45 

9. rep13 

1050bp 

300bp, 500bp, 700bp, 750bp, 1000bp, 1 H12 

1050bp 

10. rep14 600bp, 900bp, 1000bp, 1400bp 1 H8 

11. rep15 400bp, 700bp, 1000bp, 1050bp 1 H31 

12. rep16 300bp, 600bp, 700bp, 750bp 2 H30 , H34 

13. rep25 300bp, 700bp, 1400bp 1 H27 

14. rep26 300bp, 600bp, 700bp 1 H44 

15. rep31 300bp, 700bp 4 H7, H16, H22 and H25 

16. rep32 400bp, 1000bp 1 H13 
 

2. Meat Piece  1. rep3 300bp, 700bp, 1000bp, 1050bp 1 Mt15 20 

2. rep6 300bp, 700bp, 1000bp 1 Mt31 

3. rep7 300bp, 700bp, 750bp, 1000bp, 1050bp 2 Mt2 and Mt9 

4. rep8 300bp, 700bp, 800bp, 1000bp, 1050bp 2 Mt1 and Mt4 

5. rep10 300bp, 600bp, 700bp, 1000bp, 1050bp 5 Mt3, Mt10, Mt11, Mt13 

and Mt14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and SN14 

 6. rep17 300bp, 600bp, 700bp, 1000bp 1 Mt19  

7. rep18 300bp, 600bp, 1000bp, 1050bp 2 Mt20 and Mt24 

8. rep26 300bp, 600bp,700bp 1 Mt27 

9. rep33 300bp, 600bp 3 Mt22, Mt25 and Mt28 

10. rep34 300bp, 1000bp 1 Mt26 

11. rep35 600bp 1 Mt12 

3. Horse 1. rep17 300bp, 600bp, 700bp, 1000bp 2 Hrs3 and Hrs4 3 

 2. rep27 300bp, 800bp, 1000bp 1 Hrs1  

4. Pig 1. rep17 300bp, 600bp, 700bp, 1000bp 1 Pg2 2 

 2. rep35 600bp 1 Pg4  

5. Camel 1. rep6 300bp, 700bp, 1000bp 1 J2 8 
 2. rep17 300bp, 600bp, 700bp, 1000bp 2 J14 and J18  

 3. rep28 600bp, 700bp, 1000bp 1 J4  

 4. rep29 300bp, 400bp, 700bp 1 J15  

 5. rep31 300bp, 700bp 1 J10  

 6. rep33 300bp, 600bp 1 J3  

 7. - - 1 J9  

6. Dog 1. rep11 300bp, 400bp, 600bp, 700bp, 1000bp 1 D13 6 
 2. rep17 300bp, 600bp, 700bp, 1000bp 1 D10  

 3. rep19 300bp, 400bp, 700bp, 1000bp 1 D7  

 4. rep20 300bp, 400bp, 700bp, 750bp, 1000bp 1 D9  

 5. rep33 300bp, 600bp 2 D4 and D6  

7. Sheep 1. rep17 300bp, 600bp, 700bp, 1000bp 6 SV2, SV3, SV4, SN3, SN4 6 

8. Buffalo 1. rep6 300bp, 700bp, 1000bp 1 B26 21 
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2. rep11 300bp, 400bp, 600bp, 700bp, 1000bp 1 B46 

3. rep12 300bp, 400bp, 600bp, 700bp, 1050bp 3 B5, B19 and B21 

4. rep19 300bp, 400bp, 700bp, 1000bp 1 B24 
5. rep21 300bp, 400bp, 600bp, 1000bp 7 B27, B28, B29, B30, B31, 

    B34 and B36 

6. rep22 300bp, 400bp, 600bp, 700bp 6 B10, B39, B42, B43, B55 
    and B57 
 7. rep26 300bp, 600bp,700bp 1 B23  

 8. rep36 300bp 1 B1  

9. Goat 1. rep23 300bp, 350bp, 600bp,700bp 2 AG8 and G29 28 

 2. rep24 300bp,350bp,600bp, 1000bp 1 G46  

 3. rep30 300bp, 350bp, 600bp 25 AG5, AG6, AG10, AG13,  

     AG15, AG17, G1, G2, G7,  

     G9, G10, G11, G16, G21,  

     G24, G35, G37, G39, G40,  

     G41, G43, G45, G47, G49  

     and G55  

10. Cattle 1. rep23 300bp, 350bp, 600bp, 700bp 4 C3R, C8, C17 and C22 28 
 2. rep24 300bp,350bp,600bp, 1000bp 1 C15  

 3. rep30 300bp, 350bp, 600bp 22 C2, C5R, C7, C9, C11, C12,  

     C13, C20, C23, C26, C29,  

     C34, C36, C37, C39, C40,  

     C41, C43, C46, C47, C50  

     and C52  

 4. rep33 300bp, 600bp 1 C2R  

 

 

Fig. 1. Various rep patterns (repetitive element sequence-based PCR) 
of S. aureus 

PCR typing successfully differentiated S. aureus strains of 

bovine origin. In consent to present study, Memon et al. 

(2013) also studied S. aureus isolated from bovine 

subclinical mastitis from Eastern China by rep-PCR and 

reported 34 rep-profiles and seven distinct genotypes 

during dendrogram analysis. Pinto et al. (2015) had also 

attempted to assess clonal relationships among the S. 

aureus strains (n = 29) obtained from chilled and frozen 

raw poultry parts from seven different Brazilian broiler 

chicken processors. The isolates were grouped into three 

major clusters based on rep-PCR fingerprints typed and 

similar to present study they concluded that rep-PCR 

technique can able to establish a clonal relationship among 

the S. aureus. 

Similar to the present study, many researchers like 

del Vecchio et al. (1995), Gardella et al. (2005); Nordin et 

 

 

 

 

 

 

 

 

 
Fig. 2. Phylogenetic cluster analysis (Dendrogram analyses) of S. 

aureus rep patterns 

al. (2010) and Arabestani et al. (2022) etc. analyzed MRSA 

and MSSA strains from various clinical infections to 

differentiate them from each other and they have also 

reported that rep-PCR was potential tool to determine 

genomic differences among S. aureus strains from 

different sources. A study on 31 S. aureus isolates from 

pastries food samples to demonstrate genetic diversity 

among isolates at Hamadan, Iran has detected eight 

different rep-PCR types with the similarity cut off 95% 



6  

and seven different rep-PCR profiles, including five 

common types and 2 unique types. Similar to present 

study, the study proved that rep-PCR technique is one of 

the important methods to demonstrate genetic diversity as 

well as established existence of different rep-types of S. 

aureus isolates (Arabestani et al., 2022). 

CONCLUSION 

Based on different rep- patterns and cluster 

classification detected in the rep-PCR technique, the study 

may conclude that repetitive sequence-based PCR (rep- 

PCR) is found suitable and potential tool which permits 

differentiation of isolates to species, subspecies and strain 

level. Although, rep-PCR is more suitable molecular 

technique in comparison to routine bacteriological 

methods but looking to some limitation i.e. costs of 

materials, lack of advance equipped laboratories, this 

study warrants some other typing methods for further 

characterization of the isolates. 
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