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Abstract 

Objective.Thevaim of this studyvwas to detect the diversityvof Staphylococcus species of a healthyvhuman skin 

usingva simple techniquevPCR-SSCP.  

Methods: Blood samples, saliva, and skin swaps samples werer collected from 50 persons from Hilla City  - Iraq. 

The genomic DNA was extracted from these samples using the Bacteria Genomic DNA Kit. The cocentrations and 

purity of DNA extract estimated by Nano Drop spectrophotometer. Polymerase chain reaction – single strand con-

formational polymorphism (PCR–SSCP) technique was performed to detect the diversity between Staphylococcal 

species in the human skin microbiom using a specific primer of 16SrRNA gene. 

Results:The PCRvresults, indicated thatvthe Staphylococcalvspecies werevfound within the skinvcommunity, but 

it's notvinfected blood andvmouth of testvhealthy individuals. SSCP-heteroduplexvpatterns of PCR productsvap-

peared thevpresence Staphylococcal speciesvdiversity within skinvmicrobiome of test healthyvindividuals.  

Conclusion:In spitevof the PCR-SSCP, heteroduplexvmethod was simplevand cheap and appeared thevdiversity 

betweenvStaphylococcalspeciesvin the human skin microbiome, but it's not diagnosedvthe bacterialvstrains. 

Sovthese resultsvrequired to confirm by DNAvsequencingvtechnique. 

1-Introduction 

The previous, studiesreported that the human genome, the essence of human biology has been associatedto the 

human microbiome which represented as a second genome. Our bodies composed of human cells (10%) and thev 

human microbiome which formed about 90%[1]. The human microbiome is an important source of the genetic 

diversity, illness-causing factors, immunity modifier, have also influenced or modulated the metabolism and alters 

drug interfaces [2], [3]. Our bodies are harboring microorganisms in skin, gut, and mouth. Currently the human 

skin microbiome is used as a forensic evidence to discriminate, among persons in a crime scene. The bacterial 

species diversity of human skin microbiome can be identified depending  

on the 16S rRNA encoding gene. Bacterial species in the skin having a diversev and unique composition be-

tween individuals. Staffsv and investigators in the control of criminal evidence thought that a bacterial fingerprint 

achieved fromvsurfaces including computerv keyboards supports forensic  individual identification invcase of 

evidence insufficient [4]. Recently, next-generation sequencing was used to investigate, the bacterial community 

on objects and fingertips to match the object to the individual. The human microbiome, was identified using high-

throughput techniques, including culture-independent identification methods consist of advances in genomic tech-

nologies, particularly fingerprinting techniques depending on the separation of 16S rRNA genes using denatur-

ingvgradientvgelvelectrophoresis and terminal restriction fragment length polymorphism analyses, subse-

quentvnext-generation DNA sequencing technology. [5],[6],[4].The physiological state of the skin site is a strong 

factor for colonizing bacteria, which related to moist, dry, and oily micro-environments  [2],[3]. Overall, bacterial 

diversity is minim in an oilyv sites (such as the face and back),and maximum in the dry showing sites such as the 

arms and legs. The intrapersonal variation in a microbial public relationshipvandvstructure between symmetric 

skin sites is lower than interpersonal variation, as determined by 16S rRNA gene sequencing  [7],[2],[3].  
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In present of study, detect the diversity of Staphylococcus of a healthy human skin usingvsimple technique 

alike PCR-SSCP asvpro-fingerprintingvofvthevhuman microbiome.  

2-Materials and Methods 

1-2 Sampling and Bacterial DNA Extraction 

About 50 humanvsamples were collected fromvdifferent body sites of healthy persons, including blood sam-

ples, mouth (saliva) and arm skin swaps to detect the presence of Staphylococcus spp.  as causativevagents for any 

infections or as a normal flora. These samples were transported to the Laboratory of Biotechnology and Genetic 

Engineering, Biology Department, College of Science, the University of Babylon in Iraq. Genomic DNA was ex-

tracted from these samples using the Bacteria Genomic DNA Kit (Geneaid, Taiwan). 

2-2 Estimationv DNAv Concentrations and Purity   

The concentrations and purity of DNA extracts were estimated by a NanoDrop spectrophotometer (OPTIZEN 

POP - Korea). The purified DNA extracts were stored at -20 °C until used. 

3-2 Detectionof  Staphylococcalspeciesby PCR Technique  

        PCR was used to detect Staphylococcal species using specific primers for the regions of the 16S rRNA genes 

that are conserved among staphylococci and  single by comparison to other eubacterial species. The forward pri-

mer:  

5'-CCTATAAGACTGGGATAACTTCGGG-3'vand the reverse:  

5'-CTTTGAGTTTCAACCTTGCGGTCG-3'vand the amplified fragment was 791bp [8]  . PCR was carried out in 

the reaction mixture containing 1 µl from each forward and reversev primers, 12.5 µl of Green Master Mix, 3 µl of 

genomic DNA (50 ng) and the volume of the reaction was completed up to 20 µl by adding 2.5 µl of the Nuclease-

free water. Amplification was carried out in a TRIO Thermal Cycler (Biometra, Germany) programmed for 5 min 

pre-denaturation at 94°C; 35 cycles, 30sec at 94°C (DNA denaturation), 1 min at 60°C (annealing) and 1min at 

72°C (extended); and a final extension of 5 min. PCR products were electrophoresed using gel electrophoresis 

(Cleaver Scientific – UK) in 2% agarose at 70 V for 90 min and visualized by ethidium bromide. Photos were tak-

en using a gel documentation system(Cleaver Scientific –UK). 

4-2  SSCP-heteroduplex pattern analysis 

The amplified fragments are subsequently suitable for downstream Single strand conformation polymor-

phism (SSCP) tests. The PCR-SSCP method was performed using 8% polyacrylamide gel (PAG) containing 7% 

glycerol and 1× TBE. The gel was prepared and poured into the medium-casting tray (20 × 20 × 0.1.; H×W×T). 

For each 10µl amplified fragment, 10µl of 2X SSCP loading dye was added to a microfuge tube. The contents 

were quietly mixed and placed into a 95°C water bath for 7 min and then on ice for 5 min. Then, the samples were 

loaded into 8% SSCP gel. The SSCP loading dye composed of (25ml total volume): 23.75 ml of 99% formamide, 

1.25  ml of 1% xylene cyanol solution and 10 mg of bromophenol blue. The samples migrated under electricpower 

200 V (7.5V/cm), 100 mA for 160 min usingvvertical gel electrophoresis (Cleaver Scientific – UK). After that gels 

visualized by ethidiumvbromide. Photos were taken using gel documentation system (EBOXCX – UK). 

3- Statistical Analysis 

Statisticalvanalysis was carried outvusing SPSSvversion 16,P value (P≤ 0.05) was considered statistically sig-

nificant. 

4- Results and Discussion 

The genomic DNAvwasextracted from the blood, saliva and skin samples as a first step to isolate the genomic 

DNA of bacteria, then the 16S rRNA encoding gene was amplified using specific primers for Staphylococcal spe-

cies but not other eubacteria.  

 

The Table (1) showed the concentrations and purity of extracting DNA.  

      The quality and quantity of genomic DNA,extracted from samples are  key feature most facilitiesvconsider 

when choosing a protocol. Measuring ultraviolet light absorbance using spectrophotometry at different 

wavevlengths (230 nm, 240 nm, 260 nm, and 280 nm) is an initial quick and efficient way of determining purity 

and concentration of nucleic acid samples. The concentration is usually calculated from DNA absorbance reading 

at 260 nm using the Beer-Lambert law.The purity of nucleic acid samples is assessed in a 260/280 absorbance 
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ratio, and values in the range of 1.8–2.0 are generallyvconsideredvacceptable. The 260/230 absorbance ratios be-

tween 2.0 and 2.2 are alsovconsidered to be adequate as a secondary measure of the purity of DNA  [9]. 

The figure (1) revealed the gel electrophoresis of a single band (791bp) of amplified DNA fragments of the 

16S rDNA gene of Staphylococcal species in skin samples, but the other samples (blood and saliva) appeared neg-

ative results for the bacterial detections. 

 

These results indicated that the Staphylococcal species were found within the skin community, but it's not in-

fected blood and mouth of test healthy individuals.  

 

Fig.1: PCR pattern of 16S rDNA  (791bp) of Staphylococcal speciesin  different human samples  

 

Electrophoresis in 2% Agarose at  70 volts for 90 min. M: Ladder marker 100-1000bp; Lanes: 1,3,5-8 for 

skin samples; Lanes: 2&4 for blood samples and 9-12 for saliva samples.  

Everyone has a large number of   microorganisms. Humanvmicrobiome refers to the sum of microorganisms 

in the humanvbody. Human identification is important in the forensicvsciencevandvwillvcontinuevtovodo-

so.vHowever,tracevevidencevsuchvas inadequate quality and low DNA copy counts cannot be detected with the 

rigor necessary to prosecute crimes, including those involving violence [4].   

The offender can take steps to reduce the contamination of the crime scene like blood, semen, and finger-

prints, which can complicate the detection of the offender. Bacterial DNA is a new method in forensic science. 

Bacterial DNA is morevresistant to environmental factors than human DNA and thus can persist longer on the 

surface than human DNA. The bacterial DNA configuration is influenced by the surrounding environment 

[2],[3]vand the individual's microbiome.  

 

It is conceivable that different bacterial patterns can distinguish individuals with gender, age, and different 

lifestyle, data can also be used to build a suspect's image  [7],[10],[4]. 

Some researchers hypothesized that the profile could be possible by analyzing the DNA pattern of the skin 

bacteria. To assess this, they created differences between individuals and conducted a study to identify individuals. 

The skin bacteria left on the surfaces that were touched were identified using the next generation of sequencing, 

which is a bioinformatics technique that uses molecular and arithmetic approaches to generate and analyze DNA 

sequences.  

The next generation of sequencing used to analyze bacterial DNA to distinguish different bacterial  manifesta-

tionsvamong individuals in a way that has the forensic value, such as analyzed bacterial signatures left by different 

individuals onvsurfaces including fingertips, computer keyboard and knob using pyrosequencing based on 16S 

rRNA gene [4]. 
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Fig. 2: SSCP-heteroduplex pattern analysis of 16S rDNA  (791bp) of Staphylococcal species. 

 

Lanes 1and6 two bands; Lanes 2-5 and 7-10 three-bands (heteroduplex). Electrophoresis conditions: 8% poly-

acrylamide, power applied: 200V (7.5V/cm) – 100mA, for 120 min. The DNA bands stained using ethidium bro-

mide. 

TovanalyzevthevPCRproductsvofvStaphylococcalvspecies,thevSSCP-heteroduplex patterns were observed by 

ethidium bromidevstaining (Fig. 2). Bandsvof double-stranded DNAs were detected at the bottom of the acryla-

mide gel (band 3). The mobilities of single-stranded and heteroduplex DNAs (band 1and band 2) were lower than 

those of double-stranded DNAs.  

A PCR product fromvsingle straining showed two bands compatible to two single-stranded DNAs derived 

from double-stranded DNA (Fig. 2, lane 1 and6). When the PCR products that were amplified from the mixtures 

containing genomic DNAs of Staphylococcal species more than onevstrain looked different banding shapes caused 

by the mixtures of strains were observed. The heteroduplex bands do not represent a single strain, but a mixture of 

two strains. Although the heteroduplex bands can be discerned by their stained color, they may form complex 

banding patterns in the analysis of natural people.  

 

SSCP technique was primarily developed for examining point mutations in human DNA  [11]. It since has 

been extended for studying the variability of plant pathogens, including viruses,  nematodes,  and fungi [12],[13] . 

It also was used as a paired technique with species-specific PCR in the development of genetic markers for rapid 

identification of different species of microorganisms. 

5- Conclusion  

In spite of, the PCR- SSCP heteroduplex method was simple and cheap andvappeared the diversity between 

Staphylococcalspecies in human skin microbiome, but it's not diagnosed the bacterial strains. So these results re-

quired to confirm by DNA sequencing technique. 

6- Acknowledgment  

The authors are thankful to researchers in Biotechnology and Genetic Engineering, College of Science, the 

University of  Babylon. 

 for providing facilities needed for our work, especially Miss. Zahraa Isam. We appreciate the agreements of 

persons and cooperation to provide blood samples, saliva, and skin swaps. 

4 



Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(8): 2018 

  

 
 
 
 

CONFLICT OF INTERESTS 

There are no conflicts of interest. 

 

7- References  

[1] D.C. Savage, Microbial ecology of the gastrointestinal tract. Annu. Rev. Microbiol.  31:107–133. [PubMed: 

334036]. 1977.  

[2] E.A.Grice,H.H. Kong,G. Renaud, A.C.Young, G.G. Bouffard, et al. A diversity profile of the human skin mi-

crobiota. Genome Res. 18:1043–1050. [PubMed: 18502944] 2008. 

[3]  E.K.Costello, C.L. Lauber, M. Hamady, N. Fierer, J. I.Gordon and R.Knight, Bacterial community variation in 

human body habitats across space and time. Science. 326:1694–1697.[PubMed: 19892944] .2009. 

[4]  S.Y.Lee, S.K. Wool, G.W. Choi, Y.J. Hong and Y.B. Eoml, Microbial forensic analysis of bacterial fingerprint 

by sequence comparison of  16S rRNA gene.J. Forensic Res. 6 (5): 297- 300. http://dx. doi. Org/10.4172/2157-

7145.1000296. 2015. 

 

 

 [5] W.T. Liu, T.L. Marsh, H. Cheng and L.J. Forney,  Characterization of microbial diversity by determining ter-

minal restriction fragment length polymorphisms of genes encoding 16S rRNA. Appl. Environ.Microbiol. 63:4516 

– 4522. [PubMed: 9361437]. 1997.  

 [6] G.Muyzer, DGGE/TGGE a method for identifying genes from natural ecosystems. Curr. Opin.Microbiol. 

2:317–322. [PubMed: 10383868] 1999. 

[7]  Z. Gao, C.H.Tseng, Z. Pei and M.J. Blaser, Molecular analysis of human forearm superficial skin bacterial 

biota. Proc. Natl. Acad. Sci. USA.104:2927–2932. [PubMed: 17293459] 2007. 

[8]  W.J.  Mason, J. S. Blevins,   K. Beenken, N. Wibowo, N. Ojha, and  M. S. Smeltzer. Multiplex PCR protocol 

for the diagnosis of Staphylococcal infection. J. Clin. Microbiol. 39 (9): 3332–3338. 2001. 

[9] A.Sahota, A.I. Brooks and J.A. Tischfield, Preparing DNA from Mammalian sources for genotyping. CSH 

Protoc. [pdb.top19]. 2007. 

[10]  N.  Fierer, M. Hamady, C.L. Lauber and R. Knight, The influence of sex, handedness, and washing on the 

diversity of hand surface bacteria. Proc. Natl. Acad. Sci. USA. 105:17994–17999. [PubMed:19004758] .2008 

[11] M.Orita, H. Iwahana, H. Kanazawa, K. Hayashi and T. Sekiya, Detection of polymorphism of human DNA by 

gel electrophoresis as single-strand conformation polymorphisms. Proc. Natl. Acad. Sci. USA. 86, 2766–2770 

.1989. 

[12] P.Kong, L. Rubio, M.L. Polek and B.W. Falk, Population structure and genetic diversity within California 

citrus tristeza virus (CTV) isolates. Virus Gene 21, 139–145. 2000. 

[13] J.P.Clapp, C.D.van der Stoel and W.H. van der Putten, Rapid identification of cyst (Heterodera spp., Globod-

era spp.) and root knot (Meloidogyne spp.) nematodes on the basis of ITS2 sequence variation detected by PCR-

single-strand conformational polymorpgism (PCR-SSCP) in cultures and fields samples. Mol. Ecol. 9: 1223 – 

1232. 2000. 

 

 

 

 

 

 

 

5 

http://dx.doi.org/10.4172/2157-7145.1000296
http://dx.doi.org/10.4172/2157-7145.1000296


 Journal of University of Babylon for Pure and Applied Sciences,Vol.(26), No.(8): 2018  

 

 

 

  الخلاصة

SSCP-PCR

SSCP-PCR SrNA 
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