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Abstract — We have studied the variability of the CA repeats in HVIII region of

mitochondrial DNA among 60 unrelated Muslims of Srirangapatna town, Karnataka state in
South India. MtDNA HVIII region was amplified and sequenced by Sanger sequencing
method. A total of four alleles [(CA), to (CA); ] were detected and (CA)s rCRS repeat was
the most frequently defined repeat followed by (CA), 28%, (CA)s 16%, (CA); 15%. A
statistical estimate indicated a high genetic diversity of 0.7218 and a low random mach
probability of 0.2903, and the discrimination power calculated was 0.7097. Compared with
those obtained in other explored world populations our data support the significance
application of HVIII CA repeat polymorphism of mitochondrial DNA in the genetic

differentiation of human populations and forensic investigation casework.
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Introduction

The mitochondrial DNA (mtDNA) is a small circular genome located within the
mitochondria in the cytoplasm of the cell (Butler 2011). MtDNA contains approximately
16,569 base pairs and most of those codes for 37 gene (22 tRNAs, 2 rRNAs and 13
MRNAS) products used in cellular energy production. There is also a 1122bp “control”
region that does not code for any gene products and is so referred to sometimes as the “non-
coding” region which is highly polymorphic and contains three hypervariable regions
(HVRI, HVRII, HVRII) ( Butler 2011; Samehsalari and Reddy 2018) Although the most
extensive mtDNA variations between individuals are found within the two segments of
control region HVRI which ranges from position 16,024 to 16,365 and HVRII extends
from position 73 to 340, occasionally a third portion of the control region, known as
HVRIIl (np 438 to 574) can provide more information regarding a tested sample
(Samehsalari and Reddy 2018). It is noteworthy that CA dinucleotide repeats between
nucleotide position 514 and 523 in HV3 (third hypervariable region) show length
variability like STRs (short tandem repeats) in nuclear DNA and can be useful as
supplementary polymorphic segment to identify human remains in forensic casework
(Szibor et al. 1997; Chung et al. 2007; Szibor et al. 2007; Hurst 2007). This study aimed to
evaluate the variability of the CA repeat in HVIII region among Southern Indian Muslims

to explore the significance of these findings to forensic investigations.

Materials and methods

Population and location

Muslim population under the study inhabited in Srirangapatna town which is located near
the city of Mysore in Karnataka state at the Southern region of India. Srirangapatna town is
located at 12.41° N 76.7° E on the southeast of Mandya district (Shankar and Uma 2012).
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The city of Srirangapatna consists of about 25 thousand population according to 2011
census. Amongst them around 12 thousand (49%) are male and 13 thousand (51%) are
female. Hindus provide 74% of the whole population and are the most religious network in
the city followed by Muslims which contribute 24% of the total population and the rest are
Christians and Sikhs (Shankar and uma 2012). Origin of all participants was belonging to
Muslim family who had inhabited in Srirangapatna town for more than three generations.

DNA samples

Blood samples were collected from 60 unrelated Muslim individuals after obtaining written
consent which approved by the ethical committee of University of Mysore. DNA was
extracted using the QIlAamp DNA Mini kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. To assess quality and quantity of DNA, all isolated DNA
samples were electrophoresed to observe quantity and quality of the extracted genomic
DNA, using a 1% agarose gel. The concentration of the extracted DNA and level of protein
contamination were detected through spectrophotometer at absorption of 260 nm and 280

nm (with diluted DNA 1 in 5) using an Eppendorf®1 Biophotometer.

PCR amplification and genotyping

The following set of PCR primers was used to amplify HVIII region (position 438-574) of
mtDNA:  HV3F  (5-GAGCCCGTCTAAACATTTTCAG-3) and HV3R (5
CAGCACTTAAACACATCTCTGC-3"). PCR amplification was carried out in 40 ml
reaction mixture subjected to 35 cycles of 95 °C for 3 min, 95 °C for 30 s, 58 °C for 30 s,

72 °Cfor 45 s, and a final extension at 72 “C for 10 min. The products were directly

sequenced by capillary electrophoresis (using the Big Dye cycle sequencing ready reaction

kit Applied Biosystems), on both strands.
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Statistical Analysis

Sequences were aligned and compared to the Revised Cambridge Sequence (rCRS)
(Andrews et al. 1999) using clustal W software in the bioEdit version 7.2.6. The probability
of two randomly selected individuals with the identical mtDNA types (random match
probability (p)) was defined by equation P=YX?* where X is the frequency of each observed
mtDNA haplotype (Stoneking et al. 1991). Genetic diversity (h) for the analyzed DNA
fragment was calculated according to the following formula: h=n (1->X?)/ (n-1), n is the
sample size and X is the frequency for each observed haplotype and the discrimination
power (DP) was also estimated using the equation DP= (1-YX?), where X is the frequency
of each observed haplotype (Tajima 1989).

Results and discussion

Allele frequencies, and sequence structures of CA dinucleotide repeats are depicted in
Table 1. The results revealed four different [(CA)4 to (CA);] dinucleotide repeat sequences,
36 out of 60 individuals have indel changes from reference sequence [(CA)s rCRS]
dinucleotide repeats. (CA)s, the threshold sequence, is the most frequently detected repeats
in 40% Indian Muslims followed by (CA)428%, (CA)s 16%, (CA)7 15%.

Table 1. The frequencies and sequence structures of the CA dinucleotide repeats in the
mtDNA HVIII detected in 60 Indian Muslims from the South India

Number of CA repeats  Sequence structure Number of Frequency %
individuals
5 CACACACACACCGC(rCRS) 24 40
4 CACACACACCGC 17 28.33
6 CACACACACACACCGC 10 16.67
7 CACACACACACACACCGC 9 15
Total 60

rCRS: revised Cambridge Reference Sequence
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Table 2. Numbers and percentages of (CA), dinucleotide repeat in mtDNA HVIII region

in different human populations

(CA)q dinucleotide  Tuynisians  Philippines  Egyptians  Pakistani Iranians
repeat (@) () (© ©) (e)

(CA)s rcrs 31(70.00%) 53(48.62%) 22(62%)  213(67.19%) 55(69.62%)
(CA)3 . 109%) - . .

(CA)s 12(27.9%)  55(50.45%) 13(37.14%) 104(32.80%) 16(20.25%)
(CA) - . . : 8(10.12%)
(CA) - - - - -

Total N=43 N=109 N=35 N=317 N=79

Table 2 continued

(CA)n

dinucleotide Romanians Germans Indians (Present
repeat () ) study)

(CA)s rcrs 320(76.92%) 312(78.78%) 14(14%) 24(40%)

(CA)s - - 3(3%) .

(CA)4 22(5.28%) 42(10.60%) 49(49%) 17(28.33%)
(CA)s 54(12.98%) 33(8.33%) 14(14%) 10(16.67%)
(CA), 20(4.80%) 9(2.27%) 20(20%) 9(15%)

Total N=416 N=396 N=100 N=60

N: sample size; The frequency percentage is shown in bracket
References: (a): Costa et al. 2009; (b): Gunnarsdéttir et al. 2011; (c): Kujanova et al. 2009; (d): Rakha et al.
2016; (e): Zarei and Rajabi-Maham 2016; (f): Irwin et al. 2007; (g): Szibor et al. 2007 ;
(h): Sylvester et al. 2018
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Numbers and percentages of (CA), dinucleotide repeat polymorphisms obtained

in different world populations are presented in Table 2. (CA)s repeat was the most
abundant detected repeats in Tunisians (70.09%), Egyptians (62%), Pakistani (67.19%),
Iranians (69.62%), Romanians (76.92%), Germans (78.78%) and Southern Indians (40 % in

the present Muslims sample); while (CA), repeat observed as the most frequent allele in

Philippines (50.45%) and Southern Indians (49 % in an Urali Kuruman tribal sample).

However, a rare dinucleotide repeat (CA)s; was only detected in Philippines ( 0.9%) and in

Southern Indians (3% in an Urali Kuruman tribal sample). Hence it could be specific to

South Asiatic populations. It has to be mentioned also that the dinucleotide repeat

(CA)s and (CA); are only present in Indian, Iranian (CA; not observed) and European

populations reflecting possible historical movements shared between these populations.

Table 3. Diversity measures of (CA), dinucleotide repeat in mtDNA HVIII region in
different human populations

Parameters ~ Tunisians Philippines Egyptians Pakistani Iranians Romanians Germans Indians

- 0.4120 0.513 0.480 0.442  0.470 0.3875  0.3617 0.6866
- 0.5975 0.4910 0.533 0559 0.5358 0.6135 0.6393 0.3202
- 0.4025 0.509 0.467 0.441 0.4642 0.3865 0.3607 0.6798

Indians
(present
study)

0.7218

0.2903

0.7097
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Diversity measures of (CA), dinucleotide repeat in mtDNA HVIII region estimated
in Southern Indians and in other world human populations are recapitulated in Table 3. The
genetic diversity (h) estimated in the two samples from southern India (0.68 in the Urali
Kuruman tribal sample and 0.72 in the present Muslims sample) is higher than those found
in the other explored world populations (estimated between 0.36 and 0.51). This relatively
high genetic diversity would reflect the influence of the geographical location and the
history of South India that, situated at the “crossroads” of trading pathways, would have
long been characterized by interaction and exchange with other world populations.

The probability of random mach (p) of two individuals showing the same mtDNA
haplotype is of 0.2903 in the present sample (Southern Muslims Indians) and 0.3202 in the
other southern Indian sample; while it is estimated between 0.49 and 0.64 in the other
presented populations. In the present sample (Southern Muslims Indians) the calculated
power of discrimination is 0.7097 and 0.6798 in the other Indian sample; while it was
computed between 0.36 and 0.50 in the other presented world populations.

Although there are some distinctions in genetic diversities and allele distributions
among geographically different populations, it can be easily concluded that use of length
polymorphism in CA dinucleotide repeats in the HVIII region along with sequence
polymorphism in HVI and HVII regions will increase the power of discrimination in
forensic case work. The sequence structure of CA), dinucleotide detected in this study is

given in (Fig.1).

Conclusion

In this paper we have studied the variability of the CA repeat in HVIII region at np 514-523
of mitochondrial DNA in 60 Indian Muslims from South India. The comparative analysis
of our data with those obtained in other explored world populations shows the important
utility of indels variability of these CA dinucleotide repeats in genetic differentiation of

human populations and forensic investigation casework.
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Fig. 1 Electropherograms of (CA), dinucleotide repeats at positin 514-523 of mtDNA
HVIII region in the present study. a (CA), dinucleotide repeat; b (CA)s dinucleotide repeat;
¢ (CA)s dinucleotide repeat; d (CA); dinucleotide repeat




150

mtDNA (CA), dinucleotide repeats in Muslims from the South India / Samehsalari S. & Reddy K.R.

Conflicts of Interest: The authors declare no conflict of interest

References

Andrews R.M., Kubacka 1., Chinnery P.F., Lightowlers R.N., Turnbull, D.M. and Howell,
N. 1999. Reanalysis and revision of the Cambridge reference sequence for human
mitochondrial DNA. Nature genetics, 23(2): 147. DOI: http://dx.doi.org/10.1038/13779

Butler J.M. 2011. Advanced topics in forensic DNA typing: methodology. Academic
Press. ISBN: 978-0-12-374513-2

Chung U., Lee H.Y., Yoo J.E., Park, M.J. and Shin K.J. 2005. Mitochondrial DNA CA
dinucleotide repeats in Koreans: the presence of length heteroplasmy. International
journal of legal medicine, 119(1): 50-53. DOI: http://dx.doi.org/10.1007/s00414-004-

0487-7

Costa M.D., Cherni L., Fernandes V., Freitas F., el Gaaied A.B.A. and Pereira L. 2009.
Data from complete mtDNA sequencing of Tunisian centenarians: testing haplogroup
association and the “golden mean” to longevity. Mechanisms of ageing and
development, 130(4): 222-226. DOI: https://doi.org/10.1016/j.mad.2008.12.001

Gunnarsdottir E.D., Li M., Bauchet M., Finstermeier K. and Stoneking M. 2011. High-
throughput  sequencing of complete human mtDNA genomes from the
Philippines. Genome research, 21(1):1-11. DOI: http://dx.doi.org/10.1101/gr.107615.110

Hurst W.R. 2007. Mitochondrial DNA Control-Region Mutations at Positions 514-524 in
Haplogroup K and Beyond. Journal of Genetic  Genealogy, 3(2):47-62.
DOI: http://jogg.info/pages/32/index.html

Irwin J., Egyed B., Saunier J., Szamosi G., O’Callaghan J., Padar Z. and Parsons T.J. 2007.
Hungarian mtDNA population databases from Budapest and the Baranya county
Roma. International journal of legal medicine, 121(5):377-383.
DOI: http://dx.doi.org/10.1007/s00414-006-0128-4



http://dx.doi.org/10.1007/s00414-004-0487-7
http://dx.doi.org/10.1007/s00414-004-0487-7
https://doi.org/10.1016/j.mad.2008.12.001
http://dx.doi.org/10.1101/gr.107615.110
http://jogg.info/pages/32/index.html
http://dx.doi.org/10.1007/s00414-006-0128-4

151

International Journal of Modern Anthropology (2019)

Kujanova M., Pereira L., Fernandes V., Pereira J.B. and Cem}'/ V. 2009. Near Eastern
Neolithic genetic input in a small oasis of the Egyptian Western Desert. American Journal
of Physical Anthropology: The Official Publication of the American Association of
Physical Anthropologists, 140(2): 336-346. DOI: https://doi.org/10.1002/ajpa.21078

Rakha A., Peng M.S., Bi, R., Song J.J., Salahudin Z., Adan A., Israr M. and Yao Y.G.
2016. EMPOP-quality mtDNA control region sequences from Kashmiri of Azad Jammu &
Kashmir, Pakistan. Forensic Science International: Genetics, 25: 125-131.

DOI: https://doi.org/10.1016/j.fsigen.2016.08.009

Samehsalari S. and Reddy K.R. 2018. Application control region of human mitochondrial
DNA in forensic anthropology. International Journal of Modern Anthropology, 2(11):
233-248. DOI: http://dx.doi.org/10.4314/ijma.v2i11.11

Shankar B. and Uma S. 2012. Conservation Strategies for Srirangapatna Town: Evaluation
of Heritage Buildings. International Journal of Modern Engineering Research, 2(2):160-
164.

Stoneking M., Hedgecock D., Higuchi R.G., Vigilant L. and Erlich H.A. 1991. Population
variation of human mtDNA control region sequences detected by enzymatic amplification
and sequence-specific oligonucleotide probes. American journal of human genetics, 48(2):
370. DOI: https://www.ncbi.nlm.nih.gov/pmc/articlessPMC1683035/

Sylvester C., Krishna M.S., Rao J.S. and Chandrasekar, A. 2018. Allele frequencies of
mitochondrial DNA HVR 111 514-524 (CA) n dinucleotide repeats in the Urali Kuruman
tribal population of South India. Egyptian Journal of Forensic Sciences, 8(1): 52.
DOI: https://doi.org/10.1186/s41935-018-0083-5

Szibor R., Michael M., Spitsyn V.A., Plate I., Ginter E.K. and Krause D. 1997.
Mitochondrial D-loop 3'(CA) n repeat polymorphism: Optimization of analysis and
population data. Electrophoresis, 18(15): 2857-2860.

DOI: https://doi.org/10.1002/elps.1150181523

Szibor R., Plate I., Heinrich M., Michael M., Schoning R., Wittig H. and Lutz-Bonengel S.
2007. Mitochondrial D-loop (CA) n repeat length heteroplasmy: frequency in a German
population sample and inheritance studies in two pedigrees. International journal of legal
medicine, 121(3): 207-213. DOI: https://doi.org/10.1007/s00414-006-0096-8



https://doi.org/10.1002/ajpa.21078
https://doi.org/10.1016/j.fsigen.2016.08.009
http://dx.doi.org/10.4314/ijma.v2i11.11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1683035/
https://doi.org/10.1186/s41935-018-0083-5
https://doi.org/10.1007/s00414-006-0096-8

152

mtDNA (CA), dinucleotide repeats in Muslims from the South India / Samehsalari S. & Reddy K.R.

Tajima F. 1989. Statistical method for testing the neutral mutation hypothesis by DNA
polymorphism. Genetics, 123(3): 585-595.
DOI: https://www.genetics.org/content/123/3/585

Zarei F. and Rajabi-Maham, H., 2016. Phylogeography, genetic diversity and demographic
history of the Iranian Kurdish groups based on mtDNA sequences. Journal of
genetics, 95(4):767-776.  DOI: https://doi.org/10.1007/s12041-016-0692-4

To cite this article:
Somayyeh Samehsalari, K. Rajasekhara Reddy. 2019. Mitochondrial DNA (CA), dinucleotide repeats in
Muslims from South India..

International Journal of Modern Anthropology. 2 (12): 142 - 152
DOI: http://dx.doi.org/10.4314/ijma.v2i12.6

This article, as all articles published in this journal, is under The Creative Commons Attribution:
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0).
https://creativecommons.org/licenses/by-nc-nd/4.0/



https://www.genetics.org/content/123/3/585
https://doi.org/10.1007/s12041-016-0692-4
http://dx.doi.org/10.4314/ijma.v2i12.6
https://creativecommons.org/licenses/by-nc-nd/4.0/

