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ABSTRACT

Sudies and comparative analysis of DNA mutations that occur in the human mitochondrial genome in humans of
Indonesia, the ethnic Papua and its comparison with several ethnic world has done. The purpose of this study to
analyzed variants of the mutation in some areas on intragenic and coding region between genes in human
mitochondrial genes and gene control regions using mitochondrial genome amplification techniques. Here, we
reported the results of sequencing the human nucleotide Papua, which was then compared against several
individuals representing several ethnic groups in the world. DNA samples isolated from several human tissues and
then sequenced using an efficient two pairs of primers to amplify the mtG humans. mtG sequences are aligned and
compared with rCRS using DNAstar program. Results of analysis reveals the fact that there are mutations outside
the region HVS1 and HVS2 D-loop mtDNA ie in regions between genes. Regions between genes is the gene coding
region of the human mtG and exhibit a high mutation rate against rCRS. This opens up a new paradigm for the
analysis of mutations in regions intragene, intergene, and the coding regions of genes other than the D-loop mtG.
Segment intragene gene located on the shorted area can be selected for studies in population genetics, forensic
medicine and bioetnoantropology studies, in addition to the area HVSL/ HVS2 D-loop that has been used. Studiesin
humans have to complete the data Papua mutation and polymorphism data GenBank/NCBI and other nucleotide
sequence data providers such as EMBL and DDBJ.

INTRODUCTION

Mitochondria are organelles of eukaryotic cellstthantribute producing energy in the form of thenpmund
adenosine triphosphate (ATP) through oxidative phosylation reactions were very efficient [1]. Mitwondrial
DNA (mtDNA) is passed down only matrilineal becatise content of mitochondria in an egg cell is mbayher
than the content of mitochondria in sperm cellse Egg cell contains more than’Ipies of mitochondria while
sperm cells only contain mitochondria 100-1500 espiso that when conception occurs, the mitochahdrother
is much more dominating [2-3].

In contrast to other cell organelles, the mitochiandhave their own genetic material whose charisties are
different from the genetic material in the cell lus. The uniqueness of the mitochondrial DNA amotiter
things a higher mutation rate, which is 10-17 tirttes nuclear DNA [4]. In addition mitochondrial DNigesent in
large quantities (over 1000 copies) in each cellemgas nuclear DNA amounted to only two copies [BJA
recombination DNA core is the result of both pasemthereas mitochondrial DNA is inherited only frahe
mother (maternal inherited) [6]. Mutations that wcdn the genomes of mitochondria (the mitochordria
genome/mtG) also can increase the production odidetlular ROS, thus the production of free radickcreased
the mitochondrial function and will increase thecwamulation of oxidation processes in various tissyig].
Pathogenic mutations generally occur in the fortedoplasmy, is the ratio of the number of mutarDN\ against
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wild-type mtDNA which vary in each tissue, with@n heteroplasmy levels in blood cells (leukocy®s)l high in
the tissue after mitosis [8].

Sequences and system of organization of human hatairial genome was first published by Anderson and
colleagues [9]. Circular mtDNA structure and cotssigf 16,569 bp. A lot of human mitochondrial DNésearch
results to its properties characteristic to beizgtd in a variety of disciplines, including the dyuof evolution,
population genetics, bioinformatics, genetic dissasnd the science of forensic medicine [10-1hp TFesearch
results were related mtDNA hypervariability profestthat have been linked with a ratio of mtDNA seces and
nucleotide mutations between individuals, ethriledirand ages [1, 12-13].

Research to reveal the nucleotide sequence ofrittenksian human mitochondrial genome, especialpuf®a
humankind that compared with individuals representntG several ethnicities in the world at the NGhBita.
Analysis of variance mutation is done by comparthg sequence of revised-Cambridge Reference Seguenc
(rCRS) in every region of mtG. By knowing the comipan between mutations in each position of mtGveeh
individuals, in the future mtDNA research can becus forensic and bioethnoantropology and couldibected to
studies of human origins and patterns of humanatian.

MATERIALS AND METHODS

Forensic samples such as human blood tissue defiesed mesoderm layer. Samples are stored in a 1.5 m
eppendorf tube in a frozen state (-20 °C). Sampler® obtained from the Laboratory of Biochemisigpartment
of Chemistry-Faculty of Mathematics and NaturaleBces, University of Cenderawasih, Jayapura, Inslan@he
amplification reaction in the two fragment, codiagd control genes in the fragments is catalyzethbyenzyme
DreamTaq green PCR Mastermix containingDreamTaq DNA Polymerase. Mastermix was added with two tracking
dyes and reagents ballast that serves as diredinfpao electrophoresis, so that when electropl®riss not
necessary to add loading dye. The PCR processis lop machine Automatic thermal cycler (Perkin Enfgy 30
cycles. The initial stage of the PCR process isdfage of initial denaturation at 95 °C for 3 mihen go to
programs PCR cycles with each cycle comprisingethmleases: denaturation carried out at a temperafdg °C
for 30 sec, annealing stage is performed at a teahyre of 50 °C for 30 sec and extention or polyration stage
at a temperature of 72 °C for 60 sec. The end lotyalles carried out additional polymerization pres at a
temperature of 72 °C for 10 min [14-17].

PCR products were detected by electrophoresis @mosg gel 1.0% (w/v) by using thmini sub™ DNA
electrophoresis cell. Electrophoresis process is carried out in 1 x TAEfer as a medium conductor current at a
voltage of 75 volts for 45 min. The results of élephoresis visualized with UV lamp series 9814-3h2 (Cole
Parmer). To determine the nucleotide sequence @Gfimtised PCR primers and multiple internal prifdaéi.

Alignment of multiple nucleotide sequence completsc human was analyzed with the assistance a s@ftwa
program DNAstar. mtG analyzes were performed ugiededitSeq, Seqgman, andMegAlign [18-19]. Determination
of nucleotide mutations variation is done by usimagous applications and compares with MITOMAP &tedmine
specific mutations. While comparisons between iigdial mutations on the various ethnic groups inweeld using
the application oMegalign on NCBI/GenBank data.

RESULTSAND DISCUSSION

The results of DNA amplification in human samplefs Rapua done using amplification techniques in mtG
fragments: the fragments | and M (Fig. 1). Resaittglification produces DNA bands bright and comsisfor each
PCR. Aplifikasi PCR process using specific andcéfit in order to minimize contamination during fvecess of
DNA isolation and PCR.

The results of electrophoresis of human DNA samplest have been successfully performed via PCR,
electrophoresis and then to the blood system. iBiglsbresis results showed that the overall fragrsbotvn with
bands (band) is bright with the appropriate sizagfent |, sized of 2066, and fragment M of 982 bp.
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Figl. Theresultsof genomic PCR mtG in Papuan human samplesfor fragments| and M. Amplification fragmentsin a sample using
each primer pair. Lane 1: Marker 1 kb ladder, lane 2 isthe control (+), lane 3isthe control (-), and lane 4 is a sample of mtDNA
PCR product fragment | (coding genes) and the fragment M (Control genes).

Data from the human nucleotide sequences were zathlysing DNASTAR program by in the foetditseq andABI
file. The data are then analyzed sequence homologythdthucleotide sequence rCRS using the programdbadA
Megalign and Segman, which is to determine their mtG nucleotide mutasi. mtG mutation study results overall
concluded that mutations in humans generally agtentide substitution mutation transition [20-2$ubstitution
mutations occur if there is a base substitutionleatie to another without changing the length ™A These
mutations occur only in the nucleotide positioneeTcause of the transition at nucleotide mutatmihahich are
nitric acid, base pairing errors, and analog basamgenic [22]. Based on the analysis, substitutioation could
be restored to normal by the process of transitoriransversion reverse, hence the substitutioaceffs not
permanent.

COptions  Help
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- ____________’ _______________________________ |
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rCRS TATTCATCCCTETAGCATTETTCGTT ACAT FFT CCATCAT AGAATTCTCACTG || TCTHETTCCT ACTTCAGGFTCAT AAAFCCT AAAT AFCCCACALC
Papuan |nd|v|dual TATTCATCCCTETAGCATTETTCGTT ACAT AT CCATCAT AFAATTCTCACTG || TCTHETTCCT ACTTCAGFFCCAT AAAFCCT AAAT AFCCCACALD

e D0 L e e ese | leso
AGCATTGTTCGTTACATGRTCCATCATAGAL ACATCTGGTTCCTACTTCAGGGYCATALLGCCTALATAGCCCACACETT
AGCATTGTTCGTTACATGATCCATCATAGAL ACATCTGETTCCTACTICAGGGCCATARAGL CTARATAGCCCACACHTT
AGCATTGTTCGTTACATEETCCATCATAGAL ACATCTGGTTCCTACTTCAGGGTCATALLGLCTALATAGCCCACACETT

Fig2. Result of alignment of human mtDNA with rCRS. One example of data analysis mtG at intergene region at position 12,630 and
gene control regions, 16,519, where there is a change consecutive G—a and T—-c in C. Papuan Individual human sequences
analyzed in silico using Megalign program on rCRS,

Data nucleotide analysis results in two fragmemsnél 32 mutations to rCRS. Observations indicateat t
mutations of mitochondrial DNA mutation rates difd among the individuals with other individualaitBor one
individual still showed high homology. This is besa during the human life cycle in the accumulatdmtDNA
mutations in somatic cells, and an increased nuraberutations in the mtDNA that carry the tissugsicritical
factor aging process [22-25]. The high mtDNA muas caused by high levels of reactive oxygen speage
byproducts of mitochondrial oxidative metabolismdaabsence of effective DNA repair systems in th# ce
organelles. The accumulation of mtDNA mutationd affect the carrying capacity of the network oxtida energy
metabolism, so that this capacity will drop witteaghe effect of this reduction is proposed to lamifiested mainly
in a tissue that requires a lot of ATP for its ftiog, and is seen as a decreased ability of the hasscle and brain
function. Several of the data mtG mutation assediatith the disease as well as comparisons betwé#aric
groups have been incorporated into the databas®©MIAP.
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LCCCC AT GCCTTTCTATTALAGE

v

TAGACGGGCTCACATCACCCCATAAACAMACAGGTTTGETCCTAGCCTTTCTATTAGCTCTTAGTAL
TAGACGGGCTCACATCACCCCATAMACAL L TAGGTTTGGTCCTAGCCTTTCTATTAGCTCTTAGT AL
TAGACGGGCTCACATCACCCCATALAC AL AGGTTTGGTCCTAGCCTTTCTATTAGCTCTTAGT AL
TAGACGGGCTCACATCAC CCCATAMACAMLCAGGTTTGETCCTAGCCTTTCTATTAGC TCTTAGTAL

Fig3. Theresult of thealignment of Papuan human mtDNA with r CRS. One example of data analysis mtG on the region between
genesin silico using Segman program on rCRS.

The results showed that variants of human mitochah®NA mutations turned out to be different froome
individual to another individual as happens onnthember and position of both individual human mutagi of Papua
and comparison of GenBank individual data. Thidbésause mtDNA mutations derived simply lysed matern
lineage, while individuals were analyzed come fraifferent offspring (individual data GenBank). Thecurrence
of mutation variants identity differences betweedividuals who are not aligned maternal lineagedssed by
factors such as: high levels of reactive oxygertiggeas byproducts of mitochondrial oxidative metisim; openly
MtDNA exposure to these reactive oxygen due toldhk of protection by the nucleoprotein, unliketire cell
nucleus; the absence of effective DNA repair systenthe cell organelles. The accumulation of mtDiMAtations
will affect the carrying capacity of the networkidative energy metabolism, so that this capacitydvop with age
[26].

The results of further analysis, helped by the mog Seqman compared with a normal variant, showed n
mutations at certain positions (as they appearh@ database rCRS). This was done to prove theitgestt
mutations convincingly that includes the positiow dype of mutation that occurs, as shown in thievieng figure
(Fig. 4). Comparison of the data sequence mutatialysis results usingegman and verified usingviegAlign also
showed the same pattern of mutations that occueatide changes from T (thymine) to C (cytosine).

c 4 T A A & C A & & C &4 G G T T T G G T CC T & G C C T T T

L 4 AT A& GG TTTGGTTCECTECTEA4EBCCLTTTCE

Fig4. The results of the analysis using DNASTAR Segman program between data sequences of a human tissue in Papua and one
sample of normal variants. I n the figure looks no change become thymine bases cytosinein a certain order rCRS.

After analyzing the data bases of nucleotide vimmaPapua human mtG on intragene area, betweers gare
coding regions of the genes of rCRS completednthé step is to analyze the size of the human otidie mtG.
mtG analyzed size ranges between 16,558-16,574 bpedl00 samples GenBank. This was done to obsbere
rate of mutations in the nucleotide sequence ohtirean mtG each individual, because it is knowmtetfand that
the level of mutations that occur in mtG differémt each individual who is not aligned maternathge [18, 25].
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The number of nucleotide variants (mutation on rEB$each sample turned out to range between &2n(tmber
of mutations smallest) up to 40 (the largest nundfenutations) of the total sample of mtG humaniaat from
GenBank. The highest number of mutations are nartatfound 15 variants as much as 13.95%. The ngRkest
number of mutations five consecutive 17 mutationards (12.95%), 16 variants of the mutation (122918
variants of the mutation (11.96%), 14 variantshef tnutation (6.64%), and 19 variant mutation (5.26%

The number of individuals who have mutations ofadaenBank fewest, ie 0.33% is the number of vasiaft26,
27, 31,32, 34, 37, 40, and 42. The data mutatialyais results showed that the amount of variaeatides
found in GenBank mtG samples with less than onegurof the entire 16.5 kb mtG. The number of vasaf the
mutation most was 42 variant or only 0.25% of thtaltnucleotides mtG human.

The database MITOMAP provide a variety of data tisainformative, such mutations have been reported,
diseases associated with mutations in the mitoati@rdNA, the researchers reported, the data rejath the origin
of the sample (ethnicity), and other informatiomformation on mtDNA mutations associated with thigedse are
very useful for the medical world makes it easys¢é@rch for medical information on mutations asgediavith

mitochondrial diseases. It is of course very imaotrtfor the world revolution for future medicalat#d beautique
medicine [23-25].

CONCLUSION

The results of mutation analysis showed a pointatinrt in some region of mtG fragment with the pndioon of
different mutations. Most mutations outside theiordHVS1 and HVS2 D-loop is in the area intragengrgene,
and the main coding region of the mtG human. Irteegarea is an coding region of mtG genes in humatshow
a high mutation rate on rCRS. This opens up a remadigm for the analysis of mutations in regiorfeeothan the
D-loop MTG. Segment intergene located at 8000s emiitles of mtG region could be selected for studhies
population genetics, forensic medicine and bioattropology studies, in addition to the area HVS182/D-loop
that has been used.
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