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ABSTRACT

High mutation rate of mtDNA causes the difference in the nucleotide sequence of mtDNA between individual (high
degree of polymorphism). At the mtDNA there are areas that do not encode controller (noncoding region), which is
known by the local displacement loop (D-loop), which has two areas with high variations which hypervariable
region | (HVR1) and hypervariable region Il (HVR2). But there is no information on whether the nuclectide
sequence of mtDNA D-loop is the same for the different cells in certain individuals. The purpose of this study to
obtain nucleotide sequence information area mtDNA D-loop different cells on each individual to five individuals
with different ages. Stages of research performed includes preparation of template mtDNA by way of cell lysis.
Amplification fragments of mtDNA D-loop with the method of Polymerase Chain Reaction (PCR) using the primers
M1 and HV2R. Analysis of the results of PCR with the aid of agarose gel electrophoresis using standard pUC19
which is cut by the restriction enzyme Hinfl (pUC19/Hinfl). The results of the analysis of nucleotide sequences using
DNASTAR segman program with rCRS as references show that for three different cells, ie blood cells, epithelial
cells, and hair cells, in individuals in individuals Papua, position and type of mutation of each individual are the
same or homology. Meanwhile, nucleotide sequence analysis of blood cells and hair cells of individuals with
different ages also shows the position and type of the same mutation. Thus, the nucleotide sequence of mtDNA D-
loop in different cells are blood cells, epithelial, and each individual hair to show the same mutation. This is
because the cells are derived from a single egg that has one type of mtDNA then differentiated in line with the
development of the embryo. In the next phase of development into an adult human, this differentiation does not lead
to any changes in the nucleotide sequence of mtDNA in blood cells, epithelial, and hair in a single individual. Thus,
all three cell types can be said to represent the whole cell types that exist in the human body. Hopefully, the results
of this study can be useful to facilitate the identification processin the field of forensics.
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INTRODUCTION

One of the unique properties of mitochondrial DNAIDNA) is relatively higher mutation rate than rest DNA.
The high mutation rate in mtDNA caused by mtDNA sloet have a repair system for the replication @ecDNA
polymerase has no proofreading activity that does not haeeathility to correct errors.

Mitochondrial DNA is unique, unlike nuclear DNA kmese mitochondrial DNA is inherited through the enaél

lineage. The egg cell has a high number of copfest®NA (2 10°) while sperm cells have low mtDNA copy
number (50-75) and is present in the tail. At heetof fertilization of the egg, the sperm tail tee separated so
that no mtDNA into the egg. Because recombinatio@schot occur, then the mtDNA is haploid, handedrdfsom
mother to all his descendants. Mitochondrial DNAoais unique and distinct from nuclear DNA becaitidas a
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high mutation rate, which is about 5-10 times thel@ar DNA because the mitochondrial DNA do notéhawepair
mechanism, does not have a histone protein astagbwo, and has a high content of free radicalS8]1-

DNA replication is not always accurate so therd bdé mutations that will be passed down from oneegation to
the next, so far away kinship between two individuthe greater the number of differences in moiatvariations
base or polymorphism can occur in coding regiordsrancoding regions in the displacement loop (Opjozan be
used to distinguish one individual to another [4¥wever, polymorphisms in the D-loop region igher than the
coding region polymorphisms caused by the muta@ba is higher. D-loop regions have two areas g Wariation
which hypervariable region | (HVR1) and hypervatakegion Il (HVRII). High mutation rate of mtDNAatises
the many differences in the nucleotide sequencantBbiNA between individual (high degree of polymasrh).

However, no information on whether the nucleotidguence of mtDNA D-loop is the same for the diffeéreells in
certain individuals.

MATERIALSAND METHODS

Characteristics of five individuals sampled weraltiey and did not have a kinship between one icldiai to
another individual. The sample consisted of thiffergnt cells (blood, epithelium and hair) fromdiindividuals of
different ages. Sampling and epithelial hair dogerdsearchers. While blood sampling on five indists to use
health care services.

Template of mtDNA and lysis of hair root cells, epithelial and blood

Template mtDNA prepared using cell lysis. Cell §y& performed in a lysis buffer consisting of 58 rfris-HCI
pH 8.5; 1 mM EDTA pH 8.0; and 0.5% Tween-20 [6-hir root cell lysis begins with a small cut 5-7asids of
hair at the roots (whitish) using a knife that bagn sterilized with 70% alcohol. Pieces of haatiie then inserted
into a micro tube of 1.5 mL lysis buffer containiB@ mL and 10 mL proteinase K 20 mg/mL 260 mL ¢dH
added. Then incubated for 1 h at 50 °C and contiiae10 min in boiling water bath. The mixture wantrifuged
using mikrosentrifuga cell extracts with a speedl2000 rpm for 3 min. Supernatants are a sourcentBiNA
template for PCR reaction [8-10].

Epithelial cell lysis begins by cutting small piecef filter paper containing epithelial cells irl& mL micro tube.
The next process is done the same as in the haticadl lysis. Blood cell lysis begins by takingQLéhL of blood
with a micro pipette and then inserted into theetaind then added 1.5 mL 500 mL TE buffer, homogehizith
vortex 30 seconds and then centrifuged at 8000 Ipmin, the supernatant was discarded, the prosedsrie to
obtain a clean white pellets, prepared in lysissitylo the same as the roots of the hair folliel¢ lgsis, it's just a
mixture of cell extracts using mikrosentrifuga ¢énged at a speed of 8000 rpm for 3 min [11].

1 kb fragment amplified mtDNA D-loop PCR

1 kb fragment amplified region mtDNA D-loop for @alle samples was done by using Polymerase ChaictiBea
(PCR) using the primers M1 and HV2R developed I8].[PCR reactions were performed in 0.5 mL micrioes!
containing 50 uL reaction mixture consisting of 8L.@nits of Taq DNA polymerase enzyme, 5 mL lysisuits
shippets, 20 pmol of each primer M1 and HV2R, 510X PCR buffer (Tris -HCI 100 mM pH 9; 500 mM Kal5
mM MgCI2), 0.2 mmol of dNTPs consisting of dATP,TH, dGTP, dCTP, and sterile ddH20. The PCR prosess
carried out in a Thermal Cycler Automatic machiree raany as 30 cycles, each cycle consisting of tat@pl
denaturation step at 94 °C for 1 min, stage anngaii 50 °C for 1 min, and a primer elongation stag72 °C for 5
min. Stages PCR performed consisted of denaturati® °C for 1 min, annealing at a temperatur6®fC for 1
min, and primer extension by DNA polymerase atCZ¢r 1 min. PCR reactions were performed by 30es/and
to enhance the reaction, at the end of the cyae@adne stage polymerization at 72 °C for 5 min.

Deter mination of nucleotide sequence
Determination of nucleotide sequence begins withpteparation of sequencing reaction. PCR Restiltsab have
been extended to 700 ng included in a 1.5 mL ntigbe. Primer M1 prepared with a concentration opfrbl/mL
to 1.5 mL micro tube. For one sequencing reactiomgr required 3 mL with a concentration of 10 phmal.
Nucleotide sequence fragments of 1 kb region mtCDHoop of about 1021 bp PCR product was determimgd
dideoxy method [13-14].

RESULTSAND DISCUSSION

In this study analyzed 12 samples of cells derivedh individuals with different ages. Five individis do not have
a kinship between one individual to another indirsid MtDNA template is prepared using cell lysi®llQysis is
performed in a lysis buffer containing Tween-20 (k9. Tween-20 is a non-ionic detergent in the sotuto form
micelles. The molecular structure of Tween-20 habydrophilic portion composed of ester or alcohada
hydrophobic parts which are hydrocarbons. Hydrophafteraction of micelles of Tween-20 with compdsnof
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cell membrane phospholipids make membrane phogptislsoluble compounds forming micelles mix withéem-
20.

Sequencing 1 kb fragment of mtDNA D-loop

The sequencing results obtained 1 kb fragment mtIMNKop around 200-600 bp on 12 samples of cellse®s
that the amount of variation HV1 region mutatigolymorphic) is higher than the regions HVR2, an observation
which focuses on the overall HVR1 and most HVR2rbegite representative in determining the nucleotid
sequence of the D-loop region of mtDNA. Resultssefjuencing to mtDNA of 12 samples of cells fromefiv
different individuals whose age is obtained infibren electropherogram. In individuals aged 30 yestiewved peaks
same electropherogram blood cells, epithelial cahsl hair cells.

1 2345 67289

4.00 kb
2.00 kb
1.60 kb
1.00 kb
0.75 kb

0.50 kb

1kb

0.25 kb

Fig 1. Results PCR fragment D-loop. Fragment amplified using primersM1 and M2. Lane 1: Marker 1 kb ladder, lane 2 isthe control
(+), lane 3isthe control (-), and lanes 4-9 are samples of human tissues|ndividual of Papua, Indonesia (0.982 kb)

Fig 2. Results of such sequencing electropherogram D-loop region of mtDNA in blood cells of individuals aged 30 year s (Papua 1)

MtDNA D-loop mutations of different cell samplesfor oneindividual

Results of the analysis of mutations in blood ¢edigithelial cells, and hair cells showed the samagation in
individuals aged 30 years. Electropherogram regbowed mtDNA D-loop mutations T16140C transitiord an
transition C16174T same mutation in blood cellsthefial, and individual hairs. Similarly, electiogrogram region
D-loop mtDNA that showed mutations transversion 285C and A16183C, and mutation transition T1618&@es
blood cells, epithelial cells, and hair cells idiwviduals aged 30 years compared to a primary st@@CRS) and a
secondary standard that is derived from a sampknother individual. Additional samples are used ascondary
standard has the same nucleotide positions witlatiadyzed samples mutations. The secondary staislasid to
compare the mutations that occur in the analyzetpkes with mutations that occur in other sampleCigS at the
same nucleotide position.
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Fig 3. Electropherogram D-loop region that indicates a) .mutasi T16140C transition, b). C16174T transition mutations, c). transversion

mutation A16182C and A16183C, and d). T16189C same transition mutation in blood cells, epithelial cells, and hair cellsin individuals
Papua than primary standard (r CRS) and secondary standards

Thus, individuals aged 30 years have five same tioatén blood cells, epithelial cells, and hairlseOne of them
C16189T transition mutation causing poly C wer® alsnilar in blood cells, epithelial cells, and heglls. Poly C
nucleotide sequences showed that the nucleotideeseq further can not be read again with the saime &f

sequencing primer is primer M1. Therefore, do saqung using primer M2 generate the same six mutatio

blood samples and hair Papua human individual.

Meanwhile, eight other individuals have mutationstihe D-loop region the same blood cells, hairsgedind
epithelial cells. Electropherogram D-loop regiorowkd the same T16086C transition mutation in blcets,
epithelial cells, and hair cells in individuals etdthan 40 years compared to a standard primarysendndary
standards are derived from the sample on anotherdual.
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Fig 4. Electropherogram results of sequencing the human Papua in D-loop region that indicates a). T16086C transition mutation,
and b). C16148T trandition mutations, ¢). C16223T transition mutation and d). C16259T same transition mutation in blood cells,
epithelial cells, and hair cellsin the human individual Papua than rCRS asa primary standard and the other sampleisused asa

secondary standard

Similarly, the D-loop region electropherogram shagvithe transition mutation C16259T and C16278T same
blood cells, epithelial cells, and hair cells idlividuals 40 years of age compared with CRS asragpy standard
and the other sample is used as a secondary stlaitlactropherogram D-loop region that shows arrotingtation
on a sample of individuals aged 40 years. Thusyihgials older than 40 years had eight mutationgh@a D-loop
region the same blood cells, epithelial cells, hail cells.

D-loop mutations of different cell samplesfor someindividuals

Electropherogram D-loop region of mtDNA in diffetegells for individuals aged 30 years and 40 yeshiews that
each individual has the same mutation in bloodscelithelial cells, and hair cells. Individualsyars of age have
the same five mutations in blood cells, hair caltsl epithelial cells, one of which T16189C trawsitmutation
causing poly C were also similar in blood cellstlegial cells, and hair cells. Poly C nucleotid®gences showed
that the nucleotide sequence further can not b& again with the same kind of sequencing primesrisier M1.
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Therefore, do sequencing using primer M2 produdedame mutation in blood cells and hair cellsrafividuals
aged 30 years.

Based on the analysis of mutations in blood ceils bair cells of individuals aged 30 years wereusaged with
primer M2, found a mutation that is complementaryAil6189G transition from T16189C transition muiati The
type of mutation that is dominant in both samples wansition mutations, the insertion mutation @B3 same
blood cells and hair. Thus, the D-loop region oDMA has been successfully determined 11 mutatioiants that
showed the same mutation on a sample of blood egits hair cells of individuals aged 30 years. Sinhi

individuals older than 40 years had eight mutationthe D-loop region the same blood cells, epighalells, and
hair cells. Electropherogram D-loop region showwssl 2ame T16086C transition mutation in blood celtsthelial

cells, and hair cells in individuals older than y€ars compared to a primary standard (rCRS) andnslacy
standards are derived from the sample on anotherndiual.

Meanwhile, the D-loop region electropherogram simgwthe same mutation in blood cells and hair aaksfound
in individuals ages 10, 20 and 80 years. Individudl years of age have the same three mutatidsiead cells and
hair cells. Electropherogram region D-loop thatveh@ mutation transition C16147T, an insertionatations at
position 16183C, and one mutation transition T1&18ach showed the same mutation in blood cellshairccells
in individuals aged 10 years compared to a pringaydard (rCRS) and sample another function as@ndary
standard.

One 16183C insertional mutations cause readingeaotitte sequence at CRS sequence one base shiftied lieft,
so the mutation indicated as a deletion mutatioGIBD shifted its readings into T16189C transitiomtation that
causes the nucleotide sequence of poly C. Howéverthree mutations in samples showed the sampd kzells
and hair cells of individuals aged 10 years.

One 16136G insertional mutations cause subseqgeading of the nucleotide sequence in the CRS segquame
base shifted to the left, so the mutation showa #&snsition mutation T16190C shifted its readiimge T16189C
transition mutation that causes the nucleotide esecgl of poly C. However, five mutations in sampééswed
mutations the same blood cells and hair cells dividuals aged 20 years. Meanwhile, seven peoplRagfua 3
shows the same mutation in blood cells and hais.c&lectropherogram region D-loop that showed tinnta
transition C16067T, mutations transition G16129Atation transition T16136C, mutations transition T46C, and
mutations transition C16223T same blood cells amd dells in individuals aged 80 years compared f@imary
standard (CRS) and standard secondary deriveddrather individual samples were used as a secomstiangard.

Table 1. Total mtDNA D-loop mutationsin the samples analyzed on Papuan Populations. M utationswith CRS as standard on twelve
samples comprising cellsfrom blood cells, epithelial cellsand hair cellsfrom fiveindividuals

111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11
Nucleotide 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 16 6 6 6 6 6
positions oo0o1 1 1 1 1 1 1 1 1 11 1 2 227 2 3 3 55
6 8 2 3 3 4 4 4 6 7 8 88 8 251 7 1 91 2
7 6 9 6 6 0 7 8 9 4 2 33 9 309 8 9 9 9 6
rCRS crtGe6G - T T €C C €C C A - AT CCT C G ATG
Blood . . . . . t . . . . .. ¢ ¢ . . . . .o
Hair . . . . . t . . . . . ¢ ¢ . .
Blood . g c a - C . .
Hair . g [« a c . .
Blood . . c t c c c . .
Epithelium . c t c cC [« . .
Hair . c t c cC c . . . .
Blood c . t . .ottt t a g a
Epithelium c . . . . . . . . . .ottt t a g a
Hair . C . . . . . t . . . .o Lottt t a g . a
Blood t . a . c c t c . . . Cc .
Hair t . a . c c t c . . . C

Showed the same mutation G16129A transition indlogls and hair cells of individuals aged 80 yg#is type of
mutation is also found in patients with osteosamdfuang Guo, 2006). Mutation G16129A transitiomtioamed
above are only found in individuals aged 80 yeamaed the same mutation in blood cells and hals.c8imilarly,
electropherogram showing the transition mutatio8271.C and T16519C showed the same mutation in hietsl
and hair cells of individuals aged 80 years. Thugndividuals aged 80 years was found seven martatin the
same blood cells and hair cells.
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The position and type of mutations in blood cetid &air cells of individuals Papua 4 above is thme. Thus, the
nucleotide sequence of the D-loop region of mtDMNAL2 cells were analyzed, with CRS as a standardesth the
same mutation in different individual cells (Talle

In mtDNA mutations are nucleotide differences foumdhe samples compared to standard rCRS bec&is® not
necessarily wild type. The type of mutation thatlaninant on twelve samples from five individuadsai mutation
of transition that the mutation caused by the ckaafypurine bases into purine bases others areirsd@mto
guanine, and or changes of pyrimidine bases intorigine else is thymine be cytosine, or vice ve@@nsversion
mutation is always less than the transition mutatibhis is because the reaction phase transversigation is
longer than the transition mutation.

The results of the analysis determining the nuaeasequence was determined by Sanger dideoxy chétinall
sample of approximately 5,500 bp, has been suadbssibtained. The results of the analysis of natitke
sequences using the program segman DNASTAR withSr@R references show that for three different cadls
blood cells, epithelial cells, and hair cells, idividuals aged 30 years and 40 years, the poséiwh type of
mutation of each individual is same. Meanwhile, leatide sequence analysis of blood cells and healis ©f
individuals aged 10, 20 and 80 years also showpdk#ion and type of mutation that sama.Urutaneatde same
mtDNA D-loop in different cells of each individudlhis is caused because the cells are derived &@ingle egg
that has one type of mtDNA then differentiatediire Iwith the development of the embryo. In the rdetelopment
phase into adult human, this differentiation doetlead to any changes in the nucleotide sequeho&@NA in
hair cells, epithelial, and blood in a single iridival. Thus, all three cell types can be said pyesent the whole cell
types that exist in the human body. Based on thegfing, it can be proposed to use one of the blmdid or
epithelial cells or hair cells in the forensic itiioation purposes. It is based on the findinggho$ study that the
nucleotide sequence of mtDNA D-loop the same omhadle of these cells to a variety of individualshwdifferent
ages [15-19].
CONCLUSION

PCR amplification of the D-loop region of mtDNA &P samples of five different individual, was obshon an
agarose gel as a single band of DNA which is estichd kb. Nucleotide sequence was determined bge3an
dideoxy method for all sample of approximately ®B56p, has been successfully obtained. The restiltheo
analysis of nucleotide sequences using the progegman DNASTAR with rCRS as references show thahfee
different cells, ie blood cells, epithelial celtmyd hair cells, in individuals aged 30 years ang&frs, the position
and type of mutation of each individual is sameéhomology. Meanwhile, nucleotide sequence analysisiand
cells and hair cells of individuals aged 10, 20 &Adyears also shows the position and type of dmeesmutation.
On the basis of the above, it can be proposedemns of the blood cells or epithelial cells orrflls in forensic
purposes because the nucleotide sequence of mtDNFothe same on all three of these cells to d&taof
individuals with different ages. Hopefully, the wéis of this study can be useful to facilitate tkdentification
process in the field of forensics.
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