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ABSTRACT 
 
 Analysis of mutation and heteroplasmy in the normal human population and is associated with 
mitochondrial disease have been studied. The aims of this study was to determine the cause of heteroplasmy that 
is not successful determination of the nucleotide sequence of the D-loop HVS1 region with poly-C sequence by 
direct sequencing. Determination of the nucleotide sequence of the D-loop sequencing performed successfully 
when after going through the process of cloning. The research was conducted on isolates Timika and Wamena, 
the individuals of tribes in the central highlands province of Papua, Indonesia. Determination of the nucleotide 
sequence of the recombinant DNA clones on some isolates HVS1 D-loop of several samples that have a poly-C 
sequence using the Sanger dideoxy method. In this research has been obtained HVS1 mtDN sequences derived 
from three clone Mimika and two clone isolates. Nucleotide sequence analysis showed a series of poly-C is 
caused by mutations T16189C. Length variation of poly-C sequence in isolates of the same sample showed 
subpopulation of mtDNA in certain isolates. This phenomenon is strongly suspected the cause of unreadable 
sequence of human mtDNA HVS1 region containing the poly-C by direct sequencing. These results occur 
because of several distinct subpopulation within a sample, which causes the detector sequencing receiver two 
different fluorescent signals in the same position. Signal difference is due to the shift due to differences in 
nucleotide base sequence length poly-C. 
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Introduction 
 
 Mitochondria have their own genome contained in the matrix and the mitochondrial genetic system 
different from the nuclear genome (Anderson et al., 1981). Mitochondrial DNA (mtDNA) is circular and 
unique, unlike nuclear DNA because mtDNA is inherited through the maternal lineage. Egg cells has a high 
number of mtDNA copies (≥ 105), while the sperm cells have a low number of copies of mtDNA (100-150) and 
there on the tail. At the time of egg fertilization, the sperm tail removed so that only a little or almost no mtDNA 
into the egg cell. Because recombinant does not occur, then the mtDNA is haploid, derived from the mother to 
the next generation (Tonska et al., 2002).  
 MtDNA size of 16,569 base pairs (bp), which consist of 37 genes coding for two rRNAs, 22 tRNAs, and 13 
polypeptides that are subunits of enzyme complexes involved in oxidative phosphorylation reaction. In addition 
to the coding regions of genes, mtDNA has a control region that is not code for proteins (noncoding region), 
1122 bp in size, ranging from nucleotides 16024 to 576. Regions that do not encode a protein consisting of 
regions with high variation, known as the displacement loop (D-loop). D-loop region consist of two regions, 
namely hypervariable segment I (HVS1) at nucleotides 16024-16383 and hypervariable segment I (HVS1) at 
nucleotides 57-372. Complete mtDNA sequences were first determined in 1981 by Anderson and his colleagues 
and called the Cambridge reference sequence (CRS) (Anderson et al., 1981; Tully et al., 2000). 
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 MtDNA is also unique and different from nuclear DNA because it has a high mutation rate, which is about 
5-10 time the nuclear DNA. This is because mtDNA does not have a repair mechanism, does not have a 
protective histone proteins, and has a high content of free radicals (Wallace et al., 1992; Ngili et al., 2012). 
MtDNA mutation rate is high, especially in the HVS1 and HVS2, causing polymorphisms or variations of the 
base and can be used to distinguish one individual to another. Therefore, the identification process by 
determining nucleotide sequence of the HVS1 and HVS2 region very important. 
 Based on sequence analysis of human mtDNA HVS1 region acquired several mutations that can be used to 
divide the population, one of which is the T16189C mutation, which divided the population into two parts with 
percentage of T:C= 83%:17%. However, the T16189C mutation also produces a series of poly-cytosine (Poly-
C) which led to the determination of the sequence by direct sequencing can not be complete because it does not 
read the sequence after sequence. The failure to direct sequencing and sequencing success after cloning process 
is expected due to the phenomenon of heteroplasmy (Bendal and Sykes, 1995; Cavalier et al., 2000; 
Grzybowski, 2000; Malik et al., 2002). 
 Every eukaryotic cell contains hundreds or even thousands of copies of mtDNA. Mutations can occur in all 
copies of mtDNA or only in some copies. If a mutation occurs in all copies of mtDNA in a cell, then the 
condition is called homoplasmy, but if there is mixing more than one type of mtDNA in the cell (there is a 
subpopulation of mtDNA), then this condition called heteroplasmy (Manfredi et al., 1997). Heteroplasmy in 
mtDNA sequences present in the form of a difference at a particular position or length variation due to 
insertions or deletions (Malik et al., 2002). Heteroplasmy can be detected in various tissues, including bone, 
brain, liver, muscle, hair, and blood. On one individual, heteroplasmy can occur in one or more tissues (Tully et 
al., 2000; Richter, 1988). This study aims to test the hypothesis that heteroplasmy is not the cause of the success 
of the HVS1 sequence determination of an individual who has a poly-C sequence by direct sequencing and 
sequencing works when performed after cloning. Therefore, determined the sequence of recombinant DNA 
clone HVS1 some isolates that have a poly-C sequencing using the Sanger dideoxy methods. 
 
Materials and Methods 
 
 The research was conducted in five stages, which include screening of recombinant clones, plasmid DNA 
isolation, restriction plasmid DNA isolation, determining the order of 0.4 kb fragment of human mtDNA HVS1 
region, and nucleotide sequence analysis of the results of sequencing the human mtDNA HVS1. 
 
Screening of recombinant clones: 
 
 White colonies in the two samples in glycerol stock consisting of Mimika and Wamena isolates. Mimika 
isolates by the number of white colonies by 10, where isolates Wamena by the number of white colonies as 
much as 2. The process of screening for white colonies were conducted to see whether bacteria containing the 
plasmid DNA carring the desired inserts or not. Isolates were then grown back on the luria bertani medium (LB) 
sterile solid (bacto-tripton 1% (b/v), bacto-yeast extract (difco Lab) 0,5% (b/v), NaCl (Merck) 1% (b/v), and 
bacto-agar (difco lab) 1,5% (b/v)) containing 100 μg/mL antibiotic ampicilin (Merck). Incubation was 
performed for 16-18 hour at 37 0C in incubator (Fisher Scientifico). Single colony was then transferred into 
sterile solid LBA medium containing 50 μL 5-bromo-4-chloro-3-indolyl-β-D-galactoside (X-gal) (Amersham 
Life Science) 20 mg/mL and 100 μL isopropylthio-β-D-galactoside (IPTG) (Amersham Life Science) 100 mM 
and incubated at 37 0C for 16-18 h. 
 
Plasmid DNA Isolation: 
 
 Isolation of recombinant plasmids carried out using a modified method of Maniatis (Noer et al., 1991) and 
the procedure of making the solution used at this stage refers to the method of Sambrook (Sambrook et al., 
1989). Isolation begins with the replanting of white colonies from LBA+X-gal+IPTG medium in sterile liquid 
LB medium (bacto-tripton (Difco Lab) 1% (b/v), bakto-yeast extract (Difco Lab) 0,5% (b/v), NaCl (Merck) 1% 
(b/v), and aquades) containing ampicilin 100 100 μg/mL. Cultured in liquid media were incubated for 16-18 h 
(overnight culture) at temp 37 0C in shaking incubator (Thermolyne) with a speed of 150 rpm. Then, 1.5 mL of 
overnight culture was transferred aseptically in a laminar flow (Oliphant) to the microtube (eppendorf) and 
centrifuged (Centrifuge 5415C-Eppendorf) at speed 12000 g at 25 0C for 30 seconds. 
 Supernatant was discarded and the pellet of cells obtained in suspension in 500 μL STE buffer (Merck: 
NaCl 0,1 M; Tris-Cl 10 mM pH 8,0; and EDTA 1 mM pH 8,0), homogenized with a vortex Genie 2 models 
(Scientific Industries), then centrifuged at 10.000 g at 25 0C for 30 sec. Supernatant was discarded, while the 
pellet obtained added 300 μL  A solution (lysozyme (Roche Applied Science) of 100 mg dissolved in 20 mL of 
solution I, which consists of glucose (Merck) 50 mM, Tris-Cl (Merck) 25 mM pH 8,0, and EDTA (Merck) 10 
mM pH 8,0, then added 20 mL NaOH (Merck) 0,4 N, 20 mL SDS (Sigma) 2% (b/v), and distilled water until the 
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volume is exactly 90 mL). Resuspension pellets in A solution with a pipette up and down until a homogeneous 
solution and let stand for 4 min. 
 
Analysis of the plasmid isolation: 
 
 Conducted the successful isolation of plasmid can be determined through analysis by agarose gel 
electrophoresis. Concentrations of agarose gel used was 1% (b/v). Solution of ethidium bromide-containing 
agarose was poured into a mold which has a gel comb, which serves as forming a row of well in the gel and 
allowed to freeze. Agarose gel that had been frozen in the mold, placed in a mini tool subTM electrophoresis cell 
(Biorad) containing 1x TAE buffer, which serves as conductor of electric current media. In addition to plasmid 
DNA, DNA λ markers are co-electrophoresed which has been cut with HindIII restriction enzyme (Amersham 
Life Science) produces DNA fragments with a size of 23130 bp, 9416 bp, 6557 bp, 4361 bp, 2322 bp, 2027 bp, 
564 bp, and 125 bp. Marker λ/HindIII serves as a standard to determine the size of the DNA. Electrophoresis is 
performed at a voltage of 75 volt for 1 hour. DNA electrophoresis results seen visually using ultraviolet lights 
TS-312A (Spectroline) model and documented using a digital camera Olympus Camedia x-250 models. 
Concentration of plasmid DNA isolation results can be estimated by comparing the intensity of the band 
intensity of the band with marker λ/HindIII in agarose gel. 
 
The isolation of plasmid DNA restriction: 
 
 Plasmid DNA isolation results can not be determined because the size is still circular. So that its size can be 
determined, the plasmid must be linear first, by cut via restriction enzyme. In this study used restriction enzyme 
PstI, which has the recognition site of CTGCA/G is containing in the vector pGEM but not the 0.4 kb fragment 
of human mtDNA HVS1 region. One unit of enzyme activity is defined as the amount of enzyme Pst1 needed to 
cut 1 μg DNA λ for 1 hour at 37 0C in total volume 25 μL in the cutting buffer (buffer H). 
 
Nucleotide sequencing and sequence analysis of mtDNA: 
 
 Sequencing plasmid isolation results to determine the sequence of human mtDNA HVS1 performed by 
Macrogen, Seoul, South Korea, using SP6 reverse primer that is 18 nucleotides with the sequence 5’-
ATTTAGGTGACACTATAG-3’. Sequencing was performed by Macrogen using Sanger dideoxy method and 
follow the procedures BigDyeTM Terminator. The product was purified using ethanol precipitation methods. 
Nucleotide sequence is read automatically using Automatic Sequencer Automatic Sequencer 3730xl instrument. 
The data obtained electrophoregram in the form of ab1 file, where each base is shown by different colors. The 
results of sequencing of the nucleotide sequence of human mtDNA HVS1 region measuring approximately 0.4 
kb were analyzed using the program DNAstar Seqman (DNASTAR, 1997; Qiagen, 1995; Ngili et al., 2012). 
Nucleotide sequence of each clone compared to the CRS to see any mutations. Meanwhile, to test the hypothesis 
of the occurrence of the phenomenon of heteroplasmy, the nucleotide sequence of clones derived from one 
sample (one individual) is compared against each other. 
 
Results and Discussion 
 
Screening of recombinant clones: 
 
 Stage of screening is done to see whether the two clones of the Timika dan Wamena samples, stored in 
glycerol stock containing plasmid DNA inserts carrying mtDNA HVS1 regions along 0.4 kb. Plasmid vectors 
used were pGEM-T (Fig.1). Vector pGEM-T has several genes that are important for the screening process, 
including the ampicillin resistance gene (Ampr) which encodes β-lactamase (Tully et al., 2000; Tonska et al., 
2002). This enzyme will degrade ampicillin so that bacteria carrying plasmid pGEM-T can be grown on media 
containing ampicillin. Another important gene is the lacZ gene which encodes β-gelactosidase. LacZ gene was 
induced by IPTG compounds (isopropylthio-β-D-galactoside). β-galactosidase enzyme can react with X-gal (5-
bromo-4-chloro-3-indolyl-β-D-galactoside), is a colorless compound, to produce 5-bromo-4-chloroindigo is 
blue, so if the bacteria carrying plamids were grown on media containing IPTG and X-gal would form blue 
colonies. Insertion of the human mtDNA HVS1 region along the 0.4 kb lacZ gene causes β-galactosidase is not 
expressed, so that the bacteria are grown on media containing IPTG and X-gal colony will form white and not 
blue. Insertion of the human mtDNA HVS1 region along the 0.4 kb in lacZ gene caused no expression β-
galactosidase, so that the bacteria are grown on media containing IPTG and X-gal colony will form white and 
not blue. After that, each sample Timika and Wamena clones were grown on LBA media containing IPTG and 
X-gal. Ten clones Mimika and two clones Mimika sample formed white colonies, while the other clones 
Wamena sample form blue colonies. 
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Fig. 1: pGEM-T vector. This vector has the genes that are important for the screening process, including the 

ampicillin resistance gen (Ampr) and the lacZ gene which encodes β-galactosidase. MtDNA HVS1 
regions along 0.4 kb inserted at lacZ gene (Qiagen, 1995).  

 
Isolation of plasmid DNA: 
 
 Isolation of plasmid DNA performed using a modified method of Maniatis (Noer et al., 1991) to see if the 
white colonies carrying DNA inserts appropriate or not. From this, bacterial cell lysis prior to use a cell lysis 
solution. Lysozyme contained in the solution will destroy the bacterial cell wall. SDS (sodium dodecyl sulphate) 
will dissolve the cell membrane and protein denaturation. Presence of NaOH in the solution helps the cell lysis 
and protein denaturation causes two strands in non-supercoiled DNA (linear fragments of chromosomal DNA) 
can be separated and removed from the solution. Solution III is added later containing CH3COOH which will 
neutralize the alkaline conditions because of NaOH and K+ causes the SDS, which is associated with membrane 
proteins and fragments, to settle. Centrifugation will remove the cell components that can be obtained by 
plasmid DNA. Success or failure is permormed plasmid isolation can be determine by analysis using agarose gel 
electrophoresis of 1% (b/v) with marker λ/HindIII. The results of agarose gel electrophoresis is shown in Fig. 2. 
       
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: The results of plasmid isolation with the modified method of Maniatis. Lane 2 and 8 are not carrying 

plasmid DNA inserts (blue colonies). Lanes 3-7 were isolated from the plasmid clones Mimika 1,2,3,4 
and 5, respectively. The existence of multiple bands suggests that the plasmid isolation was done. 
Standard used is DNA λ that cut with restriction enzymes HindIII produces fragments sized 23130, 
9416, 6557, 4361, 2322, 2027, 564, 125 bp as shown in lane 1. 

 
 Plasmid isolation results produced several bands on gel electrophoresis as shown in Fig. 2. The emergence 
of multiple bands indicated plasmid isolation was successful because of the band represent some of the 
conformational mobility of plasmids in agarose gel is different. It is a circular superhelical conformation, nicked 
circular, and linear. Circular plasmid with a superhelical conformation has the highest mobility due to its small 
and compact, followed by plasmid with linear conformation, and the lowest mobility is a plasmid with nicked 
circular conformation. Plasmid isolation results can not be determined through comparison with the size marker 
λ/HindIII because of the still circular. In order to set its size, plasmid linearized first by cut through the 
restriction enzyme PstI. PstI enzyme recognize the sequence CTGCA/G is contained in the pGEM vector and 
not the 0.4 kb fragment of mtDNA HVS1 regions. Cutting results were analyzed by electrophoresis agarose gel 
1% (b/v) using the marker λ/HindIII as shown in Fig. 3. 

  6557 pb 
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  2322 pb 
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  4361 pb 

  9416 pb 

1       2      3     4      5       6      7      8 
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Fig. 3: The results of the plasmid with restriction enzyme PstI. Lanes 2 and 6 are samples Mimika 1,2, and 3, 

respectively, before being cut by the enzyme PstI. Lane 3,5, and 7 are respectively Mimika Sample 1,2, 
and 3, after the cut by PstI enzyme. Standard used is DNA λ that cut by restriction enzymes HindIII 
produces fragments size 23130, 9416, 6557, 4361, 2322, 2027, 564, 125 bp as shown in line 1. 

 
 After being cut with PstI enzyme, obtained one band on gel electrophoresis. This shows that the restriction 
is successful. Obtained the band lies in between bands 4 and 5 marker λ/HindIII size 4364 and 2322 bp. Plasmid 
bands Mimika samples 2 and 3 parallel to the Mimika 1, which is a sample that has been khown to carry DNA 
insert of mtDNA HVS1 regions along 0.4 kb, so it can be seen that the size of the Mimika 2 and 3 is equal to 
Mimika 1 is 3.4 kb. 
 
DNA sequencing of plasmid: 
 
 Plasmid DNA that had been believed to be carrying insertions of mtDNA HVS1 region along 0.4 kb 
sequence is then determined by the Sanger dideoxy method. Plasmid pGEM-T has complete the recognition site 
of universal forward primers T7 and reverse primers SP6 (Fig. 4). Sequencing reaction was performed by 
Macrogen, South Korea, using SP6 reverse primer is 18 nucleotide with the sequence 5’-
ATTTAGGTGACACTATAG-3’. The principle of sequencing reactions with the dideoxy method of Sanger is 
the termination of DNA polymerase by the addition of dideoxynucleotide triphosphate (ddNTP), which lost the 
hydroxy group on carbon 3’ of the ribose sugar. The loss of this hydroxyl group causes the DNA polymerase 
can not form a phosphodiester bond between the ddNTP to dNTP before DNA chain extension by DNA 
polymerase stopped (Chen et al., 1995; Chomyn, 1998; Coskun et al., 2003). 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Recombinant DNA. pGEM-T plasmid size of 3.0 kb of DNA has brought the size of 0.4 kb mtDNA 

HVS1 in order to obtain recombinant DNA 3.4 kb in size. 
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Human D-loop HVS1 region (0.4 kb) 
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Sequence analysis of the mtDNA HVS1: 
 
 Analysis of the sequence of human mtDNA HVS1 performed by comparing the sequence of each clone to 
the CRS, sample analysis can be seen at the position of 16184-16193, CRS has a standard sequence consisting 
of nine C and one T. Substitution mutation of T to C at position 16189 has been found and can divide the 
population into two parts, 83% and 17%, respectively for population of T and C. These mutation also cause the 
formation of poly-C sequence along the 10C. The results of comparison of the sequence of each clone samples 
Mimika (Mimika 1,2, and 3) of CRS showed this mutation T16189C. The existence of a C insertion at position 
between 16184 and 16193 for Mimika clones 2 and 3 as well as two C insertion at the same position for clones 
Mimika 1 extended series of poly-C is formed to be 11C and 12C for each. Comparison of sample sequences 
Mimika with CRS are shown in Table 1. The results of sequence comparisons between these clones showed a 
variation of the length heteroplasmy series of poly-C, which is 11C for Mimika clones 2 and 3, and 12C for 
Mimika clone 1 (Table 1). Comparison electrophoregram each clone Mimika and CRS shown in Fig. 5. 
 
Table 1: Comparison of the Mimika sample nucleotide sequence of the CRS. Three of clone of Mimika had a mutation T16189C and 

insertion at position between 16184 and 16193 of the CRS. The number of insertion of different length poly-C produces 11C for 
Mimika 2 dan Mimika 3 and 12C for Mimika 1. The existence of subpopulation in the sample Mimika known as heteroplasmy. 

Nucleotides position CRSa M1b M2c M3d 

16184 C . . . 
16185 C . . . 
16186 C . . . 
16187 C . . . 
16188 C . . . 
16189 T C C C 
16190 C . . . 
16191 C . . . 
16192 C . . . 
16193 C . . . 
16193 Ins+1 . C C C 
16193 Ins+2 . C . . 

a Cambridge Reference Sequence (CRS) (Anderson at al., 1981). 
b,c,d Consecutive sequence, Mimika 1, 2, and 3 
 
 
 
 
 
 
 
 
 
 
 
 
     
      
  
 
 
 
 
 
 
Fig. 5: Series of poly-C each clones on Mimika samples. Comparison each Mimika clone of CRS showed a 

mutation T16189C. Mimika clone 2 and 3 have insertion while Mimika 3 have 2C at positions between 
16184 and 16193 produced a series of poly-C along the 11C and 12C. 

 
 Analysis of the nucleotide sequence of clone Wamena as follows. CRS standard at position 16182-16193 
has a sequence consisting of two A, nine C, and one T. As already mentioned above, the T16189C mutation 
causes the formation of poly-C sequence along 10C. Wamena samples, this series was extended to 12C in the 
presence of mutation A16182C and A16183C (Table 1). Wamena clone sequencing results, suggesting the 
existence of other mutations in addition to the mutations mentioned above, the insertion of three C insertion at 
position between 16182 and 16193 produces a series of poly-C with the length 15C. Length variation of poly-C 
sequence of two clone showed that the Wamena sample also had heteroplasmy. Comparison of 
electrophoregram at each Wamena sample with CRS shown in Fig. 6. 

Mimika 1 

Mimika 2 

CRS 

Mimika 3 
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Table 2: Comparison of nucleotide sequence of Wamena and CRS. Both Wamena clones have mutations A16182C, A16183C, and 
T16189C. Wamena clone 2 has insertion 3C at position 16182 and 16193, while clone Wamena 1 not, so long poly-C are 
different to each 15C and 12C. 

Nucleotides position CRSa W1b W2c 

16182 A C C 
16183 A C C 
16184 C . . 
16185 C . . 
16186 C . . 
16187 C . . 
16188 C . . 
16189 T C C 
16190 C . . 
16191 C . . 
16192 C . . 
16193 C . . 
16193 Ins+1 . . C 
16193 Ins+2 . . C 
16193 Ins+3 . . C 

a Cambridge Reference Sequence (CRS), (Anderson at al., 1981) 
b,c Consecutive sequence, Wamena 1 and 2 
 
 The existence of a subpopulation of mtDNA in certain individuals, known as heteroplasmy, as shown in the 
two samples that analyzed strongly suspect is the cause of the nucleotide sequence can not be read after the 
series of poly-C by direct sequencing. Mixture of different subpopulations of sequencing is thought to cause the 
detector to receive the two fluorescent signals are also different in the same position of mtDNAs. This 
difference occurs because the shift of the signal due to the different base sequence length poly-C, as shown in 
Table 3. Two different fluorescent signals are detected in the form of a band of electrophoregram not sharp, 
overlapping and very low density. Cloning could solve this problem because each clone is sequenced consists of 
only one particular mtDNA population. 
 
 
 
 
       
 
 
 
 
 
Fig. 6: Series of poly-C per clone in Wamena samples. Comparison of each clone of Wamena samples to CRS 

showed mutations A16182C, A16183C, and T16189C. Length series of poly-C of Wamena 1 and 
Wamena 2 is different, each 12C and 15C, as in isolate Wamena 2 contained insertions at the position 
of 3C between 16182 and 16193. 

 
Table 3: Comparison of length variation series of poly-C in samples Mimika and Wamena. The existence of heteroplasmy cause sequencing 

detector receive two different fluorescent signals in same position of mtDNA sequences, so that the sequence after the poly-C can 
no longer be determined by direct sequencing. 

Nucleotides position CRS M1 M2 M3 W1 W2 
16182 A C C C C C 
16183 A C C C C C 
16184 C . . . . . 
16185 C . . . . . 
16186 C . . . . . 
16187 C . . . . . 
16188 C . . . . . 
16189 T C C C C C 
16190 C . . . . . 
16191 C . . . . . 
16192 C . . . . . 
16193 C . . . . . 
16193 Ins+1 . C C C . C 
16193 Ins+2 . C . . . C 
16193 Ins+3 . . . . . C 

M = Mimika isolates 
W= Wamena isolates 
 

Wamena 1 

CRS 

Wamena 2 
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 Heteroplasmy in both samples can be detected because of the different subpopulations present in an amount 
proportionate. If one of the populations are very dominant over another, then the suspected heteroplasmy would 
not detected because the sequenced fragments to be read are dominant population only. To further prove this 
sequencing clones that represent a mixture of different subpopulation with varying composition. Another thing 
that supports this statement is a case of heteroplasmy in the mtDNA coding region. Because this region encodes 
amino acids, the change in the form of a single base substitution can change the sequence of amino acids that 
can causes disease. But if the population of mtDNA without the mutation is much more dominant, the disease 
was not detected in these individuals. 
 
INSDC nucleotide sequence accession numbers: 
 
 Nucleotide sequences analysis found in this study have been deposited to GenBank (National Center for 
Biotechnology Information/NCBI) under accession numbers: FN256288 dan AB492279-AB492281. 
 
Conclusion: 
 
 In this research has been obtained HVS1 mtDNA region sequences derived from samples of the three 
Mimika clones and two clones Wamena. Nucleotide sequence analysis indicated a series of poly-C is caused by 
a mutation T16189C. Length variation of poly-C series on the sample samples showed a subpopulation of 
mtDNA in certain individuals, which is also known heteroplasmy. This phenomenon is strongly suspected the 
cause not read spectrum of mtDNA sequence in HVS1 D-loop region that containing the poly-C by direct 
sequencing. It is thought to occur because of several distint subpopulations within a sample, which causes the 
detector sequencing receiving two different fluorescent signals in the same position. This difference occurs 
because the shift of the signal due to the different base sequence length poly-C. This has opened the opportunity 
to do further research on the relationship between not read HVS1 mtDNA sequence containing the poly-C by 
direct sequencing with a variety of different subpopulation composition. 
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