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Highlights

e Accurate decoding of mitochondrial hypervariable regions can be problematic
due to variable numbers of cytosines in poly C stretches

e Comparison of data is provided generated by Sanger sequencing and
massively parallel sequencing for HVI, HVII and HVII

e Varying designations of bases occurred depending on the software used

e Applying the program SEQ Mapper to MPS data gave the most reliable results
and reported the greatest number of variants



Abstract

Accurate sequencing of the control region of the mitochondrial genome is
notoriously difficult due to the presence of polycytosine bases, termed C-tracts. The
precise number of bases that constitute a C-tract and the bases beyond the poly
cytosines may not be accurately defined when analyzing Sanger sequencing data
separated by capillary electrophoresis. Massively parallel sequencing has the potential
to resolve such poor definition and provides the opportunity to discover variants due
to length heteroplasmy. In this study, the control region of mitochondrial genomes
from 20 samples was sequenced using both standard Sanger methods with separation
by capillary electrophoresis and also using massively parallel DNA sequencing
technology. After comparison of the two sets of generated sequence, with the
exception of the C-tracts where length heteroplasmy was observed, all sequences were
concordant. Sequences of three segments 16184-16193, 303-315 and 568-573 with C-
tracts in HVI, Il and 111 can be clearly defined from the massively parallel sequencing
data using the program SEQ Mapper. Multiple sequence variants were observed in the
length of C-tracts longer than 7 bases. Our report illustrates the accurate designation
of all the length variants leading to heteroplasmy in the control region of the
mitochondrial genome that can be determined by SEQ Mapper based on data
generated by massively parallel DNA sequencing.

Keywords: mitochondrial DNA; control region; length heteroplasmy; C-tract;
massively parallel sequencing; SEQ Mapper; forensic science



1. Introduction

Sequencing of the human mitochondrial control region has been a niche application of
forensic science since the earliest reports [1]. It is particularly used in instances where
there is insufficient DNA for nuclear testing. Well characterised length
polymorphisms occur at nucleotide positions (np) 16184-16193 of the hypervariable
region | (HV1), at 303-315 of HVII, and 456-463, 514-523 and 568-573 of HVIII [2-
5]. With the exception of a length polymorphism at np 514-523, which is due to a CA
repeat polymorphism, all of the other sequence variants are polycytosine stretches (C-
tracts). The C-tracts are classified based on whether the C-tracts are interrupted with a
thymine or whether they are uninterrupted and occur as a string of cytosines. If a C-
tract is not interrupted, or the number of cytosines is typically more than 7 bases, a
phase shift pattern and heteroplasmy may be recorded in the resulting
elctropherogram [6]. This phase shift results in uncertainty in the number of cytosines
and also makes the subsequent DNA sequence difficult to interpret.

Length heteroplasmy within the mtDNA control region has been studied due to
the relationship with a variety of diseases [7,8]. Additional other analytical strategies
for this determination of the length of poly-C tracts have been reported [9-15].
Despite the need for accurate base-calling, this can still be highly problematic.
Although many variants with different length can be detected by massively parallel
sequencing (MPS), the proportions of every variant may still be ambiguous [16].
More recently, our latest study [17] has designed a program called SEQ Mapper to
detect alleles in MPS data, provided that a reference allele sets has been established.
This program provides an opportunity to evaluate MPS data for all the variants at the
C-tracts. In this study we demonstrate the different sequence variants and their
proportions of poly-C length observed after standard Sanger sequencing followed by
separation by capillary electrophoresis (CE) compared to MPS analysis and the
application of the program SEQ Mapper.

2. Materials and methods
2.1 Sample preparation and DNA extraction

Twenty buccal swabs were collected from volunteers with informed consent
after the project had been approved by the Institutional Review Board of National
Taiwan University Hospital. DNA was extracted using the Tissue & Cell Genomic
DNA Purification Kit (GeneMark, Taipei, Taiwan) following the manufacture’s
protocol and quantified using the NanoDrop 2000 spectrophotometer (Thermo Fisher,
DE, USA).
2.2 Control region sequencing by CE

PCR amplification of the whole mtDNA control region was performed using the
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primer pair L15969 (5°-GGACAAATCAGAGAAAAAGTC-3") and H638 (5°-
ACCAAACCTATTTGTTTATGG-3’). Amplification was performed in 20 pL which
contained approximately 1 ng of DNA, 0.5 uM of each primer, Phire Hot Start DNA
Polymerase (Thermo Fisher) and its PCR buffer according to the manufacturer’s
recommendation. PCR amplification was conducted in the Applied Biosystems 2720
Thermal Cycler (Thermo Fisher) at 98 °C for 5 minutes, then 35 cycles of 98 °C for 5
seconds, 57 °C for 5 seconds and 72 °C for 15 seconds, with a final extension at 72 °C
for 2 minutes. PCR products were sequenced using the commercial BigDye™
Terminator Kit (Thermo Fisher). There are 4 sequencing primers, primers L15969,
H638, L16488 (5’-CTGTATCCGACATCTGGTTCC-3’) and H29 (5°-
GTGGTTAATAGGGTGATAGACC-3"). The cycle sequencing products were
separated and detected using an Applied Biosystems 3730 DNA Analyzer (Thermo
Fisher). Sequences were interpreted by the software Sequence Analysis (Thermo
Fisher).
2.3 Mitochondrial DNA Genome sequencing by MPS

Mitochondrial genome (mtGenome) amplification was performed in two
separate reactions using the TaKaRa LA PCR Kit (TaKaRa Bio, Shiga, Japan).
Primers were described previously by Gunnarsdo’ttir et al. [18]. The overlapping two
amplicons are approximately 8.3 and 8.6 kb, respectively. Libraries were prepared
using the Nextera XT DNA Sample Preparation Kit (Illumina, San Diego, CA, USA)
according to the manufacturer’s protocol. DNA quality was measured using the
Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). DNA
quantity was determined using 7500 Real-Time PCR System (Thermo Fisher) with
SYBR Green. Unique indices were added to DNA fragments of each sample. Each
library was normalized for sequencing to 4 nM in the same run on the MiSeq™
(Illumina). Sequencing reactions were carried out using the MiSeq Reagent Nano
v2500-Cycle Kit (Illumina) according to the manufacturer’s protocol.
2.4 MPS data analysis

MPS data were analyzed using the BaseSpace App Guide of the mtDNA Variant

Processor (MVP) v1.0 (Illumina) with a threshold of Q30, analysis threshold of 5 %,
an interpretation threshold of 5 % and a minimum read count of 5 to search for
variants in the mtGenome. Sequences were compared to the revised Cambridge
Reference Sequence (rCRS) [19]. For C-tract regions, SEQ Mapper [17] was used to
search sequence variants and coverages. Reference alleles used in SEQ Mapper, listed
in Table 1, had an extra conserved 1 to 5 bases at both ends. The sequence variants of
C-tracts were edited based on the laboratory database of mtDNA control region in the
Taiwan Han population (350 individuals). Variants in MPS data were recorded with
coverage threshold of 5 % and a minimum read count of 5 detected by SEQ Mapper.

3. Results



The complete mitochondrial genomes of the 20 samples were successfully
sequenced by MPS and compared against the rCRS. Haplotypes based on the whole
genome data are listed in Table S1 (Supplementary Material). Sequences of the entire
control region were also obtained using Sanger sequencing separated by CE.
Comparison of DNA sequence data from both Sanger sequencing and MPS revealed
that with the exception of the C-tracts, where length heteroplasmy was observed, all
20 sequences were concordant; this included all the examples of point heteroplasmy.
An example is sample 1 where a point heteroplasmy at nucleotide position 146 is
observed in the electropherogram, shown in Fig. 1, and also detected by MPS, listed
in Table S1.

It was found that for all 20 samples there was an interruption by a thymine in C-
tracts at np 460 within the region np 456-463 of HVII and no length heteroplasmy
was observed. This region was not therefore the focus of further study. Three
examples of length heteroplasmy were found in C-tracts in HVI at np 16184-16193,
HVII at np 303-315, and HVIII at np 568-573. These three C-tracts where length
heteroplasmy was observed were recorded in electropherograms from the CE data
although the precise length of C-tracts could not be determined. Reads of MPS
interpreted by MPS-MVP were aligned and compared against the relevant position of
the rCRS. As illustrations of length heteroplasmy, examples of the variant call format
(VCF) data generated by MPS-MVP are provided in Table S1 (Supplementary
Material). It remained, however, the case that the length of C-tracts were problematic
to determine easily. Sample 1 exhibits some prime examples at nucleotide position
309, 315, 573 and 16181-16183, listed in Table S2.

Analyses of the same MPS data by the program SEQ Mapper where examples
of length heteroplasmy was observed are shown in Table 2 and where no such
heteroplasmy occurred in Table 3. Results of sequence variants of 20 samples in
polyCl (np 16184-16193), Il (np 303-315) and I11 (np 568-573) interpreted using CE
and SEQ Mapper are shown in Table 4. The coverage and percentage of sequence
variants of 20 samples in polyClI to 111 analyzed by SEQ Mapper are shown in Table 5
to 7 respectively.

4. Discussion

The VCF data (Table S2) obtained from MVP is capable of identifying
nucleotide variants such as point heteroplasmy. Length heteroplasmy can affect the
ability to accurately determine sequence variants due to the presence of multiple of
sequence and length variants. Any such accurate determination of the variants can be
problematic if based only on the VCF data. The application of the program SEQ
mapper was found to resolve the sequence variants of C-tracts in reads of MPS in this
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study.
4.1 PolyCl

Sequences of C-tracts based on CE data were clearly and accurately recorded
when interrupted by thymine in polyCl for 12 samples (No. 2, 5-7, 10-13, 15, 18-20).
Most of these samples detected contained a major and many trace variants as detected
by SEQ Mapper (Table 3 and 5). Since the coverages of all trace variants were below
the interpretation threshold, and as such they were not recorded, with only major
variants being recorded in the data of SEQ Mapper.

In the remaining 8 samples, which were not interrupted by thymine in the C-
tract, a frame shift pattern was observed after the C-tracts. An example is sample 1
(Fig. 2) where there are 10 clear homo-signals for a C from np 16183 followed by 3
hetero-signals of a C and A and/or T at the 11-13™ cytosine of this region. Three
length variants (recorded as Cio, C11and Cizin Table 4) resulted in a frame shift in the
sequences after the C-tract. Based on the VCF data of MPS-MVP, no point and length
heteroplasmies were recorded (np 16183-16193), as shown in Table S2. There are,
however, 12 sequence variants from Ce to C17 detected by MPS-SEQ and are shown
in Table 2. The frequency of occurrence of all the variants created a bell shape from
Ce:1 increasing to C11:525 and decreasing to C17:2. This resulted in many sequence
variants not being observed by CE and MPS-MVP as they were below this threshold,
but were detected by SEQ Mapper. Only sequence variants C1o-13 with both coverage
and frequency above interpretation thresholds were recorded in this study (Table 5).
SEQ Mapper provided details on the length and sequence variants within C-tracts and
their coverage.
3.2 PolyCllI

Although there are C-tracts interrupted by thymine in this study, many samples
still showed length heteroplasmy before the thymine base insert (np 310) based on
CE, MPS-MVP and SEQ Mapper data. For example, in sample 1 there is an
interrupting thymine at np 310. There are 4 hetero-signals of C and T in this region
(Fig. 3). These data suggest that at least 4 sequence variants (Cg, Co, C10 and C11)
existed before np 310 in this sample with Cg as the major variant. The variants in CE
are Cg-11TCs (Table 4). The VCF data of MPS-MVP recorded three instances of point
heteroplasmy, 309.1c, 309.2c and 309.3c, as shown in Table S2. SEQ Mapper
recorded the sequence variants as Cg-10TCe as there are variants CgTCs, CoTCe and
C10TCs all with coverage and frequency above interpretation thresholds respectively
(Table 4 and 6).

In sample 3, close inspection shows that there are still trace cytosine and
thymine signals at np 310 and 311 in Fig. 4, although no length heteroplasmy was
recorded by CE. The VCF data of MPS-MVP also recorded no instances of length
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heteroplasmy (Table S2) although SEQ Mapper recorded the sequence variants as Cy.
gTCs (Table 4 and 6). While trace indication of length heteroplasmy can be evident by
both CE and MPS-MVP, accurate recording of the number of length and sequence
variants can still be problematic except when applying SEQ Mapper.

3.3 PolyClI|

At the polyCllIlI region, 14 of the 20 samples exhibited a 6 base C-tract and no
length heteroplasmy as detected by CE, MPS-MVP and SEQ Mapper. The 6
exceptions were samples 1, 4, 11, 13, 14 and 16 where the C-tract was longer than 6
nucleotides. For example in sample 1, there are 9 homo-signals of C and 4 hetero-
signals of A and C; these are from the 10" to 13" cytosines as viewed from the
reverse direction np 573 (Fig. 5). In this sample a number of sequence variants with
longer than 9 homo-polymer cytosines were observed and recorded as Co.13 by CE,
shown in Table 4. VCF data records a C-tract from np 568 to 573 with 4 inserted
nucleotides (573.1c, 573.2c, 573.3c and 573.4c) (Table S2) underscoring the
complexity of accurately recording the length and number of sequence variants. These
data contrast with SEQ Mapper where 5 sequence variants were detected. Since the
total coverage of Three of these (Co-11) had interpretation thresholds of coverage and
frequency both above 5 and 5% respectively (see Table 4 and 7).

Accurate recording of the 6 bases of C in this region was performed using CE,
but this was not possible for longer than 7 Cs. Both SEQ Mapper and MPS-MVPs
could detect instances of length heteroplasmy but only SEQ Mapper provided the
length, number and coverage of sequence variants.

It may be that some variants present at trace levels as detected by CE may not
be presented in the MPS data and therefore will not be interpreted by MVP and SEQ
Mapper, shown in Table 4. The average coverage for samples that exhibited length
heteroplasmy was 139, compared to 1,524 for samples that did not exhibit any length
heteroplasmy. The relatively low coverage of variants in polyCIIl is most likely the
reason for this discordance.

5. Conclusions

From the 20 samples analyzed, examples of length heteroplasmy caused by
polycytosine stretches were observed in the mtDNA control region found in HVI,
HVII and HVIII. The presence of these variants can be visually identified in sequence
electropherograms generated by CE. It is, however, problematic to accurately
determine the length, number and distribution of sequence variants. Although
sequence data generated by MPS does not produce such an electropherogram, it has
the potential to answer these questions. The MVP and SEQ Mapper software were
used to detect and record the total data in this study. Evidence of point heteroplasmy
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can be easily obtained using MVP even if length heteroplasmy is less straightforward
to interpret. SEQ Mapper applied to MPS data was able to record accurately the
length, number and coverage of sequence variants from these mtDNA samples. The
length and number of sequence variants can be evaluated by the number of homo-
signal at C-tracts and extended hetero-signals from the CE electropherogram after
comparison SEQ Mapper results. SEQ Mapper provided valuable information in the
determination of the length, number and coverage of sequence variants of C-tracts in
the control region of mtDNA.
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Figure legends

Fig. 1. Sequence electropherogram of polyCl in the control region of sample 1.
Arrows indicate point heteroplasmy.

Fig. 2. Sequence electropherogram of polyCl in the control region of sample 1.
Arrows indicate hetero-signals.

Fig. 3. Sequence electropherogram of polyCllI in the control region of sample 1.
Arrows indicate trace hetero-signals of C and T.

Fig. 4. Sequence electropherogram of polyCllI in the control region of sample 3.
Arrows indicate hetero-signals of C and T.

Fig. 5. Sequence electropherogram of polyClIl in the control region of sample 1.
Arrows indicate hetero-signals.
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Fig.1
146
CTGTCTTTGATTCCTGCCYCATCCTATTATTTATCGC!

Fig.2

16183
ACATCAAACCCCCCCCCCCCWGGTTTAAAA

296 310 326
CACCAAACCCCCCccCcccCcYycccceccececscTTYTGEGS G

Fig.3
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Fig.4

296 310 328
CACCAAACCCCCCCTCCCCCCGCTTCTGGC CACC:

ﬂ

LN

I

Fig.5

573
AAAAGCCCCcCccCccccccccCcACA«q
h

12



Table 1 Sequence types of polyCl, 11 and 11l in the mtDNA control region defined in

this study.

Types Sequences Types Sequences
polyCI_C.TC.TC:  CCTCCTCCCC  polyCII_CiTCs CCCCTCCCCCC
polyCI_CsTCs CCCTCCCCCC  polyCII_C/TCs*  CCCCCCCTCCCcC
polyCI_GsTCTCs  CCCTCTCCCC  polyCII_C/TCs CCCCCcerTeccececce
polyCI_CiToCs CCCCTTCCCC  polyCII_CsTCs CCCCCcecTeccecec
polyCI_CsT-Cs CCCCCTTCCC  polyCIH_CsTCs CCCCCcceTeccecce
polyCI_GsTC.TC ~ CCCCCTCCTC  polyCII_GTGA  CCCCCCCCTCCCCCCA
polyCI_CsTCsT CCCCCTCCCT  polyCII_CsTCs CCCCCCCeerTeccecce
polyCI_CsTCs* CCCCCTCCCC  polyCI_CsTCs CCCCCCCeeTeccecc
polyCI_GsTCTC.  CCCCCTCTCC  polyCII_CwTCs  CCCCCCCCCCTCCCCC
polyCI_CTCGsTCs CTCCCTCCCC  polyCII_CuwTCs  CCCCCCCCCCTCCCCCC
polyCl_TC.TC. TCCCCTCCCC  polyCII_Cs-Cis Cs-Cis
polyCl_Cs-Cr Cs-Cir' polyCIII_Ce*-C. Cos-Cr

*Sequence of rCRS.

’6 cytosines were the shortest number and Cs and 17 the longest number observed.
'8 cytosines were the shortest number of Cs and 15 the longest.

'6 cytosines were the shortest number of Cs and 12 the longest.
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Table 2 Searching results generated by SEQ Mapper from the MPS sequence data for
sample 1.

Sequence type Is Reverse*  Count
polyCl_Cs TRUE 1
polyCIl_C~ FALSE 4
polyCl_Cs TRUE 3
polyCl_Cs FALSE 7
polyCl_Co TRUE 35
polyCl_Co FALSE 23
polyCl_Cio TRUE 153
polyCl_Cio FALSE 119
polyCl_Ci1 TRUE 349
polyCl_Ci1 FALSE 176
polyCl_Ci2 TRUE 344
polyCl_Ci2 FALSE 102
polyCl_Ci3 TRUE 165
polyCl_Ci3 FALSE 6
polyCl_Cia TRUE 65
polyCl_Cis TRUE 19
polyCl_Cis TRUE 4
polyCl_Ci7 TRUE 2
polyCll_CsTCs TRUE 29
polyCll_CsTCsA  TRUE 1
polyCll_CoTCs TRUE 55
polyCll_C10TCs TRUE 32
polyCll_C11TCe TRUE 3
polyCIll_Ci3 FALSE 2
polyCIll_Ci4 FALSE 5
polyCIll_Cis FALSE 3
polyCIll_Cis TRUE 3
polyClIll_Cg FALSE 1
polyClIll_Co TRUE 2
polyClIll_Co FALSE 6
polyClll_Cio TRUE 1
polyClll_Cio FALSE 12
polyClll_Ci FALSE 5
polyClll_Ci» FALSE 1

*SEQ Mapper searches both the forward and reverse sequences.
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Table 3 Searching results generated by SEQ Mapper from the MPS sequence data for
sample 2.

Sequence type Is Reverse*  Count
polyCl_CsTC3T TRUE 4200
polyCl_CsTC3T FALSE 4516
polyCl_CsTC4 TRUE 9
polyCl_CsTC4 FALSE 8
polyCIll_C7TCs TRUE 1
polyCll_C+TCs TRUE 60
polyCll_CsTCs FALSE 1
polyCll_CgTCs TRUE 5
polyCll_CsTCs TRUE 1212
polyCIl_CsTCsA  FALSE 1
polyCll_CsTCsA TRUE 1
polyCll_CoTCs TRUE 49
polyCll_C10TCs TRUE 5
polyCll_Cq TRUE 1
polyCll_Cio TRUE 1
polyCll_Ci3 TRUE 3
polyCll_Cis TRUE 8
polyClIl_Cs TRUE 368
polyClIl_Cs FALSE 1270
polyClIl_C; TRUE 1

*SEQ Mapper searches both the forward and reverse sequences
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Table 4 Sequence variants of 20 samples based on the polyCl, 11 and 111 regions of
the mtDNA control region obtained using Sanger sequencing separated by CE and
MPS-SEQ Mapper.

PolyCl PolyCll PolyClll
Samples - MPS. CE MPS CE MPS
SEQ* SEQ* SEQ*
1 Cio12 Ci013 Cs-11TCs Cs-10TCs Co-13 Co-n1
2 CsTCsT CsTCsT CsTCs CsTCs Ce Ce
3 Ci113 Co-13 C7TCs C7-8TCs Ce Ce
4 Ci2-14 Ci0-14 C4TCs C4TCs Cs12 Co-n1
5 CsTCa CsTCa C7-9TCs C7-9TCs Ce Ce
6 CsTCq CsTCa Cs-9TCs Cs-9TCs Ce Ce
7 CsTCa CsTCa C7-sTCs C7-8TCs Ce Ce
8 Co-11 Co-11 Cs-9TCs Cs-9TCs Ce Ce
9 Cio-12 Co-12 C7-9TCe C7-9TCs Ce Ce
10 CsTCq CsTCa Cs-9TCs Cs-9TCs Ce Ce
11 CTC3TCs  CTC3TCa C7TCe C7TCs Cs-11 Csg
12 CsTCa CsTCq Co-10TCs Cs-10TCs Ce Cs
13 CsTCq CsTCa C7-9TCe C7-9TCs Co-12 Cs-10
14 Cio-12 Co-12 Cs-9TCs Cs-9TCs Co-13 Co-11
15 CsTCq CsTCa Cs-9TCs C7-9TCs Ce Ce
16 Ci0-12 Co-12 Cs-9TCs Cs-9TCs Co-12 Cs11
17 Ci113 Ci013 Cs-10TCs Cs-9TCs Ce Ce
18 TC4TCa TC4TCa C7-8TCs C7-8TCs Ce Ce
19 CsTCa CsTCs C7TCs C7TCe Ce Ce
20 CsTCa CsTCa Cs-9TCs Cs-9TCs Cs Cs

*Only sequence variants with coverage and frequency both above 5 and 5%
respectively were recorded.
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Table 5 Coverage counts and percentage of sequence variants of 20 samples based on polyCl in the mtDNA control region obtained using SEQ

Mapper.
Samples 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Variants
3 5 1 3 9 1 3 18 8
polyCL CGIGTC, (0.04) (0.10) ©.11) (0.05) ©021) 0.03) 0.28) 0.10) .19
1 1 1 2
PolyCLGTC: (0.08) ©.11) 0.07) 0.04)
3 4 4 3 2 10 1
polyCLCTCTC: 0.04) ©08) 00 o 0.04) 0.05) 002
3 8 5 5 2 4 1 10
PolyCL T 0.04) 0.16) 0.09) ©.12) 0.07) (0.09) 0.00) 0.05)
2 1 2 2 5
polyCLCTC: 0.03) ©.02) 0.04) 0.05) ©.03)
5 5 3 6 9 7 1
polyCLCTCTC ©.07) (0.10) (0.05) 0.14) 0.20) ©.04) 0.02)
8716 3 4 1 4 8 2 1 3
polyCLCTCT ©9:81) 0.06) (0.06) ©.02) ©.07) 0.19) (0.04) (0.06) ©.07)
pa— 17 1 5240 6733 4970 4 5 5538 47 471 3025 4569 1 4 18755 4304
polytL 0.19) (0.08) (99.56) 99.20) (99.38) (0.4) 037 (99.14) ©51) ©8.91) ©9.25) ©9.07) 0.02) .19 ©9.20) (99.35)
3 1 1 2 6 9 1
polyCLCTCTC: ©.04) 0.02) 0.02) 0.05) 02 0.05) 0.02)
8 6 6 9217 6 1 3 13 2
polyCLCTCTC ©.15) (0.09) .11 (99.48) 0.14) (0.03) 0.07) ©.07) (0.05)
4 6 4 2 1 1 2 24424 7 1
polyCLTCTC: (0.08) (0.09) ©.07) (0.05) (0.03) 0.02) (0.04) (©9.81) (0.04) 0.02)
LG 1 6 3 3 6 7 7 1 1
POy 0.06) ©.27) 0.24) 0.33) 0.45) 0.42) ©.16) 0.30) 0.02)
LG 4 10 1 1 1 6 3 1 8 2 4
poly&LLy 025 (045) (0.08) 0.02) 0.01) (0.66) 022) 0.02) (0.49) (0.04) .11
. 10 19 3 1 2 6 17 66 15 1
POlyELLS 0.63) (0.86) (0.24) 0.01) (.44 (0.45) (1.03) (1.46) (0.41) ©.01)
LG 58 129 19 1 25 100 3 2 1 135 2 593 175 1 11 1
polytLby (3.68) (5.82) (1.50) ©.02) @1.91) (7.45) (0.05) (0.05) (0.03) 8.19) (0.04) (13.14) (4.82) (0.00) 0.06) 0.02)
e m an 113 5 14 6 461 391 1 1 4 5 a3 7 1579 788 1 48 9
polyCL Co (17.25) (21.28) (8.90) 0.01) ©21) 0.12) (51.05) @9.11) (0.20) ©.01) (0.09) (0.16) (28.68) 0.15) (34.98) QLT3) (0.00) (0.25) 0.21)
L C 525 781 257 1 3 111 508 1 3 599 1319 1212 2
polytLin (33.29) (35.21) (20.24) ©.02) (0.04) (12.29) (37.83) ©.02) . (36.33) (29.22) (33.42) ©.01)
L O 446 545 322 36 246 319 743 878
POy (28.28) Q45T) (25359 (3.9 (1832) 19.35) (16.46) (4.21)
T O 171 161 306 2 64 67 158 335
polytL by (10.84) (7.26) (24.09) 022) @.77) (4.06) (3.50) 9.24)
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ACCEPTED MANUSCRIPT

el 6 79 3 12 21 39 179
polyCI_Cu @12 (3.56) (0.33) (0.89) (1.27) (0.86) (4.94)
el 19 15 38 1 1 3 3 2%
polyCLCs 12 068 299 ©.11) 007 ©18) 007 066)
4 1 6 4
polyCL Ce 029) ©0.05) ©047) ©11)
2 2 2
polyCI_Cu 0.13) 0.16) (0.06)
Sum 1577 B 2218 27 5263 6787 5001 903 1343 5586 9265 2217 3048 1649 612 4514 3627 28471 18907 4332

* Within bracket indicates coverage percentage; gray block indicates coverage and frequency both above 5 and 5% respectively.
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Table 6 Coverage counts and percentage of sequence variants based on data from the polyCII in the mtDNA control region from 20 samples

obtained using SEQ Mapper.

Samples
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Variants
2857 1
polyCIL_C/TCs i 09
1 4 | 3 1 5 13
POlyCILCCs 00 (©6D) 0.13) (0.39) 0.18) 01 074
I OO 60 581 ) 3 146 3 30 2 736 48 20 39 75 9 480 1653 2%
PO 445 | (89.11) (G50 Gl4 (135D @18) (525 (GI5 | (9497 1185  G10) | (113 @03 (133)  (1646)  (9413)  (3.82)
R 6 1 2 2 4 1 1 1 1 6
POIyLAL AT 045 (015 ©18) 0200 (037 ©18) 017 0.16) (0.59) ©021)
Cl OO 29 1212 45 936 909 882 648 494 527 2 ) 34 532 473 1439 101 2364 76 606
PO QL8 (®99) (690 8335)  (8921) (8197  (8460)  (8651)  (89.93)  (4.13) (2675  (80.00)  (8248)  (8647)  (7728) (1554  (BLO7) (433  (89.12)
polyCIL_CTC:s 2 1 1 | 1 1 2
A (0.15) 0.10) ©18) (017 025  (0.16) ©0.07)
1 | 1 2 2
polyCIL GTC: ©0.75) 0.64) 005 03D 0.29)
Cl OTC 55 49 5 111 ) 35 68 31 30 ) 28 7% 31 262 295 45 5 40
Polyt-AL @135 66 07D ©88) (608 (32 (88 (54 (1Y) (586) (69D (147 67 (1407  (4538)  (ILSH (028 (589
1
polyCII_CiTCs 0.15)
ClL O 3 5 1 7 8 8 3 21 1 6 2 46 210 1 3
pbCILCAC: | opia 03 015) 06) 079 (1.04) 0.51) 1338 (025 (093 (03D Q4D (23D (0.03) (0.44)
polyCIL_CiTC
3 1 5 17
polyCIL_CuTCs 226) 0.64) 0.27) (2.62)
1
polyCII_Cs 0.09)
1 1
POlyCIL G 0.07) 0.15)
1 1 1 2 1
POlyCILCo 0.07) 0.03) 0.05) 031 (0.06)
13 2 4 1 1
polyCILCu (0.45) 0.35) ©2) 015 (003
I O 2 2 1 1 1 3 4 1 2 2 1
PO ©3) 00D 0100 009 (013 047 ©2) 015 007  ©1) (015
I G 2 3 1 2 1 1 5 2 1 7 3 2 2
DolytAL e 5 02 015 00D 0100 009 (065 (035 018 (038 046 00D  ©.1D
polyCIL_C 5 6 2 1 1 3 7 3 2 5 4 5 1 3
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(3.76) 0.92) 0.07) (0.09) (0.10) 0.28) (1.23) 0.39) (0.49) 0.78) 0.21) 0.77) (0.03) 0.17)

S CIL G 6 8 5 7 3 2 3 3 3 2 1 1 3 3 3 7 1 2
PO @5 059 7D 024 02D (0200 (028 (039 (05 034 (013 025 04D ©16) 046 024 006 029
Sum 133 1348 652 2884 1123 1019 1076 766 571 586 775 157 405 645 547 1862 650 2916 1756 680)

* Within bracket indicates coverage percentage; gray block indicates coverage and frequency both above 5 and 5% respectively.
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Table 7 Coverage counts and percentage of sequence variants based on data from the polyCIII in the mtDNA control region from 20 samples
obtained using SEQ Mapper.

Samples
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Variants
815 1574 360 1042 3341
1638 1306 1863 895 684 912 082 2501 1099

polyCHLC: (99.94) (100'0(; (100'0(; ©92)  (99.95) (100'0(; (100'02 (99.89) 99.42) 99.78) 99.83) “00'02 @988 (99.82)
SIyCIT C 1 1 1 1 14 4 1 2 1 3 3 2
e (0.06) (0.08) (0.05) 0.11) (3.88) 0.58) (1.45) 0.22) (0.34) 0.13) 0.12) (0.18)
olyCIT C 1 2 254 10 1 26 1
DOy (3.57) (5.56) (70.36) (14.49) (1.96) (8.93) 0.04)
Ol G 8 5 76 30 2 135
Doyt (28.57) (13.89) (21.05) (43.48) (41.18) (46.39)
Ol C 13 19 13 25 19 99
PO (46.43) (52.78) (3.60) (3623)  (37.25) (34.02)

5 8 4 2 9 27
polyCILCu (17.86) @2.22) .11 Q90 (1765 ©9.28)

1 2 1 1 3
polyCIILCe (.57 (5.56) 145 (1.96) (1.03)
Sum 28 1639 815 36 1574 1307 1864 1369 1042 896 361 688 69 51 914 291 2286 3341 2504 1101

* Within bracket indicates coverage percentage; gray block indicates coverage and frequency both above 5 and 5% respectively.
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