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Multiplexed Microsphere Suspension-Array Assay for
Urine Mitochondrial DNA Typing by C-Stretch Length in
Hypervariable Regions

Kimiko Aoki® " ¢, Hiroyuki Tanaka?, Takashi Kawahara®

Abstract

Background: The standard method for personal identification and
verification of urine samples in doping control is short tandem repeat
(STR) analysis using nuclear DNA (nDNA). The DNA concentration
of urine is very low and decreases under most conditions used for
sample storage; therefore, the amount of DNA from cryopreserved
urine samples may be insufficient for STR analysis. We aimed to es-
tablish a multiplexed assay for urine mitochondrial DNA typing con-
taining only trace amounts of DNA, particularly for Japanese popula-
tions.

Methods: A multiplexed suspension-array assay using oligo-tagged
microspheres (Luminex MagPlex-TAG) was developed to measure
C-stretch length in hypervariable region 1 (HV1) and 2 (HV2), five
single nucleotide polymorphisms (SNPs), and one polymorphic indel.
Based on these SNPs and the indel, the Japanese population can be
classified into five major haplogroups (D4, B, M7a, A, DS5). The as-
say was applied to DNA samples from urine cryopreserved for 1 - 1.5
years (n = 63) and fresh blood (n = 150).

Results: The assay with blood DNA enabled Japanese subjects to be
categorized into 62 types, exhibiting a discriminatory power of 0.960.
The detection limit for cryopreserved urine was 0.005 ng of nDNA.
Profiling of blood and urine pairs revealed that 5 of 63 pairs showed
different C-stretch patterns in HV1 or HV2.

Conclusions: The assay described here yields valuable information
in terms of the verification of urine sample sources employing only
trace amounts of recovered DNA. However, blood cannot be used as
a reference sample.
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Introduction

Urine samples collected via noninvasive methods are widely
used in regulation, control, and monitoring of doping and are
cryopreserved for a maximum of 10 years for re-examination.
When substitution or manipulation of a urine sample is sus-
pected, the standard method for personal identification and
verification of urine samples in doping control is short tandem
repeat (STR) analysis using nuclear DNA (nDNA) [1-5]. Urine
nDNA concentration is very low and inconsistent [6-11] and
decreases under most conditions used for sample preservation
[7-13]. The success rate of STR analysis using 10 mL of un-
processed urine samples cryopreserved for 1 - 1.5 years has
been reported to be < 100% [14]. Therefore, a simple assay
exhibiting enhanced analytical sensitivity with trace amounts
of nDNA has been concluded to be required in doping control.

Mitochondrial DNA (mtDNA) represents an advantageous
target for personal identification and verification through its
significantly elevated cellular copy number (100 - 1,000-fold
compared with a single diploid representation of nDNA, which
enables measurements even after prolonged storage). How-
ever, one disadvantage of mtDNA analysis is the greatly di-
minished inter-individual discriminatory capacity due to the
maternal mode of inheritance.

The major haplogroups of the mtDNA characteristics of Jap-
anese subjects were reported to be D4, B, M7a, A, and D5 [15],
which can be classified by the assessment of five single nucleo-
tide polymorphisms (SNPs; 3010G>A, 4386T>C, 5178C>A,
8794C>T, and 10397A>G) and one deletion (8272C>del) [16].
C-stretch length mutation was observed with a high frequency in
the hypervariable regions, 16184-16193 (HVIC) and 303-315
(HV2C), of the mtDNA control region [17, 18]. Different HV2C
profiles were observed, as a result of not following maternal in-
heritance, between mother and child [19-21], among siblings
[22, 23], and among various tissues, including hair shafts from
the same individual [24-27]. HV1C and HV2C mutants in cervi-
cal cells have been reported to be stable for 10 - 20 years in a
longitudinal retrospective study [28].

Suspension-array technology (Luminex xMAP) [29] has
been applied to a simultaneous detection method of various
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Table 1. PCR Primer Sequences

Target Forward Reverse A.mplicon
Position Sequence (5’ to 3’) Position Sequence (5 to 3') size (bp)
SNP and deletion [30]
3010G>A 2698 AGAGGCGGGCATAACACAGCA 3066 GATCACGTAGGACTTTAATCGTTGA 369
4386T>C 4344 TCGAACCCATCCCTGAGAATCC 4577 GTTTATTTCTAGGCCTACTCAGGTAA 234
5178C>A 4989 CAGCTACGCAAAATCTTAGCATAC 5257 TTGGGCAAAAAGCCGGTTAGCG 269
8272C>del 8153 GGGGTATACTACGGTCAATGCTC 8530 TCATTTTGGTTCTCAGGGTTTGTTAT 378
8794C>T 8628 CAAATATCTCATCAACAACCGACTA 8994 CAGGGCTATTGGTTGAATGAGTAG 367
10397A>G 10277 ACCCCTACCATGAGCCCTACAA 10515 GTGAGATGGTAAATGCTAGTATAATAT 239
C-stretch [36]
HV1C 15896 CAAATGGGCCTGTCCTTGTA 16414 TGTGCGGGATATTGATTTC 519
HV2C 29 GGTCTATCACCCTATTAACCAC 408 CTGTTAAAAGTGCATACCGCCA 380
Others
ND1 [38] 3344 TTCTAATCGCAATGGCATTCCT 3452 AAGGGTTGTAGTAGCCCGTAG 109
D1771 [37] 126 TTTTGCAGGATCTACAAGTGGA 332 AAGAGGTCTACATGTCCCCTTG 207

SNPs and indels in mtDNA [30-32]. Recently, the construction
of a suspension-array assay was simplified using MagPlex-
TAG microspheres (MagPlex-TAG), which are magnetic, dif-
ferently-fluorescent beads covalently coupled to unique 24-mer
“anti-TAG” oligonucleotide sequences [33, 34]. The assay with
MagPlex-TAG consists of three steps: polymerase chain reac-
tion (PCR), allele-specific primer extension (ASPE), and then
hybridization between the ASPE product and MagPlex-TAG.

In this study, we report the development of a multiplexed
suspension-array assay using MagPlex-TAG for mtDNA typ-
ing by measurement of C-stretch sequences in HV1C and
HV2C as well as analysis of five SNPs and one deletion. The
discrimination power and detection limit of the assay were
evaluated by its application to blood and urine samples, re-
spectively. In addition, mtDNA profiles in urine and blood
pairs were compared to determine whether blood could be
used as an appropriate reference sample.

Materials and Methods

Nucleotide position numbers used are consistent with the re-
vised Cambridge Reference Sequence [35].

Materials

Streptavidin-R-PE, dGTP, dATP, dTTP, Biotin-dCTP, and Fast
SYBR® Green Master Mix were purchased from Life Tech-
nologies Japan (Tokyo, Japan); ExoSAP-IT® from Affymetrix
(Cleveland, Ohio, USA); Puregene® Blood Core kit and Hot-
Star Taq® Master Mix kit from QIAGEN (Hilden, Germany);
NucleoSpin® gDNA Clean-up and NucleoSpin® gDNA Clean-
up XS kits from Macherey-Nagel (Duren, Germany); Nova-
gen® human gDNA from Merck (Darmstadt, Germany); Ta-
KaRa Taq™ Hot Start version from Takara Bio (Shiga, Japan);

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

and MagPlex®-TAG microspheres from Luminex Japan (To-
kyo, Japan). D17Z1 primers were synthesized by Life Tech-
nologies Japan, and mtDNA-specific PCR primers and ASPE
primers by Integrated DNA Technologies (Austin, Texas,
USA). All other chemicals and solvents were of the highest
quality commercially available.

Samples and DNA extraction

This study was reviewed and approved by the Review Board
of the Japan Chemical Analysis Center, Anti-doping Research
Laboratory. Permission was granted to use materials collected
solely for research study. Japanese males aged 20 - 35 years,
who were recruited from outside our laboratory, provided in-
formed consent.

Urine and blood samples were collected at the Yana-
gibashi-Clinical Trial Center (Tokyo, Japan) in January 2011,
following confirmation that these subjects were negative for
HIV and hepatitis B and C. DNA (nDNA and mtDNA) was ex-
tracted as previously described [ 14]. Briefly, DNA was extract-
ed both from urine cryopreserved for 1 - 1.5 years (hereafter
referred to as cryopreserved urine) and fresh blood using the
Puregene Blood Core kit. Extracted urine DNA was purified
with a NucleoSpin gDNA Clean-up kit or NucleoSpin gDNA
Clean-up XS kit. DNA samples from cryopreserved urine (n
= 63) and fresh blood (n = 150) were stored at -20 °C and 4
°C, respectively, until use. Due to the difficulty of quantifying
mtDNA, DNA quantity was determined using the nDNA quan-
titative value rather than mtDNA.

Multiplexed suspension-array assay with MagPlex-TAG

The assay was established following the manufacturer’s proto-
cols [33] and modified to achieve appropriate sensitivity. The
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Table 2. ASPE Primer Sequences for Detection of Five SNPs and One Deletion in MtDNA

Sequence (5’ to 3)

3010G>A

(CTATCATTTATCTCTTTCTCAATT) ATGTTGGATCAGGACATCCCG

(CAATAAACATTCTTTACATTCTCA) GATGTTGGATCAGGACATCCCA

4386T>C

(CTACAAACACTTAACTTTATCTTT) CCTTACTTTAGGATGGGGTGTGT

(CATAATCAATTTCAACTTTCTACT) CTTACTTTAGGATGGGGTGTGC

5178C>A

(ATTAAACAACTCTTAACTACACAA) TATCTCGCACCTGAAACAAGC

(ATACTTTACAAACAAATAACACAC) CTATCTCGCACCTGAAACAAGA

8272C>del

(AATTTCTTCTCTTTCTTTCACAAT) CCCTATAGCACCCCCTCTAC

(CATCTTCATATCAATTCTCTTATT) CCCTATAGCACCCCCTCTAG

8794C>T

(TTAATACAATTCTCTCTTTCTCTA) TGGGTGGTTGGTGTAAATGAGTG

(AACTTTCTCTCTCTATTCTTATTT) TGGGTGGTTGGTGTAAATGAGTA

10397A>G

(TTAACAACTTATACAAACACAAAC) TGACTACAAAAAGGATTAGACTGA

(ATCTCAATTACAATAACACACAAA) TGACTACAAAAAGGATTAGACTGG

Sequences in parentheses indicate 24-mer TAG sequences.

Applied Biosystems Veriti Thermal Cycler (Life Technologies,
Japan) was used with 8-tube PCR strips (0.2 mL) for PCR, Ex-
OoSAP-IT treatment, and ASPE, and with 96-well PCR plates
(0.1 mL) for hybridization.

Multiplexed PCR

Multiplexed PCR was performed in a total volume of 20 pL
with HotStar Taq Master Mix (10 pL, 1 unit HotStar Tag DNA
Polymerase in PCR buffer with 3 mM MgCl,, and 400 uM of
each deoxynucleotide (ANTP)), 200 nM each of 8-primer pair
(Table 1) [30, 36], and a DNA sample solution. Thermal cy-
cling conditions were 95°C for 10 min; 35 cycles of 94°C for
30s, 55°C for 30 s, and 72°C for 1 min; and 72°C for 10 min.
The sizes of amplified products were confirmed by electropho-
resis on 2% agarose gels in preliminary experiments.

Unincorporated PCR primers and dNTPs were removed
from the reaction mixture after PCR by treatment with 3.5 uLb
of ExoSAP-IT at 37°C for 30 min or 90 min, followed by incu-
bation at 80°C for 15 min.

Multiplexed ASPE

ASPE primers were designed to flank the targeted base at the 3’
ends and a TAG sequence (24-mer) at the 5’ termini. Sequenc-
es with melting temperatures (Tm) between 51 °C - 56 °C were
selected from 18 - 24-mer sequences with the targeted base
at the 3" ends [33]. Tm of the sequences was calculated using
the Oligonucleotide Properties Calculator (http://www.basic.
northwestern.edu/biotools/oligocalc.html). A TAG sequence
suitable for the selected sequence and the corresponding Mag-
Plex-TAG were selected on advice provided by Luminex.
Two ASPE primers targeting each wild-type and mutant
base were prepared for five SNPs and one deletion (Table 2).
C-stretch sequences [18] were classified into nine groups for
HVI1C and six groups for HV2C according to the number of C
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before T or the absence of T in these regions. An ASPE primer
was prepared for each group (Tables 3, 4). A total of 27 ASPE
primers were used, of which 10 are for five SNPs, two for the
deletion, nine for HV1C, and six for HV2C.

Multiplexed ASPE was conducted in 30 uL of PCR buffer
(10 mM Tris-HCI, pH 8.3, 50 mM KCI, and 1.5 mM MgCl,)
containing 5 uM each of dATP, dTTP, dGTP, and biotin-dCTP,
1.125 U of TaKaRa Taq Hot Start DNA polymerase, 25 nM of
each 27 ASPE primers and 7.5 pL of ExoSAP-IT-treated PCR
products. Thermal cycling conditions were 32 cycles of 94°C
for 30 s, 55°C for 30 s, and 72°C for 1 min.

Hybridization

Overall, 10 or 25 pL of ASPE products was hybridized with
2,000 particles of each of the 27 different MagPlex-TAGs in
50 uL of hybridization buffer (HB, 0.1 M Tris-HCI, pH 8.0,
containing 0.2 M NaCl and 0.08% Triton X-100). The mix-
tures were incubated at 96 °C for 90 s followed by 37 °C for
30 min. After washing twice using a 96-well magnet plate,
the hybridized MagPlex-TAGs were incubated with 75 pL of
HB containing streptavidin-R-PE (2 pg/mL) at 37 °C for 15
min. PE fluorescence of 50 pL of the mixture was measured
as units of Median Fluorescence Intensity (MFI) at 37 °C for
a maximum of 200 s using a Luminex 200 analyzer (Austin,
TX, USA) with the associated software (xPONENT®). Hap-
logroups were defined as A for 8794T, B for 8272del, D4 for
3010A and 5178A, D5 for 5178A and 10397G, and M7a for
4386C. A C-stretch pattern composed of more than two groups
was expressed in descending order of MFI of the group.

Discrimination power of the assay

Blood DNA samples containing approximately 5 ng of nDNA
were assayed under the same conditions as for ExoSAP-IT,
with a treatment time of 30 min, and an ASPE product volume
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Table 3. ASPE Primer Sequences for Detection of HV1C Groups in MtDNA

Group Sequence (5’ to 3")

0CT (CTAAATCACATACTTAACAACAAA) TAAAAACCCAATCCACATCAAAAT
ICT (ACAAATATCTAACTACTATCACAA) AAAAACCCAATCCACATCAAAACT
3CT (TACTTAAACATACAAACTTACTCA) AAACCCAATCCACATCAAAACCCT
4CT (AATCAACACACAATAACATTCATA) ACCCAATCCACATCAAAACCCCT
5CT (CTAAACATACAAATACACATTTCA) CCAATCCACATCAAAACCCCCT
8CT (CAAATACATAATCTTACATTCACT) CCACATCAAAACCCCCCCCT

9C (TACACAAACAATCTTTCACAATTT) CACATCAAAACCCCCCCCCA

10C (AATAACAACTCACTATATCATAAC) ACATCAAAACCCCCCCCCCA

11C (CAAACAAACATTCAAATATCAATC) CATCAAAACCCCCCCCCCC

Sequences in parentheses indicate 24-mer TAG sequences. Position at 16194 is A.

used for hybridization of 10 pL (n = 150). A positive result was
defined as a value greater than four times the MFI obtained
from the corresponding negative control. Discrimination pow-
er was calculated using the Discriminatory Power Calculator
(http://insilico.ehu.es/mini_tools/discriminatory power/index.

php).
Detection limit of the assay for cryopreserved urine

Cryopreserved urine DNA samples containing < 0.15 ng of
nDNA were assayed under the same conditions as for Ex-
0oSAP-IT, with a treatment time of 90 min, and an ASPE prod-
uct volume used for hybridization of 25 pL. A positive result
was defined as a value greater than two times the MFI obtained
from the corresponding negative control.

Urine DNA samples containing 0.1 or 0.03 ng of nDNA
were diluted to 0.005, 0.0025, and 0.00125 ng (n = 10). The
lowest DNA quantity displaying the same mtDNA type as that
for 0.1 or 0.03 ng was judged to be the detection limit.

Quantification of nDNA

Real-time PCR was performed using the Applied Biosystems
ViiA 7 system (Life Technologies Japan) with Fast SYBR
Green Master Mix containing 200 nM each of nDNA-specific
D17Z1 primers (Table 1) [37] and 1 pL of standard human
gDNA (0.0012 - 12 ng/uL) or DNA solution in a final volume

of 15 uL, as previously described [14].

MtDNA quantity of cryopreserved urine relative to blood

DNA samples, diluted serially four times (1 pL), were ampli-
fied with 200 nM each of mtDNA-specific NADH-ubiquinone
oxidoreductase chain 1 (ND1) primers (Table 1) [38] under
the same conditions as for nDNA quantification to obtain Ct
values. Separately, the nDNA quantities of the serially diluted
DNA samples were measured as described above. The Y-axis
intercept of an approximately straight line from the scatter plot
of the Ct values of ND1 and the logarithm of nDNA quantities,
Ct value of ND1/nDNA (1 ng), was obtained using Microsoft
Excel 2010 tool. The Ct values of ND1/nDNA (1 ng) of urine
and blood are referred to as Ct, . and Ct,,_,, respectively.
The mtDNA quantity of cryopreserved urine (n = 5) relative to
blood (n = 5) was calculated from the equation 22t (ACt = Ct-
blood -~ Clusine)- Results were expressed as mean + SD. Statistical
analysis was performed using the Mann-Whitney U test, with
P < 0.05 regarded as significant.

Results

Discrimination power of the assay

Japanese subjects (n = 150) were classified into 62 types con-

Table 4. ASPE Primer Sequences for Detection of HV2C Groups in MtDNA

Group Sequence (5’ to 3")

6CT (TCTCTTTAAACACATTCAACAATA) AAAAAATTTCCACCAAACCCCCCT
7CT (CTTTCTTAATACATTACAACATAC) AAAATTTCCACCAAACCCCCCCT
8CT (CAATTTACATTTCACTTTCTTATC) TTTCCACCAAACCCCCCCCT

9CT (CATAAATCTTCTCATTCTAACAAA) CCACCAAACCCCCCCCCT

11C (TACAACATCTCATTAACATATACA) ACCAAACCCCCCCCCCCG

13C (AATCTCTACAATTTCTCTCTAATA) ACCAAACCCCCCCCCCCC

Sequences in parentheses indicate 24-mer TAG sequences. Position at 316 is G.
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sisting of a combination of C-stretch patterns of HV1C and
HV2C and the major haplogroups of Japanese populations by
blood DNA analysis (Table 5). Type 5SCT>10C (HVIC)/7CT
(HV2C)/D4 was identified as representing the highest fre-
quency (20/150, 13.3%). The discrimination power of the as-
say was determined to be 0.960.

Haplogroup frequencies were 37.3% for D4, 10.7% for B,
9.3% for M7a, 7.3% for A, 3.3% for D5, and 32.0% for “oth-
ers” (Table 5). There were 15 patterns, including 2.0% of “oth-
ers” identified for HV1C (Table 6). The frequency of patterns
consisting of one, two, or three groups was 10.7%, 57.3%, or
30.0%, respectively. Pattern SCT>10C was the most frequent
pattern observed (48.7%), followed by 10C>11C>9C (22.0%).
A particular pattern was related to a particular haplogroup. The
frequencies of SCT>10C in D4 and M7a were 76.8% (43/56)
and 71.4% (10/14), respectively. Furthermore, all patterns in B
haplogroup were composed of 9C, 10C, and/or 11C. The dis-
criminatory power of the assay that incorporated HV1C typing
and haplotyping was 0.884.

There were 12 patterns, including 8.7% of “others” identi-
fied for HV2C (Table 7). The frequency of patterns consist-
ing of one or two groups was 74.7% or 16.7%, respectively.
Patterns 7CT and 8CT displayed similar high frequencies of
36.7% and 37.3%, respectively. As a result, 89.3% of Japanese
subjects showed 7CT or/and 8CT. There was no particular pat-
tern related to a particular haplogroup with > 70% frequency.
The discrimination power of the assay that incorporated HV2C
typing and haplotyping was 0.917.

Comparison of mtDNA type between urine and blood

MtDNA types of cryopreserved urine samples were compared
with those of the corresponding blood samples (n = 63 pairs).
Haplogroups of urine and blood were completely matched in
all 63 pairs. However, C-stretch patterns were different in 18
pairs. The difference in 13 pairs resulted from the presence or
absence of the group with the lowest MFI, a value near the de-
fined positive and negative boundaries (Table 8). The remain-
ing 5 pairs showed a difference in the MFI order of the same
composing groups (Table 9). All patterns showing differences
in HV1C consisted of three poly C-sequences (9C, 10C, and
11C). In particular, all urine samples corresponding to blood
samples with 11C>10C>9C showed patterns different from
blood. One pair showed a difference in HV2C pattern consist-
ing of 6CT and 7CT. 10C>9C>11C (HVI1C) and 7CT>6CT
(HV2C) in urine were patterns not found in any of 150 blood
samples (Tables 5-7).

Detection limit of the assay with MagPlex-TAG for cryo-
preserved urine

Ctypine and Ct,, , values were 17.7 + 0.5 and 21.0 = 0.4, re-
spectively (P < 0.05). MtDNA quantity of cryopreserved urine
relative to blood calculated from 24¢, in which ACt = Ct,_,
- Ctypine = 3.3, was 9.85. The result indicated that the mtDNA
quantity was approximately 10 times more in cryopreserved
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urine than in blood, when both nDNA quantities were the same.

Analysis of DNA from cryopreserved urine samples re-
vealed that the lowest nDNA quantity displaying the same
mtDNA type as that derived from nDNA (0.1 or 0.03 ng) was
0.0025 or 0.005 ng (Table 10). We concluded that the detec-
tion limit of the assay was 0.005 ng when cryopreserved urine
samples were used.

Discussion

We established a multiplexed suspension-array assay em-
ploying MagPlex-TAG for Japanese populations in which C-
stretch length mutations in HV1C and HV2C as well as five
SNPs and one deletion in mtDNA could be identified. Using a
combination of two C-stretch typings and major haplotyping,
Japanese subjects (n = 150) were classified into 62 types by
blood DNA analysis. The discriminatory power of the assay
was 0.960. The detection limit of the assay was 0.005 ng when
DNA from cryopreserved urine samples was used. Our assay
represents a potential method for the personal identification
or verification of urine sample contributors containing only
trace amounts of DNA following long-term cryopreservation
in doping control.

According to the established assay, Japanese subjects were
classified into 62 types combining six haplogroups, 15 HVIC
patterns, and 12 HV2C patterns. Our haplogroup frequencies
were consistent with results from 1,312 Japanese individuals:
D4 (32.6%), B (13.3%), M7a (7.5%), A (6.9%), D5 (4.8%),
and “others” (34.9%) [15]. Currently, there are no reports of
C-stretch patterns consisting of multiple groups in Japanese
populations. Therefore, the frequencies of patterns with SCT
(HV1C) or 8CT (HV2C) as the main group were summed to
compare with previously published findings provided by direct
sequencing [18, 39]. The calculated frequencies, 56.7% (5CT)
and 48.7% (8CT), were close to the results of previous reports
0f 58.6% and 45.0% [18] and 62.6% and 40.8% [39]. Although
we have not confirmed C-stretch patterns by other methods,
these results demonstrated that our assay seems to exhibit high
reliability in C-stretch typing.

HV2C typing contributed more to improving the discrimi-
natory power of this assay involving haplotyping than HV1C
characterization. The basis of this observation is likely to be
the strong relation between an HV1C pattern and D4, M7a or
B haplogroups. Our results that all HV1C patterns of B haplo-
group consist only of groups with 16189C (9C, 10C, 11C) were
consistent with the coexistence of 16189C with B haplogroup
in Asian, African, Nicobarese, and Indonesian populations [40,
41]. The existence of a strong relation between HV1C pattern
and haplogroup impeded the improvement of the discrimina-
tory power of the assay.

There were two types of differences in C-stretch pattern
observed between urine and the corresponding blood in some
subjects. The first was different due to absence of the group
with the lowest MFT in the pattern consisting of groups show-
ing the same MFI order (Table 8). Except for one case show-
ing 8CT«other, the lowest MFI value was near the defined
positive and negative boundaries, even when the group was
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Table 5. Frequency of Type Consisting of HV1C Pattern, HV2C Pattern, and Major Haplogroups for Japanese Populations

HV1C HV2C A B D4 DS M7a Others Frequency N (%)
0CT 8CT 1 1(0.7)
3CT 7CT 1 3(2.0)
8CT 4 42.7)
8CT>9CT 1 1(0.7)
5CT 7CT 1 1(0.7)
8CT 2 2(1.3)
Others 1 1(0.7)
10C 7CT 1 1(0.7)
11C 8CT>7CT 1 1(0.7)
13C>11C 1 1 (0.7)
3CT>4CT 9CT>8CT 1 1(0.7)
5CT>8CT 7CT 1 1(0.7)
5CT>10C 7CT 20 6 30 (20.0)
8CT 2 15 10 29 (19.3)
7CT>8CT 1 1(0.7)
8CT>7CT 6 1 7 (4.7)
8CT>9CT 2 2(1.3)
9CT>8CT 1 1 2(1.3)
Others 1 1 2(1.3)
10C>5CT 8CT 2 2(1.3)
8CT>7CT 1 1(0.7)
10C>11C 6CT 1 1 (0.7)
8CT 1 1 1 3(2.0)
Others 2 2 4 (2.7)
5CT>10C>9C 7CT 1 1 1 3 (2.0
8CT>7CT 1 2 3(2.0)
8CT>9CT 1 1(0.7)
10C>3CT>9C 8CT 1 1 (0.7)
10C>11C>9C 7CT 1 1 13 (8.7)
8CT 5 1 12 (8.0)
6CT>7CT 1 1(0.7)
7CT>13C 1 1(0.7)
8CT>7CT 1 1(0.7)
Others 3 2 5(3.3)
11C>10C>9C 7CT 1 1(0.7)
8CT 1 1(0.7)
13C>9CT 1 1(0.7)
Others 1 1(0.7)
Others 7CT 2 2(1.3)
8CT 1 1(0.7)
N 11 16 56 5 14 48 150
% 7.3 10.7 373 33 9.3 32.0
Articles © The authors | Journal compilation © J Clin Med Res and Elmer Press Inc™ | www.jocmr.org 557
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Table 6. Frequency of HV1C Pattern in the Major Haplogroups for Japanese Populations

HV1C A B D4 D5 M7a Others Frequency N (%)
0CT 1 1(0.7)
3CT 7 1 8(5.3)
5CT 3 1 4(2.7)
10C 1 1(0.7)
11C 1 1 2 (1.3)
3CT>4CT 1 1(0.7)
5CT>8CT 1 1(0.7)
5CT>10C 3 43 10 17 73 (48.7)
10C>5CT 1 3(2.0)
10C>11C 3 2 8(5.3)
5CT>10C>9C 3 3 7 (4.7)
10C>3CT>9C 1 1(0.7)
10C>11C>9C 10 4 2 1 16 33 (22.0)
11C>10C>9C 2 2 4(2.7)
Others 1 2 3(2.0)

Table 7. Frequency of HV2C Pattern in the Major Haplogroups for Japanese Populations

HV2C A B D4 D5 M7a Others Frequency N (%)

6CT 1 1(0.7)

7CT 2 2 25 6 20 55 (36.7)

8CT 19 3 18 56 (37.3)

6CT>7CT 1 1(0.7)

7CT>8CT 1 1(0.7)

8CT>7CT 8 3 2 13 (8.7)

7CT>13C 1 1(0.7)

8CT>9CT 1 1 2 4(2.7)

9CT>8CT 1 2 3(2.0)

13C>9CT 1 1(0.7)

13C>11C 1 1(0.7)

Others 5 2 1 5 13 (8.7)

Table 8. Differences in C-stretch Patterns Between 13 Pairs of Urine and Blood Samples

N HVIC HV2C
Urine Blood Urine Blood

1 0CT>5CT 0CT

2 5CT>10C 5CT

1 5CT>10C 5CT>10C>9C 8CT 8CT>7CT

1 10C>11C 10C>11C>9C

1 10C>11C>9C 10C>11C

1 10C>11C>9C 10C>11C 6CT>7CT 6CT

1 11C Others

1 7CT 7CT>13C

2 8CT 8CT>7CT

1 8CT>7CT 8CT

1 8CT Others
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Table 9. Differences in C-stretch Patterns Between 5 Pairs of Urine And Blood Samples

e HV1C HV2C
Urine Blood Urine Blood

2 10C>11C>9C 11C>10C>9C

1 10C>9C>11C 11C>10C>9C

1 10C>9C>11C 10C>11C>9C

1 7CT>6CT 6CT>7CT

determined as negative, it could be distinguish from the other
negative groups. The second was due to a different MFI or-
der in the same composing groups. This type of difference
was only observed in HVIC pattern consisting of 9C, 10C,
and 11C as well as HV2C pattern consisting of 6CT and 7CT,
in which there were patterns present only in urine but not in
blood. These results indicated that blood cannot be used as a
reference sample in our assay for the personal identity valida-
tion of urine samples.

The detection limit of 0.005 ng for cryopreserved urine
samples was considerably less than the quantity of nDNA
necessary for successful STR analysis (0.6 ng) [14]. An ap-
proximately 10 times higher ratio of mtDNA/nDNA in cryo-
preserved urine than in blood was believed to arise from the
relatively diminished stability of nDNA under the preservation
conditions of urine samples [7-13]. This apparent robustness
of mtDNA in cryopreserved urine samples allowed the meas-
urement of two C-stretch sequences and major haplogroups for
Japanese populations at lower nDNA concentrations.

In conclusion, this study demonstrated that C-stretch typ-
ing, in addition to haplotyping, of samples containing only
trace amounts of DNA was possible by a multiplexed suspen-
sion-array assay using MagPlex-TAG. Our assay can provide
valuable information to ensure the authenticity of urine sam-
ples. However, confirmation of the long-term stability of the
C-stretch sequence is required for our assay to be adopted in
doping control. An advantage of our assay is the ease of in-
troduction of new polymorphic targets of mtDNA, because
a maximum of 80 types of MagPlex-TAG are commercially
available. Therefore, we intend to develop a more comprehen-

sive C-stretch sequence assay to obtain useful knowledge on
the lifetime stability of C-stretch sequences in various sam-
ples.
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