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DNA profiling with sets of short tandem repeat (STR) markers is the most popular
method for identifying human DNA in forensics. Identification by STR typing might fail
when DNA is degraded or is present in low amounts, such as in disaster victim identifi-
cation (DVI) samples. In such cases, more information might be obtained by using
additional markers such as single nucleotide polymorphisms (SNPs). Multiplex PCR
and microarray are convenient techniques to analyze SNP markers. We used an
AcculD™ Chip, SNP-based DNA chip manufactured by DNA Link Corporation, to con-
firm genetic relationship between two human bone samples that had been buried for
more than 50 years and blood samples from the alleged descendants of the sources
of the bone fragments. The chip combines an Affymetrix resequencing array with a
multiplex PCR technology and can genotype hundreds of SNP markers in a single
experiment. Genotyping the two bone samples yielded 90.5 and 77 SNP markers.
The commonly genotyped markers (61 and 47 SNP loci) in each bone-family pair pro-
vided high paternity indices to support the genetic relationships in both cases.
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7FETA gl ofg gl AT A AF7F K o whet
NAAE ] £A4 02 SNPE 01% AN Z FAF AR
= 712 28 A Ho, e Ad s 54
| 45 fafel disl F7t= AARE skl o
A ok 500 W gt Eokol] 23 QA W 7 -} ZH7te]
9 Az FATE VS AR FHE= /S0 EHEH 9
AT} o)A ES STR 482 AAME S&lf Lo wijAlE
v A5 471 slARE SR IAE IS
T Fedl7AE o)22) Xsttha sy o] 7R shdko]
frEE o] olleh olst 2442t A|552 bone 13 family 1,
bone 28} family 22} 3 gkt
Akl ARE-gE W2 9] DNA Link AkelA] 71det 74
AL FQl AcculD"e|t}, o] A& 15 Affymetrix AHE]
Resequencing array 7]l multiplex PCR 7|5& % &-5}o]
D}/‘VP &QF n]ZFe] DNAE & Wl =3 7§2] SNPE gelgt
A SFATHEIE. 1a).” ©] Felli= 1000 Genome Database
9] 1,094 data=F-E A 7|12 de) 2 3st 1697H91 &
HAA SNP mFA7F A =] o] L=t ZF mhA 2] AAA
X8} I Minor Allele Frequence (MAF), Fixation 1ndex

ATCGGTAGGCAT]A ICATGAGTTACTA
ATCGGTAGCCATI ) § CATGAGTTACTA
ATCGGTAGGCAT c |GATGAGTTACTA
ATCGGTAGCCAT IG 'CATGAGTTACTA

T! G ICATGAGTTACTACAGCT
A|C 'GTACTCAATGATGTCGA

TAGCCATCGGTA rG 'GTACTGAATGAT
TAGCCATCGGTA ‘C GTACTCAATGAT
TAGCCATCGGTA l'|' BTACTGAATGAT
TAGCCATCGGTA LA bTACTCAATGAT

probe 1 forward
probe 2 forward
probe 3 forward
probe 4 forward
genomic sequence of interest

probe 1 reverse
probe 2 reverse

probe 3 reverse

probe 4 reverse

Fig. 1. Sequencing array design. Eight
25-mers are tiled to probe each
individual base pair. A single position
differs so that each of the four possible
nucleotides can be queried on both the
sense and antisense strands (a, adapted
from reference 4). The probe designed
in triplicate provides advantages in the
aspect of accuracy, confidence, and
reproducibility (b, illustrated by Hyung
Jin Yu, DNA Link).

Base Position

probeTiing PRI B E ELEHEELEEBEBEELEEEEDEHE
(Forward) CTCTCTCTCTCTCTCTCTCTCTCTCT
Array Image P B ra e sl W] =] W [ []
(Forward) | NSNBMENCHIN JWIC ) cNENMEN B A0
sequence |A|JCc|T|A|T]A]Gc]c|A]A]Cc]A]G]

(="SNP

reference DNA

12 1 12

replica 1: +3
replica 2:0
replica 3:-3

b
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(Fo) &= E 19 2} =31 Linkage—disequlibrium] R? < 0.3
A AL Adste] ZF mpAE AR AfE o] QA e 3
o} Q1 719 FoE AXs] ¢5ke] e15S African, Asian,
European, Latin American® & 83}, 7} Q1% 719] By 3t
©] 0.05 o]akQl mpAE A7 ste] 1Fol daglo] w2 A
o] Hol%=% slqlrh 3 AZAbNA] Al 3-8t T EFol whet
poolingdt 169702] Al%&A| (primer) & % %7} 10 pM7}

EE 3} 35 cycle?] Multiplex PCRES 335131 11, o] &5 &
3 S AEES Zol= 90~154 bp AE0|AL 11 Hyr
119 bpSith. s a7 Slal 2h2he] mpA ol oiel skt
°] SNP wA & olel] th-gsh= 3 912 B4 A (probe) = Al
7148 714D FE7E H =5 TRk (“sliding design”) ¥ o]
UTH(Fig. 1b). o] & ozl 9471¢] grol 7 7l o] frastA

Table 1. The Average Minor Allele Frequency (MAF) and Fixation
Index (F,) Value of 169 Markers

ofN

EE HAA G Cor D), 1 go]l AZ A AFf-olwt F
M B R AR g ) el =

W ASEHEE HEs-F22 X5 WS o|E35t] DNAE
FEVH AL, dI AREFE AxALlA Alwete e
EE Maxwell® 16 Blood DNA Purification Kit (Promega,
Madison, W1, USA) & AHg-8te] DNAE FZ3F3ith 0.5 g9
W 2 2 E 3=%3 DNAE Quantifiler Human DNA
Quantification Kit (Applied Biosystems, Foster City, CA,
USA) & AHE3te] v 55 Skl 2 %ol bone 13}
bone 204 5% 2JRkA ol STR ZHAle] AFg317] o2& 5
o= SAHAY FHo] old v (A7 0.00159 ng/ul,
[undetermined]). w24 SNP vFA 2] Z£S 131 multiplex
PCRef| 2:H]k DNA Al R9] 233 of& 24 571 ]lolA,
50 w02] A PCR §% & DNAA R €302 e 5 Sl
Hoj o] & (F 23~25 wh) = H7Fe3lek PCR $35AM=2] &
o1& Agilent DNA 1000 Kit (Agilent Technologies,

Chromosome Number of Average Average
markers M AFg Fstg Waldbronn, Germany) & AF-8151+=Hl, i3 DNAA| 5o H]
1 11 0474 0.01 A L e A ol AUAN G FH0] o] FolHSS
2 15 0.467 0.011 FASATHAE v A X)), FEo] it ARl UF9) A
3 10 0464 0012 dz2H 1Q-EXE 71 AleiFu, o171 4] PCR #44.&
4 12 0.47 0014 ] ) o DN
5 14 0.464 0.012 7151 )ﬂ_'%% T"i‘EH}\]ﬁ I?_]_'T: TT%LE{L(P_E]E(HUCIQOUde) —E‘%L%
6 17 0.476 0.009 ojth. o] A& HFA O AnE gRIg wol] it AlET}
/ 8 0477 0015 99 FAARS) WG A o2 BlEA S Hshe 1E
8 11 0.457 0.013 o ) e
9 8 0.455 0.014 o] g}, o] FHE = AcculD el Algshs AE Aol whet
10 1 0.458 0.035 labeling—hybridization—staining 2}’J-& @AA ©. 2 71835}
11 12 0.461 0.01 o},
2 S o oo 8 A2Z AcculD” chip SRS wel 169749] 4
14 6 0.452 0.013 HAA SNP vlA F HAZE 757, AR 94707} Elo]
15 6 0.461 0.01 5 {th(Table 2). Z2+9] Aol tisiAl chip 232 F 84
he ; o o NI s g, A o2 fa) ARuch o) AR
18 8 0.462 0.013 ] gfo]g&o| 2ul o] A YEb T upper row in [typed],
19 ! 0.415 0.023 Table 2), 7} REEA A AH w7 FF 2 & Elolgo] &
20 K 0472 0ot A gka, AR B e AN Eolgo] BT o
22 2 0412 0.018 & W Aol A= Elolsgo] HA] gttk(lower row in
Total 169 0.465 0.013 [untyped], Table 2). A& A& aefsto] F e Bk
Table 2. The Result of SNP Typing Using AcculD™
Family 1 Bone 1 Family 2 Bone 2
Typed SNP 154 150 87 94 157 152 75 79
61% 47+
Untyped SNP 15 19 82 75 12 17 % El
6' of 67
Total SNP 169 169 169 169 169 169 169 169

*The number of common SNP markers typed in both blood sample from a family member and bone sample.

"The number of common SNP markers which were not typed repeatedly.
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Table 3. The Result of 169 SNP Typing in all Samples

Foll A elo]BE vlA FollA 1 7] grol A=
gt #F glo] Az AAsH 1
715 A BollM F5 2 2 Efo]sE SNP vA R 5

OIEF

SNP 7|4t 7HQIA/= 2 DNA Chip | £43] 9 227

Z3to] 7EaAA ] FHE Ao o] &ttt (lower row in
[typed], Table 2).
T AR S] frell Aok 771 ARl S5 o R Bolsdd

SNP Family1 Bone1 Family2  Bone?2 SNP FamilyT  Bone1 Family2  Bone?2 SNP Family1 Bone1 Family2  Bone2
rs10043269  — - CC CT rs1211780 1T GT GG GG 1440869 - - - -
rs10055677  — - - - 512135862 — - - — 151463965 < — - - -
151027636 AG AG AG AG 1512286769 T T - - 151473604  CC AC CC AC
rs10448261 GG AG - — 512443018 — - - — 151488902 (T a - -
rs10455344  — - - — 1512534955 (T cT T CT 151495816  — - - -
1510477259  — - - — 1512585235 (T T T CT 151529590 — - - -
rs10495682  — - CC CT 1512607426 GG AG AA AA 151539525 AG AG - -
1510502033 — - - - 151265216 TT T T CT 51546833  — - - -
1510784009 — - AG AG 1512672158  AG AG - - 51563172 — - - -
1510795736  — - - - 1512695977 — - AG AG 1517050202 GG AG GG GG
1510811474 — - - — 512876644  — - - — 1517056706 — - - -
rs10851458  AA AG - — 151290018 — - - - 51709915 — - - -
rs10894244  CC AC CC CC 112965342 - - - — 1517103286 GG AG AG GG
1510916409 — - - - 1513033921 - - T CT 17111166 AA AG - -
1510926595 — - - - 1513087528 — - - - 151873873 (C cC T T
1510948570  AG GG AA AG 1513206934 T T - - 151892522 — - - -
rs11133959  — - - - 51321167 — - - - 151897725 CC cC CC cT
rs11208131  — - - — 1513260204 — - - - 151942399 — - - -
rs1150461 - - - — 1513205571 — - - — 151943338 — - CC T
1511634785  AG AG - — 1513402508 - - AG AG 151998033  CC cC T T
rs11648974  — - - — 151340562 AC AC - - 151998041 - - - -
1511689668  — - GG GG 51345724 — - - — 152022958  GT GT - -
rs11784117  AG AG AG AG 51350191 — - - — 152039623 - - - -
rs11887855  — - T T 1354147 — - - — 152127657  AG AG AG AG
rs11984683  CC AC AC AA 51434369 GT GT GT GG 152199479 - - - -
152203030 - - - - rs4669155 — - - — 156900780 - - - -
152241225  CC T CC CT 4671787 — - - - 157027501 - - - -
152270086 - - - - rs4695907 - - - - 157031829  — - - -
152336695  AG AA - — 54709819 — - - — 157110588  AG AG - -
152391467 - - - — 4834604 — - - - 157123330 - - - -
rs2408032 - - - — 4907923 TT T CC CC 7160372 — - - -
15241405 - - - — 154965786  AG AG - - 15726432 - - - -
152425427 (T T - - 15010755 — - - - 157288176  (C a - -
152613019  CC CC - - 1s536568 - - AA AC 157294966  AG GG - -
152685441 T T - - rs543840 - - - — 157300188 1T ca - -
152736966 - - - - rs547041 - - - — 157302091 CC T - -
rs2817438 - - T (T 15581488 - - - — 157307697  AA AG AG AG
15297013 - - - — 16106856  AG GG AG GG 57327729 - - GT GT
1531042 - - - - 15622671 CC CC - — 157337382 AG AG - -
rs3104999 - - - — rs6415441  AA AG AG GG 157403602 - - - -
rs343835 il GT - — 16496145  — - - — 157441242 GG AG - -
rs3761161 GG AG - — 16596805  — - AG GG 57516525  — - - -
rs397311 - - - - 6711114 — - AA AG 157579747 GG AG AA AG
154027132 AA AG AG AG 15673745 - - - — 157664664 < — - AG AG
rs409492 GG GG AG GG 16785504  — - - - 15769556 - - - -
rs4130306 - - - - 156799770 - GG GG 157733022 AG AG - -
rs4427846 - - AG GG 6817563  — - - - 57749777 — - - -
rs4605480 - - - — 16819372  AA AA GG GG 7814747 - - - -
rs465530 - - - — 16840524  AC AA - — 157816405  — - T CC
rs4667489 - - - — 16888825 «— - - - 157938115 — - - -
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Table 3. Continued
SNP Family 1 Bone 1

158066522 - - - -
15914532 - - - -
159314663 - - - -
159364063 - - - -
19373570 - - - -
159407764 - - - -
19496500 AA
15950226 AG AG AA AG
159530931 - - - -
15955077 cT CC - -
159595960 - - - -
19598504 - - - -
1960513 T

15970022 T cT al CC
159849464 - - - -
15990633 - - - -
1990815 - - - -
19940346 - - - -
19949516 AA

Family 2 Bone 2

SNP v} 9] 7l 22} 61719} 477H°ﬂD}(Tab1e 3. F 7S
AtElelA FE o= Eold ® wiE 297091, Bl Tk
o -9} A Zo] Atolel] St Al A Ak
th ¥ o7 ¥ BE SNP vhA A falleh 71 Ak
of A 02 A IAL A=A E oty S8 F-
AR T8} A EE (probability of patermty) S EAA0E A
AP 2 Al FEEES 99.776%%F 99.432% %3
0, A} PARA £ FolEirha ekE = el 99.9%0
© vAA ek 2y 2 AT ol 3| STR
typing® v|EE =)o} 97144947 (mitochondrial DNA
sequencing) A5 13t HEXA 07 FL35to] BAE I
xqg]_oﬂq.

A, 22 AR s RiRA o s Adshs Aol F
W 2 A =] ALl thal ZH2t 470 €] SNP wlA7E A
A3E At (Table 4). 18] o]t
°3H "]E°1W ﬂxl °}°L‘jr z}

(homogenous type) .2 UrE‘r‘fi 1‘?} E‘rE Qﬂr‘)ﬂ/ﬂ = E?ﬁ o
2 Eto] # g 9715 X8kl o] (heterogenous type) &
= Uehd Zlo] ]l o] AL P£ | 5ol A= B A ok
ddolt), o] AL A B2 (allele dropout) EFOZ
stekslo] o] AukE wjAlskar £A1 2 Q) AlakS =38l

i
=

i

M

QA8 0§38 vhAZA SNPE 2 7 43& 74
STk $-41, STR v <] Hl8) Je}al 0.2 Seiwlo]go] vt

A4

SIS
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(107 vs. 107, o7} Yeh= F-915 7502 T34
715 AA Zﬂxﬁﬁé T oA DNAZE AsHA s s
7FeAdol w2 A At o= Aol A o) AP Al Bt
oF Foll frelsirh. B3 SNP+= 234 2% multiplex PCR¥
high—throughput genotyping®] &3 ¢] 219 binary
polymorphism®] 54Jo] QlojA A3} sfj4le]] golsirt. 12
U} olgj3k 5407 Q&) SNP7} 71E2] STR whA7E 741
T AEYE 2] A e FAACE 40~609 719
SNP7} A @5t} upebr] W ejsh ool SNP7F 7HQ14E
nHAZAR] EE7] QA= s 7o SNPE Efol g El|of
gk Zlo) a1, o]ofl met =4 e wiAE BT T Y= 710
Sk oSk WA = W 2 A2 A= AlgE Al
FO]AWE SNP #FA 719ke] DNA & 7]sz0] drbt &-840]
UEAE Loprgith= HollA F 227} Qi

A4 SNPE Efo]gst= 7|=2H4 WolE -4 (allele
discrimination) 3h= 2] ¢} B#S53h= B2
Hol] EAsk=t]? 1Z)A microarray B FA A 5
W el o]Z&= SNP FHAHE FAlol Elo]sgd o Qlvhk= &
7o) gt} E Ao M & microarray ¥4l 7]WFeF AcculD™
ol multiplex PCR & @,%0}01 16970¢] SNPE &40

2 HSSIEL eI A AR s 0
% 2249 218 wwA A ISl s BPeha

Fall Azl = oF 50% TTO AEES Bk o3
3l A5l DNAZE 23l = o] 9l 7FsA) ik of e, w=
¥ F%3F DNA® humic acid4 calcium3} 22 PCR
inhibitorel] 2]t A|gt 7} T v A g == QUoh Sk # 4
oA vEbA A= Akl AR-E DNA A|5.9] ko] A7t
FE7E £A) 2 Aol YR = Qe A9 dESAA g
2 (allelic dropout)” @/gell &3t A 07 WL} o & 59, Al
% bone 19] rs10495682¢14 3 #Al AFolM = o]gow
Efo]sd ® CT 5 T7F 7 94 AdeA = g5 532
CCE Efo]d # Ao|t}. shte] AlzolA] ofejgt d2do] #3
B 52 ol ATolM = Ht oF 4.8% 7 (A = bone 13}
20|14 247} 4.6, 4.2%9} 5.3, 5.1%) 014tk 2 7]S] SNP -4
o] thaf A= SNaPshot o2 97] AR E AAF f B
U (A5 vAA), Bl A3 o] ¥l B o7 YElstt o] A
& AcculD™] A& EA7}F of 2t Al st AlE2] AEHIE Q1
g PCR 5% W&o Adsta, o] =S 7153 &
el A wiAska skl 12y SNP A Elo]sd & 28
staAt sk 8 AR dide] dsd AR HS u#E o
o, o]H Y HHT HFox dEA 0T TS w7} 4 Elo]
%1l 3] FEH= nAY] FRIFAR BE Ae- b

B AEE B AT Aol ool s 5 AUtk w2
55 T 3ol A A gt 7<) SNP =1

2 4 HEE multiplex PCR WS &
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Table 4. The Result of SNP Markers Typed in Bone Samples which are not Identical in Duplicate

SNP Family 1 Bone 1 SNP Family 2 Bone 2
rs10495682 cc cC cT rs13206934 CcT T CcT
rs1892522 - GG AG rs2425427 cT cc cT
rs7664664 GG GG AG rs7302091 - T cT
rs9373570 AG AG GG rs955077 T CcT T

A71= el tig 5 A7k 2 2.8 o,

i)

ozt

a
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