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o, ABYNN BEF An EUR ol ool 10 REA A7

255 2006358 20129 A A)7FA (20124 3€Y 31 7)) A s Ao},

309 7} oo @7 em o] Foixl Qb A T didE EHs= 14

ol

2} s sl 99 (coding-region) A F7IAEe] 5 % oldloltt. Alsel o
Fi2 5 97| ge] HEES &= 9HE DNA (repetitious DNA)SF 7€} DNAE
Z3eE -2 DNA 999 (non-coding region)©]th. H|f-H A} o el A 1t
A7 gLe el Zo] tha Al (length polymorphism)S E#H o2 3hr}, wh
5= A7157F 10-100 bpE 7AE w2 FH9E variable number of
tandem repeat (WTR)2} 3tH, @717 2-6 bp= FAAE AR FHAE
short tandem repeat (STR: microsatellite)@} 3th(Valdes et al., 1993).
A7 AMAAI= ofH X e} ojw Y= iE Z4Z4e] haplotypeo] +H¥ 2= o]
UEA = 2eds] FrHo] A At (allele)o] FEj= EA35H

HA). o)t 7e 7+ AMAY F4A thaE A (genetic polymorphism)<S 7121 A

HoE AR Foll o]838kal itk (Edwards et al., 1991). 34 &S
o]-&g il Aol #gk A= xVldlE FE FAMA FA ] o] Fo
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A7 ERts HAASHA Ho] dti(Lorente et al., 2002; Bruce et al.,
2005). wl=re] A 1984de] Add®E wge]7]#ed Missing Children
Awareness Foundation® o} ID A|E =138 DNA, W7}k 2 7AW |
ob-5 o] FH AR, A EZME A, AAl BAF, A 1D AEE EEsiH A
= U2 7EdAM e Wabm e A7 vk, 3 29 3 39 % 4+ s
Mk, S-gvkeke] A 3 #A-Fbg & - AMY )3 5] sk
AFEe g Aotk (A3, 2008). f-ElvERe] Aol 2005 AFobE
o B B Ao #3 HE A 11z o FAAEA 7] FAAA
Ab AAl ARE HolgHo]l 2R 5 $9E F IA Bl wEt ofolE 9o
HY BEol A EER )} FRE QoW ofolo] X} (ols)<]
HolB & A& om FAste] v, 28 dHelgry Sk wet 571 2
Au = Ao AEg A 9 FA o ofm=E FHaL glojA 7] 7 X

A3 o obB-Ru doleuol o] FAAY wAAe] AAH vl

obx 2 HE o] Autosomal-STR (A-STR), Y-STR, X-STR, mtDNA # & &3+
DNA dlo]g o] A|ARE F53FaL, DNA AR Z5E] o] Eluo] =714
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1. dojgjdlo]X HA A5 AT W&

AFA NEstE AFoks DNA dlolEwlo] A|AElo|A = mtDNA &

g JdeE A=Y Ues FAstaar itk EIE A AEE
AAJAA L7 o 2 5E oy = JAAER] i obs FE(HE, o))}
ERARE Y#sle] 1:1 matching AAHETE oy} 1:n matching #HAF, nin
matching FAF o] 7bFsat=s HAF @ HA 7S FEAZT. a8a
ANETEHAAL 2 LAHAE 7bset=s skl do|guo] 9 FH#E

5 FARAHaY 1,

1>,
o\
9,
offt
_E
Fol'

ZF-2] DNA "lo]lEjHjo]~ =i 30,0000] Aol &atar 917
o, EARelE kA Far 159 7k ol = matchingoll Al Al A2
B 7ERAIERle] S 4 e sl Ak, wEkA ol d EAHES
Adstaa Edwieol2 Q18] veld = = 13] W xpolo] 1249 Aol

FRTE B 2 5 AuS A28 AR,



2. dolg HNE F4
2.1 SIR dataset

STR dle]El:= A-SIR, Y-SIR, X-SIR = T =] 9lomn, &Al A-SIR, Y-SIR
T8l X-STR o= 4 25,619 7] SIR dle|H7F 755 Slvk. A-SIR
ol AMEE HAe= AFNAE TS 7 A Anelogenin & E3Hs)o],
THO1, TPOX, CSF1PO, D3S1358, vWA, FGA, D5S818, D13S317, D75820, D16S539,
D8S1179, D21S11 &3z D18S51 2] 13 7N Combined DNA Index System(CODIS,
USA) & 7|Eo= F=3la, AmpFISTR  Identifiler™ kit (Applied
Biosystems, USA) =}9]Ql D2S1338, D19S433 3+ PowerPlex 16 (promega,
USA)®] Penta E, Penta D & F7IAox FHso F 17 7/ HHAE
TEoFT(E 5). B3 Y-STR ¢+ DYS456, DYS389I, DYS390, DYS389IT,
DYS458, DYS19, DYS385, DYS393, DYS391, DYS439, DYS635, DYS392, DYS437,
DYS438, DYS448 —1&]al GATAH4.1 & 16 7N F91= A3 YH(3E 6)(John M,
2005). X-STR & Mentype® Argus X-8 kit (Bio type, Germaney)E A}-8-3[A]
DXS7132, DXS7423, DXS8378, DXS10074, DXS10101, DXS10134, DXS10135,

HPRTB = A 3FATH(3E 7).



2.2 Mitochondrial DNA (mtDNA)
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5 AAAF o2 Flojol & a
mtDNAY A= D-loop”Z} ©]ol siE3stt}. o] F-9l= mtDNAZ}F HAE uf o] A

o] WA EFA= F-9lo]7] wiiEell D-loopetil W Eojxom, o] o= o

i

o] ZREE F97F 3o mtDNAS] HA|eL At 54 TS sh= Zom of

AA ZAA9(Control region)o]dta F-27)% 3dtt}(John M. Butler, 2005).

rlot

3 duE FEA7IME 16024~577S D-loopEtal &m Il A1
(Hypervariable region I; HV 1), ¥Ho] #2999 (HV 2) 2 #|13F S (HV 3) &
2 FAE Adnk. A AF A AAE HWo] A 199 MEZEg o}l
A A (genome) ] 16024~16365 bp Aol ¢x|ekar, Al 29998 73-340 bpell,

A 393 9L 438~574 bpell YAt Qrt.

3. A DA E AN =F AL & 7L +9873

S|

H =]

AR DNA A AAA AR FAA A, B daag y

s ’

T 39 S=do®m FAEY Aok, AMAIAEE Intel FE=310] E5504
Xeon CPU (2.0GHz) ZZEA|A ¢} 1TBe] A& &= 18]al 24GB W RS )38}

33l Operation System (0S)+= Microsoft window A® 2008& wjEo = 7wt

i

Horh, BA A28 Intel® Core™ZZA|A] 17-860 (2.80 Hz), 500 GB 3}

= 8%, 4 B vEgE TR A LRI Hee] HAaagel A fTy

-9.-



o] XS FsA "k, B A AL Apache YAIB] 3o A PostgreSQL
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A5 gy DNA 22 AR i obse] DNA 2285 Wals)

of z}zbe] A X &E (Match Probability)® ZIE-XZ|<=(Paternity Index) AAFS

4.1 4 3% F2(Match Probability formula)
U] &-E (match provability) 2} ZflelA + 7Y didFd27F 372

W ogES ANsE g nastE el ¥ gRaadst FEEAY
)

~—

o} o] FAF{AY ufo] ALEAE TETH(3E 8).
4 .2 XA 4= (Paternity Index)
A2 FRo) x2S B A3 Qs A9 fAASE Trio HAMEH (G

1.

N
ol

93 FE T 3 W¥e ok A5Duo #HrAHS HE(E 10). JAFA
< A= FHH(AF: alleged father)®t ™Y (M: mother), 12]aL o}o]

(C: child)ol tist FxA AAF A37F B osic}t, 2 A|xwle] 85 7<=

T

A &E5& Fo7] 9= A-STR vFA ZH2+9] allele frequencyE w5 3}H7]
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Combined DNA Index System (CODIS, USA)S 7]|E o= 3slo] & 177/ HYE
s

lo

o
FESIATH(E 3). 19 55 A-SIR TEsHeltt. Y-AAAdE g
STRo] Harwo] glom (ODISe ¥ STREU hE-FdAe] 42 HA v oy
Fe] SIR Z=Fo sl AMeES 7Tt Y-STR 29 &= DYS456, DYS3891I,
DYS390, DYS38911, DYS458, DYS19, DYS385, DYS393, DYS391, DYS439, DYS635,
DYS392, DYS437, DYS438, DYS448 12]iL GATAH4.19] & 167) H= T4 5o
UTHIE 6)(John M., 2005). X-STRF%joll+= DXS7132, DXS7423, DXS8378,
DXS10074, DXS10101, DXS10134, DXS10135, HPRTB %o] Jom =Awjzl 3o
A y-31E1, o] H a2zt dAgele] 73t 7).
2.2.2 mitochondrial DNA (mtDNA) &=

woAsdelA TiNA 5%, & SR wreh de $Aew EE¥,

[0

N EFD 71419 9] 16021~16380 bpel ¥pwo] A1 (HV 1), 31~408 bpe]
A2G AWV 2)0] A o] &=, Wo] Ff fx¢F AV]E sz

TREe] S=Z3 (o) 16024t 16330A) (18 6).

3. DNA =29 AA}
DNA 23 HAAlE HE Yt AAHEE JEsdozyn AzEY, F

AAzke] vhA ARE wlastel AA olRE melEd. U4 WA ¥

!

R RA Az TAEA

- 15 -



0

0

o

B!

e

i
;&
o

AA

)

3

18 227}

o

SERES

’

180 "™ 7).
HA 7Y

-

T

AA ek Bet

-

T

Az}

3.2 $RAAEA A}

T I (2™ 8).

TH

4. AN

ol
=
TH

I
=)
=
!
ze)

0

o

- 16 -



ol

o

o] A4ue} vl

=
=

AA

=
!
0

0

o

A

a A~

rA

3w o]

a9 99

o5t

.‘I

A
pu

KeN
=

J

\J

A
A

|

&

A7
A7 SR

SEEREY

epeh,

AA7L

il

Quh(2e 9).

el
W)

=

!

!

el

3w o]

F 0

ol

0o

¢ wlAel
A,
SELS

-
It

A, B,

A A

A

3]

A

1658917 &2 495 16/17=

o1,

- 17 -

=

A4 g wASTE 17704

=
K3

=
=

0
pul

A=y

STR wlA 47} o
ik, o
A 1739

k]

=

=

4

©

-
S

A -
Al

(e}
At

=

1= A7

=
=

o] 7kAaL

ez AL
Addolg 7t dar 5 HA Aol B, C, D wire] AdlolErt

< HaLs)A

SRR



=0l&

2

A g vkA 57

Aol =

02705 &

gatd 1 gAAe] A

i

frks ulge HobA7)

RETA
(e}

—_
fife)

T J (¥ 10).

- 18 -



skl Skt

sApe] HE)

s B

o}

DR EESPES

}7] 9]

=%

STR¢]

ARnem,

@ol 177 2= #$olA

B}A]

2pol S a1y

EEEERE

N
-

Ak, zE SIR

b= 750

A&

A

ol

THgow

12747 o]

ll

3~

?:;l.

32|

Zell 2ol 7} 3A7]

=

o

]

o
1l

$A4 FH9lo] we} thEn

T A wiAld = vl gl
STRel| A

tdct. z2ey

S

Itk

Zlo

s =

6‘01— o

SER

A3t e- A-STR, Y-STR, X-SIR,

2ol 7}s3

[

MNA| A~ =

g& ZrobA

o

matching

A

mtDNAS] +4

- 19 -



THAS & kinship analysisollA A ste] #AsAT. a8y ol
o s e Ay dgojy A4S U] AR (HdE 2L yohE A9E

Flefjop k= wAlFol JJerm ol djdstolof Frh. AFols DNA

ALAR vlolHel A9 dolEe] dest® % a&de TuiE 7 dE
Ao w2 ket

T dATolAE AFolsay BHIAe] AYARE JpEAoR S
=

Sdoly 437HS vl AAste] R @AY 7587 Fele] wHw
SAA AXE FE FE-AA #A gEol & s et agn

AXGolg 7t dH=E A-STR dlolel7F J&HE W dHole FAAHE 3lHolA
ARMEIRE B £ A st ARrtEIRS didelHE B A5
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A) Homozygotes (A;A;)

Relationship Match probability formula

(1+P)*+ (7+7P,—27)8+ (16 — 9P, + P7)6°

Full sibli
uil sIbines 4(1+68)(1+26)

28 4+ (1 - 8)P,

Parent and child 1+8)

[2e + (1 —8)p][2 448+ 71 —8)F
2(1 +8)1+ 28)

Half siblings

[26 + (1 -8)P][2 + 116 = 3(1 - 8)P,

First cousins
4(1+8)(1 +28)

[28 + (1 —8)r][38 + (1 — 8P,

Unrelated
4(1 +8)(1 + 28)

B) Heterozygotes (AA;)

Relat;onshl Match probability formula

Full (1+P,+P+2PB)+ (5+ 3P+ 3P, — 4PB)6 + 2(4 — 2P, — 2P, + PR )6’
siblings 4(1+8)(1 +28)

Parent and 26 +(1-8)(R,+P)

child 2(1 +8)

Half (P, + P, +4P.P) + (2 + 5P, + 5P, + 8P,P, )8 + (8 — 6P, — 6P, + 4P:ij83
siblings 4(1+6)(1+28)

First (P.+P +12PP)+ (2+13P, + 13P,— 24P,P)8 + 2(8 — 7P, — 7P, + 6P.B)8"
cousins 8(1+8)(1+28)

[26 + (1 —8)p]18 + (1 —B)P,

Unrelated
(148)1+28)
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¥ 9. Trio AAF Al PI 3t A4

C M AF Condition Numerator  Denominator PI
AA AA AA 1 a 1/a
AA AA AB A+ B 1/2 a 1/2a
AA AA BC C+A B 0 a 0
AA AB AA A+ B 1/2 a/2 1/4a
AA AB AB A+ B 1/4 a/2 1/2a
AA AB BC C+ A B 0 a/2 0
AB AA BB A+ B 1 B 1/b
AB AA AB A+ B 1/2 B 1/2b
AB AA CD C,D=+ B, A 0 B 0
AB AB AA A+ B 1/2 (ath)/2 1/(atb)
AB AB AB A+ B 1/2 (atb)/2 1/(ath)
AB AB BC C+A B 1/4 (ath)/2 1/2(ath)
AB AB CD C, D=+ B, A 0 (atb)/2 0
AB AC BB C+A B 1/2 b/2 1/b
AB AC BD D+ A B 1/4 b/2 1/2b
AB AC CD C,D=B,A 0 b/2 0
3£ 10. Duo #AF A PI gk AL

C AF or AM Numerator Denominator PI

AB AC 0.5b 0.25/a

AB AB 0.5(ath) (atb)/4ab

AB A b 0.5/a

A AC 0.5a 0.5/a

A A a 1/a
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Abstract

Development of DNA Database searching and

paternity analysis system for missing children

Young Eun Kim
Department of Biology,

Sungshin Women’s University, Seoul.

DNA markers that can recognize individuals within human genome, such
as autosomal STR, DNA markers within human genome, such as autosomal
STR, sex chromosomal STR, and mitochondrial DNA sequences can identify
individuals and can be used to test paternity. As the DNA technology
advances, the amount of STR data has increased. However, because of the
lack of systematic database system, DNA data has been managed with
Access Program and the situational information has been managed with
Excel Program. It was a dual structure. With the enactment of “The Law
Regarding the Protection and Support of Missing Children, Etc.” in 2005,

the DNA testing institutions were able to establish a database for the



DNA testing results. Therefore, this study established “the DNA
Information Search System for Paternity Tests.”

The paternity test DNA information system consists of data of 4
groups. They were missing children group, parents group, group of dead
bodies, and group of their protectors. This system has an overall search
function that can compare the children with parent groups one by one,
and with all profiles within the database. It can also accomplish the
comparative search between groups. The search results are shown with the
standard error and paternity index.

After the search the candidates were concluded according to the
standard deviation considering the mutations of comparative DNA. It
minimized the time and efforts to deduce the familial relationships.
This system will increase the efficiency of paternity test search tasks
by considering the convenience of the users. In addition, the DNA
analysis results will contribute to finding the paternity quickly, and
to responding accurately to the social issues by reflecting the recent
scientific statistical calculation methods and providing significant

information.
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