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Abstract Recently, DNA data of missing person, killed person, and missing child continue to increase but most of
statistical calculation for paternity confirmation is being done through manual methods or Excel. Therefore, we need
development of a software which is able to facilitate both systematic management and effective analysis of Short
Tandem Repeat (STR) derived from DNA data. Without extensive testing, through a twenty-month study was
developed a web-based system which performs paternity analysis and kinship analysis easily based on the various
options. The former uses an existing algorithm for paternity index and the latter does Identity by descent (IBD)
formula. Due to our system validated over real datasets in terms of likelihood ratio and probability of paternity, it
ensures increased reliability as well as effective management and analysis of DNA data in mass disaster. In addition,
it includes advanced features such as an integrated environment, user-centered interface, process automation and so
on.
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(Frequency Table)s #2|& & 4 §li, AMKEE
(Pre-Probability), -5l >J(Partial Matching), S0
(Mutation) 59 T&e #45HE 488 F gl &

Ho] A|gA ot

STR2 E9Wo]&0] =3 multiplex £40] §o|3}
7] wizell FRR; 7] 2okl Al wlg- dE] o] ¥ 9l

t5]. FBI®IA] 1997139l U.S. national DNA database
(NDNAD)} =74 &2} dojefmo] 2 55 9js) A
A3t % w720 13 CODIS (Combined DNA Index
System) "}AS Eoslo][6,8], =AH R g3} o]
71 dg] 220]3 3li= AmpFISTR Identifiler (Applied
Biosystems, USA)9} PowerPlex 16 (Promega, USA) %5
of 3¢ 1770 »& EF STR "2 A3k
[Table.2].

Table 2. STR markers of 13 CODIS, Identifiler and
PowerPlex 16

_ _ - — . 13 CODIS Identifiler PowerPlex 16
ok EAHOE PFT & Y= A2 Aol Be - = =
3FeH3,4] TPOX TPOX TPOX

olel, & AT ME WA B FAT B BRH THO! THO! THo!

_ FGA FGA FGA
A0 AR % z = ors} &}1\_‘:__0_ dlo)E o] A3
dEAA STR Amst thet FASS dloleHo] 23 D3S1358 D3S1358 D3S1358
slal, BARG A dag]=3 IBD 34 AFg-Ek] D5S818 D5S818 D5S818
BATA AF0] /5IES BHT Wit opeh A D75820 D7S820 D7S820
_ D8S1179 D8S1179 D8S1179
27 7V538 A8 4] 2z} 9 AT A EAIA]AE
F7Re@ AHSAE S4) A4 % AR 242 D13S317 D13S317 D13S317
< NSk D165539 D16S539 D165539
D18S51 D18S51 D18S51
D21811 D21811 D21S11
Tabular evaluation of program function.
Table=1;n —— Z“’rf)'l gw = FoEC CSFIPO CSFIPO CSF1PO
E¢ F .| T SES|E|EELZE . D251338 Penta D
& 2 B ElS|E |2 PR
g P ~| =| s I3 —-—E° D19S433 Penta E
[ - [ ) =] — B = - -
DNAStat 2007 @ | @ BN B ) Amelogenin Amelogenin
DNA-View 20080 @ | @ | @ @ @ @®
EasyDNA 2008 @ | @ | @ | @ [
EasyPat 200 @ | @ ° IdentifilerS 7|52 = 3}, PowerPlex 162] Penta D
familias 200000 @ @ @ @ 0 O 9} Penta E UlAS ¥ 40w w69l w3k A2
GenoProof 2008 @ | @ [ AN ) [ ] N N o s _ _
Genotype 03 @@ @ @@ | @ | @ & 71E AlzEle] 371 9 #EE JHselA goEH
Hugn vijelelelelelel & aude oyl 93 AR S AN o4
PatCan 2003
Patern 199| @ T AES sy
Paternity Index 207 @ | @ @ @ @ @ O
PatPCR 2003 @ | @ [ AHIAF OF —~
[Calucation of the 2.2 xl'l'ﬁln_l' E—_'LEIE
pedigrec204 @ | @ | ® | @ [ J 2.2.1 RIXFRHA| R|2AHAH
probability] o
AAAA &l Aol FAA HEe A8 3%
B9}k A(Duo), F5 PRk A(Trio)ibeloli= H
o ofiup AlA|4=(Paternity Index, P)E Altsle dare]so] &
[ od
|52 tHTable 3,4][9,10].
2.1 ZTIXp Y HARA =RIZ 2t EFE STR
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Table 3. Combinations of paternal child genotypes (Duo) Akl IBDOl gk F2AS ARESIITHTable
Geno'type Genotype Pl 5,6] [ 10,1 2]'
Child Alleged Father
1
AA AA P, Table 5. Identity by descent coefficients {®,, @,, D)}
AA AB 1 Relation categories P, P, D
AB AA 2P, Parent-Child 0 1 0
AB AB Z . + If ] Full sibs 0.25 0.50 0.25
A7 B Half sibs, avuncular 0 0.50 0.50
AB AC 4; First cousins 0 0.25 0.75
4 Unrelated 0 0 1
Formula [Pz(xy)xd52]+[Pl(zy)><¢1]
+ [Po(xl/) X 450]

Table 4. Combinations of maternal, paternal and child
genotypes (Trio)

Genotype Table 6. Kinship Formulas
Genotype Geno_type Alleged PI allele 1 allele 2 Frequency
Mother Child
Father AB AB &,+0.50 (P, + Pp) +28,P, Py,
l:l? AA 1 AA AA ¢2+¢1P/1+¢UPAZ
AA 5 AA AB &\ Pp+20,P Py
BB P, '
BC AB AB AA 0.56,P,+ D\P,
AA AB AC 0.5¢ P+ 28 PP
AB AA AB CcD 20,P P
AC AA BB P
BB AB AB 1 AA BC 20,P,P,
BC 2P, -
BC ’ BC AA D,P,°
cC AC
CD ) )
— ] w2 P AARA A5
AB AB AB it Py 2A3A F APFAAE vag F RS Foha
1 1 = }
AC WP Table 5,6 Faste] AAAXGFTE 78 5= QITH13]
A B
o, AR Sl v M e 7 el uke 24
k1 S 83 2y AR R 5L Falg)= Ao
2 Sol STRA = D3SIzsse] & guaax o D A8 A pNE Ge s vnE Al
% D5S818 -+ oy =7t

(Allele)7} 2K(15,16) / ¥(15,16) ©]2HH A=15, B=16°]
o} Jin S{11]9 Aol wEw Zb gigfdate] s
P, =04, P, =03219<S & 5 9tk Table 2914 214
T2k 0] ABolIL FAHF F7xH o] ABO|EE, %74]
A|59] (P, +Py)/ (4P, Py) &
(0.4+0.321)/(4x0.4x0.321)=1.403 & 73 5= %E}. zt
ulAL] PIgkS ASE & 7t s AR F3 AnE A
R1F-2 —’F(Combined Paternity Index, CPI)2} dtc}, 2

.
Eaakl!

RG22 215-3F5(Probability of Paternity, PP)<
Tk T4 D}% 3 2k
PP(%) = CPr< 01 X 100

(CPI< 0.1+ (1—0.1))

2.2.2 HHABA XA
dABA & AFe] FATAA ASS AT A
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HIE P =0312, P, =0.2420|t}. o]u] Full sibs] 75
@ Py +28,P, P9 32& AL3FA 0.5%0.242+2x0.25
x0.312x0.242=0.159°]™, Unrelatedt= 2x1x0.312x0
242=0.1512 FARA A4 (likelihood ratio)S AAFa}
W 0.159/0.151=1.053°]c}. 7} wiARER el HES
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HGAA STR F4 #4 A, v, 2471, 0%

g sk o) g5 ASANE 9 /e
A AN SaelEe s Hole
QEafe] A2WS Y] A T2 19
&

H A]2Ee ‘Apatch Tomcat” AWl FEEH,
MS Windows XP o]e] &G AoA 25 w% 5
Ak
A .

3. gxZq

3.1 AJAHI A5

 AlzE 20109 495H 2011 129704 AF-
o) K71 Aoz Zuregel /uuglon, A2}
2 4 9 BeEo] AF2 kAo w YgHaL vt

Al 2] Analysis, Result,
Administration ©]% 5719 FH79} My Page, Help ©]
4 2719 Fulgr -8 E 0] qUThFig 1].

Home, Management,

Fig 1. Main menu of Analysis system

NFS

Management y7oll= Sample, Marker, Analysis
Kit, Frequency Table ©1’d 47l1] A Bvlw= G4 = o
Aom z7ld= AEHEE SEAEE AT 5 9lo
tq’ AHE.Q_ )\Lxﬂ 3 _/,: o]q_ Marker
Analysis Kit, Frequency Table "7 Al2glo] 555
o] 2d+= Marker, Analysis Kit, Frequency TableS 221
st 4= ). Analysis ol
Paternity Analysis-Trio, Kinship Analysis ©]/¢ 371<]
ABHFE A= itk AR BAFHE 7o
A3} gholl A|3HS F3At) 349l Pre-Probability, Cut
off PP, Cut off CPI, Partial Matching (Mutation

52 /\zq

Paternity Analysis-Duo,

Num/Allele Range), Analysis Kit, Frequency Table©]
glom, 7 SAS ANe 9l xAshe] Agat)
Result ™772] A B U5+ Analysis Wt 5 L35y &
MANE HoF=t} Administration 7oA E A~

G, B, BAIE, MER 58 55, £, Al

L T4,
P
T?\)\q—~

mo{y 1:1“ [11

FRAAHEA] AZEolE 83t
RAe FE2 F/E AZE ] § olg] 7k} gl
1 % tE#<] Zo] DNA-View 2h= AZEg]0}7} 9l
t}. Drabek-> DNA-ViewE X33 tj4<l 13719
AAHEA] AZEY ol tf AAEH oW
likelihood ratio & kinship analysis 52 W23} c}. 1
Z 3} DNA-View”|= 2.2 familias$} Paternity Index 2~
ZEJoi7} 7P Ageirta IAsIATH2,14]. 1 F &
Alz="ell gk AFS v 7hdsta Ao 3
o] frAE familias$te] VIS F3 AAE AT
Commercial ~ off-the-shelf (COTS) software$!
calibration®  HIZE  (EN/ISO/IEC
17025:2005)5 A3 software® likelihood ratio®} Z14-
A A dy AREE I e & AT AE5E 118
317] A8 AFEE WE ¥ Jin S{11]9) AolA AR
H ARE JHA) familiasol= vlo|ERHo] 25 A
ke 7wl §7] Wi B4 diids AF vlaste
Wi AgPct. AAATAAY Fo A;EF
likelihood ratio®} &&-2 & A|2~8l[Fig 417} familiasA|
2H[Fig 2]°] A& dAgte o= Vet

3l validation

Sfamilias~

Fig 2. Kinship analysis using familias

.04 | B Report
Pedigree: Ped2

|

add | Parent | Child: |

Edit
Remove

Remove All |

Prior probahility! 0.5

Posterior probability! 0.999944207075451
Likelihood: 8379820861 7191E-41

Posterior ratio versus Pedl! 1 7922, 4196463822
Likelihood ratio versus Ped1: 17922 41 95463622

| Systemn: | Likelihood:
Frobability
| THO! | 0.01822502315 | 1.08376518218623 |
" | TPOX | 0.0820506398415 | 0.967034507525873 |
[ ]

| rREIDA |1 20NSAM0802E790E 07 |9 02Tt i)

| LR versus Pedl: |

Fieport only LF Save Cancel
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£ A Zz"lo| M= GeneMapper27-El ¥ {44
A Adte] 98 s Asslete] JE gAY /e
A8k a, AHEALe] AedE F7HIATE ¢4 7k
245 AE o] 22 AMEA} A 933 AHg-e] ks
EA= ?‘éé}%’iﬂr ‘?JE:‘Q AE T Aoy, B AE

o} gk AMEAL HE 7}0}1 1%— o] g3t A=
& BA7ER FAEY 5 A oA B4 g4
= EAT NEES ARAPE AL ofe] Hd B
ofe] TR WERE Yyt w4 of Aed - gl
o} 22 2 FARA B4 Al ERieole Ml s
AAsta EFAWrE dE Zem v AS

Q]
Brenner’s method[15]5 #]-§-3lo] AlRtH =S 519
U2 ole|gh gt 9l 2

o 71z3te] F2715 AATA 2 EATARME o
Al gt

AABAAEA L Analysis 3PSl Paternity
Analysis-DuoS o] &3te] E43hH, EH3Ad=

Pre-Probability = 10, Cut off CPI = 100, Analysis Kit
= PowerPlex16, Frequency Table = Koreanl65[11]%
Aol £, oIl 0189 e 9] 4

gok galoln, $AL AL8A Ao, AUE, 2443}

y =
ol wheh WA = sith Fig 3 AEARA 4
o WE RAAE 2 AAREolw, Aol
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99.5992%0°] 22 XX #AA R FHH
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Fig 3. Result of Paternity Analysis-Duo

Marker Parent Child a b Pa Pb  Type Fomula PI
D3s1358  15/21 15/16 15 21 04 0015 abac 1/4Pa 06249
THOL 7/7 6/7 7 6 0288 0112 aab  1/2Pa 17361

D21s11 29/332 29/322 29 332 0.252 0.058 abac 1/4Pa 0.9920
D18s51 15/17 14/15 15 17 0173 0.076 abac 1/4Pa 14450

Penta_E 14/19 10/14 14 19 0.085 0.046 abac 1/4Pa 29411
D5s818 1/13 2713 13 1 0.136 0312 abac 1/4Pa 18382
D13s317 sra 8/9 9 11 0124 0221 abac 1/4Pa 20161
D7s820 8/12 8/11 8 12 0118 0.188 abac 1/4Pa 21186
D16S539 9/13 9/9 9 13 0.294 0.085 abaa 1/2Pa 17006
CSF1PO 10/11 10/12 10 1 0.239 0.242 abac 1/4Pa 10460
Penta_D 10/13 13/13 13 10 01 0173 abaa 1/2Pa 49999
VWA 14/19 14 /14 14 19 0212 007 abaa 1/2Pa 23587
D8s1179 12/13 10/12 12 13 0.124 0.224 abac 1/4Pa 20161
TPOX 91 8/11 1 B 0333 0121 abac 1/4Pa 0.7507
FGA 23/232 23/ 23 232 0.255 0.006 abaa 1/2Pa 1.9607
CPI (Combined Paternity Index) 2236.6719 PP (Probability of Paternity) 99.5992%
HADARAS  Analysis ™S  Kinship

X
AnalysisE o]-&ato] A8, EAFAS FAaA R

23} 5dsHAl kSt Fig 42 AdAAS: 2 o
AdAgEIH,  Fullsibe]  #Eo] 7P =3
99.9999%0] B 2 &7 Amj7re|BA = FHAgst & vk
Fig 4. Result of Kinship Analysis

Marker allle1 allle2 % g @ oo Foorat e FSRE:‘;WFC 0
D3s1358) 15/15 | 18417 (UIZ) (0.13521) (0}1732) (. ng) Z;OE:;PC £00010.02910.058 (0.08810.117

THOL  7/8  7/8 0.167 0.341 0.097 0.062 0.027

abal
(0.288) (0.047) (0.015) (0.015) ®2+0.501(Pa+Pb)+2d0PaPb

D21S11 29/322 29/322 0.170 0.346 0.107 0.076 0.044

29 | 322 0 0 abab
(0.252) (0.088) (0.015) (0.015) ®2+0.51(Pa+Pb)+200PaPb

D18ss1 13/15 13/15 0192 0.365 0.133 0103 0.073

B 15 0 0 abab
(0.212) (0.173) (0015) (0.015) G2+0.501(Pa+Pb)+200PaPb

Penta B 5/18 5/18 0.070 0.287 0.040 0.025 0.010

5 18 0 0 abab
(0.067) (0.073) (0015) (0.015) G2+0.501(Pa+Pb)+200PaPb

12 0 0 0 aaza
Dss818  12/12 12/12 (0.242) (0.015) (0.015) (0.015) ©2+®1Pa+®OPar2 0.242 0.386 0.150 0.104 0.059

D13s317 9/12 9/12 0.159 0.342 0.104 0076 0.048

9 12 0 0 abab
(0.124) (0.194) (0.015) (0.015) ®2+0.501(Pa+Pb)+2d0PaPb

11 0 0 0 2aaa
D7S820 11/11 1L/11 4375 (0015) (0015) 0015)  G2+mlParcopany 0373 04710256 0108 0139

] 2aaa
D639 9/9 1 9/9 0704 (0015) (0015) (0015)  @2+®lPascopanz 254 0419 0190 0138 0.086

CSFIPO 11/12 11/12 0318 0457 0.254 0223 0191

1 12 0 0 abab
(0.242) (0.394) (0.015) (0.015) ®2+0.501(Pa~+Pb)+200PaPb

PentaD 12/13 12/13 0123 0.319 0.076 0.053 0.029

2 1B 0 0 abab
(0.146) (0.1) (0015) (0.015) G2+0.501(Pa+Pb)+200PaPb

VWA 18/19 18/19 , 0-132 0.323 0.080 0.053 0.027

8 19 0 0 abab
(0.194) (007) (0.015) (0.015) G2+0.501(Pa+Pb)+200PaP!

D8s1179 10/15 10/15 0.150 0.336 0.097 0.071 0.045

abab
(0.142) (0.158) (0015) (0.015) ©2+0.501(Pa+Pb)+260PaPb

TPOX 8/11 8/11 0391 0.520 0.345 0322 0.299

8 1 0 0 abab
(0.449) (0.333) (0.015) (0.015) ®2+0.501(Pa+Pb)+2d0PaPb

FGA 18/22 18/22 0.106 0.304 0.056 0.031 0.006

abal
(0.015) (0.197) (0.015) (0.015) ®2+0.501(Pa+Pb)+2d0PaPb ~

Relation Parent-Child Full-sib Half-sib First Cousin Unrelated

Muiltiplication 00 2.3462E-8 7.0942E-15 10143E-16 4.0908E-20
Index(VS Unrealted) 00 5.7353E11 1734181037 2479.6701 10

Probability 0.0% 99.9999% 99.9994% 99.9596% 50.0%
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