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DNA-based |Identification
of Mass Victims

= Direct Matching

= assesses the probability or likelihood that a
DNA profile from a victim’s remains and a
profile developed from a personal item known
to belong to a missing individual would share—
by chance-the same DNA profile

= [ndirect Matching
= uses methods of formal genetic kinship

http://www.massfatality.dna.gov/Chapteri12/




Consideration for DNA-based
i |dentification of Mass Victims

= Calculation of likelihood ratio (LR)
= Various kinship
= Numerous families

= Allele drop—in and drop—out

= Estimation of cold hit

i Evaluation of DNA Analysis

Odds Form of Bayes’ Theorem

P(H,|E) _ P(E|H) P(H)

P(Hi| E) P(E| Hy) P(Ha)

Posterior Odds = Likelihood Ratio x Prior Odds




i Kinship probability

LRXP( Hp)
LR x P( Hp)+[1-P( Hp)]

P(Hy| E) =

if prior probability P(H,) = 0.5,
LR
LR +1

P(Hy | E)=

2. Hp: P and Q are related

(for example, parent - child, full - sibs, cousins, etc.)

‘ 1. Gr and Go be the genotypes of two individuals P and Q

Hai: P and Q are unrelated

_ P(Gr,Go| Hy)
~ P(Gr,Go| Ha)

P(Go| Gr, Hy)P(Gr| Hp)
" P(Ge| Gr, Ha)P(Gr| Ha)
_ P(Go| G, Hp)
~ P(Go| Gr,Ha)
_ P(Go| Gr, Hy)
~ P(Go| Ha)




Use of the IBD Probabilities

According to Balding and Nichols (Forensic Sci Int.1994;64 :125 - 40)

Zo: 0 alleles are identical - by - descent with probability Po
Z1: 1 allele is identical - by -descent with probability P
Z>: 2 alleles are identical - by - descent with probability P:

P(GJ|Gr, Hy) = P(GJGr, Zo, Hy)Po
+ P(Go|Gr, Z1, Hp) Pi
+ P(GP|GP, Z2, Hy) P>

The likelihood Ratio for the Proposition That the Individuals (Pand @)
are Related (+,) Versus Unrelated (H)

LR P(Go | Gr,Hy)
Gr Ge "~ P(Go|Ha)
aa aa pos DL P2
P’
ab Po+ i
2P
bb or bc Po
ab aa Po+ il
2Pa
ab Pu+i(i+i)+ L
4 Pi Po 2PaP»
ac Po+ il
4Pa
cc or cd Po

P, P,and P,; the probabilities that # and @ share 0, 1 or 2 pairs of autosomal STR
alleles identical-by-decent




The Probabilities #,, P, and £, that a Given Relative and Me Share
IO, 1 or 2 Pairs of Autosomal STR Alleles Identical-by—descent

Great Great
Grandparent
7/8, 118, 0
Legend. ‘
Relationship ‘
Py, Py, P, Great Grand Uncle
Great Grandparent Great Grand Aunt
3/4, 1/4, 0 7/8, 1/8, 0
Grandparent Grand Uncle First Cousin of
P Grand Aunt Grandparent
12, 1/2, 0 3/4, 1/4, 0 15/16, 1/16, 0
Mother Father Unrelated Uncle/Aunt First Cousin of Second Cousin of
Parent Parent
0, 1, 0 0, 1, 0 1, 0, 0 12, 12, 0 7/8, 1/8, 0 31/32, 1/32, 0
Me Full Sibling Half Sibling First Cousin Second Cousin Third Cousin
0, 0, 1 1/4, 12, 1/4 112, 12, 0 3/4, 1/4, 0 15/16, 1/16, 0 63/64, 1/64, 0

General Formula for LR Calculation

According to Brenner and Weir (Theor Popul Biol.2003;63:173-8)

1. a) If two genotypes with suspected relationships are ab and cd,
define the four mating combinations 1: ac;2: ad;3: bc;4: bd.
b) If the two alleles in the ith pair are the same type, then w:
is the reciprocal of the frequency of that allele. Otherwise, wui=0.

it u+us+us
4

Uilda + UUs

2.a) U=

b) W=

3. LR=Po+UP1+WP:




Common IBD Probabilities and LR

Relationship Py P, P, LR=Py+UP,+ WP,
Not related 1 0 0 LR=1
Same individual 0 0 1 LR = W (Discrimination index)
Parent-child 0 1 0 LR = U (Paternity Index)
Grandparent-grandchild % VZ 0 LR=2%+2%U
Full sibs Ya V2 Ya LR=%+2%U+2uW
Half sibs Y2 V2 0 LR=%+2%U
Uncle-nephew Ve VA 0 LR=%+%U
First cousin Ya Va 0 LR=%+%U
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i Distribution of the LR

Cousin "

Logyo LA

Buckleton et al., Forensic DNA Evidence Interpretation

i Genotyping of Highly Degraded DNA

= Efficient DNA extraction
= Mini—-STR
= |dentifiler + Minifiler (ABI)
= Yfiler + Y=miniplex (Park et al, 2007)

+ LR calculation should be modified
in light of allele drop—out




The Likelihood Ratio (LR) for the Proposition that the Individuals
(Pand Q) are Related (+,) versus Unrelated (#,) where a
Particular Allele in the Profile 2 has Dropped Out (a/VV)

Gr Go L r P(Co| Gr.th)
P(Go|Ha)
aN wa py 4 (D+POPI+(1+D)P:
P.(2D+DP.)
b pyy (D+(+D)PQ)P1+2DP:
2P.(2D+DP:)
bb or bc Po+ DiPi
2D+DP.

D ; the probability that a particular allele in profile P has dropped out
P,. P;. P, the probabilities that #and @ share 0, 1 or 2 pair of autosomal STR alleles

identical-by—descent
LR equation from Buckleton et al of which some notations are modified

ndows Internet Explorer

- ‘& http //mimanager, yonsei.ac kr/match_group. php# ~'| SealEs | ‘ P~
_ i X »
| @ miDNAmanager - forensic mDNA database | | B B & - [ EORE - G ERD -
meNAmunuger Welcome, 825 mtDMNA
Change Profie
["Sample || mMatch | query | Home |
Working Group Working Sample:
KW2002-Yonsei 625 Bone 2002, Yonsei | | SampleD | Expected HE | Estimated HG | np 16024-16568 np 001-437 np 436576
KW2003-¥onsei 625 Bone 2003, Yonsei | 13070040038  Déhz Dénz 16174 16223 18311 16317 16362 73152283 308.1C 315.1C 439
KW2004Scoul 625 Bone 2004, Seoul U | 13070040188 ASa Aga 16187 16223 16390 16318 73235283 308.1C 318.1C 5234 5240
KW2005-coul 625 Bone 2005, Seoul U | 13070040208 G3a1 cat 16183C 16182 16194 16195 16323 16227 1627... 73263 300.1C 315.1C 439
KW2006-Yonsei 625Bone 2008, Yonsei: || 13070040208 D4/G DerG 16223 16362 73263315.1C 39
KW2007-ctc 625 Bane 2007, sic 13070040210 F1d Fid 16172 16189 16304 16308 73146 2480 263 309.1C 315.1C 523d 5240

I KW2007-Yonsei| 625 Bone 2007, Yonsel 13070040221 Filal F 16162 16172 16304 73 152 249d 263 315.1C S23d 5244
KW2008-etc 625 Bone 2008, etc 13070100078 | D4b2b D4p20 16223 16362 73 194 263 309.1C 315.1C 523d 524d I

Lab-Member  Lab-Wembers, Yonsei U 44 123456789 kM
Nogunri-CB Nogunri Family, 2008, CF s < | >
< | > Matching Option
Target Group Region Hvi [ wvz [ wva [ control Region
BF2004 Seoul 525 Famiy 2004 Seoul 2 L lgnore heteroplasmic insertions in the poly C-str
BF2005-Seoul 625 Family 2005, Seoul | Maximum number of nuckeotides
BF2008-HP 625 Family 2008, Human Match ][ Match All ][ Worldwide Frequency ]
BF2008-Yonsei 625 Famiy 2008, Yonse | | yoiiins nogipe
BF2007-HP 625 Family 2007, Human
No. of Matched Samples No. of Target Samples Match Probabilty
BF2007-KG 625 Famiy 2007, Kogen: | 1o o17es
| BF2007-Yonsel | 625 Family 2007, Yonse| - "
Sample ID Expected HG | Estimated HG | np 16024-16569 np 001437 np 438-576

KW-ReExam 625 Bone, ReExamed
KW2000-Yonsei 625 Bone 2000, Yonsei
KW2001-Wonk... 625 Bone 2001, Wonkw:
KW2001-Yonsei 625 Bone 2001, Yonsei

KI/2002-Yonsei 625 Bone 2002, Yonsel
KI2003-Yonsei 628 Bone 2002, Yonsei

KIN2004-Seoul 625 Bone 2004, Seoul U v

< \ 3 |ls |

hittp://mimanager, yonsei,ac, k/match_group, php# [3 @ 2E: 0% -
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Mitochondrial DNA Control Region Sequence
of a Victim and the Alleged Brother

Haplo

Sample HV1 HV2 HV3
group

—_ 73G-194T-263G-
Victim 16223T-16362C 309.1C-315.1C 489C-523d-524d  D4b2b

73G-194T-263G-
Brother 16223T-16362C 309.1C-315.1C 489C-523d-524d  D4b2b

Match Probability = 1/144

Genotyping of Y-STRs using Yfiler kit from a Victim
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Genotyping of Y-STRs using Y-miniplex from a Victim
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Y-STR Genotypes of a Victim and the Alleged Brother

STR locus Allele Shared
Victim Brother Allele
DYS19 - 17 -
DYS389l 12 12 12
DYS389ll - 28 -
DYS390 25 25 25
DYS391 10 10 10
DYS392 14 14 14
DYS393 12 12 12
DYS385a/b 12 12-20 12
DYS437 15 15 15
DYS438 11 11 11
DYS439 12 12 12
DYS448 - 20 -
DYS456 15 15 15
DYS458 15 15 15
DYS635 20 20 20
GATA H4.1 21 21 21

Match Probability = 1/133




Genotyping of Autosomal STRs using Identifiler kit
from a Victim
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Genotyping of Autosomal STRs using Minifiler kit
from a Victim
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An Example of Likelihood Ratio (LR) Calculation for Full Sibling
with Probabilities of Dropout : O=0, + and +

Genotype LR (Sibling Index)

STR Locus o | !

Victim Brother D=0 b=3 D=3
D8S1179 11-15 11-15 11.962 11.962 11.962
D21s11 30 29-30 0.924 1.084 1.135
D78820 11-12 8-12 0.729 0.729 0.729
CSF1PO 10-12 10-11 0.750 0.750 0.750
D3S1358 16-17 16-17 3.514 3.514 3.514
THo1 9 7-9 0.733 0.873 0.931
D138317 9-10 9-10 8.854 8.854 8.854
D16S539 12-13 9-10 0.250 0.250 0.250
D2S1338 22 22 336.985 31.200 22.756
D19S433 13.2-14 15.2-16.2 0.250 0.250 0.250
VWA 19 15-19 3.124 3.345 3.363

TPOX - 8-11

D18S51 11-15 13-15 0.922 0.922 0.922
D5s818 11 9-10 0.250 0.420 0.466
FGA 23 23-25 1.435 1.625 1.661
Cummulative LR 2,996.3 791.3 7343

The STR loci and alleles which have possibility of allele dropout, and their LRs are represented in
bold italic.

Probability for Kinship Determination

N:No. of victims
M: No. of genotyped skeletal remains

n-No. of genotyped families

MY (N-M
X
k n—k
N

n

(Fh n—k<N-M, k<n, k<M, n<N)

P(X =k)=




i Estimation of Cold Hit

M
E(X)=nx—
(X) N

< For example, identification of Korean War victims

L1000 _
100,000

i Summary

= A simple and general formula for
likelihood ratio calculation

= Evaluation of kinship index in light
of allele drop—out

= Estimation of cold hit in DNA-
based identification on open forms
of mass disaster




i Consideration for Use of LR

= LR threshold for determination of kinship
= Rate of allele drop—out

= Degree of DNA degradation

= STR locus used in PCR system
= Strategy to increase LR

= Use of mtDNA, Y-STR haplotypes
= Combined calculation of two more relatives’
genotypes

* Thank you for your attention!

kishin@yuhs.ac
http://forensic.yonsei.ac.kr




