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Statistical Interpretation in Making DNA-based Identifications
of Mass Victims
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DNA profiles have been increasingly used as the most reliable means to identify
remains from war or mass disaster. To establish the identity with such a large set of
victims, special care should be taken to correlate remains with correct family refer-
ences while avoiding coincidental match between non-relatives. Therefore we
address here relevant statistical and combinatorial issues in the DNA identification of
mass victims. A simple and general formula for the likelihood ratio governing any
potential kinship between two DNA profiles was presented, and for that purpose, the
probabilities that a given relative and an individual share autosomal identical-by-
descent alleles were calculated. In addition, a method dealing with the allele drop-out
in kinship analysis and the estimation of a cold hit were discussed.
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allele drop-out, cold hit

uboooogooobobooooooooooooo
oooooooooooooboooocoboooooo.

oo ooobooooooocooooodboooooo
uooo0g ooo oo ooo ooo oooo, 00 ooo

o000 Ood o O0d (http://www.massfatality.dna.gov/
Chapterl2/). 0000 O0O0OOO (direct matching)D O O
000 0000 000 00000 oooo oooo oo
00 000 0000 0000 000 o0ooo oooo
000 (match probability)D 0000 000.000 00O
000 000OC0C 00000 OO0 oooooo oooo o
00 00000 0000 OO0 0o (reference sample)d O
gl doddod oo od bbb oooo.o ooo
00000 (indirect matching)D O O0OO0O OO0 OOO
00 0000 00000 000 oo0oO0oo oooo oo
0000000 00o0.0000oobo 0oooo oo oo
00000 000,0000000 00000 000 OO0
00 0oOoboobo 00 oboobooooO.ooooboooo
0000000 00000000 ooooo oooo oo

00 0000 000 Obo0o 00 000 dikelinood
ratio; LR), 0 OO 00 (kinship index)l ODO0O0O O0O. O
0,00 000 00000 000 0ooooo oo oo
000 0oobo0oooooo ooo,000oob0 oo o
0 000 00000 00000000 Doooo oo
(allele drop—out)J 0000 OO0 00 00 000 OO
00000000 00.00,00000 0000 000
0 ddooooo oo ooooo oo b oo ooo o
00 0000 000000 0oob D00 oo ooogo
00000000000 00D0O00000O0O0 0000
0 0000.00000000 00000 00oo ooo
000 000 000000000000 Ob0ooo oo
00000000 0ooo,000 000 booo oo
000000000 OooD 000 oooo ooog,o

000000000 000000000000 ooooo 55



0000 00 0000 oobbdd codhitC OO0 OO
aggooo.

1.00000400 o0

00 0000 0000 00000 0000 000 o0
000 000 00 000 0000 00,000 00 OO0
00 00 0000 000 00000 0000 0000 O
000 00 000000,00 000 OO0 000 00 O
000 00000 OO0 0000 00000 ooooo o
0.00 0000 0000 000 000 0000 oo
0 000 000 OO0 0000 (paternity index)l OO0
00000,00000 00 0000000000000
o000 oooo 0o 0 ooo,e2s 0000 ooooo
00 000 30 000 0000 00 0000 000 oo
000 00 00000 00 00000 o0.000 00
0000 00 00 000 00000 00 00 0oooo
0000 00 screening00 0000 OO0 0000 OO0
0000000 0000.00000 000 PO Q@O
000 (genotype)d GO GO O H(PO QO OO OO0
00 00)d 00 H(O O 00 000000)o 0000

Oooooo.
Ln— PG\ GO H)
P(G,, G0 Hy)

_ P(G{) G, H)P(G Hy)
" P(G,0 G-, H)P(G.O Hy)
_ PG, GO Hy)

"~ P(G, GO Hy)

_ PG G Hy

~ P(G,OH,)

000000000000 00 identical—by—descent
(BD)OOOOOO OOOD 000 0000 000 00.

Z,: 0 alleles are identical—by—descent, with probability P,
Z: Llallele are identical—by—descent, with probability P,
Z,: 2 alleles are identical—by—descent, with probability P,

000, BaldingD NicholsD 00**0 OO0 O OO OO
ooooooooboooboooo ooo oo,

P(Gd Gy, H)=P(G,0 G, Zy, H,)Py+P(Gd Gy, Z, H,)P,
+P(GO Gy, Z, Hy)P,

Great Grest
Grandparent
T, 18, 0
Legend:
Relationship ‘ ‘
Pa Py P2 Great Grand Uncle
Great Grandparent Great Grand Aunt
34, 14,0 e, 10, 0
Grand Uncle First Cousin of
Grandparent Grand Aunt Grandparent
102, 12, 0 34, 14, 0 1916, 1ME, O
Fether Unrelated Uncletdunt First Cousinof second Cousin of
Parent Parert
a, 1, 0 1, 0, 0 182, 12,0 e, 18, 0 /32, 152, 0
e Full Sikling Halt Sikling First Cousin Second Cousin Third] Cousin
a, o1 14, 12, 14 182, 12,0 34, 14 0 1516, 1ME, O B354, 184, 0

Fig. 1. The probabilities, P, P, and P, that a given relative and me share 0, 1, or 2 pairs of autosomal STR alleles identical-by-descent
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Fig. 2. A computer program for calculating likelihood ratio between two individuals under given relationship
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Table 1. The likelihood ratio for the proposition that the individuals (P and Q) are related (H) versus unrelated (H)
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v 28,
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ab Pt ———+—)
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P,, P, and P,; the probabilities that P and Q share 0, 1, or 2 pairs of autosomal STR alleles identical-by-descent
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Table 2. The likelihood ratio (LR) for the proposition that the individuals (P and Q) are related (Hy) versus unrelated (Hs) where a particular
allele in the profile P has dropped out (:N)
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D; the probability that a particular allele in the profile P has dropped out
P, P, P, ; the probabilities that P and Q share 0, 1, or 2 pairs of autosomal STR alleles identical-by-descent
LR equation from Buckleton et al. of which some notations are modified®

Table 3. An example of likelihood ratio (LR) calculation for full siblings with probablities of dropout: D = 0, }1 and%
Genotype LR (Sibling Index)

STR Locus Victim Brother D=0 -1 -1
4 2
D8S1179 11-15 11-15 11.962 11.962 11.962
D21511 30 29-30 0.924 1.084 1.135
D75820 11-12 8-12 0.729 0.729 0.729
CSF1PO 10-12 10-11 0.750 0.750 0.750
D351358 16-17 16-17 3.514 3.514 3.514
THO1 9 7-9 0.733 0.873 0.931
D13S317 9-10 9-10 8.854 8.854 8.854
D16S539 12-13 9-10 0.250 0.250 0.250
D251338 22 22 336.985 31.200 22.756
D195433 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
D55818 11 9-10 0.250 0.420 0.466
FGA 23 23-25 1.435 1.625 1.661
Cummulative LR 2,996.3 791.3 734.3

The STR loci and alleles which have possibility of allele dropout, and their LRs are represented in bold italic.
LRs were calculated using allele frequencies of 15 autosomal STRs as reported in Han et al.* "
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