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Disclaimer!

Points of view are those of the presenters and do not necessarily represent
the official position or policies of the National Board of Forensic Medicine or
ISFG. Certain commercial software, instruments, and materials are identified
in order to specify experimental procedures as completely as possible. In no
case does such identification imply a recommendation or endorsement, nor
does it imply that any of the materials, instruments, or equipment identified
are necessarily the best available for the purpose.
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Topics

1. Case examples

2. Pseudo-counts

3. Anepleudies

4. SNPs and expanded marker panels (Simulations)
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Case examples




% RATTSMEDICINALVERKET

NATIONAL BOARD OF FORENSIC MEDICINE

Curious cases of X

See https://link.springer.com/article/10.1007/s00414-017-1612-8 for
further cases!

nternational Joumnal of | Medicine

March 2018, Volume 1.

2, pp 361-371 | Ciite a=
Curiosities of X chromosomal markers and haplotypes

Vsl

Authors and affilistions

Original Article

First Online: 26 May

Abstract

Recent progress in forensic genetics has introduced a number of elosely located short tandem
repeat (3TR) markers on the X chromosome. Inevitably, dependencies arise that have to be
accounted for. This paper will in detail explore the complex statistical interpretation of X-
chromosomal STR. markers, focusing on likelihood calculations. Specifically, we will investigate
how the phase uncertainty of haplotvpes comes into play in the statistical evaluations and what
curious effects this phenomenon can have. The starting point is the different real cases where
the weight of evidence has provided unexpected results that require further investigation in
order to be fully understood. We will touch upon subjects such as association between alleles,
recombinations, and mutations. The aim of this study is to facilitate a better understanding of
the interaction between the concepts in addition to provide an understanding why good
estimates of haplotype frequencies are crucial. The individual subjects have been discussed in
other fields, whereas this study will focus on forensic applications where few studies have been

conducted relating to the understanding of how these concepts interact.
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

@

@

IBD1=1
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

@

DXS10135: 14/14

@

DXS10135: 14/14
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Curious case of X (1)

H1: Paternal half sisters

H2: Unrelate%\\)

14 14 14

@ @

DXS10135: 14/14 DXS10135: 14/14

LR=f /...
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

v

DXS10135: 14/14 .

LR=f,,3f,,4=...

. DXS10135: 14/14
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

@

DXS10135: 14/14

@

DXS10135: 14/14

LR=f,,%f,,4=1/f,,
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Curious case of X (1) ,

H1: Paternal half sisters
H2: Unrelated

@

DXS10135: 14/14

LR

\ 4

O

DXS10135: 14/14

LR=1/f,,

Conclusion: If 14 is rare, the LR is high
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

@

DXS10135: 14/14
DXS10124: 20/20

LR =1/f,,*1/f,,
LR p=1/ f14_20

@

DXS10135: 14/14
DXS10124: 20/20
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

@

DXS10135: 14/15
DXS10124: 20/21

LR, =1/4f ,*1/4f,,
LR, =277

@

DXS10135: 14/16
DXS10124: 20/22
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Curious case of X (1)

H1: Paternal half sisters 20
H2: Unrelated

LR, =777

DXS10135: 14 | 15
DXS10124: 20 | 21

DXS10135: 14 | 16
DXS10124: 20 | 22

LR p=f14 20*f15 21%T16 22 /...
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

LR, =777

DXS10135: 14| 15 DXS10135: 14 | 16
DXS10124: 20 | 21 ‘ ‘ DXS10124: 20 | 22

or or

LRLD:f14_20*f15_21*f16_22 / [(2f14_20f15_21+- - ')*(2f14_20f16_22+' ]
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Curious case of X (1)

_ LRLD:’???
H1: Paternal half sisters
H2: Unrelated
DXS10135: 14 | 15 DXS10135: 14 | 16
DXS10124: 20 | 21 ‘ ‘ DXS10124: 20 | 22
or or
DXS10135: 15 | 14 DXS10135: 16 | 14
DXS10124: 20 | 21 DXS10124: 20 | 22

S N

LRLD:f14_20*f15_21*f16_22 / [(2f14_20f15_21+2f14_21f15_20)*(2f14_20f16_22+2f16_20f14_22)]
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Curious case of X (1)

_ LRLD:’???
H1: Paternal half sisters
H2: Unrelated
DXS10135: 14 | 15 DXS10135: 14 | 16
DXS10124: 20 | 21 ' ‘ DXS10124: 20 | 22
or or
DXS10135: 15 | 14 DXS10135: 16 | 14
DXS10124: 20 | 21 DXS10124: 20 | 22

S N

LRLD:f14_20*f15_21*f16_22 / [(2f14_20f15_21+2f14_21f15_20)*(2f14_20f16_22+2f16_20f14_22)]

Conclusion: Since the phase (haplotypes) is not certain, we need to add both possibilities
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Curious case of X (1)

LRLD:’???
H1: Paternal half sisters
H2: Unrelated
DXS10135: 14 | 15 DXS10135: 14 | 16
DXS10124: 20 | 21 ‘ ‘ DXS10124: 20 | 22
or or
DXS10135: 15 | 14 DXS10135: 16 | 14
DXS10124: 20 | 21 DXS10124: 20 | 22

LRLD:f14_20*f15_21*f16_22 / [(%"‘2f14_21f15_2o)*(m+2f16_20f14_22)]

Assumption: 14 20 is rare, 15 20 and 16_20 are common
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-
Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

LR, =777

LRLD:f14_20*f15_21*f16_22 / [(2f14_21f15_20)*(2f16_20f14_22)]

What happens if 14 20 is extremely rare???
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Curious case of X (1)

H1: Paternal half sisters
H2: Unrelated

Table 2. Genotype data for three STR markers located in 1.G2 of the Argus X12 kit.

Home > International Journal of Legal Medicine > Article

Marker G1 G2 Curiosities of X chromosomal markers and

haplotypes
DXS7132 1 2, 1 3 1 3, 14 Original Article | Published: 26 May 2017

Volumy

DXS10079 19,19 18,19

DXS10074 14,18 18,18

Abstract

Recent progress in forensic genetics has introduced a number of closely located short
tandem repeat (STR) markers on the X chromosome. Inevitably, dependencies arise that
have to be accounted for. This paper will in detail explore the complex statistical
interpretation of X-chromosomal STR markers, focusing on likelihood calculations.
Specifically, we will investigate how the phase uncertainty of haplotypes comes into play in

the statistical evaluations and what curious effects this phenomenon can have. The

starting point is the different real cases where the weight of evidence has provided
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Curious case of X (1)

H1: Paternal half sisters (genotypes G1 and G2)
H2: Unrelated

Table 2. Genotype data for three STR markers located in LG2 of the Argus X12 kit.

DXS7132: 13
DXS10079: 19
DXS10074: 18

Marker G1 G2

DXS7132 12,13 13,14
DXS10079 19,19 18,19

DXS10074 14,18 18,18

"Forced” paternal haplotype Maternal haplotypes
LR = — H 51018 ng,lg,m H 44518

iy

t\-..‘
[

L

—

H12_19_14-H13_19 18 + Hl'_z. 19 IEHIE_IQ' 14 f° .LHIE!-,JB,]EHI‘&LIQ:IS + H13,19,13H14=18,18

Two different haplotype setups Two different haplotype setups
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Curious case of X (1)

H1: Paternal half sisters (genotypes G1 and G2)

H2: Unrelated
Interpretation: LR switches from below 1 to above at lambda=10.

60
\

LR
20 30 40 50
|
1

10

T T T T T T
0 2000 4000 5000 8000 10000

e

Answer lies in the combination of rare shared paternal haplotype and phase uncertainty
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Curious case of X (1)

H1: Paternal half sisters (genotypes G1 and G2)
H2: Unrelated “ Forensic Science International: Genetics -

& ALPL G Volume 60, September 2022, 102745

How often does it happen??

A) Extended population genetic analysis of
12 X-STRs — Exemplified using a

* = Norwegian population sample
=S — LRINORIt & LRINELI EDrikiF,I i?rzseat: “OI,:idreasTiHmarh‘1.L}orzen T. Haddeland #,

. We simulate data in an extended Northern
| European (NEU) database, N=2624

Threshold (log10 LR)

Compute LR using a smaller Norwegian (NOR)
Database, N=631.
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Curious case of X (1)

H1: Paternal half sisters (genotypes G1 and G2)
H2: Unrelated “ Forensic Science International: Genetics -

& ALPL G Volume 60, September 2022, 102745

How often does it happen??

A) Extended population genetic analysis of
12 X-STRs — Exemplified using a

* = Norwegian population sample
=S — LRINORIt & LRINELI EDrikiF,I i?rzseat: “OI,:idreasTiHmarh‘1.L}orzen T. Haddeland #,

. We simulate data in an extended Northern
| European (NEU) database, N=2624

Threshold (log10 LR)

Compute LR using a smaller Norwegian (NOR)
Database, N=631.
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Curious case of X (2)

H1: Two females are full sisters
H2: The two females are maternal half sisters

Table 3. Excerpt of data from one of the linkage groupsin the Argus X12 Kit.

Marker 1 G2

DXS10148 14.19 19.24.1

DXS10135 21.21 20.21

DXS8378 10.13 13.13
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Curious case of X (2)

Table3. Excerpt of data from one of the linkage groups in the Argus X12 Kit.

NMarker 1

G2

DXS10148 14.19

DXS10135 21.21

DXS8378 10.13

19.24.1 19

20.21

21
13.13 13 \\

14
21
10

19
21
13

19
21
13

24.1
20
13




o
Ei RATTSMEDICINALVERKET

NATIONAL BOARD OF FORENSIC MEDICINE

Curious case of X (2)

Table3. Excerpt of data from one of the linkage groups in the Argus X12 Kit.

NMarker 1 G2

DXS10148 14.19 19.24.1
DXS10135 21.21 20.21

DXS8378 10.13 13.13

Requires mutation

19 124.1
20 |21
13 |13

14| 19
21| 21
10| 13
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Curious case of X (2)

Table3. Excerpt of data from one of the linkage groupsin the Argus X12 Kkit.

Marker G1 G2

DXS10148 14.19 19.24.1
DXS10135 21.21 20.21

DXS8378 10.13 13.13

No mutations Paternal haplotype requires a single mutation

O' 5 (1 o H)s |:21_9,21,13 |:14,21,10 |:24.1,20,13 T 05/’l (1 o /’I)S |:19,20,13 |:14,21,10 |:24.1,21,13 ]]

LR =

L,
L,
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Curious case of X (2)

Table3. Excerpt of data from one of the linkage groupsin the Argus X12 Kkit.

Marker G1 G2

DXS10148 14.19 19.24.1
DXS10135 21.21 20.21

DXS8378 10.13 13.13

L, 0.5 I: Q- /4)6 Fio 2113142110 F24.1,2015 + 0.5 Q- /U)S Fio.2013F14.2100F24.1.21.18 :I
L, Fis.2110F0.2113 L Fos12013 + (2 Fio2013F241.2113 + 2F16 2115F 2412013 )J

+ |:14,21,13 |:19,21,10 I:( 2 |:19,20,13 |:24.1,21,13 +2 |:19,21,13 |:24.1,20,13 ):I

LR =

Maternal half sisters
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Interpretation: LR depends on mutation rate and behaves differently
depending on lambda

1§

FEETEE
I
00000

10

R

|

A
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Curious case of X (3)

»Real example from a paternity case

Alleged father | Child

DXS7132 14/14
DXS10079 15/21 Possible mutation
DXS10103 16/18
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Curious case of X (3)

»Real example from a paternity case

Alleged father | Child

DXS7132 14/14
DXS10079 15/21 Possible mutation
DXS10103 16/18
IR — L, _ |:14,20,1(3/U(20 > 21)[ ]
L, F42016l]

Paternal haplotype will "cancel out”
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Curious case of X (3)

»Real example from a paternity case

Alleged father | Child

DXS7132 14/14
DXS10079 _ 15/21  Possible mutation
Dxs10103 [N 16/18

m_ b _ Eanen(20>21)] ]
L, Furzool]

Paternal haplotype will "cancel out”
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Curious case of X (3)

»Real example from a paternity case

Alleged father | Child

DXS7132 14/14
DXS10079 _ 15/21
Dxs10103 [N 16/18

LR = L, (20 > 21)|:|:14,15,18 %]

L2 [2 |:14,21,16 |:14,15,18 +2 |:14,21,18 |:14,15,16 ]

//

Two alternative haplotype setups for the child

35

Haplotype Observations Observations in
in Sweden Spain

[14 21 16]
[14 15 18]
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36

Curious case of X (3)

»Real example from a paternity case

Alleged father | Child

DXS7132

DXS10103

_ £(20 > 21) F14,15,16

(20 > 21)

£(20>21)F, 5.5 _ #(20 > 21)

2 I:14,21,16

2 I:14,21,16 |:14,15,18

Haplotype Observations Observations in
in Sweden Spain

[14 21 16]
[14 15 18]
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Pseudo-counts




o
Ei RATTSMEDICINALVERKET 38

NATIONAL BOARD OF FORENSIC MEDICINE

-
New frequency model

»We may use pseudocounts

Ed sters 5 =
Database name: pu| Options >
e | = General —— Cluster
LSERT oM | Lambda Database size S Add
Cluster1 b | 1 | 552
Cluster2 k cancel | it
Cluster3 A [ Use duster spedific
Clusters b
Estimate from data | Remowve
Freguency options Import
Mew allele frequency
Iil].[):l Export
|Normali5e - |
— Turn off Use
mutations pseudocounts
< > Close

Activate
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-
New frequency model

>We may use pseudocounts
E_ (c, +d,)+ Arx,
| C+D+ A

D describes the total number of observations in a case
d is the number of "weighted” observations for haplotype i.

Suggested by Balding for autosomal markers
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New frequency model

»Example — Paternal half sisters (revisited)

Table 2. Genotype data for three STR markers located in LG2 of the Argus X12 kit.

Mark G1 G2
arker Haplotype
DXS7132 12,13 13,14

DXS10079 19,19 18,19 1219 14 0.5
DXS10074 14,18 18,18 1219 18 0.5

131914 0.5
D=4 (there are four 131918 0.5
observations, two for each ~ 131818 0.5
fema|e) 1319 18 0.5

1418 18 0.5

14 19 18 0.5



dn
Ei RATTSMEDICINALVERKET 41

NATIONAL BOARD OF FORENSIC MEDICINE

New frequency model

»Example — Paternal half sisters (revisited)

Table 2. Genotype data for three STR markers located in LG2 of the Argus X12 kit.

Marker G1 G2 Haplotype n
DXS7132 12,13 13,14

12 19 14 0.5
DXS10079 19,19 18,19

12 19 18 0.5
DXS10074 14.18 18,18

1319 14 0.5

131918 0.5
D=4 (there are four

) 1318 18 0.5

observations, two for each 1310 18 0E
female) '

14 18 18 0.5

14 19 18 0.5



o
Ei RATTSMEDICINALVERKET 42

NATIONAL BOARD OF FORENSIC MEDICINE

-
New frequency model

With pseudocounts Without pseudocounts

T T T T T
0 2000 4000 6000 8000 10000 0 2000 4000 G000 8000 10000
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-
New frequency model

»Model does not change the haplotype frequencies in the
database

» Adjusts the frequencies on-the-fly

»More intuitive results

»Mathematically sound?

»Good for smaller databases (say <1000 haplotypes)
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Anepleudies

! . . . .
S Forensic Science International: Genetics
& _r.&»\f,' < Volume 74, January 2025, 103128 g ]

A mathematical framework for genetic
relatedness analysis involving X
chromosome aneuploidies

Marisa Faustino ® ** & &, Leonor Gusmio <, Anténio Amorim © © ¢, Daniel Kling © ",
Nddia Pinto " 99

Big thanks to Marisa Faustino for sharing slides!
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Aneuploidy

“*Loss or gain of one or more chromosomes

Euploid Female Female with Female with
- Trisomy X mosaic Trisomy X

(2 CE @
Gy || O | | @&

46, 47, 46, XX |
XX XXX A7 XXX




i
RATTSMEDICINALVERKET

o NATIONAL BOARD OF FORENSIC MEDICINE

Aneuploidy

46

Female with
mosaic Trisomy X

Gy

46, XX/
47, XXX
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47

Kinship Investigation Problem

Paternal
half-sisters

%)

s Unrelated ~

=7
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Objective

+¢ Establish the mathematical framework to
weight the DNA evidence of independent
X chromosome markers in kinship
analyses, between 2 non-inbred

individuals when:

[Assumptions: A
* Parents without aneuploidies
* No allelic mutations

> Full codominance )

48

Euploid X chromosome

Female (46, XX) aneuploidy
or Male (46, XY) |

|
O Triple or Trisomy X (47, XX);(&—

O Turner syndrome (45, XO@Q
Q Klinefelter syndrome (47, XX\@

f=1in 1,000 «




% RATTSMEDICINALVERKET 49

NATIONAL BOARD OF FORENSIC MEDICINE

Kinship Investigation

Paternal
half-sisters

p
Paternal

.
>

Maternal

-
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Kinship Investigation

Paternal
half-sisters

%)

7
II
II \
II ‘\
7 \
¥ \
s R
Paternal ® o
. O 000
4 )
o o
Maternal o o000
o
k

ie—

50

(K

Ly

-

ey points (Trisomy X):

Paternal extra X chr:

1 pair of IBD alleles (max 2

peaks)

Maternal extra X chr:
1 pair of IBD or non-IBD
alleles (max 3 peaks)

3 non-IBD alleles:
maternal extra X chr

—

N

[
J
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Kinship Investigation

Paternal Unrelated
half-sisters nrelate

® o
II'\\\
III ‘\\
Il ‘\
II ‘\
III \‘\
/ AY
( \
[ o 000) (0@ o0 )
Paternal Paternal
i ° 000 oe® 000 ]
s < s 3
o o o o
Maternal () 000 @ 000 Maternal
L o o .j L o L I ) )
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Kinship Investigation

Electropherograms - Genotypes - Infer the IBD

State

(sometimes)
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Kinship Evaluation
dh 4

K %uggi Trisoggny X

J

53

P(genotypes|H,)

LR =
- - P(genotypes|Hy)

Euploid Euploid

P(extra X mat) :P(genotypeslHl,m) ]+

P(extra X pat)

P(gentoypes|H1,ﬁ)} LR : Likelihood ratio
H : Hypothesis i

LR =

P(extra X mat) P(genotypesIHz,m)]+

P(extra X pat)

m : maternal extra X

P(gentoypes|H,, nT)J m : paternal extra X
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Kinship Evaluation

4 N

Eugloi Trisog}my X
\,

J

?

54

P(genotypes|H,)

LR =
- - P(genotypes|Hy)

Euploid

Euploid

LR =

[P(extraX matj P(genotypes|H;, m) +[P(extra X pat)] P(gentoypes|Hy, m)

LR : Likelihood ratio
H : Hypothesis i
m : maternal extra X

[P(extraXmatj P(genotypes|H,, m) +[P(extraX pat)] P(gentoypes|H>, m) IRSELESUEIDUCH
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Genotypic configurations

XX XX

? ?
9 possibilities

Pinto et al., (2011)

dh a
XX XXX

¢ ?

16 possibilities
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Genotypic configurations

dh a dh a
X X X X X X XX X
g ? g ?

9 possibilities

16 possibilities

Pinto et al., (2011)

1: 2:
2 1

Peak heigh
ratio
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Joint Genotypic Probabillities

o O + aa,aab

* aa,abb
? A L — (P - s 2ot el )

X X X
Of allele a

? ?
the alleles J

rrangement 1
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-
IBD arrangements

The IBD arrangements represent the different possibilities

of individuals sharing pairs of IBD alleles per marker
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.
IBD arrangements

The IBD arrangements represent the different possibilities

of individuals sharing pairs of IBD alleles per marker

[ non-inbred ]
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IBD arrangements

3 arrangements 7 arrangements

Pinto et al., (2011)
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IBD arrangements

allele non-IBD extra allele

3 arrangements / arrangements

Pinto et al., (2011)
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IBD arrangements

3 arrangements 7 arrangements

Pinto et al., (2011)
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IBD arrangements probabilities

When the extra X chromosome is maternal: 4 Ce o )
?1

Fre ° °
Paternal e . 0
half-sisters @2 .
Te ——e

i [
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IBD arrangements probabilities

When the extra X chromosome is maternal: 4 ce o )
$1
Fre . .
Paternal Fe o 0
half-sisters @2
Fre ——e
[ ]

R
N
D

P4 ETI :_. P(x)
A
o ®
[ QQ./ P ::TI I . 0
——=2 L )
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P(X) inference

When the extra X chromosome is maternal:

Paternal half-sisters Paternal half-sisters
) S mm Zam )

abc aa abb

——
non-IBD

P(x)=0
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P(X) inference

When the extra X chromosome is maternal:

Paternal half-sisters Paternal half-sisters

ome %! G344
ayY
abc aa abb
non-IBD
\_ 4 \_ J

P(x)=0
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P(X) inference

When the extra X chromosome is

maternal: '
Paternal half-sisters Paternal half-sisters
T3 %)

aa apc

——
non-IBD

P(x)=0 P(x) =7
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68

P(x) estimation

¢+ Graph made from an equation adapted from C6té and

Edwards, (1975)
+«+ Considering P(meiosis | errors) = 0.63 (Thomas et al. (2001))

4 )
0.00 l
0.00
g ’ o
0.00 o ®o © o ¢ o ¢
0.00 2
0123456 78910
No. crossovers between the centromere and
\ marker j

Depends on:
+s» Number of crossovers between the
centromere and marker

P(x):

%+ ~0.37 for pericentromeric markers
++» ~0.33 for non-pericentromeric markers

P(x) : Probability of the maternal alleles inherited being IBD
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IBD arrangements probabilities

~
Z?;Pe?g' Unrelated
0 0
1 0
0 i

Pinto et al., (2011)

« Dependent on the
kinship & P(x) value &
genotypes

+ Dependent on kinship
< Independent of genotypes

I
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Kinship Evaluation

4 I l N

Trisomy X

g

J

70

P(genotypes|H,)

LR =
- - P(genotypes|H.)

Euploid Euploid

P(extra X mat)

( P(genotypes|H{,m) ]+

P(extra X pat)

P(gentoypes|H1,ﬁ)} LR : Likelihood ratio

H : Hypothesis i

P(extra X mat)

P(genotypes|H,, m) ] +

P(extra X pat)

m : maternal extra X

P(gentoypes|H,, nT)J m : paternal extra X




% RATTSMEDICINALVERKET

NATIONAL BOARD OF FORENSIC MEDICINE

H,: The females are related as paternal half-sisters
H,: The females are unrelated

.

’ Maternal meiotic error inferred as F; shows 3 ‘

different alleles in DXS10135: 17,18,19

!

IBD probabilities (Table 1A)
LA =0; o' =1 P(x|H,,G); 9" = P(x|H,,6)
Hyi = P(x|H,,G); p3" = P(x|H,,6); 5L, =0

!

M,: DXS10135 M,: DXS10073 M;: DXS10101 M,: DXS10146
Forensic Science International: Genetics F:17,17 F:20,20 F:28,31 F: 26,30
Gj=y,.4 F:17,18,19 Fy:20,20,20 Fy:28,28,28 Fy: 26,26,30
Volume 74, January 2025, 103128 F: aq; Fy: abe F: aa; Fy: aaa F: ab; Fy: aaa F: ab; Fy: aab
5 P(x|H;,G,) =0 P(x|H,,Gy) =z P(x|Hy,G3) =z P(x|Hy,Gy) =z
1 M 2 e m _ . m _ 2 n
A mathematical framework for genetic g g or=1-z =1 o
. T = o=z 9=z [
.. . £
relatedness analysis involving X < T T
| = PG = PGy PGl =
4 ; " b B 1L
s 1: = —9f2 SR A | = -2)fufa = (1-2)(2fzfi0
chromosome aneuploidies B =¥bfehe | =Q-Dfotafh | g™ |y e ¥ ofhe
Marisa Faustino ®®* & & Leonor Gusmio ¢, Anténio Amorim © ® ¢, Daniel Kling © | = P P(x|Hz,G2) =2 P(x|Hz,G3) = 2 P(x|H2.G4) =2
Nédia Pinto ® 99 % o= or=1-z2 o
| i #7 =0 o7 v =2 oF
-
< = D(GalHs) =
3 PG, IHy) = PG IH:) = _ PGilHy): PGyl =
1| i | S20-Dm | =ea-2RG
g 17 1819 “JJ20 20 + zzfzjs[” + 21[2161(52“
IR P(G,|H,) P(G,|Hy) P(Gs|Hy) P(G,4|Hy)
ot P(G,1H;) P(G|H) P(Gs]H>) P(G,IHz)
4
I Risa ]—L‘ LR; = 1.13 X 10°
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Expanded marker panels
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FORCE

» Different kits

STRs

Uiokoge group | Edit cluster: Clusterl
— lekoge group
Alele systems <
Actions

System na... | Number of aleles | Posivon (M) | o
DXS10148 % 10.000000 g

DXS10135 35 11.123000 =
DXS8373 6 11.263000

1. Many alleles
| 2. Mutations
1 e S 3. LD

Jurtooe group 4

hreeecaceme describes the physel locsinston of $e T8 ki thor cae be encbyzed
B L TS ——— .
e ol ke . G ancene geicde /s, cu. F | ta
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FORCE

Marker

1 Genetic position (chM)
2 rs4892897 7.582
3 |rs1637781 7.805
4 |rs5983084  8.5874
5 rs6642174  8.8134
6 rs6641753  9.1834
7 rs6641574  9.4251
8 rs2058865  9.7825
9 rs5962087 11.3128
10 rs5915796 12.2585
11 rs5916138 12.71
12 rs5915672 13.1805
13 |rs6529997 13.9103
14 rs1637788  15.1505
15 rs4240138  15.6932
16 rs2108400 16.1319
17 rs5933710 17.0167
18 rs845444  17.6324
19 rs768568  17.9229
20 rs929217  18.1746

FORCE

54

=

22

<]

74

[oner ccesa § i

The FORCE Panel: An All-in-One SNP Marker Set for Confirming
Investigative Genetic Genealogy Leads and for General Forensic
Applications

by @ Andreas Tillmar 12" #2) Kimberly Sturk-Andreaggi 345
2 Jennifer Daniels-Higginbotham 34 ) Jacqueline Tyler Thomas 34 and {2} Charla Marshall 3.4,6.*

1 Deparntment of Forensic Genetics and Forensic Toxicology, Natlonal Board of Forensic Medicine, SE-587 58
Linksping, Sweden

2 Department of Biomedical and Clinical Sciences, Faculty of Medicine and Health Sciences, Linkoping University,
SE-682 25 Linkoping, Sweden

3 Armed Forces Medical Examiner System's Armed Forces DNA Identification Laboratory (AFMES-AFDIL), Dover
Alr Force Base, Dover, DE 19902, USA

4 SNA International, LLC, Contractor Supporting the AFMES-AFDIL, Alsxandria, VA 22314, USA

5 Department of Immunology, Genstics and Pathology, Uppsala University, SE-751 08 Uppsala, Sweden

X-SNPs are chosen to be have no significant LD
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Kintelligence (ForenSeq)

* Includes 106 X-SNPs

RESEARCH ARTICLE oss uly 02 Openiceess [T R

Developmental validation of the ForenSeq® Kintelligence kit, MiSeq FGx®
sequencing system and ForenSeq Universal Analysis Software

Abstract

Forensic Investigative Genetic Geneology, o recent sub dis

gence multiple

e Kit, the MiSeq FGx® Seq:

ing System and the ForenSeq Universal Analysis

Developmental validation in accordonc

with SWGDAM guidelines

nd forensic quality ossuronce stan

oftware allow transfer of the genetic component of forer ¥ to the operational

how all figures

Article metrics

Citations

GrLumx

%) Download POF 99 Cite & Share L} Set Alert his [ Reprints  Previous article Next article »
»  Highlights
ghlig Figures (6) gure Vie
Forenseq Kintelingence kit Universal Analysis Software, and MiSeq FGx system uses targeted Next-Generation Sequencing
% . 10230 forensic SNP-locl in o multiplex reaction of short amplicons: kinship,identity, holr and eye color, and biogeographica :
1 formore ot rom ow npt rd degrodod samples : a0
opr cluded PCR conditions, sensitiity, stability, MPS, mixtures, case-type samples, and .

17
Captures

> Forensic Sci Int Genet. 2022 Nov:61:102769. doi: 10.1016/j.fsigen.2022.102769. Epub 2022 Aug 27.

Fast and accurate kinship estimation using sparse
SNPs in relatively large database searches

June Snedecor 1, Tim Fennell 2, Seth Stadick 2, Nils Homer 4, Joana Antunes 3, Kathryn Stephens €,

Cydne Holt 7

Affiliations + expand
PMID: 36087514 DOI: 10.1016/].fsigen.2022.102769

Free article

Abstract

Forensic genetic genealogy (FGG) has primarily relied upon dense single nucleotide polymorphism
(SNP) profiles from forensic samples or unidentified human remains queried against online genealogy
databasefs) of known profiles generated with SNP microarrays or from whole genome sequencing
(WGS). In these queries, SNPs are compared to database samples by locating contiguous stretches of
shared SNP alleles that allow for detection of genomic segments that are identical by descent (IBD)
among biological relatives (kinship). This segment-based approach, while robust for detecting distant
relationships, generally requires DNA quantity and/or quality that are sometimes not available in
forensic casework samples. By focusing on SNPs with maximal discriminatory power and using an
algorithm designed for a sparser SNP set than those from microarray typing, performance similar to
segment matching was reached even in difficult casework samples. This algorithm locates shared
segments using kinship coefficients in “windows" across the genome. The windowed kinship
algorithm is a modification of the PC-AiR and PC-Relate tools for genetic relatedness inference,
referred to here as the "whole genome kinship® approach, that control for the presence of unknown
or unspecified population substructure. Simulated and empirical data in this study, using DNA profiles

FULL TEXT LINKS

ACTIONS

0 Collections

PAGE NA

< Title & authors

Abstract

Similar articles

Cited by

MeSH terms
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MPSplex

* Includes 29 SNPs (tri-allelic)

RESEARCH ARTICLE

5 Opendccess [EAADERGIEEEL

A compilation of tri-allelic SNPs from 1000 Genomes and use of the most
polymorphic loci for a large-scale human identification panel

. Phillips 2° &

AO. Tillmar “*- .. Y. Wang " T). Parsans

ations & Notes

“ Asticle Info v

o8 share [\ Set Alert

Download PDF - 99

Getrights [ R

»” Highlights

+ 271,934 tri-allelic SNPs were identified

the 1900 Genomes Phase 1T varient catolog and dota

a
$  Doto for free access
H

+ From this extensive dotoset 8,705 SNPs hod heterozygosity volues above o.5 - the maximunm volue of perfect binory SNPs (0.5:0.5
allele frequencies).

. Al

scale forensic identification multiplex wos constructed for MPS, €

prising 1,241 autosemal plus 29 X tri-allelic SNPs

« Approximately 5 % of tri-cllelic SNPs sel

ted for the lorg

scole MPS ponel gave thres

enatype patterns in one individual or
discordant genotypes.

. The need for coution and detailed scrutiny of multiple-cllele

variant dota is highlighted w

uture forensic SNP | (=5|

| k o= A

panels

Abstract

igures \/
In o directed search

o0 Genomes Pha

orp!
ity of tri-ollelic SNPs have three nuclestide
substitution-based alleles ot the same pasition, while o mu ch=m:\ler:rcpur\|on which we did not compile, have o nucleotide
5 n plus substitution olleles. SNPs with three olle

ms [SNPs) were
identified omongst the genotypes of 2 504 individu

s from 26 populotions. The maj

Article metrics

power tho

eristic of optimum amplification of the frogmented DNA found in highly degraded forensic samples. Although most of
SNPs identified had one or two alleles ot low frequencies, often sing

abservations, we present a full compilation of 46 67
15, rs-number types of ol tri-allelic SNPs detected by the 1006 Genomes project from the n Citations Captures
es it opplied to Phase III sequence data. A totol of 8705 tri-allelic SNPs hod overall heterozygosities [overaged
momes populations higher than the binary SHP masimum volue of 5. Of these, 1,637 displayed the highest SPLUMX View details 71
averoge heterozygosity values of o.6- ur.ﬁr. The most infos i

lelic SNPs we identified were used to construct o large-scale
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Exceedance plots

o
Ei RATTSMEDICINALVERKET

~.
.
S
~.
..
N

®..50% probability to solve a case with LR=1000

Probability to solve a case

Threshold (e.g. LR)
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Utility of simulations (Argus X12)

B) Half siblings 80% chance to solve paternal
2 _ half siblings with X12 but only 6-
w | / 7% for 23 aSTR if LR=10,000
— = Fat hs X12
=~ Mat hsis 12
Lr & - = Mat hsibs X12
S 10 asTR
o = — 23a5TR
o
g B [ [ [ [ [ 1
0 2 4 6 8 10

Threshold (log10 LR)

Probability that we can solve a case with the given threshold




o
Ei RATTSMEDICINALVERKET 79

NATIONAL BOARD OF FORENSIC MEDICINE

FORCE X-SNPs
242 SNPs (only linkage, no LD)

B) Half siblings FORCE SNPs

=
-—

R e I e e
S Rc|ationship E(LR>t, Argus X12) E(LR>t, FORCE)
& <
= ~ | Pat. Half sisters 90% 100%
g - _ Mat. Half sisters 20% 70%
o Mat. Half siblings 40% 90% | |
Mat. Half brothers 60% 85% 8 10

nresnoa (1I0g 1vu LK)

From Bergseth et al. 2022 : :
Power increased substantially
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FORCE X-SNPs

A) Distributions B) Exceedance probabilities
0 o
g —
«©
T o
Maternal cousins o _
2o | L o_
3 E e
8 ArgusX12 =
=
IBD0=0.625 8- &3
IBD1=0.375 o~
o
o
© A |
o T T T T T T T T T [ T T
-20 0 20 40 60 80 0 1 2 3 4 5
logLR logLR (t)

E(LR>1000, Argus X12) | E(LR>1000, FORCE) | E(LR>1000, Decaplex)

61% 88% 36%
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FORCE X-SNPs

A) Distributions B) Exceedance probabilities

1.0

Paternal cousins 1

' IBD0=0.5
’(2 iZ IBD1=0.5

20 0 20 40 60 80 0 1 2 3 4 5

logLR logLR (t)

E(LR>1000, Argus X12) | E(LR>1000, FORCE) | E(LR>1000, Decaplex)

48% 81% 25%

Density

010 0.15
1 |

Pr(LR>t|H)

. i 0
/

04 06
1

ArgusX12

0.05
1

0.00
|
00 02
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