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* 99% of the forcible rapes

* 88% of the robberies

* 85% of the burglaries

« 88.8% of the homicide offenders

[ Y chromosome inheritance —

« Only inherit from father to sons
« Can be used to trace male lineage
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R
information for
« Kinship analysis
« Missing persons identification
« Familial searching
* Mixture in sexual assault cases
* Ancestry inference
« Link multiple cases
Y database searching

Y-STR for missing persons cases hs c:’

* Current autosomal STRs (20~25 loci) are

insufficient to precisely determine distant

relationships (e.g., first cousin) m
* Y-STR can significantly increase or decrease the

likelihood ratio (LR)

 For 1%t degree relatives, 6 most informative Y-STRs L)
=5 or 6 of the most informative autosomal STRs Ef
=9 or 10 of the least informative autosomal STRs

* Even better with distant relationships

* LR = 1,000s with the major commercial Y-STR kits
* Probability of Exclusion (PE)

* PE of 6 best Y-STRs = 99.7%

* PE of 6 best autosomal STRs = 90% for unrelated,
99% for 1% degree relatives

1% degree = parent-child or full-sib

Developing criteria and data t




Missing Persons Unit at UNTCHI hSC:’

* 650-1,000 remains samples processed/year
* 1,200-2,400 family reference samples/year
* Greater contribution of DNA profiles in CODIS/NDIS than all

other MP lab
Remains at NDIS References at NDIS
B UNTCHI B UNTCHI
[ Other US O Other US
labs labs
Current as of August 2021
SWGDAM guidelines hSC:.

* SWGDAM Guidelines for Missing Persons Casework

“For missing persons, relatives of missing persons and unidentified human
remains samples, additional DNA methods other than autosomal STR typing
(such as mtDNA or Y-STR typing) should always be considered, if relevant.”

“A Y-STR LR and an mtDNA LR are computed for each of those systems.”

* SWGDAM Interpretation Guidelines for Y-Chromosome STR Typing
by Forensic DNA Laboratories
* Focused on haplotype frequency estimation
* No recommendation was given on how to calculate likelihood ratio for
scenarios with multiple male references and/or mutations

A complex case - example hSC:’

b: (11,20) c
d: (11,20) @ e:(11,21)

* Atwo-locus Y-STR pedigree including 2 typed references (b & e), 2
untyped individuals (a & c), and 1 missing person (d)

* The missing person is related to two references with different Y
haplotypes

8/22/2021




Interpretation methods for complex cases hSC:’

L

* Pedigree likelihood ratio &}
(PLR) for lineage markers, oRGNALARTiciE
similar to PLR for
autosomal markers

2011) 125:519-525

Pedigree likelihood ratio for lineage markers

Jianye Ge - Arthur Eisenberg - Jiangwel Yan -
Ranajit Chakraborty - Bruce Budowle

* A convenient and accurate .
method to determine if S,
two Y-STR profiles are She
from the same lineage

Research Article

A convenient guideline to determine if two
Y-STR profiles are from the same lineage

hsc™

Pedigree likelihood ratio (PLR)
for Y-STRs

Likelihood ratio with two profiles hSC:’

« If two Y-STR profiles (A and B) match

_ Pr(A&B|same lineage) _1 pis haplotype frequency

- Pr(A&B|dif ferent lineages) - P

* If two Y-STR profiles (A and B) do not match

Pr(4&B|same lineage) Pr(A)XPr(A-B) _ Pr(4-~B)
LRy = Pr(ARBIdif ferent lineages) . Pr(A)xPr(8) _ Pr(B) ' ifAis the ancestor
Pr(A&B|same lineage) Pr(B)xPr(B—4) _ Pr(B—A) o
LR, = Pr(ARBIdif ferent lineages) . Pr(A)xPr(8) _ Pr(d) ' ifB is the ancestor

Pr(A) = haplotype frequency of A

Pr(B) = haplotype frequency of B

Pr(A->B) = transmission probability from A to B with mutation considered
Pr(B->A) = transmission probability from B to A with mutation considered

Pick the more conservative one, if we do not know which one is the ancestor
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Example hSC:’
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Markers DYS456 DYS3891 DYS390  DYS389Il |Frequency
Profile 1 17 14 25 31 0.001
Profile 2 17 14 25 30 0.0005

« Pr(31>30) = Pr(30>31) =0.002

LR, = Pr(30->31)/Pr(Profile 1) = 0.002/0.001 = 2
LR, = Pr(31->30)/Pr(Profile 2) = 0.002/0.0005 = 4

* Use the more conservative LR (e.g., 2 in this example)

Pedigree likelihood ratio (PLR) with Y-STRs hSC:'

* What if there are multiple Y-STR references with different haplotypes?

Atwo-locus Y-STR pedigree including 2
typed references (b & ¢), 2 untyped
individuals (a & c), and 1 missing person (d)

b:(11,20)

d:(11,20) @

* Two competing hypotheses

e:(11,21)

. .
d: (11,20)
b: (11,20) c b:(11,20) 3 O
d: (11,20) e:(11,21) e:(11,21)
Kinship hypothesis (H,) Non-Kinship hypothesis (H,)
Pedigree likelihood (PL) hSC:'

* PL = the cumulative haplotype frequency(ies) of the founder(s)
x the cumulative transmission probabilities of all father-son pairs

* Predict possible haplotypes of the untyped individuals
* a=(11,20), (11,21), etc.; c=(11,20), (11,21), etc.
+ Calculate likelihood for each haplotype combination (e.g., a = (11,20) & c =
(11,21))

0:(11,20)
d: (11,20)

b:(11,20) c: (11,21)

e:(1,21)




Pedigree likelihood (PL) — cont. hSC:’

a:(11,20)
d: (11,20)

b:(11,20)  (11,21)

e:(13,21)

* Founders’ haplotype frequencies = Pr(a)xPr(d)
« Search Y-STR database (e.g., YHRD) to obtain haplotype frequencies

* Transmission probabilities = Pr(a=>b)xPr(a=>c)xPr(c>e)
* Pr(c>e) = Pr(11->11)xPr(20->21), assuming independent mutations

between markers
* Mutation rates and mutation model (e.g. Two Phase Model)

8/22/2021

Pedigree likelihood (PL) — cont. hSC:'

* Sum the likelihoods for all possible haplotype combinations for the

untyped individuals
« PL=L(G|a=(11,20) & ¢ = (11,20)) + L(G|a = (11,20) & c = (11,21)) +
)

L(G|a=(11,21) & c=(11,20)) + L(G|a=(11,7) & c=(11,

a:(11,20)
d: (11,20) d: (11,20)
b:(11,20) < (11,20) O
e:(11,21) e:(11,21)
a:(11,21) a:(11,71)
d: (11,20) d:(11,20)
b:(11,20) b:(11,20) e(11,77)
e:(11,21) e:(11,21)
R

Software under development hse™
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hsc™

A convenient method to assess
if two Y-STR profiles are from
the same lineage

A convenient method to assess if two Y- X
STR profiles are from the same lineage hsc”

* PLR approach requires pedigree structure is defined, which may not be
available in some cases

* Analysts just need to know if two Y-STR profiles are related or not

* A simple solution — use number of mismatched loci/steps

* More distant relationship = More mismatched loci/steps
1

Example:
10 and 12 > 1 mismatched locus or 2 steps

Father-Son

Frequency

1 2 3 4
Number of mismatched steps

* Y-STR profiles from the same lineage usually
have no or a small number of mismatched
loci/steps

* Y-STR profiles from different lineages usually

Unrelated
loci/steps 0 -

have a relatively large number of mismatched
o 10 20 30 40 5

Number of mismatched steps

Frequency

Merge distributions and select a threshold hSC:’

1
Yfiler mismatched step distributions

=4

o 2
B o
G o

Frequency
o
o
2

0.005

o T
1 2 1 3 4
Number of mismatched loci
—Father-Son  —Unrelated

<2: More likely they are father-son
23: More likely they are unrelated
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Yfiler

hsc™

Mismatched Steps Distributions

Frequency
o

3 4
er of Mismatched Steps

Nu

«Meiosis-1=Meiosis-2~Meiosis-3—Meiosis-4— Unrelated

« Yfiler profiles: Budowle et al. (2010)
* Mutation rates: YHRD, https://yhrd.org/pages/resources/mutation_rates

* Meiosis-1 = father-son; Meiosis-2

II-sibling; Meiosis-3 = uncle-nephew; Meiosis-4 = first-cousin.

African Ame.

Caucasian

Y23

hsc™

Mismatched Steps Distributions

& o005
E
&

0

3 1 a 5
' Number of Mismatched Steps

1=Meiosis-2~Meicsis-3=Meiosis-4 — Unrelated

* Y23 profiles: Purps et al. (2014)

* Mutation rates: YHRD, https utation_rates

* Meiosis-1 = father-son; Meiosis-2 = full-sibling; Meiosis-3 = uncle-nephew; Meiosis-4 = first-cousin.

N\

African Ame.

Hispanic
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Yfiler plus

hsc™

Mismatched Steps Distributions
0005
F
0

4 5 1 5
Number of Misthatched Steps

~Msiosis-1=Meiosis-2~Meiosis-3—Weiosis-4—Unrelated

* Y23 profiles: Gopinath et al. (2016)

* Mutation rates: YHRD, htps. utation_rates

African Ame.

* Meiosis-1 = father-son; Meiosis-2 = full-sibling; Meiosis-3 = uncle-nephew; Meiosis-4 = first-cousin.
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How reliable is this method? e
hsc

« Study by Liu et al. (2016)
* 7,405 Chinese unrelated Yfiler Plus profiles
« Define a lineage as up to 4 meioses relationships (3" degree or first-cousin)
+ <5: more likely from the same lineage

* The chance of being incorrect is extremely low

« Two unrelated Yfiler Plus profiles, in most cases (i.e., >99.975%), will have more than 5
mismatched steps
+ For almost all close relatives, the mismatched steps are <5

Fathorson | 99.999907%
99.990984%
99.999950%
FirstCousin | 99.990878°%

* Genotyping error (i.e., ~0.1%) is greater than the error associated with this method
* Accuracy will be lower if the lineage definition includes more distant relatives

Summary hSC:’

* Interpretation methods for complex cases
« Pedigree likelihood ratio
* A convenient method based on mismatches

* Interpretation software under development
* Free to access
* Ready by Q1 2022
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