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Basic match interpretation
(Y-STR, mtDNA)
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DNA polymorphisms on the Y chromosome and mtDNA are haploid
lineage markers

v'Y chromosome is fransmitted from the father to all male children in
absence of recombination

v'MiDNA is fransmitted from the mother to all children in absence of
recombination

v'STRs/SNPs on Y/mtDNA are not independent, but completely linked
to form “haplotypes”

e Allele frequencies of each STR/SNP cannot be multiplied as in RMP
calculations of CODIS/ESS loci

eHaplotype frequencies are estimated through direct count in
haplotype databases

HVS2 41,385 EMPOP Database

In total, the EMPOP Release 12 holds 42,839
quality-controlled mitotypes with at least
HVS-I variation (16024-16365). Thereof,

CR 33,447
= 41,385 cover HVS-| and HVS-11 (16024~
HVS142,839 16365 73-340)

= 33,447 cover the Control Region (16024-
576)

= 1,366 cover the entire mitogenome (ALL)

empop.online
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What the court
wants to know._.
Primary Steps Involved: ;%%

1 - Generate profile (Y or mtDNA) %% Haplotype Frequency

2 - Query population database ~ Estimate
3 - Report frequency estimate (of lineage not the individual)




8@ yhrd.org/search/search

Report for Sample #1

Sample Name: Manual input

D¥519 DY¥53891 DYS538511 DYS390 DY5391 0Y5352 05383 DOY5385
14 13 29 24 1

12 12 11,16

Worldwide

#k Add feature to this Report ~
Obzerved

Expected

1in 44,376 — 1
DL (Minimal)

n13.818«).
n+1/M+1

Approx. 1 match in 3,889 Haplotypes
Approx. 1 match in 21,941 Haplotypes
Kappa

(93% C
Approx. 1 match in 25195 Haplotypes

. Please note, this value is an average over the DL values of all
Tindd132 —1in 13,077 +)
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Augmented count method

Observed

Found 13 matches in 307,169 Haplotypes. This is approx. 1 match in 23,628 Haplotypes (95% C i 44,37

The augmented frequency 1s
determind by wirtually adding the
Haplotype in guestion to both, the
database and cbservations.

______

n+1/N+1 Approx. 1 matcl

C.l. sup. 95%



Discrete Laplace method

Observed

estimates haplotype frequenoes
by taking allelic distribution
within a metapopulation nto
accoumnt.

DL (Minimal)
n+1/N+1
Kappa

DL method ftakes into account the distribution of observed haplotypes in
metapopulations (populations grouped according to geographical, linguistic,
demographic, previously known genefic data) and estimates haplotype frequencies
according to a model of evolution by single-step mutation process.

*Haplotypes with close molecular “neighbors” will have higher frequency estimates

than outlier haplotypes.



Kappa method

Observed

Expected

DL (Minimal)
n+1/MN+1

Kappa

Kappa estimates the haplotype frequencies using the proportion of singletons within a population/metapopulation sample.

*Haplotype frequency is estimated as (n-k)/N, where k is the proportion of singletons
(haplotypes that occur only once) in the N-sized dataset: k close to 0 would indicate

that the database almost saturates all haplotypes present in the population and
therefore a newly observed haplotype (n=1) will have frequency 1/N



EMP2DP

YEARS mtDNA d

corlo.robino@unitoit | your account | logout

Home Updotes Use Methods EMPOP Stots Contributors Meet Termsof Use  Funding
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Query Result Detoils Neighbors Alignment  Hoplogrouping
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Sample ID
Rangez 73-340 16024-16365
Profile 736 2636 3091C 3151C 162240 16311C
Entire Dotabose
107/46563 2278423
By Origin
Africa
America
Asi
Australio (Continent)
Euwrope
Oceania

0/96 0.0000e-0
Find arigin...

Sub-Saharon African

Admixed

Two options for augmented counting method
« 1:observed mtDNA haplotype added to haplotype count and database size

« 2. matching mtDNA haplotypes observed in both suspect and stain added to
haplotype count and database size



Why worldwide populations databases
(covering all human
“metapopulations”) are needed?

e Assuming a 1:1 sex ratio, a human population
can be represented in microcosm by one man
and one woman. This couple carry four copies of
each autosome, three X chromosomes, two
MtDNAs (but only the female one is passed to the
next generation) and one Y chromosome. The
effective population size of the Y chromosome
and mMIDNA is therefore expected to be one-
quarter of that of any autosome and one-third of
that of the X chromosome.

°This makes haploid markers much more
susceptible to genetic drift, which involves
random changes in the frequency of haplotypes
owing to sampling from one generatfion to the
next and accelerates the differentiation between
groups of Y chromosomes and miDNAs in
different populations.

edemographic events such as population
bottlenecks and founder effect can create
extremely uneven or peculiar distributions of Y-STR
haplotypes
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We owe it all to superstud Genghis

Warlord Khan has 16m male relatives alive now, says study

One in every 200 men alive today is a relative of Genghis Khan. An international
team of geneticists has made the astonishing discovery that more than 16 million
men in central Asia have the same male ¥ chromosome as the great Mongol
leader.

It is a striking finding: a huge chunk of modem humanity can trace its origins to
EKhan's vigorous policy of claiming the most beautiful women captured during his
merciless conquest.
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e MONGOLIA

Star-Cluster
Chromosomes

Zerjal T etal. Am J Hum Genet 2003




Variation within lineages is only caused by mutation

e Average mutation rates for standard STRs are ~ 1 every 1000 meiosis

For a 17 Y-STR panel, therefore, the chance to observe a mutation in
a father/son pairis <5% ~ 17/1000

e Mutation rates on single nucleotides in MIDNA control region is <<
1/1000 so differentiation between close relatives is unlikely

eRecently a set of “rapidly mutating” Y-STR markers was described with
mutation rate > 1/100, that increases the chance of discrimination
between up to ~20% in father/son pairs (1 meiosis) and ~40% in sib pairs
(2 meiosis)

Contents lists available
Forensic Science International: Genetics

urnal homepage: www.elsevier.com/locate/fsig

A new future of forensic Y-chromosome analysis: Rapidly mutating Y-STRs for
differentiating male relatives and paternal lineages




