
Michael Coble, PhD

National Institute of Standards and Technology

HITA / AABB Workshop      
SNP ANALYSIS FOR IDENTIFICATION, 

ANCESTRY, GENEALOGY AND 
RELATIONSHIP ANALYSIS

Haploid Markers: mtDNA and Y‐Chr

The 21st International Symposium on Human Identification
October 10, 2010



Official Disclaimer

The opinions and assertions contained herein are solely those of the 
author and are not to be construed as official or as views of the 
U.S. Department of Commerce, U.S. Department of Justice, or the 
U.S. Department of Defense.

Commercial equipment, 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 by the U.S. Department of 
Commerce, U.S. Department of Justice, or the U.S. Department of 
Defense 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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Where Do We Come From? What Are 
We? Where Are We Going?
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Paul Gauguin, 1897



Where Do We Come From?

Haploid Markers – NO Recombination
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Haploid Markers

Y chromosome
passed along 

paternal lineage

Autosomal DNA
1/8 from Great-grandparents



Haploid Markers

Y chromosome
passed along 

paternal lineage

Autosomal DNA
1/8 from Great-grandparents

mtDNA genome
passed along 

maternal lineage



Some Nomenclature

• Haplotype – the mtDNA sequence variations within 
an individual (e.g. your HV1/HV2 type).

• Haplogroup – a group of related haplotypes.  These 
form monophyletic clades on a phylogenetic tree.

Doug Wallace Antonio Torroni
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“Mitochondrial Eve”

“Y-Adam”



Genetics (1996)



Torroni et al. Genetics (1996) 

16069 C-T
16126 T-C
295 C-T



Finnila et al. (2001) 

121 Finnish Samples – entire
control region sequence data
shown here (Finnila et al. 2001)

~99% of Caucasians can be classified 
into one of these 9 haplogroups
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The 7 Daughters of Eve

Haplogroup H = Helena
Haplogroup V = Velda
Haplogroup T = Tara
Haplogroup J = Jasmine
Haplogroup U = Ursula
Haplogroup K = Katrine
Haplogroup X = Xenia

(I and W – omitted)

Me

16189 T-C
16192 C-T
16270 C-T

73 A-G
150 C-T
263 A-G
315.1 C

No Clan Mother



http://blogs.discovermagazine.com/gnxp/2010/09/a-tale-of-y-chromosomes-and-tea-leaves/

Y-SNP Haplogroups



Genome Research (2002) 12: 339-348. 





What Are We?
(Why are we here?)

MtDNA SNPs
• As a screening tool for sorting hair evidence or 
to eliminate multiple suspects.



Disadvantages to Sequencing

• Expensive
– Primarily due to intensive labor in data analysis

• Error potential with more data to review

• Most information is not used

Review forward and reverse sequences across 610 bases only to report…

263G, 315.1C Most common type: found 
in ~7% of Caucasians…



Advantages to Screening Methods

• Rapid results

• Aids in exclusion of non‐matching samples

• Less labor intensive

• Usually less expensive 

• Permits more labs to get involved in mtDNA

Screening assays are essentially a presumptive test 
prior to final confirmatory DNA sequencing.

Sequencing is necessary to certify that every position 
matches between a question and a known sample.
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Parson et al. (2008) FSI-G



What Are We?
(Why are we here?)

MtDNA SNPs
• As a screening tool for sorting hair evidence or 
to eliminate multiple suspects.

• To increase the power of discrimination for 
common mtDNA haplotypes that match 
control region sequence data.
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Over one-half are “unique”

A small number are “common”

mtDNA Population Distribution

263 A-G, 315.1C



“Singletons”

Brenner (2010) FSI-Genetics 4: 281-291





Salas and Amigo (2010) PLoS One 5(5): e10218



The Nature of mtDNA SNPs

Haplogroup 
SNPs

16069 C-T
16126 T-C
295 C-T

Sub-Haplogroup 
SNPs

16193 C-T (J1/J2)
185 G-A (J1/J3)

Hot Spots
152 T-C

Private Mutations
222 C-T



Salas and Amigo (2010) PLoS One 5(5): e10218



What Are We?
(Why are we here?)

MtDNA SNPs
• As a screening tool for sorting hair evidence or 
to eliminate multiple suspects.

• To increase the power of discrimination for 
common mtDNA haplotypes that match 
control region sequence data.

Y‐SNPs
• No real forensic use…



Chris Tyler-Smith





“I haven’t done any conquering, per se.”

Tom Robinson



Oxford Ancestors, the world’s foremost and leading 
company in ancestral DNA analysis has uncovered the 
first American descendent of the great warlord 
Genghis Khan... Tom Robinson, Associate Professor 
of Accountancy and professional investment consultant, 
of Miami, Florida, USA.



It turns out that Dr Robinson is a direct descendent of Genghis, 
and he is the first American to find this out through a genetic test. 
His Y-Chromosome bears an astonishing seven out of nine possible 
genetic markers identical to Genghis Khan’s (as DNA mutates over 
generations, two altering DNA markers is a remarkably low number
for a period stretching over 700 years).

Oxford
Ancestors Mongolian

Marker Robinson Benchmark
DYS19 16 16
DYS390 25 25
DYS391 10 10
DYS392 11 11
DYS393 13 13
DYS389I 13 13
DYS389II 31 29
DYS425 12 12
DYS426 12 11



Additional testing by Family Tree DNA
found that Tom Robinson belonged to 
Y-haplogroup R1a (W. European)

Ghengis Khan – is thought to have
belonged to the Asian YHg - C3

“A match at 10 fast-mutating sites is outvoted 
by a discrepancy at one slow-mutating site.”

Dr. Chris Tyler-Smith



http://www.hprg.com/hapest5/





259 self-described 
African Americans

~25% Western
European

Lao et al. Human Mutation in press



Where Are We Going?

• Limitations of present SNP testing…
– Allele Specific Primer Extension assays are not in a 
“kit” format for rapid validation and QC.



Where Are We Going?

• Limitations of present SNP testing…

Vallone et al. (2004) IJLM 118: 147- 157.



Where Are We Going?

• Limitations of present SNP testing…
– Allele Specific Primer Extension assays are not in a 
“kit” format for rapid validation and QC.

– What SNPs to test? Ideally, targeting private 
mutations are the most forensically important –
but the Y‐chr is 58million bp!

– Statistics for matching haplotypes – Using the 
whole genome can “downgrade” your stats…



1 5 1 3

Family Tree DNA 
658 sequences

mitoGenomics





Where Are We Going?

• Technology improvements for rapid, high‐
throughput SNP testing.



Abbott PlexID



Roche 454

ABI Solid

Ilumina
Solexa





“Y-SNPs therefore now offer the best 
resolution of Y haplotypes and promise 
to distinguish almost every Y chromosome.”

“This work illustrates the promise of 
current sequencing technology for 
forensically relevant applications.”



Interpretation of the evidence
Legal and ethical constraints



“We agree with Amorim that caution is needed, 
but now is the time to begin both research 

exploration of the forensic potential of these 
technologies and discussions of their application.”



Conclusions

• Haploid SNPs can be useful for sorting, 
screening, and increasing discrimination of 
highly challenged samples where nDNA is not 
reliably amplified.

• It is important to realize the limitations of 
your sample!!!

• New technologies can increase the use of 
haploid markers for forensic investigations. 
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