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Ancestry-Sensitive Markers (ASM)

• Estimate genetic ancestry
• Biogeographical population structure

• Mitochondrial genome
• Y chromosome (STRs, SNPs)
• Autosomal SNPs (population specific)

Marker Selection

• 24 autosomal SNPs selected
– Affymetrix SNP array
– CEPH–Human Genome Diversity Project Cell 

Line Panel (CEPH-HGDP)

• Selection criteria (high Fst, low het, limit 
redundancy)

• Bi-allelic, spread over 13 chromosomes 

Extension of work by Lao et al. AJHG 2006 78: 680-690

Intended for a broad scope…

NIST U.S. Sample Set

• 710 NIST samples typed
• African American = 259
• U.S. Caucasians = 262
• U.S. Hispanics = 140
• U.S. Asians = 49

NIST samples have been extensively typed 
on other forensically relevant markers
Autosomal STRs (CODIS and additional),

Y STRs, Y SNPs, Autosomal SNPs, mtDNA 
sequencing

http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm

Samples were 
purchased from blood 

banks located 
primarily in the 
Southeastern

region of the U.S.

Anonymous

Self Identified Ancestry

Initial Questions

• How will the 24 autosomal ASM SNPs 
characterize the NIST U.S. sample set?
– How does Self ID ancestry correlate with ASMs
– Sample set provides a practical forensic test

• How will the different ASMs compare?
– 24 autosomal SNPs 
– Mitochrondrial haplogroup
– Y haplogroup
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SNP Typing Assays

• SNPs were typed allele-specific primer 
extension (minisequencing /SNaPshotTM)

• 2 x 12plex multiplex PCR and extension 
reactions

• Assays were optimized for typing the 710 
NIST U.S. samples

Multiplex Assays for Typing 24 SNPs

U.S. Caucasian Sample GT38086 

Separations on AB 3130xl
Data reviewed in GeneMapperIDv3.2

Bins and panels developed

750pg of template DNA per reaction, 15 uL PCR, 32 cycles

Mplex A

Mplex B

Y SNP and Mitochondrial Data

• Mitochondrial sequencing
– AFDIL performed control region sequencing 
– Haplogroups were assigned (Dr. Mike Coble and 

Ms. Jodi Irwin)

• 24 Y SNP markers were typed in the 
laboratory of Peter DeKnijff (minisequencing)
Details P. de Knijff et al. in prep 

STRUCTURE Result
for 24 SNPs

CEPH

NIST data

CEPH–Human Genome Diversity Project Cell Line Panel (CEPH-HGDP)

AsianHispanic Caucasian African American

Europe AfricaAsiaAmerindian

25926249140

PCA Based on 24 SNP Markers

CEPH AMER
CEPH EASIA
CEPH EUR
CEPH AFR
NIST AA
NIST Cauc
NIST HISP
NIST Asian

Self ID Ancestry U.S. Caucasian
All ASMs correlate well > 90 %

24 SNPs Y CHR mtDNA

Africa
Europe
Asia
America

N = 262
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Self ID Ancestry U.S. Asian

24 SNPs Y CHR mtDNA

Africa
Europe
Asia
America

N = 49

Self ID Ancestry African American

Degree of admixure
based on Y CHR 

similar to previously 
reported

24 SNPs Y CHR mtDNA

Kayser et al., Genome Res 2003 13:624–34
Vallone and Butler Forensic Sci. 2004 49:723-732

Africa
Europe
Asia
America

N = 259

Self ID Ancestry U.S. Hispanic

24 SNPs Y CHR mtDNA

Africa
Europe
Asia
America

N = 140
Southeastern 
region of the U.S.

An interesting specific case
A Self ID Caucasian in the Afr Amer cluster
mtHg L3e2a (Africa)
YHg I (Europe)

Further Details in Data Set
PCA based on 24 markers

U.S. Asian
U.S. Hispanic
U.S. Caucasian
Afr Amer

Conclusions

• Minisequencing SNP assays developed for 24 
autosomal ASM markers

• Further characterization of NIST U.S. sample set
– ASMs (24 SNPs and uniparental lineage markers)

• Degree of correlation between Self Identified 
Ancestry and ASMs
– U.S. Caucasian, U.S. Asians, African Americans
– ASMs reflect admixture in Hispanic and AA samples
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