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INTRODUCTION
In 2007 we presented definitions of four types of panels of autosomal SNPs that would be useful for
different forensic problems/questions (1). These four types are
“Individual Identification SNPs (IISNPs): SNPs that collectively give very low probabilities of two
individuals having the same multisite genotype.
Ancestry Informative SNPs (AISNPs): SNPs that collectively give a high probability of an individual’s
ancestry being from one part of the world or being derived from two or more areas of the world.
Lineage Informative SNPs (LISNPs): Sets of tightly linked SNPs that function as multiallelic markers that
can serve to identify relatives with higher probabilities than simple diallelic SNPs.
Phenotype Informative SNPs (PISNPs): SNPs that provide high probability that the individual has
particular phenotypes, such as a particular skin color, hair color, eye color, etc.”
In that same poster we presented our progress on a panel of IISNPs; our final panel was published two
years later (2). We are now working on identifying panels of AISNPs, PISNPs, and LISNPs. (We note
that an example of a LISNP locus, GRAMD1C with 3 SNPs haplotyped to form five common alleles
(haplotypes), was included in that poster (1).) Very large numbers of SNPs, 10’s to 100’s of thousands,
can do a very good job at major ancestral distinctions among ancestries from populations originating from
around the world.(3, 4, 5 ). However, for routine forensic applications a smaller number of SNPs that can
be tested quickly and cheaply is preferable.
Many panels of AISNPs have been published over the past decade and all provide some resolution of
ancestry to “continental” level (reviewed in 6). However, none of those panels is likely to be perfect for
fine resolution of ancestry in all areas of the world because they differ in the populations used to identify
the SNPs and, consequently, in the resulting SNPs. Since some studies have used a relatively small
number of populations, the ability of those panels to extrapolate to broader inference involving other
ancestries is questionable. For example, a small panel optimized for distinctions in Europe is likely to
have little value in distinguishing various East Asian groups. Some ways of reporting the inference of
ancestry also seem to be inappropriate. While triangle and/or tetrahedron plots with “racial” or
“continental” vertices can be useful graphics in research, global variation in humans does not fit “racial’
categories and models inherent in such plots. Ultimately, to be useful for forensics an AISNP panel will
need greater specificity than is provided by “continental” assignment and very thorough documentation of
the allele frequencies in populations globally. We are now working to identify such a robust panel of
AISNPs.

PROGRESS
In our search for a better panel of AISNPs we have primarily pursued testing candidate AISNPs on our
resource of >2500 individuals from >47 populations. Candidate SNPs that have shown large allele
frequency differences among populations have been identified in data on the HapMap and HGDP
populations and in other studies including our own. To date the largest test of ancestry informative
markers was a study of 4,888 individuals from 119 different populations (7) using the 128 SNPs identified
by the Seldin group (8) in the HGDP data (3,4). An analysis of all samples allows a clear grouping into 8

distinct ancestries. When 40 additional AISNP candidates identified by Caroline Nievergelt were added
and analyses of Native American populations undertaken, most individual tribal groups could be clearly
distinguished (9). We are continuing to work on improving these panels.
One way of improving the panel is to consider PISNPs that are also very informative in ancestry. Some of
the SNPs involved in skin and eye color are excellent candidates, but to date most seem to distinguish
Europeans from indigenous peoples in all other regions of the world and even subdivide Europe.
Considerable work on some of these genes is ongoing (10) and we have extended the data on SNPs in
the OCA2-HERC2 region to over 100 populations to determine their geographic distributions more
definitively (11). In addition to the improved documentation for the SNPs most strongly associated with
eye color in population frequencies around the world, that study also provided new information on a SNP
associated with skin color in East Asia, rs1800414 (Figure 1).

One of the issues inhibiting identification of excellent AISNPs based on larger numbers of individuals and
a set of populations with a more uniform geographic distribution is the lack of overlap in modern
population studies. For example, we tested the Illumina 650Y panel (no longer manufactured) on 1300
individuals in our collection and have combined the data with the HGDP data for 578,873 autosomal
SNPs. The Jorde lab (5) published a study of many populations for 193,793 autosomal SNPs and the
Pan Asian consortium (12) published data on many Asian populations for 30,296 autosomal SNPs. Very
few of the populations in these studies are the same, and even then the individuals are different. The
combination of all these populations would provide an excellent global dataset. However, only 2,746
SNPs have been studied in common in all three studies (Figure 2), a paltry fraction of the total studied.
While our ongoing studies may identify excellent AISNPs in this set, none of our existing very good
AISNPs is included among these 2,746.

As noted earlier, for forensic panels of SNPs to be useful, the underlying data must be thoroughly
documented in a public fashion. We are also working on those aspects through ALFRED, our ALlele
FREquency Database http://alfred.med.yale.edu (13). Currently, ALFRED has over 35 million allele
frequency tables that are linked to their molecular definitions and the specific population studied.
ALFRED is supported by the NSF to make these data freely accessible to the scientific and educational
communities.

CONCLUSION
We believe that no relatively small (<200) number of SNPs yet exists to constitute a panel of AISNPs with
optimal characteristics. However, even small panels of ~40 AISNPs can easily identify ancestry from up
to six or seven broad geographic regions. Based on our ongoing work we are convinced that one or more
greatly improved panels of AISNPs will be available soon. However, ultimate ideal documentation will
require cooperation among laboratories with different sets of population resources to have tested the
same set of candidate SNPs.
In closing, it is important to note that the short tandem repeat polymorphisms in the CODIS and other
forensic panels provide virtually no information on ancestry or phenotype, both very important in
forensics. SNPs or other diallelic markers, such as indels, will be required. And, routine forensic use of
well documented panels of AISNPs and PISNPs will require that forensic labs have the equipment, the
protocols for SNPs, and trained technicians. Forensic laboratories need to be thinking now about the
coming capabilities offered by current research and newer technologies.
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FIGURE CAPTIONS
Figure 1. Allele frequencies of the derived OCA2 allele (615Arg) at the SNP rs1800414 for geographic
regions using data available in ALFRED. The figure summarizes 103 populations and a total of over
14,000 individuals. The numbers of populations (individuals) typed are given for each region.
Figure 2. A Venn diagram showing the overlap in SNPs typed in the Kidd Lab and HDGP populations
with two other studies (5,12).

