
It is well recognized that individuals with ancestries from different parts of the world will have different allele 
frequencies.  However, the information is usually very poorly incorporated into the interpretation of forensic 
data.  We have developed the Forensic Research/Reference on Genetics knowledge base (FROG-kb) to assist 
in more rigorous interpretation for forensic data on SNPs. FROG-kb (http://frog.med.yale.edu/FrogKB) is a 
freely accessible online database that provides tools for comparing user-provided data with underlying allele 
frequencies in populations, and it serves as a resource for teaching and research. Currently the SNP panels in 
FROG-kb emphasize Individual Identification (IISNPs) and Ancestry Inference (AISNPs). One Phenotype 
Interference (PISNP) set for inference of eye color is also included.
SNPs can be valuable for investigative leads when data on the standard Short Tandem Repeat Polymorphisms 
(STRPs) are not available or no hits in such databases as the Combined DNA Index System (CODIS) are 
identified. When sample DNA is highly degraded SNPs will yield results when many STRPs do not.  In such 
cases, the conventional problem of individual identification and matching samples can easily use SNPs with 
match probabilities of 10E-30 easily achievable.  The investigative leads provided by SNPs can also include 
ancestry inference and individual identification. However, interpretation of the data on the published SNP 
panels require reference population data; such reference allele frequency data are provided in the FROG-kb 
database with the ability to calculate population specific random match probabilities and inference of which 
reference populations are the most likely ancestry for a forensic unknown.
The FROG-kb web site went online in 2013 with most of its current functionality.  It has recently undergone a 
major update in its interface and underlying data resources.  The web site enhancements provide a more 
organized and easily navigated resource.  There is also a comprehensive user manual that provides users with 
step-by-step directions on how to use and search FROG-kb for the different SNP panels. This poster provides 
an overview of FROG-kb design and functionality and examples of the use of FROG-kb.

Figure 1a is a snapshot of the home page of FROG-kb. The buttons across the top of the page provide the 
main navigation tools.  The pages for actual calculations for IISNPs, AISNPs, and PISNPs are entered through 
the respective buttons.  Because FROG-kb is being continually updated, “Announcements” is used to note 
new functionality and new resources. Clicking on the “Documentation” button opens a page with several 
options:
 Functionalities: provides an overview for navigating through and using the SNP panel information, SNP 
panel example data, SNP panel data entry, and interpreting results of the calculations on the data entered.
 Pipeline: opens a graphical representation that illustrates the process for inputting, searching, and 
retrieving data from FROG-kb (shown in Figure 2 for IISNP) 
 FAQ: presents Frequently Asked Questions about FROG-kb and answers.
 Manual: provides details on navigating, data entry, and searching the database.
 Resources: provides users with links (STR-and SNP-based) and references to potentially relevant databases 

and sites. This page also lists poster presentations pertaining to forensic use of SNPs, including FROG-kb, 
that have been presented at various conferences and that are freely accessible to users.

Figure 1a. FROG-kb website with Main Menu options

IISNPs provide the ability to calculate population-specific random match probabilities for user defined 
genotypes. Figure2 provides an overview of data entry and data computation for the Kidd Lab- 45 
Unlinked II SNPs. Figure3 shows the output result based on the IISNP panel calculation. 

Figure 2. Overview of IISNP data entry and data output.

Table 2. List of currently available AI panels in FROG-kb

AI panels in FROG-kb               Populations Included for likelihood calculation

Seldin's list of 128 AISNPs                                    70 

SNPforID 34-plex                                                    53 

KiddLab - Set of 55 AISNPs                                  133

Kayser's set of 24 AI Markers                               73

Daniele Podini's list of 32 AISNPs                      111

Eurasiaplex 23 SNP Panel                                      76

Nievergelt's Set of 41AIMs                                  123

Overlap set of AISNPs                                   72

 Reference citations respective to each panel available in the database 

II panels in FROG-kb       Populations Included for likelihood calculation

KiddLab - 45 Unlinked IISNP                         43

SNPforID 52-plex                                             20

Qiagen Investigator DIPplex kit                    28

 Reference citations respective to each panel available in the database 

Table 1. List of currently available II panels in FROG-kb

AISNPs provide the ability to calculate relative likelihoods of ancestry from different reference 
populations for user-specified genotype. The functionalities shown in Figure 2 for the IISNPs are the 
same for the AISNP data entry and data computation.

Formula and Results of the Calculation:

For the IISNP and AISNP panels the calculations start by assuming Hardy-Weinberg proportions of 
the genotypes based on the allele frequencies available for each SNP in each population. The 
probability of each genotype is stored after being pre-calculated from the allele frequencies in 
ALFRED database. For the IISNP panels these are the population-specific match probabilities. 
For the AISNP panels these are the probabilities of the input multi-locus genotype arising in the 
different populations and can be considered the relative likelihoods of the populations being the 
origin of the multi-locus profile.

The results of the calculation are displayed as a table with three columns: the name of the 
population sampled with its geographic region and the sample size, the probability of the entered 
genotype in that population, and the likelihood ratio of the most probable population to the 
specified population. Figure 4a and 4b illustrates the output result page for the AISNP  calculation. 

Figure 3. Eg. Calculation result output based on KiddLab 45 IISNP panel for a Korean 

Figure 4a. Calculation result output based on Kidd Lab 55 AI SNP panel for a Maya individual 

Figure 4b. Calculation result output based on Kidd Lab 55 AI SNP panel for a  Finn individual
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Phenotype Informative SNP Panels (PISNPs) provide the ability to predict a visible trait for user-specified 
genotypes for the relevant SNPs. FROG-kb currently has the Kayser's 6-plex for eye color prediction - IrisPlex
panel implemented. 

Figure 1b. Options available from the homepage Documentation tab

Figure 1c. Options available from the Panels tab
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