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Introduction 

GenoGeographer (Tvedebrink et al., 2017; 2018; 2019) is a software used for population assignment of an 

individual in a forensic genetic context. Typical ancestry inference studies of a population or individual rely, 

to some extent, on the knowledge of the history of the population and its parental ancestry components. The 

ancestry investigations aim to ascertain the proportion of each parental ancestry component in the population 

or individual. In a forensic context, however, the biogeographic ancestry of an individual is generally unknown, 

and a population assignment is carried out instead. Here, the profile is evaluated in several reference 

populations present in a database to assess the most likely biogeographical origin of the profile. 

 

GenoGeographer provides two types of analyses after the DNA profile with pre-selected Ancestry Informative 

Markers (AIMs) from the person of interest is uploaded to the software: 

First, it performs an outlier test (z-score test) of the AIM profile in all reference populations, where the null 

hypothesis H0 = ‘The AIM profile originates from the reference population’ is either accepted or rejected using 

a one-sided 95% confidence level. An AIM profile with z-score ≤1.64 lies within the confidence interval, and 

H0 is accepted, whereas an AIM profile with z-score >1.64 is considered an outlier and H0 is rejected. 

Second, it performs calculations of the evidential weights under user-defined hypotheses in the form of 

likelihood ratios (LRs). LR = P(E|H1)/P(E|H2), where H1 = the tested individual belongs to population A, and 

H2 = the tested individual belongs to population B. LRs should only be calculated if the outlier tests indicate 

that the database with reference populations includes at least one likely population of origin and population A 

must be the most likely population (z-score ≤1.64). 

 

GenoGeographer includes reference population databases for four panels of AIMs: The Precision ID Ancestry 

panel (Pereira et al., 2017; Mogensen et al., 2020; Köksal et al., 2023), the Seldin Panel (Kosoy et al., 2009), 

The Kidd panel (Kidd et al., 2014), and the VISAGE basic tool (Xavier et al., 2020). 

A stepwise protocol with screen-dump examples from GenoGeographer is given below: 
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Work-flow 

1. Open GenoGeographer (Genogeographer (aau.dk)). 

2. Click on ‘Analyse AIMs profile’ (top of the screen) and upload the AIM profile (.csv format) by clicking on 

‘Browse…’ and selecting the AIM profile of interest. The csv file should contain one column with locus names 

(e.g. rs10007810) and one column with genotypes (e.g. AA or CT). The locus and genotype columns may be 

defined after uploading the file using the drop-down menus on the left of the screen. 

3. Define the settings for the analysis (Figure 1) and click ‘Analyse!’. 

 

 

 
 

4. Graphics (Figure 2) and tables (Figure 3 and 4) of the GenoGeographer analysis are available for 

interpretation. 

                                                                       

http://apps.math.aau.dk/aims/
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5. The results may be presented in a report in various ways, e.g. in the form of a table, as shown below, in the 

form of text, or a combination of both.  

Some of the LRs in the table are astronomical and it may be useful to define a maximum reported LR, e.g. LR 

>10,000 or LR >100,000. The LRs with Middle East as population A are not shown in the table, because they 

do not include the most likely population of origin (Europe) and could be misleading. F.ex. it is > 1,000,000 

times more likely to have the AIM profile, if the DNA originates from from an individual that belongs to the 

Middle Eastern metapopulation than if the DNA originates from an individual that belongs to the North African 

metapopulation (Figure 4). True, but irrelevant and misleading, because Europe is not considered as a possible 

population. 

 

The text may be phrased as follows: “The AIM profile indicates that the DNA originates from an individual 

from the European metapopulation.” and “It is more than 10,000 times more likely to have the AIM profile, if 

the DNA originates from an individual that belongs to the European metapopulation than if the DNA originates 

from an individual that belongs to the Middle Eastern metapopulation, the North African metapopulation, the 
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South-Central Asian metapopulation, the East Asian metapopulation, or the Sub-Saharan African 

metapopulation.” 

   

LR = P(E|H1)/P(E|H2) H1 = Population A 

   Europe 

H
2
 =
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Middle East 9.42E+04 

North Africa 2.42E+11 

South / Central Asia 5.20E+16 

East Asia 1.49E+66 

Sub-Saharan Africa 5.86E+131 
 

6. The example shown above was fairly straightforward and the individual most likely had a European 

background.  

The example below is more complicated as it is an example of admixed population background. The z-score 

test (not shown) indicated only one likely reference population: North Africa (z-score = 0.545 (p-value: 

0.293)). Figure 5 shows the calculated LRs. The smallest LR was as low as 1,510 (Population A: North Africa; 

Population B: Middle East), and since both hypotheses involved an admixed population (North Africa and 

Middle East), an additional analysis was performed, where the box ‘Admixture’ was ticked off (Figure 6). 
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The outlier tests revealed that three two-way 1:1 admixture populations were possible populations of origin 

(North Africa & South/Central Asia (z-score = 0.85 (p-value: 0.198)), Middle East & North Africa (z-score = 

1.20 (p-value: 0.114)), and Europe & North Africa (z-score =1.554 (p-value: 0.06)). Thus, a total of 26 LRs 

were calculated with all combinations of hypotheses involving the six metapopulations and the three likely 

two-way 1:1 admixture populations (Figure 6). 

 

 

 

The results clearly indicated that there were alternative admixed populations that were as likely an origin as 

the North African metapopulation. This should be clearly explained in the report both in the table with LRs 

and in the complimentary text. However, an LR table with 26 LRs in four columns of likely populations 

(with z-score <1.64) may be overwhelming to interpret. It may be considered to reduce the table to the LRs 

involving the most likely population as population A, e.g. North Africa (see below). 
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The result summary may be phrased as: “The AIM profile indicates that the DNA originates from an 

individual from the North African metapopulation or from another admixed population with contributions 

from North Africa, Middle East, South/Central Asia or Europe.”  

     

LR = P(E|H1)/P(E|H2) H1 = Population A  

    North Africa  

H
2
 =
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Europe & North Africa Inconclusive*  

Middle East & North Africa Inconclusive*  

North Africa & South / Central Asia 508†  

Middle East 1510  

Europe 1.02E+05  

South / Central Asia 4.25E+10  

East Asia 1.09E+58  

Sub-Saharan Africa 6.70E+91  
*The population likelihoods were equally likely   

†The weight of the evidence is considered to be low, when the LR<1000 
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