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Disclaimer! 

Points of view are those of the presenters and do not necessarily represent 

the official position or policies of the National Board of Forensic Medicine or 

ISFG. Certain commercial software, 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, 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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Software 
Several publications on formulas 
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Software 
Several publications on formulas 

7 



Software 
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Software 
Merlin 
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Software 
GenoProof 
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Software 
FamLinkX 
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FamLinkX 
Windows software (can be run on Macs etc) 

Written in C++ 

Works on any marker kit for the X-chromosome 

Developed for the Argus X12 kit (But works just as well with Decaplex or 

SNPs!) 

Any relationships (e.g. several typed) 

Has a single parameter that the user needs to set 
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FamLinkX 
Algorithm 
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FamLinkX 
Algorithm 
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Recombination rates 

Haplotype frequencies 

Pedigree likelihood 



FamLinkX 
Follows some basic steps (similar to most forensic genetic software) 

1. Define frequency data (and other parameters) 
a) Alleles and frequencies 

b) Haplotypes 

c) Mutation parameters (rates etc) 

d) Advanced settings 

2. Specify pedigree (hypotheses) 
a) Main hypothesis (e.g. Full siblings) 

b) Alternative hypotheses 

3. Define case-specific DNA data (STR or SNP data) 

4. Compute LR (Different methods) 
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FamLinkX 
Define frequency database (Haplotypes if necessary) 
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FamLinkX 
Define frequency database (Haplotypes if necessary) 
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FamLinkX 
Define frequency database (Haplotypes if necessary) 
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FamLinkX 
Define frequency database (Haplotypes if necessary) 
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FamLinkX 
Frequency data import format 
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Allele frequency matrix 

ALLELES DXS10148 DXS10135 DXS8378 DXS7132 

7 0,00000 0,00000 0,00000 0,00000 

8 0,00000 0,00000 0,00641 0,00000 

9 0,00000 0,00000 0,00641 0,00000 

10 0,00000 0,00000 0,29487 0,00870 

11 0,00000 0,00000 0,36538 0,03478 

12 0,00000 0,00000 0,28205 0,12174 

13 0,00000 0,00000 0,04487 0,26087 

13.3 0,00641 0,00000 0,00000 0,00000 

14 0,00000 0,00000 0,00000 0,31304 

15 0,00000 0,00641 0,00000 0,18261 



FamLinkX 
Frequency data import format 
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Allele frequency 



FamLinkX 
Frequency data import format 
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Haplotypes 

Haplotype DXS10148 DXS10135 DXS8378 Count 

Germa1 13.3 28 12.0 1 

Germa2 13.3 29 12.0 1 

Germa3 14 27 12.0 1 

Germa4 16 22.1 10.0 1 

Germa5 16.1 27 10.0 1 

Germa6 17 27 12.0 1 

Germa7 18 18 11.0 1 

Germa8 18 27 11.0 1 

Germa9 18 27 11.0 1 

Germa10 18 27 11.0 1 

Germa11 18 27 12.0 1 



FamLinkX 
Specify hypotheses 
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Standard set of  

pedigrees 

 

Total of 50 

 

Full model 



FamLinkX 
Specify hypotheses 
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Two typed individuals 



FamLinkX 
Specify hypotheses 
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Three typed individuals 



FamLinkX 
Specify hypotheses 
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Genders can be changed in  

most pedigrees! 



FamLinkX 
Specify hypotheses 
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Genders can be changed in  

most pedigrees! 
2 
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FamLinkX 
Specify hypotheses 
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Genders can be changed in  

most pedigrees! 

 

Not in all! 



FamLinkX 
Import case-related DNA data 
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Main hypothesis Individuals DNA data 



FamLinkX 
Import case-related DNA data 
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Manually edit DNA data 



FamLinkX 
Import format for case-specific DNA data 
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”Familias-like” format 

xml (CODIS-like) format 

Genemapper-like format 



FamLinkX 
Import format for case-specific DNA data 
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”Familias-like” format 

xml (CODIS-like) format 

Genemapper-like format 



FamLinkX 
Import format for case-specific DNA data 
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”Familias-like” format 

xml (CODIS-like) format 

Genemapper-like format 
Sample Marker Allele 1 Allele 2 

Mother DXS10135 14 16 

Mother DXS7123 20 23 



FamLinkX 
Calculate LR 
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Three different methods to compute LR (more later) 



FamLinkX 
Calculate LR 
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Individual marker LRs 



FamLinkX – Basics  
 

 

 

  DEMONSTRATION 1 
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Demonstration 

Marker Position (cM) Alleles Frequencies 

DXS10148 19.84 12, 14 0.1, 0.9 

DXS10135 20.03 20, 21 0.1, 0.9 

12 
20 

12/14 
20/21 

LR=1/2p12 * 1/2p20=5*5=25 

37 



ADVANCED TOPICS 
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Creating pedigrees in FamLinkX 
Standard set of pedigrees 
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Creating pedigrees in FamLinkX 

Create your own! 
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Creating pedigrees in FamLinkX 

Created pedigrees will use 

Merlin for computations and 

mutations will not be 

considered! 
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Creating pedigrees in FamLinkX 
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We first need to define the persons involved 

2 untyped parents 

3 typed children 



Creating pedigrees in FamLinkX 
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Next identify relations 

6 relations in total 



Creating pedigrees in FamLinkX 
General recipe 

1. Identify persons 

3. Known relations 

4. Pedigree specific relations 

2. Identify the parents of each person 

Six relations 
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Creating pedigrees in FamLinkX 
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Persons Relations 



Creating pedigrees in FamLinkX 

Created pedigree 
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Creating pedigrees in FamLinkX 

Create alternative 

pedigree 
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Creating pedigrees in FamLinkX 

Copy all relations from first 

pedigree (H1) 
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Creating pedigrees in FamLinkX 

Copy all relations from first 

pedigree (H1) 
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Creating pedigrees in FamLinkX 

50 

No illustration! (More later) 



Creating pedigrees in FamLinkX 
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Creating pedigrees in FamLinkX 
We should use LR (Cluster) 
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Creating pedigrees in FamLinkX 
Why does the LR become 0? (or infinity) 

Check pedigree (possible errors) 

Check genders of all persons 

Check for potential mutations 

Advanced users may check the temporary output from Merlin via  

C:\Program files (x86)\FamLinkX\temp\tempResults.txt 
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Plotting in FamLinkX 
Similar as in Familias – requires R 

Available since version 2.8 
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Plotting in FamLinkX 
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Plotting in FamLinkX 
Once plotted, it can be viewed in FamLinkX and automatically inserted 

into report! 

56 



FamLinkX – Creating pedigrees 

and plotting 
 

 

 

  DEMONSTRATION 2 
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Demonstration 
Pedigree 
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UNDERSTANDING THE 

RESULTS 
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Understanding the results 
FamLinkX computes three different LRs 

 

1. LR (Exact) – Uses the published method in Kling et al. 

2. LR (Cluster) – Uses the cluster function in Merlin 

3. LR (LE) – Considers the LE model in Merlin (linkage still modelled!) 

 

 Why do we present all? 
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Understanding the results 
FamLinkX computes three different LRs 

 

1. LR (Exact) – Uses the published method in Kling et al. 

2. LR (Cluster) – Uses the cluster function in Merlin 

3. LR (LE) – Considers the LE model in Merlin (linkage still modelled!) 

 

 Why do we present all? 
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a) Validation purposes 

b) 2 and 3 only available for created peds 

 



Understanding the results 

Comparison 

 LR (Exact) LR (Cluster) LR (LE) LR (Single marker) 

Linkage Yes Yes Yes No 

LD (Haplotypes) Yes Yes No No 

Mutations Yes No No No 

Recombinations 

within clusters 

Yes No Yes NA 

Lambda model Yes Yes No No 
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Understanding the results 
LR (Cluster) will, in many cases, gives similar results as the LR (Exact) 

LR (LE) will give the same results as the other two when lambda 

approaches infinity or for Decaplex and similar kits 

If mutations -> Only LR (Exact) will give results 

If recombinations within clusters are necessary -> LR (Exact) and LR (LE) 

will give results 

If created pedigrees -> Only LR (Cluster) and LR (LE) will give results 
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ADVANCED SETTINGS 

64 



Advanced settings 

File -> Advanced 

Lists all pre-defined pedigrees 

Two parameters 

Threshold – Decides what 

likelihoods should be computed. 

Steps – Decides what alleles 

should be included in the likelihood 

calculations, ref. stepwise mutation 

model 
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Advanced settings 
Example 1 

Threshold=0.1, Steps=0 

Threshold=0.000001, Steps=1 

8/12 14/16 

Since steps=0, shared father 

must have one of the alleles of 

the daughters. Threshold is 

high thus discarding low 

likelihoods, i.e. two step 

mutations. 

 

LR=0 

Since steps=1, shared father 

can be 13/13. Threshold allows 

low likelihoods corresponding 

to two step mutations as well 

as double mutations. 

 

LR=0.0035 
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Advanced settings 
Example 2 

Threshold=0.001, Steps=0 
Threshold=0.00001, Steps=0 
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Advanced settings 
Keep the steps parameter at zero. Higher values will slow 

down computations. 

Use a threshold of 0.00001 thus allowing single step 

mutations. 

Both should be same for all pedigrees and fixed in 

database. Can be changed if necessary. 

Works on individual markers -> threshold does not have to 

be extremely low if mutations in different markers. 
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Other topics (covered later) 
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Haplotype frequency model (Lambda) 

Pseuo-counts 

Estimating Lambda from data 

Frequency databases etc. 



SIMULATIONS 
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Simulations in FamLinkX 
Similar to Familias 

Gene dropping 

More advanced approach 
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Simulations – Simple example    

A/B 

B/B A/B 

A/A 

A/A A/B 

A/B 

A/A A/B 

B/B 

A/A A/B 

A/A A/B 

1. Founders (HW) 

2. Gene dropping 

3. Retain typed 

4. Compute LR 

A/A A/B B/B 

0.25 0.5 0.25 
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Simulations – Full example    
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Simulations – Output 
Simulation LR (Half sisters) LR(Unrelated) 

1 1000 0.0001 

2 100 0.02 

3 600 0.1 

4 0.1 0.0000001 

5 10000 1.5 

6 5000 0.01 

… … … 

Conclusion? 
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FamLinkX – Simulations  
 

 

 

  DEMONSTRATION 3 
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Demonstration 
Background 

76 

Decaplex data 



Simulations in FamLinkX 
Settings 
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Set a seed (random) 

#Simulations (at least 100 is recommended) 

Save settings 

Much faster for Argus X12 (no mutations!) 



Simulations in FamLinkX 
Results 
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Summary statistics 
True pedigree 

Save raw LRs 





Simulations wth Argus X12 

Paternal half sisters (Histogram of 1000 simulations) 

Paternal half siblings can be distinguished from unrelated 
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Autosomal markers vs Argus X12 

Paternal half sisters 

2
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X-STRs is more powerful for some cases 
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Argus X12 versus Decaplex 

Paternal half sisters 

Argus X12 is more powerful than Decaplex 
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Exceedance plots 
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Threshold (e.g. LR) 

50% probability to solve a case with LR=1000 
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Utility of simulations (Argus X12) 

Probability that we can solve a case with the given threshold 

80% chance to solve paternal 

half siblings with X12 but only 6-

7% for 23 aSTR if LR=10,000 
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FORCE X-SNPs 
242 SNPs (only linkage, no LD) 

From Bergseth et al. 2022 
Power increased substantially 

At LR>1000 

Relationship E(LR>t, Argus X12) E(LR>t, FORCE) 

Pat. Half sisters 90% 100% 

Mat. Half sisters 20% 70% 

Mat. Half siblings 40% 90% 

Mat. Half brothers 60% 85% 
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VALIDATION 
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Guidelines 
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Unfortunately not open access 



Guidelines 
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1. Scientific paper 

2. Developmental validation with freely available data 

3. Version control 

4. Instruction for how to validate (internal validations) 

5. User manual 

6. Training and education 

7. Open source/algorithms 

8. Updates/bug fixes etc 

 



Guidelines 
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9. Randomness (MCMC etc) 

10. Plan for internal validation – which tests to perform etc 

11. Test the software on in-house data from real samples 

12. Samples to include 

13. Consistent with previous results (e.g. other software) 

14. Standard operating procedure (SOP) 

15. In-house training 

16. Public repository 

 



Guidelines 
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Unfortunately not open access. Ask us for a copy! 



Guidelines for FamLinkX 
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1. Import of data 

a) Importing frequencies 

b) Importing haplotypes 

c) Importing case-specific DNA data (new alleles) 

2. Test parameters (value of lambda) 

3. Test all relevant cases (hypotheses/pedigrees) 

4. Report (output) 

5. Save/Open projects with same results 

6. Identify sources/points where errors can arise 



Guidelines for FamLinkX 
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7. Create pedigrees 

8. Training and education 

 

 

Simulation does not generally need to be validated 

 



Self-validation in FamLinkX 

Will test the pre-defined pedigrees through 

1. Two genetic markers (no mutations) 

2. 100 simulations 

3. Compare results with Merlin 



FamLinkX 
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