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28 August (Monday) 
 
Brief introduction & Basic principles (6.10-7.30pm) 
– Likelihood ratio principle 
– Prior/posterior, multiple hypotheses 
– Genotype probability, substructure, mutations, silent alleles 
  

Break (7.30-7.45pm) 
 

Introduction to software and methods (7.45-8.45pm) 
 
Break (8.45-9.00pm) 
 

Exercises/examples (9.00-9.45pm) 
- Theoretical exercises and solutions 
- Demonstration of software 
- Familias exercises  
- Additional exercises with files and solutions will be provided/demonstrated during 
the workshop 
 

Summary and questions (9.45-10.00) 
 

 
 

29 August (Tuesday) 
 
Statistical inference for expanded marker panels (Part 1: 
ά{Ƴŀƭƭέ ǇŀƴŜƭǎύ (6.10-7.35pm) 
– Use of denser sets of SNPs. 
– Linkage and linkage disequilibrium 
– Methods and software 
– Genotype uncertainty 
– Simulations 
 

Break (7.35-7.50pm) 
 

Statistical inference for expanded marker panels (Part 2: 
ά[ŀǊƎŜέ ǇŀƴŜƭǎύ ό7.50-9.00pm) 
– Alternative biostatistical approaches 
– Genetic genealogy 

 

Break (9.00-9.10pm) 
Exercises/examples (9.10-9.45pm) 
– Demonstration of software 
– Tutorials and exercises 

 

Summary and questions (9.45-10.00) 

Presentations, exercises etc are available at 

https://familias.name/ISFG2023  

Use Q&A feature to ask questions at any 

time during the presentations, we will 

address them directly or at the end of the 

talks 

https://familias.name/ISFG2023
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{ǘŀǘƛǎǘƛŎŀƭ ƛƴŦŜǊŜƴŎŜ ŦƻǊ ŜȄǇŀƴŘŜŘ ƳŀǊƪŜǊ ǇŀƴŜƭǎ όtŀǊǘ мΥ ά{Ƴŀƭƭέ ǇŀƴŜƭǎύ 
– Using dense SNP panels 
– Linkage and linkage disequilibrium 
– Methods and software 
– Genotype uncertainty 

  

{ǘŀǘƛǎǘƛŎŀƭ ƛƴŦŜǊŜƴŎŜ ŦƻǊ ŜȄǇŀƴŘŜŘ ƳŀǊƪŜǊ ǇŀƴŜƭǎ όtŀǊǘ нΥ ά[ŀǊƎŜέ ǇŀƴŜƭǎύ 
– Technologies 
– Alternative biostatistical approaches 
– Genetic genealogy 
– Worked examples 

  
  

Topics 
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Small vs Large expanded marker panels 

Property Small Large 

Marker number 100-10,000 >10,000 

Linked markers Yes, normally Yes 

Linkage 

disequilibrium 

No, not normally Yes 

Typing technology CE and MPS (low 

to mid end) 

MPS (mid to high 

end) and 

microarrays 

Forensic utility Kinship Genealogy 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

Aim with expanded (”small”) marker panels 

• Solve “complex” paternity/maternity cases 
– Supplementary marker panels when having small number of genetic inconsistencies in the initial standard STR 

panel analysis. 

• Solve more distant relationships 
– Half-sibs, uncle/nephew, grandparent/grandchild, first cousins and beyond 

• More sensitive DNA typing methods (MPS based) 
– Missing person identification cases 

Note: most methods presented herein also apply to 

expanded panels of STRs (CE or MPS) 
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“Small” expanded panels for kinship testing (examples) 

• ForenSeq DNA Signature Prep Kit (Verogen) 
– 27 autosomal STRs, 24 Y-STRs, 7 X-STRs 

– 94 biallelic SNPs  

• QIAseq™ Investigator SNP ID Panel (Qiagen) 
– 140 autosomal biallelic SNPs 

• HID-Ion Ampliseq™ panel (Thermo Fisher) 
– 90 autosomal SNPs 

Few linked markers 
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“Small” expanded panels for kinship testing (examples) 

• MPSplex (QIAseq, Qiagen), aka ICMP panel 
– ~1200 tri-allelic autosomal SNPs, ~40 X-chromosomal SNPs, ~50 microhaplotypes 

• KINTELLIGENCE panel (Verogen) 
– ~10000 kinship SNPs. Overlapping with the Illumina GSA array. Purpose is genealogy 

• FORCE panel (Tillmar et al) 
– ~4000 kinship SNPs. >200 X SNPs, >800 Y SNPs, >200 AIMS, PI markers 
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Different types of DNA markers (MPS based typing) 

• STRs 
– Sequence based STR polymorphisms 

• SNPs 
– Bi-, tri-, tetra-allelic 

– Microhaplotype 
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Markers 

• STRs 
– Sequence based 

• SNPs 
– Bi-, tri-, tetra-allelic 

– Microhaplotype 

 

A G C T A G C T A G C T A G C T A G C T

A G C T A G C T A G C T A G C C A G C T

Length based 

Sequence based 

Alleles 
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A G C T A G C T A G C T A G C T A G C T

A G C T A G C T A G C T A G C C A G C T

Length based 

Sequence based 

Sequence adds 

an extra depth of 

information 
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Markers 

• STRs 
– Sequence based 

• SNPs 
– Bi-, tri-, tetra-allelic 

– Microhaplotype 

 

A/C

A/C/T

A/C/G/T

SNP 

Two alleles in the population 

Three alleles in the population 

Four alleles in the population 
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Markers 
• STRs 

– Sequence based 

• SNPs 
– Bi-, tri-, tetra-allelic 

– Microhaplotype 
– All SNPs are on the same read 

 

A/T A/C G/T

SNP 1 SNP 2 SNP 3 

A A G

A C T

T A G

Haplotype 1 

Haplotype 2 

Haplotype 3 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

Hundreds - thousands of SNPs 

• More information! 

• More dependencies (marker- /allele-)! 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

(Genetic) Linkage (marker dependencies) 

• Linkage is a consequence of the biological phenomenon 

recombination causing closely markers to be inherited as a unit 

from parent to child in a higher degree than for independent 

markers 
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LINKAGE 

Parent (chr 1) 

Marker 1 

Marker 2 

Child (chr 1) 
Marker 1 

Marker 2 

Recombination No recombination 

No Linkage             50%                    50% 

Linkage            >50%                  <50% 

Possible gametes 

Crossover point 
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Linkage 
• Linkage will impact transmission probabilities 

• Can be accounted for, in the likelihood calculation, using a parameter for 

the recombination rate 

• The recombination rate can be estimated from 
– Large multi generation pedigrees or parent/offspring 

– Genetic maps (cM <-> r) 

r=50% means unlinked 

1 cM = 1% chance of recombination 
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C 

M AF 

10/11  
12/14  
 

14/14.2  
11/23  

10|14.2 

12|19 

AGF AGM 

Marker 1: 12/13  
Marker 2: 10/19  

Marker 1 and 2 are located on 

the same chromosome 

The chromosomal phase of 

the child can be inferred, 

i.e. haplotypes  

Chr3:1 Chr3:2 

14.2 

19 

10 

12 

Maternal Paternal 

A paternal recombination must 

have occurred in order to 

explain the data (given this 

pedigree). 

The probability of the observed DNA data (given this pedigree) 

depends on the recombination rate between marker 1 and marker 2! 

 

E.g. if this recombination rate is very low, the probability is very low. 

Also, if the recombination rate is 0 (very very close markers), the 

observed data is not possible (given this pedigree) 

 

Ignoring genetic linkage may result in inflated/defalted LRs -> 

wrong conclusion! 

Linkage and how it impacts the LR 

Note the | in the genotype 
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Linkage and how it impacts the LR 

• Linkage will not have effect on all pedigrees/hypotheses 
– Suspect vs unrelated - case scenario 

– Direct matching (random match) Man 

Marker 1 

Marker 2 

Child 
Marker 1 

Marker 2 

12|14 

31|36 

14 

31 

Recombination 
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Linkage and how it impacts the LR 

• Linkage will not have effect on all pedigrees/hypotheses 
– Suspect vs unrelated - case scenario 
– Direct match (random match) 
– Paternity vs unrelated - case scenario 

• Chromosomal phase is unknown! 

Man 

Marker 1 

Marker 2 

Child 
Marker 1 

Marker 2 

12/14 

31/36 

14 

31 

Linkage has no effect at all in a pedigree unless: 

1. at least one individual in the pedigree (the central individual) is involved in at 

least two transmissions of genetic material, either as a parent or a child, and 

2. that individual is a double heterozygote at the loci in question. 

Gill et al., 2012 

Recombination?? 
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Linkage and how it impacts the LR 

21/25 

14/14 
19/21 

12/12 

Recombination rate 

From Egeland et al. 
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Now to something completely different! 
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Linkage disequilibrium (LD) 

Allele ”A” (at marker 1) will be observed together with allele ”B” (at 

marker 2) in a population more/less often than expected by random 

Allele frequencies cannot be multiplied in order to get the rarity of a given DNA profile in 

population.  

• Product rule cannot be applied! 

• Rarity must be estimated from haplotype information (or exclude one of the markers in LD). 

• Application also to criminal casework and random match probability! 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

Linkage disequilibrium (allele dependencies) 

Exists when alleles at different loci occur together, at a population level, more (or less) often than expected by chance 

If linkage equilibrium (LE) 

If linkage disequilibrium 

(LD) 

Thus allele frequencies can be used to infer the rarity of a 

DNA profile in a population 

Thus haplotype frequencies should be used to infer the rarity 

of a DNA profile in a population 

  DNA profile 

D12S391  12/12 

vWA  15/15 
What is the population frequency of this profile? 

Chr2, roughly 10 cM apart 
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Linkage disequilibrium (allele dependencies) 

Estimated from unrelated population data! Consider two SNPs with alleles A/G and C/G 

A 

C 

A 

C 

A 

G 

G 

G 

Perfect haplotypes – not commonly observed (exception is males and X/Y data) 

… 

LD can be tested by comparing observed 

data (obs haplotype frequencies) with 

expected data under equilibrium (multiply 

allele frequencies) 
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Linkage disequilibrium (allele dependencies) 

Estimated from unrelated population data! Consider two SNPs with alleles A/G and C/G 

A 

C 

A 

C 

A 

G 

G 

G 
… 

A G 

C 5 15 0.2 

G 45 35 0.8 

0.5 0.5 

r2 is symmetric for bi-allelic SNPs 

(HA,C - pApC)2=(0.05-0.5*0.2)2 = 0.0025 

 

r2 = 0.0025 / (0.5*0.5*0.2*0.8) = 0.0625 

 
r2>0.2 considered as high 
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Linkage disequilibrium (allele dependencies) 

Estimated from unrelated population data! Consider two SNPs with alleles A/G and C/G 

A 

C 

A 

C 

A 

G 

G 

G 
… 
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Linkage disequilibrium 
LD, generally, decreases as a function of distance. 

LD is weakened by recombinations/mutations 

and decays with generations 
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• Redundant information! 

• Need haplotype (or information about allelic dependency) 
– Some approaches use haploblocks (i.e. a form of microhaplotypes) 

• LR is generally overestimated if we disregard LD 
– Relatives appear closer 

 
 

 

 

LD and how it impacts the LR 

Unrelated is true 
2nd cousins 

1st cousins  

Increasing the number of SNP markers -> more LD (r2) -> posteriors will favor relationships 
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• Redundant information! 

• Need haplotype (or information about allelic dependency) 
– Some approaches use haploblocks (i.e. a form of microhaplotypes) 

• LR is generally overestimated if we disregard LD 
– Relatives appear closer 

• Avoid LD if possible 

• For X-chromosomal markers, use FamLinkX J 

 
 

 

LD and how it impacts the LR 
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)|Pr(

)|Pr(

2

1

HDNA

HDNA
LR= 

)|Pr(

)|Pr(

2

1

HDNA

HDNA

C 

M AF Founders 

Child Transmission 
probabilities  

Mendelian factor 

 (recombination rate) 

Genotype 
probabilities  

Haplotype frequencies 

GC 

GM 
GAF 

Linkage 

LD Generally <100 kb (0.1 cM) 

<50 Mb (50 cM) 
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Lin kage                                Lin kage  disequi libr ium  
Dependency between neighbouring              Dependency between alleles at di fferent 
markers                                                    loci 
Observed within a pedigree                         Observed in a population 

Extends long distances > 10 cM                    Usually extends short distances < 0.1 cM 

Do not affect random match probability        Affect random match probabilities 

(unless related) 
Take into account for extended pedigrees     Always take into account for all pedigrees 

Always take into account if also LD is           Measured by the deviation from 

present, for all pedigrees                            expectations, decays with recombinations 
Measured by the recombination rate,           Used to find alleles associated with a 
constant                                                    disease, in the population 
Used to find markers linked to a disease, 
in families 

33 
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Elston Stewart algorithm – Commonly used in Forensic genetics 

Lander Green algorithm – Commonly used in Medical genetics 

Easily handles linkage 

Handles mutations 
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Software/tools 

• Likelihood calculation (not accounting for linkage) 
– Familias (www.familias.no)  
– DNA-view 

• Likelihood calculation (takes linkage into account) 

– FamLink, FamLinkX (https://famlink.se)  

– MERLIN (http://csg.sph.umich.edu//abecasis/merlin/index.html)  

– R-packages (paramlink and other) 

• Recombination rates (more later) 
– Hapmap data 
– deCODE 
– Rutgers  

• Test for LD  
– SNAP (https://www.broadinstitute.org/mpg/snap/)  
– Arlequin (http://cmpg.unibe.ch/software/arlequin35/)  
– 1000 genomes project (http://www.1000genomes.org/)  
– PLINK 

http://www.familias.no/
https://famlink.se/
http://csg.sph.umich.edu/abecasis/merlin/index.html
http://csg.sph.umich.edu/abecasis/merlin/index.html
http://csg.sph.umich.edu/abecasis/merlin/index.html
https://www.broadinstitute.org/mpg/snap/
https://www.broadinstitute.org/mpg/snap/
http://cmpg.unibe.ch/software/arlequin35/
http://cmpg.unibe.ch/software/arlequin35/
http://www.1000genomes.org/
http://www.1000genomes.org/
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FamLink 

• In response to the commotion about D12S391 and vWA – FamLink was conceived in 2012 

 

 

 

 

• FamLink performs statistical calculations based on pedigree structures and account for linkage 

between the DNA markers. 

• Started out with pairwise calculations, i.e. two genetic markers (mainly aimed at STRs) 

• First version was essentially a front-end to MERLIN 
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FamLink2 

• FamLink performs statistical calculations based on pedigree structures and account for linkage 

between the DNA markers. 

• New version published in 2020 

• Implements two novel algorithms 

• New interface allowing any #Markers 

• Freely available at https://famlink.se  

 

• FamLink2 is different from FamLinkX J 

https://famlink.se/
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FamLink – Publications  

1. Kling D, Egeland T, Tillmar AO (2012) FamLink ï a user friendly software for linkage calculations in family 

genetics. Forensic Sci Int Genet. 6(5):616-620. Original validation paper for FamLink 

2. Kling D, Egeland T, Tillmar AO, Mostad P (2015) A general model for likelihood computations of genetic 

marker data accounting for linkage, linkage disequilibrium, and mutations. New method for likelihood 

computations accounting for linkage, LD and mutations 

3. Mostad P, Tillmar A, Kling D  (2023) Improved computations for relationship inference using low-coverage 

sequencing data. Novel method for likelihood computations with linkage and sequence data 

4. Kling D, Tillmar A et al. [2023, In preparation] A comprehensive tool to infer relationships from low quality 

sequence data. Validation of implementation in FamLink2 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

FamLink – Publications  

1. Kling D, Egeland T, Tillmar AO (2012) FamLink ï a user friendly software for linkage calculations in family 

genetics. Forensic Sci Int Genet. 6(5):616-620. Original validation paper for FamLink 

2. Kling D, Egeland T, Tillmar AO, Mostad P (2015) A general model for likelihood computations of genetic 

marker data accounting for linkage, linkage disequilibrium, and mutations. New method for likelihood 

computations accounting for linkage, LD and mutations 

3. Mostad P, Tillmar A, Kling D  (2023) Improved computations for relationship inference using low-coverage 

sequencing data. Novel method for likelihood computations with linkage and sequence data 

4. Kling D, Tillmar A et al. [2023, In preparation] A comprehensive tool to infer relationships from low quality 

sequence data. Validation of implementation in FamLink2 

Complex but deals with mutations 

Fast and works with sequence data 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

FamLink – What can it do? 
Versatile tool box 

– LR calculation for pairs of linked DNA markers (any number!) 

– Ancestry inference, Phenotype inference, Y-haplogroup inference 

– Model genotype uncertainty 

– Account for mutations 

– Account for subpopulation structure 

– Blind search 

– “Quick analysis” for LR calculation of “unlimited” number of DNA markers 
– Need a Familias file as the input 

– Simulation module 
– Similar to the simulation approach used in Familias, but linkage is taken into account 

– DVI module (Simple) 
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FamLink 

https://famlink.se  

Why use FamLink instead of Familias??? 

https://famlink.se/
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FamLink – What do we need? 
1. Genetic map – where to find? 

a. Input is in cM (not base pairs!) 

b. deCODE (Kong et al 2010), Hapmap, Rutger 

(https://compgen.rutgers.edu/rutgers_maps.shtml)  

2. Frequency data 
a. 1000G 

b. Inhouse data (fewer samples needed for SNPs) 

3. Genotype data on some format 
a. Vertical format 

b. CLC output 

c. Standard vcf 

d. Others (DTC, Familias-like, Genemapper etc) 

4. Pedigree hypothesis 

 

 

Note: bp is exact physical position,  

cM can vary depending on source/study  

https://compgen.rutgers.edu/rutgers_maps.shtml
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FamLink – What do we need? 
1. Genetic map – where to find? 

a. Input is in cM (not base pairs!) 

b. Hapmap, Rutger 

(https://compgen.rutgers.edu/rutgers_maps.shtml)  

2. Frequency data 
a. 1000G 

b. Inhouse data (fewer samples needed for SNPs) 

3. Genotype data on some format 

4. Pedigree hypothesis 

 

 

Note: bp is exact physical position,  

cM can vary depending on source/study  

https://compgen.rutgers.edu/rutgers_maps.shtml
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Simple workflow to account for linkage 

- an example 

Genotypes Familias  FamLink  

Case 

hypotheses 
Population frequencies 

Recombination 

rates 

Likelihood ratio (LR) 
A/T 

T/T 

C/T 

…. 

A/T 

T/T 

C/T 

…. 

A:0.0321 

T:0.0421 

G:0.221 

…. 

Validated and included in our ISO 17025 accreditation for 30 STRs and 131 SNPs 
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FamLink2  

1. Establish database 

with allele frequencies 

and marker positions 

2. Select hypotheses 

OR create your own 

3. Enter/Import genotype data 
4. Compute likelihood ratio 

and view the individual 

marker results (linkage 

accounted for) 

https://famlink.se  

https://famlink.se/
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FamLink2 Demonstration 
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Simulations – Illustrated  

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 

49 
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Simulations – Illustrated  

50 
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Simulations – Illustrated  

51 
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Simulations – Illustrated  

52 
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How to understand/interpret a LR distribution plot 

We would like to know how informative a specific marker panel is to solve 

a specific case scenario (say Half-sibs vs Unrelated) 

 

1. We simulate DNA data for a sufficient number of families (given the specified 

hypotheses, allele frequencies, mutation rates, recombination rates). 

2. For each such simulated event, we calculate the LR (i.e. based on the simulated 

DNA data). 

3. We plot the distributions of the obtained LRs (half-sibs being true, and unrelated 

being true) 

 

 If separation is good, i.e. 

overlapping area is 

small, the power is good 
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QIAseq™ Investigator SNP ID Panel (Qiagen) 

• 140 biallelic SNPs 

• Simple to evaluate the typing results 

(compared to STRs) 

• Very low mutation rate 

• Less information per marker, but possible 

to analyze a larger number. 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

Data from simulations of the DNA 

markers included in the 140 SNP ID 

panel for various familial relationships 

Relationship scenario LR (median [95%]) Posterior probability (median 

[95%])* 

Parent/child vs unrelated 
109.5 [106.2-1012.9] 0.9999999997 [0.9999994-0.99999999999990] 

Full siblings vs unrelated 
108.3 [103.2-1013.3] 0.999999995 [0.9994-0.99999999999995] 

Full siblings vs half siblings 
103.0 [10-0.2-106.0] 0.9989 [0.40-0.9999991] 

Half siblings vs unrelated 
101.9 [10-0.6-104.2] 0.987 [0.20-0.99993] 

First cousins vs unrelated 
100.5 [10-0.8-101.7] 0.74 [0.14-0.979] * Assuming equal priors 
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Relationship scenario LR (median 

[95%]) 

Posterior probability (median [95%])* 

Parent/child vs unrelated 
1021.0 [1016.2-1026.0] >0.9999999999999 [0.9999999999999-0.9999999999999] 

Full siblings vs unrelated 
1012.0 [108.0-1016.1] 0.9999999999990 [0.999999990-0.9999999999999] 

Full siblings vs half siblings 
105.9 [101.2-1010.9] 0.9999990 [0.95-0.999999999990] 

Half siblings vs unrelated 
104.6 [100.5-108.7] 0.99997 [0.77-0.999999998] 

First cousins vs unrelated 
101.2 [10-0.8-103.5] 0.94 [0.13-0.9997] 

Data from simulations of the DNA 

markers included in the 140 SNP ID 

panel combined with 30 STRs (CE 

based) for various familial relationships 

* Assuming equal priors 



www.rmv.se 

ISFG 2023 – WS2.2 ISFG 2023 – WS2.2 

ICMP panel 

• Approx 1200 tri-allelic SNPs 
– SNPs with high heterozygozity were selected 

from 1000 Genomes data 

• Approx 50 microhaplotypes 
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”ICMP panel” 

• Skip STRs completely? 
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FORCE panel 
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FORCE panel – Power 

• First cousins are well separated 

• Even many second cousin cases can 

be resolved 
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Consideration, before implementing a new marker panel  
(during marker selection/panel evaluation) 

• What is the expected degree of information for ”my” cases? 

• Do we have linked markers? 
– What is the effect if not considered? 

– Which software to use? 

• Do we have markers in LD? 
– Incorporate markers in LD or exclude them? 

– Which software to use? 
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Before implementation  
(during marker selection/panel evaluation) 

• Estimate recombination rates (r) for all marker pairs in the panel 
– The rate (r) can be estimated from family studies or via mapping functions 

– If r<0.5, linkage should be accounted for 

• Check the effects of linkage for case scenarios of your interest  

• Perform analysis of LD 
– Compare observed vs expected haplotype frequencies under LE. 

– If LD exists, remove markers in the LD block or use observed haplotype frequencies when 

estimating the rarity of the DNA profile. 
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”ICMP panel” - Impact of linkage? 

• Many of the SNPs are 

located around 1 cM apart 
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Decision plots 
• The fraction of simulations where different decisions (conclusions) are 

taken when linkage is accounted for or not accounted for 

960 SNPs 

472 SNPs 

32 STRs 

ICMP 

In-house 

From Kling & Tillmar 2019 
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FORCE panel 

Median = 0.34 cM 

LR is 

underestimated 

LR (linkage) = 1E+40 

LR (no linkage) = 1E+20 

Simulated data for 1000 first cousins 

If threshold is 1+E6, about 10%  

first cousins will be missed 

LR is 

overestimated 
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Drawbacks with expanded panels 

• Limited knowledge and experience – Workshops and 
courses! 

• Few tools – FamLink! 

• Cost – New MPS approaches! 
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Summary 

Possible dependencies need to be studied before implementation 
– Linkage (marker dependencies) 

– Linkage disequilibrium (allele dependencies) 

In general, linkage will be an issue, LD not 
– Use dedicated software for the biostatistical evaluation 

– NB! For standard ”Suspect vs unrelated” / ”father vs unrelated” case scenarios, linkage 

will have no effect on LR (assuming LE)  
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Genotype uncertainty (advanced) 

• CE data 

 

12 16 

100 RFU 
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Genotype uncertainty (advanced) 

• CE data 

• MPS data 

 

A T 

100 Reads (Coverage) 

Reads can having different quality parameters, 

E.g. mapping quality, sequence quality etc. 
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Genotype uncertainty (advanced) 

• CE data 

• MPS data 

• Genotype calling 

 

Manual calling vs automated calling 

 

Do we need to exactly call genotypes??? 
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Genotype uncertainty (advanced) 
• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds 

(ST). 

• Genotype likelihoods 

Example # Reads 

with ñAò 

#Reads with 

ñCò 

Genotype 

1 11 12 AC 

 Thresholds: AT=10, ST=20 
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Genotype uncertainty (advanced) 

• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds 

(ST). 

• Genotype likelihoods 
Example # Reads 

with ñAò 

#Reads with 

ñCò 

Genotype 

1 11 12 AC 

2 11 0 No call 

 Thresholds: AT=10, ST=20 
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Genotype uncertainty (advanced) 

• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds 

(ST). 

• Genotype likelihoods 

Exampl

e 

# Reads 

with ñAò 

#Reads with 

ñCò 

Genotype 

1 11 12 AC 

2 11 0 No call 

3 22 0 AA 

 Thresholds: AT=10, ST=20 
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Genotype uncertainty (advanced) 
• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds 

(ST). 

• Genotype likelihoods 
Exampl

e 

# Reads 

with ñAò 

#Reads with 

ñCò 

Genotype 

1 11 12 AC 

2 11 0 No call 

3 22 0 AA 

4 4 3 No call 

 Thresholds: AT=10, ST=20 

Works fine if mean coverage is high (say 100X), but not if coverage is low (say 5X) 
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Genotype uncertainty (advanced) 
• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds (ST). 

• Genotype likelihoods 

– “Probabilistic genotyping”. Genotype likelihoods are calculated for all possible genotype 

constellations, based on the observed read data 

Example Reads 

with ñAò 

Reads 

with ñCò 

Genotype likelihood 

1 3 2 P(AA)=0.010, P(CC)=0.008, P(AC)=0.982 

 Genotype likelihoods 
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Genotype uncertainty (advanced) 

• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds (ST). 

• Genotype likelihoods 

– “Probabilistic genotyping”. Genotype likelihoods are calculated for all possible genotype 

constellations, based on the observed read data 

Example Reads 

with ñAò 

Reads 

with ñCò 

Genotype likelihood 

1 3 2 P(AA)=0.010, P(CC)=0.008, P(AC)=0.982 

2 2 0 P(AA)=0.670, P(CC)=0.007, P(AC)=0.333 

 Genotype likelihoods 
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Genotype uncertainty (advanced) 
• Binary/thresholds 

– Genotype calling is based on pre-defined analytical (AT) and stochastic thresholds (ST). 

• Genotype likelihoods 

– “Probabilistic genotyping”. Genotype likelihoods are calculated for all possible genotype 

constellations, based on the observed read data 

All data can be included in the kinship prediction, need to have a model.. 

Example Reads 

with ñAò 

Reads 

with ñCò 

Genotype likelihood 

1 3 2 P(AA)=0.010, P(CC)=0.008, P(AC)=0.982 

2 2 0 P(AA)=0.670, P(CC)=0.007, P(AC)=0.333 

3 50 0 P(AA)=0.99999, P(CC)=0.0000001, P(AC)=0.00001 
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Genotype uncertainty (advanced) 

• CE data 

• MPS data 

• Genotype calling 

• Model for genotype likelihood 
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Genotype uncertainty (advanced) 

• CE data 

• MPS data 

• Genotype calling 

• Model for genotype likelihood 

 

- Linked markers 

- Full model for genotype uncertainty 

- Works with any pedigrees 

- Works with any #individuals 

- Models subpopulation structure 
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Genotype uncertainty (advanced) 
Implementations 

R-script FamLink2 
Proposed model 

https://famlink.se https://familias.name/lcNGS 
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Genotype uncertainty (advanced) 

Kling et al. 2023 

Perfect genotypes 

Determine genotype 

Observation model 
parameter settings 

• Simulated low 
depth (1X) data 
with high error rate 
(10%)  and few 
cells (n=5) 

• Analyzed with 
different parameter 
settings as well as 
direct genotype 
calling 

 

 

Simulated level  

of errors 
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FamLink2 Demonstration 
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Statistical inference for expanded 

marker panels (Part 1: “Small” panels) 

DANIEL KLING & ANDREAS TILLMAR 

Daniel.kling@rmv.se 

Andreas.tillmar@rmv.se  

mailto:Daniel.kling@rmv.se
mailto:Andreas.tillmar@rmv.se
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