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PowerPlex® Fusion 6C

• 23 autosomal STR markers
• 1 close pair (< 25 cM)
• 4 linkage groups

Fusion  6C + SureID® 27

• 43 markers
• 6 close pairs (< 25 cM)
• 16 linkage groups



Meiotic recombination

• Genetic distance between two loci:
   = average crossovers per meiosis

• Units: 
o 1 Morgan (M) = 1 crossover per meiosis
o 1 centiMorgan (cM) = 0.01 M

• The human genome: Ca 30 MorganMore about 
this 

tomorrow!



Why do we care about linkage?
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• Linkage → dependent inheritance

• Irrelevant in paternity cases (duo/trio)

• Relevant if ≥ 2 informative, 
non-independent meioses

(unless phased data)



FamLink2

Pros
- Designed for forensics
- Good with SNPs
- GUI + many features
- Quick analysis mode

Cons
- No mut. models in QA

(No linkage)

.fam 

Software handling linked markers

MERLIN

Pros
- Gold standard for linkage
- Arbitrary linkage

Cons
- Command-line based
- Max 30 alleles
- No mutation modelling

KLINK

Pros
- Designed for kinship STRs
- GUI with visualisations
- Any mutation models
- Tailor-made Excel reports

Cons
- Only pairwise linkage



Home page: https://magnusdv.github.io/pedsuite
Source code: https://github.com/magnusdv

KLINK part of the pedsuite: 
A collection of packages for pedigree analysis in R

KLINK is available in two ways:
• From R:  KLINK::launchApp()
• Online:   https://magnusdv.shinyapps.io/klink/

Siv 
Gilfillan

https://magnusdv.github.io/pedsuite
https://github.com/magnusdv
https://magnusdv.shinyapps.io/klink/










Mutation modelling:
• "Original" = use models in the .fam file (if any)
• "Simple" = Equal model with rate 0.001 (all markers)

Most options can be left untouched

Click on question marks to see explanations



But how much does linkage matter?



Example 1

Simulation experiment
• 500 profiles for A and B under H1 
• Sims respect linkage

• Marker sets
o Fusion6c (23 markers)
o Fusion6c + SureID (43 markers)

• Compute LR with 
o No linkage
o Pairwise linkage (KLINK)
o Full linkage (Merlin = FamLink2)

All analyses done in R with the pedsuite







Example 2

Simulation experiment
• 500 profiles for A and B under H1 
• Sims respect linkage

• Marker sets
o Fusion6c (23 markers)
o Fusion6c + SureID (43 markers)

• Compute LR with 
o No linkage
o Pairwise linkage (KLINK)
o Full linkage (Merlin = FamLink2)

All analyses done in R with the pedsuite





Linkage Lab 
Playground for linkage enthusiasts

BONUS!!



https://magnusdv.shinyapps.io/linkagelab/



Quiz
Which scenario gives the highest LR?

A. Markers are linked
B. Markers are unlinked (independent)

Important!



Quiz
Which gives the highest LR?

A. Markers are linked
B. Markers are independent

Logic
• Linkage → less recombination 

→ less likely to change IBD status

• With rare alleles, IBD ≈ IBS

• Data: Different IBS at the two markers

• Therefore smaller LR under linkage!



Quiz
Which scenario gives the highest LR?

A. Markers are linked
B. Markers are unlinked (independent)



Logic
• Linkage → less recombination 

→ less likely to change IBD status

• With rare alleles, IBD ≈ IBS

• Data: Same IBS at the two markers

• Therefore higher LR under linkage!



Summary I

• Linkage is irrelevant in the corners
• Unrelated
• Paternity (duo/trio)
• Monozygotic twins

• Ignoring linkage tends to:

• Overestimate the LR if the allele sharing differs

• Underestimate the LR if the allele sharing is the same

These are just 
rules of thumb.  

Generally anything 
can happen!



Summary II

• Standard forensic kinship software (incl. Familias) ignores linkage
• Usually ok with few markers (although LR bias may occur)
• With extended kits (>25 markers) linkage is increasingly important

• Software (both extending Familias):
• KLINK - good for STRs
• FamLink - better with SNPs

• Use Linkage Lab to understand how linkage affects your data!



x = pedtools::nuclearPed()

plot(x, col = 2:4, carrier = 1:2, textInside = c(`3` = "-"),

labs = c(`Takk` = 1, `for` = 2, `oppmerksomheten!` = 3))     
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