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Data generation has outpaced data analysis

Data generated
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Inferring genetic 
networks from 
phylogenies 
Jacob L. Steenwyk



Networks capture the complexity of genomic function

Costanzo et al. (2016), PMID: 27708008
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Pex1p & Pex6p: forms a heterodimer involved

in recycling peroxisomal signal receptor Pex5p 

PEX1 and PEX6 share function

Geisbrecht et al. (1998), PMID: 9671729
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Mutations that disrupt protein 
interactions cause neurologic 
disorders including: 
• Zellweger syndrome,

• neonatal adrenoleukodystrophy, 
• infantile Refsum disease

PEX1 and PEX6 share function

Pex1p & Pex6p: forms a heterodimer involved

in recycling peroxisomal signal receptor Pex5p 
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Genetic interactions are gene-gene associations
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Too many pairwise combinations of genes
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Methods to infer gene-gene associations

• Coexpression

• Gene presence/ 

absence patterns

• Gene coevolution
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• gene coevolution refers to:

     - two genes that covary in parallel across 
       speciation events 

     -often observed among genes that share function, 

       are coexpressed, or are part of the same multi-

       meric complexes

Gene-gene coevolution predicts shared function

Steenwyk et al. (2021), PMID: 33560364
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*gene trees are constrained to the species tree topology; mathematical corrections and transformations not shown
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• But can we build a 
genetic network?
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*gene trees are constrained to the species tree topology; mathematical corrections and transformations not shown
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PEX1 and PEX6 are coevolving

Steenwyk et al. (2022), PMID: 35507651
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PEX1 and PEX6 are coevolving

@JLSteenwyk

Pex1p & Pex6p: forms a 
heterodimer involved


in recycling peroxisomal 
signal receptor Pex5p 
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Constructing a coevolutionary genetic network
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Genes from pathways are coevolving
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A global network provides insight to a hierarchy of function
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Outline
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• Introduction
• Inferring genetic networks from phylogenies
• Phylogenomic subsampling
• Misc. notes before the tutorial
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Phylogenomics doesn’t solve everything
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Incongruence is to be celebrated!
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Phylogenomic subsampling, in brief

1. Unstable bipartitions will be sensitive to gene selection


2. Subsample the full data matrix and reinfer the species tree using 
fewer (but typically still several dozen to hundreds of genes)


3. Compare resulting phylogenies and determine which bipartition 
are unstable


4. Examine potential drivers of incongruence thereafter. 
Incongruence will be examined in a later lab
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Metrics that capture phylogenetic signal

@JLSteenwyk

1. Alignment length

2. Alignment length with no gaps

3. GC content (for NTs)

4. Pairwise identity

5. # of parsimony informative sites

6. # of variable sites

7. Relative composition variability

8. Average bootstrap support value

9. Degree of violation of a molecular clock

10. Evolutionary rate

11. Long branch score

12. Treeness

13. Saturation

14. Treeness / RCV

15. RCVT

16. Compositional bias per site

17. Evolutionary rate per site



Metrics that capture phylogenetic signal

@JLSteenwyk

1. Alignment length 
2. Alignment length with no gaps

3. GC content (for NTs)

4. Pairwise identity

5. # of parsimony informative sites

6. # of variable sites

7. Relative composition variability 
8. Average bootstrap support value

9. Degree of violation of a molecular clock

10. Evolutionary rate

11. Long branch score 
12. Treeness

13. Saturation 
14. Treeness / RCV 
15. RCVT 
16. Compositional bias per site 
17. Evolutionary rate per site



Phylogenetic signal across genes
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Alignment length
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Higher values are better!



Relative composition variability
• Average variability in the sequence composition among taxa in an MSA

• Evaluates potential composition biases 


• violate assumptions of site composition homogeneity in standard 
substitution models

• c is the number of different character states per sequence type

• n is the number of taxa in an MSA

• s is the number of sites in an MSA
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Long branch score
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Saturation by multiple substitutions
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• X-axis can be 
approximated using 
phylogenetic distances


• Tip-to-tip distances 
in a tree


• Y-axis can be 
approximated using 
pairwise identity


• Distance in an MSA
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Saturation by multiple substitutions
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• The closer the slope is to 1, 
the better.


• PhyKIT reports the slope

• PhyKIT also reports the 

absolute difference 
between the slope and 1

• Thus, the lower the 

value the better
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Degree of violation of a molecular clock
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Genes with low DVMC may be more 
useful for divergence time analysis



Phylogenetic signal across taxa

@JLSteenwyk

1. Long branch score

2. RCVT
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Relative composition variability per taxon

RCVTj = ∑
c

i=1

|cij − ci |

s × n
• RCVTj: relative composition variability of jth taxon


• c: the number of different character states per sequence type in an alignment


• cij: number of occurrences of the ith character state for the jth taxon


• ci̅: the average number of the ith c character state across n taxa


• s: total number of sites


• n: number of taxa
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Phylogenetic signal across sites

@JLSteenwyk

1. Compositional bias

2. Evolutionary rate



Compositional bias per site
>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG



Compositional bias per site
>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG

Calc comp 
bias per 
site

1 0.2 0.6547 0.6547 

2 0.2 0.6547 0.6547 

3 0.0 nan    nan 

4 0.2 0.6547 0.6547 

5 0.2 0.6547 0.6547 

6 1.6 0.6547 0.4493 

7 1.8 0.6290 0.1797 

8 1.8 0.6290 0.1797



Compositional bias per site
>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG

Calc comp 
bias per 
site

1 0.2 0.6547 0.6547 

2 0.2 0.6547 0.6547 

3 0.0 nan    nan 

4 0.2 0.6547 0.6547 

5 0.2 0.6547 0.6547 

6 1.6 0.6547 0.4493 

7 1.8 0.6290 0.1797 

8 1.8 0.6290 0.1797

chi-square p-val Multi-test corrected p-val



Compositional bias per site
>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG

Calc comp 
bias per 
site

1 0.2 0.6547 0.6547 

2 0.2 0.6547 0.6547 

3 0.0 nan    nan 

4 0.2 0.6547 0.6547 

5 0.2 0.6547 0.6547 

6 1.6 0.6547 0.4493 

7 1.8 0.6290 0.1797 

8 1.8 0.6290 0.1797

chi-square p-val Multi-test corrected p-val



Compositional bias per site
>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG

Calc comp 
bias per 
site

1 0.2 0.6547 0.6547 

2 0.2 0.6547 0.6547 

3 0.0 nan    nan 

4 0.2 0.6547 0.6547 

5 0.2 0.6547 0.6547 

6 1.6 0.6547 0.4493 

7 1.8 0.6290 0.1797 

8 1.8 0.6290 0.1797

chi-square p-val Multi-test corrected p-val



Evolutionary rate per site
>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG



Evolutionary rate per site
1 0.48 

2 0.48 

3 0.0 

4 0.48 

5 0.48 

6 0.56 

7 0.32 

8 0.32

Calc evo 
rate per 
site

>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG



Evolutionary rate per site
1 0.48 

2 0.48 

3 0.0 

4 0.48 

5 0.48 

6 0.56 

7 0.32 

8 0.32

Calc evo 
rate per 
site

>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG



Evolutionary rate per site
1 0.48 

2 0.48 

3 0.0 

4 0.48 

5 0.48 

6 0.56 

7 0.32 

8 0.32

Calc evo 
rate per 
site

>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG



Evolutionary rate per site
1 0.48 

2 0.48 

3 0.0 

4 0.48 

5 0.48 

6 0.56 

7 0.32 

8 0.32

Calc evo 
rate per 
site

>1 
GGGGGCCC 

>2 
ATGCATGC 

>3 
ATGCATGC 

>4 
ATGCATGC 

>5 
GGGGGGGG



So many metrics, so many details

@JLSteenwyk

1. Alignment length - higher better 

2. Alignment length with no gaps - higher better

3. GC content (for NTs) - lower better

4. Pairwise identity - depends

5. # of parsimony informative sites - higher better

6. # of variable sites - higher better

7. Relative composition variability - lower better

8. Average bootstrap support value - higher better

9. Degree of violation of a molecular clock - lower better

10. Evolutionary rate - depends

11. Long branch score - lower better

12. Treeness - higher better

13. Saturation - lower better

14. Treeness / RCV - higher better

15. RCVT - lower better

16. Compositional bias per site - lower better

17. Evolutionary rate per site - depends



Where known, PhyKIT documentation will say

https://jlsteenwyk.com/PhyKIT @JLSteenwyk



Outline

@JLSteenwyk

• Introduction
• Inferring genetic networks from phylogenies
• Phylogenomic subsampling
• Misc. notes before the tutorial



Misc. notes on the tutorial
• There are steps in the tutorial for plotting


• These steps are for the sake of completeness


• But exporting figures in the container is a little complicated


• Feel free to skip executing these steps


• But please read and understand them


• Gemma will have an easier time helping you then me


• Curious about career or something not related related to the workshop?


• Feel free to ask! @JLSteenwyk
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Thank you for your time and attention!
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