
Structural variation
(A story of surprise Ÿ frustration Ÿ hope)

Alexander Sang-Jae Suh 
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What is structural variation?

Mérot et al. 2020, Trends Genet.

Berdan et al. 2021, Mol. Ecol.

Some key mutation types

https://doi.org/10.1016/j.tree.2020.03.002
https://onlinelibrary.wiley.com/doi/full/10.1111/mec.15936


Part 1: Surprise

A) Itôs not a SNP!



Delicious effects of SVs

Morgante et al. 2007, Curr. Opin. Plant. Biol.

https://www.sciencedirect.com/science/article/pii/S1369526607000192


Discovery of gene regulation in 1940s

Barbara 

McClintock

(Nobel Prize in 

Physiology or 

Medicine 1983)



TE-induced rapid adaptation

Chuong et al. 2017 Nat. Rev. Genet.

The industrial melanism of the peppered moth is probably the most 

famous textbook example for adaptation (in only a few decades)!

DNA transposon

Vanót Hof et al. 2016, Nature

https://www.nature.com/articles/nrg.2016.139
https://www.nature.com/articles/nature17951


Inversions in ruff reproductive strategies

Lamichhaney et al. 2015, Nat. Genet.

https://www.nature.com/articles/ng.3430


Inversion introgression and supergenes

Jay et al. 2018, Curr. Biol.

https://www.cell.com/current-biology/fulltext/S0960-9822(18)30544-X


Duplications

Mérot et al. 2020, Trends Genet.

https://doi.org/10.1016/j.tree.2020.03.002


High diversity of possible effects

Mérot et al. 2020, Trends Genet.

https://doi.org/10.1016/j.tree.2020.03.002


Part 1: Surprise

B) Covariation



Two key mechanisms of structural change

Non-homologous end joining (NHEJ)

(requires double-strand DNA breaks)

NHEJ correlates with frequency of DNA damage, NAHR 

correlates with frequency of (identical, large) repeats

Non-allelic homologous recombination (NAHR)

(requires sequence homology)



Genome shrinking despite more TEs

Accordion model

Consider not only 

host popgen, but 

also TE popgen!

Kapusta et al. 2017, PNAS

https://www.pnas.org/doi/10.1073/pnas.1616702114


Genome size and life history traits

32 Gb20 Gb
133 Gb

3.2 Gb

Adaptive processes are often invoked but remain difficult to prove 

(few high-quality genome assemblies and lack of popgen data)!

Static genome 

(fewer TEs, slow shrinking)

Dynamic genome 

(more TEs, fast shrinking)

Non-adaptive processes likely contribute to a large or very large degree!

More 

context in 

Suh 2021 

TE 

lecture 5

https://www.dropbox.com/s/gq4yw1opim98a7h/physaliaTEcourse2021_Lecture5_Genome_size_evolution.pdf?dl=0


KRAB zinc-finger genes

piRNA pathway

Feschotte & Gilbert 2012, Nat. Rev. Genet.

http://ruo.mbl.co.jp/bio/g/product/epigenetics/RNAworld.html

http://helicase.pbworks.com/w/page/17605615/DNA%20Methylation

DNA methylation

Genomes: whack-a-transposon

More context in Suh 2021 TE lecture 6

http://dx.doi.org/10.1038/nrg3199
http://ruo.mbl.co.jp/bio/g/product/epigenetics/RNAworld.html
http://helicase.pbworks.com/w/page/17605615/DNA%20Methylation
https://www.dropbox.com/s/3ceqvudb5o9eu7r/physaliaTEcourse2021_Lecture6_Genetic_conflicts.pdf?dl=0


Covariation between (epi)mutation types

Gene downregulation

Gene upregulation

Spillover of DNA methylation and/or histone modifications 

from new TE insertions to nearby genes!
Weissensteiner & Suh 2019 in Avian Genomics book

https://rd.springer.com/chapter/10.1007/978-3-030-16477-5_5


HostïTE conflict and reproductive isolation

Weissensteiner & Suh 2019 in Avian Genomics book

https://rd.springer.com/chapter/10.1007/978-3-030-16477-5_5


Spore/sperm killing of some SVs

Spore sacs of 

red bread mold 

Neurospora 

crassa

(8 spores after 

meiosis and one 

mitotic division)

Killer 

locus

Resistance 

locus

Svedberg 2017 PhD thesis

If an inversion or duplication leads to gene truncations, a  

toxin/antitoxin system can evolve to distort its transmission!

http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1141860&dswid=4198


Centromere drive of some SVs

If a pericentric inversion or a centromere shift leads to a 

stronger centromere, it can distort its own transmission!
Kursel & Malik 2018, Curr. Opin. Cell Biol.

https://www.sciencedirect.com/science/article/pii/S0955067417301485?via%3Dihub


Questions?

??!



A) Concepts and methods

Part 2: Frustration



What this lecture will not cover

2. Gene and repeat annotation: What is (not) annotated?
Primers: Yandell & Ence 2012, Suh 2021 TE lecture 4, Goubert et al. 2022

3. Within-individual or germline/soma genome differences
Primers: Smith et al. 2021, Suh & Dion-Côté 2021, Borodin et al. 2022

4. All SVs, all processes, all effects, all methods, all 

limitations. Talk to Valentina, Alexander Leonard, and me! 

1. Genome assembly: What is (not) assembled?
Primers: Peona et al. 2018, Peona et al. 2021, Rhie et al. 2021, Nurk et al. 2022

Alexander Leonard

Valentina Peona

https://www.nature.com/articles/nrg3174
https://www.dropbox.com/s/9vvt1t37r3796s0/physaliaTEcourse2021_Lecture4_TE_manual_curation.pdf?dl=0
https://link.springer.com/article/10.1186/s13100-021-00259-7
https://www.annualreviews.org/doi/10.1146/annurev-animal-061220-023220
https://doi.org/10.1093/gbe/evab095
https://doi.org/10.1007/s10577-022-09688-3
https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.12933
https://onlinelibrary.wiley.com/doi/10.1111/1755-0998.13252
https://doi.org/10.1038/s41586-021-03451-0
https://www.science.org/doi/10.1126/science.abj6987


Awareness of biology and technology

How can we make sure that what we see in our data is 

what we think it is?

Did we account for biological patterns/processes and 

technological limitations?



Terminology

Synteny vs. collinearity

Pattern vs. process

Dot plot

Feuk et al. 2005, PLoS Genet.

https://doi.org/10.1371/journal.pgen.0010056


Beware of waves

My TE 

explains 

everything!

My SNP 

explains 

everything!

My inversion 

explains 

everything!

Each of these statements can be true, but what if there is 

covariation with other mutation types?

We did not look for mutation 

type Y in taxon X

Taxon X is not known to 

have mutation type Y



Reflection on biases

Survivorship 

bias

Confirmation 

bias

My own biases: I like transposable elements, centromere shifts, 

and simple (but unexpected) answers to complicated questions! 



Ultimate vs. proximate causes

Proximate: This TE is beneficial for the host

Proximate: This asteroid 

caused diversification

ROAR

Ultimate: TEs jump to be beneficial for the host 

Ultimate: Asteroids land 

to cause diversification

Ultimate: TEs jump to be beneficial for the host

TEs jump because they can

Ultimate: Asteroids land 

to cause diversification

Asteroids land eventually



What is the null hypothesis?

Absence of evidence

Guilty until proven innocentGuilty until proven innocent

Innocent until proven guilty

Absence of evidence

Evidence of absence



Theory applies to SNPs and to SVs

Matthew HahnósJanuary 21 lecture on Molecular Population Genomics

Selection vs. background variation: What SNPs and SVs are there?

https://evomics.org/wp-content/uploads/2025/01/mol_pop_genomics.pdf


SVs are nowhere as established as SNPs

Problem: Reliable SV genotyping (cf. SNP activities in this 

workshop) + accounting for covariation with other SVs (cf. 

this lecture) is essential but the SV field is not there yet.



One approach to find them all?

Mérot et al. 2020, Trends Genet.

https://doi.org/10.1016/j.tree.2020.03.002


How to pick a tool for finding SVs?

https://tehub.org/en/resources/repeat_tools; The TE Hub Consortium 2021, Mobile DNA

100 tools listed for TE insertion polymorphism analysis!

https://tehub.org/en/resources/repeat_tools
https://mobilednajournal.biomedcentral.com/articles/10.1186/s13100-021-00244-0


Read-based SV detection

Kronenberg et al. 2018, Science

Reliable read mapping and SV scoring is difficult near 

(other) repeats, near gaps, at misassemblies é

https://www.science.org/doi/10.1126/science.aar6343


Assembly-based SV detection

Barrón et al. 2014, Annu. Rev. Genet.

Reliable genome alignment and SV scoring is difficult in 

highly repetitive regions (if assembled é)

https://www.annualreviews.org/doi/abs/10.1146/annurev-genet-120213-092359


Graph-based SV detection (pangenomics)

Alexander Leonard

https://usys.ethz.ch/en/news-events/news/archive/2022/06/pangenomes-reveal-differences-between-cattle-and-their-wild-relatives.html

https://usys.ethz.ch/en/news-events/news/archive/2022/06/pangenomes-reveal-differences-between-cattle-and-their-wild-relatives.html


Karyogram of a human male (Wikipedia)

It could all be so easy

(if it wasnót for technological limitations)

https://en.wikipedia.org/wiki/Karyotype#/media/File:NHGRI_human_male_karyotype.png


Genomics: a big and messy puzzle

Contig ContigContig

Scaffold

GapScaffold end

Genomic

ódark matteró

CCATAGTC TATGCGTACACACGGTNNNNATCGACATACT



Various sequencing technologies

Peona et al. 2018, Mol. Ecol. Res.

https://onlinelibrary.wiley.com/doi/full/10.1111/1755-0998.12933

