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Orthology Inference

@ mostly based on sequence similarity
e e.g. (reciprocal) blast
@ some problems!:?:3

» sequence divergence
> genome rearrangements

@ synteny can help in such
situations

https://en.wikipedia.org/wiki/Synteny

@ in principle solved by global alignments
@ realistic approaches use genome annotations

L Altenhoff et al., “The Quest for Orthologs benchmark service and consensus calls in 2020".

2Moyers. and Zhang, “Further Simulations and Analyses Demonstrate Open Problems of Phylostratigraphy”.

3Vakirlis, Carvunis, and McLysaght, “Synteny-based analyses indicate that sequence divergence is not the main source of
orphan genes”.
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Finding Synteny Anchors

@ usually based on genome annotations and possibly multiple sequence
alignments*>

» MSAs too expensive for many genomes

» annotation might be unavaliable

» suffer from biases and errors®
* biased towards model species
* limited by assembly quality
* too sparse for synteny calculation
* contaminated by foreign species

4Wang et al., “MCScanX".
5Haas et al., "“DAGchainer”.

6Salzberg, “Next-generation genome annotation” .
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How to do this differently

@ count k-mers
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How to do this differently

@ count k-mers

@ chop genome into windows
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How to do this differently
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© sum up counts per window
and further use x best %

o
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How to do this differently

DECDEE DB OR

Alc|c|A]

© count k-mers [EIEkER
@ chop genome into windows ‘a[T]alc]

© sum up counts per window
and further use x best %

® ° ®

@ blast against own genome and chain hits — C(A, d*) per genome
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How to do this differently

@ count k-mers [alele[T]
@ chop genome into windows (s[T[a[c]

© sum up counts per window
(alclc[a]
and further use x best %

@ blast against own genome and chain hits — C(A, d*) per genome

@ blast against C(B, dB) of other genomes and identify hits with
distance d satisfying di = min(dg‘, d(?) — tol — synteny anchors
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Anchor Candidate Mapping Across Genomes

@ triangle inequalitiy
implies hits between
genomes with

dh = min(dy' of) /2 are T =11
best hit in other genome B %
e in reality hits with score o = [ o [ = ]

> score of region of
candidate + tolerance
taken
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Pairwise Alignments of Anchor Candidates

D. busckii D. melanogaster D. willistoni
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Performance of Different Synteny Calculation Strategies

1e7 Red Flour Beetle Silkworm D. willistoni

le7 D. busckii D. melanogaster D.yakuba

Aligned Nucleotides

mmmm MCScanX Annotations
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Performance of Different Synteny Calculation Strategies

1e7 Red Flour Beetle Silkworm D. willistoni
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Performance of Different Synteny Calculation Strategies
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Performance of Different Synteny Calculation Strategies
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Performance of Different Synteny Calculation Strategies
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Performance of Different Synteny Calculation Strategies
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Computational Resources

@ set of 70 diptera (true flies) genomes

>

>

>

avg. size ~ 415 MB
from very poor to very good assemblies
| am told they cover the phylogeny of true flies well

@ results

>

>
>
>
>

takes around 2 weeks on Leipzig Bioinf cluster

core results around 15 GB in python dict(s)

coverage of genome with candidates overall: 32.58 % + 4.05

length of ~ 471 + 663 and spacing in between of ~ 918 + 190

for candidates with > 5 matches length is around 1000 and spacing
16000

how much of candidates are aligned somewhere (to any other species):
20.53 % + 18.23

how much of candidates are aligned counting the mean of all
alignments per candidate: 3.20 % 4 2.29
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Thanks for the attention :)

rl Kaether (Abteilung Stadler, Leipzig) Annotation-free Identification of Synteny Anc



	References

