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Critical to Innate Immunity and Cancer Biology

Related proteins: Gene duplication and alternative splicing

Deubiquitinating enzymes — USP4, USP15, USP11

Evolutionary principles: Computational tools to infer how natural selection
shapes proteins over time as different species diverge from the tree of life

Wet lab
Dry lab

(evolutionary genomics)

Guiding basic science research
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Alternative splicing

Paralogs

— Alternative

Isoforms

B Pre-mRNA: AUGACAAUUCCCGUAUCGAAUCACCAUUGACACACAUGACCUGUACAU...
mature mMRNA:  AUGACAAUUCCCACAUACAUGACCUGUACAU..

™ 1b AUGACAAUUCCCGUAUCGAAUCACCAUUGACACACAUGACCUGUACAU..
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Paralogs and alternative isoforms often retain overlapping roles.
What (if anything) makes them unique and essential?
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WT HET Null
WT 26 31 17
HET 23 42 12
Null 9 25 0
Total: 185

Deubiquitinating enzymes
in innate immunity

Vlasschaert et al, in preparation



The opposing correlations of USP4 and USP15
expression to lung cancer survival

Overall survival in patients with adenocarcinoma of the lung
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How to we apply evolutionary logic
to infer protein function?
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(1) Genealogy and radiation of paralogs USP4, 11, 15
(2) Selection for USP4 alternative isoforms
(3) Genealogy and radiation of all deubiquitinases
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USP11 was derived from
USP4 during a small-scale
duplication event, which
occurred after the whole
genome duplication that
produced USP4 & USP15.

invertebrates, jawed cartilaginous jawed bony
jawless vertebrates vertebrates vertebrates
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Vlasschaert et al., BMC Evol Biol (2015)



In USP4, splice site nucleotides that favour

alternative splicing are evolutionarily conserved... : .
... mutating these sites

changes splicing proclivity...
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... the long and short isoforms have
distinct subcellular localizations!
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Expansion

from 29 DUBs in the eukaryotic ancestor
to 93 in the human genome

Radiation

e.g. USP4 interacts with CtIP in DSB repair

while USP15 does not.

USP4 and CtIP were generated at the same

point in time (whole genome duplication)
and they interact via new domains.

USP4-CtIP represents
a new, specific interaction
(neofunctionalization)
that is maintained by natural selection

11
Vlasschaert et al, in preparation



Take-away

 Molecular evolution analyses can be
iInformative (and cost-effective) means to
contextualize and guide wet lab research.

 Resources:
“Fundamentals of Molecular Evolution” by Graur & Li
“Molecular and Genome Evolution” by Graur

Thank you!
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