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Summary for past research

Number of known CRISPR-Cas

45

Known CRISPR-Cas systems
Systems we discovered

-35
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CRISPR-Cas classification year

2020

Achievements:

* Developed novel computational
methods to systematically search
for functionally associated
prokaryotic genes

 |dentified 14 novel CRISPR-Cas
systems

* Characterizegl novel CRISPR-Cas
functions, including widespread
regulatory activity



Up-to date CRISPR-Cas system diversity
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Diversity of CRISPR-Cas effectors
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Cas genes naming issues (Cas7)

Csm3, Csc2, Cmr6, Cmr4, RAMP, Csf2, Cmrl, Csm5 — many names for genes that plays similar functional role

HHPred hits for Cas7 protein sequence

Csm3
Csm3
Csm3

Csc2

Csc2
Ccmré
Cmra
Cmr4
Cmr6
RAMP
RAMP

Csf2
Cmrl
Cmrl

Csx10

WEmEE Csm5

Csmé4
P==C0C1552 3 Csmé4

Casé



Evolutionary classification of CRISPR-Cas
systems
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Guilt-by-association principle
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Systematic search for CRISPR-Cas systems

=

seed
CRISPR-Cas
elem\ent
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similarity search

—

neighbor extraction

candidate CRISPR-Cas

proteins

Guilt-by-association approach for searching for novel systems

s

homologs of
seed proteins

mapping
to
genomes

neighborhoods of seed
homologs

Candidate scoring using Gene
Functional Linkage Measure (GFLM):

w - all cluster hits

!
Icity = M w’-all cluster hits close to a bait
y= f(w) £ - cluster effective size

(number of different proteins)

GFLM uses the information about
neighborhood conservation to identify
associated genomic elements



General methodology for novel systems discovery
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Candidate scoring using Gene
Functional Linkage Measure (GFLM):

> w -all cluster hits
f(W ) w’-all cluster hits close to a bait
f(W) f - cluster effective size
(number of different proteins)

Icity =

GFLM uses the information about
neighborhood conservation to identify
associated genomic elements

We applied,our methodology to find 79
CRISPR-Cas and ancillary genes



Insights into novel gene discovery methodologies

CRISPR Frequency of colocalization
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Insights into novel gene discovery methodologies




Insights into novel gene discovery methodologies




Insights into novel gene discovery methodologies
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Gene association network
for Asgard archaea
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Genomic context as graph to explore genomic “dark matter”
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Exploring RNA-guided CRISPR-Cas systems and beyond
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Research plans

Project areas:

e Methodology and tools
development for computational
biology

e ML models to study natural genes
and to generate synthetic proteins

e Biological data analyses

Postdoc position
available!!!
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