


Persistent Homology in Genomics
-

Plain ① Review of Evolutionary Biology
② Appearance of non - trivial Topology

& how Persistent Homology can help
③ Example : Influenza
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⑦ of EvolutionaryBiology
Carl von Linne 1755 : Attempt to classify all

Liri organisms on earth

Source : Wiki



Source : Wiki



Charles Darwin 1859 : This clustering also reflects the
ogI of these species .
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Since the 1570 s : Availability ofmoleculardatafordetermining evolutionary history

Source : wiki



Howdoesthisork?

All information about an organism is stored in a

DNA or RNA molecule
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Simplest mode of reproduction : clones ( Not a realistic- depiction ! )
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Conversely , given

* A number of species Gfs ¥0 ¥
* together with their genomes AAA , AAG ,

AGG
,

GGG
* and a way

to Epaoethem

If AAA- - - -

DE AAG- - - -

. . . what is the tree ?
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# GGG- . . .



Coeuparison Given an alphabet it ( here #A -

- 4)
we can define the Hamming - distance
on A

"

,
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( x , y )

'→ dcx
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= #(ie { 1 . . - in} lxityi }

⇒ For a number of genomes of given length ,
we get a finite metric space (X. d× ) .



Def A tree is a finite , weighted and

connected graph without loops and sit
.

all vertices have either degree 1 or 33 .
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Is there an isometry (at least approximately )

(X , dHam ) TX ,
d tree ) ?

Fact * Not every metric arises from a free

metric

* There are ( heuristic ? ) algorithms
to construct the tree

, if possible
→

"

Neighbor -Joining
"

( default .gl - dire. Key) ( E at min drr.ee Ky )



② Ippeaof apology -

* Implication of the
"

tree - paradigm
"

is that BM§X•
species have to be reproductively isolated source :O

* But there are counterexamples : (Already known
to Darwin )

eat.÷÷÷§, ⇒ F.¥÷::::plants
(E - g . Some

orchids )



Many more examples of
"

e!£gfic%as"
*

"

Conjugation
"

of bacteria & archaea

Eucaryote
cell withmitochondria* Symbionts /

0+0 → ⑤
Eucaryote - ancestor Bacterium -

ancestor
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One more thing . . .
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Reproduction of viruses-
Viruses need a Lost to replicate

÷:

E ;÷÷÷÷÷÷÷¥"÷
* If genome is built into gametes , it is inherited

⇒ 5 - 8% of human genome



Also for bacterial archaea -
"Bacteriophages

'

..."

( Possibly responsible for the 20M
" C-HEC

"

outbreak)



There is also mixing of genetic material between
viruses

"

Recombination
"

÷÷÷÷ - ÷÷
( see Example )



Instead of a tree ,
we need a network

Source : C 2 ]



In principle , it is possible to construct the network

Source : [ 23



However
,
this seems to be extremely difficult

in real life , due to * computational complexity
* biological interpretation

issues

←

" Split - Network
"

÷÷::nk



IHmoogg isabletohep

Philosophy : * Evolution happens in a complicated ,
high - dimensional space C ? ) and we want
to know its structure

.

* How is this structure related to relevant

information about evolution
,
e.g . type ,

scale & stash of reticulate eTenTs .

Hint Reticulate events prevent contractibility of
the network .



Source : (23



I.nphstexapce
Suppose * A = {0,13

* Every site only mutates once (
"

infinite -sites
assumption

"

)

Source : CZ)



For a realistic example :

Source : C27



theorem ( Chan , Carlsson, Rabadan )

(X
,
d× ) a free - like finite metric space, Cso .

Then Hi ( VRE ( X. dx ) ) = { 03 for i30 .

-

→ Topological obstruction : L
-
- norm on bars

.

( Identification of
"

noise
"

by usual stability
results - GH - metric bounds bottleneck - metric )



Influenza * RNA virusExample :

- -

* g
"

segments
"

* mutates very fast

Source :[ 2 ] Source : wiki



In principle two modes of evolution :

* vertically n lo
- ' substitutions / nucleotide - year

* horizontally , through coinfectious

Important feature :
" Reassert meat

"

*̂

÷÷¥, }→¥:



Questions concerning vaccines etc .

* Reassertmeat hotspots ?
* Location ?

* Rate ?

* History ?
=> Use TDA



For one segment :

Only relevant
homology
in dim

.
O

→ no

recombination

Source : (23



For the whole genome :

Source : [ 27



Barcodes provide useful information :

* cycles correspond to reticulate events
of various types

* Statistics of cycles reveal reessortment
hotspot preserving vital functions

* Reassortment location and rates

In particular , there is interesting information



. . .
in the persistence . . .

in higher dim . cycles
diagram

Source :[2]

source :C"

Triple reassert ment lead
Infra - & Inter - subtype fo 20,3 HANS avian thareassortments

outbreak in China
.



Source : ( 2)
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* Persistent homology provides a new way to think

about evolution beyond trees & networks

* Barcodes and their statistics yield insights into
evolutionary history on earth and pathogens

* Possible applications for vaccines , antibiotics
and pandemics=÷



Thank you !
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