Phylogenomics
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Using genomic data to study evolution
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Phylogeny tree

A method to compare DNA
or protein sequences
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Why is phylogenomics important?
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of new genes

Understanding major transitions in evolution



What is the history of phylogenomi
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Bacteria
Actinobacteria Armatimonadetes
Zixibacteria Atribacteria
Cloacimonetes Aquificae Chloroflexi
Fibrobacteres Calescamantes
GemmatlmanadeRte; Caldisevlica Firmicutes
- Dictyoglomi i
TAGS Thermatogae Cyanobacteria
Poribacteria Deinococcus-Therm.
Latescibacteria Synergistetes

@ Melainabacteria
o RBX1

Marinimicrobia @

Bacteroidetes
Chlorobi

PVC
superphylum

Planctomycetes
Chlamydiae,
Lentisphaerae,
Verrucomicrobia

Caldithrix S\,

X

Omnitrophica ®

Aminicentantes Rokubacteriag NCIQ
Acidobacteria ®
Tectomicrobia, Modulibacteria §'
" Nitrospinae
Nitrospirae
Dadabacteria
Deltaprotebacteria ©
(Thermodesulfobacteria)
Chrysiogenetes.
Deferribacierts o
Hydrogenedentes NKB19
Spirochaetes

L]
T™6 @ Wirthbacteria
Epsilonproteobacteria

Alphaproteobacteria

Zetaproteo.

Acidithiobacillia

Betaproteobacteria

04

Gammaproteobacteria

Micrarchaeota @

Diapherotrites

Nanohaloarchaeota
Aenigmarchaeota
Parvarchaeota

DPANN

Pacearchaeota @®
Nanoarchaeota
Woesearchaeota

Altiarchaeales
Z7MEA43
Methanopyri
Methanococci
Hadesarchaea
Thermococci

Methanob
rmopla

Archaeoglobi

Methanomicrobia

Archaea

Katanobacteria
WWE3

cs?

Nomurabacteria @ @ Kaiserbacteria

Adlerbacteria
Campbellbacteria

Giovannonibacteria
° ® Wolfebacteria
Jorgensenbacteria

o Azambacteria Parcubacteria

@ Yanofskybacteria
® Moranbacteria

® Magasanikbacteria

o Fakombaciaria  Candidate
Phyla Radiation

@ Peregrinibacteria
® Gracilibacteria BD1-5, GNO2
Absconditabacteria SR1
Saccharibacteria
® Berkelbacteria

@ Woesebacteria
Shapirobacteria
Amesbacteria
Collierbacteria

Pacebacteria
Beckwithbacteria
Roizmanbacteria
Gottesmanbacteria
| _ Levybacteria
@ | Daviesbacteria
Curtissbacteria

Microgenomates

Major lineages with isolated representative: italics
Major lineage lacking isolated representative: @

Eukaryotes

Korarch.
Crenarch.
Ba!hgarc,
YNPFFA
Aigarch. Opisthokonta

Halobacteria
TACK
Excavata
Thaumarchaeota Archaeplastida

Chromalveolata
Amoebozoa



How do you read phylogeny trees?
Nodes
Monophyletic group

Paraphyletic group
Polyphyletic

— Operational taxonomic units




How do you read a phylogeny tree?

Homologs
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Gene duplication event
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How do you create a phylogeny tree?



How do you assemble data?

e Entrez
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Data is obtained through searching public domains




How do you do multiple sequence alignment?

CLUSTAL
Step 1 A+B E+F | + J
Step 2 AB + C EF + G IJ + K
Step 3 ABC + D EFG +H
Step 4 ABCD v EFGH — | —
Step 5 ABCDEFGH n K A B C DE F G H I J

Progressive sequence alignment



How do you do multiple sequence alignment?
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How do you build the tree?

Sequence Pairwise genetic

taxon characters
alignment distance matrix shape color
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Distance matrix method data method



Dataset

segA
segB
seqC

0123456789
ACCGTTCGGT
ATGGTTCAGA

How do you test

TCGATCGGA
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the tree?

Replicate 1 Replicate 2 Replicate 3 o
<m0 | BOotstrapping

segqA CTCCGCTTTC seqA CGTTCTTCG seqA TCAGGCGTAG

seqgB TTCGGTTATT segqB TGGTAGTTTG seqB TCAAATGAAA

seqC TTCCGTAATT seqC CGAACAATG seqC TCAGGTGAAG
Tree 1 seqA Tree 2 segA Tree 3 seqA
segB seqC seqgB

seqC segB seqC
67% seqA o
Bootstrap value of 70%

Bootstrap consensus tree

and up are reliable



What should you include in the tree?
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What are the disadvantages of phylogeny trees?

A - A
B | h ‘ D
—C p— |
, D | B
G
True tree Inferred tree

long branch attraction

Phylogeny can contain errors



What are the advantages of phylogeny trees?

Extensive introgression in a malaria vector species
complex revealed by phylogenomics

Michael C. Fontaine’>"", James B. Pease®’, Aaron Steele®, Robert M. Waterhouse®®:%, Daniel E. Neafsey®, Igor V. Sharak...

+ See all authors and affiliations

Evolutionary prediction of medicinal properties in
the genus Euphorbia L.

Madeleine Ernst , C. Haris Saslis-Lagoudakis, Olwen M. Grace, Niclas Nilsson, Henrik Toft Simonsen,

James W. Horn & Nina Rensted




Summary

Phylogenomics reconstruct evolutionary
pathways of a group of organisms

Phylogeny trees are made through
sequence comparisons, multiple sequence
alignment

Many methods and tests allow accurate
representations of phylogeny trees



What is SARS-CoV-2?

Fatigue 38%

Fever 88%

Sore

Mucus
throat 15%

production 33%

Muscle
Dry cough 68% ( | oain
Shortness 1 15%
of breath 19% J |

SOURCE: WHO




What does the SARS-CoV-2 genome look like?

Spike (S1 & S2)
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SARS-CoV 2 genome structure
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How does SARS-CoV-2 infect respiratory cells?

Spike (S) protein
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Spike protein binds to the ACE2 receptors on cell membranes




Feared South African Covid-19 Mutant Discovered In
California As It Surpasses NY As State With Most Virus-

Related Deaths In US

By Tom Tapp [+,
February 10, 2021 1:18pm

COVID-19 virus variants are evolving ‘escape’ mutations, and
Immune-compromised patients provide a breeding ground

by Marie McCullough, Posted: February 12, 2021

'The Mutated Virus Is a Ticking Time Bomb

There is much we don’t know about the new COVID-19 variant—but everything we know so far suggests a

huge danger.

ZEYNEP TUFEKC! DECEMBER 31, 2020



What parts of SARS-CoV-2 are mutating?

Deletion

Mutation e—

Spike
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Spike protein mutations can enhance transmission



How are researchers tracking the SARS-CoV-2 variants?

Spikes used to
latch onto and
enter human cells
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Spike —> ‘

A, R L CORONAVIRUS . [
O protein D |
A . gene Q/

CORONAVIRUS ORF1la ORF1b Spike
GENOME protein protein protein EM N

RNACha”ge UNS a X MUTATIONS
sequence = (deletion)  thatled to the
Change in » Qo B.1.1.7 variant

amino acid

They track the changes in the RNA sequence in a population



Who is Dr. Trevor Bedford?

Admin Division v

-Dec-03 2020-Jan-01 2020-Jan-29 2020-Feb-26 2020-Mar- @
Date Leaflet | © Mapbox © OpenStreetMap Improve this map

Bedford Lab
Fred Hutchinson Cancer Research Center,
Vaccine and Infectious Disease Division https://nextstrain.org/



https://nextstrain.org/

References

Baldauf SL. Phylogeny for the faint of heart: a tutorial. 7rends Genet. 2003;19(6):345-
351.doi:10.1016/50168-9525(03)00112-4

Kapli, P., Yang, Z., Telford, M. Phylogenic tree building in the genomic age. Nature
Reviews Genetics. May 18, 2020; 21:428-444

Bawono, P, Heringa, J. Volume 6: Bioinformatics. Comprehensive Biomedical Physics.
Elsevier; 2014.

Som, A. Causes, consequences and solutions of phylogenetic incongruence. Briefing in
Bioinformatics. 2015; 16(3):536-648

Chowdhury, J., Scarr, S., Wardell, J. How the novel coronavirus has evolved. Reuters
Graphics. December 10t, 2020. Accessed February 13, 2021.
https://graphics.reuters.com/HEALTH-CORONAVIRUS/EVOLUTION/yxmpjgkdzvr/



https://graphics.reuters.com/HEALTH-CORONAVIRUS/EVOLUTION/yxmpjqkdzvr/

