Phylogenies
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| How To Build a Phylogenetic Tree

- Start with a set of sequences

* Build a guide tree
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* Perform a multiple sequence
alignment
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| Constructing a Phylogenetic Tree

o

When analyzing a set of data, there are many possible
phylogenies to consider. We would like to identify a
good (the best) phylogeny.
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| Constructing a Phylogenetic Tree

Character based methods are one type of approach for
constructing a phylogenetic tree.

Character based methods are often based on the idea
of maximum parsimony.

“ITIS VAIN TO DO WITH MORE WHAT CAN BE DONE WITH FEWER”

OR
Principle of parsimony
OR
..smallest number of evolutionary changes...

Optimality criterion. The ‘most parsimonious’ tree is the one that
requires the fewest number of evolutionary events (e.g., nucleotide
substitutions, amino acid replacements) to explain the sequences.
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| Character Based Methods \

Maximum Parsimony Methodology

Step 1: Identify informative sites

I CAAG ] ) )
IT GAAT Sites with at least two different characters at
IIT CATG the site, each of which is represented in at
IV GAAG least two of the sequences
Site
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| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Tree IT Tree ITT Tree IT Tree ITT
— 1 1 1 1
G A A A A A A A A A
(5 [T A7 7] 7] 71 N
G c A A G A c A G A C A G A G A G A G
I Ir T Iv I IIT Ir v I v Ir Ir I IIT Ir v I v Ir Ir
Site Site
Segq. 1 21|3|4 5 6 7 8 9 Segq. 1 2 3 4|56 7 8 9
I A A|IGIA 6 T T C A I A A 6 Al T T C A
Ir A G6|Cc|lCc 6 T T ¢ T Ir A 66 C cl6|l T T C T
IIT A G|A|]T A T €C C A IIT A 6 A T|A|lT € Cc A
Iv A G|A|G6G A T C C T IV A 6 A G|A|lT €C Cc T
I [ I [ K-




| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Treel Tree IT

Tree ITT

T T c C
I Ir o IV

Segq. 1 2 3 4 5 6|78 9

I A A 6 A 6 T|T|C A

Ir A 6 C C 6 T|T|lC T

IIT A 6 A T A T|C|C A

Iv A 6 A 6 A T|C|lC T

[ I

| Maximum Parsimony Analyzes Sites At Which One
Substitution Model Requires Fewer Changes

Treel Tree IT Tree ITT
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Site
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Maximum Parsimony Methodology

Step 2: Calculate minimum number of substitutions
at each informative site

Step 3: Sum number of changes at each informative
site for each possible tree

The tree with the least number of total changes is
the most parsimonious tree
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How Confident Are We In Our Tree?

Bootstrapping. Given a particular tree, how consistently
does a tree-building algorithm find that branching order
using a randomly sampled version of the original dataset?
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What Can Phylogeny Do For You?

7 |

271

Why do we care about evolution and the
evolutionary history of organisms?

7 |

Revolutionizing the Tree of Life
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Bacteroides

Thermotoga

Phylogenetic Tree of Life

Carl Woese used

Bacteria Archaea Eucarya rRNAs to identify
Archaea as a
Green
nonsulfur Animalia separ‘m‘e br‘cmc_h of
bacteria Fungi the Tree of Life
Plantae
Gram Methanomicrobiales
Purple  positives [ Methanobacteriales extreme T
bacteria Halophiles Ciliates
Methanococcales
Thermococcales
Cyanobacteria
Thermoproteus
Flagellates

Microsporidia

K-13 K-14
. . . . A ) . . . .
i\\ Discovering New Life Forms i\\ Developing Effective Snakebite Antivenins
Desuturococcus mobilis
F"’ 74 Black whip snake
Suffolobus aciducaldarius i
pip7 Fierce snake
Pyrodictium occutum i
(] Western brown
Pyrobacuium siandicum Western brown e
Pyrobaculum aerophilum Collatr's snake
Thermoproteus tenax Spotied black
piP & Butler's snake
Thermotilum pendens King brown
plP 81 Red-belled black
piP 3 Death agder =
Methanopyrus kandiert Recommended Antivenene

Thermococcus celer

Archacogiobus fulgidus
plP 9

A phylogeny of some archaeobacteria
Newly discoverd life forms are in red

Bl ioan

- Brownsnake
- Blacksnake
| Death adder
- Tiger snake

Small-eyed snake
Australan copperhead

Tiger snake

Rough-scaled snake

Red-bellied black

Broad-headed snake




i;\ ‘ Protecting Ecosystems From Invasive Species

Romania 1996
Israel 1952

Several species of mosquilos, including the

recenlly invasive tiger mosquito, fransmit o

West Nile virus from bird and mammal South Africa

);‘ous to human populations. Un'devslondmg

£ the phylogenetic relationships of disease gypt

veclors such as mosquitos is important in E 1951

tracing the origin and spread of diseases
Senegal 1979
Raly 1998
Romania 1996
Kenya 1998

New York 1999

Israel 1998
Central African
Republic 1967

Ivory Coast 1981
Kunjin 1966-91
Inda 1955-80

Purple loosetrife Caulerpa taxifolia K-18
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;\ Common Phylogenetic Tree Terminology

2y ¢ Trees Can Be Drawn Many Ways
778

Terminal Nodes
opefaf/bﬂa/ g;::: s'm; :TL :I::t “1":": QAEESATAD M ;I;;ma S::m; :":lo:‘ :1:; *“1‘:0;1( QEEIHTRD M
taxanomic units i
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Branches or

Lineages \

(genes, populations,

H Option  View Window et Option  View Window Eile Edit Select Option View Window Selet  Option  View Window
spectes, GTC.) used to e QE Tl QEESAORG ST nn AP Tl QEESAOKO|BaRE L ST RN ARl Q FESKOXE M L3 enaplE-l QEESACXS Y
LY B 4 L ¥4 2 X a

infer the phylogeny S 3
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Ancestral Node
or ROOT of
the Tree

.

A
B
C Represent the TAXA
D
E

Internal Nodes
hypothetical taxanomic
units (HTUs)

Nodes=S5 Eges=s NodesaSs Edges=ss Treest
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| Clade: group with a single common ancestor
and its descendents

e A | “A-B-C clade”
B
“B-C clade”
Cc
D
“D-E clade”
E

‘ \ | Phylogenetic Trees Can Be Rooted or
1 Y Unrooted

A
o<
¢ b A
b

Rooted Unrooted

Specifies evolutionary path
Root node is most recent
common ancestor of all TUs;
specifies time flow

Shows degree of kinship
Doesn’ t+ make
assumptions or require
knowledge of common
ancestor

| Phylogenetic Trees Can Be Scaled or
Unscaled

Unscaled Scaled

Branch length not
proportional to number of
changes/distance

Branch length
proportional to number of
changes/distance

Cladogram Phylogram

| Phylogenetic Trees Diagram Evolutionary
Relationships

— B
No meaning to the
spacing between the
A taxa, or to the order in
7 which they appear from
— D top to bottom.
——E

1) No scale (cladograms)
2) Proportional to genetic distance (phylograms)
3) Proportional to time (ultrametric trees)
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Rotating Clades: Same Meanings
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| How Are Phylogenetic Trees Built?

Traditionally: use homologous structures

Chordates

Craniates

: Y
Echinoderms ﬁ A

)

Urochordates ~<
ph
P .
Hagfishes

 Hinged jaws
Two sets of paired appendages.

< Vertebral column
Cranium (skull]

< Ellhorml(nn M}:rﬂin
Paired sensory organs
Neural crest cells

4 Notochord
Dorsal, hollow nerve cord
Pharyngeal slits
Postanal tail

Ancestral
deuterostome

Caveats:

- Closely related organisms don’ + always look similar
- Similar looking organisms not always closely related
- How do you decide importance of traits?

Structural Analogy Can Result From
Convergent Evolution

3171

Molecular Phylogenetic Trees

> ‘/ \

Large molecular data sets: Bioinformatics!
Molecular clock vs. punctuated equilibrium
Eliminates analogy and trait selection issues

Result: great improvement on classical phylogenies

Caveat:

Gene divergence may not correlate with species divergence

K-28




B g\\‘ Molecular Phylogenies Can Be Constructed
A/ Using Different Elements

/“,
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Molecular Comparisons vs. Body Plans

Radiata Bilateria Radiata Bilateria
Deutero- Acoelo- Pseudo-
Protostomes stomes mates I Coel
r v — s \
Nuclear genes Lophotr Ecdysozoans Stomes  phoystes stomes
9 ! Wt "
. . 2 o
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/ /
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USUG//)/ /777‘6_67/‘ ate a”a/y5e-5' Of mu/ 7‘/;0/6 different genes « (a) Tree based on molecular comparisons (b) Tree based on body-plan grades
Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.
g\\ | Which Species Are the Closest Living ' What is the Closest Living Relative of
: Relatives of Modern Humans? Whales?
mouse
harbour seal ::l:)nv:i':sah“et:: l ;z::f:::s
Gorillas Humans grey seal camel  Pig girat"fe P whales
Chimpanzees Chimpanzees “
horse
Bonobos Bonobos donkey
Orangutans Gorillas Indian rhinoceros
white rhinoceros 7
Humans Orangutans - blue whale O
15-30 MYA 0 14 0 c I: fin whale )
MYA g\ﬁ\fgendent
b D insertion
p lecular vi MitoDNA, most nuclear genes, cow events
re-molecular view and DNA hybridization = sheep
Great apes (chimpanzees, gorillas Bonobos and chimpanzees are rig L
and orangutans) formed a clade related more closely to humans than armadillo a':t'im';'cv‘;l
separate from humans. either are to gorillas. K-31 " ancestor
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Influenza Virus

j\x |

- ssRNA genome, ~13,588 bases
Genome in 8 segments, 10-11 genes

RELEASE

ATTACHMENT

ENDOCYTOSIS,
ACIDIFICATION
FUSION/
UNCOATING
—.=

Lyloplasm K-33
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Influenza Virus Genes

Genome Segment size

segment (bases) Gene(s) Gene function
1 2341 PB2 Transcriptase: cap binding
2 2341 PB1 Transcriptase: elongation;
PB1-F2  Induces apoptosis
3 2233 PA Transcriptase: protease activity
4 1778 HA Hemagglutinin: host cell recognition
5 1565 NP Nucleoprotein: RNA binding; transcriptase complex; VRNA transport
6 1413 NA Neuraminidase: release of virus
7 1027 M1 Matrix protein: major component of virion
M2 Integral membrane protein - ion channel
8 890 Ns1 Non-structural: RNA transport, splicing, translation. Anti-interferon.

NS2 Non-structural: nucleus and cytoplasm, vVRNA export (NEP)

Influenza Nomenclature

j N

Q Neuraminidase

Hemagglutin&

A/Fu1|an/41 1/2002 (H3N2)

NN

Year of Virus
isolation subtype

Type of nuclear
material

7

Virus Geographlc Stram
type origin number

« Subtype nomenclature based on HA and NA genes
+ 16 Hemagglutinins, 9 Neuraminidases
* Human: H: 1,2,3 ; N: 1,2; Birds: all combinations

j N

Influenza Virus Can Change Rapidly

High mutation rate (antigenic drift)
Reassortment (antigenic shift)

Two different viruses
infect same cell

Can produce

hybrid viruses
K-36




‘ f;\‘ | Reassortment Can Produce Pandemic
20@\N Infl Vi
7 nfluenza Viruses

\
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-+ 1957 Asian flu: H2N2, 3 avian flu segments, b
human flu segments

+ 1968 Hong Kong flu: H3N2, 2 avian flu segments, 6
human flu segments

* Reassortment in pigs - susceptible to avian, human,
and swine flus

W' 1918 Tnfluenza Pandemic

« Highly virulent flu virus (“Spanish flu”)
+ Estimated deaths: 50-100 million worldwide (of

1.8 billion)

* Many people died within a few days from acute

pheumonia

* Many fatalities were young and healthy people
* Lowered average U.S. life expectancy by 10

years

W' 1918 Influenza Questions

* Where did the 1918 flu come from?
* Why was the 1918 flu so pathogenic?

+ Is it possible for a 1918-like pandemic to
happen again?

- ssRNA genome: 30,000 NTs, 11 genes
 Recombination events between bat and pangolin

coronaviruses

+ Half a billion cases, 6 million deaths
+ Substitution rate: 1in 1,000

* Variants: Delta, Omicron, etc.

- Spike proteins




