Multiple Sequence Alignment

Sequences

> Yeast YOR020c
mstllksaksivplmdrvivgrikagaktasglylpe
knveklIngaevvavgpgftdangnkvvpqvkvgdgvl
ipgfggstiklgnddevilfrdaeilakiakd

> Neurospora crassa
mattvrsvksliplldrvlvgrvkaeaktasgiflpe
ssvkdlIneakvlavgpgaldkdgkrIpmgvnagdrvi
ipgyggspvkvgeeeytlfrdseilakiae

> Aspergillus nidulans
mslIrnvknlaplldrvivgrvkpeaktasgiflpes
svkegneakvlavgpgavdrnggripmgvaagdrviv
pafggsplkigeeeyhlfrdseilakine

> Schizosaccharomyces pombe (fission yeast)

matklksaksivplldrilvgrikadtktasgiflpe
ksveklsegrvisvgkggynkegklagpsvavgdrvi
Ipayggsnikvgeeeyslyrdhellaiike

> Mortierella alpina
masritkfsktivpmmdrvivgrikpggktasgiyip
ekagealnegyvvavgkglttgegkvvpse laegdkv
I1ppyggsvvkvdneelilfreseilakiq

> Crypthecod um cohnii
matgiakrftplldrvivgrlkpeaktasglflpesa
akapnyatvlavgpggrtrdgdi lpmnvkvgdkvvvp
eyggmtlkfedeefqvfrdadimgilne

> Drosophila melanogaster
maaaikkiipmldriligraealtktkggivlpekav
gkvlegtvlavgpgtrnastgnhipigvkegdrviip
efggtkvnlegdgkel flfresdilakle

> Homo sapiens
agqafrkflplfdrvlversaaetvtkggimlpeksq
gkvlgatvvavgsgskgkggeiqgpvsvkvgdkvl Ipe
yggtkvviddkdyflfrdgxilgky

vikplgdrvvievieteektasgivlpdtakekpgeg
rvvavgkgrvldsgervapevevgdri i fskyagtev
kydgkeylilresdilavig

> Mycobacterium tuberculosis
makvnikpledkilvqaneaetttasglvipdtakek
pgegtvvavgpg ledgekripldvaegdtviysky
ggteikyngeeylilsardvlavvsk

maggafrkfllIfdrviversaaetvtkggimlpeks
qgkvlgatvvavgsggkgksgeiepvsvkvgdkviip
eyggtkvviddkdyflfrdsdilgkyvn




Multiple Sequence Alignment
(MSA)

Homo ====AGOAFRKFLPLFDRVLVERSARETVTEGGIMLPEESOGEVLOATVVAVGEGESE-GE 55
Mus ===MAGQAFRKFLLLFDRVLVERSAARETVTKGGIMLPEKSQGEVLOATVVAVGSGGE-GE 56
Drosophila ====MAAAIKKI IPMLDRILIQRAEALTKTKGGIVLPEKAVGKVLEGTVLAVGPGTRNAS 56
Heurospora =MATTVRSVESLIPLLDRVLVQRVEAEAKTASGIFLPESSVKDLNEAKVLAVGPGAL-DK 58
Aspergillus ==MSLLENVENLAPLLDRVLVQRVEPEAKTASGIFLPESSVEEQNEAKVLAVGFGAV-DR 57
Crypthecodinium ——-MATGIAKRFTPLLDREVLVQRLEPEAKTASGLFLPESARKAPNYATVLAVGPGGR-TR 56
Yeast MSTLL-KESAKSIVPLMDRVLVQRIKAQAKTASGLYLPEKNVEKLNQAEVVAVGPGFT-DA 58
Schizosaccharomyces MATKL-KSAKSIVPLLDRILVORIKADTKTASGIFLPEKSVEKLSEGRVISVGEGGY-NE 58
Mortierella MASRITEFSETIVPMMDRVLVORIKPOQKTASGIYIPEKAQEALNEGYVVAVGEGLT-TD 59
Geobacillus 0000 —emmemmeeeo VLEPLGDRVVIEVIETEEKTASGIVLPDTAKEEPQEGRVVAVGEGRVLDS 50
Mycobacterium 0 o—————o MAKVNIEPLEDEILVQAREAETTTASGLVIPDTAKEKPQEGTVVAVGPGRWDED 54
v r mmacs * ks ks WrahE W

Homo GGEIQPVSVEVGDEVLLPEYGGTKVVLD=--DEDYFLFRDGKILGEY === 99

Mus SGEIEPVSVEVGDEVLLPEYGGTEVVLD--DEDYFLFRDSDILGEYVN- 102
Drosophila TGNHIPIGVEEGDRVLLPEFGGTEVNLEGDQKELFLFRESDILAKLE-~- 103
Neurospora DGERLPMGVNAGDRVLIPQYGGSPVEVG--EEEYTLFRDSEILAKIAE- 104
Aspergillus NGORIPMGVAAGDRVLVPOFGGSPLEIG--EEEYHLFRDSEILAKINE- 103
Crypthecodinium DGDILPMNVEVGDEVVVPEYGGMTLEFE--DEEFQVFRDADIMGILNE- 102

Yeast NGNEVVPOVEVGDOVLIPOFGGSTIKLGN-DDEVILFRDAEILAKIAKD 106
Schizosaccharomyces EGKLAQPSVAVGDRVLLPAYGGSNIKVG--EEEYSLYRDHELLAIIKE- 104
Mortierella EGKVVPSELAEGDEVLLPPYGGSVVEVD=--NEELILFRESEILAKIQ-- 104
Geobacillus GE-RVAPEVEVGDRIIFSKYAGTEVEYD=--GKEYLILRESDILAVIG=-= 94

Mycobacterium GEKRIPLDVAEGDTVIYSKYGGTETKYN--GEEYLILSARDVLAVVSEK- 100

*x g3 P T "

Why MSA?

* Proteins are often related to a larger group (i.e., a
family) of proteins

* Multiple sequence alignment is more sensitive than
pairwise alignment for detecting homologs

« MSAs can elucidate conserved residues, motifs, or
other functional regions in a protein

* MSA is critical for phylogenetic analysis
- Selection of sequences
- Multiple sequence alignment of sequences
- Tree building

- Tree evaluation




Pairwise Alignment

H|* | o

-

A G G T T C
0 0 0 0 0 0 0
0 5 0 0 0 0 0
0 0 10 5 0 0 0
0 0 4 15 9 3 0
0 0 0 9 11 5 8
0 5 0 3 5 ;4 2
0 0 1 0 8 10 4
] 0 0 0 5 13 7
0 0 0 0 0 1 18

AGG--TTC

1L 1

AGGCATTC

3-sequence Alignment

AGA
AGT

TCC




Sequences

> Yeast YORO020c
mstllksaksivpImdrvivgrikagaktasglylpe
knveklIngaevvavgpgftdangnkvvpgvkvgdgvl
ipgfggstiklgnddevi lfrdaei lakiakd

> Neurospora crassa
mattvrsvksliplldrvivgrvkaeaktasgiflpe
ssvkdIneakvlavgpgaldkdgkrIpmgvnagdrvi
ipagyggspvkvgeeeytlfrdseilakiae

> Aspergillus nidulans
mshirnvknlaplldrvivgrvkpeaktasgiflpes
svkegneakvlavgpgavdrngqripmgvaagdrviv
pafggsplkigeeeyhlfrdseilakine

> Schizosaccharomyces pombe (fission yeast)
matklksaksivplldrilvgrikadtktasgiflpe
ksveklsegrvisvgkggynkegklagpsvavgdrvl
Ipayggsnikvgeeeyslyrdhellaiike

> Mortierella alpina
masritkfsktivpmmdrvlvgrikpqgktasgiyip
ekagealnegyvvavgkglttgegkvvpselaegdkv
1lppyggsvvkvdneelilfreseilakiq

> Crypthecodinium cohnii
matgiakrftplldrvivgrikpeaktasglflpesa
akapnyatvlavgpggrtrdgdi Ipmnvkvgdkvvvp
eyggmtikfedeefqvfrdadimgilne

> Drosophila melanogaster
maaaikkiipmldriligraealtktkggivlpekav
gkvlegtvlavgpgtrnastgnhipigvkegdrviip
efggtkvnlegdgkelflfresdilakle

> Homo sapiens
aggafrkfiplfdrviversaaetvtkggimlpeksq
gkvlgatvvavgsgskgkggeigpvsvkvgdkvl Ipe
yggtkvvilddkdyflfrdgxilgky

vikplgdrvvievieteektasgivlpdtakekpgeg
rvvavgkgrvldsgervapevevgdri ifskyagtev
kydgkeylilresdilavig

> Mycobacterium tuberculosis
makvnikpledki lvqaneaetttasglvipdtakek
pgegtvvavgpgrwdedgekripldvaegdtviysky
ggteikyngeeylilsardvlavvsk

maggafrkfllIfdrviversaaetvtkggimlpeks
qgkvlgatvvavgsggkgksgeiepvsvkvgdkvllp
eyggtkvviddkdyflfrdsdilgkyvn

Eﬁmﬂ/l—los

Multiple Sequence
Alignment

us/1-109
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a0 70 B0 90
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Pairwise Alignment
Scores
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Guide Tree

Neurospora
Aspergillus
Yeast

Schizosaccharomyces
Crypthecodinium

Drosophila

Mycobacterium

Homo
Mus




Constructing a Guide Tree

* Unweighted pair group method with
arithmetic mean (UPGMA)

* Neighbor joining (NJ)

Unweighted Pair Group Method with
Arithmetic mean (UPGMA)

* Assume each organism is its own group
* Repeat the following step

- Merge together the two closest groups




Unweighted Pair Group Method with
Arithmetic mean (UPGMA)

Neurospora
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)

Neurospora

Aspergillus

Yeast

Schizosaccharomyces

Neurospora
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Aspergillus
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)

Neurospora

Schizosaccharomyce

Crypthecodinium
Drosophila

Aspergillus

Mycobacterium

© = o» 1%
i S 2 @ £ e—f £ g =]
S = § o S & = =
Z G 2 S o = (=]
@ D > g £ 8 S T
S 5 T & 5
S o S B |5}
> o = 8 e <
D 9 _g S A =}
z < S < S
g = >
g = s
N O
=
33
(2]

Unweighted Pair Group Method with
Arithmetic mean (UPGMA)
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)

Neurospora

Aspergillus

Yeast

Schizosaccharomyces

Crypthecodinium

Schizosaccharomyces

Mycobacterium
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)

Neurospora

Aspergillus

Neurospora

Yeast

Schizosaccharomyces

Crypthecodinium

Schizosaccharomyces

Aspergillus

Yeast

Mycobacterium
Drosophila
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)
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Unweighted Pair Group Method with
Arithmetic mean (UPGMA)
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Neighbor Joining (NJ)

« Generate full tree with starlike structure
* Repeat the following step

- Connect two closest groups (i.e., neighbors)
through a single node

Neighbor Joining

Mycobacterium

Yeast

Schizosaccharomyces

Mus

Crypthecodinium

Homo
Drosophila

Neurospora Aspergillus
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Neighbor Joining

Yeast

Schizosaccharomyces

Mycobacterium

Mus
Crypthecodinium
Homo
Drosophila
Neurospora Aspergillus
Neighbor Joining
Mycobacterium
Yeast
Schizosaccharomyces
Mus
Crypthecodinium
Homo

Drosophila

Neurospora Aspergillus

14



Neighbor Joining

Yeast

Schizosaccharomyces

Mycobacterium

Mus
Crypthecodinium
Homo
Drosophila
Neurospora Aspergillus
Neighbor Joining
Mycobacterium
Yeast
Schizosaccharomyces
Mus
Crypthecodinium
Homo

Drosophila

Neurospora Aspergillus
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Neighbor Joining

Yeast

Schizosaccharomyces

Mycobacterium

Mus
Crypthecodinium
Homo
Drosophila
Neurospora Aspergillus
Neighbor Joining
Mycobacterium
Yeast
Schizosaccharomyces
Mus
Crypthecodinium
Homo

Drosophila

Neurospora Aspergillus
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Neighbor Joining

Yeast

Schizosaccharomyces

Mycobacterium

Mus
Crypthecodinium
Homo
Drosophila
Neurospora Aspergillus
Neighbor Joining
Mycobacterium
Yeast
Schizosaccharomyces
Mus
Crypthecodinium
Homo

Drosophila

Neurospora Aspergillus
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Neighbor Joining

Mycobacterium

Yeast

Schizosaccharomyces

Mus
Crypthecodinium
Homo
Drosophila
Neurospora Aspergillus
Multiple Sequence
Alignment
10 20 30 40 50 (1] 70 BO 90 100

Home/1-109 -=---AGQAFREFLPLFDRVL IMLPERSQGEVL -GRGGEIJPVSVEVEDEVLLPE D--DEDYFLFRDEXILGEY--~
us/1-109 Y FREFLLLFDRVLVERSARETVTRGG IMLPERSOGRVL EIEPVSVEVGDEVLLPEYGGTEVVLD--DEDYFLFRDSDILGEYVH-




Multiple Sequence
Alignment

10 20 30 40 50 &0 70 80 a0 100
Jroma/1-109 "REFLPLFDRVL ML LPE’ D=-=-DEDYFLFROGXILGEY ==~
s s1-109 - --MAGQAFREFLLLF] M 1 D--DEDYFLFRDSDILEEYVN-
prosophila/1-109 - IRKIIPNLDRILIQRAEALTETEGGIVLE LEGTVL 1P I EGDQKELFLFRESDILAKLE-~-
Heurospora/1-109 IPLLDRVL! FLI NEAKVLAVGPGAL: I ¥YTLFRDSEILAKIAE-
Aspergilius/1-109 - -MSLLENVENLAPLLDRVI FLI AVGDGAV 1 KIG--EEEYHLFROSEILAKINE-
orypthecodiniom/1-109 —— FRFTPLLIRVLVORL FL ATVLAVGPEGR-TROGDII KF 0 MGILNE-
reast/1-109 MSTLL-KSAKS IVPLMDRVLVQRT YL I KLGN-DDEVILFRDAEILAKIAKD
[Sehizosaccharomyces/1-109 MATEL-KSAKS IVPLLDRILVQR IKADTETASGIFLPERSVEKLSEGRVI SVGKGGY ~-HEEGKL LPAYGGSNI YSLYRDHELLAIIKE-
ortierella/1-109 MASR KT ORI I g NEELILFRESETLAKIQ--
eeobacilius/1-109 KPLODRVVIEVI VLP g IIFSKYAGTEVEYD--GREYLILRESDILAVIG--
pycobasterium/1-109 IKPLEDKIL! VIPDTAKEK] IPL 1¥SKYGETEIRYN--GEEYLILSARDVLAVVSK~

Multiple Sequence
Alignment

IHoma/1-109

Mus/1-109
Drosophila/1-109
Neursspora/l1-109
‘Aspergillus/1-109
Crypthecodinium/1-109
[Yeast/1-109

‘sehi yees/1-109

Mortierella/1-109
Geobacillus/1-109
Mycobacterium/1-109
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What can phylogeny do for you?

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

OR

How do we benefit from phylogeny?
AND
How is bioinformatics related o any of this?

What are the goals of phylogeny?

All life forms share a common origin and
are part of the Tree of Life

1) Deduce correct trees of life for all species

2) Infer or estimate divergence times

How can we use phylogenetic analyses?

20



Revolutionalizing the Tree of Life

Microsporidia Animals

Ciliates
Slime molds

; = nonhyperthermophilic species
| e hyperthermophilic species

Plants Euglena

Fungi

e
Carl Woese:
rRNA IDs Archaea as
separate branch of
Tree of Life

Discovering new life forms

pP 9

A phylogeny of some archaecbacleria
Newly discoverd life forms are in red
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Developing effective snakebite antivenins

Black whip snake
Talpan
Fierce snake

Common brown

Westemn brown

Collatrs snake
Spotied black
Butler's snake
King brown
Red-balled black

Death adder

Barciick ****

Small-gyed snake
Australian copperhead

Tiger snake

Rough-scaled snake

Broad-headed snake

Recommended Antivenene

Bl oo

- Brownsnake
B siacksnake
11 Death adder
- Tiger snake

Identifying emergent diseases

Sevwal spocin of mowgquikcs, induding e

Romank 1996
Israel 1952
South Africa
Egypt 1951
Senegal 1979
Raly 1998
Romania 1996
Kenya 1998
Nérw York 1999

lsrael 1598
Cantral African

Republic 1967

ory Coast 1981

Kungn 1966-81

Inctia 1955-80
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Protecting ecosystems from invasive species

Purple loosetrife Caulerpa taxifolia

Common phylogenetic tree terminology

Terminal Nodes

Branches or . ope/'af'/'ana/.r
i A axanomic units
Lineages ) oTUs

\

B

C Represent the TAXA
(genes, populations,

species, etfc.) used to
infer the phylogeny

/

Ancestral Node
or ROOT of
the Tree

|

Internal Nodes
hypothetical taxanomic
units (HTUs)
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Phylogenetic trees can be drawn many ways
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Phylogenetic trees can be rooted or unrooted

O a w >

Rooted

Specifies evolutionary path

Unrooted

Shows degree of kinship

Root node is most recent

common ancestor of all TUs;

specifies time flow

Doesn't make assumptions
or require knowledge of
common ancestor

Phylogenetic trees can be scaled or unscaled

B

<,
D A

Unscaled

Branch length not
proportional to number of
changes/distance

Cladogram

c

Scaled

Branch length
proportional to number of
changes/distance

Phylogram
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Phylogenetic trees diagram
evolutionary relationships

— B
No meaning to the
spacing between the
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)

Rotating clades: same meanings

B

N c B
- | C

\_——D | — €
L E —— D

26



Interpreting phylogenetic trees

Is the frog more closely related to the fish or the human ?

How are phylogenetic trees built?

Traditionally: use homologous structures

< Cranium (skull)
‘E):Dadunolbﬂln
‘on head -
INeural crest cells

- Hatechord
Do ol
P

Ancestral
deuterastome

Caveats:
- Closely related organisms don't always look similar
- Similar looking organisms not always closely related
- How do you decide importance of traits?

27



Structural analogy can result from
convergent evolution

Wy s |

DS TANTLY RELATED CICHLIDS from Lakes Tanganyiks and Malawi have evolved
uncanady alike by viewe of occepyioy s sccdosical m| They demen-

"
-HIENN Al the cichlids o »‘[Ac \l.lh-urr

mdwlynia-nl i A e Tty

B sow Aspmscan Pebruary 1999

Classification based on traits can be tricky

Bacteria Protista  Animalia Bacteria Protista  Animalia
unicellular unicellular multicellular

unicellular unicellular multicellular

Origin of
multicellulanty
unicellular

cell number

unicellular

Bacteria Protista  Animalia Bacteria  Protista Animalia
i prokaryotic eukaryotic eukaryotic

prokaryotic eukaryotic eukaryotic
organells \%
cukaryotic cell

prokaryotic

prokaryotic
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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

Molecular phylogenies can be
constructed using different elements

Nuclear genes

Mitochondrial DNA &

Genome structure

Reasonably well conserved, present in common ancestors

Usually integrate analyses of multiple different genes
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Molecular comparisons vs. body plans

Radiata Bilateria
r_M\ i \
Deutero-
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(a) Tree based on molecular comparisons
Copyright © Pearson Education, Inc., publishing as Benjamin Gummings.
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(b) Tree based on body-plan grades

Which species are the closest living
relatives of modern humans?

Gorillas

Chimpanzees

Bonobos

Orangutans

Humans

15-30 0
MYA

Pre-molecular view

Great apes (chimpanzees, gorillas
and orangutans) formed a clade
separate from humans.

Humans

Chimpanzees

Bonobos

Gorillas

Orangutans
14 0
MYA

MitoDNA, most nuclear genes,
and DNA hybridization

Bonobos and chimpanzees are
related more closely to humans than
either are to gorillas.
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What is the closest living relative of whales?

mouse

[- harbour seal

grey seal
cat

horse
donkey

Indian rhinoceros
white rhinoceros

blue whale

[ [: fin whale

b I

cow
a sheep

pig

armadillo

human

ruminants: l cetaceans:
. cow, sheep dolphins,
Pig  giraffe whales

independent
B.C SINE
insertion
events

primitive
artiodactyl
ancestor

Phylogenetic trees are hypotheses

How do you construct phylogenetic trees?

What computational strategies are used?

How do you test the robustness of hypotheses?
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