- JSMC Practical Course -
Inferring Phylogeny Based on Sequence Information

Thursday — Friday, March 21 — 22

Room 316, Philosophenweg 12

Wireless LAN: eduroam

Username: tagung09@uni-jena.de
Password: Gver58ges
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Molecular phylogenetics

Types of molecular features:

Phylogenetic distance

nucleotide sequences of ribosomal RNA- or tRNA-genes
presence or absence of a certain gene within the genome
genomic rearrangements

presence or absence of introns

amino acid sequences of proteins

nucleotide sequences of protein coding genes

nucleotide sequences of introns

nucleotide sequences of intergenic regions

single nucleotide polymorphisms (SNPs)



Molecular phylogenetics

Types of molecular features: Distinction of distantly related species

nucleotide sequences of ribosomal RNA- or tRNA-genes
presence or absence of a certain gene within the genome
genomic rearrangements

presence or absence of introns
broad range

amino acid sequences of proteins - .
of applications

nucleotide sequences of protein coding genes

nucleotide sequences of introns

Phylogenetic distance

nucleotide sequences of intergenic regions

single nucleotide polymorphisms (SNPs)

\ Distinction of single individuals
e.g. paternity tests or criminal biology



Interpretation of phylogenetic trees

~ Root

e Branch

The order of the taxa (terminal
branches) is not of importance.

Each sub-tree can be arbitrarily
rotated at each node (so that the
order of the taxa changes).

Only the topology of the tree (i.e.
the node structure) specifies the
phylogenetic relationship!



Types of phylogenetic trees

Cladogram Dendrogram Phylogram
B B
D D
E E
- =

No meaning Feature change Time



Display formats



Gene trees and species trees

Gene Horizontal

Speciation Gene loss .
P duplication gene transfer

Yy Y




Process of phylogeny inference

- Data collection
- Homologous sequences are searched based on sequence similarity

Collect data

CTTACATCGTAGCCTAGATC

Retrieve homologous
sequences

TACTGTAGCAGTCCGTAG

Se7Tc TeaT SeTi8ares

Multiple sequence
alignrment

Ert 2ilcEl &-Ei &iE
CTTAGATC

GTAGCCTAGAT

-> BLAST ‘ Model selection |

|

Traditional * Bayesian
approaches i approaches
- Multiple sequence alighment ( S— estimam"
- Homologous sites are detected and aligned along each other Estmts TE”“&;&JT’_ :fp"“
B I-I|: 1:|'12 E:||.':I:|E mjE n;c
-> MAFFT _3;1517:{:-_ 3  ARGCTTCATAGGAGCAACCA
1 P N erAceoacacaTTA
e h;;la ARGOTTCACCGOCGRASTCAR
Assess ‘
. . . confidence
- Selection of an appropriate model to infer phylogeny "' 'l'
- Based on the level of sequence identity/similarity among the | ol Tos wif receiies o e port |
alignment members their phylogenetic relation is reconstructed » Homo sapiens
. e« o @ . H_I_J _:Pan
-> Neighbour joining e Gorilla
-> Bayesian phylogeny inference E o
viobates
1
vlr Holder and
Hypothesis testing |

Lewis, 2003
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Process of phylogeny inference

Tree construction and searching methods Tree evaluation methods (optimality criteria)
- Stepwise addition - Minimum evolution
- Star decomposition - Parsimony

- Maximum likelihood

Heuristic search

Exact search



Tree construction and searching methods

- Stepwise addition @@
Attaches linage by
linage according to

their relative similarity

w ‘ W
. O
- Star decomposition
Joins linage by linage
according to their
relative similarity @ @ @ @
O




Tree construction and searching methods

Global optimum

A

- Heuristic search
Performs branch swapping to generate Local
alternative trees in attempt to find a better = | optima™
tree T:“ 34

(op

()

o

|_
- Exact search

>

Searches the complete ‘space’ of possible trees
Space of all possible trees



Tree evaluation methods (optimality criteria)

Minimum Evolution

- Uses a distance matrix to evaluate tree quality

- For every tree the branch length are estimated that
best explain the observed distances

Position 1 | Position 2 | Position 3
Sequence 1 A A A
Sequence 2 A T G
Sequence 3 A T C
S1(S2|S3 S2 S3 S1
S1| 0 | 2 2
S22 |0 1
S3| 2 110




Tree evaluation methods (optimality criteria)

Parsimony Position 1 | Position 2 | Position 3
Sequence 1 A A A
- Maps sequence history onto tree Sequence 2 A T G
Sequence 3 A T C
- Evaluates tree quality by finding the minimum
number of mutations that could explain the data ATG ATC AAA




Tree evaluation methods (optimality criteria)

Maximum likelihood
- Maps sequence history onto tree

- Finds the tree that is most likely to explain the data



Process of phylogeny inference

Tree construction and searching methods Tree evaluation methods (optimality criteria)

Stepwise addition - Minimum evolution \

Star decomposition - Parsimony

Produce only
one tree

- Maximum likelihood ]

Heuristic search

No information about the reliability of

Exact search single branches

-> Bootstrapping



Bootstrapping

Aligned data matrix

{ and model

- Creates pseudo-replicates of original data Generate pseudo-replicate
data matrix
Tree . Accept or reject
- Performs the same tree search for all pseudo- searc new tree
replicates and stores the trees
Current Score the
tree new tree
- The reliability of a certain grouping is determined
based on the number of trees that show this Propose a j
grouping new tree
Add final tree to Bootstrap
-> very time consuming the sample s, | ihe data
Stop after
many cycles

Holder and Lewis, 2003



Bayesian phylogenetics

Choose a
starting
tree and model

Performs tree search and measure of support
simultaneously

Accept or reject
the proposal

- Uses Markov chain Monte Carlo (MCMC)
simulations to produce alternative trees

c : Calculate the
l:J[rren posterior
. for proposal
- Not a strict ‘hill-climber’ (does not only accept
better trees)
Add tree to Randomly propose
. .- . th | a new tree
- Higher probability to reach global optimum SRl ;
Stop after
many cycles

Holder and Lewis, 2003



Bayesian phylogenetics

—

Slightly downhill steps are usually
accepted because R is close to 1.
In this case, there is a 92% chance ’

that this proposed step
will be accepted #

Drastic "off the cliff* downhill steps
are almost never accepted because
R is near zero. In this case, there is
only a 3% chance that this
proposed step will be accepted

Currently a1 6.2 m

Proposed at 5.7 m
R=57/62=09]

" Currently at 6.2 m
% Proposed at 0.2 m
b R=0.2/62 =003

Currently at 1.0 m
Proposedat2.3m
R=23M10=23

If the robot's proposed step is not
Proposed uphill steps are always accepted, it simply stays where it
accepted because R > | is and tries again.

Illustration of MCMC method process (Lewis, 2011)




Basic terms of phylogenetics

- Monophyletic group - Analogy

- Paraphyletic group - Homology

- Polyphyletic group - Homoplasy

- Apomorphic feature - Convergence

- Plesiomorphic feature - MRCA e
- Autapomorphy - Extant species

- Synapomomorphy - Extinct species

- Symplesiomorphy - Dichotomy

- Polytomy




The Tree Thinking Challenge

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




The Tree Thinking Challenge

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




The Tree Thinking Challenge

Amocha Red Alga Green Alga Moss Pine

1) By reference to the tree above, which of the following is an accurate statement of
relations hips?

a) A greenalga is more closely related to a red alga than to a moss

b) A greenalga is more closely related to a moss than to a red alga

c) A greenalga is equally related to a red alga and a moss

d) A greenalga is related to a red alga, but is not related to a moss



The Tree Thinking Challenge

Lizard Crocodile Dinosaur Bird

2) By reference to the tree above, which of the following is an accurate statement of
relations hips?

a) A crocodile 1s more closely related to a lizard than to a bird

b) A crocodile 1s more closely related to a bird than to a lizard

c) A crocodile is equally related to a lizard and a bird

d) A crocodile is related to a lizard, but is not related to a bird



The Tree Thinking Challenge

Seal Horse Giraffe  Hippopotamus Whale

3) By reference to the tree above, which of the following is an accurate statement of
relationships ?

a) A seal is more closely related to a hoise than to a whale

b) A seal is more closely related to a whale than to a horse

¢) Asealis equally related to a horse and a whale

d) A seal s related to a whale, but 15 not related to a horse



The Tree Thinking Challenge

Tomato Fermn Sponge Mousec Mushroom

4) Which of the five marks in the tree above corresponds to the most recent common ancestor of
a mus hroom and a sponge?



The Tree Thinking Challenge

Salmon Newt Human Lizard Snake

5) If vou were to add a trout to the phylogeny shown above, where would its lineage attach to the
rest of the tree?



The Tree Thinking Challenge

6) Which of trees below is false given the larger phylogeny above?
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The Tree Thinking Challenge

G B D EC A F
y

N4

7) Which of the four trees above depicts a different pattern of relationships than the others?

G F A B



The Tree Thinking Challenge

B D E € G A P

L’
e

F AG CEUDB

8) Which of the four trees above depicts a different pattern of relationships than the others?



The Tree Thinking Challenge

Hyaena Cat Bear Seal Sea lions Dog

retractable
claws

abdominal
testes

9) In the above tree, assume that the ancestor had a long tail, ear flaps, external testes, and fixed
claws. Based on the tree and assuming that all evolutionary changes in these traits are shown,

what traits does asea lion have?
a) long tail, ear flaps, external testes, and fixed claws
b) short tail, no ear flaps, external testes, and fixed claws
¢) short tail, no ear flaps, abdominal testes, and fixed claws
d) short tail, ear flaps, abdominal testes, and fixed claws
e) long tail, ear flaps, abdominal testes, and retractable claws



The Tree Thinking Challenge

Lepidodendron  Clubmoss Oak Yew Psilotum Fern

tree loss of

leaves

true lcaves

10) In the above tree, assume that the ancestor was a herb (not a tree) without leaves or seeds.
Based on the tree and assuming that all evolutionary changes in these traits are shown, which of
the tips has a tree habit and lacks true leaves?

a) Lepidodendron

b) Clubmoss

¢) Oak

d) Psilotum

e) Fem



The flower development of angiosperms

Petals Stamens

Carpels
Sepals

Ovules



The ABCDE model

Petals Stamens

Carpels

Sepals
Ovules
Petals Stamens Ovules
Sepals Carpels
( A-function

C

E-function

1st whorl 2" whorl 39 whorl 4" whorl




The ABCDE model

SHATTERPROOF1
APETALA3 SHATTERPROOF2
PISTILLATA SEEDSTICK
Petals Stamens AGAMOUS Ovules
Sepals Carpels SEPALLATA1
C A-function SEPALLATA2
C E-function SEPALLATA3

1st whorl 2" whorl 3 whorl 4" whorl SEPALLATA4



The floral quartet model
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Petals Stamens Ovules
Carpels

( A-function

C

E-function

1st whorl 2" whorl 39 whorl 4" whorl




Phylogeny of seed plants

Gymnosperms

Basal angiosperms

Magnoliids

Monocots

Basal eudicots

Core eudicots

Arabidopsis thaliana




Phylogeny of seed plants

Gymnosperms

Basal angiosperms

Magnoliids

Monocots

Basal eudicots

Core eudicots

Arabidopsis thaliana

APETALA3
PISTILLATA

AGAMOUS

SEPALLATA1
SEPALLATA2
SEPALLATA3
SEPALLATA4




Phylogeny of seed plants

SEPALLATA1
Gymnosperms
APETALA3 SEPALLATA2
Basal angiosperms PISTILLATA SEPALLATA3
SEPALLATA4
Magnoliids AGAMOUS
Monocots

Basal eudicots

Core eudicots

Arabidopsis thaliana \ :

- Search for orthologs of floral
homeotic genes in distantly
related angiosperm and
gymnosperm species

- Examine the phylogenetic
relationship of the gene families
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