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Recap: From lecture #1

> CBS
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Panthera Mephitis Lutra lutra Canis Canis
Species pardus mephitis (European familiaris lupus

(leopard) | (striped skunk) otter) (domestic dog) (wolf)
Genus Panthera  Mephitis ~ Lutra ~ Canis
Family Felidae Mustelidae Canidae

Order \ Carnivora ‘

Copyright ® Pearson Education, Inc., publishing as Benjamin Cummings.




Trees: meaning

CBS
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Trees: meaning

CBS

a
Cousin Cousin You Sibling

* Phylogenies indicate both relatedness
and historical descent

Grandparent * Y(ou) not descended from S(ister) (or
vice versa) - both are contemporary
b and descended from P(arent)
C K Y S

S and C are less closely related than S
and Y: Their common ancestor is
deeper in the tree



Trees: representations

CBS
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Three different representations of the same tree



Trees: Order of leafs is meaningless

CBS

a

THIY

b

<

Tk{f%»—»

* QOrder of terminal nodes contain no

information about relatedness

* Frogs and humans are equally closely

related to fishes



Trees: rooted vs. unrooted
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Early sl Late

A rooted tree has a single node (the
root) that represents a point in time
that is earlier than any other node in
the tree.

A rooted tree has directionality
(nodes can be ordered in terms of
“earlier” or “later”).

In the rooted tree, distance between
two nodes is represented along the

time-axis only (the second axis just
helps spread out the leafs)



Trees: rooted vs. unrooted cBS

« In unrooted trees there is no directionality: we do not know if a node is earlier
or later than another node

- Distance along branches directly represents node distance

Notice: All distance based trees are unrooted, unless an “outgroup” can be specified




Trees: representation in computer files

A B G D
((A,B),(C,D));

Newick format:

* Leafs: represented by taxon name

* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Trees: representation in computer files

A B C D

K)/ (A,B),(C.,D))

Newick format:

* Leafs: represented by taxon name
* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Trees: representation in computer files

A B C D

K)/ ((A;B),(C,Di);

Newick format:

* Leafs: represented by taxon name
* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Trees: representation in computer files

((A,B),(C,D));

Newick format:

* Leafs: represented by taxon name

* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Trees: representation in computer files

A B

¢ D
W

((A,B),(C,D));

Newick format:

* Leafs: represented by taxon name

* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Trees: representation in computer files

((4,B).(C.D))

Newick format:

* Leafs: represented by taxon name

* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Trees: representation in computer files

A B

C D
\/
S ((A,B),(C,D));

Newick format:

* Leafs: represented by taxon name

* Internal nodes: represented by pair of matching parentheses
» Descendants of internal node given as comma-delimited list.

* Tree string terminated by semicolon



Reconstructing a tree using non-
contemporaneous data

CBS




Reconstructing a tree using present-day data
CBS

Hagfish mander_ Li

zard ouse Chimp
%ngeon%

mammary
glands

Claws

or nails
Lungs

Jaws



Data: molecular phylogeny

CBS

+  DNA sequences
— genomic DNA
— mitochondrial DNA
— chloroplast DNA

* Protein sequences

* Restriction site polymorphisms
-  DNA/DNA hybridization

« Immunological cross-reaction



Recap: Example from Lecture #1
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. ATGGCAATGTGGATGCA

’ ATGGCCCCGTGGAACCG

. ATGTCCCCGTGGATGCG
ATGGCCCCGTGGATGCG
ATGGCCCTGTGGATGCG
—
Time

ATGGCCCTGTGTATGCG



Recap: Example from Lecture #1
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e Specilesl: ATGGCAATGTGGATGCA
e Speciles?2: ATGGCCCCGTGGAACCG = 5
e Species3: ATGTCCCCGTGGATGCG _J —




Recap: Example from Lecture #1
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Insulin from 7 different species

Homo: ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGCGCTGCTGGCCCTCTGGGGACCTGACCCAGCCGCAGCCTTTGTGAA
Pan: ATGGCCCTGTGGATGCGCCTCCTGCCCCTGCTGGTGCTGCTGGCCCTCTGGGGACCTGACCCAGCCTCGGCCTTTGTGAA
Sus: ATGGCCCTGTGGACGCGCCTCCTGCCCCTGCTGGCCCTGCTGGCCCTCTGGGCGCCCGCCCCGGCCCAGGCCTTCGTGAA
Ovis: ATGGCCCTGTGGACACGCCTGGTGCCCCTGCTGGCCCTGCTGGCACTCTGGGCCCCCGCCCCGGCCCACGCCTTCGTCAA
Canis: ATGGCCCTCTGGATGCGCCTCCTGCCCCTGCTGGCCCTGCTGGCCCTCTGGGCGCCCGCGCCCACCCGAGCCTTCGTTAA
Mus: ATGGCCCTGTTGGTGCACTTCCTACCCCTGCTGGCCCTGCTTGCCCTCTGGGAGCCCAAACCCACCCAGGCTTTTGTCAA
Gallus: ATGGCTCTCTGGATCCGATCACTGCCTCTTCTGGCTCTCCTTGTCTTTTCTGGCCCTGGAACCAGCTATGCAGCTGCCAA
e 06 X/ ClustalX (1.64b)

File Edit Alignment Trees Colors Quality Help

Multiple Alignment Mode — Font Size: 12
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Recap: Example from Lecture #1
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Morphology vs. molecular data

CBS

African white-backed vulture Andean condor
(old world vulture) (new world vulture)

New and old world vultures seem to be closely related based on morphology.

Molecular data indicates that old world vultures are related to birds of prey (falcons,
hawks, etc.) while new world vultures are more closely related to storks

Similar features presumably the result of convergent evolution



Molecular data: single-celled organisms
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chromists
plants alveolates

animals
fungi

EUKARYOTA

flagellates

rhodophytes

cyanobacteria

SACTERIE

heterotrophic ,
bacteria 7 basal protists

ARCHAEF

halephiles
thermophiles

Molecular data useful for analyzing single-celled organisms (which

have only few prominent morphological features).



Distance Matrix Methods CBS

Gorilla : ACGTCGTA _ _
Human . ACGTTCCT 1. Construct multiple alignment of

Chimpanzee: ACGTTTCG sequences

Go Hu Ch
Go | - 4 4 T .
2. Construct table listing all pairwise
Hu - 2 differences (distance matrix)
Ch -
1_-Ch
1 3. Construct tree from pairwise
1™ Hu distances
2



Finding Optimal Branch Lengths

CBS
S, S, S; S,
s1 S2
S; - D12 D13 D14 a /
S, - D23 | D2s b
S3 - D34 d x
Sa - S3 sS4
Observed distance Distance along tree
D12 X d12 = a + b + ¢
D13 ~ d13 = a + d
Goal: D14 x d14 = a + b + e
D24 X d24 = cCc + e
D34 X d34 d+ b + e

Handout exercise




Superimposed Substitutions
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Actual number of
ACGGTGC

| | evolutionary events: 5
C T
| | « Observed number of
GCGGTGA differences: 2
Expected
O ,
Q ;
3) ® Observed - Distance is (almost) always
o2 underestimated
as ;@
3 /e
= Real distance can be estimated from
=2 observed distance using models of
A how evolution occurs

Time since divergence



Optimal Branch Lengths: Least Squares cBS

S1
a
b
d
S3

Distance along tree

Goal:

R QR R

a0 QA o

+ + 4+ + + +

oniN | I o 2 o i o i 0 3

S2

<

S4

Fit between given tree and observed
distances can be expressed as “sum
of squared differences”:

Q = z (Dij - dij)2

3>i

Find branch lengths that minimize Q
- this is the optimal set of branch
lengths for this tree.



Least Squares Optimality Criterion CBS

« Search through all (or many) tree topologies

« For each investigated tree, find best branch lengths using least squares
criterion

« Among all investigated trees, the best tree is the one with the smallest
sum of squared errors.



Exhaustive search impossible for large data sets

CBS

No. taxa No. trees
3 1
4 3
5 15
6 105
7 945
8 10,395
9 135,135
10 2,027,025
11 34,459,425
12 654,729,075
13 13,749,310,575
14 316,234,143,225
15 7,905,853,580,625




Heuristic search CBS

1. Construct initial tree; determine sum of squares

2. Construct set of “neighboring trees” by making small rearrangements of initial
tree; determine sum of squares for each neighbor

3. If any of the neighboring trees are better than the initial tree, then select it/them
and use as starting point for new round of rearrangements. (Possibly several
neighbors are equally good)

4. Repeat steps 2+3 until you have found a tree that is better than all of its
neighbors.

5. This tree is a “local optimum” (not necessarily a global optimum!)



Clustering Algorithms cBS

Starting point: Distance matrix
Cluster least different pair of sequences:
Repeat until all nodes are linked

Results in only one tree, there is no measure of tree-goodness.



Neighbor Joining Algorithm

CBS

- For each tip compute u; =2, D,;/ (n-2)
(this is essentially the average distance to all other tips, except the denominator is n-2
instead of n)

* Find the pair of tips, i and j, where D; ;—u; -u; is smallest

« Connect the tips i and j, forming a new ancestral node. The branch lengths from the ancestral
node to i and j are:

v, =

u;-u;)

0.5 D;; + 0.5 (
v; = 0.5 D;; + 0.5 (

+ Update the distance matrix: Compute distance between new node and each remaining tip as
follows:

Dij,k = (Dik+Djk_Dij) /2

+ Replace tips i and j by the new node which is now treated as a tip

+ Repeat until only two nodes remain.



NJ visualized

CBS

Image source: Wikipedia



Bootstrapping
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Original alignment

0123456789
rat GAGGCTTATC

human GTGGCTTATC —

turtle GTGCCCTATG

fruitfly CTCGCCTTTG
oak ATCGCTCTTG \
duckweed ATCCCTCCGG

p— AT

human
turtle
fruit fly

= oak

duckweed

Inferred tree

Bootstrapped alignment 1

001122234556667
rat GGAAGGGGCTTTTTA

human GGTTGGGGCTTTTTA
turtle  GGTTGGGCCCCTTTA
fruitfly CCTTCCCGCCCTTTT
oak AATTCCCGCTTCCCT
duckweed AATTCCCCCTTCCCC

Bootstrapped alignment 2

445556777888899
rat CCTTTTAAATTTTCC

human CCTTTTAAATTTTCC
turtle CCCCCTAAATTTTGG
fruitfly CCCCCTTTTTTTTGG
oak CCTTTCTTTTTTTGG
duckweed CCTTTCCCCGGGGGG

Many more replicates
(between 100 - 1000)

oak

turtle

rat

human

duckweed

— fruit fly

duckweed

turtle

rat

human
oak

— fruit fly



Bootstrapping values
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