Phylogenetic Trees

Did the Florida Dentistinfect his patients with HIV?

Phylogenetic tree ]
of HIV sequences Patient C
from the DENTIST, Patient A
his Patients, & Local Patient G
-l . — .
HIV-infected People: O~ Yes:
N The HIV sequences from
Patient E these patients fall within

Tl Patient A the clade of HIV sequences
DENTIST found in the dentist.
Local control 2
Local control 3
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Local control 35
| Local control 3

Patientdb +— NoO

From Ou et al. (1992) and Page & Holmes (1998)

Data for Building Phylogenies

Characteristics

* Traits (continuous or discrete)
« Biomolecular features

« character state matrix
Numerical distance estimates
* distance matrix

Different Kinds of Trees

Order of evolution

» Rooted: indicates direction of evolution
» Unrooted: only reflects the distance
Rate of evolution

» Edge lengths: distance (scaled trees)
Assumes constant rate of evolution

» Unscaled trees

Rooted Tree

——— Gallus
Rattus

Mus

Bos

Homo

Xenopus

Tree building Methods

Character-based methods

* Maximum parsimony

* Maximum likelihood

Distance-based methods

- UPGMA

* NJ

Will consider only distance-based methods
of pyhlogenetics in this course




Distance Matrix Methods

Given a pairwise distace matrix D
Produce a tree such that the path distance between leaves i and j
(sum of edge weights in the path between i and j) equals d;
Optimize the error between d and D
« Least square error metric: LSQ
+ LSQ(d,D) = £E(d;-Dy?
+ NP-complete
Heuristics (usually based on agglomerative (group by group)
clustering)
« UPGMA
< NJ
« Both assume additive distances
implies that distance is a metric
+ symmetry
« triangle inequality
¢ d(xy)=0iffx=y
- dxy)>=0

Distance Measures

Edit distance

Global/semi-global similarity scores (may
be inverted and shifted to get positive
distances)

Example Tree and Additive
Matrix

a |b |c |d |e
A |0 |10 |12 |8 |7
B 0 |4 |4 |14
C 0 |6 |16
D 0 |12
E 0

There exists a tree with additive distances

Approximating Additive Matrices

In practice, the distance matrix between molecular sequences
will not be additive.

An additive tree T whose distance matrix approximates the
given one is used.

The methods for exact tree reconstruction provide an
inventory for heuristics for tree construction based on
approximating additive metrics.

Heuristics give exact results when operating on additive
metrics.

UPGMA

Unweighted Pair-Group Method with
Arithmetic Mean

» Sokal and Michener 1958
Agglomerative (group by group) clustering
Ultrametric tree

« distances from root to all leaves are equal

UPGMA Step 1
combine B and C
Choose two clusters with
minimum distance and
combine them

A |B |c D |E

A 10 |12 7

~ - B : 00 4 i 14
C

c 0 |6 |16

[D] D 0 |12
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Updating distance matrices

A E] BC |D |E
5 A o [11 |8 |7

[
<] BC o |5 [15
o] 2 D 0 |12
E 0

Distance of new cluster
to nodes in the cluster
is half of original distance

Distance of new cluster
to other clusters is weighted
mean of individual distances

UPGMA step 2
combine BC and D

Updating distance matrices

Al (=] A |BCDIE
2

R A o |10 |7

2s ) BCD 0 |14

B 8] E 0

Updating distance matrices

AE |BCD
AE |0 12
BCD 0

BC |[D |E
0 [E] A o |11 |8 |7
2 BC o |5 |15
/. D 0 |12
2
o] a E 0
UPGMA step 3
combine A and E
3_53
[A] BCD|E
2
= A |0 |10 |7
25 ) BCD 0 |14
o] 8] E 0
UPGMA step 4
combine AE and BCD
\s P8l ss
i E]
. 2 s AE |BCD
Lo AE [0 |12
B8] BCD 0




UPGMA Result

B |[c D [E
A o [10]12]8 |7
B 0 |4 |4 [14
C 0 |6 |16
D 0 [12
E 0

produced tree

Actual tree

Limitations of UPGMA

Ultrametric tree
+ Path distance from the root to each leaf is the same
Ultrametric distance
+ Usual metric conditions
* d(xy) <= max[d(x,z), d(y.z)]
2 largest distances in any group of 3 are equal
meaning in a tree setting?

UPGMA works correctly for ultrametric distances

Algorithm

Define u; =2 D,/ (n-2)
+ measure of average distance from other nodes
Iterate until 2 nodes are left
* choose pair (i,j) with smallest D; — u—y;
close to each other and far from others
* merge to a new node (ij) and update distance matrix
Dy i) = (D Dy Dy)/2 - consider the tree paths
D = (Dyt u—u)2 - similarly
D; ) = Dy —Dig) -- similarly
» delete nodesiandj
For the final group (i,j), use D; as the edge weight.

B |[C |D |E
A (0 |10 (12 (8 |7
B 0 |4 |4 |14
C 0 |6 |16
D 0 [12
E 0
actual tree
Neighbor Joining (NJ)
Saitou and Nei, 1987
+ Join clusters that are close to each other and also far from
the rest
Produces unrooted tree
NJ is a fast method, even for hundreds of sequences.
NJ always finds the correct tree if distances are additive
Neighbor-Joining Result
A |B |[C |[D |E
A (0 |10 (128 |7
B 0 |4 (4 |14
C 0 |6 |16
D 0 |12
E 0




A fun example: Chaining Chain

Letters
(e Sy Ny Moy Eay E oy By Sy By By gy gy Xy 3 )
« Charles Bennett collected 33 chain letters 1980-1995.

\WWW Resources

PHYLIP : an extensive package of programs for all platforms
http://evolution.genetics.washington.edu/phylip.html =

= CLUSTALX : beyond alignment, it also performs NJ
= PAUP* : a very performing commercial package

http://paup.csit.fsu.edu/index.html Using phylogenetic methods, Ming Li et al.
= PHYLO_WIN : a graphical interface, for unix only reconstructed their history. Answered open questions
http://pbil.univ-lyonl.fr/software/phylowin.html of chain letter experts. Appeared in Scientific American,
= MrBayes : Bayesian phylogenetic analysis June 2003 issue.

http://morphbank.ebc.uu.se/mrbayes/ . .
» Like a gene, they are about 2000 characters; like a

http:/ /. Lirmm. £1/ ~guindon/phyml. htnl .virus., they have infected. millions of people, they mutate
 WWW-nterface at Infiut Pasteur, Paris just like a genome. Traditional phylogeny mgthods
http://bioweb.pas fr/seqanal/phylogeny should also work on them. But they don’t: alignment
= Tree drawing fail--translocated sentences; no model of evolution.
NJPLOT (forall platforms) + They used their own method to calculate shared
information between each pair of chain letters.

= PHYML : fast maximum likelihood tree building

Another typical chain letter:

with love all things are possible this paper has been sent to you for good luck. the original is in new
england. it has been around the world nine times. the luck has been sent to you. you will receive
good luck within four days of receiving this letter. provided, in turn, you send it on. this is no joke.
you will receive good luck in the mail. send no money. send copies to people you think need good
luck. do not send money as faith has no price. do not keep this letter. It must leave your hands
within 96 hours. an r.a.f. (royal air force) officer received $470,000. joe elliot received $40,000 and
lost them because he broke the chain. while in the philippines, george welch lost his wife 51

days after he received the letter. however before her death he received $7,755,000. please, send
twenty copies and see what happens in four days. the chain comes from venezuela and was
written by saul anthony de grou, a missionary from south america. since this letter must tour the
world, you must make twenty copies and send them to friends and associates. after a few days you
will get a surprise. this is true even if you are not superstitious. do note the following: constantine
dias received the chain in 1953. he asked his secretary to make twenty copies and send them. a
few days later, he won a lottery of two million dollars. carlo daddit, an office employee, received the
letter and forgot it had to leave his hands within 96 hours. he lost his job. later, after finding the
letter again, he mailed twenty copies; a few days later he got a better job. dalan fairchild received
the letter, and not believing, threw the letter away, nine days later he died. in 1987, the letter was
received by a young woman in california, it was very faded and barely readable. she promised
herself she would retype the letter and send it on, but she put it aside to do it later. she was
plagued with various problems including expensive car repairs, the letter did not leave

her hands in 96 hours. she finally typed the letter as promised and got a new car. remember, send
no money. do not ignore this. it works. st. jude
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Protein structures

Protein Structure

» Why protein structure?

+ The basics of protein

+ Basic measurements for protein structure

- Levels of protein structure

+ Prediction of protein structure from sequence
 Finding similarities between protein structures
+ Classification of protein structures

\Why protein structure?

+ In the factory of living cells, proteins are the workers,
performing a variety of biological tasks.

+ Each protein has a particular 3-D structure that
determines its function.

S:;uence ~> Structure —> Funckion

+ Protein structure is more conserved than protein
sequence, and more closely related to function.

\Structural information

« Protein Data Bank: maintained by the Research Collaboratory of
Structural Bioinformatics(RCSB)

* http://www.rcsb.org/pdb/
+ > 35000 structures of proteins
+ Also contains structures of Protein/Nucleic Acid
Complexes, Nucleic Acids, Carbohydrates
+ Most structures are determined by X-ray crystallography. Other
methods are NMR and electron microscopy(EM). Theoretically
predicted structures were removed from PDB a few years ago.

'PDB Growth

)
ey
S

\The basics of protein

* Proteins are linear heteropolymers: one or
more polypeptide chains

+ Building blocks: 20 types of amino acids.
- Range from a few 10s-1000s

+ Three-dimensional shapes (“fold”) adopted
vary enormously.




Common structure of Amino Acid

Ca is a chiral centre: i.e.

has 4 chemically different Side-chain = H,CH3,. .
groups attached to it.

Atom lost during
...... peptide bond

Backbone formation

Formation of polypeptide chain

Basic Measurements for protein structure

» Bond lengths
» Bond angles
 Dihedral (torsion) angles

Torsion angles

nre boolg

N Bends are 1 Bodu
01

Angles are
2 body Non- Bonded poirs

Bond Length

+ The distance between bonded atoms is constant
- Depends on the “type” of the bond
+ Varies from 1.0 A(C-H) to 1.5 A(C-C)

- BOND LENGTH IS A FUNCTION OF THE
POSITIONS OF TWO ATOMS.

Bond Length




Bond Angles

All bond angles are determined by chemical makeup
of the atoms involved, and are constant.

Depends on the type of atom, and number of
electrons available for bonding.
Ranges from 100° to 180°

BOND ANGLES IS A FUNCTION OF THE
POSITION OF THREE ATOMS.

Dihedral Angles

These are usually variable
Range from 0-360° in molecules
Most famous are ¢, v, ® and y,

DIHEDRAL ANGLES ARE A FUNCTION OF
THE POSITION OF FOUR ATOMS.

Important Dihedral Angles
0
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Levels of protein structure

Primary structure
Secondary structure
Tertiary structure
Quaternary structure

Primary structure

This is simply the amino acid sequences of
polypeptides chains (proteins).
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Secondary structure

Local organization of protein backbone: a-helix, B-strand
(groups of B-strands assemble into B-sheet), turn and
interconnecting loop.

an a-helix

various representations and
orientations of a two stranded
B-sheet.

The a-helix

One of the most closely
packed arrangement of
residues.

Turn: 3.6 residues

AN
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The B-sheet

Backbone almost fully extended, loosely packed
arrangement of residues.

Anti-parallel beta sheet
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B-Sheet (parallel)

Catechol O-Methyltransferase

All strands run in the same direction

B-Sheet (antiparallel)

Urate oxidase

All strands run in the
opposite direction,
more stable

Loops and Turns

Reverse tumns.

Loops: often contain
hydrophilic residue on the
surface of proteins

Type | Type Il

‘ . Turns: loops with less
o 2 L » than 5 residues and often
i1 | : contain G, P

TABLE 3.3 Relative requancies of amino add residues in secondary structures
Amino acid o helix B sheet Tum
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Tertiary structure

Description of the type and location of
SSEs is a chain’s secondary structure.
Three-dimensional coordinates of the
atoms of a chain is its tertiary structure.
Quaternary structure: describes the spatial
packing of several folded polypeptides

Tertiary structure

Packing the secondary
structure elements into a
compact spatial unit

“Fold” or domain- this is the
level to which structure
prediction is currently
possible.
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