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EVOLUTIONARY INFERENCE

00 In practice all we see is this:

FisH GGTGAC
FroG AGTAGC
L1zARD AGTAGA
MOUSE AGTAGA
HuMaN CGTAGA

00 We wish to reconstruct the evolutionary history of the sample, e.g.

00 The species tree, the ancestral sequences and mutations
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If we could observe evolution: speciation, mutation, natural selection and fixation, we
might see something like this:

AGTAGC

HTTP:, TENCEMAG.ORG/CGI/REPRINT/31 PDE
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Three SIVcpz/SIVgor to
human transmissions
seeding three major
clades of HIV-1

At least 8 SIVsm to
human transmissions,
seeding HIV-2

Circulating diversity in
HIV-1 is immense: from
5-40% depending on
gene
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Site 30

"‘N"‘“M“I"_"i*“”There were 3 independent
introductions of HIV-1

into human

hosts from SIVcpz/gor.

Was there anything in common in what

happened to the virus during the
Zoonosis?

If the virus was forced to adapt to

human hosts the same way, maybe we
can use this information to fight it.
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An African HIV-1 sequence
from 1959 and implications
for the origin of the epidemic

Tuofu Zhu*t, Bette T. Korber:§, Andre J. Nahmiasl,
Edward Hooper9, Paul M. Sharp# & David D. Ho*

Timing the Ancestor of the
HIV-1 Pandemic Strains

B. Korber,"2*} M. Muldoon,?? J. Theiler,” F. Gao,* R. Gupta,’
A. Lapedes,"2 B. H. Hahn,* s. Wclinsky,s T. Bhattacharya11"
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Branch Length

RATES OF EVOLUTION CAN BE USED TO
INFER IMPORTANT DATES IN THE PAST:

E.G. DATING THE ORIGIN OF HIV

Test case: the ZR1959 sequence
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Best fit line, real data excluding ZR59 .
Bootstraps excluding ZR59
* Data point, all post-1983
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TREE SHAPES CAN BE

INFORMATIVE

L1 Phylogenetic tree of Influenza

A virus H3N2 serotype
hemagglutinin sequences from
1968 to 2000

Displays the classic ‘ladder’
shape attributable to antigenic
drift

KORBER ETAL. 2001
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2 Maximum likelihood tree
structed from 68 HAT domains of the
ragglutinin gene of influenza A

type H3. The sequences are a subset of
viruses circulating world-wide from

Lientially in vaccines for the Northern
hisphere (summary provided by
nerine Bender).
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TREE TYPES

tree is an acyclic connected graph

rooted tree has a node designated as the root (assigns a direction to the tree).

unrooted tree is necessary to assume when directionality of evolution is not known.

in an unrooted binary (bifurcating) tree all interior nodes have degree 3.

in a rooted tree, one node has degree 2 (the root)
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UNROOTED

/ 4
OLD ROOT HERE
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COUNTING BRANCHES & TREES

L1 How many branches B(N) does an unrooted tree on N leaves have and
how many different unrooted labeled trees, Tu(N), with N leaves are

there?
N=4
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‘GRAFT’ SEQUENCE 3
ONTO THE 1-2 BRANCH

4N,

SELECT ONE OF THE
THREE AVAILABLE
BRANCHES TO ‘GRAFT’
SEQUENCE 4 ONTO.
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THERE ARE COMBINATORIALLY
MANY TREES

N Tu(N) N Tu(N)
3 1 20 2.22E+20
4 8 50 2.84E+74
5 15 100 1.70E+182
6 105
! 2 BRANCHES B(N)=2N-3,N>1
8 10395 =
9 135185 TREES (2N —5)ILN >3
10 2027025
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COUNTING BRANCHES & TREES

N=5
N=4
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3x5=15 TREES

SELECT ONE OF THE
THREE AVAILABLE
BRANCHES TO ‘GRAFT’
SEQUENCE 4 ONTO.
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HIERARCHICAL CLUSTERING

[0 We have a collection of aligned nucleotide sequences from different
species, and wish to construct their evolutionary hierarchy/history —

a phylogeny:.
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TOPOLOGY VS TREE

[ Topology defines the structure of the tree (unweighted edges)

00 Topology combined with branch lengths constitutes a phylogenetic

tree
DIFFERENT SAME TOPOLOGIES,
TOPOLOGIES DIFFERENT TREES

01388 01 J02 |03 |04 |oa4691
Gibbon

Gibbon

Orangutan

Orangutan I——————— Orangutan
Sorila Gorilla ————————————————Gorila
E EhiDRenzes 4|_E Chimpanzee Chimpanzee
Human Human |: Human
Gibbon

Orangutan ’ AN ULTRAMETRIC TREE ‘

Human
4|£ -

Chimpanzee
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CLUSTERING PROCEDURE

[ At each step, we select the two closest sequences and join them to form a clade.
1 We then replace the two just joined sequences with their ancestor
L This reduces the size of the data matrix by one

1 We need to compute the distances from the new ancestor to the remaining sequences

Human Chimpanzee Gorilla Orangutan Gibbon
Human - 8 10 15 18
Chimpanzee - - 12 17 19
Gorilla - - - 16 19
Orangutan - - - - 20

Gibbon o | - - - -
i
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HIERARCHICAL CLUSTERING

L1 distance matrix on 5 nucleotide sequences.
I here we consider number of mismatches
I p-distances (number of mismatches normalized by the length of the sequence)

L1 model-based distances (later)

Human Chimpanzee Gorilla Orangutan Gibbon
Human - 8 10 1) 18
Chimpanzee - - 12 17 19
Gorilla - - - 16 19
Orangutan - - - - 20

Gibbon - - - - -
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UPDATING DISTANCES

L1 Single linkage: d(x,a) = min(d(x,m),d(x,n))

[l Complete linkage: d(x,a) = max(d(x,m), d(x,n))
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EXAMPLE CONTINUED

0 Use UPGMA. Joining human and chimp...

UPDATING DISTANCES

1 UPGMA (Unweighted Pair Group Method with Arithmetic Mean): s Hur_nan Chimzanzee G",Z,”'a OraTimn Gil:zon
d(x,a) = 1/2 [d(x,m) + d(x,n)] Chimpanzee : . 12 17 19
Gorilla - - - 16 19

m
Z 01! Orangutan = S 5 < 20
n = Gibbon - = & g ¥
n
— [ == -

00 WPGMA (Weighted Pair Group Method with Arithmetic Mean): d

(X,a) = [S(m) d(X,m) =5 S(n) d(X,n)]/ [S(m) =5 S(n)], where S(n) Human-Chimpanzee Gorilla Orangutan Gibbon
measures the number of actual sequences represented by node M e e : (10+12)/2=11  (I5+17)/2=16 (18+19)/2=18.5
n.
Gorilla = . 16 19
al m m
_in = s(m) =2 Orangutan - - - 20
n
X Gibbon - = & X
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Human-Chimpanzee Gorilla Orangutan Gibbon e @it A
Human-Chimpanzee %, I 16 18.5 Human-Chimpanzee-Gorilla 16 18.75 2
Gorilla 7 z G “ i 2 3 * Hum-Chimp-Gor-Orang (18.75+20)/2=19.375
Orangutan - - - 20 Gibbon Gibbon
Gibbon - '
Human-Chimpanzee-Gorilla Orangutan Gibbon :ﬁ@
Human-Chimpanzee-Gorilla - (16+16)/2 =16 (18.5+19)/2 = 18.75 \
Orangutan - - 20
Gibbon - - -
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CLUSTERING APPROACHES

L1 trees are additive (reconstruct distances by adding edges)

L1 trees are ultrametric (i.e. all leaf nodes are equidistant from

the root)
A
—_,

C

for any tree (A,B,C)
dac < max(dap,dpc)

root

[1 assumes a strict molecular clock

i, = .,
1 B das =2 1 B das =6

dpc =4 dsc =4
2 _c 2
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FITTING A DISTANCE MATRIX TO A TREE

5 AREBREC

1 A
|:1 B - this tree is not ultrametric

- - but is can be additive
2 C

0 w >
o o
N

can we define an algorithm that allows us to
reconstruct a correct additive tree given a distance
matrix?
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