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Motivation

5 Phylogenetics

o, oveton  Jcentral field in biology: relation between species in form of a tree
.1.1 Tree of Life

5.1.2 Molecular

Phyl i . . .
5.1.3 Mathads . JROOt: beginning of life

T Leaves: faxa (current species)

Parsimony Branches: relationship “is ancestor of" between nodes
5.2.1 Tree Length . . .
5.02 Tree search |NOde: split of a species into two

5.2.3 Weighted
Parsimony

5.2.4 Inconsistency | phylogeny (phylo = tribe and genesis)

5.3 Distance-based

5.3.1 UPGMA i .
5.3.2 Least Squares Cladistic trees: conserved characters

5.3.3 'é'i”i|mt‘-‘m Phenetic trees: measure of distance between the leaves of the tree
volution

5.3.4 Neighbor (distance as a whole and not based on single features)
Joining

5.3.5 Distance ) i
Measures  Phenetic problems: simultaneous development of features and

5.4 Maximum different evolution rates
Hiketihood Convergent evolution e.g. finding the best form in water

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics
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5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Molecular Phylogenies

Not characteristics like wings, feathers, (morphological)
differences between organisms: RNA, DNA, and proteins

Gene Tree 8pecies Tree

a-hemoglobin

human chimp rat human chimp rat

Molecular phylogenetics

= |S more precise can also distinguish bacteria or viruses
= connects all species by DNA

- uses mathematical and statistical methods

- is model-based as mutations can be modeled

- detects remote homologies

Bioinformatics 1: Biology, Sequences, Phylogenetics



Molecular Phylogenies

5 Phylogenetics

5.1 Motivation 1Ffi : . - : .
o1 1 ee . |Difficulties in constructing a phylogenetic tree:

5.1.2 Molecular

Phylogenies . .
513 Mthode - different mutation rates

5.2 Maximum

 , Farsimony = horizontal transfer of genetic material (Horizontal Gene
2. t . e
522 Trea search | Transfer, Glycosyl Hydrolase from E.coli to B.subtilis)
5.2.3 Weighted Gene Tree Bpecies Tree
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor '/
Joining GH- GH- GH-

5.3.5 Distance Eccoli  Hpylori B sublilis E.coll  B.subllis Hpyle

Measures

HE&T of 6H

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Molecular Phylogenies

5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life ) ) _
5.1.2 Molecular - Branches: time in number of mutations
Phylogenies
5.1.3 Methods
& Mo - molecular clock: same evolution / mutation rate
. aximum
Parsimony
5.2.1 Tree Length . . . ; . .
529 Tree Seafch - number of substitution: Poisson distribution
5.2.3 Weighted
Parsimony

5.2.4 Inconsistency | = mutation rate: equally distributed over the sequence

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood
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5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Methods

= choose the sequences e.g. rRNA (RNA of ribosomes) and
mitochondrial genes (in most organism, enough mutations)

= pairwise and multiple sequence alignments

= method for constructing a phylogenetic tree

distance-based
maximum parsimony
maximum likelihood

« Maximum parsimony: strong sequence similarities
(few trees), few sequences

 Distance based (CLUSTALW): less similarity, many
sequences

« Maximum likelihood: very variable sequences, high
computational costs

Bioinformatics 1: Biology, Sequences, Phylogenetics



Methods

5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular

Phylogenies
5.1.3 Methods Software

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search Name Author URL
5.2.3 Weighted
Parsimony

524 Inconsistency | PHYLIP Felsenstein 89,96 http://evolution.genetics.

5.3 Distance-based WaShington.ed u/phyllphtml
5.3.1 UPGMA
5.3.2 Least Squares

5.3.3 lélinilmtym PAUP  Sinauer Asssociates http://www.Ims.si.edu/PAUP
volution
5.3.4 Neighbor
Joining
5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics


http://www.lms.si.edu/PAUP

5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Maximum Parsimony

- minimize number of mutations
- mutations are branches in the tree
= tree explains the evolution of the sequences

= surviving mutations are rare = tree with minimal mutations is
most likely explanation

= maximum parsimony PHYLIP programs:

DNAPARS, DNAPENNY, DNACOMP, DNAMOVE, and
PROTPARS

Bioinformatics 1: Biology, Sequences, Phylogenetics



Tree Length

> Phvlegenetes Y maximum parsimony tree: tree with smallest tree length
5.1 Motivation
5.1.1 Tree of Life . . .
5.1.2Molecular ™= free length. number of substitutions in the tree
Phylogenies
5.1.3 Methods
= Example protein triosephosphate isomerase for the taxa

5.2 Maximum

Parsimony “Human”’ “Pig”, “Rye”, “Rice”’ and “ChiCken”:

5.2.1 Tree Length

522 Tree Search Human ISPGMI
5.2.3 Weighted P|g IGPGMI

Parsimony

5.2.4 Inconsistency Rye ISAEQL
5.3 Distance-based Rice VSAEML
o3 1T UPGMA Chicken ISPAMI

5.3.2 Least Squares
5.3.3 Minimum - |f we focus on column 4:

Evolution

5.3.4 Neighbor Human G
Joining :

5.3.5 Distance Plg G

Measures Rye F

5.4 Maximum Rice E

Likelihood Chicken A

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Tree Length

Fitch (/1) alg. for computing the tree length with taxa at leaves:

Root node added to an arbitrary branch

bottom-up pass: sets of symbols (amino acids) for a
hypothetical sequence at this node.

Minimize the number mutations by maximal agreement of the
subtrees =» avoid a mutation at the actual node

{“leave symbol”} if m; = my = 0
mia = m1 Umg if mi N my = 0
m1 Mo if m1 M moy 7é (Z)

In the first case mi2 is leave, the second case enforces a
mutation, and the third case avoids a mutation

rice human
l ve E A e 6 F {E} {A}HG} (&} (B}
chicken rice chickenhuman Pig rye

rico  chicken human plg  1ye

Bioinformatics 1: Biology, Sequences, Phylogenetics



Tree Length

5 Phylogenetics

& 1 Motivat 3. top town pass: hypothetical sequences at the interior nodes;
.1 Motivation _
5.1.1 Tree of Life counts the number of mutations
5.1.2 Molecular .
Phylogenies - _ r & mi/2 M mqg if mi/2 M Mo 7& @
5.1.3 Methods 1/2 T € My if myp N My = 0
5.2 Maximum my /o Means that the formula holds for m1 and for ma2

Parsimony
5.2.1 Tree Length
5.2.2 Tree Search E
5.2.3 Weighted

Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance E A G G E
Measures

rice chicken human pig rye

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Tree Length

Non-informative columns: not used

= Columns with one symbol occur multiple an others only single
(number of mutations independent of topology)

= Columns with only one symbol

minimal number of substitutions: M
maximal subs., star tree (center: most frequent symbol): g;
number of substitutions for the topology: s;

my;
consistency index: ¢ = &

High values support the accordlng tree as being plausible

retention index po— i Si
PR

g; — M,

rescaled consistency index 7T¢ = Ti G

Bioinformatics 1: Biology, Sequences, Phylogenetics



Tree Search

5 Phylogenetics
. = few sequences: all trees and their length can be constructed
.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular ..

phylogenies |=*  for a larger number of sequences heuristics are used

5.1.3 Methods

5.2 Maximum Branch and Bound (Hendy & Penny, 82) for 20 and more taxa:

Parsimony
5.2.1 Tree Length

S aweame " | 1. This step determines the addition order of the taxa. First,

. Ei:)sri‘r:iggncy compute the core tree of three taxa with maximal length of all

- three taxa trees. Next the taxa is added to one of the three

oo anes based branches which leads to maximal tree length. For the tree with

ggg knelsﬁ; fr?luares four branches we determine the next taxa which leads to

" Evolution maximal tree length. ...

5.34 Ngighbor

5-3-5J|\D:§£%;zs 2. This step determines an upper bound for the tree length by
either distance based methods (neighbor joining) or heuristic

>4 Medman, search (stepwise addition algorithm).

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Tree Search

5 Phylogenetics

5.1 Motivation .
5.1.1 Tree of Life | Branch and Bound (continued):
5.1.2 Molecular

Phylogenies

513 Methods 3. Start with the core tree of three taxa.

5.2 Maximum
Parsimony
4,

5.2.1 Tree Length Construct new tree topologies by stepwise adding new taxa to

Byl v iiil the trees which do not possess a STOP mark. The next taxa is
Parsimony chosen according to the list in step 1 and added to each tree

5.2.4 Inconsistenc .
’ at all of its branches. Tree lengths are computed.
5.3 Distance-based
5.3.1 UPGMA _ _ _ _ _
53.2LeastSquares' 5.  Assign STOP marks if upper bound is exceeded. Terminate if
5.3.3 Minimum
Evolution all trees possess a STOP mark.
5.3.4 Neighbor
Joining
5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length

5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

STOP

.
—
o
B
A D
STOP B
E C

STOP

E D
EA
B c

B €
AD/
/’Q‘/
E

Tree Search

¢

Jg}\ / Y\
= A >

B
(44

A

N

VNS

STOP

H
PN
STOP || STOP| | STOP

/N
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Tree Search

5 Phylogenetics

. Heuristics for Tree Search
. otivation

5.1.1 Tree of Life

S ioanss | = Stepwise Addition Algorithn: extend only tree with shortest

Sl length. If all taxa are inserted then perform branch swapping
5.2 Maximum
Parsimony .
52.1TreeLength | = Branch Swapping.
5.2.2 Tree Search C : ;
5.2.3 Weighted (1) neighbor interchange: two taxa connected to the same
Parsimony node,

5.2.4 Inconsistency

(2) subtree pruning and regrafting: remove small tree and

oo anes based connect it with the root to a branch,
5.3.2 Least Squares (3) bisection-reconnection: remove branch to obtain two trees
5.3.3 Minimum . .

Evolution and reconnect them by inserting a new branch where each
e branch of the subtrees can be connected in contrast to (2)
5.3.5 Distance where the root is connected

Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Tree Search

5 Phylogenetics

. Heuristics for Tree Search
.1 Motivation

5.1.1 Tree of Life

5.1.2 Molecular .
Phylogenies | Branch and Bound Like:

213 Methods Use step 1. of the branch-and-bound algorithm to obtain the
5.2 l;ﬂ::siir?ntg:y minimal tree (not maximal!). -
5.2.1 Tree Length Upper local bounds U, for n taxa are constructed in this way.
Byl v iiil These upper bounds server for stopping signals.

Parsimony

5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Weighted Parsimony / Bootstrapping

Type of substitution is welighted according to PAM and
BLOSUM matrices to address survival of substituition

Bootstrapping

- accesses the variability of the tree with respect to the data
(“variance”) and identifies stable substructures

- is possible because the temporal order of the alignment
columns does not matter

- cannot access the quality of a method but only its robustness

Bioinformatics 1: Biology, Sequences, Phylogenetics



Inconsistency of Maximum Parsimony

5 Phylogenetics
5.1 Motivation True Tree

5.1.1 Tree of Life

5.1.2 Molecular
Phylogenies

5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted . .

Parsimony Maximum Parsimony
5.2.4 Inconsistency
5.3 Distance-based
5.3.1 UPGMA
5.3.2 Least Squares
5.3.3 Minimum
Evolution
5.3.4 Neighbor
Joining
5.3.5 Distance
Measures

a C

b d

5.4 Maximum c d
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Inconsistency of Maximum Parsimony

5 Phylogenetics

5.1 Motivation

21; Iﬁe ofILife a and b are similar to each other and match to 99% whereas ¢ and
.. olecular

phylogenies §d @re not similar to any other sequence and only match 5% by
51.3 Methods chance (1 out of 20).

5.2 Maximum
Parsimony

5.2.1Tree Length || INfOrmative columns: only two symbols and each appears twice.

2 Wanmea™ | Probabilities of informative columns and their rate:

L, fesmoy 1 ag=1b;, ¢;=d;: prob: 0.0495(0.99-0.05) rate: 0.908
e Disanee baced a; =c;, bj =d; : prob: 0.0025(0.05-0.05) rate: 0.046
e o a;=d;, bj=c;: prob: 0.0025(0.05-0.05) rate: 0.046
5.3.3 Minimum

Evolution 90% of the cases of informative columns we observe Ci = di-
5.3.4 Neighbor
Joining

5.3.5 Distance Maximum parsimony will judge ¢ and d as similar as a and b.

Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Distance-based Methods

5 Phylogenetics
= matrix of pairwise distances between the sequences

5.1 Motivation
5.1.1 Tree of Life

> ioaenss | = A distance D is produced by a metric d (function) on objects x

5.1.3 Methods Indexed by |,J’k -D’Lj = d(xq,,x])

5.2 Maximum

Parsimon . .
52.1 Tree Le‘\ﬁgth - metric d must fulfill
5.2.2 Tree Search
5.2.3 Weighted d(xz;,x;) > 0,
Parsimony ) )
5.2.4 Inconsistency d(ajZ7 ajj) — (O for i1 = 7,

0 Distance based d(x;,x;) = d(zj, ;) , s, [ |
os2leastSquares d(xy, x5) < d(@g, wx) + dlak,T;) s Em T
Evolution |
5.3.4 Neighbor S; | ]

Joining
5.3.5 Distance '
Distance. not all scoring schemes are o, ‘
a metric, e.g. the e-value -
5.4 Maximum S, | /R
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



UPGMA

5 Phylogenetics
£ 1 Motivation Unweighted Pair Group Method using arithmetic Averages

21; Tree of Lif (constructive clustering method based on joining pairs of clusters)
.. olecular

Phylogenies
o E TR It works as follows:

=2 LA 1. each sequence i is a cluster c; with one element n; =1 and

Parsimony

5.2.1 Tree Length height |; = 0. Put all i into a list.
5.2.2 Tree Search

5.2.3 Weighted
oomitency | 2+ Select cluster pair (i,j) from the list with minimal D;; and create

5.2.4 Inconsistency
3 Distance.based a new cluster ¢, by joining c; and c; with height |, = D;; / 2 and

5.3.1 UPGMA number of elements n, = n; + n
5.3.2 Least Squares

5.3.3 Minimum

Evolution ' : n; Dpmi + n; D mj
s34negber - compute the distances for ¢,: Dy, = .
Joining n; U
5.3.5 Distance
Measures

j.

T — 4. Remove i and ] from the list and add k to the list. If the list
HlciTiees contains only one element then terminate else go to step 2.

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



UPGMA

5 Phylogenetics

5.1 Motivation
21; Iﬁe ofILife = assumption of constant rate of evolution in different lineages
.. olecular

Phylogenies

5:1.3 Methods - bootstrap can evaluate the reliability to data variation

5.2 Maximum
Parsimon o . . . .
521 Tree Le“f]gth = Positive interior branches contribute to the quality of the tree
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Least Squares

5 Phylogenetics
minimize (D;; — E;;), where E;; is the sum of distances in the tree on

5.1 Motivation

5.1.1 Tree of Life the path from taxa i to taxa j (the path metric)
5.1.2 Molecular
Phylogenies 5
5-13Methods  ¥The objective is Z (Dij — Eyj)
5.2 Maximum 1<J
Parsimony

5.2.1 Tree Length

S e " |Fitch and Margoliash, 1967, introduced weighted least squares:

Parsimony 9 9
5.2.4 Inconsistency Z (ng — Ezg) /Dz]
5.3 Distance-based i<J
5.3.1 UPGMA o . .

5.3.2 Least Squares optimized under the constraint of nonnegative branch length
.3.3 Minimum

Evolution
5.3.4 Neighbor

Joining
5.3.5 Distance

Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Least Squares

5 Phylogenetics
If matrix A is the binary topology matrix with N(N-1)/2 rows, one for

5.1 Motivation

5.1.1 Tree of Life each D;;, and v columns for the v branches of the topology. In

5.1.2 Molecular J .. . . . ;
Phylogenies each row (i,j) all branches contained in the path from i to j are

5.1.3 Methods marked by 1 and all other branches are 0

5.2 Maximum

Parsimon : : : .
521 1res Length 11 iS the v -dimensional vector of branch weights, then E = Al
5.2.2 Tree Search
5.2.3 Weighted

Parsimony {least squares assumption: D;; deviates from E;; according

5.2.4 Inconsistenc . . . . . .

” lto a Gaussian distribution €;; with mean 0 and variance Dzij:
5.3 Distance-based
5.3.1 UPGMA D =FE + €= Al + €

5.3.2 Least Squares. mmaximum likelihood estimator (least squares) is
5.3.3 Minimum

Evolution [ — ( AT A)_l ATD
5.3.4 Neighbor
Joining

5:3.5 Distance Gaussianity assumption: justified by sufficient large sequences -
easures
|, are Gaussian and, therefore, also Dij

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Minimum Evolution

5 Phylogenetics
. The objective is the sum of branch length' I:
.1 Motivation

5.1.1 Tree of Life — ]

5.1.2 Molecular L = Z lij
Phylogenies 1]

5.1.3 Methods Given an unbiased branch length estimator |’

5.2 Maximum

521 Treotengtn | The expected value of L is smallest for the true topology
Bl vl independent of the number of sequences
Parsimony (Rzhetsky and Nei, 1993)

5.2.4 Inconsistency

5.3 Distance-based
5.3.1 UPGMA o . _ . .
5.3.2 Least Squares. Minimum evolution is computational expensive
5.3.3 Minimum

Evolution
5.3.4 Neighbor

Joining
5.3.5 Distance

Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Neighbor Joining

5 Phylogenetics
£ 1 Motivation The neighbor joining (Saitou and Nei, 1987) simplifies the

5.1.1 Tree of Life minimum evolution method (for fewer than six taxa both
5.1.2 Molecular .
Phylogenies methods give the same result)

5.1.3 Methods

5.2 Maximum Neighbors: taxa that are connected by a single node

Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted

.2.4 Inconsistency our elements fulf

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

>4 Medman, path metric (counting the branch weights) is an additive metric

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Neighbor Joining

5 Phylogenetics

5.1 Motivation
21; Tree of Lif An additive metric can be represented by an unique additive tree
o Uo olecular
Phylogenies : . . .
5.1.3 Methods ' D, ] [ J

5.2 Maximum AN ’ v
Parsimony A ,f
5.2.1 Tree Length Dik S ’ Dik D
5.2.2 Tree Search v ) vk
5.2.3 Weighted ‘o’
Parsimony k k

5.2.4 Inconsistenc . i ..
Y1 construction of an additive tree where a node v is inserted:

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Mlnlmgm ka —
Evolution

5.3.4 Neighbor

1
§<Di’<’ + Dji — D) Path metric holds:
oinin 1
5.3.5JDistar€1’ce D;, = i(DZJ + D — D]k:)
1
2

Dij = Diy + Dy
Dii = Dy + Dyg
(Dij + Djr — D) Djr = Djy, + Dyg

Measures

5.4 Maximum Djv =
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Neighbor Joining

5 Phylogenetics
] VT T o objective of the neighbor joining algorithm is S0 !

51.1Tree of Life | S the sum of all branch length'’ [;; °
5.1.2 Molecular J

Phylogenies X
hilB el starts with a star tree s

5.2 Maximum 2
Parsimony
5.2.1 Tree Length

5.2.2 Tree Search . - rer
223 wented | VVe assume N taxa with initial (star tree) 3

Parsimony  fobjective S

5.2.4 Inconsistency N 1

5.3 Distance-based SO — E :l’LX — N —1 E : Dij
5.3.1 UPGMA =1 1,7;1<7

5.3.2 Least Squares

5.3.3 Minimum

1
Evolion ~ Where the ;—7 comes from the fact that D;; = l;x + lx;, therefore
5.3.4 Neighbor - — I ..
o lixis part of (IV — 1) distances D;;
5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Neighbor Joining

5Phylogenetics  fIn the next step taxa 1 and 2 are joined and a new internal node Y

5.1 Motivation IS introduced and [y computed as s .

5.1.1 Tree of Life N

5.1.2 Molecular 1 5

Phylogenies — Z . ) —

5.1.3 Methods Ixy 2(N — 2) (Dlz T D2Z) X
1=3 .

5.2 Maximum N

Parsimony

5.2.1 Tree Length (N — 2) (llY + le) — 9 Z [x;

5.2.2 Tree Search :

5.2.3 Weighted 1=3

co4 ,F;i:f::;;:gncy set all paths from i to j containing Ixy equal to 3

3 bistance.baceg | Lid @Nd SOlve for ixy. These are all path N J’

5.3.1 UPGMA from nodes 1 and 2 to ¢ > 3. Therefore (N — 2)

>52 weast Squares nathss start from nodes 1 and 2, each, giving

5o4feouton  2(N —2) paths. hivis in all node 1 paths and
Joining loy In all node 2 paths. The tail [;x is in one

3508 node 1 and one node 2 path.

- i Above equation is obtained by averaging
Likelihood over these 2(N — 2)equations for Ixy .

Bioinformatics 1: Biology, Sequences, Phylogenetics
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5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Neighbor Joining

(1,2) (Y.5)

1 . L
Zle' = —— Z D;; similar as for the initial star tree

N —

1=1 1,7;2<1<]J

inserted into the last equation: N

S12 = Ly + by + lXY‘|‘Zle‘:
i—3

1

1

1 N 1
Dy + Dy, D
oV —7) & Pt D) g

Bioinformatics 1: Biology, Sequences, Phylogenetics
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Neighbor Joining

5 P . ) ...
YOOI 1generalized from joining (1,2) to (k,l):

5.1 Motivation

5.1.1 Tree of Life

5.1.2Molecular N1t divergences r, are accumulated distances of k to all other taxa:

Phylogenies N
5.1.3 Methods o 2 Y iic; Dij — Tk — T Dy,
o Tk = ZDm giving Sk1 = = -
.2 Maximum _ 2(N — 2) 2
Parsimony =1
5.2.1 Tree Length
522 Treg Search 2 Z D
523 ‘F’,\gg;tﬁgy t,3;¢<y "% js constant for all objectives Sy; , therefore an
5.2.4 Inconsistency Q(N o 2)
5.3 Distance-based | €quivalent objective is|Qx = (N —2) Dy — 1 — 71y
5.3.1 UPGMA

5.3.2 Least Squares . . .
s33Minimum  |f k and | are evolutionary neighbors but Dy; is large due to

Evolution

s34 Neighoor  fast evolution of k and/or |, then r, and/or r; are large and Q,; small
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation 1

5.1.1 Tree of Life

5.1.2 Molecular
Phylogenies

5.1.3 Methods

5.2 Maximum 2.

Parsimony

5.2.1 Tree Length

5.2.2 Tree Search 3

5.2.3 Weighted
Parsimony

5.2.4 Inconsistency 4

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Neighbor Joining

The algorithm:
. Given D;;start with a star tree where the taxa are the leaves.

Put all taxa in a set of objects.
N
For each leave i compute r; = Z D,
k=1
For each pair (i,j) compute Q;; = (N—-2)D;; — r; — 74

Determine the minimal Qjj- Join these (i,j) to new leave u.
Compute new branch length’ and new distances of u:

Dy

"". —_ "".
lz’u — ; 4
5 +

AN—2)  Dp —
liw = Dij — liu

Dii + Djr — D,
2

Delete i1 and j from the set of objects and add.
Stop if the set of objects contains only u otherwise go to Step 1

Bioinformatics 1: Biology, Sequences, Phylogenetics



Neighbor Joining

5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA .

5.3.2 Least Squares. Neijghbor joining: lgorithm; for larger

5.8.2 Least Sq eighbor joining: O(N?) algorithm; for larger data sets
Evolution

" g The formula for Q;; accounts for differences in evolution rates

5.3.5 3‘2211?23 The objective S is only minimized approximatively
CLUSTALW uses neighbor-joining for multiple alignments

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Distance Measures

5 Phylogenetics .
e we focus on nucleotides!
5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

substitution rates:

A T C G A T C G
_ Jukes Cantor Hasegawa
5.2 Mamrnum A o o @ A Bgr B gc a ge
Parsimony T « a a T Bga a ge B ga
5.2.1 TreeLength JC o a a C Bga o gr B g9a
522 Tree Search [G « a a G aga B gr B gc
5.2.3 Weighted Kimura Tamura-Nei
Parsimony A B B a A B gr B gc aAc 9G
5.2.4 Inconsistency | T a Jé; T [ga arc gc B ga
c g a B C Bga arc gr B ga
5.3 Distance-based | G « B B G aacga Byr B gc
5.3.1 UPGMA Felsenstein / Tajima-Nei Reversible
5.3.2 Least Squares A o gr @ gc a ga A AT g AC 9¢ QAG Ja
5.3.3 Minimum T aga a ge a ge T aar ga arc gc  arG ga
Evolution C aga o gr a ga C aacga arcgr ace 9o
5.3.4 Neighbor G aga o gr e G @acga orggr oc go
Joining Tamura General
5.3.5 Distance A B (ga + g9r) B (9c + g9c) « (9¢ + go) A i a3 a4
Measures T B (9a + gr) @ (96 + g9¢) B (96 + gc) T axn azs az4
C B (9a + gr) a(ga + gr) B (9¢ + gc) C ax asz a34
5.4 Maximum G a(ga + 9gr) B (9a + 9r) B (96 + 90) G an Q42 a3

Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Distance Measures

Jukes Cantor

Mutation probability: r = 3«

Identical positions of 2 seq. remain identical:(1
different nucleotides will be identical: 23—r

One changes and the other not: « (1 — r) =

Two of these events: &2 (1 — r) = &L

Bioinformatics 1: Biology, Sequences, Phylogenetics
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5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Distance Measures

Jukes Cantor

2r
difference equation: ¢+: = (1 — 27) g + ?(1 — Q)
. _2r _8r
Qi+t qt = 3 3 qt
. , 2r 87
continuous model: ¢ = = — 3 q

The solution for ¢(0) =1: g¢(t) = 1 — %(1 — exp (_

Bioinformatics 1: Biology, Sequences, Phylogenetics




Distance Measures

5 Phylogenetics Jukes Can tor

5.1 Motivation
5.1.1 Tree of Life

5.1.2Molecular | The substitutions per position d for two sequences is 2rt

Phylogenies
5.1.3 Methods 3 3
d = —In|1l — - , p=1—gq
5.2 Maximum 4 4
Parsimony

521T L th . . . ; . . ;
522 Tree Soarch | EStimating g and inserting in above equation: estimate d.

5.2.3 Weighted 9 |
Parsimon N _
524 Inconsistency | The variance of the estimate for d: Var(d) = P ( D)
(3 — 4p)*n

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Distance Measures

5 Phylogenetics Kimura

5.1 Motivation
5.1.1 Tree of Life r = o + Qﬂ
5.1.2 Molecular

Phylogenies

5.1.3 Methods group nucleotide pairs: P = {AG,GA,TC,CT}
5.2 Maximum Q — {AT, TA, AC, CATG, GT, CG, GC}

Parsimony
5.2.1 Tree Length
5.2.2 Tree Search P
5.2.3 Weighted

Parsimony
5.2.4 Inconsistency

(1 — 2exp(—4(a + B)t) + exp(—801))

(1 — exp(—8031))

DO | = | =

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Distance Measures

5 Phylogenetics .
’ | Kimura ¢ = 27¢t = 2at + 48t =

5.1 Motivation

I i 1 1
51.2 Molocular —s Il -2P - Q-5 - 2Q)
Phylogenies

5.1.3 Methods

Var(d) =

5.2 Maximum

1
—(C%P + 3 Q — (cn P + CQQ)Q)
Parsimony n
5.2.1 Tree Length ci = (1 — 9 P . Q)_l

5.2.2 Tree Search
5.2.3 Weighted 1

Parsimony Ccy = 5((1 _ 9 p _ Q)_l 4 (1 . QQ)_l)

5.2.4 Inconsistency

5.3 Distance-based

Sl renn transitional substitutions: 2 a t
.3.2 Least Squares

5.3.3 Minimum transversional substitutions: 4 3 ¢

Evolution

5.3.4 Neighbor
Joining = - : i

PR oo equilibrium frequency of each nucleotide: 0.25
Measures

5.4 Maximum However occurrence of GC Drosophila mitochondrial DNA is 0.1
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods Xij-

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

b

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Distance Measures

Felsenstein / Tajima-Nei

. relative frequency of nucleotide pair (1,))

Zgz
> g

1=1 3=141 Yi gj
p
b In (1 b)
_¥pd - p)
(b — b)2n

Bioinformatics 1: Biology, Sequences, Phylogenetics



5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life
5.1.2 Molecular
Phylogenies
5.1.3 Methods

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples

Tamura

Distance Measures

extends Kimura's model for GC content different from 0.5

—h In(1 —

20 (1 — 0)

L
h

Q

1
2

(1 - h) In(1 —2Q)

Bioinformatics 1: Biology, Sequences, Phylogenetics



Distance Measures

5 Phylogenetics Hasegawa (HKY)

5.1 Motivation
5.1.1 Tree of Life ) ) . . .
5.1.2Molecular  fhybrid of Kimuras and Felsenstein / Tajima-Nei: GC content and

Phyl i i ;
513 marage - ltransition / transversion

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based

5.3.1 UPGMA

5.3.2 Least Squares

5.3.3 Minimum
Evolution

5.3.4 Neighbor
Joining

5.3.5 Distance
Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Distance Measures

5 Phylogenetics

Tamura-Nei 2 g4 ga
5.1 Motivation cCih = ———
5.1.1 Tree of Life includ H ' del Jgr
5.1.2 Molecular INCludes masegawa s mode
Phylogenies 9 T 2 gr gc
5.1.3 Methods 2 — ay

5.2 Maximum
Parsimony

5.2.1 Tree Length d = — c1 In (1 . Cl_l Pl . (2 gR)—l Q) _

5.2.2 Tree Search
5.2.3 Weighted

Parsimony Co In (1 . 02—1 P2 . (2 gY)_l Q) _

5.2.4 Inconsistency

[ —1
e (29rgy — gy — cagr) In (1 — (2 9r 9v) Q)
5.3.2 Least Squares

5.3.3 Minimum

Evoluti ; i ;
sa4negnoor  Pq: proportion of transitional differences between A and G
535"8.'“'"9 P,: proportion of transitional differences between T and C
3. istance

Measures  Q: proportion of transversional differences

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Maximum Likelihood Methods

5 Phylogenetics

gj_';"gtr‘;'fg"ufe Tree probability. product of the mutation rates in each branch

AR Mutation rafe: product between substitution rate and branch length
ylogenies
5.1.3 Methods

& 5 Maximum D: data, multiple alignment of N sequences (taxa)

525’grrsimciny i D,: N-dimensional vector at position k of the multiple alignment
2. t
222 Tree Somch A tree topology (see least squares)

923 ‘F’,‘;‘j'g'r:ﬁgy I: vector of branch length
5.2.4 Inconsistency | H: number of hidden nodes of the topology A
5.3 Distance-based M . model for nucleotide substitution

5.3.1 UPGMA . . .
5.3.2 Loast Squares /A - SEL of letters (e.g. the amino acids)

5.3.3 Minimum
Evoluti . .

s34negmbor Hidden nodes are indexed from 1 to H
Aol taxa are indexed from H+1 to H+N

5.3.5 Distance )
Measures Root node has index 1

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Maximum Likelihood Methods

5 Phylogenetics

g:]_'}"?r‘;’:‘tj)‘;"ufe The likelihood of the tree at the k-th position:

5.1.2 Molecular L(Dk | l,A,M) _

Phylogenies
5.1.3 Methods

H
5.2 l;,/laa:;iirrnnl:)r:y Z Z P, (Cl,l) H Paiaj (lz])

5.2.1 Tree Length h=1apcA 1,7, 1<e<H, 1 <j<N+H, A;;j=1
5.2.2 Tree Search

5.2.3 Weighted
Parsimony

5.2.4 Inconsistency | P,. (@) : prior probability of the root node assigned with a1 € A

5.3 Distance-based | Aj; = 1. indicates an existing branch ¢ — j

5.3.1 UPGMA
5.3.2 Least Squares

5.3.3 Minimum Py,q; (lij) : probability of branch length /;; betweena; and a;
volution
5.3.4 Neighbor
Joining
5.3.5 Distance )
Measures hidden states are summed out

5.4 Maximum Prior P. (a1) is estimated or given
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Maximum Likelihood Methods

5 Phylogenetics

o1 foveton  JIf M is the Felsenstein / Tajima-Nei equal-input model, the

5.1.2Molecular  fbranch length probabilities are

Phylogenies
5.1.3 Methods _ —lis
Paia,,; (l’I,’L) - gai —l_ (1 o gaz) € "
5.2 Maximum S
Parsimony Paz'aj (lZJ) = Ya; (1 — € w)
5.2.1 Tree Length
5.2.2 Tree Search

5.2.3 Weighted
Parsimony

5.2.4 Inconsistency |FOr gq, = iand lz‘j = 4rt we obtain JukeS-Cantor:Paiai = (

5.3 Distance-based
5.3.1 UPGMA
5.3.2 Least Squares

533Mnimum  reversible models: 9a; Posa; (1) = ga; Pa,a; (1)

Evoluti .
5.3.4 Neighbor choice of the root does not matter because branch lengths
It count independent of their substitution direction
.3.5 Distance

Measures

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Maximum Likelihood Methods

5 Phylogenetics

5.1 Motivation
5.1.1 Tree of Life

L(D|l,A M) = HL(Dk | I, A, M) (independent positions)
k

" pnyiogenies  [Felsenstein's (81) pruning algorithm to compute L(Dy | I, 4, M)

5.1.3 Methods

5.2 Maximum FPi(a) = P;(a| Dg,l, A, M) : probability of a letter a at node i

Parsimony
5.2.1 Tree Length

522T S h .
s23wWegnted | [recursive formula:

Parsimony P(CL) )
5.2.4 Inconsistency LA

. . _ 1 for a=0»
a; Dk(i—H) fOI' Z>H (’l taxa) Oa b _{0 for a#b

5.3 Distance-based
5.3.1 UPGMA P.(a;) = H E P,. (L) P;(a; for 7 < H (7 hidden
5.3.2 Least Squares Z( 7’) @i ( ’6.7) J ( J) — ( )
5.3.3 Minimum j; Aij=1 \a;€A

Evolution

5.3.4Jr\<i?ri|?nhgbor P;(a) computed by dynamic programming from leaves to root

5.3.5 Distance
Measures

5.4 Maximum =L elineetk L(Dk ’ l’A’M) — Z Py (a’l) Py (a’l)

Likelihood a1 €A

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Maximum Likelihood Methods

>Phylogeneties  Ihest tree: both the branch length' and the topology optimized

5.1 Motivation

5.1.1 Tree of Life

AR = branch length’: gradient based / EM (expectation-maximization)
ylogenies

5.1.3 Methods

- = tree topology: Felsenstein (81) growing (constructive) algorithm

Parsimony start with 3 taxa, at A-th taxa test all (2k-5) branches for
522 Tree Searcn | insertion

Szl further optimized by local changing the topology

Parsimony
5.2.4 Inconsistency

5.3 Distance-based | ™ tree topology: small N all topologies can be tested, then local

5.3.1 UPGMA A .
5.3.2 Least Squares changes similar to parsimony tree

5.3.3 Minimum
Evolution

5.3.4 Neighbor ML estimator is computationally expensive but unbiased

saoomd  (sequence length) and asymptotically efficient (minimal variance)

Measures

S D fast heuristics: Strimmer and v. Haeseler (96): all topologies of 4
Hkelihood taxa then build the final tree (software: http://www.tree-puzzle.de/)

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Examples

5 Phylogenetics

From triosephosphat isomerase of different species trees are
21 Motivation constructed with PHYLIP (Phylogeny Inference Package) 3.5¢

5.1.1 Tree of Life
5.1.2 Molecular

Phylogenies EColi Escherichia coli Bacterium
>-1.9 Methods VibMar Vibrio marinus Bacterium
e E”Z?S'.Tn‘ifﬂy Chicken Gallus gallus Animal
5.2.1 Tree Length Human Homo sapiens Animal
Bl vl Nematode Caenorhabditis elegans Worm
s E}ifg‘;[‘gncy Yeast Saccharomyces cerevisiae Yeast

Pfalcip Plasmodium falciparum single cell
o USeer®ed Amoeba  Entamoeba histolytica single cell
g:g:g bﬁ;sr; fr?luares TBrucei Trypanosoma brucei single cell

Evolution TCruzi Trypanosoma cruzi single cell
e LeiMex Leishmania mexicana, single cell
535 ADAI:tazTﬁZs Bacillus Bacillus stearothermophilus Bacterium

ThMar Thermotoga maritima Bacterium
oA v Archaeon  Pyrococcus woesei Archaeon

Bioinformatics 1: Biology, Sequences, Phylogenetics



Examples

5 Phylogenetics . .
Fitch-Margoliash
5.1 Motivation Q
5.1.1 Tree of Life @O
5.1.2 Molecular O
Phylogenies (C\)O
5.1.3 Methods ?\

5.2 Maximum ‘
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony . GQ) R
5.2.4 Inconsistency -

O

5.3 Distance-based @ . - O
5.3.1 UPGMA L8 Q)O N <L &QD $® \2\0 CQ\ - V@
5.3.2 Least Squares N/
5.3.3 Minimum

Evolution o)
5.3.4 Neighbor A

Joining A{Q N
5.3.5 Distance

O
Measures <</<J

5.4 Maximum
Likelihood

5.5 Examples Bioinformatics 1: Biology, Sequences, Phylogenetics



Examples

> Fhvlegenetes I Fitch-Margoliash with assumption of a molecular clock (“kitsch”)

5.1 Motivation

5.1.1 Tree of Life " o 066 O O{\
5.1.2 Molecular ' Q 8 X8 N &
Phylogenies & Q\\\O % Q Q @6\- {(\O .\GE@ {Q\O - Q\)O O N\ S\Q\Q C\){\O
5.1.3 Method N\
ohods I P D QT (27 Y OF QP 4@ & SNPGRS

5.2 Maximum
Parsimony
5.2.1 Tree Length
5.2.2 Tree Search
5.2.3 Weighted
Parsimony
5.2.4 Inconsistency

5.3 Distance-based
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Three Anwers

Ancestor
- From where came
the first human?

Africal

Asiats Europeans Australians Africans

=|s Anna Anderson the tsar's daughter Anastasia?

No! 91 106 324 337
Anna Anderson CCACCATGAATATTGC TAGTCAAATCCCTT
Carl Maucher (Grand nephew CCACCATGAATATTGC TAGTCAAATCCCTT
F. Schanzkowska)

Prince Philip (Grand nephew zar) TCACCATGAATATTGT CAGTCAAATCCCTC

- Are the neanderthals the

ancestors of the humans?
\U J
No! Separate Species Mode?n{Humans Neanderthals

Bioinformatics 1: Biology, Sequences, Phylogenetics



o[58 f§a:

END

Bioinformatics 1: Biology, Sequences, Phylogenetics




	Klausur
	Contents
	Motivation
	Motivation
	Motivation
	Motivation
	Molecular Phylogenies
	Molecular Phylogenies
	Molecular Phylogenies
	Methods
	Methods
	Maximum Parsimony
	Tree Length
	Tree Length
	Tree Length
	Tree Length
	Tree Search
	Tree Search
	Tree Search
	Tree Search
	Tree Search
	Weighted Parsimony / Bootstrapping
	Inconsistency of Maximum Parsimony
	Inconsistency of Maximum Parsimony
	Distance-based Methods
	UPGMA
	UPGMA
	Least Squares
	Least Squares
	Minimum Evolution
	Neighbor Joining
	Neighbor Joining
	Neighbor Joining
	Neighbor Joining
	Neighbor Joining
	Neighbor Joining
	Neighbor Joining
	Neighbor Joining
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Distance Measures
	Maximum Likelihood Methods
	Maximum Likelihood Methods
	Maximum Likelihood Methods
	Maximum Likelihood Methods
	Maximum Likelihood Methods
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Examples
	Three Anwers

