r\ Phons ""’W«jl.:a.m
VPRl ChB o
it puSetin o o
1o prnbo~ WG
/9 F,b..,,__bw.aﬁ-_‘
W.—&WM

“I think” by Charles Darwin (1837) - One of the first evolutionary trees.
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™ A species, population, or
gene at one point in time...

...becomes a lineage as we follow
its descendants through time.

-

|

Node A split occurs when the

ancestral lineage divides into
two descendant lineages...

/

...and each lineage
continues to evolve
independently as
different traits
(represented by red
dots) arise.

The lineages
continue to
split, and a
phylogenetic
tree emerges.

¢ ™

-

b

Time

22.1 The Components of a Phylogenetic Tree Evolutionary
relationships among organisms can be represented in a treelike
diagram.

A
) The splits in branches are

called nodes and indicate a
division of one lineage into two.

Chimpanzee

Common

%
Ui
ancestor Gorilla A

Qrangutan
I 1 I
15 10 5 0

Past Time (millions of years ago) Present

The positions of the

nodes on the time scale

(if present) indicate the
times of the corresponding
speciation events.

Branches can be
rotated around any
node without changing
the meaning of the tree.

B)

Chimpanzee

Chimpanzee

Gorilla Gorilla

Orangutan Orangutan

22.2 How to Read a Phylogenetic Tree (A) Phylogenetic trees
can be produced with time scales, as shown here, or with no
indication of time. If no time scale is shown, then the trees are
only meant to depict the relative order of divergence events.

(B) Lineages can be rotated around a given node, so the vertical
order of taxa is largely arbitrary.

Sadav.al. (2012). "LIFE: The Science of Biology (10th edition)"
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> species are characterized by its paionl)

genome: A e 5
a “pag of genes “'-v;,“
» “Genes” evolve along a rooted tree /
with unique coloring C.'i".)
t: V0 5 M={e,M A} X
> "x"=gene loss /\ |
A B C D

m Gene duplication : an offspring has two

copies of a single gene of its ancestor #\f {E:}v

e Speciation : two offspring species [ M duplication

inherit the entire genome of their m\» A HGT

common ancestor
/ \.spematlon

A HGT :transfer of genes between
organisms in a manner other than *M w
traditional reproduction and across
different species

. All ‘omrasw( [ofnaiut)acwuke— s o \(mn" HY[DOTHESIS _/

‘ Ombj LL,O\V{A ¢9£ 4"&01 oL nowu & s l(mgw[‘(.drax.,
mnsd bt M.(,‘—O( {'w fl:m-(c_r +l,..¢_ V\MD(U{/:]\'V\'S {qus

‘I'\MM eie wolt on[/.:‘ wbownk CP‘{'M.M &UBL»—‘\\!M' bl olio QJ %UHA
o« sHw take on »ﬂm»bwa?v;.

human ape whale cow horse

TAXA:

AcCeT ALTT TelA TCCA AbaT

1R$w WELSH SweDSH  DANsH GERMAN



T ( V|E) | 7(/‘{,& (/ coml/LC,0£C0\/ 1 &CjCL’C

.

: ,&ojﬁ L(T) - Lofid of T
o nbrned vUR ua
()

T fooLf-a( :g Ot vyvuln fé\/ (s CC—“LJ "006

. 4 £
Unrooted %—4/\ rooted M
o 123

2 "t .
(F ot slaled ab‘({mulftj T (,L?A»W«c y Ae.

Mml@t"t‘,o( T &UUU [ wer V(ﬂ,(,;c Lc.s 91‘ -éLDu.S\L 0&7"(4.3
rootL A T A — " LJAA]D(U'CM

A\

V ve V\Ltt) ‘ O'Aﬂf‘fl- U ¢ 3 C’ruthcr@a'l"-él)
v Aoy LKG\G{'LZ 2 chilodvten [T'/C""éed)

T .{(,.[Ij o olvee! ("é’l'l/!c-f(j) ,"[




in vooted tree we heoe lfm«r\-x‘oi ov el <
o-flou-ﬁ UJ],——L'CUJ P

¢ \V) -C-._TW i( W [/;LS 0w um",-,lv-l- (QG-H
fvaw v o ¢

W
/\\/ (U:— w (305::79& ) | n L(m‘s ety

\Vi ah_sc,r,u-blw{' 0’1 w
W o cn kN 4 J

wrtle  veow i vew & vaxw.

/gGLCJ’ b o o-.u.c,f/;‘l"ﬂ—( /&&T— (Kﬂ) OJ« )(((jé V
|‘S AT - i dunaod \/4”.1—&% ‘]’{/\lﬁ-‘L cd AV'CM{-(LF

o Lokt ¥

Amﬂwoj )‘ﬁl?
~ /

( C&r (yjj



Depending on the application, phylogenetic trees may:
» Dbe rooted or unrooted
» have weighted or unweighted edges / vertices
» l|abeled vertices / edges
>

have bounded degree
(maximum nr of children of each internal node)

v

» Inference of the gene or species tree T is a classical problem of
molecular phylogenetics.

In practice it can only be solved approximately.

» Only leaves of tree corresponding to extant (currently “observable”) taxa
is available.

» Reconstructed trees do only provide a hypothesis about history!

There are (2n — 3)!! rooted trees (2n — 5)!! unrooted trees with n leaves
labeled from 1, ..., n.

(mt = 121" (m = 2k) = m(m = 2)(m = 4)- - .

n 3 4 5 6 10 20
Exmpl: unrooted | 1 3 15 105  2'027'025 2.22.10%°
rooted 3 15 105 945 34459425 8.20-107

Enumeration / exhaustive search is no option!

Aim: Assemble a tree representing a hypothesis about the evolutionary
history of a set of genes, species or other taxa.

Methods:

» Distance Based e.g.:

» Ultrametric Tree Reconstruction (UPGMA)
» Additive Tree Reconstruction (Neighbor-Joining)

» Character Based e.g.:

» Parsimony Methods (Fitch- and Sankoff Algorithm)
» Maximum Likelihood (not part here)

» Consensus Methods e.g.:
» Supertree from subtrees (BUILD)
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