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Outline

»What is phylogenetic tree: a historical perspective
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* One of the most famous tree: “I think” tree

I

Charles R. Darwin (1809-1882)
TR e HR L

Found in his notebook from 1837

TR ?
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[3] ADDITIONS. 463
TABLEAU
Servant & montrer lorigine des différens
animaux.
Vers. Infusoires.
: Polypes.
Radiaires.
" Insectes.

. Arachnides.
Annelides. Crastacés.
Cirrhipédes.

Mollusques
Poissons.
Reptiles.

Oiseaux.

Monotrémes.

M. Amphibies.

C M. Cét;cés.

M. Ongulés.

M. Ongniculés.
Cette série d'animaux commencant par denx

Jean-Baptiste Lamarck (1744-1829) Published in Philosophie
o # zoologique of 1809
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Monophyletischer Stambaum der
Organismen” (1866
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Ernst Haeckel (1834-1919)

N
v S e
E] /= I‘ Xy (3Mamme) | 1 Monophyletischer |
N Ji - ;@: 3N i e /" ';“'"""' Radix Moneres lMdmm‘bz\umIrOrgamsmen
‘ Tntetet insolag . |poommnutis| R stogonum e |
! Organismorum | Bt Ha Jorear. 1866, |
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“Probable evolutionary relationship of 0! Y 5 p ps ey e Comemporay
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some mammalian hemoglobin chains. man  man  mon  horse  coltle  coltle
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Molecular evolutionary clock
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CANDIDA, a4
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BE#E % Fitch-Margoliash

Fitch & Margoliash. Science 155, 279-284 (1967).
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2013 MEGA 6

2003 MrBayes
1996 Rannala & Yang — Bayesian method for phylogenetics

1994 Clustal W 1994 MEGA -
1987 Saitou & Nei — NJ method

1965 Dayhoff — Atlas of protein
sequence and structure

1997 PAML

1993 PAUP 3.1
1989 PHYLIP 3.2

1970 Needleman-Wunsch Algorithm
1967 Fitch & Margoliash — First molecular phylogenetic tree

1965 Zuckerkand| & Pauling — Molecular clock

’

q
+ 1837 Darwin’s “I think” tree
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Outline

»Why do we reconstruct trees?
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A EEERGELEN?

e Case 1
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56— Utricularia australis
o3 f_— Utricularia vulgaris
29 Utricularia minor

I — Jtricularia intermedia

I Utricularia aurea

- [tricularia gibba Mexico

100 E Utricularia gibba
65 Sample

0.005
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e Case 2
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Outline

» ABCs of molecular phylogenetics
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« 2245 % B (Phylogeny):

ZJS

A S 5 FIEIEOSE AL %

« 2% % F = (Phylogenetics): FllFH&ZFMHEAK,
ﬂ’F@L?ﬁk"_WﬁﬁﬁiiL%?E’J%ﬂ

« 73 F &% &% = (Molecular phylogenetics)

’%%Zi__?l‘i\]‘(Phylogenetic tree): RGEEAE NI

Rz “El&gtbkam”
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Introduction to Phylogenetic Tree

* Terms
e Rooted tree vs. Unrooted tree
* Cladogram vs. Phylogram

e Scaled tree vs. Unscaled tree

* Gene tree vs. Species tree
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Operational taxonomic unit

Leaves/Terminal node (taxa)/OTUs M/ imER TS S/ E DL HE T
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Sister group/taxa
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ARG vs. X F

— IR 2 XA — N RINE

=
Phylogram Z& % # > Cladogram 3z & &
Display only topology
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HBATURTR 99 HBATURTR
HBA MOUSE HBA MOUSE
HBA CHICK HBA CHICK
HBA DRYCE 41 HBA DRYCE

HBA1 XENLA HBA1 XENLA
HBA CARAU 49 HBA CARAU

T Scaled bar

Scaled tree ¥rE Unscaled tree JE#RE
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TCARBY vs. BIRK

FEAR

Unrooted tree
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EER vs. 150k

“Homologin”

RS
Species tree \’
EFREE

= ESp )
Gene tree

Time

EREERX

HA HB HC

Homologin A Homologin B Homologin C

@ ® @
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Outline

» Methods in phylogenetic reconstruction
@ HIEEE Data sets % -

&€ FHLEXT Alignment

/)
@ Phylogenetic analysis % V)
‘ |
|
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* Well begun is half done. — @
* Sometimes things don’t go well. O
* If NGB was ignored... -
e
|
100 . Gamma 100  Gammat1 1 e
65 amma
o o L — @
Bet —
o 100 laslta 99 100 ;e:a -l
L Zeta Mu e
|— ni_poAee g j;:; Expected
Myoglobin 95 Theta
73 Cytoglobin Cytoglobin
Neuroglobin Myoglobin

iy

AT BEIRIRESERVHLE
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Amino acid

* More possible
character states (20)

* Alignment is easier
* More conserved

* No preferential codon
usage

Nucleotide
e 4 character states

* More characters -
better resolution

* Evolutionary rate is
rapid

* Depicts synonymous
and nonsynonymous
substitutions
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T. S. Sun, 2012.

Alignment

Alignment may be the most critical step because it establishes positional correspondence in
evolution.

* What can you do?

(DManual editing: correcting mismatching of key cofactor residues and
residues of similar physicochemical properties

@Full alignment or parts of it (domain only)

(3Remove ambiguously aligned regions(subjective process)
(@Automatic approach: Rascal, NorMD and Gblocks

(®Statistical models to correct homoplasy

B)Using a y correction factor to correct site-dependent rate variation

* Choosing substitution models
(DNucleotide: Juke-Cantor Model and Kimura Model
2)Protein: PAM or JTT amino acid substitution matrix

% Copyright © 2015 Applied Bioinformatics Course, All Rights Reserved
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e
» Distance-matrix methods B ESIRfE X
€ UPGMA
& Neighbor-joining method

€ Minimum evolution method
» Maximum parsimony method s RAE LA
» Maximum likelihood method B ARILIRE
»Bayesian inference of phlegeny?mﬂtﬁﬁ%z}E
&5 HERTE
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parsimony
distance
likelihood
bayes
misc

ooooE

“mega
paup
treefinder
raxml
phyml
paup
\garli

o*w

mrbayes
I 1000 papers
beast
I T T T T T 1
1980 1985 1990 1995 2000 2005 2010
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’%égiii DR E
E
> Dis?cance-matrix methods

& Neighbor-joining method %B#£%
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IEEEMA? BEATHE?

ELESEEHE—XFIEHER (RFEER) BRYBNE

sco_» HEBENEEEEEEERENRERAE ——
sro_- NEBEBHEBEEEENEEEERAT i T ——
zo_ RENERERRARNERERRRRAN No. of difference e 7 o

seo_o AEAEAREBABEBREARERAE — T

sco_+ NEBEBNENEREENERRERE — T
seo_- AEBGANEBAARBANBAEAAE — =T T

IEIL.\TE%FL‘.Z y Eljlbgg?ﬁ'qz;% o
SEQ_anc. ACGCATCGAGTGATGATAGT

s N

ACGCATCGAGTGATGATAGT ACGCATCGAGTGATGATAGT
T A C A A G C A A
G T

l l

SEQ_C ACGCATTGAATGATGATAAT SEQ_ D ACACATTGAGTGATAATAAT
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i

@ Protein-coding nuclectide sequence data?
k- >

e [me )

If yes...

No. of differences
p-distance
Jukes-Cantor Model
Tajima-Nei Model
Kimura 2-Parameter Model
Tamura 3-Parameter Model
Tamura-Nei Model
Log-Det Method
Maximum Composite
Likelihood Model

Orplions Summary |

Option | Selection |
Analysis Phylogeny Reconstruction

Scope &ll Selected Taxa

Statistical Method

Phylogeny Test
Test of Phylogeny

Substitution Model

Substitutions Type

Model/Mathad

Substitutions to Include
Rates and Patterns
Rates among Sites
Gamma Parameler
Pattern among Lineages
Data Subset to Use

Gaps/Missing Dats Trestment

Select Codon Positions

Neighbor-joining

Maone

Nuclectide

Maxcimumn Composite Likelihood
d: Transitions + Transversions
Gamima Distributed [(G)

o

Same (Homogeneous)

Complete deletion

[W]1st [¥]znd [F]3rd [¥]Noncoding Sites

[ o compute] | 3 concel |

'\
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c T O:> Rjii

Jukes-Cantor Model

A ¢ G
o o o o
C T
B G R

—_3 _ 4
d= 4ln(l ; p)
p BEFZEHER N R HIEE S

Kimura 2-Parameter Model

ik
d=—~In(1— 2P — Q) —In(1 — 2Q)
P ¥ Q 9 B S E R FBRESAR
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TABLE 3.1 Models of nucleotide substitution

O\5° A T C G
a. Two-parameter model (Kimura 1980)

A 1-a-2p B B o

T B 1—o-2f8 o B

C B o 1—o—-2p3 B

G «a B B 1-a-2f
b. Four-parameter model (Blaisdell 1985)

A 1—o-2y Y b4 o

T o 1—o—26 [o1 é

[ o B 1-f4-26 )

G B Y Y 1-B-2y
¢. Six-parameter model (Kimura 1981a)

A 1-2a—y Y [od (]

T d 1206 @ o

C B B 1-2f—-¢ £

G B B S 126
d. Nine-parameter model

A 1-giBi—8ch—8con  giP 8ch St

f ¢ gab 1=gaPi—gcon—gcr ctrz Sch

C  gan 8100 1-gAY—8100—8cB>  8cbP»

G g g 8cB: 1-gao—g1%:—8ch:
e. General model

A 1= —o—0ny 24} Oty Oy

T 0y 1=0ty=0tr3—0t, (2553 04

C Oy (£55] 1=0t3=0—003y Uy

G Oy Oy Oy3 1=y —0tp—0y;

0, Original nucleotide; S, substitute nucleotide.
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PIRYFATMN SR AT LUBE T

8 L3 B R T -

4 ®[1,2] [56] [7, 8

® [1-2, 3]

e [1-2-3, 4]

¢ [5-6, 7-8]

8 N — 2 = 6 pairs of neighbors
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. ETEMERE
VB:J:?C /f El’] /f T S 24T

seo_» EHCNEEEREEEAREEEAAE
seo_» AEBEEEEEEEEEAEEEEAAE . s;ff =TT
seo_c AEHOARERAAREARBATAAE = o,
ceo o BEAGREBRARSBMGARGREE " a0 5 o
seo_- AEBCBEEBEEERAREREARE BEE Goe 1 4 o s
seo_- AEHOAEEEAAEEARBAGARE — T T
BIEHXSTHE N=6 y

. o - r, = 2 dy
PIEER(FERIEIERRESIEMEM, MARE k=1
j:§1§%EEI%%EI-‘E)kEHﬂBﬁ/I\OTUS%E_EO Mlj — (N = 2)dlj = rl = I’J

feeg a=3+7+8+1+6= 25 M; SEQ_A SEQ_B SEQ_C SEQ_D SEQ_E

- SEQ_ B -38
fseqp=3+6+7+2+7=25 _ SEQC -20 -24
_ _ SEQ D -22 -26 -40
lseq c = 23 lseq o = 29 SEQE 42 38 20 22
rSEQ £ = 21 rSEQ e 23 SEQ_F -24 -20 42 -36 -24
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PEEENEZE

M, SEQ_A SEQ_B SEQ_C SEQ_D SEQ_E
SEQ B -38

SEQ.C -20 -24

SEQ D -22 26 -40

SEQE -42 -38 20 -22
SEQF -24 -20 -42 -36 -24

dij SEQ_A SEQ_B SEQ_C SEQ_D SEQ_E

SEQ B 3

SEQ_C 6

SEQ. D 8 7 3

SEQE 1 2 6 7

SEQ_F 6 7 1 4 5

M= “uilJ:T%,mk (B&TiF0)) BOBEES

dy, = > (dik + dy - dj)

MEEFE A 25715 A D)

PLEMAB R KHE, MRBAEFRTIA “48E”
FE— 1T Ru, EamiE “4BE” ifMji—

PMAERT A, 4”*F1‘I‘%U§'Jlfnu§lhﬁ’]ﬁi'ikf

@—:c e----@Q—@——oc

D F D

o

Siu = 2(N 2)

Sju = djj - Siy

[(N - 2)d; + 1, - 1]

" SseQ AU T 26— 2)[(6 2)X1+25-21] =

Sseg eu=1-1=0 ,—1 SEQ_A
Tseq E
d; U SEQ B SEQ C SEQ_D
SEQ B 2
SEQ C 6 6
SEQ D 7 7 3
SEQ F 5 7 1 4
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d;
SEQ_B
SEQ_C
SEQ_D

SEQ_F

Syu =

E O--O—Q@ C

F D

N
U SEQ_B SEQ_C SEQ_D _ d M; U SEQ_B SEQ_C SEQ_D
2 r, = ik SEQ B -36
6 6 k=1 SEQ C -18 -20
7 7 3 |\/|ij — (|\| -9 dij - T - rj SEQ D -20 -22 -28
5 7 1 4 SEQ F -22 -18 -30 -26
2(5- 2)[(5 2)x2+20-22] =067 0.75 —L— seq_A
U’ M| SEQ E
S o =2-0.67=1.33 L seq B
SEQ_B-U 1.25
BEE A IREERRERNEAL.
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SEQ E
SEQ B
SEQD
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Phylogenetic methods

A\

» Maximum parsimony method A

2
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4%%['1 Eq:%'ﬂ-E 1 OOO :\i;gnolia Amoeba (t/:)moeba Magnolia (Chlmp
B MIMES - >_<

KSR 100 > < —

Chimp Human

Magnolia

Amoeba
Number of evolutionary events

I Characters shared by all 4 spec:es

1000

1000 1000

Characters unique to each of the 4 species 40 40 40
Characters shared by chimps and humans 200 200 100
- 7 o 740 1240 1140
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Test of Phylogeny

» Distance-matrix methods
€ UPGMA
& Neighbor-joining method
€ Minimum evolution method Bootstrap

» Maximum parsimony method
» Maximum likelihood method
»Bayesian inference of phylogeny | Posterior probability
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Principle of Bootstrap
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Phylogenetic methods

» Distance-matrix methods
€ UPGMA
& Neighbor-joining method
€ Minimum evolution method

» Maximum parsimony method

» Maximum likelihood method A

» Bayesian inference of phylogeny g
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—
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Brockington et al. Mol. Biol. Evol. 30, 526-540 (2012).

CVO093879.1 (Vitis aﬁurﬁeworthu} MIXTA
T0/69 100/78 AY464054.1 [GhMYB25] (Gossypium hirsutum) [l

! HMI13408.1 [GrMYB25-like| (Gossy mm rmmoﬂdu}.
85/61 Glyma02g12260. 1 cme max)
100/95 100/96 Medtr4g112 E{l | (Medicago truncatula)
. w: a20a04240.1 (Glycine max)
o lyma07g35560.1 (Glycine max)
AB292243.1 (Humulus lupulus)
1004100 POPTRO008s08870.1 (Populus trichopoda)

100/99 POPTRO010s17300.1 { Populus trichopoda)

20055 = L XM002529112.1 (Ricinus communis)
— L_100/98 r cassavaiBll.ml (Manihot esculenta)

cassava20416.m1 (Manihot esculenta)
100/100 | FGA9R228.1 (Actinidia chinensis)
L FG510091.1 (Actinidia deliciosa)
CI742067.1 ( omoea nil)
100/ 100 I GES541258, lp(Bamadeua spinosa)
L DWO059109.1 (Lactuca saligna)

100176 FG639896.1 (Nicotiana tabacum)
100/100 e AMEB33295.1 (Nicotiana tabacum)
100/100 SeMYBMX (Solanum elaeagnifolium)
83/76 PUT-161a (Solanum lycopersicum)
GR131722 (Mimulus guttatus)
98/93 LvML1 (Linaria vilgaris)

ApML1 (Asarma r::-cumbms)
MsML1 (Maurandya scandens)
100 fs-ll ——SeML1 (Sairopcarpus coulterianum)

MoML1 (Misopates orontium)
gg.ﬁ. lwi}]%?l — AJUHEEQE IXTAL] (Antirrhinum majus) [l
(Kickxia elatine)
60/51 ll]l]a']{.}[l X79108.1 [MIXTA] (Antirrhinum majus) Bl
M:Scl‘v[x (Sairepcarpus coulterianum)
100/97 MoMX (Misopates orontium)

10096 CmMX (Cymbalaria muralis)
AbMx (Anuw}rinum bellidifolium)
MsMX (Mauranafwa scandens)

1\-& MX (Asarina procumbens)
Ms {Maurandya scandens)

95/87
60/ 61
K374

Numbers next to nodes are Bayesian Posterior probabilities (in bold) and

ML BS support values from 100 replicates.
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Scaduto et al. PNAS 50, 21242-21247 (2010).
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THE END
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