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Basic concepts of phylogenetic tree
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How to construct a phylogenetic tree
RGRAER IR

Practical cases
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() Phylogeny R&EAR4E
R REZIEEHTEYER (BE. MK, FEE. Yff0fh ko) BORRRFE
HWx&R

‘(O Molecular phylogeny 9F&RFH AL
M RASMD FIERETENELAZ BRFEFTECRR, XRADFHEETER
DNAFIEEERFS, thBEEEEEND FEUE

(O Phylogenetics RFEEESF
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NRIBAGERNZERl,. RREAEFEERED K ET XS EEEYIFRRIE IR o fh i
TS, XMEEPRAFREBERZRIEEEIR, FLAUGEMR SR, X
MR ER M S KB T X R BRI BRIZFIRE,
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@CE iE?E Fossil records

» Available for certain species
« Limited by abundance, habitat
* Fragmentary and ambiguous

ﬁéﬂlﬁ?& Comparative morphology and comparative physiology

« Species with distant phylogenetic relationships may
have similar morphology or physiology phenotype

« Difficult to find comparable phenotype, especially
for distant species

c@»

Approach

7 UEFE Molecular approach: DNA or Protein sequences

I  Since 1980s
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- ALURBIBNEIRMYFREEiZ, ZiEAREBEBR, rRNA
FoLUH TR CEN R R EERE

- ALUREKREMNIK, WAEERATLURM32{2MZE
BRI R

- HUERMKEITFCREICTE (EAEKE)

- DFEIESZIE, L EMEEN o iiuib bR
EEWAE, D FRRRNENFFIEBATEREN, &
LAMBEIIX SRR BB R R RIRE. WRATENS
THEEERTTE

. FAESFHREMERTN A ERTFRESENTY 20tHZE80FLASKR, D FEIETUEREIASESFIE, RAE
RBEEEDHT BEEARREXRZNERLUE. P FRRZNAERRIIEHE

o RBHIERPRE, NWE— " 2ERENMNEFETER] FRESZFHEIEEINRERARERR, MEERFERSES
A2 ek, MBI SR TIRATORRRE.
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[RIRIE
SFFHIRREIR

Molecular sequences are homologous

R
AT FFINEREBRES IR

The differences among molecular sequences

XD FEHERNERRIK
R RN RIS
ISR AR,
FRSTEERRRES, X
R BRI AR

are in relationship with divergence time

REATL AN P
2l oAy g ez

Each position in a sequence evolved randomly
and independently
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«  $hHh&5H topology (43373 branch pattern)

T8 R ICE RGN L SCE Ol 43 SCHEFI AR X
frE . A R uEIER 3 SO XA A —Fh,
R e 7 R R n A 5. R R AT H 12
TE T A AT RE 1) 43 S 3K H 4 21 d 57 W0 I 5 408 1) — ol
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e rf% (branch)
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AP A

—B. C
YiFhA. B. C (f) 3L [ 3E.
LA A S — %

fHEk#E = & (sister-group relation ship, SGR)
YA R TTILREIHAE — NN =F A A eR, T
FRN— N HIRHAE . SCGRE RA K EMZ O KRR, SGREIS K

(cladogram)

H#E % %4 (ancestor-descendant relationship, ADR)
ZAG B MAR 2 R 15 R AR KO R, R T Ut e I 1 42k
LG, WEST A DR R A, T PR 4G

XTSI FE 5% & (relative recency of common ancestor)
MR % 5% & (geneological relationship) K& i)
J7iE A SE RIS ARSI B, B TATA 28 = AN 280, iR
PR B A LB R S A A S s, X A SRR A
e — DN RBE IR SR G R R

FEAH T AL R 22
Y R G REAN T o B TR LRI, AR R G S A o A
R TR ROk, PUEEE (ratogram) 7 TR,

73 BUFEACR &
i B30 0 SR R A IS TR IEME 2, AT BUR FH 2 I A1 7
AL T RGBT R 2 BT TE], DU
(chronogram) 7 2w
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A B C
Chick Mouse Frog' Frog  Mouse Chick
g g g
g

Gene duplicatio

FLH B L 2T A
Early globin gene

% FR BT

- BRI (monophyly)

A - HEEE G BiX IR FEH G e & i e N A
Ty RBICH AR, WA,

A monophyletic group is a taxon which forms a clade, meaning that it
consists of an ancestral species and all its descendants.

o JERFEH (paraphyly)

BA - IRFEMSEA R ITE e ai3ae, BIF RS 17 HH
HAERE sy (maE4Es) JEA8 ac

A paraphyletic group consists of all of the descendants of a common
ancestor minus one or more monophyletic groups. A paraphyletic
group is thus 'nearly' monophyletic

s  ZZFHE (polyphyly)

—RBEAP R, FE RGN o AL T AR A S B 7 3
., EZSEEEACAEATE O B A 3L R S, B

A polyphyletic group is characterized by convergent features or habits ;
the features by which the group is differentiated from others are not
inherited from a common ancestor.
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A M R R AR, BB ASE B A
IS, FREANTFVE (Homology) -
A

H AR I[FE H AR [
/—);\ / :
Chick Mouse Frog Frog Mouse Chick

Gene duplicatio

FHR I I 21 R A
Early globin gene

- HARI[FJE (orthology)
HARAREW AP (speciation) T #% X 43 JF
(separated) : #r— MR SCAEAE T HAP0F, 1)
TN T AR, IR e ) 3 R R LR R
Homologous sequences are orthologous if they are inferred to
be descended from the same ancestral sequence separated
by a speciation event: when a species diverges into two
separate species, the copies of a single gene in the two
resulting species are said to be orthologous.

« 55 &[FE (paralogy)

52 Z AR 1) 51 IR BRI il (gene duplication) T4 X 43 I
(separated) : FHADRPFIFEANEREYEEH 7, IB2HA

A 1 502 55 21 (R o

Homologous sequences are paralogous if they were created

by a duplication event within the genome. If this was a gene

duplication event: if a gene in an organism is duplicated to

occupy two different positions in the same genome, then the

two copies are paralogous.



\\\

ARG ARE

Phylogenetic Tree of Life
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Bos tauru
Equus caballus PER
Rousettus egyptiacus CHI
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PePV  Psttacus erithacus timneh PSI I 1
0.1 -

o Aye-aye { mJ

Fic, 2—ML tree of 53 phylogenetically representative PVes as inferred from a combined EI-E2-L1 amino acid sequence analysis (1082
parsimony-informative positions) justified by PHTS (table 2). All non-human PVes and 18 representative HPV types were used for analyses. PV genera —
(de Villiers et al. 2004) are indicated by Greek lettering, upper case lettering follow an altermative E1-E2 classification of Bravo and Alonso (2007) — Incomplete More copy- — Burst of segmental — Reduced
Higher order host taxa are abbreviated as follows: ART., Artiodactyla; CAR, Camivora: CET. Cetacea: CHI Chiroptera: LAG, Lagomorpha; PAS. lineage sorting number changes duplications Al insertions
Passeriformes: PER, Perissodactyla: PRI, Primates: PSI, Psittaciformes; ROD, Rodentia: and SIR. Sirenia. The supertaxa are colored blue (3+ ). ocher

H ! 4 (k4 phs v+ o), green (4 1+ B- and red (2+ o), respectively. Branch lengths are drawn to scale, with the scale bar indicating the number of === Many chromosomal == Expanded === Selection for twinning === Slow evolutionary
| r I W | r amino acid substitutions per site. Numbers on branches are bootstrap support values to clusters on the right of them (above: criteria = ML/Bayesian rearrangements MHC cluster and small body size rate |
I I I I I l H probabilities; below: criteria = MPAlistance: values under 50 are not shown).
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V2 ] Be I B A AN 43 S A
« TCHEAT Cunrooted tree) AR AT AR B

\\\\ ////’ —ERRGPHIEAEEROEAIENL o m e
WA, AR 1A, B %OUTZ ] “
d = _B)1/2n-3(n_-R)I
7 N AR, ks, g U CTOTnd)
TE— A g =g, A N AN AN
Outgroup AT A BEE R R 2R /%\ m /)>\
v o HIM (rooted tree) %\ %\ %\
IR RGR R — AT TENELRT N %N N
| AT 5, I SRR R AR, A
t
" A N I NN

(P AR AR ) Ah e S0 TRl 205210 Ng=(2n-3)1/202(n-2)!

JEURIF R A STBE A . BRI
pre‘éent |V—|_|-‘

-hI

ERGH ERTA MOUTH LA SE, —lH 3 15
MR B — A4 8 P AL T 10 o 10 2027025 34459425

50 2.84 X107 2.75X1078
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H

v Human
3 Lemur

— \’ Rat Mouse

Parrot
Outgroup is a sequence that is homologous to the

sequences under consideration, but separated from
those sequences at an early evolutionary time.

\Longest length /
Midpoint

HRREEIRAR Coutgroup rooting)
WEE (ingroup) :FITIE ST IR AN 7T B 43 2 T
SREE Coutgroup) HMEHEZ N EERIFIET), {H
SRR, A SR B R
HPRTEIRAR 2 B BTSSR Bl RO AR 77 7%,
HITE R R E B T EF MR R S A 1h . SCik
AT DL ZANINEEE, AT DU T S T RS 1
N EE RS JE ISR

O3 IR v/ A SRARYE (midpoint rooting)
¥ REM FIEA R KR AOUTH SR 1)
R
TR R B, P HILEAS [F I [A) FOAS [F) 52 2 1Y
AL E], )R SR B K 73 SR RS 43 B AR
I, 29 3 R 0 SO T SR AR

Heedrik: DU A RE R A AR VAL JF
PRFE DR MR R 55
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AR

R VS, SRARE &

o RFRER (unscaled tree)
BN XK EARIERRESL R =, HAEFR

AR L7 s AR AT AT 5 B TRD AR OGS

All branches in the tree are the same length. (only

topology)

o FREEM (scaled tree)

RGN LR SRR EEARER TR IRCIRAS 2 57 1) &=

Branches will be different lengths based on the
number of evolutionary changes or distance.
(branch length & topology)




RO 2B B AR vs. 4Fhi

. EEFH (gene tree) “:E;L’g'
e IR DNABER )57 /7 7144 422 1) 3R e b

YIFi# (species tree)
R IR MR B AL I R e \\‘
IR R 5 2 o
o BRI M LR R G 2
o EEIREEMIE. HEEEE. KT

PR

o SKEIS R (54 LK 45 (LI A T DT g e
YIRS ] .

o HEDRY AN R B 5 R R e A — B species ! species 2
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o IEFEIG I T HE

« Choosing molecular marker

o Z AN

» Performing multiple sequence alignment

o TfE M ITIA
» Determining a tree building method

o XT ARG I AT SEVEREAT PRPAS

» Assessing tree reliability




PR 24 01053 T K0,

 More conserved: 61 codons—20 AAs

» No different evolutionary rates
* No preferential codon usage
* More sensitive alignment

» (Gap doesn’t cause frameshift errors

The decision depends on the properties of the
sequences and the purposes of the study.

Generally, for studying very closed organisms,
nucleotide sequences can be used. While if the
phylogenetic relationships to be delineated are at the
deepest level using protein sequences makes more
sense.

ZBR Y|

Rapid evolutionary rates can be informative for
closely related sequences.

Depict synonymous and nonsynonymous

substitutions, revealing evidence of positive or
negative selection.

HE5E

Domain/Motif Vs. Full length
Coding Vs. Non-coding

Genomic Vs. Mitochondrial/ Chloroplastic DNA
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« Choosing substitution models 1Z&iZELIERY

Nucleotide: Juke-Cantor Model and Kimura Model

Protein: PAM or JTT amino acid substitution matrix

« Manual editing: correcting mismatching of key cofactor residues and residues of similar
physicochemical properties E&IETIEL RG4S

« Full alignment or parts of it (domain only) fRIBLESFE LIS B RH TR

« Remove ambiguously aligned regions(subjective process) filf&ET{E E{KAYELXT X 15



o IRIEFITA - 5 AR P L XTS5 R, 38 51 PR R 22 T ) 2 e R BEAL AR ) 4 £
LR AR B

&2 Neighbor-joining

MP o e KT 2PERRYE P 7 B 2 S L 25 5L, X A vl RE IR I 4R 4 S A AT 5
TPk th e 7 & AU D> K IS5 M i 0w, RIBESS A fe /b 1 22 B 2

B K 812075 (Maximum Parsimony) AR 22 3 UG H (R Bl 22 R o
ML o S KAPUSRVE LA — M8 I B A AL 0 i — 2 e 91 B 10 2 LN 45 51, ik

AT — € I AN LA AR B A, {3 FraRAS R — 3 b ai ) 1AL
I KASR T Maximum Likelihood IRFEINERR, BRIERR BRI TN AT e Em

o UL v bE e R ABUARVE Be R s B 2 1 ] {5 B A BB AR B AR 1 248 S ] AFE 2%
AN R DL v — AN R B B S50 0 A JE BN 2R 43 A1 F Gibbs #E A Al
MCMCM 5515 .

—ASRIH, MRERLGIE, MLASERRYF. XiasFy, BAERMP, EABNRIRERD,
MP—ig AAREIRZ S L, XEf—ARANJEML ISBIUERRAIFS, NJEEHIMLong-branch
attraction (LBA, KRS IBISR) , BRIFETHEHAMAIEE. WHERIZENXE, W=
AR D FIHARRERE, BRI AANMERIG AR, EOREML, ARRMP,
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Absolute number of references

Bayosian
GO0
S0
4000
Several methods
000
2000
Farsimony 1000
1]
EEfz2oirdopRgeggegggsggacsnzasg
r mEASsESAaan ARTEAREREREERERREERRERRER
off —fhylip  —PALP e P\ EIGS, s PRy — R m—T T
FESEES530 5 N EERERRERHEAE | T o BT e e

— JBCAERE PR AN R VA @ AR, AN SRS B AR SR 0L, &5 SR By Al &g .

http://phylobotanist.blogspot.co.uk/2016/04/the-popularity-of-phylogenetic-programs.html



(%) G I TT S VA 92475 (Boot strapping)

H 28 X Bt bR A1) b 18 i s A 22 IR BEAILEDURE , AR A IBURE R 0 mT LAAS 258 A TE I, A
A2 A AR — 5 i B S BURE R 1 20 BB Al 7271 55 B bootstrapfH «

Original data set Original
with 7 analysis, e.g.
characters. MNP, ML, NI y Cous
s
I L 1 it g4 = ] T i = L Y I Y S I SO Y TN o S b S -~ ]
Har c 4 o C 4 4 T & 4 T © T & T o C© o C 4§ &
Ber £ 8 6 & 8 6T &84T e TaTacea e o dl o
Trer T 4 4 < 4 4 <2 4 T & T & s T A& & 8 & T &
Eer T & & € G & T G A £ C &G 8 CT j" TT oG f=
Draw n characters AR 7 e SR Fepeat original analysis Daus
randomly with re- I o N e \\ on each of the pseudo-
placement . a F o

replicate data sets.

4
REPE.E[T_ M J2 2 2 & 3 1@ o & W W T 1 9w 17 o 14 1
. Awr d & & 4 & 4 T 4 & & T & 4 2 a8 T T [
tirmes . Bear G 04 A4 4 4 4 T 6 a6 & T & a & a T T o
Ceer g 4 & 4 4 T T & & & & T T T A C T [
Dwr s o 4 4 o T o o 4G 4G T T & € 8 ¢ i T

i paendo-replicates,
each with » characters.

[

= Cx O O™
Ch Cx O O3 =

[T

Evaluate the
results from the
manalyses. 4. Covs

75%

Bet,

Deus
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—— 0.005 substitutions/site

|||!||||"’I|||||u I”{:ﬂy”ﬂu“”qtu'l|u“||||| lf|'||||'”'l'mn

—+= JF

coyote

=~
-

We analyzed the genetic variation in 582
base pairs (bp) of mtDNA in 654 domestic
dogs from Europe, Asia, Africa, and Arctic
Amerlca and in 38 Eurasmn wolves (13 14)

Savolainen et. al Science 2002
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100 [ Greyfox
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Arctic fox

Kit fox
Corsac fox
Ruppell's fox
Red fox

Cape fox
Blanford's fox
Fennec fox
Raccoon dog
Bat-eared fox
Short-eared dog

'y |§ ‘; ‘

—
r*4

Crab-eating fox
Sechuran fox
Culpeo fox
Pampas fox

Chilla

Darwin's fox
Hoary fox

Maned wolf

Bush dog
Side-striped jackal

Dog

Grey wolf
Coyote
Ethiopian wolf
Dhole
African wild dog
Grey fox_
Island fox
Black bear
Giant panda
Northern elephant seal
Walrus

Lindblad-Toh et. al Nature 2005
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Nothing in Biology Makes Sense Except in the Light of Evolution
——Theodosius Dobzhansky
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