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“Natural selection is daily, hourly, scrutinising the slightest
variations, rejecting those that are bad, preserving and
adding up all those that are good. ”

- The Origin of Species
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signal peptide B chain
MALWTRLRPLLALLALWEPPEPARAFVIOHL ! LVCGERGFFYTPKA
MALWTRLVPLLALLALWAPAPAHAF VI GERGFFYTPEKA
MALWTRLLPLLALLALWAPAPAQAF VI . GERGFFYTPEA
MALWMRLLPLLALLALWGPDPARAF VI IHL ! - GERGFFYTPKT
MALWMRLLPLLVLLALWGPDPASAF VI
MALWMRLLPLLALLALWAPAPTRAF VI IHL ! YTPKA
MALWMRFLPLLALLVLWEPKPAQAFVEIHL! 01 X 10'9 YTPES
MALLVHFLPLLALLALWEPKPTOAFVE( YTPKS
MASLAALLPLLALLVLCRLDPAQAF VI - GERGFFYTPKS
) GERGFFYTPEA
) GERGFFYTPKT
MALWIRSLPLLALLVFSGPGTSYALANOHLCI GERGFFYSPEA

C peptide i: i A chain

RREVEGPQVGALELAGEPG GPPQEKRGIV
RREVEGPQVGALELAGEPG GPEQKERZIV
RREAENPQAGAVELG
RREAEDLOQVGOVEL

chimpanzes RREAEDLOVEQVEL

dog GLOPLALEGALQKRGIV
RREVEDPOVEOLELGGEPEAGDLOTLALEVAROKR ATV
RREVEDPQVECOLELGGSP - - GDLOTLALEVARQKR IV

— M ]
CHNTCSLYQLENYCN

Number of nucleotide substitutions/site/year
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4t & 8 (phylogeny)

phylogeny is the inference of evolutionary relationships.

KRARKBW: N —HLhBEAR R, YMsE) 1 INETipL

pattern and timing of evolutionary branching events (“evolutionary tree”)
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Dickerson
(1971)
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Millions of years since divergence
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Tree of Life: 16/18S rRNA

erium
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um. \/ 3
> i@ (Eubacteria) it 1
Clostridium ]

> llE (Archaebacteria)

> BfZ%EY) (Eukaryotes)
(Woese and Fox, 1977)

EUBACTERIA ARCHAEA

0.1 changes / site
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1968F, H Aif%52 K AA# 4 (Motoo Kimura)#2 i T o -F 34k
FREFH, W RLAE ARERFFHARE T PR
“The theory states that most evolutionary changes at the molecular level

are caused by of selectively neutral nucleotide
substitutions.”

e FE/ANEURREEE, JRDIUR AT BRI, A TR
1M & AR, ﬁ%*%%ﬂu@ﬁﬂ? (genetic drlft)
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(purifying selection)

« 1EEFE (Positive selection)

o IRAEEAR(Genetic drift)

Competing Models of Molecular Evolution

For 50 years, biologists have argued about whether genome evolution

depends more on natural selection or on genetic drift (from random

sampling during reproduction). Selection affects the frequency of harmful
or beneficial mutations, but mutations with neutral consequences could

survive and dominate purely through chance.

J\Jﬁjﬁ:(Negatlve selection), &§§& g

Harmful mutation
such as the loss

of protective coloration

in squirrel coats

l

X Negative selection
reduces the number
of these mutants that
live to breed.

l

"

These mutants occur
less often in future
generations.

i\,

Beneficial mutation
such as antibiotic
resistance
in bacteria

l

\/ Positive selection

favors the survival

of these mutants
over others.

l

\ {2

These mutants occur
more often in future
generations.

Neutral mutation
with no effect
on organism
fitness

l

Random sampling
determines whether
mutations are
passed on.

!

or

Genetic drift: The mutation
rises or falls in frequency
through chance alone.



Outline

o DFIHHLRIEREL:

o HAI—EZ1A

o ARGt R EMHEETTIE

o MIEE T ERIH{IY
— IEfR B 2505875 A (bootstrapping)




*X:J[Z Phylogenetic tree
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branching order -
branch lengths are

Eukaryote 1 meaningless
Eukaryote 2

Eukaryote 3
Eukaryote 4 s
branch order and
branch lengths

Eukaryote 1
Eukaryote 2
Eukaryote 3
Eukaryote 4



TOARRR, AR, FhE

archaea

di)

eukaryote
archaea

FoAR#

archaea
eukaryote

eukaryote

eukaryote

ﬁl_gl\ 153 bacteria outgroup Il 2

;Eﬁiw *E archaea
archaea
archaea

eukaryote

Monophyletic group
(BIRAE)

eukaryote
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eukaryote

eukaryote
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5] :/7 2 & (Homolog) 3 3¢

o £ =[] (orthologs): [A]¥ i 22 Rl A& B 33 (7] e #H 20 L R gk Ak i = AR 1Y),
o 5% Z: ] (paralogs): [FJYF i3 K] 72 H T 2% BRI & 1) P2 A ).

(UL _E 58 XUJE E Fitch, W.M. (1970) Distinguishing homologous from analogous proteins. Syst.
Zool. 19, 99-113)

m— il Ancestral gene
Speciation

/ ‘ \ Gene duplication

Species 1 ii —

Species 2 ii am— i PARALOGS

ORTHOLOGS

BERFAEZREERGHAUNTIE, 55 RFABREEEES RETNRRN .
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o NZEH MR (human leukocyte antigen, HLA)Z A& 3= 24
ZHRMER SR (MHC) WERET=Y), RGN ERE
R ZE RS
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How to construct a tree: A simple example

A. Sequences C. Distance table

sequence A ACGUGTTGGGOGATGGGAAC 'S
sequence B ACGUGTTGGGLGACGGTAAT

sequence C  ACGCATTGAATGATGATAAT !
sequence D ACACATTGAGTGATAATAAT G

B. Distances between sequences, the number of steps
required to change one sequence into the other.

J— J— — —

Nag D. The assumed phylogenetic tree for the sequences A-D
Nac showing branch lengths. The sum of the branch lengths
Nap batween any two sequences on the trees has the same

N .
nEG value as the distance between the sequences.
BD

Nep C

o
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Z13(maximum parsimony, MP
T i) AR B2 (neighbor joining, NJ)
SRy% (maximum likelihood, ML)
#1875 (Bayesian inference, Bl)
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/vt (ME) Bi8: EFAEERRFMEIER, SRS ZKEHSK
IMEPRTIN. (Z2REE) (Edwards & Cavalli-Sforza,1963)

Saitou & Nei (1987): EE—MERMARIVELIRE, EMERZNE.

Masatoshi Nei (f2FH-1EF, 1931-2023)



S, = 11+12+17+24=64
[ ] 5S,=60 S.=61
S,=73 S.=96



S, = 11- (64+60) /3 =-30.3
[FIEETT15SAc Sap Sae
15 2050 %
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— Garbage in < garbage out

e Most phylogenetic methods work on Proteins and DNA

Sequences

— If your DNA seqguences are coding and have more than Identity . . .
« Compute the tree on the DNA multiple-sequence alignment

— If your DNA sequences are coding and have less than identity . . .

« Compute the tree on the protein multiple-sequence alignment



Sequences producing significant alignments:

. e - o PR DA
insulin-like growth factor Il isoform 1 preproprotein [Homo sapiens] ; _ NP . El"] H%Ll% %’E }J? ﬁ U

insulin-like growth factor Il isoform 2 [Homo sapiens]

insulin-like qrowth factor | isoform 2 precursor [Homo sapiens]

insulin [Homo sapiens]

BLASTH R, ik =/ ARV B R & B4 Genank: AARSST72.1

: A00R91T2 111

DEFINITION insulin [Homo sapiens].
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!I. homologene.txt - Motepad
File Edit Format
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Building the Right MSA

o MMM PR EE M PR EHSHIENZ)F
FIEEXT i  (Multiple Sequence Alignment, MSA)

eYour MSA should have as few gaps as possible.

— Adjust gap creation and extension penalties as needed to

optimize the alignment

RPLCAYMILWLNSAR EVAEEGGELWRGLEDAATAKQNYI

RAPSAFFVFHMGEFR AVOEAAGERWESLSEANELEGEYNH
#PERAMTSFMFFS5DFR ~IVEMSEAAGAAWEELGPAEEDEERYER
EPERPRSAYNIYVSESFQR- - ~ ROGELELVNEAWENLSPAEDDRIRYDHNEME

= - x: = = -
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qQuencer

Displ

0 mx:

Data

oo

Alignment Explorer (insulin_seq.m

Edit rch  Alignment eb eguencer Display

insulin_Hemo_sapiens
insulin prepropro
1zoform 2 YRERRVETHELVWEEVDSSPFOPQESESLPAQPPFAQPADD
ATPAESERRVETFFTVLPONFFRYPVEEFFRQYRTE
erowt Y CARPAESERDVETPFTVLPFDNFPRYPVEEFFRYDTE

owtliM -PLEFARSARSVEARREHTONPET




MX: Analysis Preferences

Option
AMALYSIS
Scope
Statistical Method

PHYLOGENY TEST

Test of Phylogeny . et M EGAm Q\E*@ *Xﬁj\‘i%%
Mo. of Bootstrap Replications ' E‘j E Z\j‘]iﬁ’/fj_: E %*ﬁ%\ ]

Construct/Test Minimum-Evolution Tr SUBSTITUTION MODE

Substitutions Type

Construct/Test UPGMA Tree... Model/Methad

Construct/Test Maximum Parsimony Substitutions to Include

Open Tree Session
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Fle Search Image Subtree View Compute Caption Help

BED YO £ EE

I Original Tree ‘ Bootstrap consensus tree

IE‘ MX: Tree Explorer: (insulin_seq.meg)

- AAARS1T2 1 insulin Homo sapiens

100 [ NP 000198.1 insulin preproprotein Homo sapiens
MNP 0010358351 insulin isoform 2 precursor Homo sapiens
MP 0011047541 insulin-like growth factor | isoform 2 precursor Homo sapiens

NP 000603.1 insulin-like growth factor Il isoform 1 preproprotein Homo sapiens

145

NP 001121070.1 insulin-like growth factor Il isaform 2 Homo

—

Evolutionary relationships of taxa
Th tionary history was inferred using the Meighbor-Joining method [1]. The optimal tree with the sum of branch length =

=3 E,
XK
BEE



Bootstrapping ( H &)

e  Bootstrapping f] LA 38 &N R RIS BE
e BootstrappingFL A< 2 5
1. MHSRIZ F5 eI A MRIRIHEE—5, faatER<ER
FTHIHES 51
. BEE FERNTIE, BRIZHEMAIIFS
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[R5 HES

Alpha AACAAC
Beta AACCCC
Gamma ACCAAC
Delta CCACCA
Epsilon CCAAAC

Bootstrapl
Alpha ACAAAC
Beta ACCCCC
Gamma ACAAAC
Delta CACCCA
Epsilon CAAAAC

Bootstrap2
Alpha AAAACC

Beta AACCCC

Gamma CCAACC
Delta CCCCAA
Epsilon CCAACC

Bootstrap3
Alpha ACAAAC

Beta ACCCCC
Gamma CCAAAC
Delta CACCCA
Epsilon CAAAAC



Bootstrapping & I

1Y IMSARS—ER D 5
LAIX—EB5y R E A T3

BEEN/XLE152 (N/910081000)

&L ENMEE)

TFENMYFREN RSB EN T R1HE
BREE, Bl/9BRE{E(bootstrap value)alszHFE(
B E%).

O s N

- BN RIBERERXNAISNZE, X

SRR ’ Iy 55 1007k FEFE A Bootstrapped Tree
KB A, 22 2 100K G (A HT 20 B3R A
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o« 15 MEGAW EHHT e i 5 5 P Bepk, W 4679 5 (Wu-Han-1). mIE2 7k
(B.1.351), MimiE(bat). 1L B (Pangolin) s ik 2 IS A 5l i it . i
PRI a5 R, AN EIEEIR R R 2 A 3 R R 2

o &N
v NCBIiknucleotideXi 4 /%, &% “SARS-COV-2+i 5tk N L
LR RS R TR ~Ngenbank#g 20, 4% ¢ CTRL+F ” ey ﬂ;/f gy | (1 EAVALZOSZ
e e [fEEE
R “Spike 7 B PISEHEKER (CDSFHMEXHED , T R i
> Ang Rue Na %‘V{ - 5;1(:23(;21 4
bk B e S
1500 HN2021A/B 7
v MEGAZ % &, A% p-distance, Gapsikpartial deletion,
’(\i/ltra7n89d/0n -1 19
Cutoff: 50%. S [

RaTG15 §
Rc-0319 12

300 200 100 0 years ago

httos://www.science.ora/content/article/hunt-new-viruses-bat-tranpina-scientist-hoones-prevent-future-nandemics
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