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Announcements:

Next week’s lecture and exercise are cancelled
New office hours: Thursdays 14:00-15:00
Submissions

Late submission

Exercise No.2

Question 4
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Homozygotic selection - it is advantageous not to be heterozygous

AA Aa aa
Wi Wi, W3
Weights 1+s 1 1+s

Aq _ pq[ p(le _ W11) + Q(sz _ le)]

P*W,, + 2 PaW, +q°W,,
pas(q—p)
A =
71 p’s+q°s

If s is small denominator can be approximated to be 1

Aq = pags(q—p)

Exercise No.3
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Problem 1: Warm-up. What’s wrong with the
following sentence “Proteins A and B are 90%
homologous”?

Problem 2:

Ancestral gene Duplication
/ Speciation

HA HE MA MBI MEB2 FA - RE1  RB2
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Orthologs arise by speciation

Sequence in ancestral
GGCCACTTTCGCGATCA “— | Organism

Speciation event

ACCGGCCACCTTCGCGATCG

\ / ATAGGGCAGTCTCGCGATTA

Orthologous sequences

Modern species A

Modern species B

Orthologs are “evolutionary counterparts” — Koonin (2001)

Paralogs arise by duplications

Duplication event

Sequence in ancestral

ATCGGCCACTTTCGCGATCA ‘ Organism

D

D

ACCGGCCACCTTCGCGATCG /é),\ / \ATAGGGCAGTCTCGCGATTA

Paralogous sequences

Modern duplicate A

Modern duplicate B




pu Which are all co-orthologous to the yeast gene

Speciation fungi-

Sonnhammer & Koonin (2002) TIGs 18 619-220

An evolutionary tale...
Fungal
Yaast
Ha1
{' HAZ  Human
.............................. HAS
A TDupIication of Ain human
Wai
Waorm
Waz
TDupIication of A'in worm
Animal HE Human
B
WB  Worm
' k &
Speciation worm-human
Duplication in animal ancestor to A& and B forms
Speciation fungi—animals
Sonnhammer & Koonin (2002) TIGs 18 619-220
Evolutionary Relationships
Fungal
* Yeast
Fird
[' HA2  Human
.............................. HAS
A
WA1
Waorm
Waz
Animal HE Human
1S
B
WB  Worm
k A &

The yeast gene is orthologous to all worm and human genes,
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Evolutionary Relationships

Fungal

Animal

A A A

Speciation worm—human

L WA¥*
Speciation fung set

Sonnhammer & Koonin (2002) TIGs 18 619-220

HA1

HAaz

HA3

Wa1

Waz

HB

we

Yeast

Human

Worm

Human

Waorm

D1 all genes in the HA* set are co-orthologous to all genes in the

Evolutionary Relationships

Fungal

speciation duplication

Animal

A " A

Speciation worm-human

HA1
HAZ
HA3
W1

Waz

HB

WB

Yaast

Human

Worm

Human

Waorm

Di The genes HA* are hence ‘inparalogs’ to each other when

. comparing human to worm.
Speciation fung

Sonnhammer & Koonin (2002) TIGs 18 619-220
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Evolutionary Relationships
Fungal
Yeast
speciation Y
{' HA2  Human
dUplICatIOn .............................. HAQ
A
) Wa1
Worm
Waz
Animal HB Human
B
WB Worm
A A i
Speciation worm—human
D1 By contrast, the genes HB and HA* are ‘outparalogs’ when
Speciation fung comparing human with worm
Sonnhammer & Koonin (2002) TIGs 18 619-220

Evolutionary Relationships
speciation
Fungal
= Yaast
HA1
duplication [ HAZ  Human
.............................. HA3
A
< Wa1
Waorm
Waz
Animal HE Human
B
WB  Werm
k k &
HB and HA*, and WB and WA* are inparalogs when comparing with
yeast, because the animal—yeast split pre-dates the HA*—HB
duplication
Speciation
Sonnhammer & Koonin (2002) TIGs 18 619-220




Testing the Molecular Clock

Problem 3:

- MEGA

Molecular Evolutionary Genetics Analysis

http://www.megasoftware.net/

Recommendation: Download this free software and learn to use it!

Problem 3: Correcting for multiple hits

For this problem, you will need to download MEGAA4: http://www.megasoftware.net/ and open the
Drosophila_Adh.meg file (this is the Adh region for 11 flies).
Here is a tree of relationships among the flies (we learn what this means in the 51 lecture).

D afrodsuacta
D hatgiondesia

D ad

5 alhaeliata
D erinsala

D mudkaii

5 _Lisk o o e

D, prieeschy ol ged ki

Calculate the sequence distance between the D. melanogaster and D. pseudoobscura according to:
1. The fraction of bases different between them

2. The Jukes-Cantor corrected distance

Also, explain why the Jukes-Cantor distance is higher or lower.
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http://www.megasoftware.net/

Taxrelon
Actane o

Sequence Data

dug NEC A x5 oy i
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A sequence mutating at random

Back sthstitution

Multipljié‘

Substitutiol
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Simulating a changing sequence

1) Begin with a DNA sequence of 10,000 basepairs.

2) Pick one basepair at random and substitute it to another basepair.
3) Repeat 10,000 times.

LLL

UL

20}

=

10 AKn 3 ﬂ.'l.!.l ) S0 L] ] L] ELLi]
Substitutions

Jukes-Cantor model

(04

>
Q)

r

(@]
—

r'y

a

In this simulation we assumed that all changes occur at equal probabilities
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Sequence Distancex10,000

10000

2000 The correction increases linearly with the
accumulated mutations

S000-

U4

N0

D

Number of identities
Jukes-Cantor correction

000-

10004

) 1000 a0 a0 4000 S0 =00 e L1 2000 a0 10000
Substitutions

Problem 4: Relative rate test.

Again, use MEGA4 to answer the following question: Can you rule out the molecular
clock in the Adh sequences of D. melanogaster and D. pseudoobscura since their
divergence with S. lebanonensis? Hint: After opening the same file as in Problem 3:
In the “Phylogeny” tab, Select “Relative rate tests”->"Tajima’s test”

D alfnadsguscta

O htaqsirara

5 abawliata

D ek
D mulkani

B lelanonensis

0. mivlaragastar

D pricnschaolises ura
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Tajima’s relative rate test

3 Tree [aplover

M drage  Sdties Vew Coguts b
Béx 8 & =4
{2

n 7 Paguwes bomhandus
aC g
f Paguus acadans
1“: _. — Elasochirus tenuimaeus
= Labsdochirus sglencescens
Lahades asquisping

— Panakthodes camtzchatica

&=

e —— Pagurus policans NE)
ﬁ Pagurus policans (GU)
. { { aguros longicapus (NE)

a losgicarsns (CI0

1 { Clbansous witaus

Coembra sp

Ate

e saleg

Sl o ) RIS

The same number of lineage specific mutations are expected to have occurred in both

lineages

Tajima (1993) Genetics 135: 599-607

Tajima’s relative rate test

Clibanarius vittatuz AATGAATGGET TGEGACGAAAAALCACACTGTTT

Coenobita zp. TATGAAAGGTCGAACGAGTIGATAGACTGTCLCT

Pagurus acadianuz: AATGAAAGGT TGGACAAAGTATCATCTGTTT
ms.:

i

ne o,

N

AL

m; =My = Naga+ Naca + Nara + Ngas * Necs + Nate

* Neact Neget Nere + Nyar + Nyt + Nyer

m, = EMy; = Nage + Nace + Narr + Neaa + Nace * Narr

* Nean* Nege + Nerr * Nraa + Nyga + Nrec

E(m,) = E(m,)
Y2 = (m1'm2)2/(m1+m2)

Tajima (1993) Genetics 135: 599-607
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Tajima’s relative rate test

':_' Toxd File [ diter and Farmsat Canverter
B Lt Sewch Deglyy Labes

ZH8 ol | = | g/l2t] 4
Laema) loet |

Computaszion 1| Tajima's relative rate test
Gaga/Miazing data : Cowplets Delstion
Mece : Woclwotides |
Data Info : (Al1)

Changes constdered ¢ AlLL

Sequence A t Clibesarius vitcatus
Sequence B | Cosnobits =p

Sequance © 1 Fagurye soedianus

Test t 1 Pooted on Jeg ©

Ne. tex

3_211 % 271 (adentical 3ited in all ihces sequences)

n ik = L (divergent sizes 1o all chrse sagqueides)

¥ 313 = 30 (umique differenoes in Seqh

®» 311 = 35 (umique differences in SeqD

M 113 = 44 (umique diffecences in Jeqgl

Chi-pquases 0.02 with 1 dagzes of fraedom (p=0.0%9¢)
BN rthed [

/

P is not significant
so we cannot rule
out the molecular
clock

E(m,) = E(m),)

%2 = (my-m;)? /(my+m,)

x? = (30-29)%/(30+29) = 0.0169

Table. Results from the Tajima test for 3 Sequences [1].

Configuration Count

Identical sites in all three sequences 549
(my;)

Divergent sites in all three sequences 14
(muk)

Unique differences in Sequence A (m;;) 143
Unique differences in Sequence B (m;;) 32
Unique differences in Sequence C (m;;) 24

Note: The equality of evolutionary rate between D. melanogaster and S.
albovittata is tested using D. crassifemur as an outgroup in Tajima' relative rate
test in MEGA4 [1, 2]. The x? test statistic was 70.41 (P = 0.00000 with 1 degree[s]
of freedom). P-value less than 0.05 is often used to reject the null hypothesis of

equal rates between lineages.
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