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Announcements:

1. Next week’s lecture and exercise are cancelled

2. New office hours: Thursdays 14:00-15:00

3. Submissions

4. Late submission

Exercise No.2

Question 4
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Homozygotic selection - it is advantageous not to be heterozygous
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If s is small denominator can be approximated to be 1
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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”?

Duplication

Speciation

Duplication

Speciation

Problem 2:
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Orthologs arise by speciation

ATCGGCCACTTTCGCGATCA

ATAGGGCAGTCTCGCGATTAACCGGCCACCTTCGCGATCG

Sequence in ancestral
Organism

Orthologous sequences

Speciation event

Modern species A Modern species B

Orthologs are “evolutionary counterparts” – Koonin (2001)

Paralogs arise by duplications

ATCGGCCACTTTCGCGATCA

ATAGGGCAGTCTCGCGATTAACCGGCCACCTTCGCGATCG

Sequence in ancestral
Organism

Paralogous sequences

Duplication event

Modern duplicate A Modern duplicate B
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An evolutionary tale…

Duplication of A in worm

Duplication of A in human

Sonnhammer & Koonin (2002) TIGs 18 619-220

The yeast gene is orthologous to all worm and human genes, 
which are all co-orthologous to the yeast gene

Evolutionary Relationships

Sonnhammer & Koonin (2002) TIGs 18 619-220
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all genes in the HA* set are co-orthologous to all genes in the 
WA* set

Evolutionary Relationships

Sonnhammer & Koonin (2002) TIGs 18 619-220

The genes HA* are hence ‘inparalogs’ to each other when 
comparing human to worm.

Evolutionary Relationships

Sonnhammer & Koonin (2002) TIGs 18 619-220

duplicationspeciation
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duplication

speciation

By contrast, the genes HB and HA* are ‘outparalogs’ when 
comparing human with worm

Evolutionary Relationships

Sonnhammer & Koonin (2002) TIGs 18 619-220

HB and HA*, and WB and WA* are inparalogs when comparing with 
yeast, because the animal–yeast split pre-dates the HA*–HB 
duplication

duplication

speciation

Evolutionary Relationships

Sonnhammer & Koonin (2002) TIGs 18 619-220
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http://www.megasoftware.net/

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

Testing the Molecular Clock

Problem 3:

Problem 3: Correcting for multiple hits

For this problem, you will need to download MEGA4: 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 5th lecture).

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.

http://www.megasoftware.net/
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Multiple hitsBack substitution Substitution

A sequence mutating at random

21 changes but only 17 differences
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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.

Simulating a changing sequence

Due to mutations to the same sites, the 
sequence does not change linearly with the 
number of accumulated substitutions.

Substitutions

x1
0

,0
0

0
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TC




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



In this simulation we assumed that all changes occur at equal probabilities

Jukes-Cantor model
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Number of identities
Jukes-Cantor correction
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The Jukes-Cantor correction

The correction increases linearly with the 
accumulated mutations

Substitutions

x1
0

,0
0

0

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”
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Tajima’s relative rate test

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

Tajima (1993) Genetics 135: 599-607

mjij: = 5
mijj: = 2

E(m1) = E(m2)
2 = (m1-m2)2/(m1+m2)

Tajima’s relative rate test

m1 = mjij = nAGA + nACA + nATA + nGAG + nGCG + nGTG 

+ nCAC + nCGC + nCTC + nTAT + nTGT + nTCT 

m2 = mijj = nAGG + nACC + nATT + nGAA + nGCC + nGTT

+ nCAA + nCGG + nCTT + nTAA + nTGG + nTCC 

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

E(m1) = E(m2)
2 = (m1-m2)2 /(m1+m2)

2 = (30-29)2/(30+29) = 0.0169

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

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

Configuration Count

Identical sites in all three sequences 
(miii)

549

Divergent sites in all three sequences 
(mijk)

14

Unique differences in Sequence A (mijj) 143

Unique differences in Sequence B (miji) 32

Unique differences in Sequence C (miij) 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 χ2 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.


