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Any questions?

• Blast
• Phylogenies
• Likelihood Ratio Tests

Based upon this BlastP result, is the query used homologous to lysin?

The current size of the NR protein database is 680,984,053 and the 
PDB is 3,816,875. 

Which should you use in a Blast search to have
the most sensitivity in detecting homologs with known
3D structures? Why?

BlastX translates a DNA sequence into the 6 reading frames and searches
each one against the protein NR database. BlastP takes a known translation
and searches against the protein NR database.

Do you expect both searches to have the identical E-value?
Why or why not? 

Analysis of variation in the dn/ds
ratio between sites or lineages

• Reading for today on website
– Review article of methods discussed today.

• Reading for Thursday on website
– Example of adaptive evolution using variation

between lineages.

 dN/dS  ratio (ω) estimated across all sites is
 inefficient at detecting positive selection 

1  MSLAVLTFLVLCGFSFQHQAVGKWLTAAQKHPISGRMIRIRTKE
2  MSLAVLTFLVLCGWSFQHQAVGKWLTLAQKHPISGKMIRIRTKE
3  MSLAVLTFLVLCGYSFQHQAVGKWLTSAQKHPISGHMIRIRTKE

e.g. 3/44 (6.8%) sites subjected to positive selection
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If functionally important regions are known, it is 
possible to analyze the regions separately

Major histocompatability complex (MHC)
 has an antigen recognition site
(ARS) and a structural region. 
The ARS binds foreign (i.e. viral)
peptides and is known to be 
subjected to positive selection

Bound Antigen
Antigen Recognition Site
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Synonymous changes
Nonsynonymous changes

This approach can work well if you 
know, a priori, where the functionally
important parts of the gene are located
(from functional or structural studies).

BUT, what if you don’t have a prior
functional or structural information?

PINK      CGC CAC CGC TTC CGT TTT ATT CCA CAT 
BLACK     --- CGC CGC TAT CAA TTT GTT CAA CAT 
RED       --- CGC AGC TGG CAT TAT GTT GAA CCC 
WHITE     --- CGC CGC TGG CAT TAT GTT CCA CCC 
PINTO     --- CGC AGC TGG ACT TAT GTT CAA CCC
FLAT      --- CGC CGC TGG AAT TTT GTT ACA CCC 
GREEN     --- CGC CGA TGG ACT TTT GTT CGA TAT 

What is you have sequences from multiple species?
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Maximum likelihood methods incorporate models of codon evolution / bias.

Transition
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Summed over all possible 61 codon ancestors for codon k

The likelihood of observing the data of a pair of species.

t, κ, ω estimated by MCMC. πi estimated from codon frequencies.

Pairwise comparisons

• Calculate dn/ds from data
• Determine if value is significantly > 1.

For pairwise comparisons, we must
determine if dN/dS is significantly

greater than 1

• Estimate dN/dS ratio for pairwise comparison.
• Estimate dN/dS ratio with dN/dS fixed at one.
• Compare likelihoods using likelihood ratio test.

Example pairwise estimates

H._sorenseni) ... 1 H._rufescens
lnL = -569.395789
t= 0.1390  S=   105.2  N=   260.8  dN/dS= 1.0000  dN= 0.0463  dS= 0.0463

H._sorenseni ... 1 H._rufescens
lnL = -567.039906  
t= 0.1406  S=   108.2  N=   257.8  dN/dS= 6.0570  dN= 0.0622  dS= 0.0103

Estimating the dn/ds ratio:

Fixing the dn/ds ratio equal to one:

Likelihood ratio test:



5

Example pairwise estimates

H._sorenseni) ... 1 H._rufescens
lnL = -569.395789
t= 0.1390  S=   105.2  N=   260.8  dN/dS= 1.0000  dN= 0.0463  dS= 0.0463

H._sorenseni ... 1 H._rufescens
lnL = -567.039906  
t= 0.1406  S=   108.2  N=   257.8  dN/dS= 6.0570  dN= 0.0622  dS= 0.0103

Estimating the dn/ds ratio:

Fixing the dn/ds ratio equal to one:

-2[-569.4 - (-567.0)] = 4.8Likelihood ratio test:
+ selection

Example pairwise estimates

H._walallensis ... 2 H._sorenseni
lnL = -568.604732
  
t= 0.1292  S=    95.2  N=   270.8  dN/dS= 1.2521  dN= 0.0454  dS= 0.0363

Estimating the dn/ds ratio:

Fixing the dn/ds ratio equal to one:
H._walallensis ... 2 H._sorenseni
lnL = -568.661120
 
t= 0.1292  S=    94.5  N=   271.5  dN/dS= 1.0000  dN= 0.0431  dS= 0.0431

Likelihood ratio test:

Example pairwise estimates

H._walallensis ... 2 H._sorenseni
lnL = -568.604732
  
t= 0.1292  S=    95.2  N=   270.8  dN/dS= 1.2521  dN= 0.0454  dS= 0.0363

Estimating the dn/ds ratio:

Fixing the dn/ds ratio equal to one:
H._walallensis ... 2 H._sorenseni
lnL = -568.661120
 
t= 0.1292  S=    94.5  N=   271.5  dN/dS= 1.0000  dN= 0.0431  dS= 0.0431

-2[-568.6 - (-568.7)] = 0.2 Likelihood ratio test:

Can not reject null model = neutral evolution.

Statistical methods (maximum likelihood) have 
been developed to test models of positive selection

 using genes. If a selection model fits the data 
better than a neutral model, one can

identify sites subjected to positive selection
 and infer functional importance.



6

Variation between sites

• Model different classes of codon sites
– Purifying, neutral, positive selection.

• Compare selection model with one class that has
dn/ds > 1, to neutral model where all classes have
dn/ds < 1 using likelihood ratio test.

0         1          0           1       0           10           1    0            1     0            1

Variation between sites analyzed by likelihood ratio tests.
      Compare likelihood of neutral vs. selection models1

Neutral models    Selection models

M1: ω1 = 0 , ω2 = 1                         M2: ω1 = 0, ω2 = 1, ωS estimated
or or

M7: Assume distribution       M8: distribution, ωS estimated
        of ω in interval (0,1)

1Method of Nielsen and Yang (1998), Yang et al. (2000)
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Δl = log (                       )
       = log (max{L(neutral model)}) - log(max{L(selection model)})

 max{L(neutral model)}
max{L(selection model)}

  -2Δl approximates χ2 with n degrees freedom, where n is the
 difference in number of parameters between the nested models.

1st:  Testing for positive selection using 
likelihood ratio test statistic:

    If likelihood ratio test shows a significant difference, then positive 
selection is indicated.  Given the distribution of ω, we then use an 
empirical Bayes approach to predict sites subjected to positive
selection.

2nd:  Identifying sites subjected to selection
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Example using MHC

• 6 alleles of human class I MHC aligned
– Known to be subjected to positive selection

• Calculated dn/ds across all sites
• Test for variation in the dn/ds ratio between sites

– Identification of sites under selection
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Gene n codons dN/dS -2∆ l
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M7 vs. M8

Parameter estimates Positively
selected  sites

Positive control
MHC 6 362 0.55 13.2** 14.7** p1 = 0.073, ω S = 4.0

p0 = 0.927,
B(p =0.10 ,q =0.27)

44, 48, 52, 55,
56, 82, 99, 101,
121, 126

Negative control
CA 6 261 0.34 4.6 0.6 p0 = 1.0,

B(p =0.14 ,q =0.28)
None

  ** p<0.01

Tests of Positive Selection
Major Histo-Compatibility gene is known to be under positive selection
“Housekeeping” gene (Carbonic Anhydrase) is not under positive selection

MHC residues predicted
to be under positive 
selection are located in the
antigen recognition site  

Variation between lineages

• What types of changes are lineage specific.
• Neutral theory predicts no variation in the dN/dS

ratio between lineages.
• Likelihood ratio test between model of no

variation and “free” estimates for each lineage.
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Chimpanzee

Human

Gorilla

One method to detect lineage variation is to estimate ancestral 
sequence and perform pairwise comparisons:

A

A - Chimpanzee dn/ds = ?

A - Human dn/ds = ?

Gorilla - A dn/ds = ?
This method does not take into account uncertainty in
estimating the ancestral sequence

Chimpanzee

Human

Gorilla

3.0

0.2

0.3

Chimpanzee

Human

Gorilla

0.5

0.5

0.5

How many degrees of freedom? 

One ratio (Neutral) Free ratio (Selection)

Another method is to use a LRT to compare models of codon evolution:

Chimpanzee

Human

Gorilla

3.0

0.2

0.3

Chimpanzee

Human

Gorilla

0.5

0.5

0.5

The free ratio has 3 estimates of ω compared to 1 estimate for the
neutral model. Degrees of freedom = 2. 

One ratio (Neutral) Free ratio (Selection)
Problems with lineage analysis

• Estimating dn/ds across all sites
– There are “branch - site” models

• Many branches increase the degrees of freedom
– Can limit estimates to particular branches, such as

human lineage or following duplication

Summary
1. Why is averaging the dn/ds ratio across all sites in a gene inefficient at detecting

adaptive evolution
2. What is one way to detect variation in rates of evolution along lineages.
3. Model 7 is a neutral model of DNA evolution estimates for a beta distribution

with the parameters p and q. Model 8 add an additional proportion of sites with a
dn/ds ratio estimated from the data. What are the degrees of freedom between
these two models?

4. Describe a selective and neutral model that would be a useful for testing adaptive
evoloution by a likelihood ratio tests. Include what parameters are different
between the models.

5. How do you determine the degrees of freedom for a likelihood ratio test?
6. What are some important factors to consider when calculating dn/ds ratios?
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PAML demo


