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Modified from from www.tcd.ie/Genetics/staff/Aoife/ GE3026/GE3026_1+2.ppt

Counting #s/#a

Ser|/Ser] Ser Ser |Ser
Speciesl ([TGA||TGC TGT TGT |TGT|
Ser|/Ser Ser Ser |Ala
Species2 ([TGT||TGT TGT TGT |GGT]

#s = 2 sites To assess selection pressures one needs to

#a = 1site calculate the rates (Ka, Ks), i.e. the
occurring substitutions as a fraction of the

#al#s=0.5 possible syn. and nonsyn. substitutions.

Things get mor e complicated, if onewantsto taketransition
transversion ratios and codon biasinto account. See chapter 4in
Nei and Kumar, Molecular Evolution and Phylogenetics.

Modified from: mentor.Iscf.ucsh.edu/course/spring/eemb102/lecture/Lecture7.ppt

Measuring Selection on Genes

* Null hypothesis = neutral evolution

« Under neutral evolution, synonymous
changes should accumulate at a rate equal to
mutation rate

* Under neutral evolution, amino acid
substitutions should also accumulate at a
rate equal to the mutation rate

From: mentor.Iscf.ucsb.edu/course/spring/eemb102/lecture/Lecture7.ppt

Aside #1: Population genetics approach:

A selective sweep decreases the number of
polymorphisms surrounding the gene that was driven
into fixation due to positive selection. This provides
an alternative to dN/dS ratios to detect genes under
positive selection.

Aside #2: Number of non-synonymous substitutions

If a site or a gene repeatedly was driven into fixation due to
positive selection, its substitution rate will be higher than the
mutation rate. This diversifying selection is frequently
observed for sites interating with immune system.

Positive selection
dN/dS>1

* A new allele (mutant) confers some increase in the
fitness of the organism

 Selection acts to favour this allele

« Also called adaptive selection or Darwinian
selection.

NoTE: Fitness = ability to survive and reproduce

Modified from from www.tcd.ie/Genetics/staff/Aoife/ GE3026/GE3026_1+2.ppt




Negative selection
dN/ds<1

» A new allele (mutant) confers some
decrease in the fitness of the organism

* Selection acts to remove this allele

« Also called purifying selection

Modified from from www.tcd.ie/Genetics/staff/Aoife/ GE3026/GE3026_1+2.ppt

Neutral mutations
dN/dS=1

Neither advantageous nor disadvantageous
Invisible to selection (no selection)
 Frequency subject to “drift’ in the
population

» Random drift — random changes in small
populations

Thisseemsto betrue only for pseudogenes!

Genetic Code — Note degeneracy
of 15t vs 2M vs 3osition sites

phenyl ucu . .
alanine uce ) m tyrosine cysteine
Uca | serine
Teucine ucG stop stop
— @trgptnphan
cuu cCcu
cuc CCC histidine .
CUA Teucine CCA proline arginine
CuG CCe glutamine
AUL AcU anl . .
AUC | isoleucine ||ACC ) asparagine 3erine
AUA ACA threonine e
Tysi arginine
methionine || *CC ysine
Guy ggg aspartic
GucC 5 i -
Gua | valine GCaA | alanine acid glycine
GUG GCG glutamic
L acid

Genetic Code

CCu

ccal P roline
CCG

Four-fold degenerate site — Any substitution is synonymous

From: mentor.Iscf.ucsb.edu/course/spring/eemb102/lecture/Lecture7.ppt

Genetic Code

|

Cau |
cac | histidine
ChaA -
CAG glutamine

Two-fold degenerate site — Some substitutions synonymous, some
non-synonymous

From: mentor.lIscf.ucsb.edu/course/spring/eemb102/lecture/Lecture?.ppt

PAML (codeml) the basic model

0, if the two codons differ at more than one position,

for synonymous transversion,

for synonymous transition,

T, O nOnsyHonyInous ansversion,

T, for nonsynonymous transition,

The equilibrium frequency of codon /() can be considered a free parameter, but can

1, the relationship holds that @ =
substitution rates. Tl

ratio of nonsynonymons, s ynonymo
ing model = 0 NSsites

¢ control file codeml.ctl. It forms
usticated models implemented in codeml.




Omega e dN/dS Vincent Daubin and Howard Ochman: Bacterial Genomes
as New Gene Homes: The Genealogy of ORFans in E.
According to the model: coli. Genome Research 14:1036-1042, 2004
omega < 1 purifying selection
omega = 0 neutral evolution = oHOPs  eORFans
omega > 1 positive selection £ 025
The ratio of non- ig 020 J
A . . synonymous to = =
Concern: If ageneis ex_pre&eed_ , oodc_)n usage, nucleotide bias sznonimous b s *
and other factors (protein toxicity) will generate some substitutions for genes =
purifying selection even though the gene might not have a found only in the E.coli- 8 g 4p 50
function that is selected for Salmonella clade is o &7
|.e., omega < 1 could be dueto avoiding deleterious functions, lower than 1, but larger ¢~ 0.05
. than for more widely =
rather than thelossof function. distributed genes. K. 0
. ) n; ng Ny
Most proteins coding genes have omega between O and 1. Fig. 3 from Vincent Daubin and Howard Ochman, Genome Research 14:1036-1042, 2004
Trunk-of-my-car analogy: Hardly anything in there is the is the result S |teS Versus branches

of providing a selective advantage. Some items are removed quickly
(purifying selection), some are useful under some conditions, but
most things do not alter the fitness.

You can deter mine omega for the whole dataset; however,
usually not all sitesin a sequence are under selection all the
time.

PAML (and other programs) allow to either determine omega
for each site over the wholetree, Branch Models |

or to determine omega for each branch for the whole sequence,
Site Models |

It would be great to do both, i.e., conclude codon 176 in the
vacuolar ATPaseswas under positive selection during the
evolution of modern humans— alas, usually this does not
work well, because a single site on a single branch does not
provide sufficient statistics....

Could some of the inferred purifying selection be due to the acquisition
of novel detrimental characteristics (e.g., protein toxicity)?

Sites model(s) sites model in MrBayes

have been shown to work great in few instances. The MrBayes block in a nexus file might look something like this:
The most celebrated case is the influenza virus HA gene. .
begin mrbayes;

A talk by Walter Fitch (slides and sound) on the evolution of set autoclose=yes;

this molecule is here . Iset nst=2 rates=gamma nucmodel=codon omegavar=Ny98;
This_article by Yang et al, 2000 gives more background on ml memcep samplefreq=500 printfreq=500;

aproaches to measure omega. The dataset used by Yang et al is mcme ngen=500000;

here: flu_data.paup . sump burnin=50;
sumt burnin=50;

end;




MrBayes on bbcxrvl

Create the nexusfile on your computer.
It will help to have MrBayesinstalled locally, thisway you can
check that you don’t have any typosin the MrBayes block.

Direct your browser to
http://bbcxsrvl.biotech.uconn.edu/bipod/index.html

MrBayes on bbcxrvl

. b FOTL TOTTIEN FITETOR PNIY. T
File Edit View Go Bookmarks Toocks Help o
# =00 & O S it fbbcese 1 biotech wconn edu/bgd index.html =] 9 Go [
. X holar - *UGA calendar w Calendar ks SPIEGEL ONLINE -

Bi$Team iNquiry Blsinformatics Fartal

= ;_submit. your job check your email

w |

upload your nexusfile

MrBaxes on bbexrvl
Bt At P Al R FNIE)
fle Edit Yiew Go Bookmarks Tools Help o
- & 0 53 [ btepe/fbbexsred blotech.uconn adujbipod findex html =] & Go [

. e lar ~ w UGA calendar w Calendar ks SPIEGEL ONUINE e

iNgquiry Bioinformatics Portal

Select the plusand then MrBayesin the sub-menu

MrBayes on bbcxrvl

You will receive the results per email, and you will receive the link of a web

page that lists all the output files. In this case:

http://bbcxsrvl.biotech.uconn.edu/pise/tmp/A10700111431640/results.html
o = ji=iF. 4}

MrBayes - Mozilla Firefox
e R ga g5 Rokasks Took e : =
You can save the files | Mol T
= Dctionary . Googie Scholer  Erter PubMed v UGA calendar  Calardas:
from your browser, or

open the email
attachments. .

MrBayes : Bayesian Estimation of Phylogeny (John
Huelsenbeck, Fredrik Ronquist)

" Thefilesweare

sy Particularily interested in

— arethe parameter file
and the MrBayes output
(to check for potential
problems).

MrBayes on bbexrvl

. b FOTL TOTTIEN FITETOR PNIY. T
File Edit View Go Bookmarks Toocks Help o
# =00 & O S it fbbcese 1 biotech wconn edu/bgd index.html =] 9 Go [
. X holar - *UGA calendar w Calendar ks SPIEGEL ONLINE -

Bi$Team iNquiry Blsinformatics Fartal

g_submit.your job “ check your email

w |

upload your nexusfile

MrBayes analyzing the *.nex.p file

1. Theeasiest istoload thefileinto excel. (if your alignment is
too long, you need to load the data into separ ate speadsheets
—see here execise 2 item 2 for moreinfo)

2. plot LogL to determine which samplestoignore

3. for each codon calculate the the aver age probability (from
the samples you do not ignore) that the codon belongsto the
group of codons with omega>1.

4. plot this quantity using a bar graph.




plot LogL to deter mine which samplestoignore

L Series 1 Dol 16
s, 1w | A
D - ..

the same after rescaling the.y-ax s

for each codon calculate the the aver age probability
rosoft Excel - Bookl

E Microsoft Excel - Bookl | Bt Yiew Ime Format Tooks [uta fiiedow Helip Adebe POF
=l Edt View Insert Format Tooks [ata Windon | @8 =- aeib@ios »07 aw =10
DFB a8 - el B «67 | .

copy paste formula plot row

enter formula

MrBayes on bbexrvl

If you do thisfor your own data,

erun the procedurefirst for only 50000 gener ations
(takes about 30 minutes) to check that everthing works
as expected,

then run the program over night for at least 500 000
generations.

*Especially, if you have a lar ge dataset, do the latter
twice and comparetheresultsfor consistency. (|
prefer two runs over 500000 gener ations each over one
run over amillion generations.

PAML - codeml — sites model

the paml package contains several distinct programs for nucleotides
(baseml) protein coding sequences and amino acid sequences (codeml)
and to simulate sequences evolution.

The input file needs to be in phylip format.

By default it assumes a sequential format (e.g. here).

If the sequences are interleaved, you need to add an “I” to the first line, as in these
example headers:

6 467 '
i]1613157 - -~ NSDNDTIVAQ ATPPGRGGVG ILRISGFKAR EVAETVLGKL
i 2212798 — ~~ NSTTDTIVAQ ATPPGRGGVG ILRVSGRAAS EVAHAVLGKL
i]1564003 WA GN TMTTDTIVAQ ATAPGRGGVG | 1RVSGPLAA HVAQTVTGRT
911560076 QAATETIVAI ATAQGRGGVG IVRVSGPLAG

i | 2123365 -~ MN--~ -ALPSTIVAI ATAAGTGGIG IVRLSGPQSV QIAAALGIAG
11583936 ---~ MSQRS TKMGDTIAAI ATASGAAGIG 1IRLSGSLIK TIATGLGHTT

PKPRYADYLP FKDADGSVLD QGIALWEPGP NSFTGEDVLE LQGHGGPVIL
PKPRYADYLP FKDVDGSTLD QGIALYFPGP NSFTGEDVLE LQGHGGPVIL
LRPRYAEYLP FTDEDGQOLD QGIALFFPNP HSFTGEDVLE LQGHGGPVVM
LKARHAHYGP FLDAGGQVID EGLSLYFPGP NSFTGEDVLE LQGHGGPVVL
LOSRHARYAR FRDAQGEVID DGIAVWFPAP HSFTGEEVVE LQGHGSPVLL
LRPRYAHYTR FLDVQDEVID DGLALWFPAP HSFTGEDVLE LQGHGSPLLL

WG GTT GG 6CG CAC
-6 A

PAML - codeml| —sites model (cont.)

the program isinvoked by typing codeml followed by the name of a control
filethat tellsthe program what to do.

paml can be used to find the maximumlikelihood tree, however, the
program israther slow. Phyml isabetter choiceto find thetree, which
then can be used asa user tree.

An examplefor a codeml.ctl fileis codeml.hvl.sites.ctl

Thisfile directs codeml to run three different models:

onewith an omega fixed at 1, a second wher e each site can be either have
an omega between 0 and 1, or an omega of 1, and third a model that uses
three omegas as discribed before for MrBayes.

The output iswritten into afile called Hvl.sites.codeml out (asdirected by
the control file).

Point out log likelihoods and estimated par ameter line (kappa and omegas)
Additional useful information isin therst file generated by the codeml

Discuss overall result.

PAML - codeml| —branch model

For the same dataset to estimate the dN/dSratios for individual
branches, you could use thisfile codeml.hvi.branches.ctl ascontroal file.

The output iswritten, asdirected by the control file, into afile called
Hvl.branch.codeml out

A good way to check for episodeswith plenty of non-synonymous
substitutionsisto compare the dn and dstrees.

Also, it might be a good idea to repeat the analyses on partsof the
sequence (using the sametree). In this case the sequences encode a family
of spider toxinsthat include the maturetoxin, a propeptide and a signal
sequence (see here for more infor mation).

Bottom line: one needs plenty of sequencesto detect positive selection.




PAML - codeml| —branch model
[ Trecviow —iElx
[E From Clipboard o B

e Ede Tree Wisdow Help

where to get help

read the manuals and help files
check out the discussion boardsat http://www.rannala.oro/phpBB2/

else

thereisa new program on the block called hy-phy
(=hypothesis testing using phylogenetics).

The easiest isprobably to run the analyses on the author s datamonkey.

 ———

hy-phy

Results of an anaylsis using the SL AC approach

PO 4 FOSTYIVERY BELECTED EITER (1.3 significsnse beveli

mor e output might still be here




