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Evolutionary Biology

How do protein-coding
genes evolve through time
and in the various
organisms that exist
today?




Positive Selection
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Co-Evolution and detecting natural selection

Species e ERR
1 ... AAA GGA TTG ATT AGE AGT GCE AAC CET ACT C[EC AA[M ATC AAT TAM CTT AGH ...
2 ... AAA GGA TTG ATT AGE EcT GEc AAC WAT ACE CET AAA ATC AAM TAT CTT AGG ...
3 . AA[M GGA TTG ATT AGA [MGT GMEC AAC HAT ACT CET AAA ATC AAT TAT CTM AGG ...
4 AAA GGA TTG ATT AGA AGT ECC AAR\ CAT ACH FEACT AAA ATC AAT TAT CT[E AGG ...
5 .. AAA GGA TTG ATT AGA AGT EcC AA@ cA@ AcE RCT AAA ATC AAT TAT CTT AGG ...
6 .. AAA GGA TTG HTT AGA AGM GCC AAC CAR ACM cCT AAA ATH AAT TAT CTE AGG ...
7 ... AAA KHGA TTM ATT AGA CGT GCC AAC CAT AAT TAM cTT AGH ...
8 ... AAA GGA TG ATT AGA AMT Ecc AAC CcHT AAT TAT CTT AGG ...
9 ... AAA GGA TTG ATT AGA AMr Hcc AAc cHT AAT TAT CTT AGH ...
10 ... AAA GGA TTG ATT [@GA AMT @cc AA@ CHET AAT TAT CTT AGG ...
1 ... AA@ GGA TTG ATT AGA AMT EHCC AAC CHT AMT TAT CTEY AGG ...
12 ... AAA GGME TTG ATT AGA AGH GCC AAC CcA[ acT ccT AAA ATC AET TAT CTT AGG ...
13 ... AAA GGA TTG ATE AGA ART [@MCC AAC CAT ACT CCT AA[d ATC AET TAT CTT AGG ...
14 ... AAA GGME TTH ETT AGA [GT GCC AMC AT ACT CCT AAA ATC AAT TAM cTT AGH ...
S ‘
(o amino acid replacenment) 1 .. BEBDEEPEREREREEEEER -
2 ..HEEIEEEENEEEEEEEE -
3 BB EEEEEEEEEE .
(amino acid replacement) 4 .. HEE D EEEEE N EE ..
dN/dS<1 5 RN ELNHELL L
(negative selection) 6 . HEEEEREERNED EEEEEEEE -
7 .. K R F I RRANUBHT S KINYTLR .
AN/dS -1 8 .. HEE DS E S e ..
(neutral evolution) 9 kKertrRTsnNL®TT|IR M[N YL R ..
AN/dS>1 10 . EEEEDEEE DS E -
(positive selection) 11 .. S E TS B S - -
12 . KGmIRRAMNOMEEIKIMIDIS ¥ I R .
13 e LR L
(EPISOdIC Seléction 14 . = S AN RN E R .

Sironi, Manuela, et al. " Evolutionary insights into host-pathogen interactions from mammalian sequence data.”
Nature Reviews Genetics 16.4 (2015): 224-236.



Co-Evolution and detecting natural selection
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Sironi, Manuela, et al. " Evolutionary insights into host-pathogen interactions from mammalian sequence data.”
Nature Reviews Genetics 16.4 (2015): 224-236.
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Sironi, Manuela, et al. " Evolutionary insights into host-pathogen interactions from mammalian sequence data.”
Nature Reviews Genetics 16.4 (2015): 224-236.



Recombination



Genetic Recombination

e Rearrangement of genetic
information within and among
DNA molecules

e If recombination, then possibly no

unique tree topology can describe

the evolutionary history of the

whole sequence

Clancy, S. (2008) “Genetic recombination.” Nature Education 1(1):40



Genetic Recombination

Breakpoint placement support using ¢-AIC

GARD found evidence of 3 breakpoints € Z :
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Pond, Sergei L. Kosakovsky, et al. “GARD: a genetic algorithm for recombination detection.” Bioinformatics
22.24 (2006): 3096-3098.
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Positive Selection in bat

Exemplarily shown is a part of the hypervariable loop L4
region of bat Mx1. Significant (posterior probability > 0.95)
positive selected sites are marked.
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Fuchs, Jonas et al., “Evolution and antiviral specificity of interferon-induced Mx proteins of bats.” Submitted.



sitive Sclection Detection and Recombination Analysis

Holzer, Martin and Marz, Manja “PoSeiDon: A Web Server for the Detection of Evolutionary Recombination
Events and Positive Selection.” Submitted as Applications Note.
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The Pipeline

PoSeiDon

e
1 Algnment ) (Rocombination ) ([ Tree ] Posiive Seection) (NN it
v R

User Input

—

Holzer, Martin and Marz, Manja “PoSeiDon: A Web Server for the Detection of Evolutionary Recombination
Events and Positive Selection.” Submitted as Applications Note.



The Pipeline

PoSeiDon

e
1 Algnment ) (Rocombination ) ([ Tree ] Posiive Seection) (NN it
v R

Abascal, Federico, Rafael Zardoya, and Maximilian J. Telford. " TranslatorX: multiple alignment of nucleotide

User Input

Muscle

sequences guided by amino acid translations.” Nucleic acids research (2010): gkq291.



The Pipeline

PoSeiDon
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Stamatakis, Alexandros. "RAxML version 8: a tool for phylogenetic analysis and post-analysis of large
phylogenies.” Bioinformatics 30.9 (2014): 1312-1313.



The Pipeline

PoSeiDon
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Yang, Ziheng. "PAML 4: phylogenetic analysis by maximum likelihood.” Molecular biology and evolution 24.8
(2007): 1586-1501.



The Pipeline
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Pond, Sergei L. Kosakovsky, et al. "GARD: a genetic algorithm for recombination detection.” Bioinformatics
22.24 (2006): 3096-3098.



The Pipeline

PoSeiDon
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Holzer, Martin and Marz, Manja “PoSeiDon: A Web Server for the Detection of Evolutionary Recombination

Events and Positive Selection.” Submitted as Applications Note.



The Interface

Positive Selection Detection and Recombination Analysis

Here we present PoSeiDon, a pipeline to detect significant
positively selected sites and possible recombination events

Your E-Mail*

Your name
in an alignment of multiple coding sequences. Sites that

Project title ) )
undergo positive selection can give you insights in the

evolutionary history of your sequences, for example showing

Reference species_L
you important mutation hot spots, accumulated as results of
Outgroup speclesDl,species? virus-host arms races during evolution.
Usealsoinsignificant breakpoints: PoSeiDon is easy to use: just provide your nucleotide coding
sequences as one multiple FASTA file and enter your E-Mail
SelectFile'*

address. After all calculations finished, PoSeiDon will send

you a link to access all data. You can also provide optional
’ Wn 0 [] MD(] H information like one or multiple species as Qutgroup (for tree
= drawing) and a name of a Reference species (amino acids of
‘ een e den angezed] || 2

z\ ‘ #e CAPTCHA ‘ positive selected sites will be shown in relation to this

species).

www.rna.uni-jena.de/poseidon


www.rna.uni-jena.de/poseidon

The Output

C {0 ©® www.rna.unijena.de/poseidon, le_output/htr In/index.html
i Apps % Bookmarks w Neuer Tab & icals -Wi B MAC — @ Next Generation  [1 The Simple Foo' @ Caschys Blogw  [f Rubular: a Rut

- -
| [ 4
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full alignment
c v}
8 ™~
folc [l
AmEa

> Input
> Alignment

v Significant sites
« no gaps:

pdf
+ with gaps:
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U, e T o[ A B
coronmesins ) - 5 [l o
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L vors anmwor

codon frequency: F1X4, M2a:selection
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codon frequency: F3X4, M8:B and w

PrEROPUS ALECTO w e
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mvorss LucruGUS
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example/html/full_aln/index.html

Outlook
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e improve interface

support branch-site models

upload your own tree/alignment [Pnselnon]

distribute source code to run on local machines
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www.rna.uni-jena.de/poseidon

4

e improve interface

e support branch-site models

e upload your own tree/alignment [Pnselnon]

e distribute source code to run on local machines

e check and include suggestions of the reviewers

e www.rna.uni-jena.de/poseidon



www.rna.uni-jena.de/poseidon

Thanks!




Questions?



Backup slides



“Now, here, you see, it takes all the running you can do, to keep in

the same place.”

— Red Queen to Alice in Lewis Carroll's " Through the Looking-Glass”



Run for your Lives!

“Now, here, you see, it takes all the running you can do, to keep in
the same place.”

Iron Maiden et al. “The Number of the Beast (album).” EMI, Battery Studios, 39:11, London, England (1982)
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Calculating selective pressure, K,/K;

e K,/Ks ratio is an indicator of selective pressure acting on
protein-coding genes
e K,: number of non-synonymous substitutions per
non-synonymous site
e K,: number of synonymous substitutions per synonymous site
e homologous genes with a K,/K; ratio above 1 are evolving
under positive selection
e at least some of the mutations concerned must be
advantageous
e if all the mutations are neutral or disadvantageous, the ratio
will be in the range 0 to 1
e however, if some of the mutations are advantageous and some
disadvantageous, the ratio could be less than 1

o Ky/Ks —dN/dS —w k—Ts/Tv
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Example: calculating K,/K;

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)



Example: calculating s

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
1 1 0 1 1 1 11 2 1 1 0 92

## non-syn sites
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Example: calculating K,/K;

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
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Example: calculating K,/K;

Val Met Arg Thr
G T T A T G A A G A C C Total
degeneracy (4) (2) (4)
#ronsynsites 1 1 0 1 1 1 11 2 1 1 0 92
# syn sites 0 0 1 0 0 % 0 0 1 2%

e nucleotide sites give 9% non-synonymous sites and 2% synonymous sites in this
peptide

Val Leu Arg Thr
G T A cC T G A A A A C C Total

## substitutions

o
o
-
o
o
o
o
o
o
o
=

# non-syn
# syn 0 0 1 0 0 O 0 0 1 0 0 O



Example: calculating K,/K;

Now,
K, = #nonsyn,subst/:tutions _ iz 0.103
#nonsyn_sites 95
and bstituti 2
K, = #£syn_subs I utions _ 2 0857
#£syn_sites 23
Thus,
K, dN 0.103
—=—=w=——=0.12
K. ds _“~ 0857



CodeML: Output

e CodonFreq=F3x4 (estimation of codon frequency
distribution)

o NSsites=M2a (positive selection)

Model NSsites p Parameters
MO (one ratio) 0 1 o
Mla (neutral) 1 2 po (1 = 1=po),
W <1l,o =1
M2a (selection) 2 4 PosP1 (P2 = 1 =po—pu)

o<l o =1lo>1
M3 (discrete) 3 5 Posp1 (P2 = 1 = po—p1)
0, O, O
M7 (beta) 7 2 P
M8 (beta&e) 8 4 po(p=1-po.
pog o> 1

Note.—The site models are implemented using the control variable NSsites in
copEML, and p is the number of free parameters in the o distribution.

= [codeml.variable.mlc]
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