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Computer methods in
molecular evolution

Lecture 4/21/2014

Signup sheet for presentations

https://docs.google.com/spreadsheet/ccc?

key=0AjIsMXOC-
NEVdEhuenJ3bFEwdUJRUnolalg0aVIvcEE

&usp=sharing

ML Ratio test

In case of two nested models that differ by n parameters,
one can test if the increase in likelihood (=probability of the
data) is significant, i.e., more than expected from having an
additional parameter.

E.g., phylogenetic tree with and without clock. In this case,
the model without clock is the more complex model, that has
n-1 more parameters (the branch lengths leading to the
leaves) than the clock model.

Using the atp_all.phy example from tree-puzzle

ML Ratio test

atp_all.phy example from tree-puzzle

go through outfile_atp_all_puzzle_clock.out (at

htp://gogarten.uconn.edu/mch5472_2014/outfile_atp_all_puzzle_clock.out

MOLECULAR CLOCK LIKELIHOOD RATIO TEST FOR USER TREE # 1

log L without clock: -35429.62 (independent branch parameters: 89)
Tog L with clock:  -35650.78 (independent branch paraneters: 45)

Likelihood ratio test statistic delta: 442.31

Degrees of freedon of chi-square distribution: 44

Critical significance level: .00%

The simler (clocklike) tree is rejected on a significance level
of 5. The log-likelihood of the more complex (no clock) tree is
significantly increased.

Please take care that the correct root is used!

ML Ratio test

codeml example hv1.phy

todel 6 ore-ratio

output file

s @7, (@5, 18), 1), 20), (@4, 19), 2), 2
s547 Jesedo | eb.a00n0
K

0w,

%3

5 5.5 5 56,45 5. -
9 0.449165 0.441604 0.127957 8.2261145 0.03171%
'2.013497 0.13554 0.900004 0.013535 0.027187 0.066¢
sAariyeutral (2 categories)

2*delta logL=
2*(1547.395-1527.278)=
40.234

(@3, @, (@5, 18), 1)), 20, (@4, 19), 2
it | +0.000000

M.d 2. W B B 6T T.B W

7 5.8 5.9 S.43 .58 5.5 545 G412

0.013573 0.029211 0.297961 0.532501 0.500352 0122913 0.236125 0.8

Hodel 2: PosttiveSelection (3 categartes)

L (@, @, (@25, 18), 1)), 20), (@4, 15
InL(nttne: 57 mp: 62): 152559022 | o0.0008¢

7 7.9 13 6 59.45 5.5 S..
0.013715 £.26123 0.305275 0.546000 0.524401 8.131969 0.243555
04'0.060004 000024 0.913676 0.213753 0.060004 8,013 0.027%

40 is way off the table

Degrees of freedom (df) 2 valuel'
1 0.004/0.02/0.06 0.15 0.46 1.07 1.64 271 384 664 10.83
2 010 (0.210.450.71 1.39 241 322 460 599 9.21 1382
3 035 (0.581.01 142237 3.66 464 625 7.82 11.34 16.27
4 071 106165220336 4.88 599 7.78 949 13.28 18.47
5 114 [1.612343.00 435 6.06 7.29 9.24 |11.07 15.09 2052
6 163 [2.203.07 3.83 535 7.23 856 1064 12.59 16.81 22.46
7 217 2.83 3.82 4.67 6.35 8.38 9.80 12.02 14.07 18.48 24.32
8 273 (349459553 7.34 9.52 11.03 13.36 15.51 20.09 26.12
9 3.32 4.17 5.38 6.39 8.34 10.66 12.24 14.68 16.92 21.67 27.88
10 3.94 487 6.18 7.27 9.34 11.78 13.44 15.99 18.31 23.21 29.59
P value (Probability) 0.95 0.90 0.80 0.70 0.50 0.30 0.20 010 0.05 0.01 0001

The improvement in fit, when sites under neutral and under
purifying selection are allowed, is very significant (P<<0.0001)

sites versus branches

You can determine omega for the whole dataset; however,
usually not all sites in a sequence are under selection all the
time.

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

or 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 ATPases was under positive selection during the
evolution of modern humans - alas, a single site does not
provide much statistics

ML Ratio test

codeml example hv1.phy

Control file

nodel = @ * B:one, 1:b, 2:2 or more dN/dS ratios for branches

NSsites =812 * Bione wilineutral;
*
* 511
* 13:3normal>8

selection; 3idiscrete;d:freqs;

Output file:

hitp://gogarten.uconn. 2014/Hv1 sites.codeml.out

ML Ratio test

codeml example hv1.phy

todel 6 ore-ratio

output file
TREE # (3, @27, (25, 18), 1)), 2L, (24, 19), 20), 2
Ikrtines 57 s 59); —is6F Scseds | 10, Snonod
S 2.5 5 R

7 5.8 5513 5.5 59,45 5,45 5. -
.013485 0.629244 0.319%9 0.449165 0441604 8.127957 8.2261145 0.03L7IE
04 0.200004 0.013457 0.013554 0.00604 013535 0.027187 0.066¢

Hodel 1: Neartylleutral (2 categories)

N R
s Tt s s s Sz
12 0,297 0.552501 0.500352 0.120903 .236138 0.0
2*delta logL= Positiveselzction (3 ootegories)
2*(1527.278-1525.590)=
3376

@3, @, (@5, 18), 1)), 20), (@, 19
158 s502%n | +0.000000
Ao ®.% .

.3
1

7 5 5.3 5 55,16 5. g
0.013715 0.026123 0.305275 0.546000 0.524491 0131969 8.243555
04'0.000004 0.000004 8013675 0.913758 0.000004 001573 .0275




3.37 with 2 df

Degrees of freedom (df) 2 Valuel'7)
1 0004 0,02 0.06 0.150.46 1.07 hg4 271 3.84 6.64 10.83
2 010 021045071139 241 3224460 599 9.21 13.82
3 035 0.581.011.42237 366 464 625 7.82 11.3416.27
4 071 1.06 1.652.20 3.36 4.88 5.99 7.78 9.49 13.28/18.47
5 1.14 161234 3.00 435606 7.29 9.24 11.07 15.09 2052
6 163 2.20 3.07 3.83 535 7.23 856 10.64 12.59 16.81/22.46
7 217 2833582467 6.35838 9.80 12.02 14.07 18.48 24.32
8 273 349459553734 952 11.03 13.36 15.5120.09 26.12
9 332 4.17 5.38 6.39 8.34 10.66 12.24 14.68 16.92 21.67 27.88
10 394 487 6.187.27 9.34 11.78 13.44 15.99 18.31 28.21 29.59

P value (Probability) 0.95 0.90 0.80 0.70 0.50 0.30 0.20 0.10 0.05 0.01 0.001

The improvement in fit, when sites under positive (diversifying
selection are added is not significant (P>0.05)

Hy: variable selective pressure but NO positive selection (M1a) Likelihood ratio test (LRT)

H,: variable selective pressure with positive selection (M2a) =201y 72 distribution

Parameters
Model

" Parameiers SE:
Mia eutah) 1 Do L MODELLO Mza I
o ) ADATTAMEGLIO Al DATI
+ IL VALORE DI w STIMATO
E' >1 PER LA CLASSE DI
SiTip,

M2 (election) 2 A mepn=1-p-
oy Loy = Loy

Model 1a Model 2a
UNA PROPORZIONE
= DI SITI PARI A p2 E'
o2 SOTTOPOSTAA
o1 SELEZIONE
POSITIVA
®=006 0=1 =005  o0=1 @=30
From: http://m.docente.unife.it/silvia. EM_L pdf

Hy: Beta distributed variable selective pressure (M7)

Likelihood ratio test (LRT)

Sites.

H,: Beta plus positive selection(M8) M1=2(11) 7 distribution
Parameters in Site Models
Vode e » SE:
7 Y + IL MODELLO M8 S| ADATTA
" oo MEGLIO Al DATI
+ IL VALORE DI wg STIMATO E'
) >1 PER LA CLASSE DI SITI
M7: beta M8: beta&a 1
g
@
UNA PROPORZIONE
> DI SITI PARIAp1 E
0 020406081 0 020406081 >1 SOTTOPOSTAR
L4 @ a0/ SELEZIONE POSITIVA

Quando i test suggeriscono la presenza di selezione positiva si utiizzano dei metodi Bayesiani
(BEB) per calcolare la probabilita a posteriori che ciascun codone provenga dalla classe di
siti sotto selezione positiva.

From: hitp://m.docente.unife. itsilvia, EM_L pdf

Box 2 | Methods of ic inference
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Schematic of MRP supertree (left) and parsimony supermatrix (right) approaches to the analysis of
three data sets. Clade C+D is supported by all three separate data sets, but not by the supermattix.
Synapomorphies for clade C+D are highlighted in pink. Clade A+B+C is not supported by separate
analyses of the three data sets, but is supported by the supermatrix. Synapomorphies for clade A+B
+C are highlighted in blue. E is the outgroup used to oot the tree.
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Why do we need gene families?

Which genes are common between
different species?

Which genes were duplicated in which
species?
(Lineage specific gene family expansions)

Do all the common genes share a
common history?

Reconstruct (parts of) the tree/net of life /
Detect horizontally transferred genes.

Strict Reciprocal BLAST Hit Method

N o
0—0
o [ 2] —_—

IXT ]

_— 00—
1 gene family 0 gene family

often fails in the presence of paralogs
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* What is the bottom line?

Why do we need gene families?

Help in genome annotation.

A) Genes in a family should have same
annotation across species (usually).

B) Genes present in almost all genomes of a
group of closely related organisms, but
absent in one or tow members, might
represent genome annotation artifacts.

Families of ATP-synthases

Case of 2 bacteria and 2 archaea species

ATP-A (catalytic subunit) ATP-B (non-catalytic subunit)

Sulfolobus
Sulfolobus Solfaaricus

Solfataricus

Neither ATP-A nor ATB-B is selected by RBH method

Automated Assembly of Gene Families
Using BranchClust

J. Peter Gogarten paiee
University of Connecicut
Dept. of Molecular and Cell Biol.
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Selection of Orthologous Gene

Families

All automated methods for assembling sets of orthologous
genes are based on sequence similarities.

BLAST hits

Triangular circular BLAST significant hits
(COG, or Cluster of Orthologous Groups)

Sequence identity of 30% and greater
(SCOP database)

Similarity complemented by HMM-profile analysis
Pfam database

Reciprocal BLAST hit method

Families of ATP-synthases

Phylogenetic Tree

Family of ATP-A

Bacilus sublls ATP-F.

Escherihia oo pro ¢

Family of ATP-F sofatarcus Methanosarcina \
Family of ATP-B




BranchClust Algorithm

genome 1

genome |
e

BLAST

hits

genome 3

genome N

dataset of N genomes superfamily tree

‘www bioinformatics.org/branchlust

BranchClust Algorithm

Comparison of the best BLAST hit method and BranchClust algorithm

Number of taxa - Number of selected families:
A: Archaca
B: Bacteria | Reciprocal best BranchClust
BLAST hit
2428 80 414 (all complete)
138 236 409 (263 complete, 409 with na8 )
16B 144 12 126 (60 complete, 126 with na24).

‘wwbioinformatics.org/branchlust

BranchClust Algorithm

Data Flow
Download n complete genomes (tp:/ ign wi
Download ncamplete genomes (1 —{__ Align with Clustav___|
In fasta format (faa) v
¥ Reconstruct superfamily tree.

Y ClustalW —quick distance method
Putall n genomes in one database B e e

Search all ORF against database,

consisting of n genomes 1

Parse BLAST-output with the. Gene families

requirement that all members of a
superfamily should have an E-value
better than a cut-off

' @

www bioinformatics.org/branchelust

BranchClust Algorithm
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www bioinformatics.org/branchlust

BranchClust Algorithm

ATP-synthases: Examples of Clustering

13 gamma proteobacteria 317 bacteria and archaea

30 taxa: 16 bacteria and 14 archaea

ama 2 /
ESROA gy
ien "

‘wwbioinformatics.org/branchlust

BranchClust Algorithm

I —
Implementation and Usage

The BranchClust algorithm is implemented in Perl with the use of the BioPerl module for
parsing trees and is freely available at http://bioinformatics.org/branchclust

1.Bioperl module for parsing trees Bio::TreelO

2. Taxa recognition file gi_numbers.out must be present in the current directory.

For information on how to create this file, read the Taxa recognition file section on the web-site.
3. Blastall from NCB needs to be installed.

www bioinformatics.org/branchlust

BranchClust Algorithm

Root positions

Superfamily of penicillin-binding protein Superfamily of DNA-binding protein
13 gamma proteo bacteria 13 gamma proteo bacteria
s

e g chmers ousord

/ 10:10
Vo A

s 1 b i

www bioinformatics.org/branchlust

BranchClust Algorithm

Typical Superfamily for 30 taxa (16 bacteria and 14 archaea)

59:30

. thioredoxin reductase

‘wwbioinformatics.org/branchlust

to use genomes from NCBI:

The easiest source for other genomes is via
anonymous ftp from ftp.ncbi.nIm.nih.gov

Genomes are in the subfolder genomes.

Bacterial and Archaeal genomes are in the subfolder
Bacteria

For use with BranchClust you want to retrieve the .faa
files from the folders of the individual organisms (in
case there are multiple .faa files, download them all
and copy them into a single file).

Copy the genomes into the fasta folder in directory
where the branchclust scripts are.

To create a table that links Gl numbers to genomes run
perl extract_gi_numbers.pl or

gsub extract_gi_numbers.sh




If you use other genomes you will need to generate a file that
contains assignments between name of the ORF and the name
of the genome. This file should be called gi_numbers.out

If your genomes follow the JGI convention, every ORF starts
with four letters designating the species followed by 4 numbers
identifying the particular ORF. In this case the file
gi_numbers.out should look as follows. It should be straight
forward to create this file by hand ©

Thermotoga maritima | Tmar.....

Thermotoga naphthophila | Tnap.
Thermotoga neapolitana | Tne:
Thermotoga petrophila | Tpet.
Thermotoga sp. RQ2 | TRQ2.

If your genomes conform to the NCBI *.faa convention, put the
genomes into a subdirectory called fasta, and run the script
extract_gi_numbers.pl in the parent directory.

The script should generate a log file and an output file called
gi_numbers.out

Burkholderia phage Bcep781 | 2375 4783.... 1179.

Enterobacteria phage KIF | 7711

Enterobacteria phage N4 | 1199

Enterobacteria phage P22 | 5123 9635... 1271....
193433..

Enterobacteria phage
Enterobacteria phage
Enterobacteria phage
Enterobacteria phage
Enterobacteria phage
Kluyvera phage Kvpl | .
Lactobacillus phage phiAT3 | 4869....

Lactobacillus prophage L3j965 | 4117,
Lactococcus phage rit | 2345....
Lactococcus phage skl | 9629... 193434..
Mycobacterium phage Bxz2 |  29566...

the branchclust scripts

ano s
are available at < e A2 A+ ]G i btormares avatbranciiusis
http://

Www. formatics.org/ | e e Ao s
branchclust i 3 e A T
+ Consult the tutorial | a5 poptsov a0 etrGogaren
nttor )| B s e

|
lustTutorial.pdf l:
| e

T 2 e oo b i e o o 1 10 umumnmg
| i

8 psne)

BranchClust Article

* isavailable at
http://www.biomedcentral.com/1471-2105/8/120
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BranchClust: a phylogenetic algorithm for selecting gene
families
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Create super families, alighments and trees
perl do_blast.pl

Super Families to Trees

perl parse_superfamilies_singlelink.pl 4

# 4 gives the minimum size of the superfamily

perl prepare_fa.pl parsed/all_vs_all.fam
Creates a multiple fasta file for each superfamily

perl do_clustalw_aln.pl

aligns sequences using clustalw

perl do_clustalw dist_kimura.pl

calculates trees using Kimura distances for all families in fa
#trees stored in trees

perl prepare_trees.pl
reformats trees

Branchclust

perl branchclust_all.pl 10
# Parameter 10 (MANY) says that a family needs to have
# at least 10 members.

perl make_fam list.pl 15 10

# results in file called families.list

15 gives the number of genomes, 10 the minimum size of the gene
family

Process Branchclust output

perl names_for_cluster_all.pl
# (Parses clusters and attaches names.
# Results in sub directory clusters. List in test)

perl summary.pl
# (makes list of number of complete and incomplete families
#file is stored in test)

perl detailed_summary_dashes.pl
# (result in test: detailed_summary.out - can be used in Excel)

perl prepare_bcfam.pl families.list
#(writes multiple fasta files into bcfam subdirectory.
# Can be used for alignment and phylogenetic reconstruction)

Summary Output

. 1 . 1564 done with many = 3 and
complete: E-value cut-off of 10-2%
+ incomplete: 248

* total: 1812

[ details ———-———
+ incomplete 4: 87

* incomplete 3: 53

+ incomplete 2: 66

* incomplete 1: 42

Detailed Summary in Excel

« copy detailed summary out onto your computer
« In EXEL Menu: Data -> get external data -> import text file ->

in English version use defauls for other options.

« In EXEL Menu: Data -> sort -> sort by “superfamily number’-> if asked, check
expand selection

« Scrolling down the list, search for a superfamily that was broken down into many
families.

Do the families that were part of a superfamily have similar annotation lines?
How many of the families were complete?

Do any have inparalogs? Take note of a few super families

iy neta nuot p;
superfamly_22 22 miy aralogs ifamily_name
951 2 01Tnea 052 ATP-binding proten
128 82 2 01TRQ2 001 argopepie ABC sancperer, AT iang proten
129 53 1 0[Tnea 0642 ABC ransporter relatec
120 s 1 01Tnap_000¢ oligopestide/dipeptice ABC transporier, ATPase subunt
H ted
3
s

01TRQ2 0140 NADPH dependent preQ0 reductase
01TRQ2 0141 Kinase (EC 2.7.4.7) / Thiami




clusters/clusters_NNN.out.names

* Are all the annotation lines uniform?

the same genome should be considered as being part of of the family.
« Outof cluster paralogs are paralogs that did not make it into a cluster with
“many” genomes.

owLETE: 5
,,,,,,,,,,,, [ —

>LcLiTpet 1811 ABC transporter related [Thermotoga petrophila]
>1cL1Tnap_1536 ABC transporter related [Thermotoga naphthophila]

- FaMILY

S1cL1Tnap 1536 ABC transporter reloted [Thermotoga naphthophila:
S1clITnea 1049 ABC transporter reloted [Thermotoga neapolitana:
S1cUITpet 1811 ABC transporter reloted [Thermotoga petrophile]
S1CLITRQZ 0990 ABC transporter reloted [Thermotoga sp. RQZ)

CoWPLETE: 5
55555 IN-PARALOGS ---<------

S1cl1Tnea_1896 Ribose ABC transport systes, ATP-binding protein Rbsa (TC 3.4

Within this report, if there are inparalogs, one is listed as a family member,
the other one as inparalog. This is an arbitrary choice, both inparalogs from

ort systen, ATP-binding protein Rbsh (TC 3.4.

trees/fam_XYZ.tre

The Quartet Decomposition Server

http://csbl1.bmb.uga.edu/QD/phytree.php

Input A):
afile listing the names of genomes: E.g.:
800 _ [igenomesiist -
X T @ [ meroccarinatintrefgenomess
< » 1 [ oenomesint &
Trar
Tiep
Trea
Toet

The Quartet Decomposition Server

http:/csbl1.bmb.uga.edu/QD/phytree.php
Input B):

An Archive of files where every file contains all the trees that

resulted from a bootstrap analysis of one gene family:

The Quartet Decomposition Server
http://csbl1.bmb.uga.edu/QD/phytree.php

Trees from the bootstrap samples should contain branch lengths,
but the name for each sequence should be translated to the
genome name, using the names in the genome list.

See the following three trees in Newick notation for an example:

(((Tnea:0.1559823230, Tpet:0.0072068797):0.0287486818, Tmar:
0.0046676053):0.0407339037, Tnap:
0.0000000001,TRQ2:0.0000000001);
(((Tpet:0.0219514318,Tnea:0.1960236242):0.0145181752, Tmar:
0.0189973964):0.0155785587, Tnap:
0.0000000001,TRQ2:0.0000000001);

(((Tpet:0.0000004769, Tnea:0.1773430420):0.0205769649, Tmar:
0.0047117206):0.0416898504, Tnap:
0.0000000001,TRQ2:0.0000000001);

The spectrum

http://csblLbmb.

Quartet Decomposition

Quartets -> Matrix Representation Using Parsimony

[T trees.zip
Evees  —>
One file per family 100 trees per file
Quartet Decomposition
Quartet D
Dawnload 2 ek s
Good quarcs it bosirapsupport e > 09 Numbers|  Quarie Topaog
— Donload ssnewickees o |(CTmar Tnap).(Tnea,Tper):
Quartct 1D/Geae Fumily Numbers|__Quarit Topolony | |— ey
T o [T Toc) Tuap Ty 3 | T Toap) (o TRQ27
5 o (o Toea) Caap TRQ2Y| |5 |t 12 e T
% o0 |Cmar TRQR) (T . J e Tap),Fpes TR 020
9 103 licTmar;Tnea) (Tpet,TRQ2)): 7 l(Tmar Tpeo) (Tnap TRQ2)y|
5 186 (T Tpen(Fnea TRQ2): 10 o (T ¥
i Y e 182 Ctmea T |
1 @ (o Toen TpesTRQ2):
0 » Jicrasp a2 (TocaTpey |

Tmar Tnea [matrix
TRQZ 77
> Tmar 10
)\ Tnap o1
Tnea 10
Tpet Tnap Tpet oL

Quartet Decomposition

2T 101010101010101010
101010101010101001010101  777277772222222272
010101010101010101010101¢ - - - 101010101010101010
101010101010101010101010]  010101010101010101

Most Parsimonious Tree (MRP)
Using all Quartets from all Gene Families that have more than
Tmar 90% bootstrap support

Tnea

Thet

Thap




Splits Tree Representation
Using all Quartets from all Gene Families that have more than
90% bootstrap support
Toet

Tnap

TrRQ2

Tnea
Toei
Tmar
Tmar
Split Decomposition tree NJ tree
from uncorrected P distances from uncorrected P distances




