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BMGE (Block Mapping and Gathering with Entropy)aigrogram that selects regions in a
multiple sequence alignment that are suited forlgagnetic inference. BMGE selects
characters that are biologically relevant, thamkshe use of standard similarity matrices
such as PAM or BLOSUM. Moreover, BMGE provides otltharacter- or sequence-
removal operations, such stationary-based char&ateming (that provides a subset of
compositionally homogeneous characters) or remof/aequences containing a too large
proportion of gaps. Finally, BMGE can simply be dide perform standard conversion
operations among DNA-, codon-, RY- and amino acidHtg sequences.



Installation and Execution

BMGE runs on all operating systems that run JaGaof.more. Sun Java is freely available and present
very good performances. If Sun Java 1.6 (or higienot installed on your computer, select the last
update of JDK/JRE-6 (or higher) at the following UR

http://java.sun.com/products/archive/

and follow the ‘Installation Instructions’ to in$itahe JRE (Java Runtime Environment) on your
computer. This allows BMGE to be run. You can ailsstall the JDK (Java Development Kit) that
allows the BMGE source code to be compiled and run.

On computers with Sun Java 1.6 (or higher) ingfali®u just have to open a terminal, move to the
directory BMGE/ containing the executable jar fiIBMGE.jar , and launch it with the following
command-line:

javajar BMIGE far [options]
For example, you can get help by using the follgréommand-line:
javajar BMGEjar-?

When the multiple sequence alignment to be trimnsedery large, it could happen that the virtual
machingava do not allocate enough memory and stops with ot aressage starting like

Exception in thread “‘main” java.lang. OutOfiViemoryErr or. Java heap space
In this case, th@ava option-Xmx can be used to increase the maximum size of tineameallocation
pool in MB; for example, for a maximum size of 50BM

Java:-XmxS00M 4ar BMGE jaroptor]

It is not impossible (albeit uncommon) that theatable jar fileBMGE.jar do not work. In this case,
you must compile the BMGE source code. To do shioox System, you must have the Sun JDK 1.6
(or higher) installed (see above); then move tdBiKSE/src/  directory, and launch the jar builder:

chmod a+x JarMiaker.sh
LJarMiakersh

to create a new executable jar HMGE.jar .



Quick Start

All BMGE input files are multiple sequence alignrhéites (hamed herensa). To perform an entropy-
based trimming (with default options) on a multiglgnment of amino acid sequences in FASTA
format, use the following command-line:

javajar BMGE jar 1 msafaa-t AA-otmsaphy

This will create the filemsa.phy containing the trimmed multiple sequence alignmigmisa ) in
PHYLIP sequential format. You can also use differem options to request output in alternative
formats; for example, the following command-lines:

javajar BMGE jar i msafaa 1 AA -oftmsafaa
javajar BMGE jar 4 msafaa 1 AA-ontmsanex
javajar BMGE jar 4 msafaa -t AA-oh msahtml

will create the filesmsa.faa in FASTA format,tmsa.nex in NEXUS format andnsa.html in
HTML format, respectively. There is no limitatiom the number of differerb options; for example:

java jar BMGE jar i msafaa t AA -0 tmsaphy -of tmsafaa-ohmsahtml

If you wish to trim a multiple alignment of DNA segnces, you must modify the option:
java jar BMGE jar i msafna -+t DNA -0 tmsa,phy

It is also possible to regard nucleotide sequeasandon ones with the option:
java jar BMGE jar imsa.fco+ CODON -0 tmsaphy

For more practical command-line, go to the Curkésdge section (see below).



File Formats and Sequence Coding

Input File Formats -i infile

BMGE uses FASTA or PHYLIP sequential format for uhpThese are plain text files from any
operating systems (Unix, Windows, Mac). There idimat on the length of the alignment. There isoals

no limit on the length of the label of a sequence {ts FASTA annotation line), although a toodon

label (e.g. more than 100 letters) will be trundateéhe output format is PHYLIP sequential.

There is a unique option to set the input file. @ie). By default, BMGE looks at the first character of
the first non-empty line inside the input file.this character is’, then BMGE reads the input file as a
FASTA formatted file; otherwise, BMGE reads it aBHYLIP sequential formatted file.

Input Sequence Coding -t [AA,DNA,CODON]
One must alwayset the input sequence coding with optibn

* amino acid sequences -t AA
* nucleotide sequences -t DNA
* codon sequences -t CODON

Both standard single-letter amino acid and nudiieoéiiphabets are used by BMGE (¢lgPAC-1UB
1970, 1972; see Table below). When using amino seipiences, degenerated character dtateslZ

are understood by BMGE; similarly, degenerated entade characters are also understood (see Table
below). The character sta¥eis understood to be any of the 4 or 20 charattées when using as input
nucleotide or amino acid sequences, respectivedghBs (i.e.-") are understood as gaps, whereas dots
(.e. "), as any other single letter that are not insstendard alphabets, are considered as unknown
character state (i.€?").

Nucleotide sequences can be set as codon ondss Icase, each successive nucleotide charactkt trip
is considered as one codon character. This paatieul option allows converting an alignment of codon
sequences into its corresponding amino acid segugoitowing the universal genetic code; see below)

Output File Formats -0 outfile ¢ outfile
BMGE can output the (trimmed) multiple sequencgrahent into several formats:

» selected characters in PHYLIP sequential format -op
» selected characters in FASTA format -of
» selected characters in NEXUS format -on
+ alignment and information in HTML format -oh

If input sequences are in FASTA format with NCBIfatted annotation lines, e.g.
>field1|field2|field3|field4] field5 [field6]

then optionsopp and-onn allow outputting in PHYLIP and NEXUS format, resfieely, but with

sequence named lieldé  only (which is generally the taxon name). Moregibe optionsoppp

and-onnn allow naming sequences bgld6 field4 ; knowing thaffield4 is generally

an accession number, these options lead to PHYLNWEXUS files where each sequence is labelled as

a taxon name and an accession number. If thesetoygions (i.e-opp , -oppp , -onn , -onnn ) are

selected with non NCBI-formatted sequences, therGBEMises the whole annotation line as sequence

name (which corresponds to tw and-on options).

By default (i.e-0 ), BMGE uses the output optieappp .

The HTML output format 4oh ) writes the initial alignment with a graphical repentation of the

smoothed entropy-like score and the gap rates @loaracters. HTML output file also contains the




indexes of the selected and removed characters.

The non-selected (i.e. removed) characters cantpatied in a similar way by replacirg by -c in the previous
options (i.e-c , -cp , -cpp , -cppp ,-cf ,-cn ,-cnn , -cnnn ). The output optioAch is not allowed.
There is no limitation to the number of differentjout options; for example:

javaar BMGE jar i msafaa-t AA-oftmsafaa femsafaa-ohmsahiml

Output Sequence Recoding o outfile ¢ outfile
BMGE is able to perform sequence coding conversions

* amino acid-coding -0aa
* nucleotide-coding -odna
» codon-coding -0Co
» RY-coding (Phillips et al. 2004) -ory

Only two conversions are impossible depending eniitial sequences: from nucleotidé DNA ) to
amino acid {0aa ) sequences or to codoro¢o ) sequences. The other conversions performed by
BMGE (and the corresponding option) are listechmfollowing table:

input coding
r amino acid nucleotide codon
-t AA -t DNA -t CODON
8 amino acid -0/-oaa . -0oaa
§ nucleotide -0Co -0/ -odna -0/ -oco
g_ codon -0COo . -0/ -0co
3 RY -ory -ory -ory

Any of the three codon position(s) can be seleutitd the output optionoco (or-ory when input is
amino acid or codon sequences) by setting theipositdex(es) just after the optionsco or-ory .
There is 7 different combinationsocol , -oco2 , -oco3 , -ocol2 , -ocol3 , -0co23 , and-
0c0123 (the last-oco123 option is identical to the defawlbco option). Same withory . For
example, the following command-line:

javajar BMGE jar 4 msafoo 1 CODON -0 tmsal phy -0y12tmsa2phy

allows the codon-based alignmensa.fco to be trimmed with default options, and leadsvimdutput files:
« tmsal.phy ,the codon characters selected by BMGE;
« tmsa2.phy ,the RY-coding of the two first position$Z) of each codon.

All these output coding options are compatiblehwiite previous output format option® (and-c );
for example, if one has a filmsa.faa containing an alignment of codon sequences in PABFmat,
then the command-line

javajar BMGE jar 4 msaifco 1 CODON -0 tmsaphy -gaaftmsafaa-onnry tmsa.nex

leads to three output files:
» tmsa.phy , the selected codon characters in PHYLIP sequdatiaat (-0 );
+ tmsa.faa ,the selected codon characters converted intocaaaials éa) in FASTA format { );
* tmsa.nex , the RY-codingrly ) of the selected codon characters in NEXUS forwitt only
species names as sequence names (



Character state coding used by BMGE

1-letter Degenerate

Nucleotide i;/lr?]t;irl
Adenosine A
Guanine G
Cytosine C
Thymine T
Degengrated 1-letter Meaning
nucleotide code
Methyl M AorC
Purine R AorG
Weak (3H bonds) W AorT
Strong (3H bonds) S CorG
Pyrimidine Y CorT
Keto K Gor T

B not A

D not C

H not G

\ not T
Any Nor X one of the 4
Degenerated 1-letter . Degenerate
amino acid code Meaning codon
Aspartate B NorD RAY
Glutamate Y4 QorE SAR
Any X one of the 20 XXX

Amino acid code codon
Alanine A GCX
Arginine R MGX
Asparagine N AAY
Aspartic acid D GAY
Cysteine C TGY
Glutamine Q CAR
Glutamic acid E GAR
Glycine G GGX
Histidine H CAY
Isoleucine I ATH
Leucine L YTX
Lysine K AAR
Methionine M ATG
Phenylalanine F TTY
Proline P CCX
Serine S WSX
Threonine T ACX
Tryptophan w TGG
Thyrosine Y TAY
Valine \% GTX




BMGE Command Line Options

Similarity Matrices -m BLOSUMh -m DNAPAM n:r -mID

For each character, BMGE computes a score mairigrdéned by the entropy induced by
the respective proportion of each residue (Criscaold Gribaldo 2010). To estimate realistic
scores that take into account biologically relevauttstitution processes, BMGE weights the
entropy estimation with substitution matrices.

With amino acid input sequences AA ), BMGE uses by default the popular BLOSUM®62
matrix (Eddy 2004). However, one can use anothéd8UM matrix with the optionm; for
example:

javaar BMGE jar 1 msafaa -t AA-m BLOSUMS0-0 tmsaphy

The option-m can be used with the 15 estimated BLOSUM matrices,BLOSUM30
BLOSUM35BLOSUM40BLOSUM45BLOSUM50 BLOSUM55BLOSUMG60 BLOSUMG62
BLOSUM65BLOSUM70 BLOSUM75BLOSUM80Q BLOSUM85 BLOSUM90 BLOSUM95
(Henikoff and Henikoff 1992). The trimming is pregsively more stringent as the BLOSUM
index increases (e.LOSUM9} reciprocally, the trimming is progressively moetaxed as
the BLOSUM index is lower (e.gBLOSUM3D In practice, it is recommended to use
BLOSUM95 with closely related sequences, and BLOS0Mwith distantly related
sequences.

For nucleotide input sequenceg DNA ), BMGE uses PAM matrices with a fixed
transition/transition ratio (States et al. 1991M®E can be used with all possible PAM
matrices, from the most stringent (i.en DNAPAMJ to highly relaxed ones (e.gm
DNAPAM50R There is no limitation for the PAM matrices (tlRAM indexes must be
positive integers), but incoherent entropy scoresapected with too high PAM indexes (e.g.
-m DNAPAM123456). It is also possible to indicate a transitionmigzersion ratio to better
define the PAM matrices. For example, if one wisteegstimate entropy-like scores with a
(relaxed) PAM-250 matrix and a transition/transia@rgatio of 4, then one uses the following
command-line:

javajar BMGE jar 4 msa.na -t DNA -m DNAPAM250:4 otmsaphy

For a (very stringent) PAM-5 matrix with a transititransversion ratio of 1, the following
command lines are equivalent:

java4ar BMGE jar i msana -t DNA -m DNAPAM51 - otmsaphy
javajar BMGE jar 4 msaina-t DNA -m DNAPAM5 -0 tmsaphy

By default with nucleotide sequences, BMGE uses ®&M-100 matrix with a
transition/transversion ratio of 2 (i-e1DNAPAM100:2).

If input sequences are set as codeh€ODON ), BMGE performs a conversion into amino
acid sequences (following the universal genetiea@md uses BLOSUM matrices to estimate
the entropy-like score for each codon characterwsb option-t set aZCODONone can set
the option-m only with BLOSUM matrices. However, it is possiliteuse PAM matrices by
setting the optiort asDNA but the trimmed alignment will be no longer a@odne.

Finally, it is also possible to use the identitytriawith option-m ID (or -m PAMO) with
any sequence typed AA , DNAor CODON



Sliding Windows Size -w odd_i nt eger

All entropy-score estimated for each charactersmneothed by BMGE by using a sliding
window. The size of the sliding window can be madifwith the optionrw (which is set as

w 3 by default). It is not recommended to increass fize (which must be odd). However,
when set to 1, no averaging operations will begraréd by BMGE. This can be useful to
select precise characters instead of regions (&ea/p

Entropy Score Cut-off -h max -h  nin:max

Following the smoothing operation of the entroggelscore values across characters, BMGE
selects characters associated with a score valoe lzefixed threshold. This cut-off is set to
0.5 by default, but it can be modified with theiopt-h . For example, a stringent trimming
on amino acid sequence alignment is performed thiHollowing command line:

java4ar BMGE jar i msafaa -t AA-m BLOSUM0-h 04-otmsaphy

Indeed, with the BLOSUM90 matrix, BMGE estimatesngfent entropy-like scores, but it
only selects the characters with a score smaléar €h4. However, it is strongly recommended
to use the optionm rather than the optiorh to obtain biologically-relevant stringent or
relaxed character trimming.

The option-h can also be used to set a min-threshold. For ebeartgpselect characters with
a score drawn between 0.2 and 0.4, the followingraand line can be used:

java4ar BMGE jar i msafaa -t AA-m BLOSUM95 -h 0204-otmsaphy

This option can be useful to remove all constardratiers from an alignment, with the
following command line:

java+ar BMGE jarimsafaatAA-w1-h1E51 -otmsaphy

Indeed, knowing that constant characters have aomnlike score of 0, this allows selecting
all characters with a score greater of equal th@0dD1 (and thus removing all constant
characters).

Gap Rate Cut-off -g col rate -g rowrate:col rate

BMGE allows characters containing too many gapbdaaemoved with the optiorg . By
default, BMGE removes all characters with a gaguency greater than 0.2. For example, to
perform default trimming operations and the remasiahkll characters with more than 5%
gaps, use the following command line:

java4ar BMGE jarimsafaa-tAA-g005-0tmsa phy
The option-g can also be used to remove sequence(s) from idpena@nt that contain(s)
important proportion of gaps. For example, usddlewing command line

java+ar BMGE jarimsafaa-tAA-g 0.703-0t msa,phy

to (i) perform default trimming operations, (iijymeve all characters with more than 30%
gaps, and (iii) remove sequence(s) with more thd¥ gaps. If at least one sequence is
removed, then the whole character-trimming prodgse-launched on the initial alignment

without the removed sequence(s).



Minimum Block Size -b integer

By default, BMGE only selects regions of size geedhan or equal to 5 characters. Use the
-b option to modify this minimum block size paramet&or example, the following
command line

javajar BMGE jar 4 msaina-t DNA -m DNAPAML -b 20-0tmsaphy
allows selecting very conserved regiobtNAPAM)Lof at least 20 nucleotide-long.

Stationary-based Trimming -s[YES,NO]

By setting the optiors to YES (NOby default), BMGE performs another character tringn
until the remaining characters are compositionaibmogeneous, as assessed by Stuart’s
(1955) test of marginal homogeneity between each qfasequences. If an HTML file is
created {oh ), then all the Stuart’s (195p)values estimated before and after the stationary-
based trimming will be written.

It should be stressed that the stationary-basetrtimg is biased with short alignments (e.g.
less than 1,000 character length); consequentlis more efficient on a supermatrix of
characters. Unfortunately, the running time is gudng (e.g. several hours for more than
10,000 amino acid characters).



Current Usage

Alignment file format conversion
Converting a FASTA format into PHYLIP sequentiairfat:

java+jar BMGEjarimsafaatAA-h1-gl-oms aphy
Converting a FASTA or PHYLIP format into NEXUS foatn
javajar BMGE jarimsafaatAA-h1-gl-onm sanex

Sequence coding conversion
Converting codon sequences into their amino aces am FASTA format:

javajar BMGE jarimsafco4CODON-h1gl-0 faamsafaa
Obtaining a RY-coding from DNA sequences:
javajar BMGEjarimsafna4+DNA-h1-g1-oy msaphy

Gap removing (without entropy-based trimming)
Removing characters with more than 20% gaps:

java4ar BMGE jarimsafaatAA-h1-wl-0tm saphy
Removing characters with more than 10% gaps:

java4ar BMGE jarimsafaatAA-h1-w1-gO0. 1-otmsaphy
Removing sequences with more than 60% gaps:

java+ar BMGE jarimsafaatAA-h1-g06:1- otmsaphy

Alignment trimming
Removing constant DNA characters:

javajar BMGE jar i msafna -+ DNA -m ID-h 0.000 51-otmsaphy
Stringent trimming on amino acid sequence alignsient
javajar BMGE jarimsafaa+AA-mBLOSUM95-h 04-otmsaphy
Relaxed trimming on (distantly-related) amino asgédjuence alignments:
javajar BMGE jar i msafaa -+ AA-mBLOSUM30-0 tmsaphy
Stringent trimming on codon-based alignments:
javajar BMGE jar i msa.fco +t CODON -m BLOSUM95 -$04-otmsaphy
Stringent trimming on codon-based alignments casidi at the nucleotide level:
javajar BMIGE jar  msa.foo -t DNA -m DNAPAMS0-h 04-otmsaphy

Stationary-based trimming on DNA sequence alignsient
java+ar BMGEjarimsafnatDNA-h1gl1sY ES-otmsaphy



References

Criscuolo A, Gribaldo S (2010) BMGE (Block Mappiagd Gathering with Entropy): selection of
phylogenetic informative regions from multiple sexaee alignment&MC Evol Biol 10:210.

Eddy SR (2004) Where did the BLOSUM62 alignmentesguatrix come fromMNat Biotechnol
22:1035-1036.

Henikoff S, Henikoff JG (1992) Amino acid substdntmatrices from protein blockSroc Natl Acad
i 89:10915-109109.

IUPAC-IUB [International Union of Pure and Applied Chemistangl International Union of Biochemistery]
(1970) Commission on Biochemical Nomenclature: Afations and symbols for nucleic acids,
polynucleotides and their constitueigchemJ 120:449-454.

IUPAC-IUB [International Union of Pure and Applied Chemistengl International Union of Biochemistery]
(1972) Commission on Biochemical Nomenclature: &-letter notation for amino acid sequences
(definitive rules)Pure Appl Chem 31:639-645.

Phillips MJ, Delsuc F, Penny D (2004) Genome-saiadogeny and the detection of systematic biases.
Mol Biol Evol 21:1455-1458.

States DJ, Gish W, Altschul SF (1991) Improved itatysof nucleic acid database searches using
application-specific scoring matricédethods. A Companion to Methods Enzymal 3:66-70.

Stuart A (1955) A test for homogeneity of the maabidistributions in a two-way classification.
Biometrika 42:412-416.



