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NAME
GeneSeger — Gene Identification by Spliced Alignment

SYNOPSIS
GeneSegelf —hv ][ —sspecieq [ -dD dbest(s) [ —eE estdbn] [ =k ][ -m maxnes{ [ -M sgmntszé [
—x wsize] [ -y minqHSP] [ -z mingHSPd [ —~w minESTq [ —p prmfile] [ —-gQ gpdbn(s)] [ —I matname
][ —a from][ -bto][ —frR ][ —0O outfname] [ —c fcountA] [ —-C fcountB] [ —IL libfname] [ —g gbf-
name(s)

DESCRIPTION
GeneSegels a gene identification tool based on spliced alignment or "spliced threading" of ESTs(cDN
Reference 1) or tget protein sequences (Reference 2) with a genomic query sequence. In a spliced align-
ment, aligned residues in the genomic sequence are assigmestatus. Introns are identfied as largpgy
in the alignment, typically (but not necessarily) flanked by the consensus GTGadidukleotides at the
donor and acceptor sites, respedyi. The optimal alignment is derd by scoring for both sequence simi-
larity and potential splice site strengtiihe program is designed to handle alignment of a large number of
ESTs on a long genomic query sequenc&dBize). Thereforethe ESTs are pre-screened, and only ESTs
with sufficient significant matching are fully aligne@ptionally, target protein sequences are optimally
aligned directly to implied translation products of the genomiAADNhis mode does not wolve pre-
screening and is limited to short genomic sequence segments.

The GeneSegemprogram was desloped in the group of Prof..\Brendel and is freelyvailable under the
GNU General Public Licence at http://brendelgroupluiinformatics2go/GeneSeqanp/. Correspon-
dence relating t&eneSeqershould be addressed to

Volker Brendel

Indiana Unversity
Department of Biology

212 South Hawthorne Due
Simon Hall 205C
Bloomington, IN 47405
U.S.A.

phone: (812) 855-7074
email: vbrendel@indiana.edu
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OPTIONS
-h Generate HTML output [default: simplexte The HTML output should be viewed with an
HTML browser It provides scrolling within the t& and links to the NCBI databases and BLAST

server.
-V Generate verbose output (display the genomi@Béhuence and its base composition statistics).
—sspecies

Setspecieso select the most appropriate splice site modélis parameter must be specified.
Options: "human", "mouse”, "rat", "chicken", "Drosophila”, "Daphnia”, "nematode", "yeast",

"Aspergillus”, "Arabidopsis”, "maize", "rice", "Medicago", "generic".

—dD dbest(s)
Read EST sequence data from pre-processed library @le€sj(s)

—eEestdbn
Read EST sequence data from librarydiedbn

-k Assume fixed 5’ to 3’ transcript orientation of supplied EST sequences.

—-m maxnest
Display at mostnaxnesspliced EST alignments per genomic ®hput [default: 500].

—-M sgmntsze
Process input sequence in segments of sirentszgdefault: 240000; increased mp * 20000
for the MPI version witmp processors]. Thentire input sequence is tiled withelapping sg-
ments, thus all significant alignments will be reported independent of the setting. Decrease or
increase the segment size depending om imoch memory is ilable. Themaximal value of
sgmntszés set toMAXSGMNTSZEnh sahmt.h and can be changed at compile time (see below).

-X wsize
Specify the word size for the initial exact match search dbegfault: wsize= 12 for Arabidopsis
and maize, 16 otherwisévlust be set to >= 12Increasingwsizewill improve arch speed and
selectivity but reduce sensitivity.

-y mingHSP
Specify the minimum quality value of alignment HSPs to be pursDefhult: mingHSP= 12 for
Arabidopsis and maize, 16 otherwise. Must be set to >= 'wsikz&reasingmingHSP will
improve sarch speed and selectivity but reduce sensitivity.

—-zmingHSPc
Specify the minimum quality value of alignment HSP-chains to be purddef@ult: mingHSPG=
30 for Arabidopsis and maize, 40 otherwise. Must be set to >= 'mingHB€&easingningHSPc
will improve sarch speed and selectivity but reduce sensitivity.

-W minESTc
Specify the minimum EST werage for an alignment HSP-chain to be pursugdfault: minESTc
= 0.0 (no restriction). Must be set to alwe between 0.0 and 1.0ncreasingminESTcwill
improve arch speed and selectivity but reduce seitgiti Alignments missed by setting
minESTdo high cowerage wuld include those with sequence errors (or short exons) at either 5'-
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or 3’-end such that these EST parts do not participate in high-quality matches making up the HSP-
chain that triggers the dynamic programming alignm&tdte that the values dflinWidthOfEST

and MinWidthOfGDNA (set ininclude/mytypehexclude short HSP-chains based on absolute
length (both parameters set to 50 byadéif for specialty applications such as matching short tags
across exon boundarieGeneSeqgerwould have © be ecompiled with smaller values for these
parameters). Thielea forminESTawas kindly provided by WZhu (Reference 5).

—p prmfile
Read parameters for EST matching from fitmfile

~qQ gpdbn(s)
Read target protein sequence data from library fitgidpn(sXFASTA-format).

=l matname
Read amino acid substitution scoring matrix fromrilgtname

—afrom
Analyze genomic sequence from positfoym [default: 1].

-bto Analyze genomic sequence up to positiofdefault: end of sequence].
—f Analyze forward strand.

-r Analyze reerse strand.

-R Analyze both strands [default].

—-00 outfname
Redirect output to fil@utfname[default: stdout; if 'outfname’ is set with the -o option, then on-
the-fly output will be directed to stdout].

—c fcountA
If multiple genomic input sequences are supplied with the -ILg options, skip the first sequences
and process starting from sequence nurfdmmtA

-C fcountB
If multiple genomic input sequences are supplied with the -ILg options, skipegnences after
the sequence numbertxbuntB

-IL libfname
Read (multiple) sequence data from library liihame(FASTA-format).

—g gbfname(s)
Read nucleic acid sequence data from GenBank fdefsame(s) If specified, the -g option must
be last.

USAGE

Input file format
Genomic DMNA input: Sequences should be in the one-letter-code ({a,b,c,d,g,h,i,k,ns,hgw,w,y}),
upper or lower case; all other characters are ignored during input. Multiple sequence input is accepted in
library (FASTA) file formaor in GenBank format

Library (FAST) file formatrefers to rav sequence data separated by identifier lines of the form starting
with ">" followed by the sequence namor options-d, -e, -q, and -I, the name of the sequence iseako

be the first string on the ">" line delimited by space, tab, |, or : starting from positibar ®xample,
">gilidnumber|something-else" isvgh the name "idnumber"For options-D, -E, -Q, and -L, the name of

the sequence is tak to be the first string on the ">" line delimited by space, tab, |, or : starting from posi-
tion 2. In the abee example, the name would be "giTypically, this option is appropriate for sequences
supplied by the user in the format ">my-sequence-name commditis=k option is appropriate when all

15 February 2014 3



GeneSeger(1) Genei@bmmands Manual GeneSeger(1)

the EST sequences are represented in correct 5’ to 3’ transcript orientattbis case, no alignment with
the complementary strand igee attempted.

Examples{d, -e, and -l options):

>gi | sequencel - upper case
ACGATTGGATCAAAAT CCATGAAAGAGGGGAAT CTATAGGCCGAATTGAG
CGCCAGCGACT GECTGCCT TGECEEEEGAGECCT TGECEEA

>SQ sequence?2 - upper case with numbering
1 ACGATTGGAT CAAAATCCAT GAAAGAGGGG AATCTATAGG CGGAATTGAG
51 CGCCAGCGAC TGGCTGCCTT GGCGEGEEGAG GCCTTGECGG A

>vb: sequence3 - | ower case
acgat t ggat caaaat ccat gaaagaggggaat ct at aggcggaat t gagcgccagcgac

tggctgecttggegggggaggectt ggegga

>vb: sequence4 - mi xed fornat

1 ACGATTGGAT CAAAATCCAT GAAAGAGEGG AATCTATAGG GGGGGGATCT
cgccagcgac

t ggct gcct t ggcgggag AGGCCTTGGECGEA

GenBank formatefers to rav sequence data with possible annotations as in standard GenBankfiités.

mal requirements are the LOCUS and ORIGIN linkultiple sequences must be separated by // lines.
Note that you can use theand-C options to specify only certain sequences from the input files to be pro-
cessed. Thesaptions are handy if youamt to split the processing of a multi-sequence input Viée sv-

eral CPUs, for example.

EST database input:The EST database for spliced alignment may be supplied in pre-processed form with
the -dD dbest(spption or as a sequence file in library format with 4ké estdbroption. Pre-processing
must be performed prior to tli&eneSeqemapplication with the accompanying prografakeArray (com-

mand [for each file dbest]: MakeArray dbest).

Query protein input: Query protein sequences for spliced alignment may be supplied witlg@he
gpdbn(s)option, whergipdbn(s)are sequence files in library format. Spliced alignment on the proteln le
will only be performed for genomic DNsequences of lengths not exceeding the parameter MAXGLGTH
(default: 15000).

Output format
Output is directed to standard output (default) or to the file specified witlo thetfhamecommand line
argument. Br each significantly matching ESthe predicted gene structure based on an optimal spliced
alignment is displayed. The upper lineej the genomic DX and the lower line gies the EST sequence.
Identities are indicated by vertical bars in the center line. Introns are indicated by dots, gapsamghe e
by’ ’. For protein spliced alignments, the alignmentegithe genomic DI sequence, its inferred protein
translation (one-letter-code), and the matching parts of thettarotein sequence. Identical residues are
linked by "|", positrely scoring substitutions by "+", and zero scoring substitutions by "." according to the
amino acid substitution scoring matrix used in the alignment (BLOSUM62 bylgef Coordinatefor the
predicted exons and introns argagi in the list preceding the alignment. Exons are assigned a normalized
similarity score (1.000 represents 100% identifygr position alignment scores can be changed by chang-

ing the parameters PDG, IDS, MMS, NNS, and DLS in 'prmfile’ (Referenc&d)introns, the list gies
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adjusted P-values of the donor and acceptor sites (References 3 and 4) as well as a similarity score (s) based
on the sequence similarity in the adjacent 50 basesoof dntronsshorter than a specified minimal length
(parameter MIN_INTRON_LENGTH in 'prmfile’) are penalized in the optimal alignment (predicted
introns of size MIN_INTRON_LENGTH or less are flagged by '??’ in the outpu@)milarly, a minimal

exon size is set by the parameter MIN_EXON_LENGTH. The alignment ends are forced to terminate with
MIN_NBR_ENDMATCHES identities (default value: 2) and to be indel-free for MIN_EXON_LENGTH
positions to aoid display of poor quality alignment ends.

If the -0 outfnameoption is specified, EST alignments in the order in whicl #he produced are piped to
the standard outpuflThe outfnamefile displays the sorted and quality-screened EST alignments that mak
up the consensus gene predictions (see below).

Special lines
MATCH gDNAx cDNAy scr Igth cvig Z

where gDM\ = name of genomic DN sequence; x = + (forard strand) or - (rerse strand); cDN

= name of cDM sequence; y = + (forward strand) or -\@ese strand); scr = alignment score; Igth =
cumulatie length of scoredx®ns; cvg = coverage of genomic DN segment (Z = G) or cDW (Z =

C) or target protein (Z = P), whicher is highest.

PGS _gDNAx_cDMy (a bc d,..))
or
PGS_gDNAx_qgp (ab,c d,...)

where gDM\ = name of genomic DN sequence; x = + (forward strand) or -\@ese strand); cDN
= name of cDM sequence; y = + (forward strand) or -\@ese strand); gp = name of target protein; a,
b, c, d, ... = exon coordinates.

The MATCH and PGS lines are useful for summarizing the search results for an applicaticgngrmul-

tiple genomic DM sequences and multiple ESTs or target proteins (use a combination of 'egrep’ and
'sort’). PGS= Predicted Gene Structure (GenBank CDS-stybeshecoordinates)A "hqPGS" line follav-

ing the alignment ges the coordinates of the high-quality alignment parts used to build consensus gene
predictions (see below).

Consensus gene predictions
For EST matching, thewerall gene predictions are summarized at the end of the output file in a section
labeled "Predicted gene locations”. In brief, individual EST alignments are culled teerewsak terminal
exon predictions and then assembled into groupsveflapping alignments with respect to the genomic
DNA coordinates (the maximal gap within a cluster is set by the parameter JOIN_LENGTH in 'prmfile’).
This quality-adjustment may result in complete reahof weak EST alignments. If the adjustment only
removes terminal eons, then the shortened alignment is used for generating the consensus gene predic-
tions, although the complete alignment is still displayed for each EST for refer€niteria for culling
weak terminal exons are g@ned by the parameters TINY_EXON, SHORT_EXON, LONG_INDNR
POOR_EXON_SCORE, POOR_DONOR_SCORE, and POOR_ACPTR_SCORE specified in 'prmfile’.

Each werlapping cluster of alignments is indicated as a PGL (Predicted Gene Loc#ilihin each PGL,
alternatve e)on/intron assignments are indicated by labels AGS (Alten&iene Structure), follwed by

a suummary of the predicted gene structure and scores and the individual PGS lines. Details of the consen-
sus building procedure are discussed in Reference 3.

COMPILATION OPTIONS
The following parameters are set in the file
GENESEQER/include/sahm{g¢hange and re-compile depending on need asithele memory):
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FILES

MAXSGMNTSZE - maximum length of genomic BN\segment as a unit of processing (upper limit of
argumensgmntszé¢o the -M option); default: 750000

MAXGLGTH - maximum length of genomic DNsegment for spliced alignment; default: 40000
MAXCLGTH - maximum length of cDNA/EST for spliced alignment; default: 16000

MAXPLGTH - maximum length of protein sequence for spliced alignment; default: 5000

For large applications, memory requirements may become limitinghat case, first try to split inddual
EST database files into smaller files representing subsets.

GENESEQER/README
GENESEQER/bin

GENESEQER/data (examples)
GENESEQER/doc/GeneSeqer.1 (this file)
GENESEQER/include

GENESEQER/src

SEE ALSO

MakeArray(1), SplicePredictor(1).

NOTES

A hardcogy of this manual page is obtained by ‘man -t ./GeneSeqer.1 | Ipr'.

GeneSegeroutput can be graphically displayed wilyGV ; see http://brendelgroup gibioinformat-
ics2go/MyGV.php/.

AUTHOR

Volker Brendel <vbrendel@indiana.edu>
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