SplicePredictorLL(1) Gener&ommands Manual SplicePredictorLL(1)

NAME
SplicePredictorLL — Splice Site Prediction with Logitlinear Models

SYNOPSIS
SplicePredictorLL [ -m model] [ —s specieq —c cutoff ][ -t pval][ =T sval][ —0O][ -ntopN][ —-p
pstyle] [ —w [nsites sscwl]] [ -x ] [ —eE estdbn] [ —i prmfile][ —qQ gpfnamg [ —I matnamg [ —a from
][ -bto][ -rR ][ -IL libname] [ —g gbfname(s)

DESCRIPTION
The basic version dbplicePredictorLLimplements logitlinear models for splice site prediction trained on
reliable sets of maize amrabidopsis thalianggenomic sequences as described in Referendéné.pre-
dictions are based on thedwariables of (i) degree of matching to the splice site consensus and (ii) local
compositional contrast. The models assidhaluebetween 0 and 1 to each potential splice site such that
true sites mostly score high and non-sites mostly scave The P-values represent intrinsic splice site
quality. In otherwise constant conte sites with increasell-valueare predicted to result in mordieient
splicing (see Reference 2mprovements to the basic model include the crtittependent scorebo and
gamma(Reference 3).Therho-valueof a gven dte is calculated as a weighted product of its P-value times
the P-value of its best potential intron-forming complementary splice siteh6 <1. The gamma-value
of a site reflects v well this site fits in the locally predicted splicing pattern. If theagidte is in a con-
text that suggests preferred usage of nearby sites as splicing partnersxdub®r of the gien dte, its
gamma-valuewill be zero. Otherwise it will be a posig value less or equal to 2; high valuesgainma
would strongly suggest actual usage of the site.

To quickly assess theverall quality of a site we implemented a * grading system: the valuBsrbb, and
gammaare labeled 5%, 4*, 3*, or 2* if thematch or exceed the threshold values for 90%, 80%, 65%, and
50% prediction specificity on the training set, 1* otherwi3t&e sum of the*-values (attaining \alues
between 3* and 15*) serves as a simple combined meaBiareexample, sites scoring 14* or 15* are
highly reliable (estimated specificity > 90%).

Minimal input to the program consists of a genomic sequence for which potential splice sites are to be
listed. Optionallythe user may also supply cBRESTs or "target proteins" which are known or suspected

to significantly match the genomic sequence or its translation into encoded amino acids chains. If supplied,
the algorithm will return optimaspliced alignmentsvhich "thread" the targets into the genomic Dby

scoring for splice sites and sequence similarity in potent@®while allowing for introns as long gaps in

the alignment (References 4 and 5).

The SplicePredictorLL program was desloped in the group of Prof..\Brendel and is freelyvailable
under the GNU General Public Licence at http://brendelgrogifbioinformatics2go/SplicePredictor.php/.
Correspondence relating &plicePredictor should 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
—m model
set model [0= without / 1= with (default) sub-classification]
—-sspecies
Specify either "maize" [default] or "Arabidopsis" for splice site model to be used.
—c cutoff

set prediction thresholdve
[0 = all GU (AG) sites with 50 base flanks
1 = threshold at 100% sensitivity for training set [default]
2 =threshold at 95% sensitivity for training set
3 = threshold at maximal Tau value for training set

]

-t pval set prediction threshold foval [overrides -c option]
—T sval set prediction threshold &val[overrides -c option]
-00  -0: order sites by P-value [default: by position] -O: order sites by *-value [default: by position]

—n topN
display top N splice sites

—p pstyle
1 (terse=WWW); 2 (default); 3 (very terse=EXDOMINO); 4 (verbose); 5 (spreadsheet)
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—-w [nsites sscWl
report splice site clusters (>msitesin <= sscwlbases; defult: 4/1500, appropriate for -T 14
option)

—x [from td
LaTex gaphical output in *.tefile(s)

—eEestdbn
Read EST sequence data from librarydggédbn -e: align + strand on}yE: align + and - strands.

=i prmfile
Read parameters for EST matching from fitmfile

—gQ gpfname
Read target protein sequence data from library (FASTA-formagdfieame

= matname
Read amino acid substitution scoring matrix fromilgtname

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

-bto Analyze genomic sequence up to positiofdefault: end of sequence].
-r Analyze reerse strand.

-R Analyze both strands.

-IL libname
Read (multiple) sequence data from library liithame(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 laver case; all other characters are ignored during input. Multiple sequence input is accepted in
library (FASTA) file formabr in GenBank format

Library (FAST) file formatrefers to rav sequence data separated by identifier lines of the form starting
with ">" followed by the sequence namEor options-g, -E, -q, and -l, the name of the sequence isaak

to be the first string on the ">" line delimited by space, tab, |, or : starting from positieor &ample,
">gilidnumber|something-else" isvgh the name "idnumber"For options-Q and-L, the name of the
sequence is t&k to be the first string on the ">" line delimited by space, tab, |, or : starting from position 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 comments".

Examples 4, -E, -g, and -| options):
>gi | sequencel - upper case
ACGATTGGATCAAAAT CCATGAAAGAGGGGAAT CTATAGGCCGAATTGAG

CGCCAGCGACT GECTGCCT TGECEEEEGAGECCT TGECEEA

>SQ sequence?2 - upper case wi th numnbering
1 ACGATTGGAT CAAAATCCAT GAAAGAGGGG AATCTATAGG CGGAATTGAG
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51 CGCCAGCGAC TGCECTGCCTT GGCGEEEGAG 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 ggcggggg AGGCCTTGECGEA

GenBank formatefers to rav sequence data with possible annotations as in standard GenBankfiités.
mal requirements are the LOCUS and ORIGIN lines. Multiple sequences must be separated by // lines.

EST sequence inputEST sequences for spliced alignment may be supplied as a sequence file in library
format with the-eE estdbroptions. Splicedlignment will only be performed for genomic Bldequences
of lengths not exceeding the parameter MAXGLGTH (default: 13000).

Query protein input: Query protein sequences for spliced alignment may be supplied with@hgpf-
nameoption, whereggpfnames a sequence file in library format. Spliced alignment will only be performed
for genomic DM sequences of lengths not exceeding the parameter MAXGLGTH (default: 13000).

Parameters
There alvays is a trade-dfbetweensensitivity("How mary true sites will be correctly predicted?'g@rgus
specificity("How large is the number of presumabélde positie gredictions?"). Four settings are optional:
"all GU and AG gtes" prints out the donor and acceptor model scores at each GU or AG, vespenti
the sequence; "100% learning set" (default) sets the printing thresholdvel thédé includes all sites that
were in our learning sets; "95% learning set" sets the printing thresholdvat thé includes 95% of the
sites that were in our learning sets; "maximal tau” represents the best compromise between sensitivity and
specificity.

Output format
Output is directed to standard output.

Patential splice sites (example):

t q I oc sequence P rho gamma * P*R*CG par se
D---> 35713 ccgGrTtt gt 0.206 0.100 0.191 10 (3 4 3) |AEEEEE-D- |11 AEED
D-> 35734 tct Glaatt 0.015 0.001 0.000 3 (1 1 1) AEEEEED-I-IIAEED
D--> 35774 at gGTaact 0.223 0.001 0.000 6 (3 2 1) IIAEED-I-1AEED A
D-> 35799 ttgGrgt gt 0.008 0.000 0.000 3 (11 1) IAEEDI-I-AEED AE
A <---- 35819 ttattaattgcgt AGgt 0.618 0.112 0.538 13 (4 4 5) AEEDIII-A-EED AED
D-> 35820 t agGTt cat 0.005 0.000 0.000 3 (11 1) EEDIIA-E-ED AEDA
A <- 35838 atttcctatacaaAGgg 0.062 0.001 0.000 3 (1 11) EDIIAE-E-D AED A
D-> 35890 tat Glgat t 0.006 0.000 0.001 3 (11 1) DIIAEE-DIAED AE
A <- 35929 tgtgattccttcaAGt 0.001 0.000 0.000 3 (1 1 1) DiIAEEDI-AED AEE
A <- 35959 gaatattatcctcAGt 0.011 0.000 0.008 4 (1 1 2) I1AEED -A-EDI AEEE
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A <- 36011 accccaaatttaaAGgt 0.003 0.000 0.000 3 (1 1 1) |AEED A E-Di AEEEE
D----- > 36012 aagGTacga 0.922 0.494 0.933 15 (5 5 5) AEEDI AE- D- | AEEEEE
A <- 36076 atatattccttgt AGyc 0.084 0.004 0.000 4 (1 2 1) |ADIAED |- AEEEEED
A<-e-- 36100 tcgtgttcatt gcAGat 0.816 0.345 0.732 15 (5 5 5) ADI AEDI - A- EEEEEDI
A <- 36122 tgttacctgagat AG a 0.003 0.000 0.000 3 (1 1 1) DI AEDI A-E- EEEEDI A
A <- 36125 tacct gagat agt AGaa 0.007 0.000 0.000 3 (1 1 1) |AEDI AE-E-EEEDIIA
A <- 36128 ctgagat agt agaAGct 0.003 0.000 0.000 3 (1 1 1) AEDI AEE-E-EEDI|AE
A <- 36148 tgtatcctttct gAGyt 0.001 0.000 0.000 3 (1 1 1) ADIAEEE-E-EDI | AEE
A <- 36166 gat gct gcget aaAGyC 0.001 0.000 0.000 3 (1 1 1) DI AEEEE-E-Di|AEEE
D----- > 36206 acgGTaatg 0.494 0.398 1.266 14 (4 5 5) | AEEEEE-D- || AEEED
D-> 36250 ttgGrattc 0.006 0.000 0.000 3 (1 1 1) AEEEEED- |- | AEEEDI
A <- 36271 tgagatt at at caAGag 0.002 0.000 0.000 3 (1 1 1) |AEEED -I-AEEED |
A<-e-- 36296 ataatttttctgcAGc 0.805 0.371 0.778 15 (5 5 5) AEEEDI|-A EEEDI|A

Columnt: type (D, donaror A, acceptor)
Columng: quality. The length of the armindicates the site quality measured by the *-value:

----- = *value 14-15 = highly likely (estinmted specificity >90%

---- = *value 11-13 = likely (estimated specificity 60-70%
= *value 8-10 = possi bl e (estimated specificity 35-45%
-- = *value 5- 7 = uncertain (estimated specificity 10-20%

*value 3- 4

doubt f ul (estimated specificity < 5%

The arrow head points into the predicted intron.

Columnloc: site location (position of first or last base of potential intron for D or A, res@hoti
Columnsequencesite sequence

ColumnP: P-value

Columnrho: rho-value

Columngamma gamma-value

Column*: *-value

ColumnP*R*G*: individual *-values for Prho, and gamma

Column parse (not shevn): highest scoring assignment of theegi Ste and the sgen adjacent sites
upstream and downstream as either A (acceptor), D (donor), E (exon), or | (intron)

Note: Spliced alignment with ESTs confirms introns 35713-35819, 36012-36100, and 36206-36296 (see
file out.gbA.orig in the GeneSeqger/SplicePredictor distribution data directory).

Spliced alignment: For each significantly matching ESthe predicted gene structure based on an optimal
spliced alignment is displayed. The upper lingegithe genomic DI and the lower line gies the EST
sequence. ldentitiemre indicated by vertical bars in the center line. Introns are indicated by aesing
the exons by ' . For protein spliced alignments, the alignmenvegi the genomic DX sequence, its
inferred protein translation (one-letter-code), and the matching parts ofgee gestein sequencédenti-

cal residues are linked by "|", pogdly scoring substitutions by "+", and zero scoring substitutions by "."
according to the amino acid substitution scoring matrix used in the alignment. Coordinates for the pre-
dicted exons and introns arevgi in the list preceding the alignmenExons are assigned a normalized
similarity score (1.000 represents 100% identitydr introns, the list gies the P-values of the donor and
acceptor sites (Reference 4) as well as a similarity score (s) based on the sequence similarity in the adjacent
50 bases of exon.

Special lines
MATCH gDNAx cDNAy scr Igth cvg y
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where gDM\ = name of genomic DN sequence; x = + (forward strand) or -\@ese strand); cDN

= name of cDM sequence; y = + (forard strand) or - (kerse strand); scr = alignment score; Igth =
cumulative length of scored exons; gve coverage of genomic DN segment (y = G) or cDK (y =

C) or target protein (y = P), which& is highest

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

where gDM\ = name of genomic DN sequence; x = + (forard strand) or - (rerse 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 applicationgrmmul-
tiple genomic DM sequences and multiple ESTs orgetr proteins (use a combination of 'egrep’ and
'sort’). PGS= Predicted Gene Structure (GenBank CDS-styled exon coordinates).

NOTES
The relatedseneSeqgeprogram implements Bayesian models for splice site prediction (Reference 6). The
SplicePredictor.c source code includes both the older logitlinear models (compiled lyltiefs Spli-
cePredictorLL) and the recent Bayesian models (compiled byadkfasSplicePredictor). The current
defaultSplicePredictor will be fully supported and documented as soon as the manuscript is published.

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

MAXGLGTH - maximum length of genomic DANsegment for spliced alignment; default: 15000
MAXCLGTH - maximum length of cDNA/EST for spliced alignment; default: 8000
MAXPLGTH - maximum length of protein sequence for spliced alignment; default: 3000

FILES
GENESEQER/README
GENESEQER/bin
GENESEQER/data (examples)
GENESEQER/doc/SplicePredictorLL.1 (this file)
GENESEQER/doc/SplicePredictor.1 (this file)
GENESEQER/include
GENESEQER/src

SEE ALSO
GeneSeger(1), SplicePredictor(1).

NOTES
A hardcopy of this manual page is obtained by ‘man -t ./SplicePredictorLL.1 | Ipr'.

AUTHOR
\olker Brendel <vbrendel@indiana.edu>
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