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EST _GENOME: a program to align spliced
DNA sequences to unspliced genomic DNA

Richard Mott

This note describes the program EST_GENOME for aligningeither sequence outside of an intron costsap (2) (there is
spliced DNA to unspliced genomic DNA. It is written in no gap initiation cost), and an intron (gap of arbitrary length
ANSI C and has been tested under Digital OSF3.2. Then the genomic sequence only) costintron (40), unless it
source code and documentation are available from ftp:/starts with GT and ends with AG (or CT and AC if the splicing
www.sanger.ac.uk/ ftp/pub/ badger/est_genome.2.tar.Z.  direction is reversed) when it costsplice(20). Thus, a gap of

The prediction of genes in uncharacterized genomic DNAength L costs L.gap in the spliced sequence and either
sequence is currently one of the main problems facingnin{L.gap intron} or min{L.gap splice} in the genome.
sequence annotators. Methods basedl®@movoprediction, The numerical difference betwe@rtron andspliceallows
e.g. searching for motifs like the splice-site consensus, or osome slack in marking intron end-points. Sometimes the
statistical properties such as biased codon usage, etchoice of boundaries which minimize indel and mismatch
(Solovyevet al, 1994; Hebsgaarét al., 1996) have been costs does not coincide exactly with the splice consensus, but,
only partially successful, and investigators have often foungrovided intron — splice exceeds the extra mismatch/indel
that the surest way of predicting a gene is by alignment with &osts incurred, the alignment will respect the proper
homologous protein sequence (Birneyal., 1996; Gelfand boundaries. If the alignment’s introns still do not start/end
et al, 1996; Huang and Zhang, 1996), or a spliced geneavith GT/AG (or CT/AC), then this may indicate errors in the
product [an expressed sequence tag (EST), mMRNA or cDNAJsequences. The default parameters generally work well except
particularly now that a large number of ESTs are availablehat exons shorter thaplicemay be skipped. Intron penalties
(Hillier et al., 1996). should always be greater than the longest expected random

Standard alignment tools are not ideal for finding the correctnatch (typically 10—15 bp) to avoid spurious matches.
alignment of a spliced product to genomic DNA, because of The details of the algorithm are as follows. &t j) be the
the large introns which can occur in the genomic sequence argtore of the best local similarity ending at bagethe spliced
because the programs ignore the conserved sequences foundatiuence andn the genomic sequence. LB) be the score
donor/acceptor splice sites (intron/exon boundaries). In addief the best local alignment found so far that ends iatthe
tion, very large genomic DNA sequences can be hard to aligspliced sequence. LEXi) be the genome coordinate to which
using quadratic-space dynamic programming because thes(i) refers. LetS(i) andG(j) be the nucleotides at positions
require too much memory. in the spliced and in the genomic sequences, respectively.

The program EST_GENOME addresses this problem. IThen we have:
allows large introns, can recognize splice sites and uses . .
limited memory. This combination of features makes a X0 =1 —9ap
powerful and useful tool. EST_GENOME is used routinely at Xi-1j—-1 4D
the Sanger Centre to help annotate human genomic sequence.
As it is slow compared with search methods like BLAST
(Altschul et al., 1990), we first screen genomic DNA against B
dbEST using BLASTN. Any matching ESTs are realigned 0
using EST_GENOME.

The algorithm uses a modification of Smith and Waterman - .
(1981). The penalty structure used to score an alignment is as D { match if Si) = G(j)
follows (defaults are in parentheses). Aligned bases score —mismatch otherwise
-+match(1) or cost—mismatch(1) as appropriate. Anindel in

X(@i,j) = maxq X@i,j— 1 —gap

{ B(i) — splice if C(i), j are a donor—acceptor pair
—
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CNFG9 25669 ATCAGCGCTGCGGC CCGACTCTCGCTTGCGCCGCCGCGGGAGCCGGTGGAAACCTGAGCGGGAGCTG 25758
P |IIIIIIII|II||||I|H|III!IIIIIIIII e IIIII IHHII IHIIHIIIIIIHIII |I
yol3dc02.s81 20 ATAAGC-TTGCGACCGCCCGGAAGCTCATCTTGGCCACCGACTCTCG-ATG-GTCGCCG CTGAGCGGGACGT! 104
CNFGY 25759 GAGAAGGAGCAGAGGGAGGCAGCACCCGGCGTGACGGGAGTGTGTCGGGCACTCAGGCCTTCCGCAGTGTCATCTGCCACACGGAAGGCA 25848
IIIIIIIIIHHIIIIIIIIIIIIIIHIIIIII IIIIIII||HIIIIIHHHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
yol3c02.s1 105 G GGCAGCACCCGGCGTGAC~GGAGTGTGTGGGGCACTCAGGCCTTCCGCAGTGTCATCTGCCACACGGAAGG 193
CNFGI 25849 GCCACGGGC ~CAGGGGGTCTATGATctgga. . . . . catacCTTCTGCATGCCCAGC CGTA-GAGTGGGGGTGGCG 26325
IIIIIH‘HI IHIIIHI|H1<<<<< 404 <<<<<III|HHIHIHIIHIIIIIIHIIIHH L HIH
yol3c02.s1 194 CGGCCACGGGCAGGGGGGGTCTATGAT . v v v vvnrane CTTCTGCATGCCCAGCTGGCATGGCCCCACGTAGGAGTGGGGTTGGCG 268
CNFG9 26326 TCTCGGTGCTGGTCAGCGACACGTTGTCCTGGCTGGGCAGGTCCAGCTCCCGGAGGACC TCA( TCCCG' 1 26415
IIIHIHIIIIIIIHIIHIIIIIIIIIIIIIIIIIIIIIIIIIHIIII!IHIIIHIHIIII 1L HIIHIIIIII
yol3c02.s1 269 TCTCGGTGCTGGTCAGCGACACGTTGTCCTGGCTGGGCAGGTCCAGCTCCCGGAGGA GCTTCCCGTAGCGCTGGC! 358
CNFG9 26416 AGTGACGGATGC CTGTCCTTG! CAGTCGGCGGTCCCCctgge. . . .. ggt 26492
IHIIIIHIIIHIIII|IIIII!|IIHHIIH!HIII|||I|HIH|| HHHIIIIIIIHHHII|<<<<< 898 <<<
yol3c02.s1 359 AGTGACGGATGCTCTTGCGCTGCC CACTGTCCTTGCTCATTCCAAACCAGTCGGCGGTCCCC. v v v v v s s 435
CNFG9 26492 ATGGTCTGTGTGATGG. GCCGGAGCTCATGGTGGGGTGAAGAGATGTGGGCTGTCTCG 27477
<<l|II|IIl|lI IIIIIIIIIIIHI III HIIIIHIIIIIIIII PULLEEEE DEELELELEEL L L ] LT
yol3c02.sl 435 . .CTGCGGATGGTTTGTGTGATGGAC CCGGCCGCC-GAGTCCATGGTNGGGTGAAGAGAT -TGGG-TTTCTCG 518

Fig. 1. Example alignment produced by EST_GENOME. Introns are indicatetkky. The direction of gene splicing is reversed.

TheB term is the cost of the best local alignment ending withDitigal Alpha 255/233. The alignment contains two introns,

an intron ati,j, so X(i,j) is the cost of the best overall oflengths 404 and 898 bp, indicated by the <<< symbols. The

alignment ending at,j. If the alignment path as well as the output truncates the intron sequences. Note that both introns

score is required, then each tirBg) changes the previous have CT/AG boundaries indicating that the direction of

pair (B(i), C(i)) is pushed onto a stack in case it is requiredsplicing is reversed.
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