De novo transcriptome sequence assembly
(454/Sanger ESTs)

CAP3 (http://seq.cs.1astate.edu/cap3.html)

TGICL (http://compbio.dfci.harvard.edu/tgi/software/)
MIRA (http://www.chevreux.org/projects_mira.html)
Phrap (http://www.phrap.org)

Newbler (-cDNA)

Two major problems in existing EST assembly programs and
unigene databases:

1) Large portion of different transcripts (mainly alternative
spliced transcripts and paralogs) are incorrectly assembled
into same transcripts —

2) Large portion of nearly identical sequences are not
assembled into one transcript —
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Example of type I assembly error (paralog)

In DFCI Tomato Gene Index, AW218649 1s a member of TC237370.
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TGCTGCATGGTGGGTATARGCGATCCGTGGAARTGGTACACATGCTGGCGCCARACGCARTTCATGATGAGTGTCGTAGAAGACGTATGCAGGTAGCTGTAGTTGGTGTGCCARAAACTA

GCCGTARARGACGTATARAGGCAGCTGTAGTTGGTGTGCCARARACTA
tasessssresssettetasnstesressssssrsasnstrsssnsssssssssnssnsssnssnsssssss0CCOTAAAAGACGTATaaAGGCAGCTGTAGTTGGTGTGCCARAARCTA
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TAGACARTGATATTATGCTTATGGACARAACATTTGGTTTTGATACTGCTGT TGAARGARGCACAGAGAGCCATTARTTCTGCTTATATTGAGGCACATAGTGCATATCATGGTATCGGAA
TAGACARCGATATTATGCTTATGGATARGACATTTGGTTTTGATACTGCCGT TGAAGARGCACAGAGAGCCATTARTTCTGCTTACAT TGAGGCACACAGTGCATATCGTGGTATTGGAA
TAGACARCGATATTATGCTTATGGACARAACATTTGGTTTTGATACTGCcGT TGAAGARGCACAGAGAGCCATTARTTCTGCTTACATTGAGGCACACAGTGCATATCATGGTATCGGAA
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TTGTGARGTTGATGGGCCGTAGTAGTGGGTTTATAGCTATGCAAGCATCCCTAGC TAGTGGACARATAGACATATGCTTGATTCCAGAGGTGCCTTTCARTCTGCATGGCCCTCATGGTG
TTGTGARGTTGATGGGCCGTAGCAGTGGTTTATAGCTATGCAaGCATCaCTAGCTAGTGGACAaATAGACATATGCTTGATTCCAGAGGTGCCTTTeARTCTGCACGGeCCTCATGGEG
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CAGARGTCATTGCTCARCCCARAGT TGTGGATCCTAACAGCCGCATGTGGCATCGTTGCTTAACATCCACAGGCCAGCCGGACTTTCTTTGAATTARATACGCAGCTCARTTTTTTCGCA
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Sequence identity between AW218649 and TC232370: 91.5%
AW?218649 is aligned to tomato chromosome 4
TC237370 is aligned to tomato chromosome 11



Example of type I assembly error (alternative splicing)

In DFCI Tomato Gene Index, AWO031810 is a member of TC223103

GOTE CCTCTACCTL.

GCT : CCTCTACCTC

GTTCTI

GTTCTI

TTTTCGTG! e
TTT TCGTGGCARS WGAAGTT CCT GTAACC

CTGTTCCA




TC219875
TC221582
Conzensus

TC219875
TC221582
Consensus

TC219875
TC221582

Consensus

TC219875
TC221582
Conzensus

TC219875
TC221582
Consensus

TC219875
TC221582

Consensus

TC219875
TC221582
Consensus

Example of type II assembly error

In DFCI Tomato Gene Index, two unigenes, TC219875 and TC221582, are identical
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TGTGCCTARARCARAATATGGCCACATCTCTCTCGGTTCGGCCCAACCGTACTATCATTAGCAGTGACCCGGCCGGTTCARCCCGGCCTAATCCAR

ACGCTCGGTTTTTTGTCACACCTTTAGATATTCACTGTGCCTARACAARAATATGGCCACATCTCTCTCGGTTCGGCCCAACCGTACTATCATTAGCAGTGACCCGGCCGGTTCAACCCGGCCTAATCCAA
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TCCGCCGCCCTCCARTCTCCGCTCATTTGCCGAARATTCCARRCTCCGATAGTTTCCGLGE GGAGGAGGC TAGTGTTTACTTCTCACCGCCGGAAATTGRAACCCCGCCGTTCAARGCAGGT TCTAGAGC TGA
TCCGCCGCCCTCCARTCTCCGCTCATTTGCCGAARATTCCAARRCTCCGATAGT TTCCGGLGGAGGAGGC TAGTGTTTACTTCTCACCGCCGGAAATTGAACCCCGCCGT TCAARGCAGGT TCTAGAGC TGA
TCCGCCGCCCTCCARTCTCCGCTCATTTGCCGARAAT TCCAAACTCCGATAGTTTCCGGCGGAGGAGGC TAGTGTTTACTTCTCACCGCCGGAARAT TGARCCCCGCCGTTCARGCAGGT TCTAGAGC TGA
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TGATTCGGCTCCTTTCGAGATGTCGGTAGAGAATGCCCTGAAGTTGCTAGGTGTCACTGAGGGTGCTAGC TTCGATGATATTCTTCGTGCGAAARARGTCAATTATCTCTTCTTGTAAAGACGATCCAGAT
TGATTCGGCTCCTTTCGAGATGTCGGTAGAGAATGCCCTGAAGTTGCTAGGTGTCACTGAGGGTGCTAGC T TCGATGATATTCTTCGTGCGAAAARRGTCAATTATCTCTTCTTGTAAAGACGATCCAGAT
TGATTCGGCTCCTTTCGAGATGTCGGTRAGAGAATGCCCTGAAGTTGCTAGGTGTCACTGAGGGTGCTAGC TTCGATGATATTCTTCGTGCGAAAARGTCAATTATCTCTTCTTGTAAAGACGATCCAGAT
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ACARTTGCACAGGTAGAGGCGGCATATGATATGCTTCTCATGCARAGCTTATCACAGAGGAGATCTGGAAARRGT TGTGGATAGTAGTGTACGCTTTGCTGATGTTARAGC TGCTAATGC TTCTGGGATGG
ACARTTGCACAGGTAGAGLGCGGCATATGATATGCTTCTCATGCARAGCTTATCACAGAGGAGATCTGGAAARGT TGTGGATAGTAGTGTACGCTTTGCTGATGTTARAGC TGCTAATGCTTCTGGGATGR
ACARTTGCACAGGTAGAGGCGGCATATGATATGCTTCTCATGCARAGCTTATCACAGAGGAGATCTGGAAARRGT TGTGGATAGTAGTGTACGCTTTGCTGATGTTARAGC TGCTAATGC TTCTGGGATGG
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GATCAATGCCCARGTGGC TGCAGACGACTGTCAAGAGC TCACCAGTCGCAGT TGARGCACCAGCTTCTAAAGAGT TAGGTGTTCAAGCAGGAGTCTATGGAGCCTTAATGGTCTTAACATATGTTAATGG
GATCAARTGCCCARGTGGC TGCAGACGACTGTCAAGAGC TCACCAGTCGCAGT TGARGCACCAGCTTCTAAAGAGT TAGGTGTTCAAGCAGGAGTC TATGGAGCCTTAATGGTCTTAACATATGTTAATGG
GATCAARTGCCCARGTGGC TGCAGACGACTGTCAAGAGC TCACCAGTCGCAGT TGARGCACCAGCTTCTAAAGAGT TAGGTGTTCAAGCAGGAGTCTATGGAGCCTTAATGGTCTTAACATATGTTAATGG
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AGCCTCAACACCTTTAGGAGTATCGTATGGAGCTGATGTTCCTGGACTAATCTTAGCCACAAGCTTTGGLGGCCACCTTGTACTTCATGACCAAGARAARRTGTCARGTTGGLGAARGCAARGCGTCATAARCA
AGCCTCAACACCTTTAGGAGTATCGTATGGAGCTGATGTTCCTGGACTAATCTTAGCCACARGCTT TGGG
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1Assembler

http://bioinfo.bti.cornell.edu/tool/iAssembler/

iterative assemblies (assembly of assemblies) using MIRA and CAP3
(four cycles of MIRA followed by one cycle of CAP3) — reduce errors that
nearly identical sequences are not assembled

Further assembly error identification

1) comparing unigene sequences against themselves to identify nearly
identical sequences (type II errors)

2) aligning EST sequences to their corresponding unigene sequences to
identify mis-assembled ESTs (type I errors)

Both type I and II assembly errors are corrected automatically by the
program

Unigene base errors are then corrected based on the resulting SAM files



Workflow of 1Assembler
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& parameters

MIRA assembler

CAP3 assembler

type Il error corrector

megablast assembler

[
i
©

o
fras)

c

(@]

(8]
©

o

Q

c

Q
(O]

type | error corrector new error detected

unigene base corrector

no new error detected

Iterative assemblies can result in loss of accuracy in unigene
base call. iAssembler reassign each individual unigene base sequence according to the SAM
output file which contains detailed alignment information of individual ESTs and their
corresponding unigenes. The most frequent base in the specific position will be assigned to that
position in the unigene.




1Assembler performance

Test datasets

1. Tomato Sanger ESTs: 362,445 with average length of 579 bp
2. Olive 454 ESTs: 246,993 with average length of 196 bp

Program Command and parameters

iAssembler iAssembler.pl -i input_est -h 40 -e 30 -p 97 -d -0 output

CAP3 cap3 input_est -0 40 -y 30 -p 97 -f 6 -s 251

TGICL tgicl -F input_est -1 40 -v 30 -p 97

MIRA (olive) mira -project=project -fasta=input_est -job=denovo,est,normal,454 -

notraceinfo -GE:not=1 454_SETTINGS -LR:wqgf=no -AS:epog=no:mrl=30
COMMON_SETTINGS -AS:nop=4 -SK:not=1:pr=97 -CL:pec=no
454 SETTINGS -AL:mo=40:mrs=97

MIRA (tomato) | mira -project=project -fasta=input_est -job=denovo,est,normal,sanger -
notraceinfo -GE:not=1 SANGER_SETTINGS -LR:wgf=no -
AS:epog=no:mrl=30 COMMON_SETTINGS -AS:nop=4 -SK:not=1:pr=97 -
CL:pec=no SANGER_SETTINGS -AL:mo=40:mrs=97

Phrap phrap input_est —ace




1Assembler performance
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1Assembler performance

A curated Arabidopsis EST dataset, which only contain EST's
that can be perfectly aligned to the TAIR10 cDNAs

Mo, unigenes perfectly aligned to
Arabidopsis cDMAS™*

== 40 hp overlaps (type (| error)
Mo, ESTs and corresponding

unigenes not aligned to same

Arabidopsis cDMNAS (hpe | erron




1Assembler - SAM (Sequence Alignment/Map) format output
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