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Transcriptome sequencing

Accelerating gene discovery and gene family expansion
Accelerating genome annotation — identifying novel genes
and gene models

Identification of tissue/condition specific alternative
splicing events

Identification of transcript fusion events

Building physical and genetic map (SNP and SSR marker
identification — facilitating breeding)

Gene expression and allele-specific analysis



RNA-seq

Problem of microarray

Cross-hybridization

Stable probe secondary structures

high background (e.g., nonspecific hybridization)

limited dynamic range (e.g., nonlinear and saturable
hybridization kinetics)

RNA-seq (digital expression analysis)

allow direct enumeration of transcript molecules

Because counting statistics are well modeled by the Poisson
distribution, they do not require repetition or standardization
digital expression data are absolute so data can be directly
compared across different experiments and laboratories without
the need for extensive internal controls or other experimental
manipulation

provide open systems that allow detection of previously
uncharacterized transcripts, as well as rare transcripts




RNA-seq

e (Can’t distinguish the expression of alternative spliced transcripts
e Challenging in de novo transcriptome assembly
 Short reads (e.g. Solexa) requires whole genome sequences

alternative 3 ss

alternative 5‘ ss

mutually exclusive

intron retention
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RNA-seq

The beginning of the end for

microarrays?

Jay Shendure

Two complementary approaches, both using next-generation
sequencing, have successfully tackled the scale and the complexity of
mammalian transcriptomes, at once revealing unprecedented detail

and allowing better quantification.

For over a decade, DNA microarrays have
provided a powerful approach to achieve
parallel interrogation of biological sys-
tems at a genomic scale. But two new
reports in this issue of Nature Methods'>
demonstrate that massively parallel DNA
sequencing may be on its way to sup-
planting microarrays as the technol

of choice for quantifying and annotating
transcriptomes.

to the reproducibility of results between
laboratories and across platforms.

Since 2004, massively parallel DNA
sequencing technologies have exploded
onto the scene, offering dramatically lower
per-base costs than had previously been pos-
sible with electrophoretic sequencing’. The
two papers in this issue of Nature Methods'
describe the application of next-generation

ing to characterize several mouse

Nature Method, July 2008

Of course, transcriptome sequencing by
itself is nothing new. Sequencing of expressed
provided an early

ering coding sequences in

the absence of a reference genome and sub-
sequently for annotation of transcriptional
units. The high cost of deep EST sequenc-

lowered costs by minimizi
information collected per transcript. Even
with SAGE, however, the cost of transcrip-
tome analysis with conventional sequencing
remains high relative to that of microarray
analysis. The introduction of next-gener-
ation sequencing technology into this area
represents a major leap toward a leveling of
the playing field. For example, tens of mil-
lions of independently derived sequencing
tags can now be obtained at a cost similar to
what tens of thousands used to cost.

The RNA-Seq approach also brings a
qualitative and quantitative improvement to
transcriptome analysis. For example, by tak-




Transcriptome sequencing

e Organisms having a reference genome/transcriptome:
currently dominated by Illumina/Solexa, followed by
SOLiD and Roche/454

e  Orphan organisms: currently dominated by Roche/454.
No practical applications of Illumina/Solexa and SOLiD
for de novo transcriptome sequencing have been
published except the two methodology papers.

ORIGINAL PAPER “Z» . | BMIC Bioinformatics

Sequence analysis ‘

De novo transcriptome assembly with ABySS
, Cydney B. Nielsen,
ronmlm Zhao', Martin Hir:
ph M. C , dy D. G

ckson*1, Patrick S Schnabl

e novo assembly of genomes and transcriptomes
challenging problem. Because of the high coverage needed to assembl
the overhead of modeling the assembly problem as a gr:
sequence assembly are often validated u data from BACs

Results: We present a parallel method for transcriptome assembly from large short sequence data

ABSTRACT / their i 1 deted Clura 0ns ne in the sets. Our solution uses a s ?ldph theoretic frame and tames the computational and
data fom  f . °n the o space comple sing . L we ruct a distributed bidirected graph that

overlap information. Ne)r[ we pact all chains in this graph to determine long unique

using undirected parallel list ranking, a problem for which we present an algorithm. Finally,

we process this compacted distributed graph to resolve unique re that are separated by

repeats, exploiting the naturally occurring coverage variations arising ifferential expression.

generated fro o

consisting of 40 billion nucleo rocessor e Oul mn:thod
is the first fully distributed method for assembling a non-hierarchical short sequence darta set and
can scale to large problem sizes.




Transcriptome sequencing

De novo transcriptome sequencing using Solexa

HUGE interest in the community (454 i1s expensive and relative low
throughput)

De novo assembly is very challenging

- ABySS (http://www.bcgsc.ca/platform/bioinfo/software/abyss)

- Qases (http://www.ebi.ac.uk/~zerbino/oases/; “Oases uploads a

preliminary assembly produced by Velvet, and clusters the contigs
into small groups, called loci. It then exploits the paired-end read and
long read information, when available, to construct transcript
1soforms”)

First generate reference transcriptome sequences using 454, then align
Solexa reads to assembled transcriptomes

- sequence a pool of (to maximize the

transcriptome coverage)



De novo assembly using ABySS

Two lanes of Solexa single end reads
Total number of reads: 33,203,388
Length: 86bp

total number of unigenes

total length of unigenes

average length of unigens

number of unigenes =>100bp

total length of unigenes =100hp
averaqge length of unigens = 100hp
N50 {for unigenes =100hp}
longest unigene

Zreais us ed for assemb

Zreads not used for ass embl

% reads not used for ass emhbl




Transcriptome sequence processing (454)

Lucy: http://lucy.sourceforge.net/ (can only process raw reads
no less than 50 bp)

$ lucy test.fasta test.qul -o test_lucy.fasta test_lucy.qul -m 100 -e 0.01 0.01

$ awk -f zapping.awk test_lucy.fasta >test_highqg.fasta

[feizj@localhost Desktopl$ lucy
Less Useful Chunks Yank (lucy) 1.19p, by Hui-Hsien Chou and Michael Holmes,
with help from Granger, Anna, John and Terry Shea.
lucy: no input sequence file
usage: lucy
[-pass_along min value max value med value]
[-range areal area2 area3] [-alignment areal areaz area3]
[-vector vector sequence file splice site file]
[-cdna [minimum span maximum error initial search range]] [-keep]
[-size vector tag size] [-threshold vector cutoff]
[-minimum good sequence length] [-debug [filename]]
[-output sequence filename quality fTilename]
[-error max _avg error max _error _at ends]
[-window window size max_avg error [window size max avg error ...]]
[-bracket window size max avg error]
[-quiet] [-inform me] [-xtra cpu threads]
segquence file quality file [2nd sequence file]




Transcriptome sequence processing (454)

rRNA, tRNA, vectors, chloroplast and mitochondrion DNAs, polyA/T, low complexity......

Sequences producing significant alignments:

AcCcession Description

putatis
probable

= TBP [Micotiana tabacum]

predicted protein [Micromonas pusilla CCMP1545]
unkn

ciated protein [Brugia malavyi] =gb|EDP3I1077.1| S¢

| protein [Arabidopsis thalianal
ciated protein [Picea abies]
nce-associated protein [Cupressus sempervirens]
i [Mernatostella vecten:

unknown [Me

SENE MNCE -

predicted protein [Phaeodar
FPREDICTED: similar to predict
cal protein 3 JRAFT_D 2150 [Sorghum bic
predicted protein [Fopulus : =gh|EEFD;
putative senescence-ass ted protein [Pyrus communis]

putative sene B ciated protein [Lilium longiflorum]

ciated protein [Ipormoea nil]

Arabidopsis 25S ribosomal RNA vs GenBank nr protein database



Transcriptome sequence processing (454)

seqclean (http://compbio.dfci.harvard.edu/tgi/software/)

[feizj@localhost seqclean]$ perl seqclean Low CompleX1ty sequences

AAAAAAAAAAATTTTTTTITTTTTTAAAAAAAAAAAAAARAAGGGG
GGGCCCGCGGTTTTTTTAAAAAAAAAAAAAAAAAAAATTCCCCCC
CAAAAAAAAACCCCCC

seqclean <seqfile= [-v <vecdbs=] [-s <screendbs=] [-r <reportfile=]
[-0 <outfasta=] [-n slicesize] [-c {<num CPUs>|<PVM nodefile>}]
[-1 <minlen=] [-N] [-A] [-L] [-x <min_pid=] [-y <min vechitlen>]
[-m =e-mail=>]

Parameters

All the adapter, vector, rRNA, UniVec
databases need to be formatted so they
can be searched by blast programs

$ formatdb -i database_name -p F

Run seqclean program

segfile>: sequence file to be analyzed (multi-FASTA)

-¢ use the specified number of CPUs on local machine
(default 1) or a list of PVM nodes in <PVM nodefile=

-n number of sequences taken at once in each

search slice (default 2008)

comma delimited list of sequence Tiles

to use for end-trimming of <seqgfile> sequences

(usually vector sequences)

during cleaning, consider invalid the sequences sorter

than <minlen> (default 108)

comma delimited list of sequence Tiles to use for

screening =seqfile> sequences for contamination

(mito/ribo or different species contamination)

write the cleaning report into file <=reportfile=

(default: =seqgqfile=.cln)

output the "cleaned" sequences to file <outfasta=

(default: =seqfile=.clean)

$ perl seqclean test_highg.fasta —c 2 -v adapter -s rRNA,
tRNA,plastid,UniVec,E_coli

EE RS SRS EEE S E RS S AR E R EE RS E RS PR EEEEEEEE LSS

Sequences analyzed:

minimum percent identity for an alignemnt with 9111 (325 trimmed)

a contaminant (default 986)

minimum length of a terminal vector hit to be considered
(=11, default 11)

disable trimming of ends rich in Ns (undetermined bases)
disable trashing of low quality sequences
disable|trimming of polyA/T tails
disable|low-complexity screening |(dust)
do not rebuild the cdb index file

send e-mail notifications to <e-mail=

trashed: 280
EEE S S S S F F R SRR TR R S S R R R RS S SRR R EE S S SEEES
----= Trashing summary =
by 'adapter’:
by "rRNA":
by 'E coli':
by 'shortg':
by 'dust':
by 'plastid’:




Transcriptome sequence processing (454)

E coli genome contamination

Query= FT7FLTVNO8JGQ91 (426 letters)

>NC_002655 Escherichia coli 0157:H7 EDL933, complete genome. (Length = 5528445)

Identities = 424/426 (99%), Gaps = 1/426 (0%)

Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:

Sbjct:

1

4864420

61

4864479

121

4864539

181

4864599

241

4864659

301

4864719

361

4864779

421

4864839

gcgcgaagttcaactattgttctgtggtgttctgttgecgtgttgacggacaaaattttge

Frrrrrrrrrrrrrrrerrrrererrrrrererrrrerr et e
gcgcgaagttcaactattgttctgtggtgttctgttgecgtgttgacgg-caaaattttge

tggcgtaacatgcgcgcacgatcactctaagaggacattcgeccttggacacacccagtag

Frrrrrrrrrrrrrrrerrrrererrrrrererr et r e
tggcgtaacatgcgcgcacgatcactctaagaggacattcgeccttggacacacccagtag

atactggctcactatcctgtcatccaggatcaactcctaaggctatccecectttttgetgat

Frrrrrrrerrrrrrrererrererrrrrererr ettt r e
atactggctcactatcctgtcatccaggatcaactcctaaggctatcecectttttgetgat

agccttagcggttgtcagcgacctcaatttttcececgtecgegectgagtcaggectgtttaat

Frrerrrrererrrrrererrererrrrrerrrr ettt r e
agccttagcggttgtcagcgacctcaatttttccecgtecgegectgagtcaggectgtttaat

ggtctgaaacccaatttgtttctgtgtgcccactgaactgtccgatattttaagcattgg

Frrererrrrerrrrrererrererrrrrer e et
ggtctgaaacccaatttgtttctgtgtgcccaccgaactgtccgatattttaagcattgg

gagtcccggtcatgctgagcgcatttcaactggaaaataaccgactgacccggctggaag

Frrererrererrrrrererrererrrrrererr et
gagtcccggtcatgctgagcgcatttcaactggaaaataaccgactgacccggctggaag

tcgaagagtcacaaccccttgtaaatgcagtatggattgatcttgtcgaaccggacgacg

Frrrrrrrererrrrrererrererrrrrererr et r e
tcgaagagtcacaaccccttgtaaatgcagtatggattgatcttgtcgaaccggacgacg

acgagc 426
LI
acgagc 4864844

60

4864478

120

4864538

180

4864598

240

4864658

300

4864718

360

4864778

420

4864838




Transcriptome sequence assembly (454)

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

TGICL (http://compbio.dfci.harvard.edu/tgi/software/)
MIRA (http://www.chevreux.org/projects_mira.html)
Newbler (-cDNA)

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

1) Large portion of nearly identical sequences are not
assembled into one unigene

2) Large portion of different transcripts (mainly alternative
spliced transcripts) are incorrectly assembled into same
unigenes



mis-assemblies

120 130 140

TC191883 GGTTGAGGTATTCTTCATTCTGAACCCTCCTCCTCGTCGGCGAACGGCTGCTCTTCTTCTGCTATCTTTTGCTTCCAARCTTACTCAATCGGCGGAGAAGCAGARTCCAGTGGCCGGCCGCCGGARTCTCARTTGAGCTGCGTAGTTAGAR
TC21067¥2 GGTTGAGGTATTCTTCATTCTGAACCCTCCTCCTCGTCGGCGAACGGCTGCTCTTCTTCTGCTATCTTTTGCTTCCAARCTTACTCAATCGGEGGAGAAGCAGARTCCAGTGGCCGGCCGCCGGARTCTCARTTGAGCTGCGTAGTTAGAR
Consensus GGTTGAGGTATTCTTCATTCTGARCCCTCCTCCTCGTCGGCGAACGGCTGCTCTTCTTCTGCTATCTTTTGCTTCCARCTTACTCARTCGGCGGAGAAGCAGAATCCAGTGGCCGGCCGCCGGARTCTCARTTGAGCTGCGTAGT TAGAR

151 160 170 180 190 10 220 230 240 250 260 270 280 290 300
|—————— T —— —————————. T — —————————. T — e —— T — e —— e —— L —— e —— L —— e — L ——— 1
TC191883 ATAAACTAGAGAACCATGGGGATCGTAGAGAGGATCARAGARAT TGAAGCCGAGATGGCTCGTACCCAGARARATARAGCAACTGARTATCATTTGGGTCAGL TGAARGGC TAAGATAGCAARAGCTGAGGACACAATTGT TRGAGCCCCCC
TC210672 ATAAACTAGAGAACCATGGGGATCGTAGAGAGGATCARAGARAT TGAAGCCGAGATGGCTCGTACCCAGARARATARAGCAACTGARTATCATTTGGGTCAGC TGARGGC TAAGATAGCARAGCTGAGGACACAATTGTTAGAGCCCCCC
Consensus  ATAARCTAGAGAACCATGGGGATCGTAGAGAGGATCARAGARAT TGAAGCCGAGATGGCTCGTACCCAGAAAAARTARAGCAAC TGARTATCATTTGGGTCAGC TGARGGC TARGATAGCARAGC TGAGGACACAATTGT TAGAGCCCCCC

301 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450
| = e e e e e o e o e e ———————— e e ! e —————— |
TC191883 AAAGGTTCTAGTGGTGCTGGAGAAGGTTTCGAAGTTACARAATTTGGCCATGGACGTGTTGCACTGATAGGATTTCCARGTGTGGGARAGTCTACACTCCTTACARTGTTGACAGGARCACATTCTGAAGCTGCATCATATGAGTTCACA
TC210672 AAAGGTTCTAGTGGTGCTGGAGAAGGTTTCGAAGTTACARAATTTGGCCATGGACGTGTTGCACTGATAGGATTTCCARGTGTGGGARAGTCTACACTCCTTACARTGTTGACAGGAARCACATTCTGAAGCTGCATCATATGAGTTCACA
Consensus AARGGTTCTAGTGGTGCTGGAGARGGTTTCGARGTTACARAATTTGGCCATGGACGTGTTGCACTGATAGGATTTCCARGTGTGGGARAGTCTACACTCCTTACARTGT TGACAGGARCACATTCTGARGCTGCATCATATGAGTTCACA

q70 480 490 S 510 520 530 540 550 560 570 580 L

| = —————— e e e e e e e e e e e e e e e e e e e e e i e o i e e o o —————— |

TC191883 ACACTTACTTGCATCCCTGGTATTATCCATTACAATGATACTAARATTCAATTGCTTGATCTTCCGGGARTCATTGARGGTGCATCTGARGGCARGGGTCGTGGTAGGCAGGTCATTGCTGTTTCTARGTCAGCGGACATTGTATTAATG
TC210672 ACACTTACTTGCATCCCTGGTATTATCCATTACAATGATACTAARATTCAATTGCTTGATCTTCCGGGARTCATTGARGGTGCATCTGARGGCARGGGTCGTGGTAGGCAGGTCATTGCTGTTTCTARGTCAGCGGACATTGTATTAATG
Consensus RACACTTACTTGCATCCCTGGTATTATCCATTACAARTGATACTAARATTCARTTGCTTGATCTTCCGGGARTCATTGARGGTGCATCTGARGGCAAGGGTCGTGGTAGGCAGGTCATTGCTGTTTCTAAGTCAGCGGACATTGTATTARTG

620 630 G40 650 GG 670 &80 690 00 10 Fa0 730 740
|=——————— o e e e e e e e o e e e e e e o e e e e e e e e o e e e e e e e e o e e e o o e e e o e e e e e e e e 1
TC191883 GTTCTCGHTGETTCRHHHHGTEHHGGCCHTEGGCHHHTHTTEHCHHHGGHECTGEHHECEGTGGGCETECEHCTHHHEHHGFIHHCCTCETCHG.CTTCHHGHHGHHFIHHGHETEGTGGHHTTTCTTTCHHTHGEHCTCTGEHTCTG

TC210672 GTTCTCGATGCTTCARARAGTGAAGGCCATCGGCARATATTGACAARGGAGC TGGAAGCGGTGGRCCTGCGACTARACAAGARACCTCCTCAG
Consensus GTTCTCGATGCTTCARARAGTGARGGCCATCGGCARATATTGACAAAGGAGC TGGAAGCGGTGGGCCTGCGACTARACAAGARACCTCCTCAG

CTTCAAGAAGARARAGACTGGTGGARTTTCTTTCAATAGCACTCTGCATCTG
CTTCARGAAGARARAGACTGGTGGARTTTCTTTCARTAGCACTCTGCATCTG

751 1 Frill 780 790 800 810 820 830 840 850 860 870 a0 890 900
| === E E E E E E E E E L E L F———————— e ———————— |
TC191883 ACACATGTGGATGAGAAGCTATGCTATCAAATACTGCATGAATACARGATCCACARTGCTGAGGTGTTATTTCGTGAAGATGCCACAGTGGATGACCTTATTGATGTTATTGAGGGCAATCGTAAATACATGAAGTGCATATATGTCTAC
TC210672 ACACATGTGGATGAGAAGCTATGCTATCAAATACTGCATGAATACARGATCCACARTGCTGAGGTGTTATTTCGTGAAGATGCCACAGTGGATGACCTTATTGATGTTATTGAGGGCAATCGTAAATACATGAAGTGCATATATGTCTAC
Consensus ACACATGTGGATGAGARGCTATGCTATCARATACTGCATGARTACARGATCCACAATGCTGAGGTGTTATTTCGTGARGATGCCACAGTGGATGACCTTATTGATGTTATTGAGGGCAATCGTARATACATGARGTGCATATATGTCTAC

930 940 1 1 970 980 990 10040 1010 1020 1030 1040 1050
|=——————— o e o e o o o o e e o —————— e o ——————— |

TC191883 AACAAGA
TC210672 AACAAGATAGATGTTGTTGGTATTGATGATGTAGACAGATTAGCCAGACAGCCARACTCTGTTGTCATCAGCTGCARCATGARGCTGARTCTGGATAGATTGCTTGCAAAARTGTGGGAAGCGATGGGTCTTGTCAGAGTTTACACAARG

Consensus  AACAAGH . o o c s ss s ssssnssssssssssns sttt sstsntsstntssteststtntsttintsttntsttttttttnttstnttstinttttnttsttnttttnttsttttsttnttssnttsttnttstntssssnts
1130 1140 1150 1160

TC191883
TC2106¥2 CCTCAARGGCCAGCAACCAGACTTCACAGATCCAGTGGTGCTTTCTGCTGATAGAGGTGGCTGTACGGTAGAARGATTTCTGTARTCACATACATCGGAGTCTTGTTARGGATGTGAAGTATGTGTTGGTTTGGGGTACTAGTGCARGGCAC

COMBEMEUS o vvsrnssssnssssnssstsnssttnssstssssttnssstssssttnststntssttntsttnsstttststtntssttsssttnttstntssttntsttnttsttnttttntssttsssttnssstntsstsnssstntssssnss

1201 1210 1220 1230

1] 1240
+

1] 1250 1261
+

1] 12
+

1] 1281
+

1] 1290
+

1] 1310 1321
+

1] 133
+

0 1341
+

1] 1350
+
TC210672 TCCCCCCAGCATTGTGGCCTTGCTCARATGCTTGAGGATGAAGATGTGGTGCAGATTGTTAAGARARAGGAGARGGARGATGGAGGAGGTAGAGGCCGATTCARRTCACATTCTARTGCTCCTTCTCGTATATCTGACCGTGAARAGAAG
DTS BT LI e e e T e e e e e e o e e T e e e et e e e e et e e e e e e e e e e Tt e TaTa e et
1351 1360
|__
TC191883
TC210672 GCTCCATTGARGACCTGATTGAGCCAGATAGTGGCGCTGCTAGTTCTATATGCTGATCTGGTAGGATCCATGTGCCAGGTATTACTATTGARGARTGAGCTATACARTGAGATAGCTAGAG

Sensus
COMBENEUS o rnvsrnssssossssnsssssnssssnsssssssstsntsssssssssstsssetssssststtstsstsetstsntssttststtnttssnttstsntstsntssssntsssntssses

Two overlapping unigenes were not assembled in Tomato Gene Index (TGI)



mis-assemblies

AI7 73661 GCAAA
TC194329 ATAAAAATGTATTAAGAGGAATTAGTATAAAACAAAATAAATTACCAAGCATAACCTTGTTGTAAAGATTCAGTCTCTAAATAGAGATTAATTTTGCAAA

AI773661 ACAGATAACACATTCAAAAATCAGCAATATGATGCTGGAGTGGGTAAGAAAAACAGAGTTGAAATAAGAAAATCCAACAAGATACTATTAATGGTAAAAG
TC194329 ACAGATAACACATTCAAAAATCAGCAATATGATGCTGGAGTGTGTAAGAGAAACAGAGTTGAAATAAGAAAATCCAACAAGATACTATTAATGGTAAAAG

AI773661 TAGGTTGGCAAATACTTCTAATAGAAACTCTATCAATGTGCATTCAAACACCAGCACTTCCTCAAGCCTTGTAGCCTICTGCTATTTCTCTTTCCTCTTGC
TC194329 TAGGTTGGCAAATACTTCTAATAGAAACTCTATCAATGTGCATTCAAACACCAGCACTTCCTCAAGCCTTGTAGCCTCTGCTATTTCTICTITTICCTICTTGC

AI773661 TCGCTCAAACTTCCTTCCCTTTGCGCGAACATAAAGCTTTGTGTGGCTGTGTGGGACACCAAGTGCTTTACCAAAGTGCTTAACGGCCTCCCTTGAGTTC
TC194329 TCGCTICAAACTTCCTTCCCTTTGCGCGAACATAAGGCTTTGTGTIGGCTGTGTGGGACACCAGGTGCTTTACCAAAGTGCTTAACGGCCTCCCTTGAGTTC

AI773661 TTTGGACCCCTAAGCARRRC— === —mm—mm e e e e e e
TC194329 TTTGGACCCCTAAGCAAAACCTGATCAAGAAAGCATTACAAAACAAATGACTAGCCAATGTTACCTCTACCATGAATACATAATCATTTCCTATGCAGGA

N7/ 1 e
TC194329 CGAGATTCAAACCACAATTCTAAAAACACCTCGGTTTGTTATTATATACTAGTGAAGAGCACTACAGCATATTCTCTAATTATTCACTTGATTGATGAAA

BAL773660L —emmcccmm—mmmeeeeeeeeeeeeeeeessssse e e e e AGTGTTCTGCCCAAGAGGGGCTCTGAGAGCAAGCTGATCAAAGGTCAAACATTC
TC194329 GAAAAGGCATAAAAATGCAAACTGATGAGAGAGAGAAGTTCCGTACAGIGTITCTGCCCAAGAGGGGCTCTGAGAGCAAGCTGATCAAAGGTCAAACATTC

AI773661 TCCTCCAGCCTTCTCAATCCTAGCTICTAGCTGTTTCCGTGAATCTCAATGCAGTAACCTTGATTTTTGGGACTTCATAAGCTCGAACATCATCGGTAACA
TC194329 TCCTICCAGCCTTCTCAATCCTAGCTCTAGCTGTTTCCGTGAATCTCAATGCAGTAACCTTGATTTTTGGGACTTCATAAGCTCGAACATCATCGGTAACA

AI773661 GTCCCAACAACAACAGCAATATTGTICCICCITTICCAGTCATGTAAGTAACCAAACGTGATAGAGACAATGGAGCTITTATTIGATCTTGCTCATGAAGAG—-
TC194329 GTICCCAACAACAACAGCAATATTGTCCTCCTTTCCAGTCATGTAAGTAACCAAACGTGATAGAGACAATGGAGCTTTATTGATCTTGCTCATGAAGAGTC

N A S
TC194329 TCTTCAGTATCACAGCATTGAACTTACTACCAGTCCTCCGTGATAGAAATCGGTACAACTTGACGAGAAGCTTGAGATAAACATCGTCGGATTTTGGTGC

N A S
TC194329 AATGCGCTTAGTCTTTTTGGACTTACCTCCGGCAACTAGATCGATACCCATGATGCTCCGCCTGCTGCTTCTACTTTCCTCCGCCGCCGCCTGCTGCTGA

BITTIBEEL —mmmmmmeee e
TC194329 TAGGTTTTTCTGTTCGGAGAATGG

In Tomato Gene Index (TGI), AI773661 is a member of TC194329.



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
thtat nearly identical sequences are not assembled

Further quality checking:

1) comparing unigene sequences against themselves to identify nearly
identical sequences

2) aligning EST sequences to their corresponding unigene sequences to
identify mis-assembled ESTs

Mis-assemblies were corrected automatically by the program

241 251 261 271 281 29 30 31
| | | I

|
ST ACTCAALACTTTCACCTCTCTATTTCTCTAGACAGCAATTGTCTGATTTTTAGG CTGA CARAC ATTTTGTCAATT

TGAACADLCGCARTALAAGCTAACTCAALACTTTCACCTCTCTATTTCTCTAGACAGCAL TTGTCTGATTTTTAGGCTGACARAGCCCCATCCARATTTTGTCAATT
TGALCARCGCAT®RSAALGCTAACTCEARACTTTCACCTCTCTATTTCTCTAGACAGCAATTGTCTGATTTTTAGGCTGA CARAGCCCCATCCAAATTTTGTCAATT




Test data on CAC (test.ftna): 9391 Roche/454 sequences
with average length of 307.8bp and total of 2.89Mb
Cap3 assembly

1Assembler

MIRA assembly

$ bin/mira -project=miral -fasta=test.fna -job=denovo,est,normal,sanger -notraceinfo -
GENERAL:kcim=yes,not=1 -CO:fnicpst=yes -
CL:cpat=no,pec=no,pvic=no,qc=no,bsqc=no,mbc=no,emlc=yes,mlcr=0,smlc=0,emrc=yes,mrcr
=0,smrc=0 -AL:bip=5,bmin=10,mrs=93,mo=29 -AS:mrl=30,bdg=30 -SK:mmhr=6

1Assembler assembly

$ perl iAssembler.pl -i test.fna

time (se

nds)

number of unigenes

FZFLTYHO8.JDOU)
F?FLTYHO8.JIH72

Consensus

FZFLTYHO8.JDOU)
FZFLTYHO8JJH72
Consensus

FZFLTYHO8.JDOU)
F?FLTYHO8.JIH72

Consensus

FZFLTYHO8.JDOU)
FZFLTYHO8JJH72
Consensus

GTAGATGARRCGATCTCGTCGACGAGTTCTACGTTTTTTCTCTTCGCTRAACGATAGGACT TACGARGARATCGTARACCGCATCGTCGTCGARGATTTTCTCGTA
GTAGATGARRCGATCTCGTCGACGAGTTCTACGTTTTTTCTCTTCGCTAACGATAGGACT TACGARGARATCGTARACCGCATCGTCGTCGARGATTTTCTCGTA
GTAGATGARRCGATCTCGTCGACGAGT TCTACGTTTTTTCTCTTCGCTAACGATAGGACTTACGARGARATCGTARACCGCATCGTCGTCGARGATTTTCTCGTA

206 210

CTAGTGTTTCGT
TTTTTTCGAGATCTGCTGTGGTTTGTTCTAGTGTTTCGTTGGATTTAGCTACGTCGGCGAGAGCGTTCGCGTAGCTACCGGCGGLGGARTCTGCCATTTTTGCGE
TTTTTTCGAGATCTGCTGTGGTTTGTTCTAGTGTTTCGTTGGATTTAGCTACGTCGGCGAGAGCGTTCGCGTAGC TACCGGCGGLGGAATCTGCCATTTTTGCGE

211 230 240 250 260 270 280 290 300 310 315
| = e e e e e T —— T —— e e e |
CGAGTACACCGCGGCCGCGRCCGCGECGGGAGETGCGTTTGGATCGGAGT TTGAGTGTGAGT TTTGGGAGCT TGAGACCGCCGGAGTAGGATAGCTTTGCGACGE
CGAGTACACCGCGGCCGCGRCCGCGRCGGGAGRTGCGTTTGGATCGGAGTTTGAGTGTGAGT TTTGGGAGCTTGAGACCGCCGGAGTAGGATAGCTTTGCGACGE
CGAGTACACCGCGGCCGCGECCGCGECGGGAGETGCGTTTGGATCGGAGT TTGAGTGTGAGT TTTGGGAGC T TGAGACCGCCGGAGTAGGATAGCTTTGCGACGE

316 335 365 405

| =——————— o e e e et et e e e o e e e et et e e e o e e e et et e e e o e e e et et e e e o e e e et et e e e o e e e et et e e e o e e e et et e e e o e e e et et e e e e ] 1
TTCCGTTGATGAGT TGAGTCGGCGGCGGTGAACGGGATT

TTCCGTTGATGAGT TGAGTCGGCGGCGGTGAACGGGAT TGGARAGTTATCGGAGTTTGTTGTAGAGCCGCATTGATGARARATCARATCTCTATGCTCGA
TTCCGTTGATGAGT TGAGTCGGCGGCGGTGAACGGGATT



1Assembler

[feizj@localhost iAssembler-1.8b.x32]% perl iAssembler.pl

VERSION: v1.0-beta
USAGE:
Perl iAssembler.pl [parameters]

Input parameters

=i [String] Mame of the input sequence file in FASTA format (required)
-q [String] Name of the quality file in FASTA format (default: none}
-Z [String] Name of the parameter configuration file (default: none}

Assembly parameters
-b [String] BLAST program used for clustering and alignments of ESTs
to their corresponding unigenes (megablast or blastn;
default = megablast)
[Integer] number of CPUs used for blast program (default = 1)
: ] maximum length of end clips (8~186; default = 38)
[Integer] minimum overlap length (==38; default = 38)
]

er

minimum percent identity for sequence clustering (95~99;
default 97)
[Integer] minimum percent identify for sequence assembly (95~180;
default 95}

[Integer

Output parameters
-u [String] prefix used for IDs of the assembled unigenes (default = UN)
iAssembler names the resulted unigenes with a prefix and
trailing numbers, e.g., UNG8O81
-1 [Integer] length of the trailing numbers in unigene IDs
(>= default; defalut = number characters of the maximum number
assigned to unigenes)
[Integer] start number of unigene ID trailing number (== 1; default =
[String] Mame of the output directory (default = "input file name" +
" output")
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1Assembler

unigene_seq - unigene sequence file in FASTA format
contig_member - a tab-delimited txt file containing unigenes and their
corresponding EST members.

leGGGI F7FLTVNGBIRYOA F7FLTYNGBISYLE F7FLTVNO8JILZZL F7FLTVNO8INOIH FJ7FLTYNGBIPSEBA
F7FLTYNOBIBGE9S FJ7FLTVNOBIL7CEE F7FLTVYNO8IROXY F7FLTVNGEBI4JIGP FJ7FLTVNOEIWIOO
F7FLTYNGBI3PRO F7FLTVNOBICVFW F7FLTVNOE8IDD3E F7FLTVNOGBJIKWDS FJ7FLTVNGBIRT4K

2UNOEDZ2  F7FLTVNGBIRSNN F7FLTVNGBIO9YEW F7FLTVNOBIGFSO F7FLTVNOE8ITZ26G FJVFLTVNGBJIFUSL
F7FLTYNOBIUVZQ F7FLTYNOB8ISHOG3 F7FLTVNOS8IOWIL
3UNBOO3 F7FLTVNOBIEBFHT F7FLTVNGEISCAT

unigene_mp - a tab-delimited txt file containing the mapping details of
EST members to their corresponding unigenes

F/FLTVYNG8IKWDS UNBeo1
F/ZFLTVNGBIRTAK 233 UNGeol
FZFLTVNG8JRSNN 3 UNGBO2
F/ZFLTVNOBL9YaW UNBgoo2
F7FLTVNG8JGFS0 UNGOO2

member_position_stat - A tab-delimited file containing the summary
statistics of aligning ESTs to their corresponding unigenes.
Len/%ID 97-96

0o0-1060 ]
106-200 14

200-300 23
300-400 31
4Q00-500 7
=500 ]

SAM and ACE format outputs are in plan



1Assembler

2,442,651 (454) + 362,445 (Sanger) = 2,805,096 reads (740 Mb)

Strategy 1:

e Using the whole 2,805,096 ESTs as the input file, assemble them
using 1Assembler on a single CPU

e Total time spent: 23 days and 2 hours

e Around 2/3 of the time was spent on the first cycle of MIRA

e  Maximum memory: ~50G

Strategy 2:

e Split the input files into 10 small files, assemble each file using
1Assembler (5 hours for each)

e Combine the resulted unigenes, assemble them using 1Assembler (43
hours)

e Remap members to unigenes, check and correct mis-assemblies (39
hours)

e Total time spent: ~90 hours (4 days)



transcriptome assembly

# unigene: 349,005
# contig: 147,708
# singleton: 201,297

Release 16.0

Release 17.0
Rel 14.0 .
[Juﬁ-nzazs;:l 20001 (July 23, 2006) (July 27, 2006)

Input Sequences

Input Sequences Input Sequences

Arabidopsis, human and mouse gene indices




Alternative splicing
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Fragments can’t be connected
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Genome EST sRNA Map ) Tool Download

Cucumber Genome Browser (v1.0)

Showing 5.501 kbp from Chr1, positions 207,300 to 213,300
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