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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



• Cross-hybridization 

• Stable probe secondary structures 

• high background (e.g., nonspecific hybridization) 

• limited dynamic range (e.g., nonlinear and saturable

hybridization kinetics) 

• 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 

Problem of microarray

RNA-seq (digital expression analysis)

RNA-seq



RNA-seq

• Can’t distinguish the expression of alternative spliced transcripts

• Challenging in de novo transcriptome assembly

• Short reads (e.g. Solexa) requires whole genome sequences



RNA-seq

Nature Method, July 2008



• Organisms having a reference genome/transcriptome: 

currently dominated by Illumina/Solexa, followed by 

SOLiD and Roche/454

• 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.

Transcriptome sequencing

Human Maize



Transcriptome sequencing

De novo transcriptome sequencing using Solexa

• HUGE interest in the community (454 is expensive and relative low 

throughput)

• De novo assembly is very challenging 

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

- Oases (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 

isoforms”)

• First generate reference transcriptome sequences using 454, then align 

Solexa reads to assembled transcriptomes

- sequence a pool of normalized samples of interest (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



Transcriptome sequence processing (454)

1. Remove low quality reads and regions

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_highq.fasta



2. Remove adaptors and all possible contaminations (GenBank dbEST is full of contaminations)

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

Arabidopsis 25S ribosomal RNA vs GenBank nr protein database

Transcriptome sequence processing (454)



AAAAAAAAAAATTTTTTTTTTTTTTAAAAAAAAAAAAAAAAGGGG

GGGCCCGCGGTTTTTTTAAAAAAAAAAAAAAAAAAAATTCCCCCC

CAAAAAAAAACCCCCC

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

$ formatdb -i database_name -p F

All the adapter, vector, rRNA, UniVec

……databases need to be formatted so they 

can be searched by blast programs

Run seqclean program

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

Transcriptome sequence processing (454)



Query= F7FLTVN08JGQ91 (426 letters)

>NC_002655 Escherichia coli O157:H7 EDL933, complete genome. (Length = 5528445)

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

Query: 1       gcgcgaagttcaactattgttctgtggtgttctgttgcgtgttgacggacaaaattttgc 60

|||||||||||||||||||||||||||||||||||||||||||||||| |||||||||||

Sbjct: 4864420 gcgcgaagttcaactattgttctgtggtgttctgttgcgtgttgacgg-caaaattttgc 4864478

Query: 61      tggcgtaacatgcgcgcacgatcactctaagaggacattcgccttggacacacccagtag 120

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 4864479 tggcgtaacatgcgcgcacgatcactctaagaggacattcgccttggacacacccagtag 4864538

Query: 121     atactggctcactatcctgtcatccaggatcaactcctaaggctatccctttttgctgat 180

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 4864539 atactggctcactatcctgtcatccaggatcaactcctaaggctatccctttttgctgat 4864598

Query: 181     agccttagcggttgtcagcgacctcaatttttcccgtcgcgctgagtcaggctgtttaat 240

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 4864599 agccttagcggttgtcagcgacctcaatttttcccgtcgcgctgagtcaggctgtttaat 4864658

Query: 241     ggtctgaaacccaatttgtttctgtgtgcccactgaactgtccgatattttaagcattgg 300

||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||

Sbjct: 4864659 ggtctgaaacccaatttgtttctgtgtgcccaccgaactgtccgatattttaagcattgg 4864718

Query: 301     gagtcccggtcatgctgagcgcatttcaactggaaaataaccgactgacccggctggaag 360

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 4864719 gagtcccggtcatgctgagcgcatttcaactggaaaataaccgactgacccggctggaag 4864778

Query: 361     tcgaagagtcacaaccccttgtaaatgcagtatggattgatcttgtcgaaccggacgacg 420

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct: 4864779 tcgaagagtcacaaccccttgtaaatgcagtatggattgatcttgtcgaaccggacgacg 4864838

Query: 421     acgagc 426

||||||

Sbjct: 4864839 acgagc 4864844

E coli genome contamination

Transcriptome sequence processing (454)



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

Transcriptome sequence assembly (454)

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

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

MIRA (http://www.chevreux.org/projects_mira.html)

Newbler (-cDNA)



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

mis-assemblies



AI773661  -----------------------------------------------------------------------------------------------GCAAA

TC194329  ATAAAAATGTATTAAGAGGAATTAGTATAAAACAAAATAAATTACCAAGCATAACCTTGTTGTAAAGATTCAGTCTCTAAATAGAGATTAATTTTGCAAA

AI773661  ACAGATAACACATTCAAAAATCAGCAATATGATGCTGGAGTGGGTAAGAAAAACAGAGTTGAAATAAGAAAATCCAACAAGATACTATTAATGGTAAAAG

TC194329  ACAGATAACACATTCAAAAATCAGCAATATGATGCTGGAGTGTGTAAGAGAAACAGAGTTGAAATAAGAAAATCCAACAAGATACTATTAATGGTAAAAG

AI773661  TAGGTTGGCAAATACTTCTAATAGAAACTCTATCAATGTGCATTCAAACACCAGCACTTCCTCAAGCCTTGTAGCCTCTGCTATTTCTCTTTCCTCTTGC

TC194329  TAGGTTGGCAAATACTTCTAATAGAAACTCTATCAATGTGCATTCAAACACCAGCACTTCCTCAAGCCTTGTAGCCTCTGCTATTTCTCTTTCCTCTTGC

AI773661  TCGCTCAAACTTCCTTCCCTTTGCGCGAACATAAAGCTTTGTGTGGCTGTGTGGGACACCAAGTGCTTTACCAAAGTGCTTAACGGCCTCCCTTGAGTTC

TC194329  TCGCTCAAACTTCCTTCCCTTTGCGCGAACATAAGGCTTTGTGTGGCTGTGTGGGACACCAGGTGCTTTACCAAAGTGCTTAACGGCCTCCCTTGAGTTC

AI773661  TTTGGACCCCTAAGCAAAAC--------------------------------------------------------------------------------

TC194329  TTTGGACCCCTAAGCAAAACCTGATCAAGAAAGCATTACAAAACAAATGACTAGCCAATGTTACCTCTACCATGAATACATAATCATTTCCTATGCAGGA

AI773661  ----------------------------------------------------------------------------------------------------

TC194329  CGAGATTCAAACCACAATTCTAAAAACACCTCGGTTTGTTATTATATACTAGTGAAGAGCACTACAGCATATTCTCTAATTATTCACTTGATTGATGAAA

AI773661  ----------------------------------------------AGTGTTCTGCCCAAGAGGGGCTCTGAGAGCAAGCTGATCAAAGGTCAAACATTC

TC194329  GAAAAGGCATAAAAATGCAAACTGATGAGAGAGAGAAGTTCCGTACAGTGTTCTGCCCAAGAGGGGCTCTGAGAGCAAGCTGATCAAAGGTCAAACATTC

AI773661  TCCTCCAGCCTTCTCAATCCTAGCTCTAGCTGTTTCCGTGAATCTCAATGCAGTAACCTTGATTTTTGGGACTTCATAAGCTCGAACATCATCGGTAACA

TC194329  TCCTCCAGCCTTCTCAATCCTAGCTCTAGCTGTTTCCGTGAATCTCAATGCAGTAACCTTGATTTTTGGGACTTCATAAGCTCGAACATCATCGGTAACA

AI773661  GTCCCAACAACAACAGCAATATTGTCCTCCTTTCCAGTCATGTAAGTAACCAAACGTGATAGAGACAATGGAGCTTTATTGATCTTGCTCATGAAGAG--

TC194329  GTCCCAACAACAACAGCAATATTGTCCTCCTTTCCAGTCATGTAAGTAACCAAACGTGATAGAGACAATGGAGCTTTATTGATCTTGCTCATGAAGAGTC

AI773661  ----------------------------------------------------------------------------------------------------

TC194329  TCTTCAGTATCACAGCATTGAACTTACTACCAGTCCTCCGTGATAGAAATCGGTACAACTTGACGAGAAGCTTGAGATAAACATCGTCGGATTTTGGTGC

AI773661  ----------------------------------------------------------------------------------------------------

TC194329  AATGCGCTTAGTCTTTTTGGACTTACCTCCGGCAACTAGATCGATACCCATGATGCTCCGCCTGCTGCTTCTACTTTCCTCCGCCGCCGCCTGCTGCTGA

AI773661  ------------------------

TC194329  TAGGTTTTTCTGTTCGGAGAATGG

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

mis-assemblies



iAssembler

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



iAssembler

• Test data on CAC (test.fna): 9391 Roche/454 sequences 

with average length of 307.8bp and total of 2.89Mb

• Cap3 assembly

• MIRA assembly

• iAssembler assembly

$ bin/cap3 test.fna -p 95 -o 30 -y 30

$ perl iAssembler.pl -i test.fna

$ bin/mira -project=mira1 -fasta=test.fna -job=denovo,est,normal,sanger -notraceinfo -
GENERAL:kcim=yes,not=1 -CO:fnicpst=yes -
CL:cpat=no,pec=no,pvlc=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,bdq=30 -SK:mmhr=6



iAssembler

parameters



iAssembler

Output files

1. unigene_seq - unigene sequence file in FASTA format 

2. contig_member - a tab-delimited txt file containing unigenes and their 

corresponding EST members. 

3. unigene_mp - a tab-delimited txt file containing the mapping details of 

EST members to their corresponding unigenes

4. member_position_stat - A tab-delimited file containing the summary 

statistics of aligning ESTs to their corresponding unigenes.

SAM and ACE format outputs are in plan



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

Strategy 1:

• Using the whole 2,805,096 ESTs as the input file, assemble them 

using iAssembler on a single CPU

• Total time spent: 23 days and 2 hours

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

• Maximum memory: ~50G

• MIRA supports multi-threads

Strategy 2: 

• Split the input files into 10 small files, assemble each file using 

iAssembler (5 hours for each)

• Combine the resulted unigenes, assemble them using iAssembler (43 

hours)

• Remap members to unigenes, check and correct  mis-assemblies (39 

hours)

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

iAssembler



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

Arabidopsis, human and mouse gene indices

transcriptome assembly



Alternative splicing



Fragments can’t be connected


