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Session organisation: Day 3

Afternoon:
• Example of assembly pipeline
• Meta-assembly
• Contigs to unigenes
• Publishing your transcriptome 

in TSA

Morning:
• Assembly quality common 

problems 
⁕ Simple cleaning

⁕ Frame-shifts 

⁕ Chimeras 

• Assembly quality assessment 
using biological knowledge 
⁕ CEGMA

⁕ Close reference
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Objectives for this third day

Answer the following questions : 
• What are the common errors found in the assemblies? 
• How do I get rid of those errors? 
• How do I validate my assemblies? 
• How do I choose the best assembly? 
• How to merge assemblies?  
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What are the classical 
errors found in the 

contigs? 
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Common errors 

Ideal contig
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ORF errors 
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From genes to contigs
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How do we clean our 
transcriptome 
assemblies? 
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Classical cleaning steps

• cleaning polyA tails, terminal N blocks, low complexity 
areas 

• cis or trans-chimera detection 
• insertion/deletion correction using the alignment 
• low fold coverage filtering (graph data)
• low expression filtering 
• possible filtering of contigs which do not have a long 

enough ORF (phylogenomy) 
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Simple cleaning steps

Remove remaining polyA tails

Remove blocks of Ns located at the extremities

Remove low complexity areas
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Seqclean

Seqclean: a script for automated trimming and validation 
of ESTs or other DNA sequences by screening for 
various contaminants, low quality and low-complexity 
sequences.

http://compbio.dfci.harvard.edu/tgi/software 
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Seqclean: command line

seqclean input.fa ­o input.fa.clean
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Seqclean: output

seqclean transcripts.fa ­o transcripts.fa.clean
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Chimeras

Chimera typing and removal
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How important is the phenomenon?

Majority of trans-self chimeras for small-middle k-mers

Majority of cis-self chimeras for large k-mers and oases merge

Without reference, cannot tackle multi-gene chimeras
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How important is the phenomenon?

Chimera rate is low 
with small k-mers, 
residual with middle-
large ones

Chimera rate 
increases with oases 
merge procedure
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Chimera detection

Self chimera detection: each contig is aligned vs itself.

If several HSPs are produced then the contig is split in 
the middle of locations.

In house script having one input:
• contig fasta file

And one output:
• chimera free contig fasta file

Frequency: around 1‰
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Chimera detection script

cat transcripts.fa | self_chimeras_filter.pl > transcripts.chim_free.fa
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Frame-shifts

Finding frame-shifts :
• using the RMBT alignment to find INDEL
• using a proteic reference to find frame-shifts
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Insertion/deletion correction 

Using the majority vote at each position of the alignment.

In house script having two inputs:
• reference contig fasta file
• mpileup output (from bam alignment file)

And one output:
• corrected reference fasta file

Frequency:
• 5% contigs
• 1-2 corrections/contigs
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Insertion/deletion correction 

Locus_9_Transcript_38: remove T in position 1181 (10/14)
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Indels correction script

samtools mpileup ­f transcripts.fa reads_to_transcripts.bam | \ 
samCorrectIndel.pl transcripts.fa > transcripts.indel_free.fa
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How do we detect splice 
forms within contigs? 
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Intron retention
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Splice variant
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STAR

STAR --runMode genomeGenerate --genomeDir STAR --genomeFastaFiles transcripts.fa

STAR --genomeDir STAR --readFilesIn R1.fastq.gz R2.fastq.gz --readFilesCommand zcat 
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Exercises

Exercise n°4
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How biologically 
relevant are our contigs 

in the end?
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Phylogenomics

Genes are transmitted during the evolution

Some genes are present in all organisms

  small subset which can be used in any case

Most genes are conserved in organisms having a close 
common ancestor. The closer:

• the large is the set 
• the more the comparison with our assembly will be 

meaningful
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From contigs to unigenes

When analyzing protein coding genes biologists often 
require one representative ORF for a protein.

• splitting contigs with multiple non overlapping ORF
• using a reference (anchor)
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CEGMA

• Core Eukaryotic Genes Mapping Approach 

• Mapping a set of conserved protein families that occur in a wide 
range of eukaryotes onto assembly to assess completeness 
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CEGMA

• A set of eukaryotic core proteins (KOG = euKaryotic Orthologous 
Groups) from 6 species: H. sapiens, D. melanogaster, C. elegans, 
A. thaliana, S. cerevisiae, S.pombe

• Set of proteins finally contains 458 groups (2748 proteins) 
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CEGMA

• A set of eukaryotic core proteins with less paralogs for draft 
genome and transcriptome

  set of 248 CEGs (Core Eukaryotic Genes)
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CEGMA

Mapping on assembly
• protein profiles are built 

from set of core protein 
• profiles are aligned on 

candidate regions from 
assembly

• the final structure of 
the gene is refined

• count of profiles which 
are found 
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CEGMA: command line

cegma ­g assembly.fa



36

CEGMA: output

CEGMA produces 7 output files for each run.
• output.cegma.dna - contains DNA sequence of each CEGMA 

prediction with flanking DNA (defaults to ± 2000 bp)
• output.cegma.errors - contains any error messages
• output.cegma.fa - contains protein sequences of the predicted 

CEGs. One protein for each of the 248 core genes found
• output.cegma.gff - contains exon details of all of the CEGMA 

predicted genes
• output.cegma.id - contains the KOG IDs for the selected 

proteins
• output.cegma.local.gff - contains the GFF information of the 

CEGs using local coordiantes (relative to the dna file)
• output.completeness_report - contains a summary of which of 

the subset of the 248 CEGs are present 
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CEGMA: output

Output example (output.completeness_report) 
• Complete (70% of the protein length 
• Partial (not matching “complete” criteria but exceed a 

pre-computed alignment score)
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ORF detection

EMBOSS getorf: find and extract open reading frames 
(ORFs)

ORF may be defined as a region between two STOP 
codons, or between a START and a STOP codon

In house script to extract the longest ORF of each contig, 
having one input:

• contig fasta file

And one output:
• translated ORFs fasta file
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ORF detection

get_longest_orf.pl ­f transcripts.fa ­aa > transcripts.longest_orf.faa
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Contigs/ORFs annotation

Alignment against a reference:
• transcriptome
• proteome

Alignment using:
• blat (speed)
• exonerate (frame-shift)

May able to determine if our set of contigs:
• is exhaustive
• is mainly full length
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Exercises

Exercise n°5
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Example of an assembly 
pipeline 
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PhyloFish Project

PHYLOgenomic analysis of gene duplications in teleost 
FISHes

• 20 fish species
• 13 tissues/species
• MGX platform in Montpellier
• HiSeq 2000 - PE - 100 pb
• Assembled using Velvet/Oases
• Build an assembly pipeline using Zebrafish data as test 

data and apply to all other species
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Assembly pipeline I

pre-oases
• illumina filter (discard low quality reads)
• extract the longest sub-sequence without N from each 

read

velvet-oases
• 9 independent assemblies (k-mers: 25, 31, 37, 43, 49, 

55, 61, 65, 69)

merge
• select a unique transcript per Oases locus (bioinfo team 

of the Brown University)
• concatenate the 9 transcript files
• filter anti-sens chimeras (oases -merge)
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Assembly pipeline II

cd-hit-est
• remove duplicate transcripts build by close k-mers 

TGICL-CAP3
• assemble similar transcripts sharing large fragments 

(partial assemblies)

coverage and size filtering
• map reads back to transcripts
• find the longest ORF of each transcript
• coverage filter: at least 2/1M mapped reads
• size filter: ORF covers at least 200 pb
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Assembly pipeline tuning

10k  10 k-mers from 21 to 39 ; 5k  5 k-mers from 25 to 49 ; 9k  9 k-mers from 25 to 69

The number of transcripts falls whereas the number of rebuilt 
transcripts or proteins is quite stable
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Assembly pipeline tuning

Enlarge from 5 k-mers to 9 k-mers increases slightly the total of produced 
transcripts but increases significantly the mapping rate
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Assembly pipeline tuning

Remove the oases -merge and keep 1% transcripts/locus has a
minor effect on the total of produced transcripts, rebuilt transc., rebuilt 
prot. but allow to sensibly reduce the total of anti-sens chimeras
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Assembly pipeline tuning

Increase the identity 
threshold has a minor 
effect. Not true for the 
coverage threshold.

This could means that 
rebuilt transcripts are 
pretty well rebuilt but might 
be incomplete.



50

Assembly pipeline tuning

Coverage and ORF size filters (+contamination removal) were 
determined by analysis of plots of transcript features
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Our assembly pipeline
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Our assembly pipeline
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Exercises

Exercise n°6
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Do not forget that we 
have several samples

Let meta-assemble!
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Meta-assembly 
on the experiment level

Produce a unique transcriptome from several samples 
assembled separately

Samples could be:
• from different organisms
• from different tissues
• from different experimental conditions

  clusterize transcripts from same genes rebuilt in each 
sample

  keep only one representative transcript per cluster
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Meta-assembly procedure

Six steps:
• merge assemblies (concatenate files)

• get the longest ORF for each 
transcript

• clusterize ORFs with CD-HIT

• get transcript with the longest ORF or 
the longest transcript for each CD-HIT 
cluster

• clusterize transcripts with CD-HIT-EST

• filter low coverage transcripts (RMBT, 
at least 1/1M mapped reads)
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Meta-assembly benefits

For reads from all tissues, the mapping rate on meta-assembly is at 
least equivalent to those on tissue specific assembly. Sometimes it 
is much higher.
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Exercises

Exercise n°7
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Once the assembly is 
finished 
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Contigs to Unigenes

Corset: hierarchically clustering of the transcripts based on the 
proportion of shared reads. Need to produce bam files with all 
locations for each reads (bowtie2 --all or STAR).

Corset: enabling differential gene expression analysis for de novo assembled transcriptomes.
Davidson NM, Oshlack A.
Genome Biol. 2014 Jul 26;15(7):410
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Corset

Usage: corset [options] ­n <names> <input bam files>
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Further investigations

• Annotation
⁕Functional 
⁕Structural

• Variation search

• Publication
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Publishing your transcriptome
assembly 

Strategies : 
• Put the contig file in the paper supplementary 

data. 
• Provide an access to download the contig file.
• Provide a web-site with the contigs, annotation, 

etc...
• Publish your contigs in the corresponding public 

archive TSA.

https://submit.ncbi.nlm.nih.gov/subs/tsa/

https://submit.ncbi.nlm.nih.gov/subs/tsa/
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Transcriptome Shotgun Assembly 
Sequence Database

http://www.ncbi.nlm.nih.gov/genbank/tsa/

http://www.ncbi.nlm.nih.gov/genbank/tsa/
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Requirements
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Submission standards

● Submitted sequences must be assembled from data experimentally 
determined by the submitter.

● Screened for vector contamination and any vector/linker 
sequence removed. This includes the removal of NextGen 
sequencing primers.

● Sequences should be greater than 200 bp in length.
● Ambiguous bases should not be more than total 10% length or 

more than 14n's in a row.
● Sequence gaps of known length may be present and annotated with 

the assembly_gap feature if there is sufficient evidence for the linkage 
between the sequences.  See the TSA Submission Guide for more 
information about adding assembly_gap features.

● Gaps cannot be of unknown length.
● If the submission is a single-step, unannotated assembly and the 

output is a BAM file(s) these should be submitted as a TSA project to 
SRA.
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Submission file

http://www.ncbi.nlm.nih.gov/genbank/tsaguide

http://www.ncbi.nlm.nih.gov/genbank/tsaguide
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Producing your template file

http://www.ncbi.nlm.nih.gov/WebSub/template.cgi

http://www.ncbi.nlm.nih.gov/WebSub/template.cgi
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Best practices

Run your contigs through the TSA publication process 
before using them in the analysis step in order to filter 
out the ones you will not be able to publish.

For multi-species experiments (host / pathogene,...) 
separate the contigs after annotation and publish the 
different contig sets individually. 
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Questions? 
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Conclusions

● For a good assembly, better :
● have many biological replicates (even low coverage),
● have several tissues and conditions to have a broader 

view of the transcriptome,
● clean input data
● use different contig cleaning steps corresponding to 

error patterns (refining)
● check your re-mapping rate
● get rid of lowly covered contigs 
● check your contigs versus a closely related protein set
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Perspectives

Third generation sequencers :
• New PacBio chemistry P6-C4 

⁕ Average read length 14kb
⁕ 1 Gb per cell
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