
1

rRNA 454 datasets 
and microbial biodiversity analyses

Richard Christen
Virtual Biology Laboratory
University of Nice & CNRS UMR 6543
Parc Valrose. F06108.  France
christen@unice.fr



2

Genome Res. 2006 16: 316-322

Studying biodiversity, the “classic” approach

1. Purify the DNA 
2. Extract all the ribosomal gene sequences.
3. Clone the ribosomal RNAs of every cell.
4. Random sequence ... as many clones as possible.
5. Analyse results, compare samples.
6. Publish you results ☺
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In 2007, three next-generation sequencing platforms were present: 
Roche/454’s Genome Sequencer FLX (which succeeded a first model), 
Illumina’s Genome Analyzer; and Applied Biosystems’s SOLiD 
sequencer.

In many applications they will replace the “old Sanger” technology (ABI 
3730XL)



5



6

Bioinformatics of 454 datasets

– Design “good” primers �� Choose domain to 
amplify.

– Cluster tags.
– Assign tags to a given taxonomic level.

– “Statistical analyses”
• Run biodiversity analyses on a single sample.
• Compare samples.

– Relate diversity to ecology.

Major issues (in a fast and efficient manner):
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The domain amplified should :

• Have “good” taxonomic properties.
– Compare tags extracted to full sequences; how many 

tags assign to different clades ?

• Be present in a large number of sequences in the public 
databases.
– � In order to do many taxonomic assignments.
– � Compare to clone libs.

• Be “454 compatible” in length: distal primers should be 
reached.
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Find good primers
Goal: find existing primers by searching them into published
articles.

Problem: very long process !
- Search for a set of relevant articles (pubmed, personal 

bibliography, etc.)
- Download pdf files
- Read and extract the proper primers
- Check if the primers match on the sequences we want to 

amplify
- Compute theoretical values (Tm values, PCR product, ...)
- Biological experiments and final validation 
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- Search for relevant articles

- Download pdf files

- Extract the primers

- Check the presence of primers

- Check for theoretical values

- Biological experiments

OHM (http://bioinfo.unice.fr/ohm)

- Get a list of articles from Pubmed, Jane 
and EtBlast (keywords)
- Add personal librairies

Download every available article as pdf files 
(and/or html files) from the Internet (websites 
of the publishers, miscellaneous repositories, 
etc.)

Automated extraction of each oligomer from 
each article (search engine, filters).

Comparison with a set of sequences to 
amplify:
→ keep only oligomers present in sequences

Automatic process -> new sofware
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Examples 

Use of OHM to provide an overview of Tms

http://bioinfo.unice.fr/ohm
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Check for “good” primers 
&

Choose domain to amplify.

PrimerExplorer



12

Design of Primers

• PrimerExplorer
– Universal

• GESOL & FONCTIOMIC-RMQS (INRA)
• BioMarks

– Group specific
• CEA Cadarache
• BioMarks

• Able to analyse 100 couples / 800 000 sequences per 24 
hours

• Takes the IUPAC code
• Allows k more differences between a primer and a sequence
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PrimerExplorer

Inputs : 

• a file of primers, 

• a file of fasta sequences

• a value of k for F and R primers

Outputs:

• Every couple of primers found at k differences.

• Every tag that is amplified in these conditions.

• The taxonomic descriptions of amplicons.
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Variable domains in the 16S rRNA gene sequences

BMC Microbiol. 2007; 7: 108. 

Bacterial flora-typing with targeted, chip-based Pyrosequencing 

Sundquist, Bigdeli,Jalili, Druzin, Waller, Pullen, El-Sayed, Taslimi, 
Batzoglou and Ronaghi.
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Variable domains in the 16S rRNA gene sequences

Calculation times for analysis of 440,390 bacterial 16S rRNA sequences longer 
than 800 nt (at 0 difference 749 seconds, at 1 difference 757 seconds , at 2 
differences 695 seconds, at 3 differences 739 seconds = 10 minutes, almost 1 
minute per couple of primers). 
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Conserved domains in the 16S rRNA gene sequences

Primers for domain V2
nbr extracted tags at 2 differences :  356,400 (229,978 exact)
min length=42, max length = 1060, mean length=223

F primers

AGYGGCGIACGGGTGAGTAA 244493 31.8 
AXYGGCGIACGGGTGAGTAA 26738 3.5 
AGYGGCXIACGGGTGAGTAA 19778 2.6 
AGYGGCGIACGGGTGXGTAA 11116 1.4 
AGYXGCGIACGGGTGAGTAA 9337 1.2 
AXYGGCGIACGGGTGXGTAA 7890 1.0 
AGYGGCGIACGGGTGAGXAA 6376 0.8 
AGYGGCGIACXGGTGAGTAA 4184 0.5 
AGYGGCGIAXGGGTGAGTAA 3160 0.4 
AGYGGCGIACGGGTXAGTAA 3020 0.4 
AGYGGCGIACGGXTGAGTAA 2251 0.3 
AGYGGCGIXCGGGTGAGTAA 1938 0.3 
AGYGGCGIACGGGTGAGTAX 1816 0.2

R primers
CYIACTGCTGCCTCCCGTAG 328877 42.7 
CYIACTGCTGCCTCCCGXAG 4935 0.6
XYIACTGCTGCCXCCCGTAG 3480 0.5
CYIACTGCTGCCXCCCGTAG 3034 0.4
CYIXCTGCTGCCTCCCGTAG 2485 0.3
XYIXCTGCTGCCTCCCGTAG 2409 0.3
XYIACTGCXGCCTCCCGTAG 1379 0.2
XYIACTGCTGCCTCCCGTAG 1174 0.2
CYIACTGCXGCCTCCCGTAG 1011 0.1
CYIACTGCTGCCTXCCGTAG 999 0.1
CYIACTGCTGXCTCCCGTAG 750 0.1
CYIXCTGCXGCCTCCCGTAG 649 0.1
AGYGGCGIACGGGTGAGTAA 589 0.1

� Quickly improve primers.
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Automated taxonomic validations

% of sequences amplified 
at 2 differences,
at least 200,000 extracted tags
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Multiple occurences of couples
Positions 847 & 1418 in  AY706434

AY594276
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Universal primers ?

Problems : 

• no such thing ? 

• the yield of “universal primers” is context-dependent 
(sequence of the domain amplified).

� Clade specific primers:

• Specificity ?

• Generality ?
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Deinoccus specific primers
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Clustering the tags

• Objectives :
– Reduce the number of sequences for further analyses.
– Group together sequences that may represent a unique 

clade.
– Compare samples.
– Calculate diversity indexes.
– ...
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Clustering of tags
Underlying hypotheses

• % of differences are rather meaningless.
– we don’t have good substitution matrices.
– We don’t know the penalties for gap & extension.

• Number of differences between two sequences is 
meaningful.

• PCR & 454 introduce errors, there will be a true 
sequence and error sequences.
– The true sequence will have many occurences.
– The error sequences will be rare (even more as tags are longer, not 

twice the same error at the same place by chance).
– � Seed the alignment starting with most abundant tags, not on longest 

tags as done by cd-hit or uclust !
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Which algorithm

• Clustering by word counting:
– CD-HIT
– UCLUST

CH-HIT is very fast, UCLUST is very very fast.
They were designed to cluster protein coding 

sequences (banded alignments) � not good for 
rRNA sequences (indels).

• Clustering by alignment : 
– Crunclust

Crunchclust is fast (now faster than CD-HIT)
It was designed specifically to cluster 454 PCR tags.
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Tag strict dereplication
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Cluster tags at k differences.

• Very fast (seconds).
• Does not require complex post analyses (Blast).
• Contrarily to Multiple Sequences Alignements, does no 

error.
• Allows to correct for almost 50% of 454 errors.

• Run on a single sample or include several samples.
� Rank abundances.
� Saturation curves.
�... In minutes.

�Demonstrates systematic 454 errors.
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K=0
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K=1
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K=3
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F Primers sequences 
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AA A 1 0.101 %
AA AA 986
AA AAA 4 0.406 %
AAA AAA 240
AAA AAAA 4 1.667 %
CC CC 574
CC CCC 5 0.871 %
CCC CC 2 2.469 %
CCC CCC 81
GG G 4 0.446 %
GG GG 897
GG GGG 7 0.780 %
GGG GG 5 1.553 %
GGG GGG 322
GGG GGGG 1 0.311 %
GGGGG GGGG 5 3.876 %
GGGGG GGGGG 129
GGGGG GGGGGG 31 24.031 %
TT T 4 0.985 %
TT TT 406
TT TTT 2 0.493 %
TTT TTT 80
TTT TTTT 1 1.250 %
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454 : systematic errors

�Most errors are corrected at 1 difference.
�Discard single singletons at 1 difference.

• Singleton : a tag which is found only once in experiment(s).

• Single singleton : a cluster at k (1) difference(s) that:

• Contains a single member.

• This member is a singleton.

Accuracy and quality of massively parallel DNA pyrosequencing
Huse, Huber, Morrison,Sogin, and Welch. Genome Biol. 2007; 8(7): R143 



32

CC/UC  V4 tita
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CC no ss k=5
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Saturation curves

Same, but
discard single singletons 

Saturation curves at
at 0,1,2,3,4,5,... differences.
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Assign taxonomy

• There is no genome to map on ! 
• Good quality annotations are in the database of RefSeq ! 

There is no RefSeq or Uniprot ...
• Which annotation process ?

– Which algo (blast open, extend...)
– Which % similarity for which taxonomy (phylum, class, 

.... Species ?).
• May depend upon the clade !
• Depends upon the domain amplified !

– Bacteria: V6 & V9 (SSU).

– Eukaryota: V4 & V9 (SSU).
– Other molecules: LSU rRNA, house keeping genes (single copy).
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Assign Taxonomy
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Numbers of 16S rRNA sequences 
per species

Most species are known from a single sequence !
� Tags taxonomic specificities are over-evaluated.
� Most species have not been sequenced at all.
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Current Problems
• Choose domain to amplify
• Choose primers
• Cluster tags
• Assign taxonomy
• Compare samples

• Raw data (images are lost).
• Store tags, taxonomy and metadata in a secure manner.

– SRA takes only .sff files.
– Project in development with INIST.

• Query “analyzed” datasets.
– By similarity.
– By taxonomy.
– By metadata (pH, °c, salinity, ....).

• Cloud computing, GPU computing, blades of CPU ?
• Dedicated algorithms !
• Bandwith transfert problems ?
• Build RefSeq database of good, well annotated sequences

– Silva for Bacteria.
– In progress for Eukaryota (col. Laure Guillou, Roscoff).

• A dedicated ontology is now required.


