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454 Metagenomics @ UF

454 Projects @ UF

Acquired 454 Sequencer two years ago

Only have a handful of regular genome projects

Majorities are

• transcriptome sequencing, followed by custom 
microarray design

• amplicon sequencing

• metagenomics projects 

Metagenomics Projects @ UF

biodiversity studies

Bacteria genome sequencing with high 
contaminations

Pathogen identification in environmental 
samples



Metagenomics Questions

Questions metagenomics projects try to answer

Biodiversity related questions:

• how many species reside in the sampled environment

• their relative abundances

Comparisons related questions:

• differences / similarities among sample 
environments

• the importance / significance of those differences 

The fundamental question is

assign the correct taxonomic origin to each 
and every sequence.



What’s the taxonomic origin of a 
sequence?

Resolution: 

• at which taxonomy level are we seeking answers

• the accuracy rates highly depend on the taxonomy 
levels

Kingdom   Phylum   Class   Order   Family   Tribe   Genus   Species
accuracy

specificity

BUT, ON WHICH RESOLUTION LEVEL?



TaxaSorter Analysis Methods

Two Basic Approaches

Similarity searches

• BLAST, etc.

Genomic signature

• N-nucleotide motifs & Pattern Recognition 
Algorithm



BLAST assisted decision making

Accuracy of BLAST assisted decision making depends on the 
following factors

database content:

• coverage: full coverage vs. partial coverage vs. 
zero coverage

• selected conserved genes (e.g. 16s rRNA) vs. all 
genes (NR/NT)

• redundancy: high vs. medium vs. non-redundance

top N hits: is the first hit always the best hit?

cutoff values

• e-value, bit-score, identity, etc.

programs

• blastn vs. blastx vs. tblastx



TaxaSorter Algorithm

Query sequence

Take care of the problem of 
database redundancy and 
segmented sequences from 
the same genome

Under the assumption that this 
query sequence must come from 
one of the species represented in 
top 100 hits.

Help address the specificity vs. 
accuracy problem.

for (each identified species) {
find non-redundant aligned regions;
calculate a normalized score (n-score) based on these regions;

}

Step 1

Sort into the NCBI taxonomy trees.Step 3

Calculate the probability that a species is the real origin {
pi =      n-scorei

∑ n-score
}

Step 2

1st hit: from species A

4th hit: from species A

2nd hit: from species B

3d hit: from species B

5th hit: from species C

6th hit: from species D
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Comparing two taxonomy trees

Step 1:
Traverse tree A through all nodes (taxa).
For (each taxon) {

record the number of sequences linked or sub-linked to this node;
}

Step 2:
Traverse tree B through all nodes (taxa).
For (each taxon) {

record the number of sequences linked or sub-linked to this node;
}

Step 3:
For (each taxon) {

run “Fisher Exact Test” to test if this taxon is significantly over-represented or 
under-represented in tree A compared to tree B.

}

Step 4:
Correct for multiple test errors (Family-wise step-down False Discovery Rate)



Simulations

RDP (Ribosomal Database Project) v9.45: 16s 
rRNA

Use only 16s rRNA genes with known origin 
• by removing all “uncultured” or “unidentified” 
sequences

Randomly select 1,000 16s rRNAs with known origins as 
control set.

• the average sequence length of the control set is 
1,000 bps, which represents the simulation of 
Sanger sequences.

• randomly select a segment of 100 bps from each 
control sequence to simulate 454 GS20 sequences.

Run blastn search against
• complete known database: includes all 16s rRNA with 
known origins

• subtracted known database: with 1,000 control set 
removed.

1000 bp query

complete database subtracted database

100 bp query

complete database subtracted database



Simulations

Specificity & Accuracy

1K bps control set
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100 bps control set
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Simulations

Accuracy on the lowest taxonomy levels and two levels
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Simulations

Biodiversity Estimation
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Simulations Conclusion

Complete Database vs. Subtracted Database
• On the extremes, using complete database improves prediction 
accuracy with up to 50%

1K bps vs. 100 bps
• Longer sequences help improve prediction accuracy with up to 30%

Best Hit vs. First Hit
• If the sequence is long, 95% of first hits are best hits.
• If the sequence is short, only 70% of first hits are best hits.

Higher Taxonomy Level vs. Lower Taxonomy Level
• With longer sequence searched against complete database, 

prediction on species level is trustworthy.
• With shorter sequences searched against incomplete database, 

prediction on genus or family level is trustworthy.

Tree Comparisons: compared to real origins
• No significant difference was found for any taxon above 
“family” level for any of the simulation conditions at p <= 
0.05 level.



Sargasso Sea Metagenomic Project

Biodiversity (10K Sanger reads for 
each library)species genus family order class phylum

Sample 1 440 - 556 266 - 352 154 - 237 99 - 158 48 - 68 25 - 32

Sample 2 527 - 732 342 - 506 195 - 345 124 - 212 63 - 87 29 - 37

Major phylum (class) groups
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TaxaSorter as a module in BlastQuest
system



TaxaSorter as a module in BlastQuest
system



TaxaSorter in BlastQuest - 1st Hit 
Selected
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