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Sections

• Building a reference library
• Taxonomic assignment to queries

– Distance based
– Phylogenetic based



Building a reference 
database



Customized DNA barcoding

Step 1

Step 2

Step 3



Reference / Library       Queries

Apis mellifera
AAAAAATTTGGG

Apis cerana
AAAAAAAAAGGG

Bombus terrestris
TTTTTTTTTGGG

Bombus terrestris
TTTTTTTTTGGA

Lasioglossum zephyrum
GGGGGGGGGGGG

Specimen 1
AAAAATTTTGGG

Specimen 2
AAACCAAAAGGG

Specimen 3 
TTGGGGGGGGGG



Where do we get data, Queries

ATTTTCGCGGGTCGC



Where do we get data, References 
(the data mining approach)



Building a reference library from 
mined data



Building a reference library from 
mined data



• Automate using wget (linux), curl (OSX) Download data

• Format, .gb to fasta
• Sequence IDs, accession or GI number, Species name
• Remove sequences too short / long. Remove duplicates

Process 
database

• NCBI taxonomy IDs
• 2759=Eukaryota, 33208=Metazoa, 50557=InsectaSelect taxon

• Which queries?
• Software options, Blast or Uclust
• To consider, algorithm, strand

Find homologs 
in database

• Trimming and Orientation
• De-replication: one per species or retain variation; exemplars, 

random, most complete, or most representative 
Process 

homologs
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Taxonomic assignment: 
Distance based



Taxonomic assignment: Distance 
based

• Advantage
– MSA not required
– Computational

• Disadvantage
– accuracy

• Blast and Uclust
– local versus global pairwise alignment
– Distance measure and gaps

• Gaps as single event, ignore terminal gaps, ambiguities



Improve scoring of a query to 
reference pair 



Papadopoulou et al. 2014.
Molecular Ecology Resources



Taxonomic assignment: 
Phylogeny based



• Download mtgenomes for mammal refseq taxa
• Extract 16S rRNA (lrRNA)
• Use these as Blast queries, retrieve only full length entries 

(>1500) 

Retrieve 16S 
homologs

• Random exemplar / longest / most representative sequence 
(Chesters and Zhu 2014)

Species 
filtering

• References – Muscle (Edgar 2004)
• Queries to Reference profile – Pynast (Caporaso et al. 2010)
• MSA refinement 

Multiple 
Sequence 
Alignment

• RAxML (Stamatakis 2006)
• Branch swaps for references constrained according to high 

quality previously published tree (Bininda-Emonds et al. 2007)

Infer 
Phylogenetic 
relationships

• Requires complete taxonomies for reference members of the 
tree

• These are assigned to queries on the tree 
Taxonomic 
assignment



• Download mtgenomes for mammal refseq taxa
• Extract 16S rRNA (lrRNA)
• Use these as Blast queries, retrieve only full length entries 

(>1500) 

Retrieve 16S 
homologs

• Random exemplar / longest / most representative sequence 
(Chesters and Zhu 2014)

Species 
filtering

• References – Muscle (Edgar 2004)
• Queries to Reference profile – Pynast (Caporaso et al. 2010)
• MSA refinement 

Multiple 
Sequence 
Alignment

• RAxML (Stamatakis 2006)
• Branch swaps for references constrained according to high 

quality previously published tree (Bininda-Emonds et al. 2007)

Infer 
Phylogenetic 
relationships

• Requires complete taxonomies for reference members of the 
tree

• These are assigned to queries on the tree 
Taxonomic 
assignment



• Download mtgenomes for mammal refseq taxa
• Extract 16S rRNA (lrRNA)
• Use these as Blast queries, retrieve only full length entries 

(>1500) 

Retreive 16S 
homologs

• Random exemplar / longest / most representative sequence 
(Chesters and Zhu 2014)

Species 
filtering

• References – Muscle (Edgar 2004)
• Queries to Reference profile – Pynast (Caporaso et al. 2010)
• MSA refinement 

Multiple 
Sequence 
Alignment

• RAxML (Stamatakis 2006)
• Branch swaps for references constrained according to high 

quality previously published tree (Bininda-Emonds et al. 2007)

Infer 
Phylogenetic 
relationships

• Requires complete taxonomies for reference members of the 
tree

• These are assigned to queries on the tree 
Taxonomic 
assignment



• Download mtgenomes for mammal refseq taxa
• Extract 16S rRNA (lrRNA)
• Use these as Blast queries, retrieve only full length entries 

(>1500) 

Retreive 16S 
homologs

• Random exemplar / longest / most representative sequence 
(Chesters and Zhu 2014)

Species 
filtering

• References – Muscle (Edgar 2004)
• Queries to Reference profile – Pynast (Caporaso et al. 2010)
• MSA refinement 

Multiple 
Sequence 
Alignment

• RAxML (Stamatakis 2006)
• Branch swaps for references constrained according to high 

quality previously published tree (Bininda-Emonds et al. 2007)

Infer 
Phylogenetic 
relationships

• Requires complete taxonomies for reference members of the 
tree

• These are assigned to queries on the tree 
Taxonomic 
assignment



• Download mtgenomes for mammal refseq taxa
• Extract 16S rRNA (lrRNA)
• Use these as Blast queries, retrieve only full length entries 

(>1500) 

Retreive 16S 
homologs

• Random exemplar / longest / most representative sequence 
(Chesters and Zhu 2014)

Species 
filtering

• References – Muscle (Edgar 2004)
• Queries to Reference profile – Pynast (Caporaso et al. 2010)
• MSA refinement 

Multiple 
Sequence 
Alignment

• RAxML (Stamatakis 2006)
• Branch swaps for references constrained according to high 

quality previously published tree (Bininda-Emonds et al. 2007)

Infer 
Phylogenetic 
relationships

• Requires complete taxonomies for reference members of the 
tree

• These are assigned to queries on the tree 
Taxonomic 
assignment



• Download mtgenomes for mammal refseq taxa
• Extract 16S rRNA (lrRNA)
• Use these as Blast queries, retrieve only full length entries 

(>1500) 

Retreive 16S 
homologs

• Random exemplar / longest / most representative sequence 
(Chesters and Zhu 2014)

Species 
filtering

• References – Muscle (Edgar 2004)
• Queries to Reference profile – Pynast (Caporaso et al. 2010)
• MSA refinement 

Multiple 
Sequence 
Alignment

• RAxML (Stamatakis 2006)
• Branch swaps for references constrained according to high 

quality previously published tree (Bininda-Emonds et al. 2007)

Infer 
Phylogenetic 
relationships

• Requires complete taxonomies for reference members of the 
tree

• These are assigned to queries on the tree 
Taxonomic 
assignment



Overview:
Phylogeny for taxonomic assignment

• De novo tree of both references and queries
– bagpipe_phylo.pl

• New queries added to existing phylogeny
– EPA
– pplacer



Taxonomic assignment on de novo 
tree of references and queries 

• bagpipe_phylo
– New standalone implementation of a key 

component of BAGpipe (Papadopoulou et al. 
2014)

– Requires phylogeny of references and queries, and 
the NCBI taxonomy database

– Will be available soon …

unpublished



Example: Next Generation 
Sequencing of Leech Gut Contents

• Mammal 16S rDNA
• Degraded DNA
• Only short fragments retrievable.

unpublished, 
in collaboration with 

Douglas Yu (KIZ)







bagpipe_phylo output: 
Top 14 …  

Query Support Shared Taxon
Shortest 
Distance to 
Reference Leaf

uniques_1307 44 Melogale_moschata 0.0000080 

uniques_2811 65 Bos_indicus 0.0000080 

uniques_5424 22 Capricornis_sumatraensis 0.0000080 

uniques_617 94 Martes_flavigula 0.0000080 

uniques_961 79 Homo_sapiens 0.0000080 

uniques_80200 77 Ursus_thibetanus 0.01261555

uniques_741 48 Canis_latrans 0.013661082

uniques_7756 87 Papio_anubis 0.026794699

uniques_1993 94 Papio_anubis 0.037582712

uniques_4232 69 Manis_pentadactyla 0.043805173

uniques_20547 14 Felidae 0.04743098

uniques_2229 25 Rattus_rattus 0.04824355

uniques_2357 33 Caprinae 0.051507736

uniques_468 30 Macaca 0.07541466



bagpipe_phylo results: 
shared taxonomies assigned to queries

Query Support Shared Taxon Shortest Distance to 
Reference Leaf

uniques_20547 14 Felidae 0.04743098
uniques_68378 31 Panthera_tigris 0.159440927



Evolutionary Placement Algorithms

• New data 
assigned to 
existing tree
– EPA in RAXML 
– pplacer



Evolutionary Placement in RAXML



Evolutionary Placement using 
pplacer



Conclusion

• Building an automated pipeline allows for easy 
replication / updating

• Customization:
– can avoid the fitting an unsuited method
– novelty!
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