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Sequence Databases

• Sequence Databases

• Repository-Archive

• Annotation of information

• Value is only useful if can extract 
data from it!

• GenBank-EMBL-DDBJ



Tool Introduction

• NCBI GenBank + BLAST

• Identify a sequence

• Pipelines for automation

• Mining Taxonomy Database

• Programming tools and resources



Individual Example

• For a few sequences from ITS primer amplified from 
soil library clones, lake water, TOENAILS, etc

• Detailed analysis to determine sequence origin, species 
identification, etc













































High throughput sequencing

Technique Year 
Launched

Read Length Reads per 
Run

Throughput 
per run

Cost per 
GB of seq

ABI 3730 2000 800-1100 96 0.1Mb >2500K

454 (Roche) 
GSFLX

2004 250-400 400K ~100 Mb $80-100K

Solexa 
(Illumina)

2006 35-50 ~100M 5 GB $4K

ABI SOLiD 2007 25-35 ~150M 5-6GB $4K

Helicos 
Heliscope

2008 28-30 85M 2GB ?
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6 months=1 Terabase



What to do with many more
sequences

• What to do with thousands of reads?

• Pipelines for analyses

• Amplification of just a single molecule (barcode)

• Metagenomic sampling without amplification?



Identify a species for 
unknown sequence 

Library of  
sequences

BLAST

Match 
Identical ITS 

sequence

Sequence 
identified

Matches a set of 
ITS sequences, 
within range of 

identity

Build Tree 

Find Least 
common, well 

supported node

Cut out ITS1 
and ITS2 
based on 
structural 

genes

Name based on 
shared names of 
members of clade

Only 
structural 

genes have 
matches



Strategies

• If a barcode sequence doesn’t match exactly to anything 
what to do?

• Build trees from structural genes

• Sequence another molecule (AFTOL genes, others).

• Obtain tree and name based on well supported clade 
from conserved molecules

• Other methods for training



Metagenomic approaches
• Sample sequences from environment

• Cannot link sequences together, each read is 
independent sample

• Pros

• Without primer amplification

• Next Gen sequencing removes need to clone

• Problems

• Random sampling of sequences, how to link together?



Phylogenomic Binning

Library of  
sequences

TBLASTN Matches a set of 
proteins

Build Tree 
Find Least 

common, well 
supported node

Name based on 
shared names of 
members of clade

Assess community structure comparing the clades
Walk up Taxonomy or species tree and count 
representatives per clade





Using the Taxonomy 
Database

• Hierarchy of species relationships

• Can lookup a taxa

• Query for taxa at different levels of hierarchy

• (May not reflect current accepted relationships or 
naming)
Sometimes Anamorph/Teleomorph linkage is not made.

• Every sequence in Genbank is attached to a taxonomy 
identifier









BioPerl
• Open-source library of Perl 

modules for writing scripts for 
life sciences data - mostly 
molecular and sequence data.

• Tools for parsing:
Sequence data (GenBank, 
FASTA)
DB Search results (BLAST)
Alignments (ClustalW)

• Tools for manipulating and 
parsing phylogenetic trees.

• Interface to Taxonomy and 
GenBank databases

• Tools for visualizing genomic data 
(Gbrowse) 

• http://bioperl.org

http://bioperl.org
http://bioperl.org


Parse BLAST



Copyright (C) 1996‐2000 Washington University, Saint Louis, Missouri USA.
All Rights Reserved.

Reference:  Gish, W. (1996‐2000) http://blast.wustl.edu

Query=  BOSS_DROME Bride of sevenless protein precursor.
        (896 letters)

Database:  wormpep87
           20,881 sequences; 9,238,759 total letters.
Searching....10....20....30....40....50....60....70....80....90....100% done

                                                                     Smallest
                                                                       Sum
                                                              High  Probability
Sequences producing High‐scoring Segment Pairs:              Score  P(N)      N

F35H10.10 CE24945    status:Partially_confirmed TR:Q20073...   182  4.9e‐11   1
M02H5.2   CE25951    status:Predicted TR:Q966H5 protein_id:...  86  0.15      1
ZC506.4   CE01682  locus:mgl‐1 metatrophic glutamate recept...  91  0.18      1
F23D12.2  CE05700    status:Partially_confirmed TR:Q19761 ...   73  0.45      3

>F35H10.10 CE24945    status:Partially_confirmed TR:Q20073
           protein_id:AAA81683.2
        Length = 1404

 Score = 182 (69.1 bits), Expect = 4.9e‐11, P = 4.9e‐11
 Identities = 75/315 (23%), Positives = 149/315 (47%)

Query:   511 YPFLFDGESVMFWRIKMDTWVATGLTAAILGLIATLAILVFIVVRISLGDVFEGNPTTSI 570
             Y  +F+  +   WR     +V   L   ++  +  +A+LV ++V++ L  V +GN +  I
Sbjct:  1006 YQSVFEHITTGHWRDHPHNYVLLALITVLV‐‐VVAIAVLVLVLVKLYLR‐VVKGNQSLGI 1062

Query:   571 LLLLSLILVFCSFVPYSIEYVGEQRNSHVTFEDAQTLNTLCAVRVFIMTLVYCFVFSLLL 630
              LL+ +I++      YS  +          F+     +++C +RV +  L Y   F +++
Sbjct:  1063 SLLIGIIIL‐‐‐‐‐‐YSTAFF‐‐‐‐‐‐‐FVFDPT‐‐‐DSVCRLRVILHGLGYTICFGVMI 1106

Query:   631 CRAVMLASIGSEG‐GFLSHVNGYIQAVICAFSVVAQVGMSVQLLVVMHVASETVSCENIY 689
              +A  L +  + G G   H++ +   ++  F V  Q+ +S+   +   +++  V   N+ 
Sbjct:  1107 AKATQLRNAETLGFGTAIHISFWNYWLLLFFIVGVQIALSISWFLEPFMSTIGVIDTNVQ 1166

HSP

Hit

Result

http://blast.wustl.edu
http://blast.wustl.edu
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Query:   631 CRAVMLASIGSEG‐GFLSHVNGYIQAVICAFSVVAQVGMSVQLLVVMHVASETVSCENIY 689
              +A  L +  + G G   H++ +   ++  F V  Q+ +S+   +   +++  V   N+ 
Sbjct:  1107 AKATQLRNAETLGFGTAIHISFWNYWLLLFFIVGVQIALSISWFLEPFMSTIGVIDTNVQ 1166

HSP

Hit

Result

http://blast.wustl.edu
http://blast.wustl.edu


use Bio::SearchIO;
my $cutoff = ’0.001’;
my $file = ‘BOSS_Ce.BLASTP’,
my $in = Bio::SearchIO‐>new(‐format => ‘blast’,
                           ‐file    => $file);
while( my $r = $in‐>next_result ) {
  print "Query is: ", $r‐>query_name, " ", $r‐>query_description," ",
         $r‐>query_length," aa\n";
  print " Matrix was ", $r‐>get_parameter(’matrix’), "\n";
  while( my $h = $r‐>next_hit ) {
    last if $h‐>significance > $cutoff;
    print "Hit is ", $h‐>name, "\n";
    while( my $hsp = $h‐>next_hsp ) {
     print " HSP Len is ", $hsp‐>length(’total’), " ",
           " E‐value is ", $hsp‐>evalue, 
           " Bit score ", $hsp‐>score, " \n",
           " Query loc: ",$hsp‐>query‐>start, " ", $hsp‐>query‐>end," ",
           " Sbject loc: ",$hsp‐>hit‐>start, " ", $hsp‐>hit‐>end,"\n";
    }
  }
}



Query is: BOSS_DROME Bride of sevenless protein 
precursor. 896 aa
Matrix was BLOSUM62
Hit is F35H10.10
HSP Len is 315 E‐value is 4.9e‐11 Bit score 182
Query loc: 511 813 Sbject loc: 1006 1298
HSP Len is 28 E‐value is 1.4e‐09 Bit score 39
Query loc: 508 535 Sbject loc: 427 454

Parsing Result



Processing a Tree



Walking up the tree (tips to root)
if( my $tree = $in‐>next_tree ) {
   my @tips = grep { $_‐>is_Leaf } $tree‐>get_nodes;
   for my $node ( @tips ) {
      my @path;
      while( defined $node) {
        push @path, $node‐>id;
        $node = $node‐>ancestor;
      }
      print join(“,“, @path), “\n”;
   }
}
__DATA__
(((A:10,B:11)I1:2,C:5)I2,((D:7,F:6)I3:17,G:8)I4)Root;

C,I2,Root
A,I1,I2,Root
B,I1,I2,Root
G,I4,Root
D,I3,I4,Root
F,I3,I4,Root

A

B

I1

C

I2

D

F

I3

G

I4

Root

Output



AB

I1

C

I2

DF

I3

G

I4

R
o
o
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Species Genus

A

C

Conceptually looking for node name

What’s my name?

unculturable X 



http://fungalgenomes.org/blog

http://fungalgenomes.org/wiki/Fungal_Genome_Links
http://fungalgenomes.org/wiki/Fungal_Genome_Links


http://fungalgenomes.org/wiki/

http://fungalgenomes.org/wiki/Fungal_Genome_Links
http://fungalgenomes.org/wiki/Fungal_Genome_Links


Genome Browser data integration
300k 310k 320k 330k

Ncra_OR74A_chrIV_contig7.20Ncra_OR74A_chrIV_contig7.20

DNA_GCContent
% gc

NCBI genes (Broad called)
NCU04433

sulfate permease II CYS-14

NCU04432

hypothetical protein

NCU04431

related to endo-1; 3-beta-glucanase

NCU04430

related to aminopeptidase Y precursor; vacuolar

NCU04429

conserved hypothetical protein

NCU04428

related to spindle assembly checkpoint protein

NCU04426

related to cyclin-supressing protein kinase

NCU04425

putative protein

NCU04427

conserved hypothetical protein

NCU04424

related to regulator of chromatin

PASA updated NCBI/Broad genes
NCU04433

[pasa:asmbl_9431,status:12],[pasa:asmbl_9432,status:12]

NCU04432[pasa:asmbl_9429,status:12],[pasa:asmbl_9430,status:12]

[pasa:asmbl_9436,status:12],[pasa:asmbl_9437,status:12],[pasa:asmbl_9438,status:12],[pasa:asmbl_9439,status:12]

[pasa:asmbl_9433,status:12],[pasa:asmbl_9434,status:12],[pasa:asmbl_9435,status:12]

[pasa:asmbl_9445,status:12],[pasa:asmbl_9446,status:12]

[pasa:asmbl_9443,status:12],[pasa:asmbl_9444,status:12]

NCU04424

[pasa:asmbl_9440,status:12],[pasa:asmbl_9441,status:12],[pasa:asmbl_9442,status:12]

Named Genes (Radford laboratory)

tRNA{phe}-9

cys-14 gh16-3

miRNA Solexa histogram
miRNA

K4dime ChIP-Seq histogram (SOAP)
K4dime_Solexa

K9met3 ChIP-Seq histogram (SOAP)
K9met3

meDIP histogram
meDIP



Genome samples from fungi
Dictyostelium

Monosiga

Caenorhabditis

Drosophila

Homo

Batrachochytrium

Spiromyces

Olpidium

Rhizopus

Glomus

Puccinia

Cryptococcus

Coprinopsis

Schizosaccharomyces

Yarrowia

Saccharomyces

Candida

Morchella

Cochliobolus

Cladonia

Aspergillus

Coccidioides

Magnaporthe

Neurospora

Fusarium

Botryotinia

Fungi

Opisthokont

Pezizomycotina

Saccharomycotina

Basidiomycota

Ascomycota

Mucormycotina

Zygomycota

‘Chytrid’

‘Chytrid’

Glomeromycota

Taphrinomycotina

Choanoflagellida

Metazoa

100+ Genomes
Based on James TY et al. 2006. Nature.

Chytrid 5

Muromycotina 3

Basidiomycota 31
Glomeromycota 1

Taphrinomycotina    4

Saccharomycotina   > 20

Pezizomycotina      >55

http://fungalgenomes.org/wiki/Fungal_Genome_Links

http://fungalgenomes.org/wiki/Fungal_Genome_Links
http://fungalgenomes.org/wiki/Fungal_Genome_Links
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Maximum likelihood phylogeny reconstructed using a concatenated alignment of 153 universally distributed fungal genesFigure 2
Maximum likelihood phylogeny reconstructed using a concatenated alignment of 153 universally distributed 
fungal genes. The concatenated alignment contains 42 taxa and exactly 38,000 amino acid positions. The optimum model 
according to ModelGenerator [85] was found to be WAG+I+G. The number of rate categories was 4 (alpha = 0.83) and the 
proportion of invariable sites was approximated at 0.20. Bootstrap scores for all nodes are displayed. S. castellii is found at the 
base of the WGD node.
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Candida tropicalis
Candida parapsilosis

Candida lusitaniae
Candida guilliermondii

Histoplasma capsulatum

Yarrowia lipolytica

Debaryomyces hansenii

Magnaporthe grisea

Rhizopus oryzae

Candida albicans

Schizosaccharomyces pombe

Stagonospora nodorum
Aspergillus terreus

Candida dubliniensis

Coprinus cinereus

Fusarium verticillioides

Ustilago maydis

Podospora anserina

Aspergillus fumigatus
Aspergillus nidulans

Botrytis cinerea

Aspergillus oryzae

Trichoderma reesei

Uncinocarpus reesii

Phanerochaete chrysosporium

Chaetomium globosum

Cryptococcus neoformans

Fusarium graminearum

Neurospora crassa

Sclerotinia sclerotiorum

Coccidioides immitis

Sordariomycetes

Leotiomycetes

Eurotiomycetes

Hymenomycetes

Saccharomycotina
CTG

Pezizomycotina

Basidiomycota

Ascomycota

Zygomycota

100
100
60

100
90

100 Candida glabrata
Saccharomyces castellii

Saccharomyces bayanus

Saccharomyces cerevisiae
Saccharomyces mikatae

Saccharomyces paradoxus

Saccharomyces kudriavzevii

WGD

100

70
100 Kluyveromyces lactis

70 Kluyveromyces waltii
Saccharomyces kluyveri

Ashbya gossypii

Fitzpatrick, Logue, Stajich, and Butler 2006. BMC Evol Biol

• 100s-1000s of gene 
phylogenies, Concatenated 
and individual gene trees 
and consensus

• Generally recapitulate what 
is found from multi-locus 
studies of 2-4 genes

• Identify conflicting genes to 
find cases of Incomplete 
lineage sorting, bad 
orthology assignment, or 
possible horizontal transfer

* C. neoformans, C. gattii, Tremella
* U. maydis

* Laccaria bicolor, C. cinerea

* 15 genomes of 
Coccidioides strains

* U. reesii
* H. capsulatum, 3 strains

* N. discreta, N. tetrasperma

* Batrachochytrium dendrobatidis
* Phycomyces blakesleeanus



Utility of Genomes?

• Inventory and organization of genes

• Additional marker identification

• Predict Microsattelites and other highly polymorphic 
regions for population studies

• Find more single-copy genes for orthology



Links

NCBI - http://www.ncbi.nlm.nih.gov

BioPerl - http://bioperl.org

GMOD & Gbrowse - http://www.gmod.org

Fungal Genomes & News Blog - http://fungalgenomes.org/

Miller Institute

http://www.ncbi.nih.gov
http://www.ncbi.nih.gov
http://bioperl.org
http://bioperl.org
http://www.gmod.org
http://www.gmod.org
http://fungalgenomes.org
http://fungalgenomes.org

