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Overview
1. Bordetella pertussis is an important human respiratory pathogen that 

warrants inclusion into the XMLPipeDB project.

2. A comprehensive B. pertussis gene database was created.

3. GenMAPP Builder was customized in the process of capturing all    B. 
pertussis protein-coding genes.

4. Data was adapted from a microarray experiment in which the impact 
of deleting polysaccharide capsule genes was assessed.

5. GenMAPP analysis of the microarray data revealed pathway-level 
expression changes.
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Bordetella pertussis is the Causative Agent of 
the Whooping Cough Respiratory Infection

● Whooping Cough (pertussis)

● Top 10 infectious disease

● Leading cause of vaccine-preventable deaths

● 2015 Statistics

● ~16 million cases

● 195,000 deaths in children

Centers for Disease Control and Prevention, 2015. 



The XMLPipeDB Project Creates Species-Specific 
Gene Databases for Use in Microarray Analyses
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GenMAPP Gene Database Schema for 
Bordetella pertussis Tohama I 

(cw20151210)
bpertussis-std_cw20151210.gdb

● Created with the program 
GenMAPP Builder
○ XMLPipeDB Project

● B. pertussis customizations:
○ Systems
○ OrderedLocusNames



The B. pertussis Gene Database Contains a 
Complete Set of 3,447 Protein-Coding Genes

OrderedLocus
Names 

[BP####|.1]

Open Reading
Frame 

[BP####A|B]

EnsemblBacteria 
Reference ID 

[BP3167A]
Totals

XMLPipeDB Match 3435 11 1 3447

TallyEngine- XML 3435 11 0 3446

TallyEngine- PostgreSQL 3435 11 0 3446

OriginalRowCounts [.gdb] 3435 11 1 3447

GeneDB MOD - - - 3447

Table lists specific gene ID counts obtained for each ID pattern (ordered locus, open 
reading frame, EnsemblBacteria) from independent systems and databases.



XMLPipeDB Match Was Used to Count the 
Number of Gene IDs in the Original XML File

● A regex was crafted to capture all identified gene ID patterns:
○ BP####        BP####.1        BP####A        BP####B

COMMAND
 java -jar xmlpipedb-match-1.1.1.jar "BP[0-9][0-9][0-9][0-9](A|B|\.1|)" 
<"uniprot-proteome%3AUP000002676_cw20151201.xml"

OUTPUT
Total unique matches: 3447



● PostgreSQL Database: bpertussis_cw20151210_gmb3build5
● SQL Query: the “union” operation was used to count . . .

○ “ordered locus” gene IDs (3435)
○ EnsemblBacteria reference IDs with the pattern “BP####(A|B)” (12)

PGAdmin III Was Used to Count the Number of 
Gene IDs in the Relational Database (20151210)



The GenMAPP Builder TallyEngine Counted 
Gene IDs in the XML and PostgreSQL Database

Generated using GenMAPP Builder version 3.0.0 Build 5 - cw20151210

*Customized to count ORF Values
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Initial Versions of the B. pertussis Gene Database 
Were Missing 12 OrderedLocusNames IDs

+

● Missed IDs
○ 11 ORF gene IDs 

(Right)

○ 1 EnsemblBacteria 
Reference ID    
(Below)



Unique Patterns Amongst Missing IDs Allowed for 
Their Selective Retrieval Using an SQL Query

Output Includes:

● All 11 ORF gene IDs

● 1 Reference ID (BP3167A)

● No extraneous gene IDs



A New Method Block Was Added to the B. pertussis 
Custom Profile Code to Import Missing IDs

  SQL
 Query



All 341 IDs that Triggered Errors During Analysis 
Were Not Present in the UniProt XML File  
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Polysaccharide Capsules in B. pertussis 
Determine Virulence

● B. pertussis produces an intact 

polysaccharide (PS) microcapsule 

● Testing △KpsT mutant against the wild-

type

● Experiment determining the impact of PS 

capsules on the virulence of B. pertussis
Figure: Depiction of polysaccharide 
microcapsule captured using various 
visual instruments.



Process of 
Replicate 

Production



DNA Microarray Analysis Sanity Check 
Reveals the Significantly Changed Genes 

Table lists the sanity check results performed on the data analysis for 
specific P-value filters.  
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Filtering MAPPFinder Results Indicated 
Significantly Up-Regulated Genes

Table lists the top 21 GO terms generated from the “Increased” criteria applied to 
the data. 



Filtering MAPPFinder Results Indicated 
Significantly Down-Regulated Genes

Table lists the top 25 GO terms generated from the “Decreased” criteria applied 
to the data. 



Genes Involved in the Ribosome Biogenesis 
Pathway Were Consistently Down-Regulated 

Figure presents 
the MAPP created 
using the selected 
ribosome pathway 
genes applied to 
the expression 
dataset in 
GenMAPP.



The Pathogenesis of Bordetella pertussis is 
Controlled by the BvgAS Regulatory System

Melver et al. (2014). Nature Reviews Microbiology. 12. 



The Results of Our Analysis are Consistent 
with the Conclusions of Hoo et al.

● ∆kpsT mutant: vags down-regulated
● ∆kpsT Bvg+ phase-locked mutant: vags expressed normally

○ → role in BvgAS-mediated signal transduction

● ribosome biogenesis is necessary for rapid                                                         
expression of virulence factors
○ → ribosome synthesis upregulated in WT

Weiss, ASM News (1997).
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