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Background

1 1/3 world’s population is infected
with tuberculosis

1 ~1000 people die of TB in South
Africa daily

1 Increased

Incidence due
to AIDS

1 Caused by
Mycobacterium
tuberculosis

World TB notification rate per 100,000 population size
(http://lwww.afro.who.int/tb/notificationtrend.html)
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Mycobacterial genome sequencing

1 Hundreds of microbial genomes completely
sequenced

1 Mycobacteria sequenced:
— Mycobacterium leprae
— Mycobacterium tuberculosis (H37Rv, Oshkosh, F11)
— Mycobacterium bovis (& BCG)
— Mycobacterium paratuberculosis
— Mycobacterium (sp. MCS, KMS, JLS)
— Mycobacterium smegmatis
— Mycobacterium avium
— Mycobacterium ulcerans
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Mycobacterium tuberculosis H37Rv

14.4Mb genome
1 ~4000 proteins
1 51% have predicted functions

1 Approximately half the genome is made up
of duplicated families

1 Has many lipid and fatty acid metabolism
pathways

1 Still so much not known about the remaining
genes and pathogenesis




Comparative genomics

1 Aim: generate phylogenetic profiles to
identify potential virulence genes

1 34 genomes, ~250,000 genes
1 56 pathogens 28 non-pathogens
1 BLASTClust at different score densities

1 Score density 0.5 and 1.0
S =-N/AL

L’ is length of sequence in the alignment, L
N is the number of identical residues
A is the total alignment length
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Summary of clustering results

Experiments 0.5 score density 1.0 score density

Total clusters created 63819 121905
Total Singletons (one protein families) 42770 85735
Total more than one protein clusters 20849 36170
Total Pathogen only clusters 7904 18022
Total non Pathogen only clusters 3824 7165
Total MTB Complex only clusters 1060 2362

Number with at least two genomes per
cluster 19056 24110

Number of clusters with at least 2
proteins (paralogs) in one genome 1794 2061

All organisms (84 genomes) 10 2

At least 80 genomes

All organism (at least 60 genomes)
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Distribution of proteins in cluster types

Distribution of proteins in clusters
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Measuring functional diversity
within clusters

1 Used DE lines, InterPro matches and GO
Slim

1 Can only be done for those covered:
~70% InterPro, 50% GO slim

1 BlastClust1.0 greatest conservation —most
>90% conservation of InterPro domains
and annotation

1 In 1.0 PE/PPE families agreed with
previous reports




Heatmap of results 1
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Heatmap of results 2
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Heatmap of results 3
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Clustering by organism

Gamma :
proteo slight S Er Gamma proteo

CURD 1

CORGL

Ci
)L3U

BACCL
OREF
YTE IMBE
RICCH
BUUCAY
BUCAI
WTICRD
HELPJ
CAMJE
VIBCH
VIBPA
YERPE
SALTI

[

L [——— [ ===
clustexr 4
cluste::
clustexr 1
clusee::3
clustexr 154
cluster 247

cluster_ 226
cluster_ 228
cluster_ 285
cluster_ 4€5
cluster_ 404
cluster_ 529
cluster_
cluster_ 112
clustexr_&5€
cluster_ Z€
cluster_ 19
cluster_ 1€
cluster_ 57
clustexr_ 17
cluster_ 232
clustexr_158
cluster €5
cluster_ 12
cluster_ 12
cluster 22
cluster_ 18
cluster_ 21
cluster_ 11
cluster_ 14
cluster_Z9
cluster_ 22
cluster Z1Z2
cluster_ 189
cluster_ 220
cluster_
cluster
clustexr_149
cluster_ 140
cluster_ 157
cluster_ 179
cluster_ 205
cluster_ 2238
cluster_ 198
clustex 216

L IWURIKC e




Known virulence genes

N Proteins in non
Proteins in

Cluster pathogens
No pathogens (no. (no.

organisms) organisms)
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Functional analysis

Ontologizer —statistically over-represented GO terms in predicted set

onto13910.dot Gene Ontology

G0:0003674 G0:0005575 G0:0008150
molecular_function cellular_component biological_process
1674/1931, 846/1068 696/1931,403/1068 1463/1931,728/1068

G0:0003824 G0:0005623 G0:0051704
catalytic activity cell multi-organism process
1300/1931, 650/1068 675/1931,392/1068 21/1931, 20/1068

G0:0016740 G0:0044464 G0:0044419
transferase activity cell part interspecies interaction between organisms
369/1931,163/1068 675/1931,392/1068 20/1931, 19/1068

GO:0016772 GO0:0016020 GO0:0044403
transferase activity, transferring phosphorus- containing groups membrane symbiosis, encompassing nutualism through parasitism
108/1931,53/1068 446/1931, 324/1068 20/1931, 19/1068

G0:0016301 G0:0016773 G0:0044425 GO:0009405
kinase activity phosphotransferase activity, alcohol group as acceptor membrane part pathogenesis
69/1931, 41/1068 44/1931, 33/1068 358/1931,272/1068 19/1931, 19/1068

G0:0004672 G0:0031224
protein kinase activity intrinsic to membrane
22/1931, 21/1068 358/1931, 272/1068

G0:0016021
integral to membrane
358/1931,272/1068
ATIONAL
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Functional analysis continued

BLASTClust 1.0 Percentages
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Functional composition of protein sets

BLASTClust 1.0 Not predicted % proteins per function
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Cell cycle
F DNA/RNA/Protein

@ Antigen
m Cell cycle
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of hypothetical proteins
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Connections between hypotheticals using
STRING
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Expanded families in H37Rv

Paralogs from the BLAST results grouped into
clusters for Mycobacterium tuberculosis H37RV
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Relationship between GC content and %
duplication
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Relationship between genome size and %
duplication
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Relationship between genome size and %
duplication

duplication vs genome size
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Duplicated families in M.tb and M. leprae

Combined InterPro and BLAST results gave 354 clusters

354 clusters
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Duplicated families in M.tb and M. leprae

Combined InterPro and BLAST results gave 354 clusters

More in M. leprae than TB (hypothetical,
WhiB, conserved membrane, inv)

Expanded in
M. leprae too 30

51 in M.leprae
354 clusters

.
C B I O E (= NATIONAL
S E BIOINFORMATICS

Computational Biology @ UCT NETWORK




Duplicated families in M.tb and M. leprae

Combined InterPro and BLAST results gave 354 clusters

More in M. leprae than TB (hypothetical,
WhiB, conserved membrane, inv)

: Some >20
Expanded in 20 e

M. leprae too 78 >=3 member g SYuiTe|
51 in M.leprae PE/PPE)

354 clusters EEPSPEVIT only
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Future work

1 Investigate hypothetical protein families
further

1 Determine functional fate of expanded
families that are unique to TB or TB
complex

1 Measure diversity vs cluster size

1 Compare diversity in upstream and coding
regions

1 Look at expression correlation of expanded
families
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