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Phylogenetic Phylogenetic tree tree -- slow growersslow growers
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M. M. leprae leprae -- genome decaygenome decay
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Pseudogenes Pseudogenes inin bacteriabacteria

• Found in all bacteria but % varies.  Increases AT content.

• More common in intracellular pathogens (Rickettsia, 
Mycoplasma, Bartonella...) than free-living bacteria.

• Association with vector-borne pathogens. 

• Fewer pseudogenes in pathogens carried by broad host 
range vectors e.g. Bartonella henselae& cat flea.  

• More in pathogens carried by narrow host range vectors e.g.

Bartonella quintana& louse. 

• M. lepraeis record holder!
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GrossGross features features of of M.M. lepraelepraegenomegenome

• 1,614 genes

• 1,433 genes common withM. tub. 
• >1,133 pseudogenes
• ~1,500 genes "deleted " 
• ~160 M. lep "specific" genes
• Mosaic, ~65 segments = M. tub

M. lepraehas 
undergone

reductive evolution
Rep-DNA involved
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Main IS & Main IS & repeatsrepeatsin in M. M. lepraeleprae

• RLEP (37 copies, > 1 truncated, ~850 bp)

• REPLEP (15 copies, 2 truncated, 881 bp)

• LEPREP (8 copies, 3 truncated, 2383 bp)

• LEPRPT (5 copies, 2 truncated, 1252 bp)

• None has ORFs, some have IR

• 2% of genome made of repeats

• 26 different IS, all defective
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RLEPRLEP-- mediated mediated genegenedisruptiondisruption
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WhatWhat happenedhappenedto to syntenysynteny??

ML �������� 0266           REPLEP ML0267, ML0268

Rv1056                      Rv0409, Rv0408
(ackA, pta) M. tuberculosis

M. leprae

Recombination between repRecombination between rep--DNADNA
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Deletions mediated Deletions mediated by REPLEP?by REPLEP?
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M. leprae today
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echA16 ugpAEBC dinF Rv2387 rbfA infB Rv2840 nusA Rv2842 Rv2843,44 proS efpA

echA16 proS rbfA infB ML1557 nusAML1554 ML1559ML1560, 61 efpAa
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b

Gene Gene capture by capture by M.M. lepraeleprae??

M. leprae

M. tuber.
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M. leprae pseudogenes

M. leprae genes

M. tuberculosis genes
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Functional Category

Functional comparison Functional comparison of of 
M.M. lepraelepraewith with M.M. tuberculosistuberculosis
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The The just enoughjust enoughprincipleprinciple

M. tuber.
gene

M. leprae
gene

M. leprae
pseudo

Function Pathway
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pdhABC
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PDH complex Energy
metabolism
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Is Is M.M. lepraelepraeless lipolyticless lipolytic? ? 
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So why So why won’twon’t it growit grow??

• Few anabolic lesions

• Starved - lost many catabolic functions

• Energy deficient - deleted nuo operon

• Iron limited?  No siderophores

• Replication deficient? NodnaQ…

• Recomb. deficient? NorecBCD, recA::int

��

GenomeGenome--inspired approachesinspired approaches

• Drug-susceptibility testing

• Test for infection

• Vaccines

• Epidemiology
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Is Is M. M. lepraelepraevariable?variable?

• Microarrays - InDels

• Repeats

• MIRU typing

• VNTR typing

• SNP

• Leprosy spectrum: TT -> LL

None found

No copy # change

Only 1 copy

Too variable

Rare but informative

�


CGH on CGH on MicroarraysMicroarrays

PCR fragment Control Tamil Nadu: spotting control

India strain of M. leprae Africa strain of M. leprae
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No repeat copy # differencesNo repeat copy # differences
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MIRU

• Robust typing system in M. tuberculosis

• 20 loci present in M. leprae but no variation

VNTR

21 TTC 9 GTA 14 AT 15 AT 17 AT 18 AT
10 -> 29 7 -> 20 11 -> 40 9 -> 25 9 -> 22 9 -> 29

• Too variable for LR epidemiology

• Useful for studying reinfection?

Microsatellite Microsatellite typingtyping

��

Origin Sequences SNP

CDS 12,087 bp 0
Non-Coding 15,595 bp 1
Pseudogene 114,659 bp 4

�
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SNP SNP discovery discovery & Br4923& Br4923
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Tamil Nadu

Br4923

14 676 1 642 875 2 935 685A.

SNP-type 1

SNP-type 4

B.
SNP-type 1

SNP-type 2

SNP-type 3

SNP-type 4

14 676 1 642 875 2 935 685

SNP are very rare 1:28,400 SNP are very rare 1:28,400 bpbp

C

T T

G

C

A

��

100,000 >40,000

50-60,000
40,000

Slave trade

Colonialism
Asian mig.

15-35,000

Origin ?

Human migrations & spread of leprosyHuman migrations & spread of leprosy

Monot et al. 
2005, Science 

308, 1040
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A second A second genome genome -- Br4923Br4923

• 7 InDels (5 Ins, 2 Dels), 1 x 8 bp Del in rep-DNA

• More in VNTR

• 21 bp bigger than TN

• 156 SNP, 38 in rep-DNA, 78 informative

��

Genome sequence Genome sequence of of Brazilian strainBrazilian strain

M.leprae(Br4923)
3,268,071

SNP Informatif
SNP Non Informatif

'() ��
����
	*�+� �	
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�+
 ��

�����
 ��

Negligible variation.
Good news for drug,
immunodiagnostics

& vaccine
development.
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Improving global coverageImproving global coverage

Some regions under-sampled
e.g. Europe, middle East

Tested skeletal remains 
from leprosarium 

graveyards
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100,000

>40,000

50-60,000

40,000

15-35,000

* *
*

* Ancient DNA

SNP-Type 01

SNP-Type 02

SNP-Type 03

SNP-Type 04

Pillars are located on country of origin and distribution into 16 SNP-Subtypes.
Thickness based on the number of samples (1 to 5 : thin, 6 to 29 : intermediate, 30+ wide).

Phylogeography Phylogeography of leprosyof leprosy
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Can Can SNPSNP--typing typing help?help?

• Venezuelan study of endemic 
(<1/10,000) versus hyperendemic 

(>20/10,000) regions - O-121

• Statistically-significant 
association of SNP-type 4 with 

hyperendemicity 

��

Whence Whence came came M. M. lepraeleprae??

• Derived from environmental ancestor: 
Evidence phylogeny & genomics

• Infects H. sapiens: Stable niche, genome degenerates,
spreads with humans, clonal expansion

• Origin: Probably East Africa……
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