Plausible origin of genes exclusively present in Mycobacterium pathogens:

We identified 9 genes that were present in all the pathogens, but absent in the non-pathogens.
To understand the origin of these genes, protein and nucleotide sequences of each was
searched for similar sequences across non-redundant database. Blast hits with 50% identity
and at least 60% coverage were considered significant. We observe that for most of the genes
the hits belonged to the suborder corynebacterinae while only two genes found hits outside
the group. Corynebacteriaceae are closely related to mycobacterinaceae. Both belong to the
order actinomycetales. Most of the organisms under this suborder are opportunistic pathogens
and soil bacterium. The results are presented in the table below.

Nucleotide Hits other than
mycobacteria

Gene Protein Hits other than
mycobacteria

Rv0234c | Cyanobacteria and Proteobacteria and archea

Proteobacteria

Rv0364 | Corynebacterinae and Corynebacterinae and

Verrucomicrobia

Proteobacteria

Rv0382c | Corynebacterinae Corynebacterinae
Rv0451c | No hits No hits

Rv1404 | Corynebacterinae Corynebacterinae
Rv1524 | No hits No hits

Rv3484 | Corynebacterinae Corynebacterinae
Rv3631 | Corynebacterinae Corynebacterinae
Rv3632 | Corynebacterinae Corynebacterinae

BLAST hits outside the mycobacteria or corynebacteria group, suggests that these genes
could have been acquired through horizontal gene transfer. However, further investigation is
required to prove this. Two genes, Rv0451c and Rv1524 do not have any significant hits
other than mycobacterial pathogens. These genes’ sequences have probably evolved along
with the pathogens, and their specific role in pathogenesis, if any needs further investigation.

Based on the BLAST hits for each gene, a distance tree was constructed as shown in figures
below. Species belonging to same genus were condensed and the values of best hit (%
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identity and % coverage) are represented as numbers next to the organism’s name. (For
example: 74-89 means 74% identity and 89% coverage). Identity and coverage for the best
hits are also shown.

1) Rv0234c — gabD1: succinate semialdehyde dehydrogenase

A Protein B Nucleotide
Acidobacteria bacterium Ellin345 ::::::::rial- Pathogens; 100-100
Mycobacterial Pathogens; s,mm,ﬁ,'; 0
Gordonia sp. ; 79-89 Anaeromyxobacter sp Fw109 5 complete genome
Streptosporangium roseum DSM 43021 DD2 genome
plosporang . Kitasatospora setae KM 6054 DNA complete genome
Sfreplomyces sp.; 9 Acti sp N902109 lete genome
Kitasatospora setae KM 6054 2 Salinispora sp.; 96-89
Frankia sp.; & s jum ros r:;: 3021 conplete s
— . " treptosporanaium roseum complete genome

Acidothermus cellulolyticus 118 S F,an';a ::_ . pleted
Verrucosispora sp.; = — marinus str BC501 chromosome complete genome
Micromonuspora sp.; a L— Geodermatophilus obscurus DSM 43160 complete genome
Salinispora sp.: @ | Anaeromyxobacter sp.;

"1 M sp.; Proteobacteria
Geodermatophilus obscurus DSM 43160 o i So ce 56 complete genome

Modestobacter sp 42H12 1 fumsp.;  ]eury
E Erythrobacter litoralis H1CC2594 complete genome

[~ Lynabya sp PCCE10E ia; i DSM 15624 lete genome
L Pleurocapsa sp PCC 7327 Cyanobacteria; 61-89 1 hatriner oo

Soce56 ] Proteobacteria; 60-89

9 Y
jeotgali B3 lete genome
volcanii DS2 plasmid pHV3 complete sequence

a. Found hit in Pleurocapsa sp. belonging to cyanobacteria at 61% sequence
identity with 89% coverage. These are nitrogen fixing bacteria found in
marine environment.

b. Found hit in Sorangium cellulosum belonging to d-proteobacteria of phylum
bacteria at 60% sequence identity with 89% coverage. These are soil-dwelling
bacteria and saprophytes.

2) Rv0364 — Conserved membrane protein:

A Protein B Nucleotide

Mycobacterial Pathogens ; 100-100 _ Mycobacterial Pathogens
|: Nocardia sp. ; 64-92 Arthrobacter arilaitensis Re117
dia farcinica IFM 10152 Streptomyces fulvissimus DSM 40593

Nocardia cyriacigeorgica GUH 2 Verrucosispora sp AB 18 032
:::::::zz:: ::- ; Salinispora arenicola CNS 205
Gordonia'sp. Saccharopolyspora sp. ;

Cellvibrio gilvus ATCC 13127 Streptomyces sp. ; 68-60
’_rEcE"uhmonas fimi ATCC 484 Herbaspirillum seropedicae SmR1 ] Proteobacteria
Cellul flavigena DSM 20109
I—Sanguihacler keddieii DSM 10542

Kribbella flavida DSM 17836
Mycobacterium smegmatis mc2 155
Renibacterium salmeninarum ATCC 33209 LL‘: Mycobacterium smegmatis JS623
Ac""‘.’myces SP- Mycobacterium vanbaalenii PYR 1
Frankiasp Ccl3
Salinispora sp. ;

Verrucosispora sp AB 18 032
Streptomyces sp.;
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Opitutus terrae PB90 1 Verrucomicrobia:
Opitutaceae bacterium TAV1 !
— Coryneb ium sp.;
L— Dietzia sp. ;
Corynebacterium kroppenstedtii DSM 44385
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Found hit in Optitucae sp. belonging to verrucomicrobia at 48% sequence identity
with 82% coverage. Verrucomicrobia belongs to superkingdom bacteria. These
organisms are found in soil, fresh water and human faeces. They have been
identified in association with eukaryotic hosts including extrusive explosive
ectosymbionts of protists and endosymbionts of nematodes residing in their

gametes.

3) Rv0382c — Orotate phosphoribosyl transferase (pyrE)

A

——

—

—

I

—: Amycolatopsis sp. ;
Saccharopolyspora sp. ;

——

Protein

Mycobacterial Pathogens
Pseudonocardia sp P1
Pseudonocardia dioxanivorans CB1190

Segniliparus sp. ; g
Dietzia sp. ; %
Corynebacterium sp. ;78-98 g
Gordonia sp. ; %
E
(]

Nakamurella multipartita DSM 44233
Tsukamurella paurometabola DSM 20162
Rhodococcus rhodnii

Rhodococcus sp. ;

Amycolicicoccus subflavus DQS3 9A1

4) Rv1404 — Transcriptional regulator

A

Protein

Mycobacterial Pathogens
Nocardia brasiliensis ATCC 700358
Gordonia sp. ; 58-88

Sacchar pora marina
Streptomyces sp AA4
Amycolatopsis mediterranei U32
Streptomyces himastatinicus
Frankia sp Ccl3

Catenulispora acidiphila DSM 44928
Streptomyces sp. ;

Streptomyces sp. ;
Saccharopolyspora spinosa

Propionibacterium sp. ;

| Uncultured bacterium (bacteria)
Nocardioides sp JS614
Micromonospora sp ML1
Salinispora sp. ;
Actinoplanes sp. ;

— Kineococcus radiotolerans SRS30216

L— Nakamurella sp. ;

Rhod us sp. ;
Pseudonocardia dioxanivorans CB1190

Pseudonocardia sp P1
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B

Nucleotide

Mycobacterial Pathogens

Tsukamurella paurometabola DSM 20162

Rhodococcus sp. ;

Nocardia sp. ;

Corynebacterium sp. ; 74-90

Nakamurella multipartita DSM 44233

Gordonia sp. ;

Saccharopolyspora erythraea NRRL 2338

Amycolatopsis mediterranei S699

Saccharothrix espanaensis DSM 44229
— Micromonospora sp. ;

L— Pseudonocardia dioxanivorans CB1190

Saccharomonospora viridis DSM 43017

Nucleotide

Mycobacterial Pathogens
Streptomyces sp. ;
Mycobacterium sp JDM601
Amycolaptosis sp.; 86-86
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5) Rv3484 — Hypothetical Protein cpsA

A Protein

Mycobacterial Pathogens
Gordonia sp. ; 54-69
Nocardia brasiliensis ATCC 700358
Tsuk lla paurometabola DSM 20162
Rhodococcus sp. ;
Streptomyces sp. ;
Kllasatospora setae KM 6054
pora acidiphila DSM 44928
Mycobacterial Non-Pathogens ;
Catenullspora amdlphlla DSM 44928
Coryneb ium amy n
Pseud diasp P1
Saccharopolyspora erythraea
— Saccharothrix espanaensis DSM 44229
L— Actinosynnema mirum DSM 43827
Streptomyces sp AA4
Amycolatopsis sp. ;
Saccharomonospora sp. ;

y psis vancor y

6) Rv1524 — Glycosyl transferase

A Protein

Mycobacterium tuberculosis
—|__C Mycobacterium marinum M
Mycobacterium leprae TN
Mycobacterium avium
Mycobacterium intracellulare
Mycobacterium indicus pranii MTCC 9506
Mycobacterium sp MOTT36Y

ium p

Mycobacterlum smegmatis JS623
N ium is mc2 155
| Mycobac!erlum chelonao

NBB3

y ium
Mycobacterium avium A5

Mycobacterium avium

Mycobacterium sp MOTT36Y
Mycobacterium sp H4Y

Mycobacterium intracellulare
Mycobaclerlum |ndu:us pranii MTCC 9506
MOTT 02

ium p.
Mycobacterium avium 104

Mycobacterium sp MOTT36Y
— Mycobacterium sp H4Y
Mycobacterium intracellulare ATCC 13950

— ium
— Mycohachrium smegmatis JS623
Mycobacterium xenopi
Mycobacterium abscessus
I: Mycobacterium rhodesiae NBB3
Mycobacterium colombiense

—
—

y canettii CIPT
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Nucleotide

ycob ium leprae

Mycobacterium indicus pranii MTCC 9506
Mycobacterium intracellulare MOTT 64
Mycobacterium sp MOTT36Y
Mycobacterium intracellulare MOTT 02
Mycobacterium intracellulare ATCC 13950

y ium avium subsp culosis MAP4
|_: ium avium subsp culosis K 10

L Mycobamnum avium 104
[_{: Mywbacunum liflandii 128FXT
b ium marinum M

1 ium Agys9
Mycobamrium bovis
Mycobacterium tuberculosis strains
Mycob. ium is str Haarlem NITR202
Mycobacterium canettii CIPT 140010059
Mycobacterium canettii CIPT 140060008

y ium canettii CIPT 140070001

M ium canettii CIPT 140070010
Mywhacterium canettii CIPT 140070017

Streptomyces bingchenggensis BCW 1 -
_l_: jum leprae Corynebacterinae

L Nocardia cyriacigeorgica GUH 2 71-55; *

Nucleotide

ium osis strains

\— Mycnbaclermrn africanum GM041182
Mycobacterium bovis BCG str Moreau RDJ
Mycobacterium bovis BCG str Tokyo 172
Mycobacterium bovis BCG str Mexico
Mycobacterium bovis BCG str Korea 1168P
Mycobacterium bovis BCG str Pasteur 1173P2
Mycobacterium bovis AF2122 97

—
L Mycobaclenum canettii CIPT 140060008
M ium canettii CIPT 140070008

canettii CIPT 140070010

My canettii CIPT 140070017
Mycob I
Mycob ium avium paratub I

Mycobaclerlum Ieprae
is RGTB

Mycnhaclerlum avium
Mycobacterium intracellulare
Mycobacterium intracellulare
— Mycob iumsp MCS

‘— Mycobaclerlum sp KMS



7) Rv3631 — Glycosyl transferase
A Protein

My ial Pathogens

Gordonia sp. ; 62-97
Turicella ofitidis
Corynebacterium sp. ;

Segniliparus sp. ;
Pseudonocardia sp P1
Kitasatospora setae KM 6054
Sacch yspora paur
C i idiphila DSM 44928
Arthrob crystallopoi
Kocuria rhizophila DC2201
Tetrasphaera elongata
Intrasporangium calvum DSM 43043
Kineococcus radiotolerans SRS30216
Brachybacterium sp. ;
Actinomyces sp. ;

—S i ieii DSM 10542

L— Xylanimonas cellulosilytica DSM 15894
Serinicoccus profundi

L hact: h Py

holi

marine actinobacterium PHSC20C1
lyti DSM 20595

A N . h
Arcar um

Citrok sp KTE32

8) Rv3632 — Conserved membrane protein

A Protein B

Mycobacterial Pathogens
Corynebacterium sp. ;
Turicella ofitidis

Dietzia sp. ; 62-83
Gordonia sp. ;
Segniliparus sp. ;
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Nucleotide

Mycobacterial Pathogens
Gordonia sp. ; 88-91

| E Segniliparus rotundus DSM 44985
Kitasatospora setae KM 6054
Kocuria rhizophila DC2201

_|_|: Catenulispora acidiphila DSM 44928

Kir 1s radiotolerans SRS30216
Mycobacterium abscessus
Mycobacterium massiliense str GO 06
Mycobacterium chubuense NBB4

Mycobacterium smegmatis JS623

—|: Mycobacterium sp JDM601
Mycobacterium leprae

Nucleotide

MTB Complex
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Mycobacterium canettii CIPT 140070010

ium PYR1
Mycobacterium marinum M
Mycobacterium ulcerans Agy99
Mycobacterium liflandii 128FXT

ium leprae

Mycobacterium avium subsp paratuberculosis K 10

Mycobacterium avium 104

Mycobacterium avium subsp paratuberculosis MAP4

— My ium indi pranii MTCC 9506

L Mycobacterium intracellulare MOTT 02

Mycobacterium intracellulare ATCC 13950

Mycobacterium intracellulare MOTT 64

Mycobacterium sp MOTT36Y

Mycob. ium sp JDM601

—— Mycol ium is JS623
L— Mycobacterium chubuense NBB4
Coryneb ium hal

ans YIM 70093 72-51



9) Rv0451 - Membrane protein (mmpS4)

A P rOtel n Mycobacterium tuberculosis str Haarlem NITR202 B N U Cl eot Id e
unknown
Mycobacterium tuberculosis H37Rv MTB Complex
Mycobacterium tuberculosis str Erdman —E Mycobacterium marinum M
" liflandii 128FXT Mycobacterium liflandii 128FXT
T Mycobamnum marinum M Mycobacterium leprae
Mycobacterium leprae TN _: i

Mycobacterium leprae BR 4923

M;cmm,ium ,mmuz‘ Mycobacterium vanbaalenii PYR 1

Mycobacterium rhodesiae Mycobacterium sp MCS

Mynobaclnr!um vanbaalenii PYR 1 —‘ Mycobactenum sp KMS

vaccae

Mycobamrlum thermoresistibile ] Mchbacte"um Sp JLS

Mycobacterium marinum M terium tis mc2 155
m Mycobacterium liflandii 128FXT

Mycobamrlum ulcerans Agy99 MyCObaCte"um sp JOMG01

Mycobacterium sp MOTT36Y

Wycoba ; Mycobacterium intracellulare ATCC 13950
lycobacterium xenopi

Mycobacterium intracellulare ATCC 13950 MyCObaCteﬂum intracellulare MOTT 02

Mycobacterium parascrofulaceum jum avium subsp paratuberculosis K 10
Mycobacterium avium subsp paratuberculosis K 10 “_E Mycobactenum avium

vaccae
Mycobamri um sp JOM601

Mycobacterium avium 104

Mycobacterium fortitum Mycobacterium avium 104
Mycobacterium smegmatis Mycobacterium avium subsp paratuberculosis MAP4
Wycobacterium sp MCS Mycobacterium rhodesiae NBB3

Mycobacterium ulcerans Agy99
Mycobacterium tuberculosis H37Rv
Mycobacterium canettii CIPT 140070017

mm

PYR1
Mycobaclarn um rhodesiae NBB3
Mycobacterium tusciae
Mycobacterium phlei
xenopi

Mycobamﬂum ldlandu 128FXT
M

Mycobacieri um smegmatis JS623
Mycobacterium intracellulare ATCC 13950
Mycobacterium sp MOTT36Y
Mycobacterium avium

Mycobacterium avium 104

Mycobacterium ulcerans Agy9%
Mycobacterium marinum M
Mycobacterium liflandii 128FXT
Mycobacterium colombiense
Mycobacterium parascrofulaceum
Mycobacterium intracellulare ATCC 13950
Mycobacterium sp H4Y

Mycobacterium canettii CIPT 140070008
Mycobacterium orygis

Mycobacterium africanum GM041182
Mycobacterium bovis AF2122 97
Mycobacterium rhodesiae
Mycobacterium sp H4Y

Mycobacterium marinum M

Myeoh : .

avlum

Mycobamnum avium subsp paratuberculosis K 10
Mycobacterium colombiense

Mycobacterium sp MOTT36Y

Mycobacterium intracellulare MOTT 64
Mycobacterium intracellulare ATCC 13950

mﬁ

y sp JOMEO1
xenopi

Mycobacterium rhodesiae NBB3
tusciae

Mycobucmn um massilense
Mycobacterium fortuitum

Mycobuchn um thermoresistibile
Js623

Mycobacterium smegmatis
Mycobacterium chelonae
Mycobacterium massilense
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