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Focus Areas Focused Research Areas : Microbiome
+ Disease Area Units - Current research activities in the unit
o Antimicrobial Research Human microbiomes of healthy and diseased individuals carry diverse strains and species of
microbes (Eckburg etal, Science 2008). Recently, a unique species of Staphylococcus
° Virology lugdunensis has been identified frorn Skin that produces a novel antibiotic that can kill pathogenic

species like S. aureus (Zipper et.al. Nature, 2016). Consequently, signifying the existence of

microbes in the human gut that has enough potential to prevent us from diseases. Keeping in view

of the above facts. gut, lung and skin samples will be collected from TB, IBD and acne patients,

their house hold contacts and healthy subjects. Bacterial consortia will be generated, which will

mainly comprise of Clostridium spp., Enterobacteriaceae, lactic acid bacteria, etc. Further, their

efficacy will be tested in the experimental model of TB, IBD and acne. The major objective of the
+ current activities is towards MiCure or Microbiome Based Consortia as Therapeutics.

o Microbiome

o Biotherapeutics and Metaholics
* Technology Area Units

* Enabling Area Units +
Past research activities / Achievements

IMTECH was the nodal laboratory of Xl Five Year CSIR Network Project (2012-2017) titled "Ma
a Superorganism: the Human Microbiome (HUM). This project was one of the first dediiﬁ
programs on Human Microbiome in the country and led to large number of high q
publications in this field related to immunology, microbiology, genaomics, and evolutionary aspects
of hurnan microbiome of Indian oriain.
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AIM Disease Specific Area —

EXPLOTING NATIVE MICROBIOTA OF Human Microbiome
HEALTHY INDIVIDUALS AS
BIOTHERAPUTICS

PRODUCT

Microbial Cocktail
(genomic/evolutionary potential,
antimicrobial, immuno-
modulatory potential

and animal testing of native
HIGH-THROUGHPUT CULTUROMICS oral/gut/skin microbiota)

& GENOMICS OF HUMAN MICROBIOTA Mﬁ
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Disease Area Specific -Human Microbiome

MICURE - Microbiome based Consortium as therapeutics for
Sepsis, Inflammatory Bowel Disease, Tuberculosis and Acne

12 Scientist

L
S

Dr. Manoj Raje
Adhem\"ﬁéian Dr. SR Chaudhuri _ * 4 from MTCC)
assay and electron Sample collection Dr. Rashmi Kumar E{ém %gg[« DrF-‘ Venkata  Dr. Anil Kumar

microscopy and characterization Immunologyand IBD  genomic resource & . m g Pinnaka

of E coli from Gut Probiotics from Yak

microbial consortium  jdentification of

_ofIndianisolates  anaerobic microbes

T,
- AP~

Dr. Krishnamurthi Dr. Suresh ~or. Ashwani

Isolation, identification : : Dr. G. Rajamohan Dr. Sachin
3 ; Isolation and Understanding the " S . .
&culturingofaerobic  jgenfification of anaerobic role of lung metsahg?]otrjlgc 3 dAnlrInal modtefl Dr.Neeraj Khatri
) ar')"d fahcl:lu:tatwe _ microbes for IBD and microbiome in TB functional el\gaDongiE o o Animal Model
microbes. ME1AAeNomIC.  helpin other samples susceptibility using metagenomics development for
sequencing of sample mice model. Sepsis
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HIGH-IMPACT FACTOR PUBLICATION IN MICROBIOME FROM INDIA

Singh et al. Microbiome (2017) 561
DOI 10.1186/540168-017-0277-3

Microbiome

RESEARCH Open Access

CrossMark

The development of lower respiratory tract ®

Dr. Ashwani . _ _ _
group microbiome in mice

Nisha Singh', Asheema Vats', Aditi Sharma', Amit Arora'**" and Ashwani Kumar' ®

Abstract

Background: Although culture-independent methods have paved the way for characterization of the lung microbiome,
the dynamic changes in the lung microbiome from neonatal stage to adult age have not been investigated.

Results: In this study, we tracked changes in composition and diversity of the lung microbiome in C57BL/6N mice,
starting from 1-week-old neonates to 8-week-old mice. Towards this, the lungs were sterilely excised from
mice of different ages from 1 to 8 weeks. High-throughput DNA sequencing of the 165 rRNA gene followed
by composition and diversity analysis was utilized to decipher the microbiome in these samples. Microbiome
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- frontyers _ Evolutionary and Genomic
in Microbiology Microbiology

# secTion ABOUT ARTICLES RESEARCH TOPICS FOR AUTHORS ™ EDITORIAL BOARD

< Articles

ORIGINAL RESEARCH ARTICLE
Front. Microbiol., 27 February 2018 | https://doi.org/10.3388/fmicb.2018.00333

Phylogenomic Based Comparative Studies on Indian and
American Commensal Staphylococcus epidermidis Isolates

B shikha Sharma’, ﬂ Vasvi Chaudhry’, E Sanjeet Kumar and Prabhu B. Patil’

Bacterial Genomics and Evolution Laboratory, CSIR-Institute of Microbial Technology, Chandigarh. India

Staphylococcus epidermidis is a prominent commensal member of human skin microbiome and an emerging nosocomial © About this Attention Score
pathogen, making it a good model organism to provide genomic insights, correlating its transition between commensalism an« .
In the top 25% of all research
outputs scored by Altmetric
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Isolate |Site and Source Size (Mb) | GC (%) Accession Number

¢ [Veeis [meteoibial fosa, FL_[24 319 (2581 [ML000000000 |
5 [VeEsT [Retoauilraese, 2 [24 (319 (2268 [MW200000000 |
o [V [Rewonioaroase P2 124 %2 (2551 | NAsoooooos
Genomic relatedness : ANI tree

N 7] 0 12 |VSE50 |Anetecubital Fossa, F2 2.39 32 2241 |MNBF00000000
( ) BioMed Central Genome B|ology -- ---
The Open Access Publisher ‘ .
— E— P hyl ogenomic VSE39 2264_| MLXA00000000

Genome Biol. 2012; 13(7): R64. PMCID: PMC4053731

Published oniine 2012 Jul 25. doi: 10 1185/g5-2012.13.7.164 PMID: 22830599 aSpeCt VSE4L 2256 | MLXBOO00000O
Staphylococcus epidermidis pan-genome sequence analysis reveals diversity VSE49 2256 | MLXH00000000
of skin commensal and hospital infection-associated isolates —

SE45  |Retroauricular crease, M1 LUBH00000000
VSES3 2282 | MLXJ00000000

P hyl ogeograp hic Nare, F1 . . MSYS00000000
aSpeCt

28 SEP isolates from different body
sites of healthy individuals of India

Commensal SEP m—)

Sean Conlan*! Lilia A Mijares #1123 NISC Comparallve Sequencmg Program,* Jesse Becker,* Robert W Blakesley *
Gerard G Bouﬂard Shehse Brooks * Ho]ly Coleman,* Jyull Gupta,? Nalalle Gurson 4 Murgan Park,4 Brian Schmidt 4
5 6




Phylogeographic Analysis

ANI
tree

ANIvalue (%)
96.57

—
PG1

SESS

A
41— Pathogenicstrain
<4—— Commensal strain
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MLST
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6 9 1 SEM image of S. epidermidis ST691

EHT = 2000 AV Signat Aw SET Dete 18 May 2018

-
Clonal Woe108mm  Mege W000KX e riares

r Phase-contrast image of S. epidermidis ST691

» Geography independent, 2 lineages PG1
and PG2

» Pathogenic as well as commensal strain in
PG2

A transitional phase
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Already reported!
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fdh (formate dehydrogenase),

arsD (arsenic resistance cluster gene),
15256 (insertion sequence),

icaA (biofilm biosynthesis cluster ica gene)
mecA (methicillin resistant)

VvsEl @
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SES5 @
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Ml Pathogenic genes
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Marker Mining

Lantipeptide

True
Commensal

- PG1

1 2 3 4 5
I.um\.l

1: Bipolar DNA helicase Herd, 2: ATP binding protein p271, 3,7, 8, 12: hypothetica
Iy lantibiotie, 10 Epidenmin keader peptide, 11, 14: ABC

Pathogenic
potential

PG2

Cluster Type BlastP of putative Secondary metabolite %GC Amino ORFs in Sequence
bacteriocin peptide prediction (cluster)  Acids cluster

Region A Lantipeptide 100 % similar to Plntaracin 18% Epilancin 15X 27.14 49 15 MKKKELELLYSAGNLIKELEDGELDS
C family lantibiotic of biosynthetic gene cluster of YISGQSEIRKKKKSYSQKTGNDGKNC
Bacillus subtilis Staphylococcus epidermidis TVTWECSICPTHTCWC

Region B Sactipeptide 100% identity Subtilosin A 25% Subtilosin A 2541 33 10 MEQGVMVSNKGCSACAVGAACLAD
family bacteriocin of biosynthetic gene chuster of GPIPDFEVAGITGTFGMAS
Staphylococcus Staphylococcus epidermidis

A

28.5% 9

678 l uull

10 11 12 13 14 15

LanM, 6 Plantaracin C
penmcase protein

ein, 4: ABC transporter ATP binding protem, 5, 9: Lanthionine biosynthesis protein
ansporter ATP binding protein, 13: Epidennin locusefllux protein, 15: ABC transporter

43.18%

I: Transenptional regulator, 2,4,5,7 : Hypothetical protemn, 3: Peptidase, 6: ABC
SAM domain heme biosynthesis protein, 9: subtilosin A

transporter, 8: Radi

B Bacieriocin
B Modification
B Leader clkavage

W Immunity/ Transpont

Comparative analysis
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LARGE GENOMIC REGIONS WITH PROBIOTIC POTENTIAL THAT ARE UNIQUE TO INDIAN CLONE ST691

S epidermidis SES1
2471732bp

e
. L 26w
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FIRST LARGE-SCALE PHYLOGEOGRAPHIC STUDY OF A HUMAN COMMENSAL BACTERIUM

A NOVEL CLONE OF COMMENASAL S. epidermidis on the Skin of Healthy Individuals from
India

@CSIR-IMTECH



CONCLUSION

1. New ST691 is predominant in Indian individuals

2. ST691 isolate harbor a novel putative antimicrobial peptide

3. SEP isolates divide themselves in 2 lineages independent of individual, body site
and geographical location

4. fdh (formate dehydrogenase) is a putative marker for commensalism of SEP
isolates

5. Absence of fdh gene along with presence of other pathogenic markers (icaA,
mecA, 1S256), can be used to distinguish between a true commensal or a strain
with pathogenic potential

@CSIR-II\/ITECH



INDIA DA o
) =)

natureresearch Who are the
R : future keading a
RUS women in science? TN

RESEARCH HIGHLIGHTS

dok 10, $038inindin 2018.45 Pubiished oniine 20 Aprll 2018

Smart probiotics from the skin of Indians

By ana =e of srams ofa
skin bacterium from Indlans and North Americans, geneticists have
discovErEd & ROVE! MICTobinl Sirain That CAMIcS LNIQEE 9ENe CIUSCTS
that encode 3 This could

be wzed fo develop smart and

made of hesith-promoting Ive bacteris.

Hundreds of fiendly bacieral species Surtve on human skin,
nowrtshing and profecting the host. Alhough there have been
reports of new species of "9 bactera, W
difierent strains of same species acoss diverse geographic
locations has yet o be idenSfed.

R from e of n
Chandigarh, india, led by Prabhu B Palil, compared the whale
geRome SCQUERCE Of dMErent Srains of INE SKIN DICIENUM KNoWn
as Staphylococcws epidermidls from healivy individuals from India
ana North Amerca.

©Sharma, S. et 3. The ingians have been Tound 1o hardbour a novel strain that s
absent on the skin of healthy Americans. Afler segquencing s
genome, ti'o QENE CIUSIErE Containing gene: encoding at lcast tao

Latest research Most read

Smart probiotics from the skin of Indians
in Cell & molecular biology

anSmicrodial profeins were detecied onty In the Indian strains.

Besites protectng Mie host against dizeate-Causing microbes, the
anSmicrodials mIght have Piayed roles In heiping She novel 3¥ain to
a03pt 1o harsn such as rign ana
Intense suniioht I India.

The Resesrch team (CIOCEmISe TOm 100 left):
Shikha Sharma, \as Chaudhry, Prabi Pall,
Sanjeet Kumar.
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Home | News & Comment | Research | Careers & Jobs Archive | Audio & Video | For Au
NATURE | ARTICLE -7 A
B3FEEEFE
A randomized synbiotic trial to prevent sepsis

among infants in rural India

Pinaki Panigrahi, Sailajanandan Parida, Nimai C. Nanda, Radhanath Satpathy, Lingaraj
Pradhan, Dinesh S. Chandel, Ldarena Baccaglini, Arjit Mohapatra, Subhranshu S.
Mohapatra, Pravas R. Misra, Ra na Chaudhry, Hegang H. Chen, Judith A. Johnson, J. Glenn
Morris, Nigel Paneth & Ira H. Ge wolb

Lactobacillus plantarum + Fructo-oligosaccharide

K

40% reduction in sepsis and lower respiratory In-depth genomic studies at
track mfectmns '] IMTECH revealed that sepsis
Can be increased? isolates and commensal isolates
Indian strain rather than US strain from India are unique from rest
Population genomics and selection of right strain of world

Exploiting novel probiotic strains and species available at MTCC
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inthe include:

¥ Helicobacter pylori
B Streptococcus thermophilus

inthe include; =

1 Lactobacillus casel

¥ Lactobacillus reuteri

1 Escherichla coll

1 Bacteroides fragilis

I Bacteroides thetaiotaomicron
§ Lactobacillus rhamnosus

1 Clostridium difficile

SOURCES: NATIONAL INSTITUTES OF HEALTH, SOIE

NTIFIC AMERICAN; HUMAN MICROBIO

inthe

include:
0 Streptococcus viridans.
1 Nelsserla sicca
¥ Candida albicans
1 Streptococcus salivarius

fees i the <kin include:

Staphylococcus epidermidis
f

1 Trichosporon
1 Staphylococcus haemolyticus

inthe
include:

1 Ureaplasma parvum

1 Corynebacterium aurimucosum

STMEDIA NEWS / IMAGE: Fotolia

Human Microbiome

~30 trillion~100 trillion microbes

Evolution trends of bacteria in human

microbiome

Adaptationin GUT Adaptationin MOUTH Adaptation in SKIN

Adaptation to a host « Lactobacillus reuteri |

Adaptation to a niche ‘ Lactobacillus Genus

Adaptation to a new StGPf?V/OCCfCFUS
lifestyle epidermidis

Understanding of Evolution and Adaptation Process

Probiotics Human Health
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Differences in human gut as compared to other hosts for colonization of gut

human stomach lacks forestomach completely as well as squamous stratified epithelia for adhesion

In humans, nutrients are absorbed in small intestine and are in small supply in colon, further complicating
the adhesion of bacteria (Walter et al., 2010)

Human intestinal lining is thickly lined with mucus leaving little space for colonization of L. reuteri.

What is important for being a successful human commensal?
To adhere or not to adhere!

@) CSIR-IMTECH




Adaptation in GUT Adaptationin MOUTH Adaptation in SKIN

Adaptationto a nlche Lactobacillus Genus

Staphylococcus
epidermidis

Adaptation to a new ‘
lifestyle

I

(Rodent 2) _é

l‘.r
(Pig1)
VI ! >
(Poultry/Human) . éiﬁ‘iy‘ (31
1
(Rodent 1) Lyn et al, ISME J, 2010

Vitamin B12 Reuterin

Probiotic Aspect

Lactobacillus reuteri (LR

Host-Adaptation

Porcines Rodents Humans .
Porcinel  Rodent1 Poultry/ 4_1 Adaptation trends

Porcine 2 Rodent2 Human

l

Random strains for
Probiotic formulation

Probiotic

» No/Limited colonizationin human gut
# Limited efficacy
> Restricted exploitation of Probiotic abilities

————

ATCC53608 (pig) Frese et al, PLoS Gen, 2013

s,

Genes and Clusters
Mechanisms

Super-Probiotic

..... s
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Understanding Host Adaptation PROBIOGENOMICS

Phylogenomics Role of Genome Dynamics
High throughput whol¢ genome analysis Next Generation Sequencing

Host
Udles Maintains plasticity ot genome and is source of antimicrobial resistance

Compardtive /5
/ ' genes, gene clusters etc.

_ Evolution Horizontal gene trangfers jution
Adaptation and evolution of commensal, pathogenic and environmental
———" Ndkt Generation bacteria (Darmon and Leach, 2014).

Pangenomics{  Host Benefits

Adaptatio N .
r % —— Sdjuencing era
n trends \ e . . . . ’
‘ { g In a specific niche, IS expansion disrupts genes, ultimately leading to their
Resistomics/( bt 1\ /{ mon ; removal froheEree QHRE dfelslamMEt 4 B haRTe sRARRRRTESNd genome
Mobilomics y. A : reduction. QB RIPNARIARPTIHdsiqeddRON) 279%,: New.species  1os. yoya
\ [ _etal., 2008). (Richter and Mora, 2009)
16SrRNA™ """ 1poB ~ MLST

Is
expansion, mutations,
rearrangements,
pseudogene
formation

Gene ma‘;g%kogenomic arkers

Ancestral
genome with
resident IS

IS-mediated

pseudoge;ne
formation

Restricted
envirormental HOST DEPENDENCE
niche
Bottieneck
liminaticn - -
= w7 ,
ragment,
Genetic isolation
nutritionally rich

0 evironment of hest (i) (iii) (iv) v) (vi)

Mechanisms and processes considered to understand host adaptation

Patricia et al., 2014
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W e

Tracking
Evolutionary history

Candidate clusters

rdnttigman lin i IMTECH outlier isolate

-1 Novel Species, Lactobadillus spp. M31

Rodent lineage: LR (Pigs)
Role of these clieNtareiroas didfilimfaomption geonessaf? requiretR (Rodents)

B ] i i > LR (Humans)
No function of pdu-cbi-cob-hem cluster LR (Poultry/Humans)
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Probiotic strains - properties

»Vitamin absorption, Production of vitamin B and K, Recycling of food, Absorption
of minerals, Fermentation — Production of short chain fatty acids (acetate,
butyrate, propionate etc.) ..

»Production of antimicrobial substances such as bacteriocins

» Absence of genes encoding hemolysin and enterotoxins

Class Property Bacteriocins
3{’)‘:' I'T:‘?;',‘;"::,:_,':;‘:‘,':,T":;z:”:' 81:391-606 1 Lantibiotic; small peptides containing the Nisin A, Nisin Q, Nisin Z,
_ _ unusual amino acid Lan, MeLan and dehydrated Lacticin 481, Lactocin S
MINI-REVIEW amino acids
I Small and heat-stable Non-Lan-containing
- . - - - - a: antilisterial activity peptides with Pediocin PA-1, Sakacin P
The dual role of bacteriocins as anti- and probiotics YGNGV consensus sequence Enterocin A,
b: two-peptide bacteriocins Lactococcin Q, ABP-118,
O. Gillor - A. Etzion - M. A. Riley Durancin EF
c: other bacteriocins Lacticin Q
m Large (>30kDa) heat-labile proteins Helveticin J, Enterolysin A
Millericin B

Complex bacteriocins carrying lipid or Unknown
carbohydrate moieties

v Circular peptides Enterocin AS-48
Gassericin A

@) CSIR-IMTECH




Suresh Korpole, MTCC ,IMTECH

«Singh 'PK, Sharma V, Patil PB, Korpole S. Identification, purification and characterization of laterosporulin, a
novel bacteriocin produced by Brevibacillus sp. strain GI-9. PLoS One. 2012 Mar 5;7(3):€31498

eBaindara P, Chaudhry V, Mittal G, Liao LM, Matos CO, Khatri N, Franco OL, Patil PB, Korpole S.
Characterization of the antimicrobial peptide penisin, a class la novel lantibiotic from Paenibacillus sp. strain
A3. Antimicrobial agents and chemotherapy. 2016 Jan 1;60(1):580-91.

eBaindara P, Singh N, Ranjan M, Nallabelli N, Chaudhry V, Pathania GL, Sharma N, Kumar A, Patil PB, Korpole
S. Laterosporulin10: A novel defensin like class iid bacteriocin from brevibacillus sp. strain SKDU10 with
inhibitory activity against microbial pathogens. Microbiology. 2016 Aug 1;162(8):1286-99.

eBaindara P, Gautam A, Raghava GP, Korpole S. Anticancer properties of a defensin like class Ild bacteriocin

Laterosporulinl10. Scientific reports. 2017 Apr 19:7:46541.
¢ CSIR-IMTECH



Identification of strains producing antimicrobial activity isolated
from fecal sample of Rajasthan (Jaipur)

S. No. Strain Designation Identified as % Similarity
1 RJAA.1(b) Enterococcus faecalis 100%
2* RJ AA.1 Lactococcus gravieae 99.72%
3* RJPB2.1 Lactococcus lactis subsp. lactis 100%
4 RJRCA(1) Enterococcus hirae 99.93%
5* RJAA.1(a) Lactococcus lactis subsp. lactis 99.86%
6 RJ10° cream (b) Enterococcus faecium 99.86%
7* RJRCA 10° Clostridium butyricum 99.64%
8 RJIBFA 1072 Shigella flexneri 99.78%
9 RJAA 1Q° Enterococcus durans 99.88%
10 RJBFA 101 Enterococcus fergusonii 99.93%

|dentification of isolates based on 16S rRNA gene sequence analysis

*GRAS strains

@) CSIR-IMTECH




Identification of isolates obtained from fecal sample (Chandigarh)

S.No. Strain Identified as % similarity (16s
rRNA)

1 CR1 Lactobacillus delbrueckii subsp. indicus 99.08

2 CR6 Lactobacillus fermentum 99.23

3 CA4 Lactobacillus delbrueckii 100

4 CHMRS1 Lactobacillus fementum 99.52

5 BFACB1 Lactobacillus delbrueckii 99.58

6 CHMRS14 Lactobacillus delbrueckii subsp. indicus 99.31

7 CHB1 Lactobacillus delbrueckii 100

8 CA2 Lactobacillus delbrueckii 99.78

9 CcB4 Lactobacillus delbrueckii 99.28

Antimicrobial activity of strains 48 h activity profile:
Test strains CR1 CR6 CA4 CH BFA CB1 CH CHB1 CA2 CcB4
(mm) (mm) (mm) MRS 1 (mm) MRS 14 (mm) (mm) (mm)
(mm) (mm)

Citrobacter 15 20 21 22 23 20 - - 23
Bacillus 14 16 18 16 18 - - - 13
S.aureus 16 20 22 22 20 18 - - TE
Listeria 14 16 15 15 14 13 12 - 13
Candida - - - - - - - - -
Vibrio 30 >30 >30 >30 >30 26 20 12 >30
Proteus >25 >25 >25 >25 >25 25 19 - >25
Micrococcus 21 >25 >25 >25 >25 >25 >25 >25 22
E.coli 15 24 17 16 18 16 - - 15
Pseudomonas 19 21 22 21 19 19 TE - 19

¢ CSIR-IMTECH




Antimicrobial peptide production by Clostridium spp. from
Rajasthan and Chandigarh

16S rRNA gene sequence similarity of the strain clb with closely related species

S No Phylogenetic close relative SIHE)] Described by 16S rRNA % similarity
1 Clostridium butyricum ATCC 19398(T) Prazmowski 1880 ABQ075768 99.64
2 Clostridium diolis DSM 5431(T) Biebl and Spréer 2003 AJ458418 97.97
kDa 1 .
40.0 |
25.0
15.0
Vibrio cholerae 16 mm 10.0
Pseudomona 12 mm i i
aeruginosa 4.6 § e
Bacillus tequilensis 12 mm 17
Leuconostoc 11 mm 16% SDS-PAGE analysis and in-gel activity
mesenteroides assay of antimicrobial peptide

CSIR-II\/ITECH



Arrangement of genes involved in biosynthesis of antimicrobial peptide produced by C.

butyricum stain clb

24 kb
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Whole GENOMIC STUDIES

population studies PIPELINE \
(IMTECH published first such | "4 ® -
study from Asia and one of v (4
the first in the world) 9y LU= S8

i HOSPITAL ACQUIRED
INFECTIONS and OUTBREAKS
of MDR strains in NICUs
(IMTECH study pinpointed an
outbreak to surface cap of
antibiotic vial)

HIGH-THROUGHPUT MICROBIAL GENOM s
(CAPABILITIES)

| TRANSCRIPTOME

-| SEQUENCING PIPELINE
(First bacterial RNA seq
data submitted from
India)

Genomic resource of
taxonomic, reference,
medically important
and probiotic strains

UNIQUE #
MARKERSFOR ~ * ™
EPIDEMIOLOGY .-
AND AS DRUG ]

TARGETS Ca

oo

Koy,
et (3

13

MiSeq from ILLUMINA - Since 2013
(REVOLUTION ON A DESKTOP)

MICROBIOME RESOURCES

(First such resource of a

(IMTECH published first

multidrug resistant s such study from Asia and
bacterium - highly .OEJQ'IT(( one of the first in the
accessed) ®oee-’ world)

TN e e
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ECO-EVO STUDIES for Microbial Cocktail

(ECOLOGIAL AND EVOLUTIONARY STUDIES)

INDEPTH GENOME BASAED EVOLUTIONARY STUDIES
(at the level of genus, species, strains and clones)

\ a = /'/' /.
, \%ﬁh = /"éj"‘é‘;f;’
HUMAN DIVERSITY 8 _ e
DIVERSITY IN FOOD HABITS _
DIVERSITY IN CULTURE

TROPICAL CLIMATE

GENERIC, NOVEL and UNIQUE PROBIOTICS
for Consortia
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THANK YOU!
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