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ABSTRACT 
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I"'% .. The biological diversity of Indian sub-continent is one of the richest in the world owing to its .::$ . 
.l * 

. , i:; t vast geographic area, varied topography and climatic conditions. Because of this India is 
.> 4- @ recognized as one af the 12 mega diversity regions of the world. The most important diversity v.m-* .r*&~. 

zones are Western Ghats, North-Eastern hill regions, Andaman & Nicobar Islands, Mangrove 

. forests of Sunderban, Silent valley of Kerala, Chilka lake of Orissa, Sonar lake of Maharashtra 

an region. In the present study we have made an attempt to study the bacteria1 

cold desert of Spiti valley of the Indian Himalayas by a polyphasic 

ples of a glacier located in Spiti valley, a remote Indian XrnaIayan valley, 

cold desert and remained as an un-explored region. 

2 highlight the importance of biodiversity, in general and the need for 

of biological species, especialIy Bacteria (Introduction and 

The folIowing are the aim and objectives: 

s to study bacterial diversity of cold Himalayan desert. 

ble bacteria1 diversity by polyphasic approach 

1 community by molecular phylogenetic approach 

le bacterial species by molecular systematic studies 

als and Methods used, including the source of chemicaIs, list o f  

ria and the protocols adopted for perfarming the experimesnts. In chapter 4, 5 and 6, a11 

erimentaI results, discussions and summary were given, which includes the detailed 

el species and the total community analysis using molecular 

Mayilraj, S. (2008)
Ployphasic Approaches to study Bacterial Diversity of Cold Himalayan Desert



Abstract of the present study: 

A total of 52 bacterial strains were isolated from soil samples and the same were studied 

further in detail by a polyphasic approach. The complete characterization of the 52 isolates 

indicated that they belong to 2% d i f f e ~ n t  genera including Planococcus, Kocuria, 

Rhodococcus, Dietzia, Agrococcus, Omithinimicro bium, Enterobacter, Paent bacillus, 

F~avobacterium, Exi'guo bacterium, Bacillus, Arthrobacter, Microbucterium, vibrio, - 1 k  

Brevibacterium, Pseudomowas, Staphylococcus, Jarribactel; Kleb~iella, Gurdaniu, and 

Mefhylobucterium (Fig. 36). Among the culturable isolates, 6 new species were aIready 

. estab j ished and 2 are proposed (Planococctu stuckebrandtii, Rhodococcws kroppenstedtii, 

Dietzia kunjamensis, Agrococcw lahaulemis, Kucuria himachalensis, Ornirhinimicro bium 

,:' kibbemme, Mayilraj er al., 2005; 2006, Exiguobacterittm himgiriensis, PaenibaciElus 
il' ' 
5 - mashlkarii, under revision}. For un-culturabJe analysis, 58 clones were randomly selected and 
4 .t ,r ' 
5, G 2  . sequenced and a total of 10 major phyla were obtained. These phyla spanned a wide range 

k' within the domain Bacteria, occupying representation from the phyla, Aclimbacteria (26%), 

Ptoleobacteria &(I%), Acidcrbacteria ( I  2%), Firmicutes (1 21, Vemomicro  bia (7%), 

Bacferoidetes (7%), ChlorujKexi (6%), Gammatimnadaies (5%), Plarrctomycetes (3%) and 

(2%) Fig. 37. Majority (approximately 95 5%) of the cloned sequences show IittIe 

with known tam (47% sequence similarity), 



6 Summary 

6.1 Diversity of bacteria 

Tbe biological diversity of Indian sub-continent is one of the richest in the world 

owing.to its wt geographic m a ,  varied topography and climatic conditions. Because of 

this India is mognized as one of the 12 mega diversity regions of the world. me most 

impoxtan1 diversity zones are Western Ghats, North-Eastem hill regions, Andman & 

Nicabar Islands, Mangrove forests of Sunderban, Silent valley of Kerala, Chilka lake of 

-3% Sonar Iake of Maharashtra and the HimaIayan region. In the present study an 

a h p t  was made to study the bacterial diversity from the cold desert of Spiti valley of the 

Iadian Himalayas by a poIyphasic approach. Based on the obsemtions reported in this 

work, the unculturable clones recovered by cloning techniques and culhuable bacteria 

recovered by isolation techniques from the soil sample were different. These results aIso 

suggest that microbial cultivation has not yet been employed exhawtiveiy for determining 

the taxonomic identities and distributions of soil bacteria. 

6.1.1 Diversity of culbrable bacteria 

A total of 52 bacterial strains were isolated h m  mil samples and the same were 

studied further in detail by a polyphasic approach, Upon the complete characterization of 

the 52 isolates indicated that they belong to 22 different genera including Plmococm~, 

Xocuria, Rhodococcus, Djetzia, Agsococw , Onr ith ittimicro biurn, En ferobacler, 

Paenibacillus, FFlavobacterium, Exiguobncfertirrn, Bacillus, Aflhrobacter* Microbucterium, 

pibrio, Lysinibacillrrs, Brevibacterium, Pseudomonus, Staphylococcus, Janibacfer, 

Klehielln, Gord~nia, and Methylobrrc~erium (Fig. 363. Among the culturable isolates, 6 

new species were already established {Pianococcus stackebrandfii, Rhodococcus I 

kroppenstediii, Dietziu kunjamensis, Agrococcus Inhcnrlensis, K m r i a  himachalensis, ! 
; 

Omi~hi~/ri7tjcrorbiummcrubium kibberense, Mayihj el al, 2005; 2006) and 2 are. proposed 
I 

i 

&igrrobaden'um himgiriensis, Paenibacillus mmhelkarr'i, under revision). Table 6 shows 

the taxonomic status of these 52 isolates. 

6.2 Discovery of New Taxa 

6J.1 Characterization of Plnn~mcrms stackebrandtii sp, nov, Strain ~ 2 2 - 0 3 ~  

The taxc)nomic position of an actinobmterium -in ~22-03~ was analyzed by a 

: polyphasic approach. The strain desig 

characteristics of thegenus Pb~ococcars and repres 

c the almost complete 165 rDNA (1 464 bases) was c 

 lono no coccus type strains and confumed that the 
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- -- \ ., . ,* -" - U I . I ~ - ~ , ~ ~  ~yona~zarion level ~t showed low genemic d a t e  

ith Planomicrobium mcmeekinii (MTCC 3 704; 23%), PIanococcus p s ~ ~ h r ~ p k r  

~ T C C ~  8 lzT,6 1%). PIanoc-s artorcticus (MTCC 385dT, 45%) 

:emokoites (MTCC 3703'; 51%), the four species with which it is closely related at 

is *DNA sequence revel (97-97.5% similarity). Therefore, the strain ~ 2 2 - 0 3 ~  should b 

zog0;ed as a novel species, for which the m e  PImcoccus stackebrmdtii sp- nov. 'i 

oposed, The type s k i n  is strain K22-03~ (= MTCC 6 ~ 2 6 ~  =DSM 1641 9'= JCM 1248 lTy 
t.2 Characterization of Rhodococcus kFo~mmtc6h'i sp. nov, Strain ~ 0 7 - 2 3 ~  

The taxonomic position of an actiwbacterium strain ~07-23' was established by a: ' 

Iyphasic approach. The smin exhibits phenotypic chractm which are typical 

nus Rhodococcus. Comparison of the 163 rRNA gene (1467 bases) sequence confirmed* 

12 the strain KOT-23" belongs to the genus 8hodocoms. The 16s rRNA 

lilmity studies showed that the isolate is very closely related to 

ynebacterioides (98.6 %), which bas been recently recIassified as 

ynebacterioides (MTCC 699T). It showed sequence similarity of 94.4 Y~96.6 % with , : 

~aining species within the genus Rhodococc~s, However, genomic relate 

kin ~ 0 7 - ~ 3 ~  and Rhodococnrs corynebacterIoides as revealed by DNA-DNA 

~ridization study was low (62 %). Based on the polyphasic analysis, the strain could be 

lrly distinguished from other validly described species and formed a 

lin the group. It is proposed that the strain ~07-23' be classified as a novel species of : 

dococcus as Rhodmoccus kmppensiedtii. The type strain is KO7 

ISM44908 T= JCM 130 1 lV. 

3 Characterization of Kmurin himachatensts sp. nov. Strain ~07-05' 

A red-orange bacterium, strain ~07-OsT was was shrdied by polyphasic approach. 

organism had morphology and chemotaxonomic properties consisteat with its 

sification in the g a s  Kwria .  Phylogenetic analysis of the 16s rRNA gene sequence 

ved that the strain ~ 0 7 - 0 5 ~  was closely related to Kocuria rosea DSM 20447~ and 

wia polaris MTCC 3702~ (98.1 % and 97.8 % respectively), whereas sequence 

larity values with respect to rest of the validly published species belonging to the genus 

r ia  were between 96.4 % to 942 %. However, genomic relatedness, as shown by 

L-DNA hybridization of strain ~07-05' with K. poi& i s  49.5 % and K. r m  is 24.0 

'?le DNA W content of the strain i s  75.3 mol %, The above data in concert with 

atypic distinctiveness of strain ~ 0 7 - 0 5 ~  clearly indicate that the stnth represents a new 
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ies, for which the name Kocuria himachalemis sp. nov., is proposed. The type strain is 

-OsT(= W C C  7 0 2 0 ~ ~  DSM 449WT= SCM 13326~). 

4 Characterization of Dietzio kuniarnemis sp. nov, Strain DO-10' 

A coral-red pigmented actinobacterium strain K30-10~, was isolated from a soil 

tple fxom a cold desert of the Himalayas, India. The organism had chemical and 

notypic properties consistent with its classification in the genus Diekia. It showed 973 

1 6S rDNA sequence similarity with Dietzia maris MTCC 70 1 lT, the similarity with the 

e strains of three other species of the genus, Dietzia nutmnollrnnoea, Dielzia 

~chroZcaIiphila and Dietzia cinnameu ranged from 94.4 % to 96.0 %. The DNA 

&chess between ~30-loT and the closely refated strain D, maris was 59.2 %. The G+C 

ntent of the DNA was 67.0 mo1 %. Based on physiological, biochemical tests and 

notypic differences between the strain K30-loT and the closest phylogenetic nzlatives, it 

proposed that the -in be classified as a new species of Dietzia as D i e m  h j m e n s i s  

I. nov. The type slmb is ~ 3 0 -  1 oT C=MTCC ~OO~'=DSM 44907%C~ 1 332rr). 

2.5 Characterization of Amcoccus ZokauIemis sp. nov. Strain ~ ~ 2 2 - 2 1 ~  

The taxonomic position of a lemon-yellow pigmented actinobacterium, strain 522- 

lT, isolated from a soil sample from Lahaul-Spiti Valley, located in the Himalayas, M a ,  

n s  determined using a polyphasic approach. The organism had phenotypic properties 

nclude chemical properties consistent with its classification ia the genus Agrococcus. f 6S 

DNA similarities of-strain ~22-21T with the three validly published species namely 

4groc-s jenwsis DS M 9580', Agrocoecus baidri DSM 142 1P and Agrococncr c i t rm 

DSM 12453' were 985 %, 96.8 % and 96.6 % respectively. However, the level of DNA 

~elakdness between strain K22-21"nd the closest species A. jenenst was 5 5 1  %. The 

novel strain was distinguished from the type shins of the Ehree validly published species of 

the genus Agrocmms using DNA-DNA relatedness and phenotypic dats:Based on these 

dilEferences strain ~ 2 2 - 2  1' &fTCC 7 1 54T= DSM 176 E zT), should be classified as the type 

strain of a novel species of Agrococcus, for which the name Agrococcus IukaulensS* sp. 

nov. is proposed. 

62.6 Characterization of Otnithinimicrobiurn Mbbmme sp, nov. ~traiuK22-211T 

A buff-yellow pigmented bacterium strain ~22-2oT9 which ww isolated from a cold 

desert of The Himdayas, India, was subjected to a polypbasic taxonomic study. The 

: organism had phentotypic properties in~Iude chemical propdes consistent with its 

: dassification in the genus Dmiihinimicrobium. The major fatty acids of the strain are is* 

iL C17:1 Wgc (cis 15-methyl 7-hexadecenoic acid), iso-C (13-methyl-terrdecanoic acid), is* 
k'! 
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:14-methyl-pentadecanoic acid) and iso-C 7,0 (1 5-methyl-hexadecanoic acid). 

[tent of the genomic DNA is 71 mol%. According to the 16s rDNA sequence 

closely related to Omithinimicrobium humiphilum (97.7 %I). Howeyer, g 

dncss between strain ~22-2d and Omilhinimicrobiurn humiphiium as 

-DNA hybridization study was Iow as 64.5 %. Based on the polyphas 

rscd to classify stnin ~22-20T in a new species d the -US h i t h i n  

1 the name Omithint~icrobium kibberense is proposed. The we strain is K22- 

.CC SS~S~=DSM 17687~ =JCM 12763~). 

Chmderlzstion of P- ssp. nov. Strah ~122-17~ 

A Gm-positive, endospore producing bacterium strain ~22-1v is 

studied by polyphasic taxonomy. The isalate had morphology and 

:rties consistent with its classification in the genus PaenibaciZ/wv 165 rRNA 

:rice analysis oonfirmed that the strain ~22-17~ had the signature 

and PAEN 862F,cenfumed that the strain ~22- 17' had the signature 

and PAEN 862F, which were found in the genus Pmibaciliw. The G+C content o 

INA is 50.5 mol %. The J6S TDNA (1456 bases) sequence analysis shows that the:: 

1 formed a distinct phylagenetic lineage with Poettibacillus terrae, ~ o e n i b o c i ~ h :  " 
be, P~ertibacilEus peoriae and Paenibacillus polymyxuLf The strain 

:st phylogenetic affiliation to P. tewuc, with 1 15 S rRNA gene s 

7.9 %. The other four closely related strains exhiiited 16s rRNA gene sequence .,r 

larity values between 95.9 - 96.8 %. However, the result of DNA-DNA hybridization , 

q revealed low genomic relatedness of 35.6 % with tbe closest 

i ~ ~ .  Based on data fiom phenotypic tests and genotypic difkrences of the strain K22- 

with its closest phylogenetic relatives, it is evident that this should be regarded as a new A T .  

ies. It is proposed that the isolate should be classified in the 

:1 species, Paenibacilh nsashelkarii sp. nm. The type 

iT= JCM 14261T 1. 
8 Charaetedzetlon of Exif~rrobecierium hiwdriensis ap, nov. ~train~22-26' 

The taxonomic position of an orange colored back 

1 a soil sample was studied by using a polyphasic approach Phenotypic and chemical 

terties of the stmin ~ 2 2 - ~ 6 ~  were consistent with its classification in the genus - , 

potructerium, Phylogenetic analysis of tbel6S rRNA sequence s h d  that the strain 

,-26T was cIosely related to Bipbacter ium mrraniiacum (98.9 %) foollowed by 

pobacferium mexfcanum (98.7 %I, Exiguobacferim oestuarii (98.0 %) and 



fiiguohctenum marhum (9719 %), whereas the sequence simibity values with respect to 

ofher Exiguobacterium species with validly published names were between 92.2-93.2 %. 

However, the level of DNA-DNA relatedness showed that s h a h  ~22-26T beIongs to a 

novel species. Tbe DNA G K  content of smin ~ 2 2 - X T  is 50.1 mol%. The novel strain 

was distinguished from its closely related type species of the genus Exiguobacterium using 

DNA-DNA relatedness and phenotypic data. B a d  on these differences, the strain K 2 2 - 2 ~ ~  

should be classified as a novel species of the genus Exiguobacfm'um, for which the name 

Eciguobacfetiu~lf indicum sp. nov. Strain ~22-26T = (MTCC 762gT = JCM 14260~1, is 

proposed. 

The culturable diversiw part concluded with the following: 

Fmm a total 52 isolates, so far 8 novel species were identified and characterized. Few more 

strains were considered to be novel isolates and fuaher characterization work will be done 

to frnd out their exact taxonomic affiliation. The results indicated that the 52 isolates belong 

to 22 different genera, which were, identified as species of the genet-a Planococcus, 

Komriu, Rh odomccus, Diem,  Agrococcus. Omiihin imimbiunt, En ferubacler, 

Puen i bacilIus, Flwvbacterium, Exiguobac ferium , Bacillus, Arthro bactw, Micro bucierium, 

Yibrio, Ly.vinibaciIIus, Brwibacterium, Pseudomonas, Stapkyl~coccus, Jan ihcter, 

KlebsielIa, Gordonio, and MethyIobacferium. 

. a. Strain designated as ~22-03', a Gram-positive actinobacterium was identified as 

PImococcus stackebrandtii, published as a novel species. 

b, Strain designated as ~ 0 7 - 2 3 ~ ,  a Gram-positive actinobacterium was identified ns 

Rhodococcus boppenstedtii, published as anovel species. 

c. Strain designated as ~07-05=, a Gram-positive actinobacterium was idmtificd as 

Kocrrria himachalensk, published as a anoveI species. 

d. Strain designated as ~ 3 0 - 1  (ITy a Gram-positive actinobacterium was identified as 

Dieeia kunjamensis, published as a novel species. 

e. Strain designated as ~22-21T, a Gram-positive actinobacterium was identified as 

Agrocacas Iuhaulertsis, published as a novel species. 

f. Strain designated as ~22-2oT, a Gram-positive actinobacterium was identified as 

Omithinimicrobium kibbereme, published as a novel species. 

g, Strain designated as ~ 2 2 - 1 7 ~ .  a Gram-positive fhicutes was identified as 

Paenibacillw mashelkurir', proposed as a novel species. 



h. Strain designated as ~22-26=, a Gram-positive £himtes was identifisd as 

Exigu6bucierium hinrgiriemis, proposed as a novel species. 

i. Strain designated as ~ 2 2 - ~ 2 ~ ,  a Gram-negative Bamroiodetes was identified as 

FIauobacteriurn sp., 

j. Strain designated as ~22-15=, a Gram-positive fumicutes was identified as 

Exiguobacterium sp. 

k. Strain designated as ~22-24', a Gram-positive hnimtes was identified as 

Ert femmus Sp.. 

I. Other remaining isolates belonging to the known species of the genus, which were 

already validly published. 

Repmsentatlon of genera of culglra ble Isolates 
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Pigur~ 36. Representatian of genera of cultarabre isdates 



6 3  Identification of unocuItursble bacterfal species by molrxniar systematic stntlies ' 

Community DNA was; extracted directly from soil. 16s rRNA genes were amplified by 

PCR rising primers specific to the domain Bacteria. The PCR products were cloned and 

sequenced. For the analysis, 58 clones were randomly selected from 150 clones and 

sequenced and a totaI of 10 major phyla were obtained. These phyla represented a wide 

m g e  within the domain Bacteria, occupyhg representation from the phyla, Actinubacteria 

(26%), Probmbacferio (20%), Acidobmteriu (12%), Finnicutes (1 21, Vemcomicrobia 

(7%)* Bactwoidefar (7%), Chloroflem' (6%), Gammatimonndates (S%), Planctonrycetes 

(3%) and Nitrospirae (2%). Majority (approximately 95 %) of the cloned sequences show 

little afiliation with known hxa (<97% sequence simifarfly). 

Percentage representation of various phyla 

w 

Figure. 37. Pernutage mpmewtatiam of various phyla present in the sample 



6.4 XCslrefaction anaiysis + 

The graph (Figure. 35) in the result chapter shows that the data do not seem to have 

reached the saturation point, indicating that the m~rnber of clones studied was not suficier~t 

to conclude the total diversity of bacterial community from the soil sample and analysis 

with more number of clones may ~eveal the exact diversity of bacterial commnnjty. TIius 

the polyphasic approach far characterization of the culturable diversity and assessing the 

unoulturable component of the microbial diversity by moleeuInr npproacft gave insight into 

the distribution of microbes belonging to iliRnnt taxa, Ful-thor; studlee w!?! !@!p I?_ 

understanding the rolelinteraction of these populations in maintaining the characteristic 

ecology of the cold desert of Lahaul-Spiti valiey. 


