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3.1 Survey on the health status of 

tea garden workers 

A preliminary survey was conducted 

based on literature studies and other 

available national and international 

reports. Apart from that, various tea 

gardens were visited and questions 

were asked to the management and 

laborers. For this purpose, a survey 

datasheet has been prepared 

(Figure .3.1). The various stake 

holders such as resident physicians, 

Asha workers, health officials were 

interviewed. 

3.2 Collection Sites 

Different places of North Bengal, 

Kerala and Sunder ban were visited 

for the collection of soil. The soil 

samples were collected from 

mangroves of Sunder ban (West 

Bengal), Vyppin, Kochi (Kerala), Tea 

gardens of North Bengal, Vegetable 

Chapter 3 

Materials & Methods 

 

Science and everyday life cannot and should not be 
separated. 

Rosalind Franklin 
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fields (Rangapani), Paddy field of 

Balurghat, North Dinajpur (West 

Bengal), forest soils of Darjeeling 

hills, Rubber estate of University of 

North Bengal. For details about 

collection sites refer to Table 3.1 and 

map refer Figure. 3.2). 

In isolating Actinobacteria, soil 

samples were collected from the study 

area. The soil samples were collected 

in sterile plastic containers, sealed 

tightly, and brought to the laboratory 

and stored at -20°C. In order to kill 

most of the Gram-negative bacteria, 

the soil was dried on the bench inside 

the laboratory for one week and 

further dried in a oven at 50°C to 

further destroy other vegetative 

microorganisms. The samples were 

weighed before and after drying. One 

gram of soil was and serially diluted 

using 0.85 % NaCl. Plating was then 

carried out using different media such 

as ISP4 Media, Streptomyces media, 

Actinobacterial isolation media (for 

composition refer Appendix C) onto 

which an antifungal agent 

(fluconazole 50 µg/ml) was added. 

The plates were incubated at 30°C for 

seven days. 

Colonies showing resemblance with 

common Actinobacterial morphology 

were chosen from the agar plates 

using a sterile loop and inoculated on 

Biotopes Location District & State Latitude Longitude 

Tea garden Matigara 
Darjeeling, West 

Bengal 
26.7223°N 88.3810°E 

Tea garden Jalpaiguri 
Jalpaiguri, West 

Bengal 
26.5215°N 88.7196°E 

Mangroves Sunderbans 
South 24 Paragnas, 

West Bengal 
21.9497°N 89.1833°E 

Mangroves Vypin, Kochi Ernakulam, Kerala 10.1024°N 76.2044°E 

Vegetable field Rangapani 
Darjeeling, West 

Bengal 
26.6651°N 88.3758°E 

Paddy Field Balurghat 
North Dinajpur, 

West Bengal 
25.2373°N 88.7831°E 

Paddy Field Jalpaiguri 
Jalpaiguri, West 

Bengal 
26.5215°N 88.7196°E 

Rubber plantation NBU campus 
Darjeeling, West 

Bengal 
26.7095°N 88.3542°E 

Forests Darjeeling hills 
Darjeeling, West 

Bengal 
27.0410°N 88.2663°E 

Table 3.1: Details of collection site for the present study 
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inorganic salts-starch agar (ISP 4 

medium). plate The plates were then 

incubated at 30°C for 7 days. 

Morphologically different 

Actinobacterial cultures were selected 

and preserved using ISP4 agar slants 

as well as in 35% glycerol broth. 

3.3 Morphological characterization 

Different media were used to 

characterize the Actinobacterial 

isolates. The media used were 

Figure 3.1: Sample Survey Datasheet 
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Streptomyces media (Kuster & 

Williams, 1964), ISP-4 (Shepherd 

2010), Bennet Agar (Gordon & 

Smith, 1954), Nutrient Agar, (Schmitt 

2005), Actinomycetes Isolation Media 

(Lee 2014). Compositions of the 

media have been provided in the 

Appendix C. 

During retrieval and maintenance, 

most of the Actinobacterial cultures 

showed good growth on ISP4 agar 

and Streptomyces medium. The 

majority of the isolates produced 

powdery and leathery colonies with 

white or Grey color aerial mycelium. 

Microscopic observation revealed that 

the actinobacteria cultures showed the 

presence of both aerial and substrate 

mycelia in which the majority of them 

are Streptomyces. The cultures which 

showed only the presence of substrate 

mycelium were considered as non-

Streptomyces and were not taken into 

consideration for further analysis. 

3.4 Light Microscopy  

The slide culture technique was used 

Figure 3.2: Map of collection sites 
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to study the morphological 

characteristics of the isolates. The 

isolates were  inoculated into ISP4 

medium by streaking on the slide. 

Incubation of the slide was done at 

30°C for 7 days. Staining with 

methylene blue was done followed by 

observation of the slides under the 

microscope (Olympus, India 

CX2liLEDES1). 

Gram’s staining 

 Crystal violet, gram‟s iodine, 95% 

ethyl alcohol and safranin were used 

in Gram staining. Aseptically, the 

isolated actinobacteria were 

separately placed on glass slides using 

a wire loop. Gram staining protocol 

was followed as per Aneja (1996). 

The slides were observed under a 

light microscope. 

3.5 Electron microscopy 

A standardized protocol (Saha et al. 

2019) was used for SEM. The 

bacteria from the log phase culture 

(after 4 -5 days of incubation in 

Bennet Broth at 30°C) was taken. The 

bacterial cells were fixed with 3% 

Glutaraldehyde and 1% Osmium 

tetroxide, respectively, with interim 

phases of washing with buffered 

Glutaraldehyde and water. The fixed 

cells were attached to thin glass slides 

and dehydrated using an ascending 

alcoholic gradient. The dehydrated 

bacterial cells were splutter-coated 

with gold for 1 minute and loaded 

onto a metal stab with a carbon tab for 

SEM (JS MIT 100, JEOL Ltd., 

Tokyo, Japan). 

3.6 Biochemical characterization: 

Biochemical characteristics of the 

strains were determined following the 

methods of „The International 

Streptomyces Project (ISP). 

Melanin formation 

The  melanin production in microbes 

help in combating thermal, 

biochemical stresses and also also  

show metal chelating ability. 

Melanin formation was determined as 

per the standardized protocol (El-

Naggar and El-Ewasy 2017). Strains 

were inoculated into autoclaved ISP6 

broth and ISP7 agar plates (Shirling 

and Gottlieb 1966). Plates and broth 

were incubated for 7 days at 30°C. 

The formation of black diffusible 

pigments around the colonies and 

blackening of the media indicated that 
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the isolates were melanin formers and 

recorded as a positive result. 

Xanthine decomposition  

Xanthine decomposition was done as 

per the protocol described by Berd 

(1973). Xanthine (0.4 g) was 

suspended in 10 ml of distilled water 

and autoclaved. The sterilized 

xanthine was added to 100 ml of 

sterile nutrient agar media, mixed 

properly, and poured into Petri plates. 

Strains were inoculated on the test 

plates and incubated for 7 days at 30°

C. The appearance of a zone of 

clearance around the colony was 

taken as a positive result. 

Esculin Hydrolysis  

Esculin Hydrolysis was performed 

using the conventional protocol 

(Gordon et al. 1974). The strains were 

inoculated into Esculin agar (Esculin, 

1 g; Ferric citrate, 0.5 g; Peptone, 10 

g; NaCI, 5 g; Agar 10 g; distilled 

water to make up the volume to 1,000 

ml) slants were prepared and were 

inoculated and incubated at 30°C for 

7 days along with a control. The 

growth of the isolates with the 

blackening of the medium was 

recorded as a positive result. 

Amylase production  

The isolates were tested for Amylase 

production following the protocol 

described by Gopinath et al. (2017). 

Isolates were inoculated onto Starch 

Agar medium (Peptone 5g, Sodium 

chloride 5g, Yeast extract 1.5, 

peptone 1.500, Starch 2 g, Agar 15g, 

distilled water 1000 ml pH 7.4) and 

incubated for 4-5 days at 30°C. After 

incubation, the plates with growth 

were flooded with 3 ml of 1% iodine, 

the development of a clear zone 

around the colonies indicated the 

amylase production. 

Tween 80 degradation 

The tween hydrolysis releases the 

fatty acids which bind with the 

calcium present in the medium 

thereby forming insoluble crystals and 

the formation of those white 

precipitation around the colony 

indicated the Tween 80 degradation. 

(Ramnath et al. 2017). The isolates 

were grown on the Media containing 

10 g peptone, 5 g NaCl, 0.1 g 

CaCl2·2H2O, 20 g agar and 10 ml (v/

v) Tween 20/80 and made up the 

volume to 1 litre. 

Nitrate reduction test 
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This test determines the production of 

an enzyme called nitrate reductase, 

which results in the reduction of 

nitrate (NO3). The nitrate reduction 

test was done by the modified 

protocol of Maciejewska et al. (2017). 

Isolates were inoculated into nitrate 

broth tubes (Peptone 5 gm/Lit, Beef 

extract 3.0 gm/Lit, Potassium nitrate 1 

gm/Lit, pH 7) and incubated for 5 

days at 30°C along with a control. i.e. 

un inoculated nitrate broth. After 

incubation, nitrate reduction activity 

was detected by the addition of 

approximately 2 ml of sulphanilic 

acid (8 gms of sulphanilic in 1000ml 

of 5N acetic acid) and alpha-naphthyl 

amine (alpha-naphthylamine 5 g in 

1000 ml 5N acetic acid) to the tubes. 

A change in coloration to red or pink 

indicated nitrate reduction.  To further 

confirm reduction, zinc dust was 

added to the tubes to  analyse, 

whether the strain has reduced nitrate 

beyond nitrite. Zinc powder catalyses 

the reduction of nitrate to nitrite. The 

change to the red color of the solution 

on addition of Zinc shows that nitrate 

was not reduced by the organism 

which indicate that the test organism 

is not capable of reducing nitrate. If 

there is no color change occurs after 

the addition of zinc, this proves that 

the organism reduced nitrate to one of 

the other nitrogen compounds and 

thus is a nitrate reducer (Li et al. 

2016).  

Gelatin hydrolysis 

The production of the gelatinase 

enzyme by the isolates was tested by 

inoculating on the Gelatin agar media 

(Gelatin 15g/liter, Peptone 4g/liter, 

Yeast extract 1g/liter, Agar 15g/liter). 

The plates were incubated for 5 days 

at 30°C. After the growth, the plates 

were flooded with HgCl2 solution 

(15% HgCl2 in 20% HCl solution in 

distilled water). The formation of a 

clearance zone around the colonies 

was taken as positive for gelatinase 

enzyme production (Tsykerowich 

1976; Saryono et al. 2019).  

Starch hydrolysis 

To test the hydrolysis of starch, 

isolates were grown on starch agar 

media and incubated for 5 days at 30°

C. after the growth of the colonies, 

media was flooded with iodine 

solution to detect the clear zone 

around the colonies which is taken as 

positive  for the test. 
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Catalase production 

The isolates were grown on nutrient 

slants and incubated for 5 days at 30°

C. After the growth of the colonies,1 

ml of 3% H2O2 was added directly to 

the fully grown cultures. The 

production of effervescence was taken 

as a positive result and was observed 

against a black background 

(Cappuccino and Sherman, 2008). 

3.7 Intrinsic antibiotic resistance 

(IAR) test 

Antibiotics 

The experiment was carried out 

using multiple antibiotic discs Icosa- 

Universal-2 (IC006 - HIMEDIA). 

Each antibiotic strip contained 20 

different discs of antibiotics. The 

symbols and concentrations of the 

respective antibiotics are given in 

Table 3.2  

The resistance of isolates to different 

concentrations of antibiotics was 

determined using the agar disc 

diffusion system of Bauer et al. 

(1966). Freshly prepared Bennett 

Agar was poured on a 20 cm Petri 

plate (approx. 120 ml) each and was 

allowed to cool down for 

solidification. Approximately 2 ml 

of t h e  fresh culture of isolates 

were poured at the center of the agar 

medium. The culture was spread 

evenly on the agar medium with a 

sterilized cotton swab to make a 

bacterial lawn. Each impregnated 

antibiotic disc was placed onto the 

agar surface adjusting the distance 

from the center. The plate was then 

left drying for 4-5 min. The plates 

were incubated at 30ºC for 3-4 days 

in an upright position. 

The diameter of each zone of 

inhibition was observed and 

Antibiotics (mcg) Symbo

l. 

Conc. 

Amikacin Ak 30 

Gentamicin G 10 

Netilmycin Nt 10 

Tobramycin Tb 10 

Chlorampheniol C 30 

Ceftazidime Ca 30 

Ceftriaxone Ci 30 

Cefadroxil Cq 30 

Cefoperazone Cs 75 

Vancomycin Va 30 

Nitrofurantoin Nf 300 

Erythromycin E 15 

Ampicillin A 10 

Amoxycillin Am 10 

Cloxacillin Cx 1 

Penicillin P 10 

Nalidixic acid Na 10 

Norfloxacin Nx 10 

Ciprofloxacin Cf 5 

Co-Trimoxazole Co 25 

Table 3.2: list of antibiotics used (disk type 
Icosa-Universal-2 IC006, Hi-Media) 
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recorded. A heat map was 

prepared for the same.  

3.8 Antimicrobial studies: 

The Cross streak method was used for 

confirmation of antibacterial activity 

for the active isolates (Velho -Pereira 

& Kamat,2011). The active isolates 

which were grown on Muller-Hinton 

agar plates were subjected to the cross 

streak method. The isolates were 

streaked in a single line on the agar 

plates and incubated at 30 ºC for 5-7 

days. This was done to allow the 

production of an antibiotic substance 

by the isolates and for its diffusion to 

the agar. The distance between the 

test pathogen streak and the isolate 

was kept at 1cm. the length and width 

of the isolates were kept at 5cm and 

0.5cm respectively. The streak of test 

pathogen was at a length of 3cm and 

width of 0.5 cm. The test pathogens 

namely Escherichia coli (MTCC- 

452), Bacillus amyloliquefacie 

(MTCC-10439), Staphylococcus 

epidermidis (MTCC-435), Klebsiella 

pneumonia (MTCC-109) were 

streaked perpendicular to the streak of 

the isolate. The plates were incubated 

for 10 days to observe whether there 

is lysis or inhibition of the growth of 

the test pathogen. 

3.9 Molecular Characterization of 

isolated strains  

Genomic DNA of strains was 

extracted and purified by the CTAB 

method (William et al. 2012). The 

composition of the solutions and the 

details of the chemicals used are 

provided in the appendix. The 

bacterial strains were grown in 

Nutrient Broth for 5 days at 30 ºC. 

Thirty ml of 24-48 hr. culture was 

put into a sterile Oakridge tube and 

kept in the ice bucket for at least 

1hour. The tubes were centrifuged 

(REMI, Model No.C-24) at 5000Xg 

for 20 minutes at 4ºC. 

The supernatant was discarded and 

the pellet obtained was used for 

further isolation. The pellet was 

suspended in 5.67 ml 1X TE buffer 

(pH 8.0). Fifty- five microliter (μl) 

of lysozyme (Conc. 10 mg/ml) was 

added to lyse the bacterial cell wall. 

The mixture was incubated for 5 min 

at room temperature. 

To the mixture 300 μl of 10%, SDS 

was added and mixed well. Finally, 

50μl of proteinase K (20mg/ml) was 

added and mixed well with gentle 
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swirling. The mixture was then 

incubated in a  water bath (Rivotek, 

Cat# 50121002) for 1 hr at 37ºC. The 

tubes were mixed occasionally by 

gentle swirling in between the 

incubation period. 

Following incubation, 1ml of 5M 

NaCl was added to the solution and 

mixed well. To that mixture, 0.8ml 

of hot (65ºC) CTAB/NaCl (see 

appendix C for composition) was 

added, mixed well and incubated at 

65ºC for 10 min. 

The solution was extracted with an  

equal volume of chloroform: 

isoamyl alcohol (24:1) followed by 

gentle spinning at 5000Xg for 10min 

at room temperature. A white 

interface containing the debris could 

be visible after centrifugation. The 

clear upper aqueous layer was 

transferred to a fresh Oakridge tube. 

An equal volume of phenol/ 

chloroform/ isoamyl alcohol 

(25:24:1) was added to the 

solutions, mixed well and 

centrifuged at 5000Xg for 20 min. 

The upper clear aqueous layer was 

transferred to a fresh Oakridge tube. 

Approximately 0.6 vol (8 ml) of 

chilled isopropanol stored at -20ºC 

was added to precipitate the nucleic 

acid. The tubes were stored at –

20ºC for 2hr. or overnight. 

Thereafter, the tubes were 

centrifuged at 5000Xg for 30 min at 

4ºC. The pellet thus obtained was 

washed with chilled 70% ethyl 

alcohol, air-dried and dissolved in 

500μl 1X TE buffer (pH 8.0). 

Purification of DNA 

Major contaminants found in crude 

DNA like RNA and protein which 

may hinder further downstream 

processing was eliminated in the 

purification procedure as follows: 

RNase A treatment 

RNase A (10mg/ml) (refer appendix 

C for composition) was dissolved in 

500μl 1X TE buffer (pH 8.0) 

containing the crude DNA. The 

mixture was incubated at 37ºC for 1 

hr in a Dry water bath (GeNeiTM 

make, Cat#107173). 

Protein clean up 

The protein impurities were removed 

by adding 500μl of phenol/

chloroform/isoamyl alcohol (25:24:1) 

w h ich  w as  kept as stock at 4ºC 
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was added to the crude DNA. 

Microcentrifugation was done at 

14000Xg for 2 min at room 

temperature. The aqueous phase was 

then transferred to a fresh 

microcentrifuge tube (Tarsons, Cat# 

500010). 

Ethanol precipitation of DNA 

The volume of the DNA was 

measured visually and 0.1 volume 

of 3M Sodium acetate (pH 5.2) was 

added and mixed well. 

It was followed by the addition of 2 

volumes of ice-cold absolute ethyl 

alcohol and mixed  by gentle 

swirling. 

The tubes were placed on ice at −20ºC 

for 30 mins and centrifuged at 

14,000Xg for 10-15 min at 4 ºC. 

The DNA pellet was washed with 1 

ml of chilled 70% ethanol, air-dried 

and finally dissolved in 100 μl of 

1X TE buffer (pH 8.0). 

Quantification of DNA 

The assessment of purity and 

concentration of the isolated crude 

DNA is necessary for molecular 

biology experiments. Hence, both the 

spectrophotometric and agarose gel 

analysis were done to quantify the 

DNA. 

Spectrophotometric measurement 

Spectrophotometer (Thermo UV1 

spectrophotometer, Thermo 

Electron Corporation, England UK) 

was calibrated at 260nm and 

280nm taking 600μl 1X TE buffer 

in a cuvette (Photon cell, New 

Jersey, USA). 

DNA (6μl diluted in 594μl of 1XTE) 

was taken in a cuvette and the 

optical density (OD) was recorded 

at both 260nm and 280nm. 

The DNA showing A260/A280 

ratio of around 1.8 was considered to 

be of good quality. 

The concentration (ng/μl) of isolated 

DNA was measured by using the 

following formula: 

DNA=OD260 x 50 x DF  

where DF stands for ‘dilution factor. 

DNA analysis by gel electrophoresis 

A pure molecular biology grade, 

DNase free Agarose (0.8%, gelling 

temperature 36ºC) was used to cast 

the gel in 0.5X TBE (Tris-Borate- 

EDTA) buffer c o n t a i n i n g  7μl of 

Ethidium bromide (10mg/ml) on gel 
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platform (100x70mm) (Tarsons, Cat # 

7024). 

Five (5μl) of DNA samples were 

mixed with 3 μl of 6X gel loading 

dye and loaded in the wells 

carefully. 

Ladders like Lambda DNA EcoRI-

HindIII double digest (2 μl) and 100 

bp ladder were used as molecular 

markers to determine the size of 

genomic DNA. 

The gel was run at 50 volts (V) and 

100 milli Amperes for 1.5 hr. in 

the Midi Submarine Electrophoresis 

Unit (Tarsons, Cat #7050) connected 

to the Electrophoresis Power Supply 

Unit (Tarsons, Cat #7090). 

The gel was viewed on a UV 

Transilluminator (GeNeiTM, Cat # 

SF850). The molecular size of the 

genomic DNA was detected in the 

form of bands. The size of the 

bands was estimated with Photo- 

Capt Version 12.4, (Vilber Lourmat, 

USA). 

Gel Photography 

The gel was photographed by using 

an indigenously built Gel 

Documentation System fitted with 

Canon SLR camera (EOS 350D) 

bearing Marumi orange filter (58 mm 

YA2, Marumi, Japan). The software 

in usage for the purpose was EOS 

utility software. 

16S rDNA –PCR 

The purified DNA whose quality 

assessment by the spectrophotometer 

was found to be 1.8, was deemed 

satisfactory for the 16S rDNA PCR 

amplification. The PCR was 

performed to amplify a partial 

region of the conserved gene 

16SrRNA. The 16S rDNA sequence 

was amplified by Polymerase Chain 

Reaction (PCR) using actino-specific 

primers: 5‟ACA AGC CCT GGA 

AAC GGG GT 3‟ Forward and 

3‟ACG TGT GCA GCC CAA GAC 

A 5‟ Reverse primer. In a sterile 0.2 

ml thin-walled PCR tube (Tarsons, 

Cat#500050) following components 

were added for PCR reaction of 25 

μl in the order as given below: 

Go Taq Green Master Mix -12.5 μl 

Primer- F 1.25 μl 

 R 1.25 μl 

Template DNA-2 μl (25 ng) 

Pyrogen free water- to a final volume 
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of 25μl. 

The ingredients were mixed evenly in 

a SpinWin PCR micro centrifuge 

(Tarsons, Cat# 1000). 

The PCR reactions were performed 

in  (Thermal cycler-Applied 

biosystems Veriti). 

Cycle 1: denaturation at 96ºC for 5 

min,  

Cycle 2-34: denaturation at 96ºC 

for 1 min, primer annealing at 57ºC 

for 1 min, primer extension at 

72.0ºC for 1mins. final extension at 

72.0ºC for 8 min. 

The amplified PCR products were 

separated on 1.5% (w/v) agarose gel 

and run in 0.5X TBE buffer (pH 

8.0) at 50 volts, 100 amp for 2 hr 30 

min. 

Lambda DNA/EcoRI /HindIII 

double digest (2 μl) and 100 bp 

ladder were used as molecular 

markers. 

Molecular identification of the 

isolates was done by the sequencing 

of these amplified 16SrDNA gene 

fragments. To confirm the identity of 

PCR bands generated by 16S rDNA 

primer pair, the corresponding 

amplification products were directly 

sent for sequencing. 

A total of 25 μl 16SrDNA PCR 

product was taken in each PCR 

tube, labeled properly, sealed with 

parafilm, packed in an airtight box 

with icepacks sent for sequencing to 

B i o k a r t  I n d i a  P v t .  

L i m i t e d ,  B a n g a l o r e ,  I n d i a .  

The raw DNA sequence data 

samples received from B i o k a r t  

I n d i a ,  were individually compared 

to those from GenBank using the 

Basic Local Alignment SearchTool 

(BLAST) program (Altschul et al. 

1990) under NCBI (National Centre 

for biotechnology information) 

program online (http://

www.ncbi.nlm.nih.gov/) and 

similarity-based searches via the 

ezBioCloud server. 

The raw partial 16S rDNA 

sequences of the isolates were 

submitted online to NCBI nucleotide 

sequence database with proper 

a n n otations and descriptions after 

registering to the website.  The 

necessary guidelines were followed 

during the submission process and 

the sequences were submitted in the 
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FASTA format. 

Sanger sequencing of the partial 16S 

rDNA helped us in genus-level 

identification before proceeding with 

whole-genome sequencing. The 16S 

ribosomal RNA gene sequences of the 

isolates were submitted to NCBI. A 

phylogenetic tree based on 16S rRNA 

gene sequence was constructed with 

the neighbor-joining algorithm in 

MEGA version 5. 

3.10 Screening of plant growth-

promoting activity 

Phosphate solubilization test 

The test was performed following 

the protocol of Pikovskaya (1948). A 

loopful of freshly grown pure culture 

was spot inoculated on Pikovskaya‟s 

agar medium. The plates were 

incubated at 30ºC for 3-5 days. The 

presence or absence of a clear 

transparent zone around the colonies 

was recorded. The solubilization 

zone was calculated by subtracting 

the diameter of t h e  bacterial 

colony from the diameter of the total 

zone. 

Indole Acetic Acid production 

The IAA production test was 

followed as per Bric et al. (1991). 

The nutrient broth was supplemented 

with a  filter- sterilized solution of 

0.2% or2 mM L-tryptophan. The 

broth was inoculated with a loopful 

of fresh culture and incubated at 

200 rpm 30ºC for 5-7 days. The fully 

grown bacterial cultures were then 

centrifuged at 7000Xg for 10 min at 

4ºC. Two ml of supernatant was then 

mixed with 4 ml of Salkowski 

reagent (1 ml of 0.5 M FeCl3 in 50 

ml 35% perchloric acid). 

The development of pink color 

indicates the presence of Indole Acetic 

Acid. 

Ammonia production test 

Ammonia production was detected 

by the method of Cappucino and 

Sherman (1992). 

The prepared peptone water was 

distributed in test tubes and 

sterilized. Fresh 1 ml culture was 

inoculated and incubated at 30ºC for 

3-5 days. About 0.5 ml of Nessler‟s 

reagent was added and the color 

change was recorded. 

Green House Experiment 

The experiment was conducted in 
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the Greenhouse of Molecular 

Genetics Laboratory, Department of 

Botany, North Bengal University. 

Healthy Mung bean (Vigna radiata) 

seeds were soaked in water for 

around 1 hour to remove the water-

soluble toxic substances. Bean seeds 

were surface-sterilized by washing 

with 96% ethanol for 30sec and 

2.5% sodium hypochlorite for 3 min, 

and then rinsed several times with 

sterile, distilled water (Samavat et 

al., 2012). These seeds were allowed 

to germinate in a Petri dish lined with 

wet cotton. The soil of the 

University garden (Shivmandir) was 

used for t h e  growing of 

germinated seedlings. 

The soil was filled in autoclavable 

disposable plastic bags and sterilized 

at 15 lb psi for 1 hr. 

The greenhouse experiment was 

carried out in a randomized block 

design with three replications to 

evaluate the PGPR activity of selected 

isolates. Each pot was filled with 

sterile soil and kept in the 

greenhouse. 

The germinated seedlings were 

transferred to the prepared pots. 

The plants were allowed to grow 

under natural conditions of light, 

temperature and humidity. The 

daytime temperature ranged from 

22ºC to 26ºC and 18ºC to 20ºC 

during the night. 

The pots were irrigated with sterile 

water as required. The Mung bean 

being a climber plant, a support 

system had to be made with the help 

of ropes, wooden sticks. 

The treatment with the isolated 

culture was started after 4 days of 

transplantation. the rhizosphere was 

treated with the culture three times a 

week. The sterile water was used as a 

control.  

The treatment continued for 4 weeks. 

The height of the plant, the shoot 

length and root length was measured. 

This experiment was conducted with 

two isolates separately as well as in a 

mixture along with a control (sterile 

water). 

3.11 GC-MS analysis 

Two of the isolates (VRA 1 and VRA 

16) were used for this study. The 

isolates were grown on Streptomyces 

media plates at 30°C for 7 days. It 
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was further grown on sterilized liquid 

fermentation medium (Peptone, 

10.0gm, NaCl-10gm, Glucose-10 gm, 

CaCO3-1gm, distilled water, 1000 ml 

and pH adjusted to 7) for the 

extraction of the bioactive compound 

at 30°C with 180 rpm for 7 days. 

After the completion of fermentation, 

the culture was centrifuged and the 

supernatant stored at -4°C for further 

work (Ahsan et al. 2017, Singh et al. 

2014).  

The culture filtrate extraction was 

done using the solvents chloroform 

and methanol. The cell-free 

supernatant of VRA 1 and VRA 16 

was mixed with methanol and 

chloroform in a 1:1 (v/v) ratio 

respectively. The mixture was shaken 

vigorously followed by further mixing 

on a rotary shaker overnight. The 

chloroform phase was separated from 

the aqueous phase. Both the extracts 

were condensed by evaporating to 

dryness at a temperature of 50°C. The 

procedure was repeated several times 

to collect a sufficient amount of crude 

extract (Ahsan et al. 2017; Ravi and 

Kannabiran 2018).  

GC-MS analysis of the crude extract 

carried out by GCMS-QP2010 Plus 

(Shimadzu, Kyoto, Japan) with the 

headspace sampler (AOC-20s) and an 

injector (AOC-20i), outfitted with the 

mass selective detector, having 230°C 

as ion source temperature and 

interface temperature of 270°C, a 

mass range of 40 to 650 m/z, solvent 

cut time of 3.50 min and threshold of 

1,000 eV. Rtx 5 MS capillary column 

with dimensions of 30 m (length) × 

0.25 mm (diameter) × 0.25 μm (film 

thickness) used for separation of 

compounds. The split mode was used 

at the ratio of 10:1. The injector 

temperature was initialized to 260°C 

with split injection mode. The 

temperature was programmed from 

60°C (3 min), then increased to 300 

at 15°C/min (18 min hold). The 

carrier gas used was Helium 

(>99.999%) with 40.1 cm/s as a linear 

flow velocity. The debit of the gas 

(helium) vector was fixed to 16.3 mL/

min, with a total flow of 1.21 mL/

min. The 1.0 μL of sample injected 

and the essential compounds were 

identified by comparing their 

retention times relative to 

homologous alkane series (purchased 

from Sigma, St. Louis, USA) and 

their mass spectral fragmentation 
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patterns with those data in 

WILEY8.LIB. Identification was 

assumed on achieving a good match 

of RI and mass spectrum. 

3.12 Molecular docking studies 

The physicochemical properties of 

compounds identified from GC-MS 

analysis of the isolates (VRA 1 and 

VRA 16) and the compounds from 

Streptomyces actuosus (Nasr-Eldin et 

al.2019) were taken as ligands. The 

properties related to “Lipinski's rule 

of five” were also determined (https://

en.wikipedia.org/wiki/Lipinski%

27s_rule_of_five). Compounds 

obeying the “Lipinski's rule of five” 

were finally considered as our ligand. 

The structures of those ligands were 

obtained from NCBI Pubchem

(https:pubchem.ncbi.nlm.nih.gov).Sw

issdock docking software  was used 

for docking studies. The ligands were 

uploaded in the MOL2 format.  The 

target proteins of the study were 

tuberculosis, Enteric Diseases and 

covid Spike protein. The tertiary 

structure of the proteins was 

downloaded from the PDB database 

(https://www.rcsb.org/) with PDB ID. 

We followed  blind docking  to 

identify the best binding sites with 

optimum binding affinity. Best ligand

-dock complexes were identified 

based on the binding affinities and 

their respective images were collected 

for the best representation of 

molecular docking.  

3.13 Whole-genome sequencing 

Whole-genome sequencing was 

performed by MicrobesNG at the 

University of Birmingham, the UK 

using Illumina sequencing technology 

(Bennett 2004). A paired-end library 

was constructed using a Nextra DNA 

library preparation kit (Illumina, San 

Diego, CA) and sequenced on an 

Illumina HiSeq 2500 instrument to 

produce 250- bp paired-end reads. 

The Illumina sequence data were 

trimmed by Trimmomatic version 

0.36 (Bolger et al. 2014). The closest 

available reference genome using 

Kraken (Wood, 2014) to, and map the 

reads to this using BWA mem 

(Li,2013) to assess the quality of the 

data. A de novo assembly of the reads 

using Spades version 3.13 (Nurk et al. 

2013) and map the reads back to the 

resultant contigs, again using BWA 

mem (Li,2013) to get more quality 

metrics. Variant calling is performed 

using VarScan (Koboldt 2012). 
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Whole-genome annotation was 

performed using Prokka (Seemann 

2014). Whole-genome annotation is 

the process of identifying features of 

interest in a set of genomic DNA 

sequences and labelling them with 

useful information. Prokka software 

tool was used to annotate newly 

sequenced genomes quickly and 

produced standards-compliant output 

files. Assembly was done using 

Spades version 3.13 (Nurk et al. 

2013). 

3.14 Bioinformatic Analysis 

The four whole-genome sequences of 

Streptomyces strains which were 

isolated  and characterized in the lab 

along with the nearest strains of 

Streptomyces ( downloaded from 

IMG database)  and one 

Kitasatospora strains were subjected 

to Bioinformatic analysis The 

Kitasatospora  genome was used as 

an outgroup. The nucleotide 

sequences and amino acid sequences 

of  Streptomyces were obtained from 

IMG database (www.img.jgi.doe.gov) 

(Markowiz et. al, 2012) and the 

annotated four whole-genome 

sequences of our strains (NCBI) were 

retrieved for this study. 

Codon Usage variation analysis 

The CodonW (ver. 1.4.4) software 

(Peden 1999) was used to calculate 

various parameters such as Guanine 

and cytosine in the nucleotide 

sequence (G+C content), the effective 

number of codons (Nc), GC3 

(frequency of codons ending with 

Guanine or Cytosine in the third 

synonymous position of the codon), 

frequency of optimal codons (Fop) 

(Ikemura, 1985), relative synonymous 

codon usage (RSCU) (Sharp and 

Li,1986). Amino acid usage indices 

like relative amino acid usage 

(RAAU), Grand average of 

hydropathicity (GRAVY) and 

aromaticity were also calculated using 

the same software. DAMBE software 

(Xia, 2013) was used to calculate the 

energetic costs of the protein in the 

selected genomes and the codon 

adaptation index (CAI). 

The effective number of codons (Nc) 

is a parameter that can measure the 

codon bias of synonymous codons. It 

is a quantitative measure reflecting 

the frequency of a small subset of 

codons used by a gene (Wright, 

1990) and its value ranges from 20 

(on the usage of one codon per 
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amino acid) to 61 (on the usage of 

all the codons with equal 

frequency). Nc is computed as in 

equation (1) 

Nc=2+S+{29/[S2+ (1-S)2]}  (1) 

where S represents GC3 values, 

Frequency of optimal codon (Fop) 

represents the fraction of 

synonymous codons that are optimal 

codons (Ikemura 1985). Its value 

ranges from 0 (meaning a gene has 

no optimal codons) to 1 (when a 

gene is exclusively comprised of 

optimal codons). Fop is generally 

determined by equation 2 (a): 

Fop = Noc /Nsc  (2a) 

The original equation is modified in 

equation (2b), when rare codons are 

identified, as 

Fop (mod) = Noc – Nrc / Nsc  

(2b) 

Where N represents the frequency 

of each codon type used, whereas 

Noc, Nrc and Nsc stand for optimal 

codons, rare codons and 

synonymous codons respectively. 

The codon bias index (CBI) is 

another important estimator of 

directional bias and determines the 

level to which a gene uses a subset 

of optimal codons. The codon bias 

index value ranges from 0 to 1. It is 

calculated by following equation  (3) 

as follows: 

CBI = Nopt – Nran/ Ntot –Nran  

(3) 

where Nopt= number of optimal 

codons; Ntot = total number of 

synonymous codons; Nran= expected 

number of optimal codons in cases 

where codons are assigned randomly. 

Codon Adaptation Index  

CAI or Codon Adaptation Index is an 

excellent tool to assess the probable 

level of expression of a concerned 

gene (Naya et al.2001). The CAI 

value varies between 0 and 1.0 (sharp 

and Li,1987). The High CAI value 

suggests that the codon usage pattern 

of a gene is similar to the gene which 

is highly expressed (Peden 1999) This 

can be used for studying the mRNA 

expression level and is considered as 

an efficient tool for studying the 

expression level of proteins 

(Roymondal et al. 2009, Wu et al. 

2005, Jansen et al. 2003, Sharp and 

Li,1987). To estimate the CAI values 

of selected strains, CAI calculator 2 
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was used. The ribosomal proteins 

which are housekeeping genes that 

are highly expressed were taken as 

reference. Of the total, 10% of the 

genes with high CAI value is taken as 

potentially highly expressed genes 

(PHX) and the lower 10% with less 

CAI value is taken as potentially low 

expressed genes.  The CAI was 

calculated by the following flrmula: 

 

 

where, ωK signifies the relative 

adaptivity of the Kth codon and L 

represents the number of 

synonymous codons in the gene. 

Relative synonymous codon usage 

Relative synonymous codon usage is 

a e a s y  measure of the usage pattern 

of synonymous codons in the genome 

(Sharp and Li, 1987). This represent 

the number of times a particular set 

of codon is present with respect to 

the number of times it is expected in 

case of a uniform synonymous codon 

usage. I t  w a s  c a l c u l a t e d  a s  

f o l l o w s :  

 

 

Where freqobs is the frequency of the 

observed codons and freqexp is the 

frequency of the expected codons.  

 If the RSCU value  is greater than 

one means that the observed 

frequency of synonymous codon is 

h i g h  compared to the expected 

frequency, while RSCU value less 

than one s h o w s  that  frequency of 

synonymous codon is l o w . (Reis et 

al. 2003). 

Biosynthetic energy cost  

Biosynthetic energy cost is the high 

energy phosphate bonds required for 

the synthesis of amino acids and 

proteins and also for the conversion of 

precursor molecules to final products 

(Akashi and Gojobori 2002). This was 

calculated by Dambe version 6.4.81 

(Glass et al. 2008).  

Statistical analysis 

All the statistical analysis was done 

via SPSS software version 2.6. 

ANOVA and Two- tailed t-Tests 

were done with correlation 

coefficients at 0.01 and 0.05 levels 

where applicable. 

3.15 Comparative Genomics 
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The selected Streptomyces genera 

along with four isolates from our lab 

were taken for this study. The 

genomic and proteomic sequences 

were downloaded from NCBI 

database. The sequences with 

initiation and termination codons with 

a length of more than 300 nucleotides 

were chosen for the analysis. BLAST 

matrix (BM) was constructed using 

BLAST algorithm with a 50/50 rule 

(Vesth et al.2013). The blast is 

significant when the sequences are 

aligned so that 50% of the alignment 

is identical with the longest protein in 

the comparative study. If the 

sequences have the same cut-off 

value, it is assigned to the same 

protein family. The two programs of 

CMG Biotools namely, 

“matrix_create config” and “matrix” 

are used to create the BLAST matrix. 

Pan- core-genome plot 

The pan-genome is a collection of the 

core genome, accessory genome, and 

species- or strain-specific genes. The 

core genome is the set of genes 

common by all analyzed 

microorganisms (Costa et al.2020). 

These genes are involved in vital roles 

for the survival of bacteria (Tettelin et 

al.2008). Accessory or dispensable 

genome is the set of genes that are 

present in two or more genomes but 

not all bacteria (Lapierre & Gogarten, 

2009). The species- or strain-specific 

genes (singleton genes) are those 

which is limited to only one genome. 

The accessory and singleton genes are 

attained by horizontal gene transfer 

(HGT) or evolved due to mutations in 

pre-existing genes. They are 

commonly related to a specific 

metabolism, virulence, antibiotic 

resistance mechanism, or other 

environmental adaptation (Jordan et 

al. 2001). The Pan-core genome plot 

was constructed using two programs 

“pancoreplot_create config” and “pan

-core plot” in CMG Bio-tool software. 

Average nucleotide identity (ANI) 

score 

ANI score is employed to compare 

two genomes at the nucleotide level 

(Yoon et al.2017).ANI Kostas lab was  

used to calculate the score among the 

selected genomes. A score above 95% 

indicates the genomes of the same 

species and a score value less than 

75% was not considered (Rodriguez- 

& Konstandinis 2016). The matrix 

was constructed using the All-vs-All 
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ANI score of all the selected genera 

for comparative genomic analysis. 

Phylogenetic studies 

Phylogenetic trees were constructed 

using Multilocus sequence analysis 

(MLSA)tree and pan genomic tree. 

Multilocus sequence analysis 

(MLSA)tree is a widely used method 

to attain a high resolution of 

phylogenetic relationships of species 

within a genus or in a family. The 

genes coding for conserved functions 

or the housekeeping genes is 

employed in this method. The five 

selected genes were Ftsz (tubulin-like 

GTP-binding protein), SecA (ATPase 

secretory preprotein translocase), 

GyrA (DNA Gyrase enzyme), DnaK 

(Hsp70 chaperone protein), ATP 

synthase 1 gene. The sequences were 

concatenated and aligned using 

ClustalW (Borovska et al. 2014) and 

Mega version 4 software was used to 

generate the phylogeny (Tamura et 

al.2007). The phylogenetic tree was 

constructed with a neighbor-joining 

algorithm and bootstrap value of 

1000. 

Pan genomic tree 

The CMG Biotools software was used 

to construct the phylogenetic tree 

based on the neighbor-joining 

algorithm of bootstrap value 1000. 

“The pan-core_ plot tree” program 

was used to generate the phylogeny 

(Vesth et al. 2013). A comparison was 

made between the two phylogenies 

constructed by MLSA and Pan core 

plot. 

3.16 antiSMASH studies 

The antibiotics and secondary 

metabolite analysis shell is a software 

helps  in the automated mining of 

secondary metabolite biosynthetic 

gene clusters in a particular genome. 

In order to predict the biosynthetic 

gene cluster (BGC) antiSMASH 

version 5.0 was used. The fasta 

format of the sequenced isolates was 

uploaded. The enabling of known 

cluster blast analysis option helps us 

to identify clusters against MIBiG 

(Minimum information about  a 

biosynthetic gene cluster)repository.  

3.17 Soil Metagenomics 

For metagenomics studies the soil 

samples were collected from various 

biotopes such as mangroves, forest, 

paddy fields, vegetable fields, rubber 

plantation and tea gardens (Figure 
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3.3) 

Physical and chemical analysis of soil  

Debris like roots, pebbles, etc. from 

the soil samples were removed by 

hand and air-dried and gently 

disaggregated. Soil organic matter 

(OM), organic carbon, (Walkey and 

Black, 1974) elemental analysis (N, P, 

K,) (Jackson, 1973; Baruah & 

Barthakur 1997; Chapman and Pratt, 

1961) and pH were measured. 

DNA Extraction 

The soil samples (1 g each) were 

subjected to DNA extraction by using 

the MoBioPowerSoil® DNA Isolation 

Kit (MoBio Laboratories Inc., 

Carlsbad, CA, USA; cat # 12888–

100). Briefly, each sample was 

transferred into separate 2 mL 

PowerBead tubes and then used for 

DNA extraction. The purified DNA in 

triplicate was pooled into a single 

sample to obtain enough DNA that 

collectively represented the microbial 

community composition in the soil 

samples. The quality and 

concentration of the pooled DNA 

from each soil sample were 

determined by using a Lambda II 

spectrophotometer (Perkin Elmer, 

Norwalk, Conn.) followed by agarose 

gel electrophoresis (1% w/v agarose 

in 1XTris-Acetate-EDTA (TAE) 

buffer, pH 7.8). Then, the purified 

DNA samples were dried and stored 

at 4°C until further use. The DNA 

was subjected to 16s Metagenomics 

amplicon sequencing (V3-V4) by 

Genotypic Technology Pvt. Ltd.3. 16s 

Metagenomics analysis has been 

performed using the Parallel-META 

pipeline (version 3.5; Jing, et al. 

2017).  

PCR Amplification of V3-V4 Region 

of 16s Gene:  

Figure 3.3: Collection of soil from the forest of 

Darjeeling Hills  
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Composition of TAQ Master MIX:  

1) High-Fidelity DNA Polymerase  

2) 0.5mM dNTPs  

3) 3.2mM MgCl2  

4) PCR Enzyme Buffer  

Primer Details:  

V13F: - 5‟ 

AGAGTTTGATGMTGGCTCAG3‟  

V13R: - 5‟ 

TTACCGCGGCMGCSGGCAC3‟  

Conditions Used: 

40ng of Extracted DNA is used for 

amplification along with 10pM of 

each primer  

Initial Denaturation: 95℃  

25 Cycles of the following condition:  

Denaturation - 95℃ for 15 sec, 

Annealing - 60℃ for 15 sec, 

Elongation - 72 ℃ 2 mins  

Final Extension at 72 ℃10 mins and 

Hold at 4 deg C. 

3.18 16S Amplicon sequencing 

The 16S rRNA sequencing was done 

using the Illumina™ Nextseq 

platform. The raw reads qualities 

were checked using FastQC. 

Sequence reads with > 5 low-quality 

base pairs (< 15 Phred score) were 

removed. Mean quality score for each 

base, per sequence quality score, per 

sequence GC contents and per base, N 

contents are calculated. Post QC, 

adapters are identified using the 

BBmerge function from the BBmap 

tool (Bushnell 2014). Reads are 

trimmed with BBDuk tool (Kechin,et 

al.2017, followed by quality check 

again. Post trimming, the quality 

check was done with Fastqc tool for 

adapter content and read the content 

of fastq files. 

Metagenomic data analysis 

MG-RAST server (version) was used 

to analyse the high-quality reads from 

each sample for taxonomic profiling 

and metagenomics data. Metagenome 

sequences were uploaded to MG-

RAST for further processing. For 

taxonomic annotation of sequence 

reads, the RefSeq database (Pruitt et 

al.2006) was used and for functional 

gene annotation, the SEED database 

(Overbeek et al.2014) was used. 

Sequences were annotated using 

default settings of MG-RAST 

(maximum e-value cut-off of 10–5, 

minimum % identity cut-off of 60%, 

and minimum alignment length cut-
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off of 15 bp). Subsystem Function 

level (the finest level) data was sub-

sampled to 963693 bp reads per 

sample for diversity analysis. 

Metagenomic (16S) Analysis 

workflow  

The genes encoding the RNA 

component of the small subunit of 

ribosomes, commonly known as the 

16S rRNA in bacteria and archaea, 

are among the most conserved across 

all kingdoms of life. Nevertheless, 

they contain regions that are less 

evolutionarily constrained and whose 

sequences are indicative of their 

phylogeny. Amplification of these 

genomic regions by PCR from an 

environmental sample and subsequent 

sequencing of a sufficiently large 

number of individual amplicons 

enables the analysis of the diversity of 

clades in the sample and a rough 

estimate of their relative abundance. 

The analytical process is known as 

“16S rRNA diversity analysis” and is 

the focus of the present analysis 

pipeline.  

The following steps were performed 

for 16S rRNA data analysis.  

Read quality check  

Following quality checks were 

performed on sequence (fastq) files  

• Base quality score distribution  

• Sequence quality score distribution  

• Average base content per read  

• GC distribution in the reads  

• PCR amplification issue 

• Check for over-represented 

sequences  

Based on the quality check output, 

sequence reads are trimmed wherever 

necessary to retain high quality reads 

for downstream bioinformatics 

analysis and low-quality sequence 

reads are excluded, by default. Initial 

qc was done using FastQC (version 

0.11.8) tool (S Andrews). Adapter 

trimming was performed using 

BBDuk program (Version 38.67). 

Post trimming, reads are subjected to 

QC again using FastQC (version 

0.11.8) tool.  

OTU picking/Classification  

During this phase reads are processed 

so that comparisons between samples 

can be made. The first step is to 

cluster reads based on similarity into 

OTUs and to select a representative 

sequence for each OTU. Each OTU is 
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then classified by comparison to a 

reference database and a phylogeny 

inference is made based on sequence 

alignment and the construction of a 

phylogenetic tree.  

Classification  

BLAST against SILVA /

greengene/16s database: Reads will 

be classified against greengene or any 

reference database for taxonomic 

profiling/classification.  

Phylogenetic analysis/Taxonomic 

classification  

The phylogenetic tree represents the 

relationship between the sequences in 

terms of the evolutionary distance 

from a common ancestor.  

Diversity and other statistical analysis  

OTU information (number of OTUs, 

abundance of OTUs) and the 

phylogenetic tree generated from 

phase 2 was utilized to estimate 

diversity within and between samples. 

Additional statistical analysis to test 

the significance of the diversities was 

also done.  

Metagenomic analysis 

This analysis has been performed 

using the Parallel-META pipeline 

(version 3.5; Jing, et al. 2017). 

Taxonomic and functional profiling   

by“Parallel-META 3 first constructs 

Hidden Markov Models using all 

bacterial 16S rRNA sequences of 

SILVA (version 123; Pruesse et al. 

2007), and predicts the 16S rRNA 

gene fragments in metagenomic 

shotgun samples from both the 

forward sequences and reversed 

complementary sequences by 

HMMER (version 3.1, e-value < 1e-5; 

Eddy, 2011). Then Parallel-META 3 

extracts all the 16S rRNA fragments 

from metagenomic shotgun sequences 

for profiling. All 16S rRNA gene 

sequences (either extracted from 

shotgun sequences or 16S rRNA 

amplicon reads) are aligned to the 

Parallel-META 3 reference database 

by Bowtie2 (Langmead et al 2012) for 

OTU picking, taxonomical annotation 

and phylogeny construction. The 

reference 16S rRNA sequences are 

from a customized database that 

integrates GreenGenes (version 13-8, 

sequence similarity on 97% level; 

DeSantis et al 2006) with RDP and 

SILVA consensus taxonomy 

annotation (assigned by BLASTN 

with e-value < 1e-30 and similarity 
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>97%), which raised the proportion of 

annotated sequences at the genus 

level from 35.8% to 81.5%. The 

phylogenetic architecture of all 

reference sequences is built by 

FastTree  (Price et al. 2010). Since 

16S rRNA gene copy number varies 

greatly among different bacterial 

species, Parallel-META 3 also 

calculates the precise relative 

abundance of each organism by 16S 

rRNA copy number calibration using 

IMG database (Markowitz et al. 

2012). In addition, considering that 

the uneven sequencing depth (number 

of sequences) among multiple 

samples may introduce bias in 

detecting diversity patterns (Koren et 

al. 2013), an optional sequence 

rarefaction for sequencing depth 

normalization at the OTU level is 

provided after the taxonomic 

profiling.” (Jing, et al. 2017) “For 

prediction and annotation of 

functional profile, Parallel-META 3 

re-implements the PICRUSt (Langille 

et al. 2013) algorithm using KEGG 

database (Kanehisa et al. 2012) to 

estimate all the functional genes 

harboured in a microbiota using 16S 

rRNA gene OTUs. The functional 

genes are annotated by KO (KEGG 

Ontology) and KEGG pathway. 

Parallel-META 3 also measures the 

prediction accuracy by the NSTI 

(Nearest Sequenced Taxon Index) 

value (Langille et al. 2013), which is 

calculated by the sum of distances 

between OTUs and their nearest 

individually sequenced relatives in the 

phylogenetic architecture.” (Jing, et 

al. 2017) “After taxonomical and 

functional profiling, Parallel-META 3 

parses out the sequence counts and 

relative abundances (normalized into 

0–100%) for all OTUs, and estimates 

the same information for annotated 

taxa from the phylum level to the 

genus level, as well as the genes and 

the pathways. Such data is framed 

into tables that are compatible for 

further analysis in Parallel-META 3 

and also suitable for manual 

examination by users.” (Jing, et al. 

2017)  

“Parallel-META 3 evaluates α 

diversity that describes the inner 

complexity of each individual 

microbiota sample. This process 

generates rarefaction curves of α 

diversity based on observed OTU 

number and Shannon index to 
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determine the adequacy of the 

sequencing depth. The rarefaction 

performs a series of random sequence 

selection on different sequencing 

depths with bootstrap (default is 20, 

and can also be defined by users), and 

the α diversity in the curves is 

calculated by the mean sequence 

count of each OTU among the 

bootstrapping procedures. Then the 

influence of each environmental 

factor on α diversity is quantitatively 

evaluated by multivariate statistical 

analysis with Shannon index, 

Simpson index and CHAO1 

index.” (Jing, et al. 2017) The β 

diversity evaluation and statistics 

“Parallel-META 3 examines β 

diversity of multiple microbiota 

samples based on their pair-wise 

similarity matrix to discover the 

patterns of organism/gene sharing and 

variation among samples. The 

quantitative similarity between each 

sample pair is computed by Meta-

Storms (Su et al. 2012) algorithm, 

which considers both the relative 

abundance of OTUs existent in two 

samples and the distances among 

OTUs in the phylogenetic 

architecture. The β diversity 

evaluation includes unsupervised 

hierarchical clustering, supervises 

clustering using PCA (Principal 

Component Analysis), PCoA 

(Principal Co-ordinate Analysis) and 

multivariate statistical analysis that 

quantitatively evaluates the 

correlation between environmental 

factors and the sample 

similarities.” (Jing, et al. 2017) 

Biomarker discovery “Parallel-META 

3 can also identify key organisms or 

functional genes that are highly 

correlated with the variations of the 

habitats or other types of metadata. 

Organisms or genes with significant 

differences among microbial 

community samples were firstly 

chosen using Kruskal-Wallis or 

Wilcoxon rank-sum test as candidate 

makers, and these candidate makers 

were then ranked based on their 

contribution to the differentiation 

among samples using the Random 

Forest algorithm.” (Jing, et al. 2017).  

Construction of microbial interaction 

network  

The microbial interaction network 

was constructed to explore co-

occurrence and co-exclusion patterns 

of organisms or functional genes 
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across microbial community samples. 

In the interaction network, each node 

represents a single organism (or 

gene), and nodes were connected by 

links that represent their correlation 

coefficient of abundance variation 

among multiple samples (Faust, et al. 

2012). Then Parallel-META 3 

illustrates the global pattern among 

multiple samples by the network‟s 

topological characters such as node 

number, isolated island number, 

density, diameter, radius and 

centralization” (Jing, et al. 2017).■ 


