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REPORT OF THE WORK DONE: 
 

1. Brief objective of the project : 

 
Cataloguing of bacterial diversity of underground part of saffron. 

 

2. Work done so far and results achieved and publications, if any, resulting from the work 
(Give details of the papers and names of the journals in which it has been published or 
accepted for publication. 

 
We catalogued the bacterial diversity associated with underground part of Crocus 
sativus including rhizosphere, daughter and mother cormosphere. Comparing bacterial 
diversity of bulk soil we were able to find spatial variation in the bacterial diversity of 
different underground part of the saffron crop. 

 
 
 

3. Has the progress been according to original plan of work and towards achieving theobjective.if 
not, state reasons. 

 
The progress has been according to the original plan of the work, however there is slight 
deviation in the objective of the proposed project. 

 

4. Please indicate the difficulties, if any, experienced in implementing the project : No. 

 

5. If project has not been completed, please indicate the approximate time by which it is likely 

to be completed. A summary of the work done for the period (Annual basis) may please be 

sent to the Commission on a separate sheet : --- 
 
  

6. If the project has been completed, please enclose a summary of the findings of the study. 
Two bound copies of the final report of work done may also be sent to the Commission:  
Copies Attached.     
 

7. Any other information which would help in evaluation of work done on the project. At the 
completion of the project, the first report should indicate the output, such as 

 
(a) Manpower trained  :  One Project fellow 

 
(b) Ph. D. awarded   :  NO 

 
(c) Publication of results  : 03  

 

(d) other impact, if any  
 
 
 
 
 

 

SIGNATURE OF THE  
PRINCIPAL 

INVESTIGATOR 

 
 
 
 
 

  



 

SUMMARY: 

 

We analysed bacterial microbiome from three separate below ground compartments of saffron 

which includes rhizosphere, mother cormosphere and daughter cormosphere taking bulk soil as a 

reference. The root-associated bacterial communities were sampled in vegetative phase of saffron 

life cycle because it is the phase when mother corm gives rise to daughter corm. The rhizosphere 

compartment was composed of soil tightly adhering the roots which cannot be easily shaken from 

the roots. The mother cormosphere compartment comprises of the outer sheath of the mother corm 

and similarly daughter corm sheath was taken as daughter cormosphere. 

While comparing the bacterial diversity at phylum level we found that bulk soil was dominated by 

firmicutes (11%) followed by proteobacteria (10%) and actinobacteria (8%). Bacteriodetes (22%) 

and proteobacteria (21% and 23%) were dominant in both daughter cormosphere and rhizosphere 

followed by firmicutes (6.2% and 3%)and actinobacteria (5.4% and 3%) but mother corm was 

dominated by proteobacteria (25%)followed by bacteriodetes (14%) and acidobacteria (4%). 

There are notable differences in the proportions of various generas across the samples. The 

rhizosphere and daughter cormosphere has greater percentage of Pedobacter, Chryseobacterium, 

Rhizobium and Serratia as compared to mother cormosphere, whereas Sphingomonas, 

Acidobacterium and Pseudomonas are depleted in rhizosphere and daughter cormosphere compared 

to mother cormosphere. 

This study revealed significant difference in bacterialdiversity of bulk soil with all other samples i.e, 

- daughter corm, - rhizosphere and mother cormosphere by Principal coordinates (Unifrac) analysis. 

It was observed that bacterial diversity associated with rhizosphere was similar to daughter 

cormosphere and both were different from mother cormosphere 

 
 
 

 

 

 

 

 

 

 

 

 



 

Material and methods: 

Sample collection 

For sampling, Kashmir (74º58'0''E, 34º1'30''N, 5173ft) of Jammu and Kashmir, India was selected 

during vegetative phase(January - May). The loose soil was removed by vigorously shaking of 

corms and then corm sheath was taken as cormosphere. The samples were properly labeled and 

transported to the laboratory in the autoclaved bags. The samples were stored at -20˚C for further 

metagenomic analysis. 

Preparation of the sample 

The corm sheath was separated from corms and further used for the isolation of metagenomic DNA 

using different protocols. The isolation of metagenomic DNA was done in triplicates for each 

sample with three different protocols, namely, Zhou et al. (1996), Wetcheret al. (2003) and Pang et 

al. (2008). The triplicates were subsequently pooled to get maximum diversity for each sample. The 

DNA was quantified using QubitdsDNA HS Assay kit. 

 

Preparation of MiSeqAmplicon Library 

The amplicon libraries were prepared using Nextera XT Index Kit (Illumina Inc.) as per the 16S 

Metagenomic Sequencing Library preparation protocol. Primers for the amplification of the V3-V4 

hyper-variable region (Table-1) of 16S rDNA gene of Eubacteria and Archaea were designed in Xcelris 

NGS Bioinformatics Lab. These primers were synthesized in XcelrisPrimeXfacility. 

Table1: Primers for the amplification of the V3-V4 hyper-variable region 

 

Sr.No.  Oligo Name  Oligo Sequence (     

5' to 3')  

Length of primer  Product size 

(Approx.)  

1  V3-Forward  CCTACGGGNGG

CWGCAG  

17  ~ 460 bps  

2 V4-Reverse  GACTACHVGGG

TATCTAATCC  

21  

 

GACTACHVGGG

TATCTAATCC  

 

21  

 

The amplicons with the Illumina adaptors were amplified by using i5 and i7 primers that add 

multiplexing index sequences as well as common adapters required for cluster generation (P5 and P7) as 

per the standard Illumina protocol. The amplicon libraries were purified by 1X AMpureXP beads and 

checked on Agilent DNA High Sensitivity chip on Bioanalyzer 2100 and quantified on fluometer by 

QubitdsDNA HS Assay kit (Life Technologies). 

 

 



Quality was checked on 1% agarose gel and concentration of each sample was determined using 

Qubit® 2.0 fluorometer. The pooled metagenomic DNA samples were subjected to paired-end 

sequencing using IlluminaMiSeq platform 2 x 150bp chemistry at Xcelris Labs Ltd, Ahemdabad, 

India.Briefly,the paired-end sequencing libarary was prepared using IlluminaTruSeq Nano DNA 

HT Library preparation kit. The amplified libaray was analysed in Bioanalyser 2100 (Agilent 

Technologies) using High sensitivity (HS) DNA chip. After obtaining the mean peak size from the 

Bioanalyser profile, library was loaded onto NextSeq 500 for cluster generation and sequencing. 

Sequence analysis 

Sequences were analysed using QIIME software. QIIME is comprehensive software comprising of 

tools and algorithms such as FastTree for heuristic based maximum-likelihood phylogeny inference 

(Price et al., 2010), the RDP classifier for the assignment of taxonomic data using a naïve bayesian 

classifier (Wang et al., 2007). To process our data Stitching of  the PE data into single end reads was 

done. All the sequences from all the samples were clustered into Operational Taxonomic Units (OTUs) 

based on their sequence similarity. OTUs are clusters of sequences, frequently intended to represent 

some degree of taxonomic relatedness done using uclust, each resulting cluster is typically represents a 

genus.A representative sequence from each OUT was picked for downstream analysis. Alignment of the 

sequences against the representative sequences is performed using PyNAST. Minimum length of 150 

and a minimum percent identity of 75.0 was used for alignment purpose. Alignment was followed by 

assigning the taxonomy to microbial lineages. This was done by setting assignment_method to the RDP 

classification system and a confidence of 0.8. PCoA plots were also generated to visually depict the 

differences between the samples. 

 

 

 

 

 

 

 

 

 

 

 



Result: 

We analysed bacterial microbiome from three separate below ground compartments of saffron 

which includes rhizosphere, mother cormosphere and daughter cormosphere taking bulk soil as a 

reference (Fig. 1). The root-associated bacterial communities were sampled in vegetative phase of 

saffron life cycle because it is the phase when mother corm gives rise to daughter corm. The 

rhizosphere compartment compose of soil tightly adhered to the roots which cannot be easily 

shaken from the roots. The mother cormosphere compartment comprises of the outer sheath of the 

mother corm and similarly daughter corm sheath was taken as daughter cormosphere. 

             

Total metagenomic DNA from the bacterial community of all the four samples was extracted using 

various protocols (Zhou et al. 1996,Wechter et al. 2003, and Pang et al. 2008) but only pang 

protocol yielded good quantity of DNA.  

 

 

                                    Fig1. Quality check of gDNA in 0.8% Agarose gel  

 



The V3-V4 hyper-variable region of the 16S rDNA gene was amplified and sequenced using 

illumine 2 x 300 bp sequencing chemistry. Total of 4,562,387 high quality reads were obtained 

from all samples in range of 651,725-1,598,661read counts per sample. The sequences are uploaded 

on MG-RAST with following Id numbers 

 

Sample no. CODE MG-RAST ID  

1 VB_S15_L001 bc55f65f216d676d343538333830332e33 

2 VM_S13_L001 08a86e01a66d676d343538333830302e33 

3 VD_S14_L001 de6f0c26e26d676d343538333830312e33 

4 VR_S12_L001 14abf2ace26d676d343538333734372e33 

 

We observed the Bray–Curtis distances between samples using PCoA to determine how dissimilar 

the soil microbial communities were in each sample. While considering PCo1, Principal coordinates 

(Unifrac) analysis of bacterial communityof four samples reflects significant difference in 

bacterialdiversity of bulk soil (brown) with all other samples i.e, - daughter corm(red), - 

rhizosphere(green) and  mother cormosphere (yellow).  When PCo2 is considered, it was observed 

that rhizosphere was similar to daughter cormosphere and both were different from mother 

cormosphere(Fig. 3). This is also supported bootstrap-supported hierarchical cluster tree of four 

microbial communities under investigation showing that bulk form separate cluster. The tree also 

shows that daughter cormosphere and rhizosphere are more close and share a node (Fig. 4). 

 



 

Fig. 3.PCoA plot [red- daughter corm, green- rhizosphere, yellow- mc, brown- bulk] 

 

Fig.4 A visualization of bootstrap-supported hierarchical cluster tree. 

The figure shows the tree with internal nodes colored with red signifying 75-100% support, yellow 

signifying 50-75%, green indicating 25-50%, and blue for < 25% bootstrap support. The bar at the 

bottom of the tree indicates a length corresponding to 0.1 which indicates nucleotide substitutions 

per site 

 

 



At phylum level, bulk soil was dominated by firmicutes(11%) followed by proteobacteria(10%) and 

actinobacteria(8%). Bacteriodetes (22% )and proteobacteria(21% and 23%) were dominant in both 

daughter cormosphere and rhizosphere followed by firmicutes (6.2% and 3%)and 

actinobacteria(5.4% and 3%) but mother corm was dominated by proteobacteria (25%)followed by 

bacteriodetes(14%) and acidobacteria(4%) (Fig: 5). 

 

 

Fig 5: Phylum level distribution across all four samples 

There are notable differences in the proportions of various generas across the samples(Fig. 6). The 

rhizosphere and daughter cormosphere has greater percentage of Pedobacter, Chryseobacterium, 

Rhizobium and Serratia as compared to mother cormosphere, whereas Sphingomonas, 

Acidobacterium and Pseudomonas are depleted in rhizosphere and daughter cormosphere compared 

to mother cormosphere. 

 

Fig.6. Differences in the proportions of various generas across the samples 
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This study revealed significant difference in bacterialdiversity of bulk soil with all other samples i.e, 

- daughter corm, - rhizosphere and mother cormosphere by Principal coordinates (Unifrac) analysis. 

It was observed that bacterial diversity associated with rhizosphere was similar to daughter 

cormosphere and both were different from mother cormosphere 
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Comparative Metagenomics Reveal Phylum
Level Temporal and Spatial Changes in
Mycobiome of Belowground Parts of Crocus
sativus
Sheetal Ambardar1,2¤a, Heikham Russiachand Singh2¤b, Malali Gowda2¤a, Jyoti Vakhlu1*

1 School of Biotechnology, University of Jammu, Jammu, India, 2 Next Generation Genomics Facility, C-

CAMP, NCBS, Bangalore, India

¤a Current address: Institute of Trans Disciplinary Health Science and Technology, Trans Disciplinary

University, Bangalore-560 064, India,

¤b Current address: Department of Plant Science, Raymond Building, Macdonald Campus, McGill

University, 21111 Lakeshore Road, Ste. Anne de Bellevue, Quebec H9X 3V9, Canada

* jyotimetagenomic@gmail.com

Abstract
Plant-fungal associations have been explored by routine cultivation based approaches and

cultivation based approaches cannot catalogue more than 5% of fungal diversity associ-

ated with any niche. In the present study, an attempt has been made to catalogue fungal

diversity associated with belowground parts i.e. rhizosphere and cormosphere, of Crocus

sativus (an economically important herb) during two growth stages, using cultivation inde-

pendent ITS gene targeted approach, taking bulk soil as reference. The 454 pyrosequen-

cing sequence data analysis suggests that the fungal diversity was niche and growth stage

specific. Fungi diversity, in the present case, was not only different between the two organs

(roots and corm) but the dominance pattern varies between the cormosphere during two

growth stages. Zygomycota was dominant fungal phylum in the rhizosphere whereas Basi-

diomycota was dominant in cormosphere during flowering stage. However in cormosphere

though Basidiomycota was dominant phylum during flowering stage but Zygomycota was

dominant during dormant stage. Interestingly, in cormosphere, the phyla which was domi-

nant at dormant stage was rare at flowering stage and vice-versa (Basidiomycota: Flower-

ing = 93.2% Dormant = 0.05% and Zygomycota: Flowering = 0.8% Dormant = 99.7%). At

genus level, Rhizopus was dominant in dormant stage but was rare in flowering stage (Rhi-

zopus: Dormant = 99.7% Flowering = 0.55%). This dynamics is not followed by the bulk soil

fungi which was dominated by Ascomycota during both stages under study. The genus

Fusarium, whose species F. oxysporum causes corm rot in C. sativus, was present during

both stages with slightly higher abundance in roots. Interestingly, the abundance of Rhizo-

pus varied a great deal in two stages in cormosphere but the abundance of Fusarium was

comparable in two growth stages (Bulk soil Flowering = 0.05%, Rhizosphere Flowering =

1.4%, Cormosphere Flowering = 0.06%, Bulk soil Dormant = 2.47% and cormosphere dor-

mant = 0.05%). This is the first report on the fungal diversity associated with the root of
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Microbiome Fingerprint as Biomarker
for Geographical Origin and Heredity
in Crocus sativus: A Feasibility Study
Nancy Bhagat 1†, Shivali Sharma 1†, Sheetal Ambardar 2, Sushmeeta Raj 1,

Deepika Trakroo 1,3, Micha Horacek 4, Rahma Zouagui 5, Laila Sbabou 5 and Jyoti Vakhlu 1*

1Microbiomics Laboratory, School of Biotechnology, University of Jammu, Jammu, India, 2National Centre for Biological

Sciences, Tata Institute of Fundamental Research, Bangalore, India, 3Department of Biosciences and Bioengineering, IIT

Bombay, Mumbai, India, 4HBLFA Francisco-Josephinum—BLT Wieselburg, Wieselburg, Austria, 5Center of Research Plants

and Microbial Biotechnologies, Biodiversity and Environment, Team of Microbiology and Molecular Biology, Faculty of

Sciences, Mohammed V University in Rabat, Rabat, Morocco

Host–microbiome interactions are specific and not random, making them defining entities

for the host. The hypothesis proposed by various researchers earlier, that both plants

and animals harbor specific inheritable core microbiome, is being augmented in the

present study. Additionally, a case for using microbial fingerprint as a biomarker, not

only for plant identification but also as a geographical indicator, has been investigated,

taking Crocus sativus, saffron, as a study material. Crocus sativus, a monogenetic

herb, on account of its male sterility and vegetative propagation, is reported to lack

genome based molecular markers. Cormosphere microbiome (microbiome associated

with corm) has been compared across three geographical locations, in two continents,

to identify the core and unique microbiome, during the vegetative phase of its growth.

Microbiome analysis done at phylum and genus level, using next generation sequencing

technology, revealed that cormosphere at three locations harbored common phyla. At

genus level, 24 genera were found common to all three geographical locations, indicating

them to be part of the core microbiome of saffron. However, there were some bacterial

genera unique to Kashmir, Kishtwar, and Morocco that can be used to develop microbial

markers/geographical indicators for saffron grown in these regions. This is a preliminary

study, indicating that the location specific bacterial community can be used to develop

microbial barcodes but needs further augmentation with high coverage data from other

saffron growing geographical regions.

Keywords: barcodes, microbiome, microbial fingerprint, biomarker, cormosphere, saffron

INTRODUCTION

Molecular markers are important tools for plant genome analysis, crop improvement,
and development of barcodes for authentic plant identification (Mishra et al., 2016). The
development of molecular markers relies on genetic variation in the plants; however,
plants lacking genetic variation due to asexual reproduction harbor unidentified or
poor resolution molecular markers. Crocus sativus is one amongst such plants that lack
genetic variations. Crocus sativus, commonly known as saffron, is an autumn-flowering
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       Bacillus -Mediated-Induced 
Systemic Resistance (ISR) Against 
 Fusarium  Corm Rot                     

     Shanu     Magotra    ,     Deepika     Trakroo    ,     Sneha     Ganjoo    , 
and     Jyoti     Vakhlu    

    Abstract  

  Fungi constitute the largest group of plant pathogens responsible for a range 
of serious plant diseases wherein fungal rot is a major disease associated 
with the pre- and post-harvest produce of plants. One of the most widely 
spread rot-causing fungi is  Fusarium  spp. that include  F. oxysporum ,  F. gra-
minearum , and  F. solani  that infect bulbs, tubers, rhizomes, and corms and 
lead to the decomposition of the tissue and fi nally death of the plant. Under 
low temperature, fungal infection usually remains dormant which under 
favorable climatic conditions converts in to disease. As there is a large 
decline in the annual yield of the crop plant due to  Fusarium  rots, so this has 
been an issue of concern since long. Earlier only chemical pesticides were 
used to control these infections but due to their ill effects on soil fertility, the 
focus has shifted to the use of biological control agents (BCA). Among 
BCA, a group comprised of bacilli, pseudomonads, and actinomycetes, 
together with nonpathogenic organisms  Fusarium ,  Trichoderma , and 
 Streptomyces , played an important role against phytopathogens. BCA helps 
in plant disease control and growth mainly by two methods: (i) secretion of 
antimicrobial compounds and (ii) induction of systemic resistance in plants. 
 Bacillus  species have been very effective BCA due to their ability to produce 
heat and desiccation-resistant spores and to withstand high temperature, 
unfavorable pH, lack of nutrients or water, and the ease of stable formulation 
preparation. This species can display almost all the mechanisms of a bio-
control and bio-stimulation/fertilization agent.  

        S.   Magotra    •    D.   Trakroo    •    S.   Ganjoo    •    J.   Vakhlu      (*) 
  School of Biotechnology ,  University of Jammu, J&K , 
  Jammu ,  India ,  180006   
 e-mail: jyotivakhlu@gmail.com  
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2.1       Introduction 

 Plants by virtue of being capable of fixing 
solar energy are the main players in a complex 
food web together with their ability to innate 
defensive capacity against pests and pathogens. 
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