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Abstract
The present study was taken up with a view to ascertain the possibility of introduction of alcohol
resistant bacteria in vitro through the aseptically raised watermelon (Citrullus lanatus) seedlings
in the backdrop of isolating such organisms from micropropagated watermelon stocks. Watermelon cv. Arka Manik seedlings grown in vitro from surface-sterilized seeds with the intact seed coat
on MS medium appeared visibly clean largely, but upon subjecting them to tissue-indexing, the
segments from the collar or root tissue showed bacterial colony growth on Nutrient Agar (NA)
from 72% of such healthy seedlings and the cotyledon and hypocotyl tissue of 44% seedlings. The
pooled colony growth from NA upon challenge with 90% alcohol yielded 10 distinct colony types,
identified as B. pumilus (4×), B. subtilis (4×), B. cereus (1×) or B. safensis (1×) based on partial 16S
rRNA sequence analysis. The shoot-tip tissue from the healthy index-negative seedlings cultured
on watermelon proliferation medium partly turned index-positive within 2 - 4 sub-culture cycles
while being apparently clean. On the other hand, those from the previously index-positive cultures
tended to show obvious bacterial growth during subsequent in vitro culturing. The observations
suggested the possibility of introduction of spore-forming Bacillus spp. through surface-sterilized
seeds, their gradual emergence in vitro in visibly clean seedlings, possible transmittal of spores to
the alcohol through tissue-culturing tools and the survival therein with the chances of unsuspected lateral spread. Seed coat removal followed by surface sterilization with sodium hypochlorite facilitated the raising of clean seedlings with no detectable bacterial association.
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1. Introduction

Microbial contamination is a serious limiting factor with plant tissue culture research and commercial production units [1]-[3]. Alcohol dip and flaming is employed as a common sterilization technique for disinfecting instruments like forceps and scalpels in plant tissue culture research and industry [4]-[6]. Recent studies have indicated that alcohol once got contaminated with the hardy spores of bacteria like Bacillus, Brevibacillus, Lysinibacillus or Paenibacillus spp., the spores could survive therein for long periods, and the adulterated alcohol
could serve as a source of inoculum leading to the unsuspected lateral spread of contaminants [6] [7]. At this laboratory, two alcohol surviving bacteria were initially isolated from the micropropagated cultures of grapes as
covertly associated endophytic colonizers, namely B. pumilus [8] and Brevibacillus sp., the latter an uncommon
Gram-negative spore-former [9]. Subsequently, five different Bacillus spp., namely, Bacillus megaterium, B. fusiformis, B. pumilus, B. subtilis and B. flexus were isolated from the spent alcohol used towards the disinfection
of culture handling tools of micropropagated triploid watermelon [10]. The spores of the above organisms
showed survival in ethanol for varying periods to the tune of over one year depending on the concentration of
ethanol, the organism involved, stage of growth of source culture, spore content and the growing conditions
[7]-[10].
The association of different bacteria in covert or inconspicuous form was found to be the cause of the unprecedented degeneration or decline in the performance of micropropagated cultures [11]. The cultures of elite
triploid seedless watermelon were cleansed through a combination of surface sterilization and antibiotic challenge coupled with recurrent medium- and tissue-indexing [12]. The watermelon culture in question had gone
through over six years of continuous in vitro culturing before the initial isolation of alcohol-resistant Bacillus
spp. [10], and it was unclear whether they were introduced at the time of culture establishment through the plant
material or as lateral contaminants later on. The present study was taken up with a view to ascertain the possibility of introduction of alcohol resistant bacteria in vitro through the aseptically raised watermelon seedlings to
clarify this obscurity so that appropriate contamination control strategies could be adopted.

2. Materials and Methods
2.1. Seed and Plant Material
Seeds of diploid watermelon (Citrullus lanatus [Thunb.] Matsum. & Nakai) cv. Arka Manik were surface sterilized by soaking in 90% ethanol for 1 min followed by 5 min treatment with 0.1% HgCl2 containing 0.01%
Tween-20. Use of HgCl2 was warranted as the alternate disinfectants sodium hypochlorite and chlorine water
induced high yellowish exudates from the seed coat which could not be contained even with their recurrent
sub-culturing to fresh medium. The HgCl2 treated seeds were rinsed in sterile distilled water six times and were
imprinted on Nutrient Agar (NA) with the parallel plating of the last two wash solutions on NA to ensure the effectiveness of surface sterilization treatments. The seeds were cultured singly in glass tubes (150 × 25 mm) containing 15 ml autoclaved Murashige and Skoog (MS) medium [13] with 30 g·l−1 sucrose and 8 g·l−1 agar. The
cultures showing any obvious or inconspicuous contamination were discarded as originating from inefficient
surface disinfection. The visibly clean seedling cultures were subjected to the indexing of medium [11] [12] by
transferring small bits of culture medium to NA at two week stage. The shoot-tips from the seedlings that had
tested negative during medium-indexing were excised at 3-wk stage and were transferred to Watermelon Proliferation Medium (WPM) [11] [12] in culture bottles. At this stage, the tissue segments from the shoot, collar and
roots were indexed on NA to check for any bacterial association [12].

2.2. Isolation and Purification of Bacteria
The colony growths that emerged on NA following the indexing of medium/tissue from the visibly clean seedlings after 3 - 4 days of incubation at 30˚C were used in further investigations. These cultures were confirmed for
spore production under 1000× phase-contrast using a Leica DM 2000 optical microscope (Leica Microsystems
CMS GmbH, Wetzlar, Germany). The sporulating cultures from different seedlings were pooled and challenged
with filter sterilized 90% alcohol for 24 h followed by plating the serial dilutions on NA. Twenty four morphologically distinct colonies were picked up after 24 - 72 h at 30˚C and the individual cultures were further ascertained for alcohol tolerance by suspending the 48 - 72 h colony growth in 90% ethanol followed by spotting on
NA. These cultures were further purified through three rounds of streaking and single colony selection on NA
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during which additional six colony morphotypes were identified. Thus altogether 30 single-colony isolations
were taken up which were coded as 2 × WM-ARB 01-30.

2.3. Identification of Bacteria
For identification, 16S rRNA partial gene sequencing homology analysis was adopted. For this, bacterial DNA
was isolated from 1 - 2 day old colony growth on NA from selected 10 distinct colony types employing the Bacterial Genomic DNA kit (Axygen Scientific, Inc., Union City, CA) and the 16S rDNA was amplified in 50 µl
reaction using 27F (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’GGYTACCTTGTTACGACTT-3’)
primers as described elsewhere [8]. The partial 16S rRNA gene sequences were subjected to Microbial Nucleotide BLAST analysis at the National Centre for Biotechnological Information (NCBI) and the identity was established based on ≥99% similarity to the closest species [8] [10]. The 16S rRNA gene sequences of the organisms have been deposited with the NCBI Genbank with the accession numbers KJ961504 to KJ961513.

2.4. Testing the Long-Term Survivability of Bacteria in Ethanol
The selected ten isolates were tested for the long-term survival in alcohol using the 4 - 5 day old NA cultures in
sporulation stage by suspending in 70%, 90% and 100% ethanol or rectified spirit (96% ethanol) and spotting on
NA at weekly interval for 2 months. The experimental conditions were as described elsewhere [7].

2.5. Seed Coat Removal and Surface Sterilization as a Measure to Check Bacillus
Introduction
The absence of bacterial growth from the surface-sterilized seeds but their emergence from the seedlings suggested the presence of seed coat as a cause for bacterial survival internally. Exploring if seed coat removal
would help in alleviating the introduction of such internally inhabiting organisms, excision of seed coat with the
use of a nail cutter was attempted prior to the surface sterilization. The seed kernel was subjected to 5 min of
treatment with NaOCl (5% available chlorine) and were cultured on agar-gelled MS basal medium (30 g·l−1 sucrose) in tubes after six rinses in sterile water. Before culturing, the kernels were tested by directly imprinting on
NA and thereafter by indexing the medium and the tissue from the resultant seedlings.

3. Results
3.1. Isolation and Purification of Bacteria
The seeds that were imprinted on NA following surface sterilization as well as the last wash solution did not
show any bacterial growth which prima facie suggested efficient surface sterilization. Out of the 30 seeds cultured on MS basal medium, two seedlings displayed visible bacterial association while ten seedlings showed
yellowish discoloration of medium or inconspicuous growth and the latter tested positive for bacteria during
medium-indexing. All the above cultures were discarded as they suggested either inefficient surface sterilization
or internal bacterial survival. The remaining 18 cultures proved negative for bacterial association during medium-indexing. Upon testing the tissue segments from these cultures, eight seedlings (44.4%) displayed bacterial
colony growth from the hypocotyl and cotyledon tissue and 13 seedlings (72.2%) from the collar and root tissue
within 2 - 3 days on NA (Figure 1). The colony growth grossly suggested the association of various organisms
in different seedlings or tissue parts. In some cases, the growth appeared to be a single organism, but clearly a
mixture in other instances.
The colony growth that emerged on NA from different seedlings after 3 - 4 days of incubation at 30˚C were
confirmed for spore production under 1000× phase-contrast. The sporulating cultures were pooled and challenged with filter sterilized 90% alcohol for 24 h followed by plating the serial dilutions on NA. Twenty four
distinct colonies were picked up after 24 - 72 h at 30˚C and these were further taken through serial dilution in
ethanol and plated on NA to check for culture purity and the selection of pure cultures (Figure 2). The selected
single colonies were further ascertained for alcohol tolerance by suspending the 48 - 72 h colony growth in 90%
ethanol followed by spotting on NA (Figure 3). Ten divergent colonies out of the original 30 single colonies
which were typical of Bacillus spp. were short-listed and carried forward through three rounds of single colony
selection with alcohol challenge each time.
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Figure 1. A view of the watermelon seedling
indexing on nutrient agar employing tissue segments from different plant parts and of the medium. Row 1, testing of forceps for sterility
prior to the usage; rows 2 - 4, indexing of tissue
from the shoot, collar and root tissue; row 5,
indexing of culture medium employing disposable pipette tips.

Figure 2. Diverse colony morphotypes derived after challenge inoculation of
colony growth from the index-positive watermelon cultures with 90% ethanol.

Figure 3. Bacterial isolates from watermelon spotted after challenge with 90%
ethanol showing alcohol tolerance.
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3.2. Identification of Bacteria

The isolates belonged to four species including four each of B. pumilus and B. subtilis and one each of B. cereus
and B. safensis as per the BLAST analysis results (Table 1). It appeared that even cultures which were morphologically distinct could belong to the same species as in the case of B. pumilus and B. subtilis.

3.3. Testing the Long-Term Survivability of Bacteria in Ethanol
All the organisms showed spore production and survival in 70%, 90% and 100% ethanol or rectified spirit (96%
ethanol) for over two months of monitoring (data not presented). The observations thus endorsed the possibility
of alcohol resistant Bacillus spp. entering the in vitro cultures of watermelon through apparently clean cultures
as covert associates.

3.4. Seed Coat Removal and Surface Sterilization
The hard coat in watermelon seeds (dry) could be removed easily with the help of a nail cutter but it was not
feasible to do so following surface sterilization or the wetting as the seeds became quite slippery and difficult to
handle. The kernel was covered with a papery testa which got loosened and easily removed during the surface
sterilization treatment employing NaOCl. The seed kernels cultured as above showed 100% germination and
they appeared devoid of obvious contaminants. Shoot-tip cultures initiated on WPM from such cultures remained index-negative during the testing of medium and tissue in the next two sub-culture passages.

4. Discussion
The observations in this study confirms the possible introduction of hardy alcohol resistant Bacillus spp. in vitro
through the aseptically grown watermelon seedlings as covertly associated organisms in the tissue culture medium or as epi/endophytes in the seedlings. The non-detection of bacterial colony growth on NA with the imprinting of HgCl2 treated seeds or upon plating the wash solutions indicated the effective surface sterilization at
culture initiation. The emergence of bacterial growth from such seeds suggested their possible origin as intra-seed colonizers. Two of the organisms isolated here (B. pumilus and B. subtilis) belonged to the same species
as documented with the long-term in vitro maintained triploid watermelon culture [10]. B. pumilus and B. safensis have also been isolated as endophytes from degenerating cultures of triploid watermelon [14]. The systematic
monitoring of seedlings through visual examinations as well as medium- and tissue-indexing showed that a section of shoot-tips initiated from the index-negative seedlings tuned index-positive within 1 - 3 subculture cycles.
Additionally, some of the shoot-tip cultures which were apparently clean initially showed up obvious contamination gradually. The above two situations could arise from the multiplication of organisms that were originally
present in few numbers [11] or from the activation of organisms that were originally not cultivable as observed
with the watermelon [14] and banana [15] systems.
Table 1. Identification of organisms retrieved from aseptically grown watermelon cv. Arka Manik seedlings as alcohol resistant bacteria as per partial 16S rRNA gene sequence homology analysis.

#

No.

Isolate ID

16S rRNA
(bp)

Closest NCBI species identity & homology#

Suggested identification
and NCBI accession no.

1

2 × WM-ARB02

605

Bacillus pumilus (MTCC B603; CP007436; 99%)

Bacillus pumilus (KJ961504)

2

2 × WM-ARB03

715

Bacillus pumilus (MTCC B603; CP007436; 99%)

Bacillus pumilus (KJ961505)

3

2 × WM-ARB07

650

Bacillus pumilus (MTCC B603; CP007436; 99%)

Bacillus pumilus (KJ961506)

4

2 × WM-ARB08

940

Bacillus pumilus (MTCC B603; CP007436; 99%)

Bacillus pumilus (KJ961507)

5

2 × WM-ARB14

815

Bacillus cereus (FRI-35; NC018491; 100%)

Bacillus cereus (KJ961508)

6

2 × WM-ARB16

802

Bacillus subtilis (PY79; NC022898; 100%)

Bacillus subtilis (KJ961509)

7

2 × WM-ARB26

798

Bacillus subtilis (PY79; NC022898; 100%)

Bacillus subtilis (KJ961510)

8

2 × WM-ARB27

700

Bacillus subtilis (PY79; NC022898; 100%)

Bacillus subtilis (KJ961511)

9

2 × WM-ARB28

741

Bacillus subtilis (PY79; NC022898; 100%)

Bacillus subtilis (KJ961512)

10

2 × WM-ARB29

706

Bacillus safensis (WM-249; KJ210642; 99%)

Bacillus safensis (KJ961513)

NCBI match: scientific name followed by strain name, accession number and the per cent homology.
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Further, all the four organisms documented in this study were also isolated as covert tissue culture associates
or as endophytes in other studies namely B. pumilus from grape [8], B. pumilus, B. subtilis and B. cereus from
banana [15] and B. safensis from watermelon [14]. Spore-forming Bacillus spp. have been documented as endophytes and tissue culture contaminants in different plant species [2] [3] [5] [6] [16]. They are also common
laboratory contaminants [17]. The results indicate that introduction of hardy spore forming bacteria in vitro is a
common phenomenon warranting additional measures to control such organisms
The seed kernel in watermelon is enclosed in a papery membrane with an external seed coat and the organisms survived either exterior or interior to the kernel. The aspect of seed kernel colonization by bacterial endophytes, particularly the Bacillus spp., needs further investigations. In the tissue culture scenario, the visibly clean
in vitro raised seedlings are generally taken forward for micropropagation or other in vitro applications as aseptic cultures, often without any specific testing for bacterial association. Indexing the medium and/or of the tissue
from the unsuspecting cultures helps in identifying such potentially damaging cultures [11] [12]. Alcohol dip of
tissue culture-culture handling tools as well as microbiological tools is a general practice in tissue culture units
and microbiology laboratories. It is possible that the spores are carried on the culture handling tools to the alcohol wherein these hardy structures survive for long periods. With the recurrent use of same lot of alcohol, the
extent of contaminants accumulates in alcohol and the brief flaming employed becomes inadequate to effectively remove the spores [5] [6]. The use of glass bead sterilizers is recommended as a safe and effective practice
during tissue culture operations [6].
The surface sterilization treatment of watermelon seeds was improved after the extraction of seed kernel with
the help of a nail cutter. This practice essentially needed the seeds to be dry as otherwise the mucous surface of
wet seeds made them difficult to handle. The seed-kernel extraction also facilitated the use of NaOCl for surface
sterilization treatment which otherwise tended to show high yellow exudation from the seed coat. This also
helped in avoiding the usage of HgCl2 which is highly toxic with the residue issues.

5. Conclusion
This study brings out the possibility of in vitro introduction of alcohol-resistant spore forming hardy Bacillus
spp. through the seedlings raised from watermelon seeds after adopting normal aseptic procedures. The removal
of seed coat prior to the surface sterilization helped in checking the introduction of such hardy organisms.
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