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Abstract: Experiments were done to construct phylogenetic tree of tolerant bacteria of Parthenium
hysterophorus amended soil and to analys its phylogeny on the basis of bootstrap value of evolutionary tree.
Different proportion (5, 10, 15 and 20%) of shed dried powdered Parthenium (whole plant) was mixed with the
soil collected from agroecosystem and bacterial population was analyzed over a period of 45 days at an interval
of 15 days, using dilution plate method. Results obtained on bacterial population have been compared with
those of control. The population ranged from 44.6±1.9798×10  to 53.10±1.2727×10  in control showing increasing9 9

trend while in Parthenium amended soil it decreased significantly corresponding to the increasing
concentration of Parthenium at different intervals. Morphological details of different bacterial colonies showed
increase in population of irregular – undulate colony, while other showed decrease in amended soil. Genomic
analysis and phylogenetic tree of this bacterial colony revealed that it is in close association with EF031071.1
and have bootstrap value 99 which implies that sample analyzed is Bacillus sp. BFF - 3. Dendrogram of analyzed
sample have 11 closely related strains of which 8 are distributed in 4 distinct groups (I, II, III and IV) and three
are remained ungrouped.
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INTRODUCTION weeds [7, 8], green manure and rice straw [9-12], sewage

Soil rich in minerals and regenerative microorganisms pesticides etc.
forms a dynamic living system that works in concert with Soil community analysis has been limited in the past
plants and the atmosphere to create the web of life in because only a minor proportion of the microbial
which humans are also a strand. The microbial flora and population is cultivable and very little information is
fauna of soil is an important constituent since soil fertility, available about changes in the composition of soil
plant growth performance and ultimately agriculture microbial communities [13-15]. Recent applications of
productivity depends on it [1, 2]. The microbial population molecular biology have provided tools to determine
of soil is made up of five major groups including bacteria, microbial presence  and  diversity  in  the  environment
actinomycetes, fungi, algae and protozoa. Among these, [16, 17]. A number of molecular genetics techniques, such
bacteria comprise the most abundant and important group as total DNA isolation and characterization, G+C
for decomposition of waste [3]. Bacteria use waste for composition, rRNA sequence, PCR amplification of
their own metabolism and finally they produce some rDNA, PCR amplification of functional genes and in situ
simple and useful compounds which are important for soil hybridization of rRNA oligonucleotide probes are being
health, agriculture and overall to balance the natural used to study microbial communities [18]. Presently, the
ecosystem. Soil microbes also secrete some acid which is rRNA genes in DNA taken directly from soil can be
an important factor in converting the waste to compost amplified using PCR, the products cloned and the
[4]. However the microbial population, microbial biomass nucleotide sequence determined. A number of researches
and their activities in soil may fluctuates due to different have begun by using these techniques, to examine the
soil management practices [5, 6], amendment of soil by biodiversity  of soil microbial communities [19-21] but no

sludge and application of chemical fertilizers and
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work has been done to determine the phylogenetic
position of bacteria from Parthenium hysterophorus
amended soil.

In this experiment, 16S rDNA was used and amplified
by PCR to construct phylogenetic tree of tolerant bacteria
of Parthenium hysterophorus amended soil and
phylogenetic analysis was done on the basis of bootstrap
value of evolutionary tree.

MATERIALS AND METHODS

Soil Sampling and Experimental Setup: Soil was collected
with the help of sterilized equipment from a depth of 10-
15cm from the agro ecosystem around Department of
Zoology, Ranchi University, Ranchi, India. The
characteristics of soil analyzed are given in table 1.

In the experiment, powder of Parthenium
hysterophorus which was prepared by mechanical
chopping of whole plant followed by shade drying and
grinding was mixed in soil collected from agro ecosystem
in the concentration of 5, 10, 15 and 20%. Whole setup
was prepared in plastic container and was kept in moist
condition. One container without Parthenium
hysterophorus was kept as control. Bacterial colonies
appearing in Parthenium containing soil at every interval
were taken as Parthenium tolerant forms.

Soil Bacteria Culture: Bacterial culture was done from
Parthenium hysterophorus amended and control soil,
over a period of 45 days at an interval of 15 days using
dilution plate method [22, 23]. 1 mL inoculums of the
primary suspension were taken & Czapek Dox agar media
(peptone -10g / L, NaCl-5g / L, beef extract- 10g / L, agar-
15g / L, pH-7) was used for culture. The petriplates
(diameter 100mm) were incubated at 37°C for 48 h.
Colonies so cultured were isolated and retained for
subsequent screening like pure culture, gram staining and
genomic analysis, on the basis of which their
phylogenetic tree was constructed.

Genomic Analysis: For genomic analysis, DNA was
isolated from the pure culture of Parthenium
hysterophorus tolerant bacterial colony. Its quality was
evaluated on 1.2% Agarose Gel, a single band of high-
molecular weight DNA has been observed. Fragment of
16S rDNA gene was amplified by PCR from the above
isolated DNA. The PCR amplicon was purified to remove
contaminants. Forward and reverse DNA sequencing
reaction of PCR amplicon was carried out with 8F and
1492R primers using BDT  v3.1  Cycle  sequencing  kit on
ABI 3730xl Genetic Analyzer. Reverse sequence of 989 bp

Table 1: Edaphic profile of experimental soil

Characteristics Value (M SD)

pH 6.37±0.21
Organic Carbon(mg / g soil ) 8.31±1.92
Nitrogen( mg / g soil) 0.58±0.11
Phosphorous( Kg / hec. ) 31.93±2.97
Potassium(Kg / hec. ) 158.4±8.57

of 16S rDNA gene was used to carry out BLAST with the
nrdatabase of NCBI gene bank database [24, 25]. Based
on maximum identity score first ten sequences were
selected and aligned using multiple alignment software
program and the phylogenetic tree was constructed using
molecular evolutionary genetics analysis software version
4.0 (MEGA 4) [26]. The bootstrap consensus tree inferred
from 500 replicates [27] was taken to represent the
evolutionary history of the taxa analysed which was used
to analyze its phylogeny.

RESULTS

Qualitative Analysis of Bacterial Colony: It was done by
studying the colony morphology. The developed bacterial
colonies on the nutrient agar plates with respect to their
shape and margin were of 4 types i.e. circular-entire,
irregular-undulate, punctiform and filamentous (Table 2).
In control, 50% of the colonies were circular-entire, 46%
were punctiform and 4% of the colonies were irregular-
undulate. Colony with filamentous shape and margin was
absent in control. The elevation of circular-entire colonies
were either flat (20%), raised (75%) or convex (5%) and
with white (40%) or green (60%) colour. The elevation of
punctiform colonies were only flat, with green (50%) and
white (50%) colour. While the elevation and colour of
irregular-undulate colonies was only flat and white
respectively. In 5% Parthenium amended soil, the
developed colonies were circular-entire (26%), punctiform
(64%), irregular-undulate (8%) and filamentous (2%). The
elevation and colour of all the four colonies were same as
control except filamentous colony. The filamentous
colony had only flat elevation and white colour.
Morphological details of bacterial colonies obtained in 5,
10, 15 and 20% Parthenium hysterophorus amended soil
(Table 2) showed that the population of different colonies
obtained in these samples was either less than the control
or they showed little variation. Only colony with irregular
shape and undulate margin showed a significant increase
from 4% (control) to 20% as concentration of Parthenium
hysterophorus in soil increased. The bacteria constituting
irregular-undulate colonies were observed to be bacilli
and their response to gram’s stain was positive (Fig. 1).
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Table 2: Morphological details of bacterial colonies in culture condition

% of Parthenium  Shape Margin Elevation Colour

Control 46% punctiform 46% entire 100% flat 50% green
50% white

50% circular 50% entire 20% flat 40% white
75% raised 60% green
5% convex

4% irregular 4% undulate 100% flat 100% white

5% Parthenium 64% punctiform 64% entire 100% flat 50% green
50% white

26% circular 26% entire 20% flat 40% white
75% raised 60% green
5% convex

8% irregular 8% undulate 100% flat 100% white
2% filamentous 100% flat 100% white

10% Parthenium 45% punctiform 45% entire 100% flat 50% green
50% white

41% circular 41% entire 20% flat 40% white
75% raised 60% green
5% convex

12% irregular 12% undulate 100% flat 100% white
2% filamentous 100% flat 100% white

15% Parthenium 36% punctiform 36% entire 100% flat 50% green
50% white

47% circular 47% entire 20% flat 40% white
75% raised 60% green
5% convex

15% irregular 15% undulate 100% flat 100% white
2% filamentous 100% flat 100% white

20% Parthenium 25% punctiform 25% entire 100% flat 50% green
50% white

52% circular 52% entire 20% flat 40% white
75% raised 60% green
5% convex

20% irregular 20% undulate 100% flat 100% white
3% filamentous 100% flat 100% white

Fig. 1: Gram staining of Bacillus sp. BFF-3 53.10±1.2727   ×10     (control),    37.3±1.8384    ×10    (5%),

Quantitative Analysis of Bacterial Colony: The bacterial
colonies were enumerated and represented as number of
colony forming units (cfu) per g of the soil sample (Fig. 2).
The  bacterial  population  data  were  further  subjected
to 2 – way analysis of variance. In control, the bacterial
population was 44.6±1.9798 × 10 , which significantly9

decreased to 33.4±1.5556 × 10 , 28.0±0.8485 ×10 ,9 9

21.2±0.4242 ×10  and 9.85±0.4949 × 10  respectively in 5,9 9

10, 15 and 20% of Parthenium hysterophorus amended
soil on 15  day of experiment. On 30  day, the bacterialth th

population observed was 49.0±3.2526 ×10 , 39.6±3.67699

×10  and 32.40±3.5355 ×10 , 25.60±1.6971 ×10 and 17.50±9 9 9

0.9899 ×10  in control, 5, 10, 15 and 20% of Parthenium9

amended soil respectively. On 45  day, a similar trend ofth

decrease in bacterial population was observed viz.
9 9
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Fig. 2: Bacterial population (values are per g of soil sample

Table 3: Analysis of variance (Two way)

Variation  SS df MS F Significance

Between conc. 1820.20733 4 455.05183 175.2671 p < 0.001
Between days 158.684333 2 79.342167 30.55931 p < 0.001
Error 20.7706667 8 2.5963333

Table 4: Close homologs of Bacillus sp. BFF - 3

Accession Description Max. score Total score Query coverage E value Max. ident.

EF031071.1 Bacillus sp. BFF-3 1827 1827 100% 0.0 100%
HM003212.1  Bacillus cereus strain WYLW1-7 1784 1784 99% 0.0 99%
FJ644692.1 Bacillus cereus strain MX3 1784 1784 99% 0.0 99%
FJ263046.1 Bacillus cereus strain ZD19 1784 1784 99% 0.0 99%
HM003208.1  Bacillus cereus strain WYLW1-1 1783 1783 99% 0.0 99%
FJ959367.1 Bacillus subtilis strain 0-2 1783 1783 99% 0.0 99%
GU085229.1 Bacillus sp. BD-31 1783 1783 99% 0.0 99%
FJ763650.1 Bacillus cereus strain S72 1783 1783 99% 0.0 99%
EU857430.1 Bacillus cereus strain B1 1783 1783 99% 0.0 99%
GQ199727.1 Bacillus sp. 210_25 1783 1783 99% 0.0 99%

Max. score = maximum score; E value = expected value; Max. ident. = Maximum identification

35.30±0.9899 ×10  (10%), 29.5±1.4142 ×10  (15%), and9 9

20.70±1.5556 ×10  (20% Parthenium amended soil). 2 -9

way analysis of variance revealed that bacterial
population has been significantly affected by both the
concentration and duration of amendment (treatment) of
soil by Parthenium  hysterophorus (Table 3).

Phylogenetic Analysis of Parthenium Tolerant Bacterial
Colony: Genomic analysis of Parthenium hysterophorus
resistant irregular  –  undulate  bacterial  colony  was
done. The sample was found to be Bacillus sp. BFF-3
(Gene bank accession No.- EF031071.1) based on
nucleotide homology and phylogenetic analysis. PCR of
fragment of 16s rDNA gene from the isolated DNA of
bacterium  shows  amplicon  band of 1500bp when
resolved on agarose gel. (Fig.  3).  Other  close  homologs Fig. 3:  Gel image of 16S rDNA amplicon 
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Fig. 4: Phylogenetic tree showing position of  PH – 1 (Bacillus sp. BFF-3)

for Bacillus sp. BFF-3 based on BLAST data are decreases significantly as concentration of Parthenium in
represented in Table 4 and its phylogenetic tree is shown soil increases on 15 , 30 , and 45  day  of  experiment
in Fig.-2. It was observed that Bacillus sp. BFF-3 is (Fig. 2). This depreciation could be because of the
closely related to Bacillus cereus strain WYLW1-7, MX3 difficulty in survival and multiplication of bacteria in soil
and ZD19 whose maximum score is 1784 which is equal to containing decomposed material of weed or accumulation
their total score. They all show 99% sequence similarity in of phenolic compounds and toxins of plant viz.
query coverage of amino acids. Other close homologs of sesquiterpene lactone (parthenin), caffic acid and ansic
Bacillus sp. BFF-3 also scored maximum score equals to acid etc. Batish et al. [28] explained such significant
total score. The expected (E) value of all these Bacillus alterations due to problem in the availability of major as
strains are 0 and it depicts that all the 10 close homologs well as micronutrients and also amounts of phenolics from
of Bacillus strain are homogenous in comparison to Parthenium amended soils. It is also observed that
Bacillus sp. BFF-3. phenolic compounds may alter the accumulation and

Phylogenetic tree shows that sample (  PH-1) is in availability of nutrients in soil [29, 30]. Ahmed and Ahmad
close association with EF031071.1 which has bootstrap [31] found that insecticide, chlorpyrifos causes significant
value of 99 (at node), and it implies that sample analysed reduction in number of soil bacteria. Jeyalakshmi and
is Bacillus sp. BFF-3 (Fig. 4). This monophyletic group of Valluvaparidasan [32] also worked to assess the
sample  and Bacillus sp. BFF-3 further show close relation distribution of soil microorganisms in the Parthenium
with FJ644692.1 (Bacillus cereus strain MX3) and have hysterophorus infested soils of Tamil Nadu and revealed
bootstrap value 74. This entire group has bootstrap value that a total of 13 fungi were isolated with different per cent
34 with HM003212.1 (Bacillus cereus strain WYLW1-7). distribution.
Again the value for HM003208.1, GU085229.1 group, The sample identified was Bacillus sp. BFF-3 strain,
EU857430.1,GQ199727.1 group and FJ959367.1, FJ763650.1 is an aerobic, endospore forming and mobile gram positive
monophyletic group is 18, 23 and 51 respectively. All rod shaped bacteria. Felsenstein [27] proposed that
these strains together have bootstrap value 64 and are bootstrap value of 95% or greater be considered
also other descendants of ancestor of Bacillus sp. BFF-3 statistically significant and indicate support for a clade;
strain but they are distant members of  PH-1 and alternative nodes can be rejected if they occur in less than
Bacillus sp. BFF-3 (EF031071.1) monophyletic group. 5% of the bootstrap estimates. Hillis and Bull [33] also

DISCUSSION overestimates of accuracy. Here in this experiment,

Parthenium hysterophorus L. is an obnoxious weed (Bacillus sp. BFF-3) is 99 and it implies that both are sister
and is considered to be one of the worst weed for species and thus a clade (monophyletic group). In the
agriculture, environment and human health in the world. dendrogram shown here 11 strains are present of which 8
Quantitative analysis revealed that bacterial population strains are distributed in 4 distinct groups (I, II, III and IV)

th th th

stated that bootstrap values of 50% or more may be

bootstrap value between sample ( PH-1) and EF031071.1
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and three are remained ungrouped (Fig. 4). All the 4. Speir, T.W. and D.J. Ross, 1978. Soil phosphatase
ungrouped strains of Bacillus sp. BFF-3 monophyletic
group are members of the Bacillus cereus (Bc) group and
50% of the grouped members are also of Bc group.
However, all the strains are members of genus Bacillus
and family Bacillaceae. Bacillus cereus is an opportunistic
pathogen causing food poisoning manifested by
diarrhoeal or emetic syndromes [34]. It is closely related to
the animal and human pathogen Bacillus anthracis and
Bacillus thuringiensis. Xu and Cote [35] stated that
Bacillus anthracis, Bacillus cereus, Bacillus mycoides
and Bacillus thuringiensis belongs to the same group
from 40 Bacillaceae studied species. The phenotypic and
genotypic similarities between all four species have been
well documented [36 -38]. Recently Helagson et al. [39]
proposed to regroup B. anthracis, B. cereus and B.
thuringiensis in a single species on the basis of genetic
evidence. Since the genus Bacillus was first described
[40], the number of Bacillus species has fluctuated
widely. Rossler et al. [41] grouped nine Bacillus species
into four clusters. In particular, 16s rRNA gene sequence
analysis by Ash et al. [38] revealed five phylogenetically
distinct clusters of species and three ungrouped species
from 51 Bacillus sp. Studied. Many Bacillus species that
belonged to these phylogenetic groups have been
reclassified as members of novel genera or have been
transferred to other genera [42, 43]. Despite the reduction
in the number of species in the genus Bacillus, the genus
is considered as one of the largest genera and additional
Bacillus species from diverse habitats have been
described recently [44, 45, 46].
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