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Abstract

The residue level of hexachlorocyclohexane (HCH) at
contaminated dumpsites and nearby or related sites were
studied. Water samples and sediments were collected
from different HCH contaminated sites for residue
analysis. These different sites include solexa data of
dumpsite, Ummari, Lucknow (U.P.) (SolexaDS),
dumpsite (DS) and two samples at the pond sediments
near the pesticide industry, Chinhat, Lucknow (U.P.) (PS1
and PS2). 1km and 5km away from the DS i.e., 1km and
5km respectively were also included in the study. There
was a correlation of HCH residue concentration at
different sites with LinA and LinB protein distribution.
Further, to investigate prevalence of LinA and LinB
protein sequences in the metagenomic data sets of sites
with different HCH gradients, a gene-centric approach
was used. The study showed that in HCH stressed niches,
LinA and LinB sequences from the metagenomes were
found to cluster, thereby providing evidence in support of
the proposed evolution of these proteins in the HCH-
contaminated environment.
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Introduction

Since the 1950’s, lindane has been used as potential
pesticide against crop pests and vector-bone diseases [1].
It is estimated that approximately 4 to 7 million tons of
HCH residues have been produced and discharged around
the globe in the last six decades following the rise in
lindane’s application against agricultural pests [2, 3]. The
problem rose not only due to y-HCH (10-12%) which has
insecticidal properties but also with the other isomers of
HCH which is produced during the production of y-HCH.
Unregulated and unmanaged disposal of other non-
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insecticidal isomers such as: a- (+/-) (60-70%), B- (10-
12%), 8- (6-10%) and &- HCH (3-4%) had led to
formation of many HCH dumpsites all over the world
wherever y-HCH was produced [3, 4]. The a-, B- and vy-
HCH isomers were designated as Persistent Organic
Pollutants (POPs) in the Stockholm Convention in May
2009 [5] (UNEP 2009). In addition to being the most
abundant of the isomers, the a-HCH isomer has also been
implicated in carcinogenesis and the B-HCH isomer has
been shown to have higher persistence and estrogenic
effects [6]. Over the past 20 years of lindane production
the industry has utilized inappropriate storage and
disposal practices, resulting in widespread environmental
HCH contamination and a large number of HCH
dumpsites [2]. One of the HCH dumpsites situated in
India at Ummari village, Lucknow has been widely
studied for characterization of the microbial diversity by
culture dependent [7, 8, 9, 10, 11, 12, 13] and culture
independent approaches [14, 15] to reveal the potential of
microbial community against HCH contamination. These
studies reported the presence of efficient HCH degraders
and tolerant bacterial species that inhabit under such high
HCH stress (450 mg/kg of soil) [14]. Specifically, many
of these bacteria shared components of a unique catabolic
system for HCH degradation which was named as lin
system [16, 17, 18, 19, 20].

In the previous study on comparative metagenomic
profiling of HCH contaminated soil samples at different
gradients i.e. Dump Site (DS, 450 mg/kg of >, HCH), one
km away from the dumpsite (1KM, 0.7 mg/kg of > HCH),
five km away from the dumpsite (5km, 0.03mg/kg of
>"HCH) the microbial community dynamics active at such
stressed niches were studied. The presence of xenobiotic
compounds exerts a selection pressure which has been
shown to be linearly correlated to the acquisition of
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foreign genes such as the lin system genes [14]. Building
on our previous study we have investigated and described
the prevalence of community metabolic structure in
relation to the environmental residue levels of HCH and
other contaminants at the dumpsite, 1Km, 5Km away
from the DS with pond sediment situated nearby to Indian
Pesticide Limited (IPL), Lucknow, former producer of
HCH. Moreover, the previous studies were restricted to
HCH dumpsites and lin gene sequences [18, 19, 21]. In
this study, six metagenomic datasets from both HCH
dumpsite and IPL industry area made it possible to
investigate the effect of HCH pressure on the prevalence
and distribution of Lin proteins across the vicinity of the
dumpsite as well as pesticide producing industry.

Materials and Methods
a) Sample collection and residue analysis

Soil and water samples were collected in February 2014
(winter session) near the HCH production industrial site
[Indian Pesticide Limited (IPL), Industrial Area, Chinhat,
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Lucknow (U.P.)] Coordinates (26°54'34.86"N, 81°04'25.22'E)
and HCH dumpsite [Ummari, Lucknow (U.P.)] Coordinates
(27°0024.7'N, 81°08'57.8"'E) along with two more locations
1km Coordinates (27°00°31.1"'N, 81°08'54.7"'E) and 5km
Coordinates (27°00°59.5"'N, 81°08'36.08'E) distant from
dumpsite. Different zones were also selected at both Chinhat
industrial area [Pond Sediment (PS), Pond Water (PW) and
IPL Drainage Water (IDW)] and Ummari village [DumpSite
(DS), one km from DS (1KM), five km from DS (5KM),
Water near dumpsite (DSW) and Hand Pump Dumpsite water
(HPDS)] (Figure 1). At each zone five replicates of soil
samples were collected and then pooled separately to represent
that zone. Samples were collected with a sampling auger at
depths varying from 0 to 15 cm. Two liters of each of
composite water sample were collected from within 200m. All
the samples were kept and transported onice to laboratory and
the time between sampling and extraction did not exceed 24 h.
HCH residues extraction from the samples and subsequent
analysis was done using the method described by Prakash et
al., 2004 [22]. The physiochemical properties of the sediment
samples were analyzed at the Soil Testing Services - Indian
Agricultural Research Institute.
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Figure 1: Map of HCH contaminated sampling sites at Ummari Village and Chinhat Village, Lucknow.
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b) De-novo assembly of the metagenomes

The metagenomic data was obtained using Illumina HiSeq
2000 platform (lllumina, Inc.) from Pond Sedimentl (PS1)
and Pond Sediment2 (PS2). The assembly of sequence was
done using Velvet_1.2.03 assembler [23] at k-mer length 39
(expected coverage, auto; insert length, 170 bp; length cutoff,
200 bp and minimum contig standard deviation for insert
length, 20 bp) [24]. Optimization of k-mer length was done
by running Velvet assembler at different k-mer. Minimum
cutoff length for contig was >200bp to ensure better ORFs
prediction [25]. Metagenomic data obtained from the 1Km
(IKM), 5Km (5KM) distant from the dumpsite and
Dumpsite (DS) was assembled using Velvet 1.2.03
assembler at 31 k-mer length, 200bp insert length and “auto”
expected coverage [14].

C) Gene centric and phylogenetic analysis

Sequences from PS1 and PS2 (SRP047092), DS
(4461840.3), 1KM (4461013.3), 5KM (4461011.3)
samples were considered for in silico analysis of gene and
hypothetical proteins or predicted proteins involved in
chlorocyclohexane metabolism and phylogenetic analysis
of LinA and LinB protein sequences. From metagenomic
contigs MetaGene gene finder [26] and MetaProdigal [27]
predicted open reading frames (ORFs). KEGG GENES
[28] was used to perform pathway annotation of peptide
sequences from metagenomic data [(RPS-BLAST)
Reverse Position-Specific BLAST; 29 (Bit Score > 60 and
bi-directional hit rate (BHR) > 0.95)].

For phylogenetic analysis only the protein sequences
having an alignment covering > 80% length of LinA (E-
value < le-5) and 60% of LinB (E-value < le-5) were
retained. A maximum likelihood tree with 100 bootstrap
replicates was computed with PhyML [30] in which the
WAG amino acid substitution model of evolution and four
categories of substitution rates were implied.

d) Data availability

The PS data is available at NCBI SRA under the accession
no. SRP047092. The sequence data of previous
metagenomic reads is also available at MG-RAST
accessions: 1KM =4461013.3, DS =4461840.3 and 5KM
=4461011.3
(http://www.ebi.ac.uk/ena/data/view/ERP001726).

Results and Discussion

a) Physiochemical and HCH residue analysis across
different sites

Among three important nutrients i.e., nitrogen,
phosphorus and potassium) nitrogen was the only nutrient
that crosses over the permissible limit (120 kg/ha) at all
sites. The 5KM soil samples contained high levels of both
nitrogen (460 kg/ha) and phosphorus (318 kg/ha). On the
other hand, the dumpsite sample contained highest level
of potassium (918 kg/ha) as compared to other sites. All
the sites have alkaline soil content (pH >7) as a result of
which the electrical conductivity of the dumpsite sample
was found higher (8.5dS/m) due to the saline condition of
the soil.

Table 1: HCH Residue (mg/kg) and chemical properties of soil samples.

Samples PS1 PS2 DS 1KM 5KM
Electrical Conductivity (dS/m) 1.10 0.73 8.50 0.19 0.43
pH 7.72 6.92 7.21 7.81 7.93
ﬁ(\é?ti::)ble Phosphorus (P) 25.3 24.9 60.3 93 318
Organic Carbon(C) (%) 0.85 0.41 30.74 0.45 0.67
Available Nitrogen(N) (kg/ha) 439 502 335 397 460
Available Potassium (K) (kg/ha) 89 90 918 40.5 84.3
Salinity Normal Normal Saline Normal Normal
B-HCH (mg/kg) 0.831+0.003 0.833+0.005 182.2+9.7 0.514+0.029 0.295+0.13
a-HCH (mg/kg) 0.074+0.001 0.076+0.002 7.680+4.58 0 0
YXHCH (mg/kg) 0.905+0.003 0.909+0.006 7.922+8.94 0.514+0.029 0.295+0.013
YHCH (mg/kg) 0 0 35.9+9.7 0 0
SHCH (mg/kg) 0 0 24.1+3.81 0 0

*Values are the mean of three replicates.
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Normal salinity levels represented by low concentration of
cations (except nitrogen(N)), neutral pH of the samples
and electrical conductivity.

Residues of HCH isomers detected in the soil and water
samples are mentioned in Table 1 and 2. The
concentration of all HCH isomers (a-, B-, y- and 3-HCH)
ranged from 0.295+0.013 mg/kg to 7.922+8.94 mg/kg in
all soil samples (PS, DS, 1KM and 5KM) and 4.520+0.31
mg/L to 42.16+2.43 mg/L in all water samples (PW, IDW,
DSW and HPDS). Specifically, in soil samples, the B-
HCH isomer varied from 0.295+0.13 mg/kg to 182.2+9.7
mg/kg whereas in water samples from 4.52+0.31 mg/L to
25.06+2.36 mg/L. In contrast to this, in soil samples, the

concentration of a-HCH isomer varied from 0.075+0.001
mg/kg to 7.680+4.58 mg/kg but among water samples,
only sample obtained from the dumpsite shown the
presence of a-HCH (DSW; 8.08+0.278). Among all the
samples, y- and 6-HCH residual levels were lower than
that of a- and B-HCH isomers might be due to their high
concentration in t-HCH. HCH residues in soil samples
were inversely correlated to the distance from the HCH
dumpsite. At the industrial area, the total HCH was
greater than 1KM and 5KM sites. The residue level of
pond water (PW, 18.520+1.085 mg/L) at IPL was lower
than the sample obtained from industrial drainage water
(IDW, 42.16+2.43 mg/L).

Table 2: HCH Residue Analysis (mg/L) of water sample collected near to the IPL site and dumpsite.

Samples PW IDW DSW HPDS
a(g/) 0 0 8.08+0.278 0

B @) 13+1.000 15.04+1.670 25.06+2.360 4.52+0.310
& (g/ 5.52+0.095 27.14+0.950 0 0

X HCH (g/l) 18.520+1.085 42.16+2.430 33.1442.559 4.520+0.310

*Values are the mean of three replicates.

Other physiological conditions of the samples, such as,
specific conductivity, pH, salinity, and nutrient levels
(nitrogen, phosphorus and potassium) are critical to
maintain the complex microbial communities at the sites.
Among the samples, relatively lower salinity, electrical
conductivity, ion concentration of PS2 and PS1 sediment
samples indicated a less stressed microbial community
with high metabolic efficiency (Table 1). There was
significant  (p<0.00001) differences in electrical
conductivity at all the sites, with a maximum at DS (8.5
ds/m). High conductivity might be due to salt ions and
high HCH concentration. In addition, with the high
conductivity at the dumpsite, high concentration of both
potassium and nitrogen was observed. High level of
potassium at DS (918 kg/ha) might relate to its
bioremediation potential [31] as potassium ions might
undergone to exchange reaction with other cations present
in the soil, thereby affecting the bioavailability of
potassium for plants. Thus saline condition of DS is ideal
for potassium retention. In case of nitrogen, high level
was found at all the sites might be due to nearby
agricultural practices. However, these concentrations may
fluctuate with changes soil temperature and moisture. The
pH of all the soil samples was alkaline (pH > 7) and in
such condition phosphorus reacts with calcium to form

calcium phosphate minerals. Most of the phosphorus in
soil is bound by phosphorus minerals in chemical forms,
which is then released into the soil as the surface of the
soil solution is uncoupled. Thus, phosphorus minerals are
low in concentration.

Total HCH from different sites and residue levels of HCH
isomers were measured to assess the different levels of
HCH contamination. In the previous study, the maximum
HCH concentration was observed at the dumpsite and the
concentration was found decreasing with increasing
distance from the dumpsite [14]. In this study, we have
obtained different water and soil samples both from the
HCH dumpsite, Ummari village, Lucknow and Indian
Pesticide Limited (IPL) a former pesticide factory in
Chinhat, Lucknow. The HCH residue analyses of the
samples were performed. Among these samples, the
residue levels at pond sediment nearby to the IPL industry
is not very much evident (> 0.909 mg/kg). Besides
organochlorides there are other pesticides [B-endosulfan
(220.9ng/mL), a-endosulfan (80.9ng/mL), chlorpyriphos
(20.9ng/mL),  dimethoate  (2.9ng/mL),  malathion
(1.6ng/mL) and monocrotophos (8.3ng/mL),] present in
pond sediment [32]. Also, due to preferential extraction of
y-HCH for its insecticidal property, the residue levels of
a- and B-HCH were the highest.
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Figure 2: Pearson's r correlation coefficients between HCH isomers for a. soil samples (PS1, PS2, DS, 1KM and 5KM) b. water
samples (PW, IDW, DSW and HPDS). c. phylogenetic distribution of LinA proteins in HCH contaminated metagenomes. A distance
tree (Maximum-Likelihood) was calculated from the sequences of LinA proteins extracted from PS1, PS2, Solexa DS, DS, 1KM and
5KM. Only protein sequences covering at least 80%, with an E-value < 1e-5 were considered. d. phylogenetic distribution of LinB
proteins in HCH contaminated metagenomes. A distance tree (Maximum-Likelihood) was calculated from the sequences of LinB
proteins extracted from PS1, PS2, Solexa DS, DS, 1Km and 5Km. Only protein sequences covering at least 60% (E-value < 1e-5).

The HCH concentration in samples obtained from IPL
industry Chinhat varied from 0.907 mg/kg to 43.0 mg/kg
in pond sediment and 18.52 mg/l to 42.16 mg/l in water
(Table 1). On the other hand, the residue levels at DS
were the highest and showed the correlation with other
sample (PS1, PS2, 1KM and 5KM) as, R? >0.60 (Figure
2a). Interestingly, the residue levels of PS were more
correlated (R% = 0.65) to DS than other samples. Also, in
case of water samples, PW was highly correlated (R? >
0.91) to water samples near DS (DSW and HPDS)
(Figure 2b). The B-HCH isomer had the maximum
concentration in PS (0.831 mg/kg) and PW samples (13.0
mg/l). Surprisingly, the contamination level of HCH in the
water sample which is used for the domestic and
agricultural purpose was found greater than the maximum
permissible limit (>0.1 mg/l for each isomer and >0.5
mg/1 for t-HCH). Hence, this water is unfit for domestic or
any other purpose. In addition to this, the prevalence of -
HCH and 6-HCH in PW and PS was observed while a-
and y-HCH are present at relatively lower level or

altogether absent. As already stated, a-HCH contains the
major portion of HCH muck i.e., 60-70%, but was not
identified in pond sediments which suggest that HCH
residues in the PW and PS were stored before and now the
industry might have discontinued the production of HCH
isomers which in turn prevented their further deposition.
Hence, only B- and 8- HCH isomers still detected due to
their persistence and stable nature.

b) Distribution and diversity of phylogenetic clusters
across hexachlorocyclohexane contaminated sites

Using the gene centric approach, several enzymes were
unraveled. Enzyme involved in degradation of
chlorobenzene and chlorocyclohexane(ko00361) was
present in all metagenomic datasets (PS1, PS2, Solexa
DS, DS, 1KM and 5KM). They are mostly from the
family of oxidoreductase, hydrolases, lyases and
isomerases. These enzymes help the microbes to tolerate
and metabolize different xenobiotic compounds. Among

Cluster C



76

Microsphere (2022) 1(2): 71-81

these, hydroxyquinol 1,2-dioxygenase(EC 1.13.11.37)
and maleylacetate reductase(EC 1.3.1.32) were found
enriched in the PS metagenome which catalyzes the
conversion  of  hydroxyquinol to  3-oxoadipate
[Hydroxyquinol 1,2-dioxygenase catalyzes the
trinydroxylated intermediates (Chlorohydroxyquinol or
Hydroxyquinol)] and then maleylacetate reductase
converts maleylacetate to 3-oxoadipate. Also, the
enzymes after the degradation of chlorinated aromatic
compounds [33] vyield chlorocatechol. The enzymes
might have evolved due to gene duplication and
accumulation of multiple mutations. Another enzyme
identified predominately was biphenyl-2,3-diol-1,2-
dioxygenase (bphC) which is an active degrader in
number of pathways, including those of phenanthrene |,
naphthalene [34] and biphenyl [35, 36]. Its has
degradation capability for various substrates such as
biphenyl -2,3-diol, catechol, 2,3-dihydroxybiphenyl and
3-methylcatechol. Hence, the abundance of these genes
determines the functional dynamics of microbes.

Focusing on the lin genes, involved in degradation of HCH
isomers and are diverging to form several catabolic functions
[37], linA and linB are the two primary genes which acts on
the HCH isomers. linB belongs to the o/ hydrolase family
and encodes for halo alkane dehalogenase whereas linA
encodes for HCH dehydrochlorinase. The LinA acts on the
a- and y-HCH isomers [16] while linB acts on f-HCH, 8-
HCH and pentachlorocyclohexanol, yielding a 2,3,4,5,6-
pentachlorocyclohexanol  (2,3,4,5,6-PCHL),  (2,3,4,5,6-
PCHL) and tetrachlorocyclohexanediol respectively [19].
The datasets were enriched with sequences of linA and linB
genes (E value > 1e-5) as well as linC (Dehydrochlorinase),
linR (LysR family transcriptional regulator), linD (Reductive
dechlorinase), linF (Maleylacetate reductase), linGHJ (Acyl-
CoA transferase, Acyl-CoA transferase , Thiolase) and linKL
(Putative ABC transporter system, Putative ABC transporter)
to a lesser extent (Evalue > 1e-5). To investigate the
distribution and evolution of LinA, and B proteins in all the
metagenomic dataset present at HCH contaminated sites
[21], phylogenetic analysis of protein sequences was
performed. Phylogenetic analysis led to formation of several
clusters of protein sequences based on similarity index. This
suggested that LinB proteins were most enriched in DS
(20.69%) and LinA proteins in SolexaDS (31.57%). Based
on the phylogenetic analysis, cluster C was the most
common and most abundant cluster in LinA protein
phylogeny, comprising of 26.32% of all LinA homolouges
(Figure 2c). Similarly cluster B in LinB protein phylogeny
(Figure 2d) shows 22.81% of all homologues. Cluster B and
F were the most common LinB cluster among the
metagenomic datasets, whereas the most abundant cluster
was cluster B. The enrichment of LinA protein varies

comprehensively among the metagenomic datasets
(Supplementary Table 1) in which it was found maximum
in Solexa DS which could relate to its residual level
(7,92248.94 mg/kg HCH) present at DS (Table 1). On the
other hand, the enrichment of LinB protein was evenly
distributed among all the metagenomic datasets, independent
of the residue levels present (Supplementary Table 2).
These findings suggest that the over-representation of Lin
proteins in one metagenomic dataset may be due to selection
by the environment. To investigate the distribution of LinA
and LinB proteins in different HCH contaminated microbiota
the protein coding genes derived from metagenomic datasets
(PS1, PS2, Solexa DS, DS, 1KM and 5KM) were subjected
to phylogenetic analysis. LinA protein sequences are
enriched in Solexa DS metagenome (31.57%). ClusterD of
LinA is most prevalent in Solexa DS associated
metagenome. Simultaneously clusterA and clusterE of DS
and 1KM, respectively, are also enriched with LinA protein
sequences. More LinA copies might have been recovered
from the Dump Site due to the higher HCH residue levels at
DS (7,922+8.94 mg/kg). According to the phylogenetic
analysis, the protein sequences show diversity and evolution
not only at the dumpsite but at nearby sites (1KM) also.
Residue levels at PS (<0.909+0.006 mg/kg) are greater than
1KM (0.514+0.029 mg/kg) from the dumpsite. Despite the
HCH dumpsite where pressure of HCH is very high, LinA
proteins are more clustered at 1KM. This is predicted to be
due to the transfer of microbes from DS to 1KM. These
microbes may transfer the sequence through horizontal gene
transfer (HGT). In case of LinB protein sequences, cluster B
is most prevalent at DS and 5KM from dumpsite. High copy
numbers of LinA, LinB proteins are present at high residue
levels of HCH such as DS (7,922+8.94 mg/kg) but there is
no such correlation [21]. The high residue level is not the
only factor: other biological factors like HGT by IS elements
and plasmids may be responsible for the high copy number.
Broad category of substrates of halogenated compounds are
preferred by LinB whereas LinA is very restricted to PCCH
products, v-, a-, and 3-HCH [18]. It is due to HCH pressure
that LinA proteins are evolving to a greater extent at the DS.
LinB, which is evolutionary more advanced and evolved, is
evenly distributed at all the contaminated sites [18, 19, 21].

Better correlations can be drawn for Lin protein sequences in
different environments with the collection of more
metagenomic datasets. Large number of metagenomic
datasets can rightfully justify the diversity and distribution of
protein sequences and their evolutionary profile in different
environment. Along with metagenomic sequencing, the
temporal dynamics at such sites will allow for a more
comprehensive study regarding evolution of proteins
involved in degradation of chlorocyclohexane compounds.
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Figure 3: Relative shannon-diversity index based upon the three different genotypes of LinA i.e., LinAl, LinA2 and
LinA3. Each dot represents the diversity of the gene with respect to the metagenome: PS1, PS2, Solexa DS, DS, 1KM

and 5KM.

C) Diversity and abundance of linA variables across
different HCH concentration

To reveal the relative abundance and sequence diversity
of linA (HCH dehydrochlorinase) and linB (haloalkane
dehalogenase) gene, their protein sequences were
retrieved from the metagenome of the sites under study.
This was followed by the Shannon-diversity index
analysis to assess their relative abundance with respect to
the sites (Figure 3). The highest abundance and diversity
of HCH dehydrochlorinases (LinA) and haloalkane
dehalogenases (LinB) was found in metagenome of HCH
dumpsite samples might corresponds to the maximum
concentration of HCH among the sites under study
(Tablel). Comparatively less amount of these genes are
abundant in all the other sites which formed a closed
grouping. Focusing on linA gene, in which three
genotypes are known i.e., linAl, linA2 and linA3 [38, 13],
linA3 was found most abundant in the DS samples.
Notably, 1inA3 is a hybrid of linAl and linA2 and was first
identified in Sphingobium sp. HDIPO4 which was isolated
from the same HCH dumpsite [13]. Further, a

thermostable linA gene copy [39] with these three
genotypes and close identity was observed with linA3
(99.35%) i.e., only a single amino acid substitution of
L641 (Leucine with Isoleucine at 64 a.a position) which is
however a conservative mutation. This suggests that linA3
might have the thermostable properties which might be
the probable reason of its high abundance at the dumpsite.
In addition to this, linAl was comparably more abundant
in 1KM. From the literature, preferential metabolism of
(+)a-HCH by linAl and thermostable linA copy over (-)a-
HCH is already known [38, 39]. Also, higher
concentration of (+)a-HCH in environmental samples was
reported in the previous studies [40]. This demarcates that
both linAl and linA3 contributing in the preferential
degradation of (+) a-HCH at the dumpsite which might be
present in higher concentration. Except these three
datasets (Solexa DS, DS and 1KM), all the other three
sites have shown nearly similar abundance of these linA
genotypes. Hence, linAl and linA3 genotypes were found
to the most abundant at the sites contaminated with HCH.
Similarly, in case of linB, the gene copy was found most
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enriched at the dumpsite followed by the other four sites.
Therefore, even the pond sediment is closely situated to
IPL industry, but the enrichment of both hydrochlorinases
and haloalkane dehalogenases was less may be due to less
concentration of environmental pollutant compared to the
HCH dumpsite. Hence this suggests that open sinks in
which HCH muck were dumped have both the more HCH
concentration and microbial community to adapt against
the environment rather than the sites present nearby to the
HCH producing industry or industrial effluents.

Conclusion

To draw a comparison between the HCH contaminated
dumpsite and areas nearby to the organochlorine
producing industries, HCH residue at the dumpsite (DS),
1KM, 5KM away from the DS and pond sediment (PS)
were assessed. Also, comparative functional profiling of
microbial community was analyzed between DS, 1KM,
5KM and PS with respect to the level of HCH
contamination. Besides HCH there are many aromatic
compounds and heavy metals which get discharged from
the industry hence, genes encoding for aromatic
compound degradation such as hydrolases,
oxidoreductase, isomerases and lyases were identified in
the pond sediment metagenome. In addition, enzymes like
hydroxyquinol 1,2-dioxygenase, maleylacetate reductase
and biphenyl-2,3-diol-1,2-dioxygenase (bphC) specifically
degrading chlorocyclohexane and chlorobenzene have
been discussed in detail. The diversity and distribution of
LinA protein sequences were found abundant in response
to HCH contamination stress. Whereas in case of LinB
protein sequences the distribution was even throughout
the sites. Hence, this information was retrieved by high-
throughput sequencing of complex communities, with
residue and phylogenetic analysis which provided a clear
picture of microbial community and gene enrichment with
response to environmental contaminants and their
concentration. To further extend this work, it is critical to
acquire knowledge of complex microbial metabolism in
the context of the environmental conditions in which they
are evolving.
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Supplementary Material

Supplementary Table 1: Relative abundance of LinA protein among different metagenomes

Samples Cluster A Cluster B Cluster C Cluster D Cluster E
Pond Sediment (PS1) - - 2 2 1
Pond Sediment (PS2) - - 4 1 -
Solexa DumpsSite (Solexa DS) 4 2 2 6 4
DumpsSite (DS) 5 2 3 3 3
One KM from DS (1KM) 1 - 1 - 5
Five KM from DS (5KM) 1 1 3 - 1
Supplementary Table 2. Relative abundance of LinB protein among different metagenomes

Samples Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster
A B C D E F G H |

Pond Sediment (PS1) - 2 - - 2 1 - 3 2
Pond Sediment (PS2) 2 2 1 - - 1 - 3 -
SD%!;zxa DumpsSite (Solexa 1 i i 2 i 2 ) i i
DumpsSite (DS) - 4 2 2 1 - 2 1 -
One KM from DS (1KM) 1 1 - 1 2 2 1 - 2
Five KM from DS (5KM) - 4 1 1 1 1 1 1 1




