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1. Next-Generation Sequencing (NGS) 5. Calcium Carbonate Equivalent (CCE)
2. Completely Randomized Design (CRD)

3. Soil acidity (Soil pH)

4. Electrical Conductivity (EC)
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1. The Perkin Elmer AAnalyst 7000 Atomic Absorption Spectrometer 10. Picomol

2. Serial dilutions 11. Taq DNA Polymerase 2X Master Mix Red (1.5mM MgClI2) (Ampligon, Denmark)
3. Nutrient agar medium 12. Bio-Rad T100 thermal cycler (Bio-Rad Laboratories, Hercules, CA, USA)

4. NanoDrop Microvolume Spectrophotometers 13. Denaturation

5. Agarose gel electrophoresis 14. Annealing

6. Small subunit ribosomal RNA (SSU rRNA) 15. Extension

7. base pairs or bp
8. Universal bacterial primers

9. Forward and Reverse primers
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1. BLAST 7. Next-generation sequencing (NGS) libraries are made by cutting DNA into short
2. National Center for Biotechnology Information (NCBI) pieces, adding adapters, and removing non-bound adapters
3. BioEdit and GeneDoc 8. Target-Specific Sequence
4. 18S refers to the 18S ribosomal RNA gene 9. Adapter Sequences
5. The "ITS" in the context of fungi refers to the Internal Transcribed Spacer, a region 10. Indexing Sequences (Index Primers)
of ribosomal DNA that is widely used as a DNA barcode for identifying and classifying 11. Multiplex Sequencing
fungi 12. deoxynucleotide triphosphates (dNTPs)

6. Barcoding primers
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1. Novogene is a leading provider of genomic services and solutions with cutting edge 4. paired-end reads
NGS and bioinformatics expertise 5. alignment

2. QIAGEN CLC Genomics Workbench

3. In next-generation sequencing (NGS), raw reads are the unprocessed, raw sequence

data directly outputted by sequencing instruments
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1. Analysis of Variance (ANOVA)
2. quantitative PCR (qQPCR)

5. Denaturing gradient gel electrophoresis (DGGE)
3. Ribosomal Intergenic Spacer Analysis (RISA)
4. Methanotrophs are prokaryotes that metabolize methane as their source of carbon

and chemical energy
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W failed QC - 441 (0.03%)
B unknown - 10,182 (0.77%)
B predicted feature - 1,304,246 (99.19%)
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B oredicted feature - 1,200,350 (99.60%)
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Phylum
Class
e &
W Baclli- 145,445 (37.05%)
M Firmicutes - 163,093 (40.94%) X )
B unciassifed (derived from Bacteria) - 58,217 (24.90% MW unclassified (derived from Bacteria) - 99,217 (25 28%)
unelassi (_ erived from Bacteria) - - ) I Betaproteobacteria - 43,194 (12 28%)
W Proteobacteria - 97,012 (24.35%) B Gammaproteobacteria - 31,401 (8.00%)
B Gemmatimonadetes - 11.459 (2 88%) B Alphaproteobacteria - 1,885 (3.02%)
M Hitrospirae - 8,675 (2.43%) W Gemmatimonadetes (class) - 11,459 (2.92%)
M streptophyta - 6,509 (1.83%) M Clostridia - 10,347 (2.64%)
M Actinobacteria - 4,601 (1.15%) B Hitrospira (class) - §.678 (2.47%)
B Planctomyceles - 4554 (1.14%) M unclassified (derived from Streptophyta) - 6,485 (1.65%
] (derived from quences) - 43¢ M Deltaproteobacteria - 4,873 (1.27%)
W Arthropoda - 367 (0.09%) W Actinobacleria iclass) - 4,601 (1.17%)
B Chiorophyta - 254 (0.06%) B Pianctomycetacia - 4,554 (1.16%)
Hegativicutes - 1955 (0.50%
M Spirochastes - 242 (0 06%) : egatvicutes ‘ !
werived f a8
W Ascomycota - 226 (0.06%) (cenved fom
W Tenericutes - 202 (0.05%)
Family Order
W Bacilaceas - 113,052 (34.02%) MW Bacilales - 135,980 (39.01%)
M unclassified (derived from Bacteria) - 99,217 (20.85%) W unclassified (derived from Bacteria) - 99,217 (28.47%)
W vibrionaceae - 24.452 (7.36%) W vibrionales - 24 452 (7 02%)
B Gemmatimonadacese - 11,459 3.45%) B Gemmatimonadales - 11,459 (3.29%)
- 0~ 9,678 2.91%) W Clostridizles - 10,123 (2.90%)
W co 9424289 ’
= e 0200 277%) M Nitrospirales - 9,678 (2.78%)
B unciassiled (derived from Alphaproteobacteria) -9 081 B Lactobacillales - 8,317 (2.67%)
W viaceas - 5,841 (1.76%) M unclassified (derived from Alphaproteabacleria) - 9,051
B unciassied (derived from Betaproteabacteria) - 4 662 ( W vitales - 5,841 (1.68%)
W Planctomycetaceas - 4554 (1.37%) M unclassified (derived from Betaproteobacteria) - 4,662 (
B Pacnbacilaceae - 3,921 (1.18%) M Planctomycatales - 4,554 (1.31%)
W Chromatiaceae - 3,213 (0.97%) B Chromatisles - 3,221 (0.82%)
M Pianococcaceae - 2,851 (0.36%) W Actnomycetaies - 2,821 (0.81%)
M Rhizobiales - 2533 (0.73%)
Genus
B unclassified (derived from Bacteria) - 99,120 (33.16%)
M Bacilus - 55,410 (22 22%)
[ Photobacterium - 24,402 (3.16%)
B Anoxybacillus - 13 671 (4.57%)
M Gemmatimonas - 11,450 (3.83%)
W nitrospira - 9,663 (3.23%)
B Clostridium - 9,412 (3.15%)
M Lactobacillus - 9,202 (3 08%)
[ | (derived from Alphapr ia) - 9,081
W vitis - 5,841 (1.95%)
[ | (derived from Betapr ia) - 4,661 (
B Pirellulz - 4,139 {1.38%)
B Paenibacillus - 3,769 (1.26%)
M Hitrosococcus - 3,186 (1.07%)

1. Phylum 4. family
2. Class 5. Genus
3. Order 6. Unclassified derived from Bacteria
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Class Phylum

o G- 0 o~

Family

Genus

unclassified (derived from Bacteria) - 202,912 (39.66%)
Bacilli - 2,998 (18.18%)
Clostridia - 57,519 (11.24%)
unclassified (derived from Streptophyta) - 52,755 (10.31
Sordariomycetes - 24 657 (4.52%)
Alphaproteobacteria - 16,836 (3.25%)
Actinobacteria (class) - 11,322 (221%)
Betaprotesbacteria - 9,365 (1.83%)
Negativicutes - 8261 (1.61%)

(derved from )-74

Gemmatimonadetes (class) - 6.613 (1.28%)
Gammaproteobacteria - 5,973 (1.17%)

unclassified (derived from Eukaryota) - 2,519 (0.49%)
Deltaproteabacteria - 2,014 (0.39%)

o 5~

(derived from ia) - 4,37
Convolvulaceae - 4,209 (0.91%)
Peptococcaceae - 3,788 (0.82%)

unclassified (derived from Bacteria) - 202,912 (39.19%)
Firmicutes - 150,576 (31.02%)
Streptophyta - 54,270 (10.48%)
Proteabacteria - 36,291 (7.01%)
Ascomycota - 24,710 (4.77%)
Actinobacteria - 11,322 (2.19%)
(derived from quences)- 7.4
Gemmatimonadetes - 6,613 (1.28%)
unclassified (derived from Eukaryots) - 2521 (0.49%)
Bacleroidetes - 2,240 (0.43%)
Acidobacteria - 1,923 (0.37%)
Vemucomicrobia - 1,332 (0.26%)
Basidiomycota - 1,109 (0.21%)
Planctomycetes - 1,081 (0.21%)

0 G-

(derived from Alphapr
Burkholderiales - 4.408 (0.93%)
(derived from -437

M unclassified (derived from Bacleria) - 202,912 (43.96%)
B Eacil 78,348 (18.97%) M unclassified (derived from Bacteria) - 202,912 (42.96%)
acillaceae - .97%)
M Bacillales - 92617 (19.61%)
M Clostridiaceae - 51,072 (11.06%) o ! o
. derived fom 22855 53 W Clostridiales - 56,751 (12.01%)
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1. Alpha diversity in bacteria, refers to the diversity of bacterial species within a single 4. Principal Coordinates Analysis (PCoA, = Multidimensional scaling, MDS) is a
sample or habitat method to explore and to visualize similarities or dissimilarities of data

2. Operational taxonomic units (OTUs)

3. Beta diversity in bacteria refers to the dissimilarity or difference in bacterial

community composition between two or more ecosystems or samples
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1. Quantitative PCR high-resolution melting (qPCR-HRM) 3. Cloning of 16S rRNA gene
2. 454-based 16S rRNA gene amplicon sequencing
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Abstract

Soil contamination with heavy metals considered one of the most
important environmental pollutants. Heavy metals present in the soil
are not only absorbed by plants and transferred into the food chain,
but may also threaten the health of living organisms and reduce soil
biodiversity by into surface and groundwater sources. The present
study was conducted to investigate the composition and diversity of
bacterial communities in soils surrounding chromium mines in the
south of Kerman province. Chromium-resistant bacteria were
identified using PCR-based molecular methods and sequencing of 16S
rDNA gene fragments. Also, using metagenome analysis with next
generation sequencing, the composition of soil bacterial communities
between two control and mining-impacted samples was investigated.
According to the results, 15 strains of chromium-resistant bacteria
were isolated from the studied areas. sequencing analysis results
showed that these bacterial isolates mostly belonged to Bacillus
genera. Also, metagenome analysis showed that the composition and
diversity of soil bacterial communities were significantly different
between the control and mining-impacted samples. It can be
concluded that some bacterial species have adapted to high
concentrations of heavy metals in contaminated soils. The majority of
examined and chromium-resistant bacteriain this study were Gram-
positive bacilli. This group of bacteria exhibits resistant to many
antibacterial substances, heat, dryness, freezing, chemical toxins,
heavy metals and other harmful environmental factors due to their
spores. Since the next-generation sequencing method used in this
research examines the genome of an environmental sample with more
speed and accuracy by spending an acceptable cost compares to other
PCR-based methods, and it is also easier to use and has less deviation,
this method is suggested to compare the composition of soil bacterial
communities between different treatments.

Key Words:

Heavy metal contamination, Chromium-resistant bacteria, 16S rDNA
sequencing, Metagenomic next-generation sequencing.
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