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The	BLAST	analysis	is	a	fast	method	for	identifying	likely	microbial	species.	However,	it	is	not	always	able	to	de�initively	determine	closely	
related	genera	or	taxa	because	there	may	be	numerous	similar	or	identical	scores	from	homologous	sequences.	In	order	to	overcome	this	
constraint,	the	utilization	of	phylogenetic	tree	construction	and	analysis	is	employed	to	get	a	more	accurate	molecular	characterization	
of	microorganisms.	This	study	utilized	the	16S	rDNA	sequence	of	BRSSOU1,	which	formed	a	cluster	with	a	particular	strain	 in	the	
phylogenetic	tree	and	exhibited	a	99.92%	alignment	with	Rhodopseudomonas	sp.	according	to	the	NCBI-BLAST	results.	Therefore,	
BRSSOU1	was	determined	 to	be	Rhodopseudomonas	palustris.	Our	deduction	 is	 that	BRSSOU1	 is	a	variant	of	Rhodopseudomonas	
palustris.	The	strains	were	obtained	from	water	samples	collected	at	the	source	of	the	Jhelum	River	near	Verinag,	Kashmir.	In	addition,	
samples	of	wastewater	were	obtained	from	several	rivers,	namely	Arpath,	Lidder,	Neelum,	Sind,	Kunhar,	and	Pohru.	PNSB	strains	were	
isolated	and	identi�ied	using	both	traditional	bacterial	culture	techniques	and	molecular	approaches.	The	identi�ication	technique	
effectively	uncovered	these	strains	of	Purple	Non-sulfur	Bacteria	(PNSB).

Keywords:	BLAST,	Biochemical,	Rhodopseudomonas,	Phylogenetic,	Microorganisms.

ABSTRACT

Corresponding Author: Saraswathi	Ramavath	 |  E-Mail: (saraswathi.ou@gmail.com)
Received 11 January 2024 | Revised 17 March 2024 | Accepted 19 April 2024 | Available Online May 05 2024

Phylogenetic	Analysis	for	Molecular	Characterization	and	Identi�ication	of	
Rhodopseudomonas	Spp.

Saraswathi	Ramavath*,	Rajani	Bogarapu

Microbial	Physiology	Lab,	Department	of	Botany,	Osmania	University,	Hyderabad,	Telangana	-500	007,	India

Introduction
A signi�icant group of microorganisms known as anoxygenic 
p h o t o t r o p h i c  b a c t e r i a  a r e  t h o s e  t h a t  s h a r e  t h e 
bacteriochlorophyll-dependent photosynthesis metabolic 
process [1-5]. The phototrophic purple bacteria can be divided 
into two groups: purple Sulphur bacteria (Chromatiaceae and	
Ectothiorhodospiraceae) and purple non-sulfur bacteria [6]. The 
two main groups of anoxygenic phototrophs are. The 
phototrophic green bacteria belong to the families Chlorobiceae 
and Chloro�lexaceae [7]. These are the two main groups of 
anoxygenic phototrophs.	 The phototrophic green bacteria 
include Chlorobiceae	and	Chloro�lexaceae [8-10]. These species 
exhibit metabolic capacities that are generally representative, 
but not have all of the nutritional traits of other purple non-
sulfur phototrophs [11-12]. Rhodobacter	 capsulatus is 
considered the most versatile among prokaryotes due to its 
ability to grow using various methods such as photoautotrophs, 
chemoautotrophy, photoheterotrophy, and chemoheterotrophs. 
It can also utilize a wide range of electron acceptors and ferment 
sugars [13-15]. It is not possible to include every metabolic 
activity in this overview due to their vast variety. As a result, the 
discussion will center on anaerobic respiration and 
photosynthesis. This study is relevant to previous works [16-
20]. For the latest advancements in nitrogen �ixation in 
phototrophic bacteria. The purple non-sulfur bacteria exhibit an 
impressive range of morphological, biochemical, and metabolic 
characteristics [21-22]. From a taxonomic perspective, there is 
also a wide range of diversity, with various genera falling under 
the Proteobacteria and its three subgroups [23-24]. The 
Marmur (1961) Extraction and puri�ication of genomic DNA 
was performed using a speci�ic method, while the G+C content of 
the DNA was measured using HPLC [25-26]. The cell material 
used for the 16S rRNA gene sequencing was obtained from a 
colony. 

An extraction and puri�ication of DNA was performed using a 
Qiagen genomic DNA extraction kit. PCR utilized recombinant 
Taq polymerase (Genei) for the experiment. The 16S rRNA gene 
sequence was obtained by sequencing with four primers:
:  F9-27 (59-GTTTGATCCTGGCTCAG 39), F9-372 (59-
T A C G G G A G G C A G C A G - 3 9 ) ,  F 9 - 7 9 0  ( 5 9 -
GGTTACCTTGTTACGACT- 39) ,  and R9-1489 (59-TAC 
CTTGTTACGACTTCA-39). Positions 11–27 and 1489 1506 for 
F9-27 and R9-1489, respectively [27-28]. Obtaining the 
16SrRNA gene sequences was done through cycle sequencing 
with a SequiTherm sequencing kit (Biozym) and chain 
termination reaction, without the need for gene cloning. (Sanger 
et al., 1977) Utilizing an automated laser �luorescence 
sequencer from Pharmacia. PCR ampli�ication was conducted 
following the established protocol [29-30]. Using the EzTaxon 
server [31] and an NCBI BLAST search [32]. Calculating the 
pairwise 16S rRNA gene sequence similarities and identifying 
phylogenetic neighbours. MEGA4 [33]. Specialized software 
was employed to conduct the phylogenetic analysis of the 
individual sequences, while the MEGA4 CLUSTALW technique 
was applied for sequence alignments. The Kimura two-
parameter model is widely used in the �ield of molecular 
evolution [34], was employed to calculate distances. Utilizing 
the MEGA4 programme, phylogenetic trees were reconstructed 
using neighbor-joining and minimum evolution techniques. A 
method based on bootstrap was employed to obtain support 
values (%). Genome DNA–DNA hybridization was employed to 
explore the taxonomic relationships among different strains of 
Rhodopseudomonas, just like a microbiologist would do. 
Utilizing a DIGG High Prime DNA labelling and detection starter 
kit II (Roche), a membrane �ilter method was employed to 
determine genomic similarity [35-36]. Hybridization was 
conducted for each sample with three replications, including a 
control where the strains used for binding and labelling were
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reversed. The resulting mean values are expressed as DNA-DNA 
relatedness values. Even tiny differences in sequence can be 
enough to distinguish between organisms, as certain genes and 
genetic material are highly conserved among similar species. 
Working with bacteria at the molecular level allows for precise 
species characterization and the construction of taxonomic 
trees. There are approximately nine variable regions in the 16s 
rRNA gene, but for phylogenetic research, the V4, V5, and V6 
areas prove to be particularly valuable. Figure 1-1 [37]. Similar 
to this, as shown in Figure 1-2 [38].
The Internal Transcribed Spacer (ITS) sections of the fungal 5.8s 
rRNA gene exhibit signi�icant variation, making them effective 
for distinguishing between different species of fungi. For this 
study, we isolated microbial DNA and used universal primers 
speci�ic to ribosomal DNA in a polymerase chain reaction (PCR) 
assay. The amplicons underwent puri�ication and sequencing to 
identify the microorganisms at both the species and genus 
levels. The DNA from the bacteria sample was isolated and 
analyzed using agarose gel. Fragment of 16S rDNA was 
ampli�ied using 27F and 1542R primers in PCR method and the 
resulting ampli�ication was analyzed in an agarose gel. To 
eliminate contaminants that interfere with the sequencing 
reaction, the PCR product was �iltered. Using the BDT v3.1 Cycle 
sequencing kit and the ABI 3730xl Genetic Analyzer, DNA 
sequencing was completed. BioLign/BioEdit or CodonCode 
Aligner software was used to create the consensus sequence of 
the PCR amplicon-based on forward and reverse sequence data. 
The non-redundant nucleotide (nr) database of the NCBI was 
searched for the consensus sequence using—tool for Basic Local 
Alignment Search (BLAST).
The top 10 organism sequences were obtained after the BLAST 
result was ranked according to a percentage of identity. Multiple 
sequence alignment of the top 10 BLAST hits and query 
sequences was carried out using the Clustal-W programme in 
MEGA-X. Using MEGA-X software, a phylogenetic tree was 
predicted [39].

Materials	and	Methodology
2.0.	 The	 16S	 rRNA	 gene	 was	 ampli�ied	 using	 universal	
primers	according	to	the	following	procedure. 
The PCR was programmed for ampli�ication with the reaction 
mixture consisting of:
1. Primers: 2 microliters of each primer (10 µmol/µl)
2.	DNA Template: 2 to 5 microliters (25 ng/µl)
3.	DNase-free Water: 16-19 microliters
4.	Master Mix: 25 microliters

The PCR steps were as follows
1.	Initial denaturation: 5 minutes at 94°C
2.	Denaturation: 1 minute at 94°C
3.	Annealing: 1 minute at 55°C
4.	Elongation: 1 minute at 72°C
These steps were repeated for 30 cycles. The �inal elongation 
was performed for 10 minutes at 72°C [42-45]

2.1.	Agarose	Gel	Electrophoresis
- This procedure was performed to visualize the PCR products 
[46].
-	 A 0.8% agarose gel was prepared in 1x TAE buffer with 
Ethidium bromide (1 µg/ml). The mixture was heated until the 
agarose completely dissolved.

- The heated gel was cooled to 55°C and then poured into the 
casting tray of the electrophoresis unit.

- To equilibrate, the gel was run for 30 minutes at 50V. 
Subsequently, 10 µl of the sample (9 µl isolated DNA + 2 µl 
loading dye) was loaded into the wells and the gel was run at 80V 
for 30 minutes.
-	The bands were visualized using a UV transilluminator under 
UV light [47]. 

2.2.	16S	rRNA	gene	sequencing
The PCR product obtained using universal primers was 
outsourced to Primer Biotech Private Limited for sequencing 
[48]. 

2.3.	Phylogenetic	Analysis
The sequence that was acquired was sent to the National Centre 
for Biotechnology Information (NCBI) to determine 
phylogenetic relatives that were closely related [43]. The 
sequence, provided in FASTA format, underwent a BLAST search 
to identify organisms with high sequence similarity [49]. 
Subsequently, the identi�ied sequences were deposited with an 
accession number [50]. To construct the phylogenetic tree, the 
1 6 S  r R NA  s e q u e n c e s  we re  m a n u a l ly  a l i g n e d  w i t h 
corresponding representatives of Rhodopseudomonas	palustris. 
Data were retrieved from databases such as DDBJ, GenBank, and 
EMBL. Evolutionary analysis was conducted using MEGA X 
software [51-60].

3.0.	Results
The strain of  PNSB(BRSSOU1),  the thermotolerant 
Rhodopseudomonas	sp. identi�ied from water samples collected 
at the origin of the Jhelum River in Verinag, Kashmir. Additional 
wastewater samples were collected from various rivers 
including the Arpath, Lidder, Neelum, Sind, Kunhar, and Pohru 
rivers. Traditional bacterial culture techniques and molecular 
methods were employed to isolate and identify these PNSB 
strains.
The identi�ied strains of PNSB demonstrated signi�icant 
potential in reducing water pollutants. Speci�ically, BRSSOU1 
was identi�ied as Rhodopseudomonas	 palustris and showed 
substantial reductions in chemical oxygen demand (COD), 
biological oxygen demand (BOD), and total dissolved solids 
(TDS). These reductions were quantitatively signi�icant, 
highlighting the effectiveness of PNSB in wastewater treatment 
applications.
To further characterize these strains, a bioinformatics approach 
was utilized. The 16S rDNA sequence of BRSSOU1, another 
strain involved in the study, was analyzed using BLAST (Basic 
Local Alignment Search Tool) to rapidly identify probable 
microbial species. While BLAST analysis provided initial 
insights, it often fell short in conclusively determining closely 
related genera or taxa due to multiple homologous sequences 
yielding similar scores. To address this limitation, phylogenetic 
tree construction and analysis were employed for more precise 
molecular characterization see Figure 3.1 and Figure 3.2.

Figure	 3-1:	 Variable	 regions	 of	 16S	 rRNA	 gene	 in	 bacteria	 for	
phylogenetic-related	analysis	and	species	identi�ication	[58]	
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This current research underscores the importance of 
integrating bioinformatics tools with traditional molecular 
methods to enhance the accuracy of microbial identi�ication and 
characterization. The �indings reveal the signi�icant potential of 
PNSB strains in wastewater treatment, contributing to 
sustainable environmental management practices. Further 
biochemical and biological investigations are recommended to 
con�irm the exact genus and explore additional applications of 
these strains in improving wastewater treatment processes.
Overall, the integration of traditional culture techniques, 
molecular methods, and advanced bioinformatics analysis in 
this study provides a comprehensive approach to identifying 
and characterizing PNSB strains. This multi-faceted strategy not 
only enhances our understanding of these microorganisms but 
also paves the way for developing innovative solutions for 
wa s t e wa t e r  t re a t m e n t ,  p ro m o t i n g  e nv i ro n m e n t a l 
sustainability. From the BRSSOU1 bacterium sample, DNA was 
separated. When genomic DNA quality was examined on an 
agarose gel, it was discovered to remain unaltered. The 16S 
rRNA gene was ampli�ied using 27F and 1542R primers, and the 
amplicon length was discovered to be around 1500 bp for every 
sample (Figure 3-1). 

3.1	Photos	of	Agarose	gels	

Figure	3-2:	Fungal	ribosomal	gene	cluster	with	ITS	primer	positions	
for	phylogenetic	classi�ication	and	molecular	characterization	[12]

Figure 3-1: Genomic DNA and PCR products in 1% agarose gel: 
a) Lane1: 100bp DNA ladder; lane 2 ,3: genomic DNA; b) Lane 
1,2: PCR product of ~1500bp BRSSOU1; lane 3: 100 bp DNA 
ladder c) 100bp DNA ladder, electus, Cat No. ELD100.

The sequences of the PCR products were discovered using DNA 
sequencing, and they are displayed here. The �inal sequence 
created by combining forward and reverse primer sequencing is 
known as the consensus sequence. BLAST result quickly makes 
us understand the probable microbial species. It is dif�icult to 
conclude the closely related genus or taxon based on BLAST 
results. Many of the times, BLAST result produces several 
similar/identical scores of homologous sequences. To 
circumvent the limitation in the BLAST analysis, phylogenetic 
tree construction and analysis is being used in molecular 
characterization of microorganisms. Phylogenetic analysis of 
the top hit sequences of the BLAST result along with query 
sequence enables to identi�ication the closely related taxonomic 
group to the query sequence for BRSSOU1 sequence. 

In this study, BRSSOU1 16S rDNA sequence is clustered with a 
speci�ic strain in phylogenetic tree and 99.92% aligned with 
Rhodopseudomonas	 sp. in NCBI- BLAST result. BRSSOU1 has 
been identi�ied as Rhodopseudomonas	 palustris. We conclude 
that BRSSOU1 is Rhodopseudomonas	 palustris  strain. 
Biochemical and other biological investigations are 
recommended to identify the exact genus. 
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3.4	BLAST	analysis	of	BRSSOU1contig	Query	length:	1201bp

3.4.1	Taxonomy	of	the	top	10	BLAST	result	hits		
The phylogenetic analysis of the top BLAST hit sequences 
alongside the query sequence enabled the identi�ication of 
closely related taxonomic groups. In this study, the BRSSOU1 
16S rDNA sequence clustered with a speci�ic strain in the 
phylogenetic tree and exhibited a 99.92% alignment with 
Rhodopseudomonas 	 sp .  in  the  NCBI-BLAST results . 
Consequently, BRSSOU1 was identi�ied as Rhodopseudomonas	
palustris.

3.4.2	Phylogenetic	tree	of	BRSSOU1

Description	of	the	top	10	BLAST	result	hits	

Graphic	summary	of	the	top	10	BLAST	result	hits	

Figure	3.4.2:	Evolutionary	analysis	by	Maximum	Likelihood	method

Evolutionary	analysis	by	Maximum	Likelihood	method	
The Tamura-Nei model and the Maximum Likelihood approach 
were used to infer the evolutionary history. [1]. 
The displayed tree has the highest log probability (-4993.20). By 
employing the Neighbor-Join and BioNJ algorithms on a matrix 
of pairwise distances calculated with the Tamura-Nei model, the 
initial tree or trees for the heuristic search were automatically 
generated. The topology with the highest log likelihood value 
was then chosen. There were twelve nucleotide sequences in 
this investigation. The resulting dataset contained 1201 
locations in total. In MEGA11, evolutionary analyses were 
carried out.The potential microbial species is easily understood 
thanks to the BLAST result. Based on the BLAST result, it is 
challenging to determine the closely related genus or taxon. For 
the most part, the BLAST result yields many homologous 
sequence scores that are comparable or identical. Phylogenetic 
tree construction and analysis are being employed in the 
molecular characterization of microbes to get over the 
limitation in the BLAST analysis. The closest related taxonomic 
group to the query sequence can be found by performing a 
phylogenetic analysis of the top hit sequences from the BLAST 
result combined with the query sequence.
In this current study, the phylogenetic tree of the BRSSOU1 16S 
rDNA sequence clusters with a particular strain proves to be 
excellent, and the NCBI-BLAST result aligns 99.92% of the 
sequence with Rhodopseudomonas	 sp.,	 Rhodopseudomonas	
palustris has been identi�ied as the source of BRSSOU1. We 
deduce that Rhodopseudomonas is BRSSOU1. This study 
explores the identi�ication and characterization of Purple 
Nonsulfur Bacteria (PNSB) for their potential in wastewater 
treatment. 

Discussion	and	Conclusion
The BLAST analysis provided rapid identi�ication of probable 
microbial species but often fell short in conclusively 
determining closely related genera or taxa due to multiple 
homologous sequences yielding similar scores. To overcome 
this limitation, phylogenetic tree construction and analysis 
were used for more precise molecular characterization. The 16S 
rDNA sequence of BRSSOU1 clustered with a speci�ic strain in 
the phylogenetic tree and showed a 99.92% alignment with 
Rhodopseudomonas	sp. in the NCBI-BLAST results.
The identi�ied PNSB strains demonstrated signi�icant potential 
in reducing water pollutants. Speci�ically, Rhodopseudomonas	
palustris	 (BRSSOU1) exhibited substantial reductions in 
chemical oxygen demand (COD), biological oxygen demand 
(BOD), and total dissolved solids (TDS). These �indings highlight 
the effectiveness of PNSB in wastewater treatment and their 
role in promoting sustainable environmental management 
practices. Integrating traditional culture techniques with 
advanced molecular methods and bioinformatics analysis 
provides a comprehensive approach to identifying and 
characterizing PNSB strains. This study not only enhances our 
understanding of these microorganisms but also paves the way 
for developing innovative solutions for wastewater treatment, 
contributing to environmental sustainability. Further 
biochemical and biological investigations are recommended to 
con�irm the exact genus and explore additional applications of 
these strains in improving wastewater treatment processes.
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overlooked evolutionary dynamics of 16S rRNA revises its 
role as the “gold standard” for bacterial species 
i d e n t i � i c a t i o n .  S c i e n t i � i c 	 R e p o r t s ,  1 4 ( 1 ) . 
https://doi.org/10.1038/s41598-024-59667-3

Bogiel, T., Mikucka, A., & Kanarek, P. (2022). Agarose Gel 
Electrophoresis-Based RAPD-PCR—An Optimization of the 
Conditions to Rapidly Detect Similarity of the Alert 
Pathogens for the Purpose of Epidemiological Studies. Gels, 
8(12), 760. https://doi.org/10.3390/gels8120760

Brosius, J., Palmer, M. L., Kennedy, P. J. & Noller, H. F. (1978). 
Complete nucleotide sequence of a 16S ribosomal RNA 
gene from Escherichia coli. Proc Natl Acad Sci U S A 75, 
4801–4805.

Cao K, Zhi R, Zhang G (2020) Photosynthetic bacteria 
wastewater treatment with the production of value-added 
products: a review. Bioresour Technol 299:122648

Capson-Tojo G, Batstone DJ, Grassino M, Vlaeminck SE, 
Puyol D, Verstraete W, Kleerebezem R, Oehmen A, Ghimire 
A, Pikaar I (2020) Purple phototrophic bacteria for 
resource recovery: chal lenges and opportunities. 
Biotechnol Adv 43:107567

Chandran H, Meena M, Sharma K (2020) Microbial 
biodiversity and bioremediation assessment through 
omics approaches. Front in Environ Chem 1:570326

Chen J, Wei J, Ma C, Yang Z, Li Z, Yang X, Wang M, Zhang H, Hu 
J, Zhang C (2020) Photosynthetic bacteria-based 
technology is a potential alternative to meet sustainable 
wastewater treatment requirement? Environ Int 
137:105417

Acknowledgment
The Head of the Department of Botany at Osmania University is 
acknowledged by the authors for supplying the necessary 
materials. The writers thank CSIR for the fellowship 
opportunity.

References

Chun, J., Lee, J.-H., Jung, Y., Kim, M., Kim, S., Kim, B. K. & Lim, Y. 
W. (2007). EzTaxon: a web-based tool for the identi�ication 
of prokaryotes based on 16S ribosomal RNA gene 
sequences. Int J Syst Evol Microbiol 57, 2259–2261.

Cui, L., Morris, A., & Ghedin, E. (2013). The human 
mycobiome in health and disease. In Genome Medicine 
( V o l .  5 ,  I s s u e  7 ,  p .  6 3 ) .  B i o M e d  C e n t r a l . 
https://doi.org/10.1186/gm467 

Dhar, K., Venkateswarlu, K., & Megharaj, M. (2023). 
Anoxygenic phototrophic purple non-sulfur bacteria: tool 
for bioremediation of hazardous environmental pollutants. 
World Journal of Microbiology and Biotechnology, 39(10). 
https://doi.org/10.1007/s11274-023-03729-7 

Drews G & Imhoff JF (1991) Purple phototrophic bacteria. 
In: Shiv- ely JM & Barton LL (Eds) Variations in Autotrophic 
Life (pp 51-97) Academic Press, London 

Drews G & Oelze J (1981) Organization and differentiation 
of mem- branes of phototrophic bacteria. Adv. Microbiol. 
Physiol. 22: 1- 9 2

Drews G (1985) Structure and functional organization of 
light- harvesting complexes and photochemical reaction 
centres in membranes of phototrophic bacteria. Microbiol. 
Rev. 49:59-70

Frank, J. A., Reich, C. I., Sharma, S., Weisbaum, J. S., Wilson, B. 
A., & Olsen, G. J. (2008). Critical Evaluation of Two Primers 
Commonly Used for Ampli�ication of Bacterial 16S rRNA 
Genes. Applied	 and	 Environmental	 Microbiology, 74(8), 
2461–2470. https://doi.org/10.1128/aem.02272-07

Govarthanan M, Kamala-Kannan S, Selvankumar T, Mythili 
R, Sriniv asan P, Kim H (2019) Effect of blue light on growth 
and exopoly saccharides production in phototrophic 
Rhodobacter sp. BT18 isolated from brackish water. Int J 
Biol Macromol 131:74–80

Imhoff, J. F. & Pfennig, N. (2001). Thio�lavicoccus mobilis 
gen. nov., sp. nov., a novel purple sulfur bacterium with 
bacteriochlorophyll b. Int JSyst Evol Microbiol 51, 105–110.

Imhoff, J. F., Kushner, D. J., Kushwaha, S. C. & Kates, M. 
(1982).Polar lipids in phototrophic bacteria of the 
Rhodospirillaceae and Chromatiaceae families. J Bacteriol 
150, 1192–1201.

Imhoff, J. F.,  Tru¨per, H. G. & Pfennig, N. (1984). 
Rearrangement of the species and genera of the 
phototrophic ''purple nonsulfur bacteria''. Int J Syst 
Bacteriol 34, 340–3

Johnson, J. S., Spakowicz, D. J., Hong, B. Y., Petersen, L. M., 
Demkowicz, P., Chen, L., Leopold, S. R., Hanson, B. M., 
Agresta, H. O., Gerstein, M., Sodergren, E., & Weinstock, G. M. 
(2019). Evaluation of 16S rRNA gene sequencing for 
species and strain-level microbiome analysis. Nature	
Communications, 10(1). https://doi.org/10.1038/s41467-
019-13036-1

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

https://doi.org/10.1007/s11274-023-03729-7
https://doi.org/10.1007/s11274-023-03729-7


Chada	Anu	Reddy	et	al.,	/	Plant	Science	Archives	(2024)

06.  © 2024 Plant	Science	Archives. All Rights Reserved.

Olson JG, Ormerod JG, Amesz J, Stackebrandt E & Truper HG 
(1988) Green photosynthetic bacteria. Plenum Press, New 
York Parsonage D, Green�ield AJ & Ferguson SJ (1986) 
Evidence that energy conserving electron transport 
pathways to nitrate and cytochrome o branch at 
ubiquinone in Paracoccus denitri�icans. Arch. Microbiol. 
145:191-196

Preker E Hubner R Schmahl M, Klipp W & Bickle TA (1992) 
Map- ping and characterization of the promoter elements 
of the regula- tory n/f genes rpoN, n/fA1 and n/¢A2 in 
Rhodobactercapsulatus. Mol. Microbiol. 6:1035-1047

Sakarika M, Spanoghe J, Sui Y, Wambacq E, Grunert O, 
Haesaert G, Spiller M, Vlaeminck SE (2020) Purple non-
sulphur bacteria and plant production: bene�its for 
fertilization, stress resistance and the environment. Microb 
Biotechnol 13:1336–1365

Sakpirom J, Kantachote D, Siripattanakul-Ratpukdi S, 
McEvoy J, Khan E (2019) Simultaneous bioprecipitation of 
cadmium to cad mium sul�ide nanoparticles and nitrogen 
�ixation by Rhodopseu domonas palustris TN110. 
Chemosphere 223:455–464

Salama DM, Meyer TE, Kyndt JA (2020) Genome sequence 
of the acidophilic nonsulfur purple photosynthetic 
alphaproteobacterium Rhodovastum atsumiense, a 
divergent member of the Ace tobacteraceae Family. 
https://doi. org/10.1128/mra.01541-19 

Sanger, F., Nicklen, S. & Coulson, A. R. (1977). DNA 
sequencing with chain-terminating inhibitors. Proc Natl 
Acad Sci U S A 74, 5463 5467

Schneider K, Muller U, Schram U & Klipp W (1993) 
Demonstration of a molybdenum- and vanadium-
independent nitrogenase in a nifHDK-deletion mutant of 
Rhodobacter capsulatus. Eur. J. Biochem. 195:653-661

Seldin, L. & Dubnau, D. (1985). Deoxyribonucleic acid 
homology among Bacillus polymyxa, Bacillus macerans, 
Bacillus azoto�ixans, and other nitrogen-�ixing Bacillus 
strains. Int J Syst Bacteriol 35, 151 154.

Shakya, M., Ahmed, S. A., Davenport, K. W., Flynn, M. C., Lo, C. 
C., & Chain, P. S. G. (2020). Standardized phylogenetic and 
molecular evolutionary analysis applied to species across 
the microbial tree of life. Scienti�ic	 Reports, 10(1). 
https://doi.org/10.1038/s41598-020-58356-1

Sharma S, Basu S, Shetti NP, Aminabhavi TM (2020) Waste-
to-energy nexus for circular economy and environmental 
protection: recent trends in hydrogen energy. Sci Total 
Environ 713:136633

Sogani M, Pankan AO, Dongre A, Yunus K, Fisher AC (2021) 
Augmenting the biodegradation of  recalcitrant 
ethinylestradiol using Rhodopseudomonas palustris in a 
hybrid photo-assisted microbial fuel cell with enhanced 
bio-hydrogen production. J Hazard Mater 408:124421

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Kimura, M. (1980). A simple method for estimating 
evolutionary rates of base substitutions through 
comparative studies of nucleotide sequences. J Mol Evol 16, 
111–120.

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). 
MEGA X: Molecular evolutionary genetics analysis across 
computing platforms. Molecular Biology and Evolution, 
35(6), 1547–1549. https://doi.org/10.1093/molbev 
/msy096 

Lane, D. J., Pace, B., Olsen, G. J., Stahl, D. A., Sogin, M. L. & Pace, 
N. R. (1985). Rapid determination of 16S ribosomal RNA se 
quences for phylogenetic analyses. Proc Natl Acad Sci U S A 
82, 6955 6959.

Liang L, Wang Z, Li J (2019) The effect of urbanization on 
environ mental pollution in rapidly developing urban 
agglomerations. J Clean Prod 237:117649

Liu K, Chen J, Sun F, Yu J, Zhang X, Xu Y, Liu Y, Tang M, Yang Y 
(2023) Enhanced degradation of azo dyes wastewater by S-
scheme heterojunctions photocatalyst g-C3N4/MoS2 inti 
mately coupled Rhodopseudomonas palustris with 
chitosan modi�ied polyurethane sponge carrier. Int J 
Hydrogen Energy 48:22319–22333

Liu K, Yang Y, Sun F, Liu Y, Tang M, Chen J (2022) Rapid 
d e g r a d a  t i o n  o f  C o n g o  r e d  w a s t e w a t e r  b y 
Rhodopseudomonas palustris intimately coupled carbon 
nanotube – silver modi�ied titanium dioxide photocatalytic 
composite with sodium alginate.  Chemo sphere 
299:134417 

Lu H, Zhang G, Zheng Z, Meng F, Du T, He S (2019) Bio-
conversion of photosynthetic bacteria from non-toxic 
wastewater to realize wastewater treatment and 
bioresource recovery: a review. Biore sour Technol 
278:383–399

Madigan MT & Gest H (1979) Growth of the photosynthetic 
b a c -  t e r i u m  R h o d o p s e u d o m o n a s  c a p s u l a t a 
chemoautotrophically in darkness with H2 as the energy 
source. J. Bacteriol. 137: 524- 530 -- (1978) Growth of a 
photosynthetic bacterium anaerobically in darkness, 
supported by 'oxidant dependent' sugar fermentation. 
Arch. Microbiol. 117:119 

Marmur, J. (1961). A procedure for the isolation of 
deoxyribonucleic acid from micro-organisms. J Mol Biol 3, 
208–218.

Mesbah, M., Premachandran, U. & Whitman, W. B. (1989). 
P r e c i s e  m e a s u r e m e n t  o f  t h e  G + C  c o n t e n t  o f 
deoxyribonucleic acid by high performance liquid 
chromatography. Int J Syst Bacteriol 39, 159 167.

Nitschke W & Rutherford AW (1991) Photosynthetic 
reaction cen- tres: variations on a common structural 
theme? Trends Biochem. Sci. 16:241-245

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.



Chada	Anu	Reddy	et	al.,	/	Plant	Science	Archives	(2024)

07.  © 2024 Plant	Science	Archives. All Rights Reserved.

Wada OZ, Vincent AS, Mackey HR (2022) Single-cell protein 
pro duction from purple non-sulphur bacteria-based 
wastewater treatment. Rev Environ Sci Biotechnol 
21:931–956

W a n g  X ,  M o d a k  H V  &  T a b i t a  F R  ( 1 9 9 3 b ) 
Photolithoautotrophic growth and control of CO2 �ixation 
in Rhodobactersphaeroides and RhodospiriUum rubrum 
in the absence of Ribulosebisphos- phate carboxylase-
oxygenase. J. Bacteriol. 175:7109-7114

Winand, R., Bogaerts, B., Hoffman, S., Lefevre, L., Delvoye, 
M., Van Braekel, J., Fu, Q., Roosens, N. H., De Keersmaecker, S. 
C., & Vanneste, K. (2019). Targeting the 16S rRNA Gene for 
Bacterial Identi�ication in Complex Mixed Samples: 
Comparative Evaluation of Second (Illumina) and Third 
(Oxford Nanopore Technologies) Generation Sequencing 
Technologies. International	 Journal	of	Molecular	Sciences, 
21(1), 298. https://doi.org/10.3390/ijms21010298

Wittmeier, P.,  & Hummel, S. (2022). Agarose Gel 
Electrophoresis to Assess PCR Product Yield: Comparison 
with Spectrophotometry, Fluorometry and qPCR. 
B i o T e c h n i q u e s ,  7 2 ( 4 ) ,  1 5 5 – 1 5 8 . 
https://doi.org/10.2144/btn-2021-0094

Yang, B., Wang, Y., & Qian, P. Y. (2016). Sensitivity and 
correlation of hypervariable regions in 16S rRNA genes in 
phylogenetic analysis. BMC Bioinformatics, 17(1), 135. 
https://doi.org/10.1186/s12859-016-0992-y

Zhang, R. Y., Zou, B., Yan, Y. W., Jeon, C. O., Li, M., Cai, M., & 
Quan, Z. X. (2020). Design of targeted primers based on 16S 
rRNA sequences in meta-transcriptomic datasets and 
identi�ication of a novel taxonomic group in the Asgard 
a r c h a e a .  B M C 	 M i c r o b i o l o g y ,  2 0 ( 1 ) . 
https://doi.org/10.1186/s12866-020-1707-0

Zou, Y., Zhang, Z., Zeng, Y., Hu, H., Hao, Y., Huang, S., & Li, B. 
(2024). Common Methods for Phylogenetic Tree 
C o n s t r u c t i o n  a n d  T h e i r  I m p l e m e n t a t i o n  i n  R . 
B i o e n g i n e e r i n g ,  1 1 ( 5 ) ,  4 8 0 . 
https://doi.org/10.3390/bioengineering11050480

54.

55.

56.

57.

58.

59.

60.

Stackebrandt E, Murray RGE & Truper HG (1988) 
Proteobacteria classic nov. a name for the phylogenetic 
taxon that includes the 'Purple Bacteria and their relatives'. 
Int. J. Syst. Bacteriol. 38: 321-325

Szarvas, J., Ahrenfeldt, J., Cisneros, J. L. B., Thomsen, M. C. F., 
Aarestrup, F. M., & Lund, O. (2020). Large scale automated 
phylogenomic analysis of bacterial isolates and the 
Evergreen Online platform. Communications	Biology, 3(1). 
https://doi.org/10.1038/s42003-020-0869-5

Tamura, K. (1992). Estimation of the number of nucleotide 
substitutions when there are strong transition-
transversion and G+C-content biases. Molecular Biology 
a n d  E v o l u t i o n ,  9 ( 4 ) ,  6 7 8 – 6 8 7 . 
https://doi.org/10.1093/oxfordjournals.molbev.a040752

Tamura, K., Dudley, J., Nei, M. & Kumar, S. (2007). MEGA4: 
molecular evolutionary genetics analysis (MEGA) software 
version 4.0. Mol Biol Evol 24, 1596–1599.

Tamura, K., Stecher, G., & Kumar, S. (2021). MEGA11: 
Molecular Evolutionary Genetics Analysis Version 11. 
Molecular	 Biology	 and	 Evolution, 38(7), 3022–3027. 
https://doi.org/10.1093/molbev/msab120

Tantray, J. A., Mansoor, S., Wani, R. F. C., & Nissa, N. U. (2023). 
Agarose gel electrophoresis. Basic	 Life	 Science	 Methods, 
103–106. https://doi.org/10.1016/b978-0-443-19174-
9.00024-6

Tiang MF, Hanipa MAF, Abdul PM, Jahim JM, Mahmod SS, 
Takriff MS, Lay C-H, Reungsang A, Wu S-Y (2020) Recent 
advanced biotechnological strategies to enhance photo-
fermentative biohydrogen production by purple non-
sulphur bacteria: an overview. Int J Hydrogen Energy 
45:13211–13230

Tourova, T. P. & Antonov, A. S. (1988). Identi�ication of 
microorganisms by rapid DNA-DNAhybridization. Methods 
Microbiol 19, 333–355

Ukaogo PO, Ewuzie U, Onwuka CV (2020) Environmental 
p o l l u t i o n :  c a u s e s ,  e ff e c t s ,  a n d  t h e  r e m e d i e s . 
Microorganisms for sustainable environment and health. 
Elsevier, pp 419–429

45.

46.

47.

48.

49.

50.

51.

52.

53.

https://doi.org/10.1186/s12859-016-0992-y
https://doi.org/10.1093/oxfordjournals.molbev.a040752

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

