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INTRODUCTION 

bacteriophages’s and bacterial relationship 
„Phages‟ were firstly discovered by Williom twort and 

felix d‟Herelle in 1915 and 1917 respectively, realized 

that they had a potential capacity to kill bacteria. Phages 

are the most abundantly available on biosphere. The 

name given bacteriophage because, they infect and kill 

bacteria. They are very species specific, usually infect a 

single bacterial species or specific strains within a 

species .The infection is done with help of their tail 

fibres and bacterial receptors. After the successful 

penetration of DNA into host‟s cell they generally 

exhibits lytic and lysogenic types of life cycles. In lytic 

life cycle phages infects and rapidly kill the bacterial 

host via the process of generalized transduction. In 

lysogenic life cycle phages instead of killing the host 

integrates in its genome or exists as plasmid in the host 

cell. Phages are the vectors of horizontal gene transfer 

and drivers of bacterial evolution. Evidences shows that 

the phages and bacteria are co-existed and evolved 

together in evolutionary time. Bacteria develop different 

mechanisms to prevent the infection like bacterial 

receptor modification, degradation of invading phage 

DNA. But, phages circumvent the resistance and evolve 

mechanisms to target such resistance of bacteria. Studies 

shows that the 20% of the bacterial genetic content is 

acquired. Genetic homology of nucleotide and protein 

sequences of phages and their bacterial hosts can be used 

to identify the horizontal gene transfer events because, 

these sequences may represent the sequences were 

acquired by phage during past infection event. 

 

Caudovirales  
'Caudovirales' is an order of bacteriophages also known 

as 'tailed bacteriophages'. They are also known as DNA 

phages due to presence of double stranded DNA as a 

genetic material. They have tail with which they can 

easily attach to surface receptors of bacteria to inject the 
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DNA into host cell. They have three different families 

namely myoviridae, siphoviridae, podoviridae. Each 

family have different morphological structures of tail. 

myoviridae have long contractile tail, siphoviridae have 

long non-contractile tail, podoviridae have short non-

contractile tail. Their genomic size can be 18 to 500 kb 

in length. Caudovirales account for the 95% of the 

phages reported in scientific literature and 90% of 

approximately 6,200 phages examined under electron 

microscopy(EM). 

 

Bioinformatics and Phylogenetics 
The term „bioinformatics‟ was coined by Paulien 

Hogeweg and Ben Hesper. It is new science of studying, 

retrieving and analysing large amount of biological 

data/information. It is highly interdisciplinary field of 

science, and playing key role in all the areas of life 

sciences specially in the evolutionary studies. The study 

of evolutionary relationship among individuals or group 

of organisms is called „phylogenetics‟. Various 

anatomical methods used by taxonomists take too much 

time. By using bioinformatics, phylogenetic tree is 

constructed based on the alignment of the nucleotide or 

protein sequences using various algorithms and methods. 

There are various algorithms and methods developed for 

the construction of phylogenetic tree. Although, which 

algorithm is to be used for the study depends on the 

evolutionary lineages. To study the evolutionary 

relationship between phages and their hosts we need to 

take a set of phages with their specific known hosts. 

 

What is horizontal gene transfer? 
Horizontal gene transfer is the process in which the 

genetic information is transferred between organisms, 

rather than parents to offspring. In the case of 

bacteriophage and bacteria, the genes can be transfer 

horizontally by the process of transduction in which 

bacteriophage is a vector. It is said that, the genes other 

than „drug resistance genes‟ can be transfer horizontally 

and multiply by natural selection.  

 

DNA polymerase I as molecular marker 
For construction of phylogenetic tree and to study 

horizontal gene transfer events with the help of 

molecular markers we need to either choose nucleotide 

or protein sequence. Selected markers can make a major 

difference in obtaining a correct tree. For studying 

closely related organisms we should use nucleotide 

sequence because, nucleotide sequences evolve rapidly 

than protein sequence. In this study of evolutionary 

relationship between phages (caudovirales) and their 

specific hosts, which are widely divergent group of 

microorganisms we selected protein sequence as 

molecular marker. Because, protein sequences are more 

conserved and can be used to for distantly related 

organisms. It is said that, the amino acid sequence 

alignments of „DNA polymerases‟ can show frequent 

events of horizontal gene transfer in caudovirales. And 

also their are no genes which are conserved within all 

phages like caudovirales. There fore we have selected 

„DNA polymerase I‟ as molecular marker for this study. 

Because, „DNA polymerase I‟ plays role in processing 

RNA primers during synthesis of lagging-strand and fills 

small gaps during „DNA repair‟ reaction mechanisms. 

The protein sequences and pairs of three phages from 

three different families of caudovirales (myoviridae, 

siphoviridae, podoviridae) with their known hosts are 

taken from the NCBI‟s (National Center for 

Biotechnology Information) taxonomy browser and 

Virus-Host database 

(https://www.genome.jp/virushostdb/) ,which organizes 

data about the relationships between viruses and their 

hosts, represented in the form of pairs of NCBI 

taxonomy IDs for viruses and their hosts [Table no. 01]. 

 

Table no. 01: Table showing the pairs of caudovirales’s three different family phages with their specific known 

hosts with their accession id’s of protein sequence taken from Virus-host database and NCBI’s taxonomy 

browser.  

Sr no. Bacteriophage Order/family Accession ID Bacterial host Order/family Accession ID 

1 
Bacillus phage 

BalMu-1 

Viruses; 

Caudovirales; 

Myoviridae. 

NCBI Reference 

Sequence: 

YP_009276820.1 

Bacillus 

alcalophilus 

Bacteria; 

Firmicutes; 

Bacilli; 

Bacillales; 

Bacillaceae; 

Bacillus. 

NCBI Reference 

Sequence: 

WP_040323772.1 

2 
Arthrobacter 

phage Amigo 

Viruses; 

Caudovirales; 

Siphoviridae; 

Amigovirus. 

GenBank: 

ALY08405.1 

Arthrobacter sp. 

ATCC 21022 

Bacteria; 

Actinobacteria; 

Micrococcales; 

Micrococcaceae; 

Arthrobacter. 

GenBank: 

AMB40537.1 

3 
Erwinia 

phage Ea9-2 

Viruses; 

Caudovirales; 

Podoviridae; 

Johnsonvirus. 

NCBI Reference 

Sequence: 

YP_009007430.1 

Erwinia 

amylovora 

Bacteria; 

Proteobacteria; 

Gamma 

proteobacteria; 

Enterobacterales; 

Erwiniaceae; 

Erwinia. 

NCBI Reference 

Sequence: 

WP_004167759.1 

https://www.genome.jp/virushostdb/
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Structure prediction 
Protein tertiary structure prediction provides basis of 

understanding its function. Experimental techniques like 

X-ray crystallography and NMR (Nuclear Magnetic 

Resonance), are expensive and time consuming 

compared to computational methods. Computational 

methods are relatively cheaper and faster. There are three 

methods for prediction of tertiary structure of protein 

Homology modelling, AB initio and Threading. 

Homology modelling builds an atomic model from 

amino acid sequence known as „query sequence‟ of 

interest, based on sequence homology with known 

experimentally determined structures known as 

„templates‟ which are closely related at sequence level. 

The principle behind homology modelling is that „if two 

proteins share a high enough sequence similarity they are 

likely to have very similar three dimensional structures‟. 

If one protein has known structure, then the structure can 

be copied to the unknown protein structure with high 

degree of confidence. The structures of „DNA 

polymerase I‟ are predicted with the help of „SWISS 

model‟, which is online tool for homology modelling 

developed by Torsten Schwede‟s structural 

bioinformatics group. In this process three steps are 

involved template recognition, target-template 

alignment, model building. Three dimensional structures 

of phage‟s and their host‟s „DNA polymerase I‟ are 

predicted [Table no. 02.1 and 02.2 ].QMEAN 

(Qualitative Model Energy ANalysis) Z-scores provides 

„degree of nativeness‟ of the structural features observed 

in the model on global scale. QMEAN Z-scores around 

zero (0) indicate good agreement between the model 

structure and experimental structures of similar size[ 

Graph no. 01]. „Ramachandran favoured scores‟ 

generated by the Ramachandran plots of predicted 

structures ranging from „80% - 90%‟ are also showing 

good quality of predicted structures [Ramachandran plots 

are given with species name and Ramachandran favoured 

scores in Graph A,B,C,D,E & F]. 

 

Table no. 02.1: Table Showing species name with predicted structures and Qmean score. 

Species name Q mean score Predicted Structure 

Bacillus phage 

BalMu-1 

 

(Viruses; Caudovirales; 

Myoviridae.) 

-4.73 

 
 

Bacillus alcalophilus 

 

(Bacteria; Firmicutes; 

Bacilli; Bacillales; Bacillaceae; 

Bacillus.) 

 

-5.12 

 

 

Arthrobacter phage Amigo 

 

(Viruses; Caudovirales; 

Siphoviridae; Amigovirus.) 

 

-4.45 

 
 

Table no. 02.2: Table Showing species name with predicted structures and Qmean scores. 

Species name Q mean score Predicted Structure 

Arthrobacter sp. ATCC 

21022 
(Bacteria; Actinobacteria; 

Micrococcales; 

Micrococcaceae; 

Arthrobacter.) 

-6.84 

 

Erwinia phage Ea9-2 
(Viruses; Caudovirales; 

Podoviridae; Johnsonvirus.) 

 

-5.48 
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Erwinia amylovora 
(Bacteria; Proteobacteria; 

Gammaproteobacteria; 

Enterobacterales; 

Erwiniaceae; Erwinia.) 

-5 

 
 

 
Graph no. 01: Graph Showing Q-mean scores of predicted structures of ‘DNA polymerase I’. 

 

 
Graph (A): Showing general Ramachandran plot for 

Bacillus phage BalMu-1 

 

 
Graph (B): Showing general Ramachandran plot for 

Bacillus alcalophilus. 

 
Graph (C): Showing general Ramachandran plot for 

Arthrobacter phage Amigo 

 

 
Graph (D): Showing general Ramachandran plot for 

Arthrobacter sp. ATCC 21022. 
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Graph (E): Showing general Ramachandran plot for 

Erwinia phage Ea9-2. 

 

 
Graph (F): Showing general Ramachandran plot for 

Erwinia amylovora. 

 

Graph (A): Ramachandran favoured score of Bacillus 

phage BalMu-1’s predicted structure of „DNA 

Polymerase I‟ is 81.82 %, showing good quality of 

structure. 

Graph (B): Ramachandran favoured score of Bacillus 

alcalophilus’s predicted structure of „DNA Polymerase 

I‟ is 85.37 %, showing good quality of structure. 

Graph (C): Ramachandran favoured score of 

Arthrobacter phage Amigo’s predicted structure of 

„DNA Polymerase I‟ is 90.03 %, showing good quality 

of structure. 

Graph (D): Ramachandran favoured score of 

Arthrobacter sp. ATCC 21022’s predicted structure of 

„DNA Polymerase I‟ is 85.6%, showing good quality of 

structure. 

Graph (E): Ramachandran favoured score of Erwinia 

phage Ea9-2’s predicted structure of „DNA Polymerase 

I‟ is 84.58 %, showing good quality of structure. 

Graph (F): Ramachandran favoured score of Erwinia 

amylovora’s predicted structure of „DNA Polymerase I‟ 

is 87.64%, showing good quality of structure. 

 

Structure alignment 

Protein structural alignment provides a functional basis 

for deriving principles for functional and evolutionary 

relationships. Structure alignment of „DNA polymerase-

I‟ of phages with their specific hosts taken for the study 

are done with the help of „DALI server‟ (Network 

service for comparing protein structures in 3D). And 

their alignment scores are given in the forms of Z-score 

and identity score. The Z-scores which are more than 

two (2) clearly indicates the significant similarities found 

in the predicted structures of phage‟s and their bacterial 

host‟s „DNA polymerase I‟ [Table no. 03]. 

Table no. 03: Table Showing structure alignment of predicted ‘DNA polymerase I’ structures of phages’s with 

their host’s. 

Bacteriophage Bacterial host Z score Identity score 

Bacillus phage BalMu-1 Bacillus alcalophilus 19.9 37 % 

Arthrobacter phage Amigo Arthrobacter sp. ATCC 21022 27.6 19 % 

Erwinia phage Ea9-2 Erwinia amylovora 21.9 19 % 

 

Phylogenetic tree construction 
Phylogenetics is the study of the evolutionary history of 

living organisms. Pedigrees of these organisms are 

represented in tree like diagrams. The tree can be rooted 

or unrooted. Rooted trees are more informative than 

unrooted trees, because unrooted trees do not have the 

direction of an evolutionary path. There are two types of 

tree construction methods distance based and character 

based. Distance based methods generates tree based on 

amount of dissimilarities between pairs of sequences 

which are computed based on sequence alignment. 

UPGMA and NJ are the algorithms of distance based 

methods. In other hand character based methods are 

based on sequence characters. Character based method 

algorithms are of two types : Maximum Likelihood and 

Maximum Parsimony [figure no. 01]. 

 

Maximum likelihood : ML finds a tree that most likely to 

reflects the actual evolutionary process. It is exhaustive 

method which searches every tree topology. It also 

considers all the positions in an alignment, not just 

informative sites. 

 

So, when we are trying to study the evolutionary 

relationship between two different species we must use 

maximum likelihood algorithm to construct phylogenetic 

tree. 

 

Maximum parsimony: Parsimony method of tree 

construction chooses a tree that has fewest evolutionary 

changes or shortest overall branch length.  

 

Here in this study we used the offline MEGA software 

(Molecular Evolutionary Genetics Analysis) for the 



www.ejpmr.com 

Subodh et al.                                                                   European Journal of Pharmaceutical and Medical Research 

 

619 

multiple alignment and phylogenetic tree construction. 

Firstly sequences are stored in FASTA file format 

(.fasta) and then aligned by using clustalW algorithm of 

MEGA. And then the alignment is exported in the mega 

format (.meg file). Then using „phylogeny tool bar‟ with 

the help of exported (.meg) file, Maximum likelihood 

and maximum parsimony trees are generated [Figure no. 

02 and 03]. The representation used in the tree, for three 

different families of caudovirales and their respective 

hosts are given [Table no. 04]. 

 

 
Figure no. 01: Figure showing phylogenetic tree 

construction methods. 

 

Table no. 04: Table Showing the representation used in this study for tree construction. 

Bacteriophage 

Representation 

used for 

tree construction 

Bacterial host 

Representation 

used for 

tree construction 

Bacillus phage BalMu-1 Phage 1 Bacillus alcalophilus Host 1 

Arthrobacter phage Amigo Phage 2 Arthrobacter sp. ATCC 21022 Host 2 

Erwinia phage Ea9-2 Phage 3 Erwinia amylovora Host 3 

 

 
Figure no 02: Phylogenetic tree by using Maximum 

likelihood. 
 

 
Figure no 03: Phylogenetic tree by using Maximum 

parsimony. 
 

CONCLUSION 
Study is based on the secondary and tertiary structure 

prediction of 'DNA polymerase I' taken as a molecular 

marker from caudovirales‟s family phages and their 

specific hosts. QMEAN scores and Ramachandran 

favoured scores showing good quality of predicted 

structures. Further, structures are aligned in the pairs of 

phage and it‟s specific host, in order to get the 

similarities between the structures. The Z-scores 

indicating that, significant similarities found in the 

phage‟s and its specific host‟s „DNA polymerase I‟. 

After that the sequence alignment is done by using 

offline MEGA software and phylogenetic trees are 

constructed by using character based methods.  

 

In maximum likelihood tree „phage-1‟ which is 

representing myoviridae family i.e. Bacillus phage 

BalMu-1 and „phage-2‟ which representing siphoviridae 

family i.e. Arthrobacter phage Amigo are showing clear 

relationship (as they are in single clade) with their hosts 

represented as „host-1‟ and „host-2‟ i.e. Bacillus 

alcalophilus and Arthrobacter sp. ATCC 21022 

respectively. But „phage-3‟ which is representing 

podoviridae family i.e. Erwinia phage Ea9-2 not 

showing relationship with its host represented as „host-3‟ 

i.e. Erwinia amylovora. It can be due to the „host 

switching‟ may occurred by horizontal gene transfer in 

closely related phages (i.e. phage 2 and phage 3 – their 

relation is shown in parsimony). 
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In Maximum parsimony tree „phage-1‟ is showing clear 

relationship with its host. But „phage 3‟ and „Phage-2‟ 

are not showing relationship with their hosts „host-2‟and 

„host-3‟ respectively. Because, parsimony allows fewest 

evolutionary changes So that „phage-2‟ and „phage-3‟ 

which are closely related are shown in one clade. 

 

From the all results of structure prediction, structure 

alignment and phylogenetic tree we have reached to 

conclude that, the horizontal gene transfer events found 

in „DNA polymerase I‟ of caudovirales’s family phages 

and their specific hosts. The genes which are coding for 

„DNA polymerase I‟ may transferred horizontally during 

co-evolution and life cycles of phage. after interpreting 

the evolutionary phylogenetic tree relationship we can 

comment, the respective phages of three different 

families of caudovirales and their specific hosts belongs 

to class of „xenologs‟ between their studied species. 
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