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INTRODUCTION 

    Banana bunchy top virus (BBTV) the causal agent of banana bunchy top disease 

(BBTD) is considered the most effective viral disease on the productivity of bananas worldwide 

(Sadik 1994, Balakrishnan et al., 1996, Lowe et al., 2000, Almedia et al., 2009, Adegbola et 

al., 2013, Mpoki et al., 2021 and Singh et al., 2022). 
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      In this study, NEBcutter is used in generating the restriction enzymes 

map of the circular sequence of BBTV-DNA components (DNA-R, DNA-U3, 

DNA-S, DNA-M, DNA-M and DNA-N) appearing with each cleavage code and 

enzyme name code. Results showed that the closest enzymes at the 5' end of the 

restriction sites of HphI, ApoI, BtsIMutI, Fnu4HI, Hpy99I and BccI were detected 

for the six BBTV-DNA components, receptively. While, the restriction sites of 

Cac8I, AluI, Hpy166II, DpnII, AccI and AseI were detected as the closest enzymes 

at 3' end for the same components, respectively. These BBTV-DNA components 

were encoding the genes of replication-associated protein (BBJ34149.1, 278 aa), 

U3 protein (BBJ34150.1, 88 aa), capsid protein (BBJ34151.1, 175 aa), movement 

protein (BBJ34152.1, 102 aa), cell-cycle link protein (BBJ34153.1, 156 aa) and 

nuclear shuttle protein (BBJ34154.1, 129 aa), respectively. Similarity ranged 

from 95 to 100% found when sequences producing significant alignments were 

done between the ORFs of BBTV-DNA components and the most similar BBTV 

overseas strains. The number and type of domains of the ORFs of the six BBTV 

components and their families were determined. Two domains were found for 

DNA-R (viral rep and RNA_helicase domains). NA-U3 has a hypothetical protein 

belonging to un-characterized protein U3 domain, one domain called 

nanovirus_coat the protein family membership is Nanovirus coat protein recorded 

for DNA-S, DNA-M has one domain Babovirus_MP, DNA-C has a domain 

belonging to cell cycle protein and DNA-N has a domain belonging to nuclear 

shuttle protein domain. 

https://eajbsg.journals.ekb.eg/
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BBTV was characterized by a circular 

single strand DNA (ssDNA) genome 

consisting of six components called DNA-R 

(BBTV-DNA-1) (Harding et al. 1993, 

Harding et al. 2000, Amin et al., 2008), DNA-

U3 (BBTV-DNA-2) (Sadik 1994 and Burns et 

al., 1995), DNA-S (BBTV-DNA-3) (Burns et 

al., 1995), DNA-M (BBTV-DNA-4) (Burns 

et al., 1995), DNA-C (BBTV-DNA-5) (Burns 

et al., 1995), and DNA-N (BBTV-DNA-6) 

(Burns et al., 1995). BBTV was classified as 

a member of the genus Babuvirus (Mandal 

2010) and the family Nanoviridae (Vetten et 

al., 2005, King et al., 2011 and Vetten et al., 

2012). 
 It has been shown that the six DNA 

components shown to be responsible for the 

genes of rolling-circle replication initiation 

protein, protein of unknown function, coat 

protein peptide with an estimated molecular 

mass of 20 kDa,  the movement protein,  cell 

cycle link protein and nuclear shuttle protein, 

respectively (Harding et al., 1993, Sadik 

1994, Burns et al., 1995, Beetham et al., 1997, 

Hafner et al., 1997 and Nour El-Din et al., 

2005, Vetten et al. 2005, King et al., 2011 and 

Vetten et al., 2012).  

 Bioinformatics could be described 

as a multidisciplinary technology as it can 

include both computer science and 

information technology and biotechnology, 

which provides a great opportunity to analyze 

and interpret biological data, as well as 

modeling biological processes in addition to 

developing algorithms and related statistics 

(Su et al., 2003, Selvaranjan et al., 2010 and 

Banerjee et al., 2014). They also revealed that 

bioinformatics can be used to solve biological 

problems through computer technologies and 

applications, for example, bioinformatics is 

recently used to study genome sequences 

(nucleotide and amino-acid sequences), 

genetic protein structures and protein domains 

and their families, molecular networks and 

proteomics (Molina and Kudagamage 2002).  

 Yu et al., (2011) indicated that 

bioinformatics analysis of BBTV sequencing 

of Hainan isolates, which represents a satellite 

DNA component with 12 DNA sequences 

motifs. They also predicted the structure, 

chemical properties and physical, signal 

peptide, phosphorylation, secondary & 

tertiary structures and functional domains of 

its encoding protein, and finally compared 

with the corresponding quantities in the 

replication initiation protein of BBTV-DNA 

component 1.  

 This study aimed to determine the 

restriction enzymes map of the circular 

sequence of the six BBTV-DNA components 

appearing in each cleavage code and enzyme 

name code. Analyses of deduced amino acids 

and their ORFs and types of domains and their 

superfamilies were also aimed.  

MATERIALS AND METHODS 

Analyses of the six BBTV-DNA 

components which encode the genes of 

replication-associated protein (BBJ34149.1), 

U3 protein (BBJ34150.1), capsid protein 

(BBJ34151.1), movement protein 

(BBJ34152.1), cell-cycle link protein 

(BBJ34153.1) and nuclear shuttle protein 

(BBJ34154.1), respectively, were conducted 

using as follows: 

 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
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RESULTS AND DISCUSSION 

Restriction Enzyme Maps of a Circular 

Sequence of BBTV-DNA Components: 

NEBcutter, version 1.0, is a program 

available via a web server that will accept an 

input DNA sequence and produce a 

comprehensive report of the restriction 

enzymes that will cleave the sequence 

(Vincze et al. 2003). It produces a variety of 

outputs including restriction enzyme maps, 

theoretical digests and links into the 

restriction enzyme database, and rebase.  

Data in Table (1) and illustrated in 

Figure (1) show that NEBcutter was 

successfully used in generating the restriction 

enzymes map of the circular sequence of 

BBTV-DNA components (DNA-R 

(LC468138.1), DNA-U3 (LC468139.1), 

DNA-S (LC468140.1), DNA-M 

(LC468141.1), DNA-C (LC468142.1) and 

DNA-N (LC468143.1)) appearing each of 

cleavage code and enzyme name code. These 

BBTV-DNA components were encoding the 

genes of replication-associated protein 

(BBJ34149.1), U3 protein (BBJ34150.1), 

capsid protein (BBJ34151.1), movement 

protein (BBJ34152.1), cell-cycle link protein 

(BBJ34153.1) and nuclear shuttle protein 

(BBJ34154.1), respectively. Both of the 

closest enzymes at the 5' end and 3' end 

occurred. At the level of closest enzymes at 

the 5' end the restriction sites of HphI, ApoI, 

BtsIMutI, Fnu4HI, Hpy99I and BccI were 

detected for the six BBTV-DNA components, 

receptively. While, the restriction sites of 

Cac8I, AluI, Hpy166II, DpnII, AccI and AseI 

were detected as the closest enzymes at 3' end 

for the same six BBTV-DNA components, 

respectively. 

 

Table (1): Closest enzymes at 5' and 3' ends of products of BBTV-DNA components. 

 
 
 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Protein&term=BBJ34149.1&doptcmdl=GenPept&tool=NEBcutter
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468138.1&enzname=HphI&recpos=130
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468139.1&enzname=ApoI&recpos=131
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468140.1&enzname=BtsIMutI&recpos=198
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468141.1&enzname=Fnu4HI&recpos=270
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468142.1&enzname=Hpy99I&recpos=226
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468143.1&enzname=BccI&recpos=279
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468138.1&enzname=Cac8I&recpos=982
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468139.1&enzname=AluI&recpos=420
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468140.1&enzname=Hpy166II&recpos=749
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468141.1&enzname=DpnII&recpos=593
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468142.1&enzname=AccI&recpos=793
http://nc2.neb.com/NEBcutter2/enz.php?name=4eafef89-LC468143.1&enzname=AseI&recpos=768
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Fig. 1: Restriction enzymes map generated by NEBcutter of a circular sequence of BBTV-

DNA components (DNA-R: 1109, DNA-U3: 1056, DNA-S: 1075, DNA-M: 1043, DNA-C: 

1015 and DNA-N: 1084 nts). Note, that both of cleavage code and of enzyme name code were 

available. 

 

Sequencing Analyses of Amino Acids 

Deduced from The Six Components of 

BBTV-DNA Compared to The Overseas 

Strains in GenBank: 

The nucleotide sequences of the six 

components of BBTV (DNA-R, DNA-U3, 

DNA-S, DNA-M, DNA-C and DNA-N) were 

subjected to analysis of their encoded amino 

acids and their function. Results in Figure (2) 

showed coding sequences (CDS) translation 

in reading frame 3 (837 nts/278 aa) on the 

direct strand extends from base 132 to base 

968 of BBTV-DNA-1 (DNA-R) documented 

in GenBank (BBJ34149.1). Data in Figure (3) 

https://www.ncbi.nlm.nih.gov/protein/1607239458
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show alignment sequences of ORF of BBTV-

DNA-1 (BBJ34149.1) and only one 

difference in amino acids between the DNA-

R and CAL90980.1 was recorded plus three 

differences overall when compared to the 

other four overseas BBTV strains. 

 
 

Fig. 2: ORF2 CDS translation in reading frame 3 (837 nts/278 aa)   on the direct strand extends 

from base 132 to base 968 of BBTV-DNA-1 (DNA-R) component documented in GenBank 

(BBJ34149.1). 

 
Fig. 3: Alignment sequences of ORF of BBTV-DNA-1 (DNA-R) (BBJ34149.1) compared to 

five overseas BBTV strains shows amino acid differences in between. 

 

 
 

https://www.ncbi.nlm.nih.gov/protein/CAL90980.1?report=genbank&log$=prottop&blast_rank=3&RID=KSDT01MG114
https://www.ncbi.nlm.nih.gov/protein/1607239458
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Regarding the BBTV-DNA-2 (DNA-

U3) documented in GenBank (BBJ34150.1), 

data in Figure (4) show its ORF1 CDS 

translation in reading frame 3 (267 nts/88 aa)  

on the direct strand extends from base 153 to 

base 419. The lowest differences in amino 

acids (two differences) between BBTV-

DNA-2 (BBJ34150.1) and the P0C750.1 were 

found when its amino acid sequence was 

compared to the five overseas BBTV strains 

(Fig. 5).

 
 

Fig. 4: ORF1 CDS translation in reading frame 3 (267 nts/88 aa) on the direct strand extends from base 

153 to base 419 of BBTV-DNA-2 (DNA-U3) documented in GenBank (BBJ34150.1). 

 

   

Fig. 5: Alignment sequences of ORF of BBTV-DNA-2 (DNA-U3) (BBJ34150.1) compared 

to five overseas BBTV strains shows amino acid differences in between. 
 

In the case of BBTV-DNA-3 (DNA-

S) documented in GenBank (BBJ34151.1), 

data in Figure (6) show its ORF4 CDS 

translation in reading frame 3 (528 nts/175 

aa)  on the direct strand extends from base 213 

to base 740, and encoding the capsid protein 

gene of BBTV. Only one difference in 

between was recorded when alignment 

sequences of ORF of BBTV-DNA-3 

(BBJ34151.1) compared to five overseas 

BBTV strains (Fig. 7). 

 

 
Fig. 6: ORF4 CDS translation in reading frame 3 (528 nts/175 aa) on the direct strand extends 

from base 213 to base 740 of BBTV-DNA-3 (DNA-S) documented in GenBank (BBJ34151.1). 

https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
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Fig. 7: Alignment sequences of ORF of BBTV-DNA-3 (DNA-S) (BBJ34151.1) compared to 

five overseas BBTV strains shows amino acid differences in between. 

 

For BBTV-DNA-4 (DNA-M) 

documented in GenBank (BBJ34152.1), 

results in Figure (8) showed its ORF2 CDS 

translation in reading frame 3 (309 nts/102 

aa)  on the direct strand extends from base 279 

to base 587 and encoding the movement 

protein gene of BBTV. A number of 16 

differences were recorded when alignment 

sequences of ORF of BBTV-DNA-4 

(BBJ34152.1) compared to five overseas 

BBTV strains were analyzed (Fig. 9). 

 

 
 

Fig. 8: ORF2 CDS translation in reading frame 3 (309 nts/102 aa) on the direct strand extends 

from base 279 to base 587 of BBTV-DNA-4 (DNA-M) documented in GenBank 

(BBJ34152.1). 

 

 
Fig. 9: Alignment sequences of ORF of BBTV-DNA-4 (DNA-M) (BBJ34152.1) compared 

to five overseas BBTV strains shows amino acid differences in between. 

 

At the level of BBTV-DNA-5 (DNA-

C) documented in GenBank (BBJ34153.1), 

results in Figure (10) showed its ORF2 CDS 

translation in reading frame 3 (471 nts/156 

https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
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aa)  on the direct strand extends from base 240 

to base 710 and encoding the cell cycle link 

protein gene of BBTV. Five differences in 

between were recorded when alignment 

sequences of ORF of BBTV-DNA-5 

(BBJ34153.1) compared to five overseas 

BBTV strains were analyzed (Fig. 11). 

 

 
Fig. 10: ORF2 CDS translation in reading frame 3 (471 nts/156 aa)  on the direct strand extends 

from base 240 to base 710 of BBTV-DNA-5 (DNA-M) documented in GenBank 

(BBJ34153.1). 

 

 
Fig. 11: Alignment sequences of ORF of BBTV-DNA-5 (DNA-M) (BBJ34153.1) compared 

to five overseas BBTV strains shows amino acid differences in between. 

 

Finally, BBTV-DNA-6 (DNA-N) 

documented in GenBank (BBJ34154.1) was 

analyzed as shown in Figure (12) and its 

ORF2 CDS translation in reading frame 2 

(390 nts/129 aa)  on the direct strand extends 

from the base 281 to base 670 and encoding 

nuclear shuttle protein gene of BBTV. One 

difference in between was recorded when 

alignment sequences of ORF of BBTV-DNA-

6 (BBJ34154.1) compared to five overseas 

BBTV strains were analyzed (Fig. 13). 

 

 

 

 

https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
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Fig. 12: ORF2 CDS translation in reading frame 2 (390 nts /129 aa) on the direct strand extends from 

base 281 to base 670 of BBTV-DNA-6 (DNA-N) documented in GenBank (BBJ34153.1). 

 

 
Fig. 13: Alignment sequences of ORF of BBTV-DNA-6 (DNA-N) (BBJ34154.1) compared 

to five overseas BBTV strains shows amino acid differences in between. 
 

Sequences producing significant 

alignments of ORF of BBTV-DNA-1 (DNA-

R) encoding replication-associated protein 

gene (BBJ34149.1) compared to five overseas 

BBTV strains (AAZ07720.2, AKO71380.1, 

CAL90980.1, CAJ20054.1 and ALA65728.1) 

with query cover of 100% and E-value (0.0) 

was recorded in Table (2) with a similarity 

ranged from 99.64 to 100 %.  This confirmed 

by the result of the genetic relationship (Fig. 

14) between the ORF of DNA-R of BBTV-

DNA-1 component and those most similar 

strains of BBTV in GenBank, as the DNA-R 

of this study was fell in a cluster with that of 

CAL90980.1.  

When ORF of BBTV-DNA-2 (DNA-

U3) (BBJ34150.1) was analyzed to the most 

five similar overseas BBTV strains, data of 

sequences producing significant alignments 

show the highest similarity (97.73%) was 

recorded against to RecName: 

Full=Uncharacterized protein U3 (P0C750.1) 

(Table 2). Results of phylogenetic tree of 

ORF of DNA-U3 (BBJ34150.1) in Figure 

(14) based on the taxonomy names (Sq ID) 

show that it fell in a cluster with the 

Australian strain of BBTV (P0C750.1).  

Data of sequences producing 

significant alignments (Table 2) show 

similarity ranging between 97.71 and 99.43 

with a query cover of 100% and varied E-

values were recorded between the ORF of 

BBTV-DNA-3 (DNA-S) (BBJ34151.1) and 

the most five BBTV strains in GenBank. The 

highest similarity was found when compared 

to coat protein (Banana bunchy top virus, 

NP_604477.1) and fell together in a cluster 

(Fig. 14).  

Regarding BBTV-DNA-4 (DNA-M) 

(BBJ34152.1), data in Table (2) show 

sequences producing significant alignments 

with similarity ranging between 87.25 and 

88.24 % with query cover of 98-100% and 

varied E-value. The highest similarity was 

found when compared to coat protein 

(movement protein of Banana bunchy top 

https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/AAZ07720.2?report=genbank&log$=prottop&blast_rank=1&RID=KSDT01MG114
https://www.ncbi.nlm.nih.gov/protein/AKO71380.1?report=genbank&log$=prottop&blast_rank=2&RID=KSDT01MG114
https://www.ncbi.nlm.nih.gov/protein/CAL90980.1?report=genbank&log$=prottop&blast_rank=3&RID=KSDT01MG114
https://www.ncbi.nlm.nih.gov/protein/CAJ20054.1?report=genbank&log$=prottop&blast_rank=4&RID=KSDT01MG114
https://www.ncbi.nlm.nih.gov/protein/ALA65728.1?report=genbank&log$=prottop&blast_rank=5&RID=KSDT01MG114
https://www.ncbi.nlm.nih.gov/protein/CAL90980.1?report=genbank&log$=prottop&blast_rank=3&RID=KSDT01MG114
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_251765103
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_251765103
https://www.ncbi.nlm.nih.gov/protein/P0C750.1?report=genbank&log$=prottop&blast_rank=1&RID=KSFT1T3P114
https://www.ncbi.nlm.nih.gov/protein/P0C750.1?report=genbank&log$=prottop&blast_rank=1&RID=KSFT1T3P114
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_19744928
https://www.ncbi.nlm.nih.gov/protein/NP_604477.1?report=genbank&log$=prottop&blast_rank=1&RID=KNY8FXBC01R
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_19744928
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_19744928
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virus, AEL32419.1) and fell in a separate 

cluster (Fig. 14).  

Data in Table (2) show sequences 

producing significant alignments with 

similarity ranging between 98.05 and 99.35% 

with varied E-value and query cover of 98% 

when the ORF of BBTV-DNA-5 (DNA-C) 

(BBJ34153.1) was analyzed compared to the 

most similar overseas BBTV strains. The 

highest similarity was found when compared 

to coat protein (cell cycle link protein of 

Banana bunchy top virus, AKO70803.1) and 

fell in an intermediate cluster (Fig. 14).  

Sequences producing significant 

alignments (Table 2) show a similarity of 

99.15% with varied E-value and query cover 

of 95% between the ORF of BBTV-DNA-6 

(DNA-N) (BBJ34154.1), and the five 

overseas representing the nuclear shuttle 

protein gene of BBTV and fell in a separate 

cluster (Fig. 14).  

As a result of several studies of 

bioinformatics analyzes of the overseas 

strains of BBTV, it has been shown that the 

strains obtained from the same continental 

region showed simple variation in the 

nucleotide sequences of the BBTV genome, 

which provided the opportunity to be present 

together in the same group (Su et al. 2003, 

Selvarajan et al. 2010 and Banerjee et al. 

2014).  

 
Table 2: Sequences producing significant alignments of ORFs of BBTV-DNA components (DNA-R: 

1109, DNA-U3: 1056, DNA-S: 1075, DNA-M: 1043, DNA-C: 1015 and DNA-N: 1084 nts) 

compared to some overseas BBTV strains. 

 
 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_19744928
https://www.ncbi.nlm.nih.gov/protein/AEL32419.1?report=genbank&log$=prottop&blast_rank=1&RID=KSFYDEUF114
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_19744928
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_19744928
https://www.ncbi.nlm.nih.gov/protein/AKO70803.1?report=genbank&log$=prottop&blast_rank=1&RID=KSG9JC9P114
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Fig. 14: Phylogenetic tree of ORF of BBTV-DNA components (DNA-R, DNA-U3: 1056, 

DNA-S: 1075, DNA-M: 1043, DNA-C: 1015 and DNA-N: 1084 nts) compared to some 

overseas BBTV strain, shows taxonomy names (Sq ID). 
 

Determining the type of domains and their 

families  

The ORF of BBTV-DNA-1 (DNA-R) 

with a length of 278 aa, encoding the gene of 

replicas associated (BBJ34149.1) has two 

domains (Fig. 15). The first domain is the 

viral rep domain or putative viral replication 

protein which begins from 1-75 and belongs 

to the family of viral ORFs from various plant 

and animal ssDNA circoviruses. This domain 

has a biological process it has a role in DNA 

replication and protein-DNA covalent cross-

linking. The second domain is RNA_helicase 

started from 168 to 260 and belongs to a 

family that includes RNA helicases thought to 

be involved in duplex unwinding during viral 

RNA replication. This domain has a 

molecular function the function are endo-

deoxyribonuclease activity, producing 5'-

phosphomonoesters, nucleotidyl-transferase 

activity, RNA binding and RNA helicase 

activity. 

Data in Figure (15) show that BBTV-

DNA-2 (DNA-U3) component which 

encodes the U3 protein based on its ORF with 

a length of 88 aa, has a hypothetical protein 

belonging to the uncharacterized protein U3 

domain. 

BBTV-DNA-3 which encodes the 

coat protein gene based on an ORF with a 

length of 175 aa has one domain called 

nanovirus_coat the protein family 

membership is Nanovirus coat protein (Fig. 

15). While BBTV-DNA-4 (DNA-M) has no 

motifs. This protein has one domain 

Babovirus_MP beginning from 1-101 (Figure 

15). The protein superfamily of this domain is 

a membership of movement and RNA 

silencing protein. 

The type of ORF domain of BBTV-

DNA-5 (DNA-C) component (BBJ34153.1) 

which represented the replication-associated 

protein gene of BBTV was belonging to the 

cell cycle protein domain belonging to cell 

cycle link protein Clink (Fig. 15). This 

segment has 155 aa, encoding cell cycle 

protein and has no motifs. Finally, BBTV-

DNA-6 component (DNA-N) (BBJ34154.1) 

represented the nuclear shuttle protein gene of 

BBTV belonging to the nuclear shuttle 

protein domain (Fig. 15). Its ORF has 129 aa 

representing a protein that has no motifs. This 

protein has one domain beginning from 2-119 

and refers to Nanovirus _C8 (Nanovirus 

component protein).  

These results are in harmony with that 

reported by Sadik (1994), Burns et al. (1995),  

https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0006260
https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0006260
https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0018142
https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0018142
http://www.ebi.ac.uk/interpro/entry/interpro/IPR006753
http://www.ebi.ac.uk/interpro/entry/interpro/IPR006753
http://www.ebi.ac.uk/interpro/entry/interpro/IPR009871
http://www.ebi.ac.uk/interpro/entry/interpro/IPR009871
https://www.ncbi.nlm.nih.gov/protein/1607239458
http://www.ebi.ac.uk/interpro/entry/interpro/IPR045832
http://www.ebi.ac.uk/interpro/entry/interpro/IPR045832
https://www.ncbi.nlm.nih.gov/protein/1607239458
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Su et al. (2003), Nour El-Din et al. 

(2005), Beetham et al. (1997), Hafner et al. 

(1997), Vetten et al. (2005), Salama et al. 

(2007), Amin et al. (2008), Mandal (2010), 

Selvaranjan et al. (2010), King et al. (2012) 

and Vetten et al. (2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Analyses of ORFs of the six BBTV-DNA components (DNA-R1 (BBJ34149.1), 

DNA-U3 (BBJ34150.1), DNA-S (BBJ34151.1), DNA-M (BBJ34152.1), DNA-C 

(BBJ34153.1), and DNA-N (BBJ34154.1)) belonging to different domains and families. 

 

 

 

https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
https://www.ncbi.nlm.nih.gov/protein/1607239458
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