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ARTICLE INFO ABSTRACT

Article History In this study, NEBcutter is used in generating the restriction enzymes
Received:20/7/2022  map of the circular sequence of BBTV-DNA components (DNA-R, DNA-U3,
Accepted:24/9/2022  pNA-S, DNA-M, DNA-M and DNA-N) appearing with each cleavage code and
Available:26/9/2022  n7yme name code. Results showed that the closest enzymes at the 5' end of the
restriction sites of Hphl, Apol, BtsIMutl, Fnu4HI, Hpy99l and Bccl were detected
for the six BBTV-DNA components, receptively. While, the restriction sites of
Cacs8l, Alul, Hpy166l1, Dpnll, Accl and Asel were detected as the closest enzymes
at 3' end for the same components, respectively. These BBTV-DNA components
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Domai_ns, were encoding the genes of replication-associated protein (BBJ34149.1, 278 aa),
Nanov_lrus, U3 protein (BBJ34150.1, 88 aa), capsid protein (BBJ34151.1, 175 aa), movement
Babovirus. 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.

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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BBTYV 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
etal., 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 EI-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
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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:

BBTV-DNA components

DNA-R
DNA-U3
DNA-S
DNA-M
DNA-C
DNA-N

Restriction enzymes
endonucleases maps

LC468138.1
LC468139.1 ter2/

LC468140.1 | http://tools.neb.com/NEBcu
LC468141.1 | tter

LC468142.1
LC468143.1

https://nc2.neb.com/NEBcut

http://www.neb.com/rebase

BBTV-Protein components

Deduced amino acids
and their ORFs

https://www.bioinformatics.org/sms2/orf_find.html.
https://www.ncbi.nlm.nih.gov/orffinder/

Pairwise alignment

https://blast.ncbi.nlm.nih. gov/Blast.cgi?PROGRAM=blastp
&PAGE TYPE=BlastSearch&LINK LOC=blasthome

Multiple sequencing
alignment

https://www.genome.jp/tools-bin/clustalw

Types of domains and

https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi

their superfamilies

https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi

https://myhits.isb-sib.ch/cgi-bin/motif scan

https://meme-suite.org/meme/tools/mem
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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
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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 Hphl, Apol,
BtsIMutl, Fnu4HI, Hpy99l and Bccl were
detected for the six BBTV-DNA components,
receptively. While, the restriction sites of
Cacs8l, Alul, Hpy16611, Dpnll, Accl and Asel
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.

Components Products Amino | Coordinates | Proteins ID Closest Closest
acids enzymes | enzymes
(aa) at5' end | at3'end
LC468138.1 Replication- 278 127..963 BBJ34149.1 Hphl *Cac8l
associated
protein
LC468139.1 U3 protein 88 143..409 BBJ34150.1 Apol Alul
LC468140.1 | capsid protein 175 213..740 BBJ34151.1 | BisIMutl | Hpyl6611
LC468141.1 movement 102 279..587 BBJ34152.1 | *Fnud4HI #Dpnll
protein
LC468142.1 | cell-cycle link 156 240..710 BBJ34153.1 | *Hpy99l *Aecl
protein
LC468143.1 nuclear 129 281..670 BBJ34154.1 Beel Asel
shuttle protein
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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- R and CAL90980.1 was recorded plus three
DNA-1 (BBJ34149.1) and only one differences overall when compared to the
difference in amino acids between the DNA-  other four overseas BBTV strains.

1 ATGTTCACCATCAACAATCCCACAACACTACCAGTGATGAGGGAT
M F T I N N P T T L P V M R D
46 GAGATCAAATATATGGTATATCAAGTGGAGAGGGGACAGGAGGGT
E I K Y M v ¥ ¢ VvV E R G Q E G
91 ACTCGTCATGTCGCAACGGATATGTCGAGATGARGAGACGAAGTTCT
T R H VvV ¢ ¢ ¥ VvV EM K R R 5 &
136 CTGAAGCAGATGAGAGCCTTCTTTCCTGGCGCACACCTTGAGAAR
L K g Mm R A F F P G A H L E K
181 CGAAAGGGAAGCCAAGAAGAAGCGCGGTCATACTGTATGAAGGAR
R K G 5 g E E A R 5 Y C M K E
226 GATACAAGAATCGAAGGTCCCTTCGAGTTTGGTGCATTTAAATTG
D T R I E G P F E F G A F K L
271 TCATGTAATGATAATTTATTTGATGTCATACAGGATATGCGTGAA
§ ¢ N D N L F D WV I Q D MR E
316 ACGCACAAAAGGCCTCTGGAGTATTTATATGATTGTCCTAACACC
T H K R P L E ¥ L Y D € P N T
361 TTCCGATAGAAGTAAGCGATACATTATACAGAGTACARGCAGAGATG
F DR 58 K D TUL Y RV Q A E M
406 AATAARAACGAAGGCGATGAATAGCTGGAGAACGTCTTTCAGTGCG
N K T K A M N 5 W R T 5 F S5 A
451 TGGACATCAGAAGTGGAGAATATCATGGCGCAGCCATGTCATCGG
W T s E VvV E N I M A Q P C H R
496 AGAATAATTTGGGTCTATGGCCCAAATGGAGGAGARAGGAAAGACA
R I I W V ¥ G P N G G E G K T
541 ACGTATGCAAAACATCTAATGAAGACGAGGAATGCGTTTTATTCT
T ¥ A K H L M K T R N A F ¥ 5§
586 CCAGGAGGAAAATCATTGGATATATGTAGACTGTATAATTACGAG
P 6 G K 5 L DI ¢ R L Y N Y E
631 GATATTGTTATATTTGATATTCCAAGATGCARAGAGGATTATTTA
D I v I F D I P R C K E D Y L
676 AATTATGGGTTATTAGAAGAATTTAAGAATGGAATAATTCAAAGT
N ¥ 6 L L E E F K N G I I Q 5
721 GGGAAATATGAACCCGTTTTGAAGATAGTGGAATATGTCGAAGTC
G K ¥ E P V L K I Vv E ¥ Vv E V
T66 ATTGTAATGGCTAACTTCCTTCCGAAGGAAGGAATCTTTTCTGAA
I v M A N F L P K E G I F 5 E
811 GATCGAATAAAGTTGGTTTCTTGCTGA

D R I K L V¥V 8 ¢C *

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).

BBJ34145.1 1 METINNPTTLPVMEDETEYMVY(IWERGOEGTRHVOGYVEMERRSS LKOMRAFFPGAHLEE 60

AAZOTT20.2 5 e -1

AFDT71380.1 9 e -1

CALS0%80.1 9 Y . :}

CAJ20054.1 9 B P -1

ALAGDT28.1 9 T i1

BBEJ34149.1 61  REGSJEEARSYCMEEDTRIEGPFEFGAFKLSCNDNLFDVIODMEE THERFLEYLYDCPNT 120
AMZOTT20.2 69 e -1
AFRD71380.1 69 P 23
CALS0%80.1 65 P -1 : |
CAJ20054.1 69 P -1
ALAGST28.1 69 e P -1 :
BBEJ34149.1 121 FDRSEDTLYRVUAEMNKTEAMNSWRTSESAWTSEVENIMADPCHREIIWVYGPNGGEGET 180
T 1 e I e I :
O e e I e 1 : 1
CALS0S80.1 125 .........c.ciennenenaaNe i i i i e e ... 188
CAJ20054.1 129 . 188
ALABST28.1 129 ... .. ..iaiiiaacraaaeaaaaaaaaaasaaaaaaaaaaaaananaasanaasasa.. 188
BEJ34145.1] 181 TYAKHLMKTRNAFYSPGGKSLDICRLYNYEDIVIFDIPRCKEDYLNYGLLEEFENGIIOS 240
ARZODTT20.2 1B ..t iiint i taaa s e aa e, 248
ARDOT1380.1 189 ...uiieivnstnonssnonsssonssnonasssnssnsssssassssasrssasnasass 248
CALIOSE0.1 189 ... ..t iiiniiisnasnnacananaananassanassasannasannasa.. 248
CAJ20054.1 189 ... ...ttt iisnieasaaacasaaaa s, 248
ALABST28.1 189 .. ... it it rraa s e a e s, 248
BBJ34145.1 241 GEYEPVLEIVEYVEVIVMANFLPEEGIFSEDRIELVSC 278

ARZODTT20.2 249 ... iiiniranar s s s asaa. 286

ARDOT1380.1 249 .. ....icvuirnnnrrannrsanassannssannssa. 286

CALIO980.1 249 ...uciienesnenssnsnssssnssnsnssnannans 286

CAJ20054.1 245 ... ...t iiiiiiniiraai e aaaaaaaaa. 286

ALAGST28.1 245 286

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

Abdel-Razek Fatma S.et al.

acids (two differences) between BBTV-
DNA-2 (BBJ34150.1) and the POC750.1 were
found when its amino acid sequence was
compared to the five overseas BBTV strains

(Fig. 5).

base 419. The lowest differences in amino

1 ATGACCGAAGGTCAAGGTAACTGGTCAACATTATTCTGGCTTGCG
M T E G Q G N W 8 T L F W L A
46 CAGCAAGATACACGAATTAATTTATTAATTCGTAGGACACGTGGA
¢ ¢ DT R I N L L I R R TR G
91 CGGACCGAAATACTCTTGCATCTCTATAAATACCCTAATCCTGTA
R T E I L L H L ¥ K Y P N P V
136 AAGGATAATTGCTCTCTCTCTTCTGTCAAGGTGGTTGTGCTAAGG
K D N C S L S8 8 V KV V V L R
181 CGGAAGATCGCCAGCGGCGATCGTCGGAACGACCTGCATCTAGAG
R K I A 8 G D R R ND L H L E
226 AGGCGGCGAGGAAACTACGGAGCGTATATCGGGTATTTATAG
R R R G N Y G A Y I G Y L *

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).

BBEJ34150.1 1 MTEGQGNWSTLFWLAQQODTRINLLIRRTRGRTEI LLHLYKYPNPVKDNCSLSSVKVVVLR 60

POCT750.1 1 .. 2 60
AQRO6132.1 1  ....... b T . Keetiieieenn, 60
ANV20585.1 1  ....... Rivernnnnnnnns S = 60
ACRTT724.1 1  ....... Rivernnnnnnnns S = 60
ACH99204.1 1  ....... Rivernnnnnnnns . St i 60
BBJ34150.1 61 RKIASGDRRNDLHLERRRGNYGAYIGYL 88
POCT50.1 3 Eoovvn 88
AQRO6132.1 6Ll  .ouvrnrnrnnnnnennnnn. Eoovvn 88
ANV20585.1 61 ........... V...SEA...E...... 89
BBJ34150.1 61 ...........i.n... 77

ACH99204.1 61 ...........V..... 71

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

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
BBTYV strains (Fig. 7).

to base 740, and encoding the capsid protein

1 ATGTTCAGACAAGAAATGGCTAGGTATCCGAAGAAATCCATCAAG
M F R Q E M A R Y P K K S I K
46 AAGAGGCGGGTTGGGCGCCGGAAGTATGGCAGCAAGGCGGCAACG
K R RV G R RKY G S KAA AT
91 AGCCACGACTACTCGTCGTCAGGGTCAATATTGGTTCCTGAAAAC
S H D Y 8 8 8 G S I L VvV P E N
136 ACCGTCAAGGTATTTCGGATTGAGCCTACTGATAAAACATTACCC
T V K Vv F RIEUPTUDI KTTIL P
181 AGATATTTTATCTGGAAAATGTTTATGCTTCTTGTGTGCAAGGTG
R Y F T W KM F ML L V C K V
226 AAGCCCGGAAGAATACTTCATTGGGCTATGATCAAGAGTTCTTGG
K P G R I L HWAMTII K S 5 W
271 GAAATCAACCAGCCGACAACCTGTCTGGAAGCCCGAGGTTTATTT
E I NQ P T TOCULEW AURGTLF
316 ATTAAACCTGAACACAGCCATCTGGTTAAACTGGTATGTAGTGGG
I K P EH S HL V KL V C S8 G
361 GAACTTGAAGCAGGAGTCGCAACAGGAACATCAGATGTTGAATGT
E L E A G V A T G T S D V E C
406 CTTTTGAGGAAGACAACCGTGTTGAGGAAGAATGTAACAGAGCTG
L L R K T T V L R XK NV T E V
451 GATTATTTATATTTGGCATTCTATTGTAGTTCTGGAGTAAGTATA
D Y L Y L A F Y €C 8 8 G V 5 T
496 AACTACCAGAACAGAATTACATATCATGTTTGA
N Y 9 N R I T Y H V *

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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BBJ34151.1 1 MFRQEMARY PKKSIKKRRVGRRKYGSKAATSHDYSSSGSILVPENTVKVFRIEPTDKTLE 60
T 60
APKY96868.1 1 T Lt tiennasanansnsannnnnss 60
RAEV53368.1 1 e Lttt ieeeeeenasnarannas 60
AEF13039.1 1 e Al Lesieeeeeeseacarnanannas 60
ACZ59089.1 1 T Lt tiennasanansnsannnnnss 60
BBJ34151.1 61 RYFIWKMFMLLVCKVKPGRI LHWAMIKS SWEINQPTTCLEARGLFIKPEHSHLVKLVCSG 120
NE_604477.1 61 .. .uentiiininaraseasnnnnasasnsnnnnanans Pttt 120
ABK96868.1 L Puiviensaransanannan 120
RAEV53368.1 0 P.o..... 1 120
AFEF13039.1 L Pttt 120
ACZ59089.1 L Ao Puiviensasansanannan 120
BEJ34151.1 121 ELEAGVATGTSDVECLLRKTTVLRKNVTEVDYLYLAFYCSSGVSINYQNRITYHV 175
NE_604477.1 121 ...u.iciuiennasnartassssassasassssassasasnssasnnnasnsnns 175
RABK96868.1 I 1756
RAEV53368.1 I 175
AEF13039.1 S 175
RACZ59089.1 - | ......................................... 175

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

M A L T
46
L F F G A I F

91

136

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
BBTYV strains were analyzed (Fig. 9).

ATGGCATTAACAACAGAGCTGGTTAAACTATTCTTTGAATGGTTT
T E L V K L F
CTGTTCTTTGGAGCAATATTTATTGCGATTACAATATTATATATA

H E W F

I A I T I L Y I

TTGTTGGTTTTGCTCTTTGAGGTACCCAGGTATATTAAGGAGCTC
L L VvV L. L F E V P R Y I
GTGAGGTATTTGGTAGAATACCTGACCAGACTATGTGTATGGATG

K E L

VvV R Y L VvV E ¥ L T R L. C V W M

181

226

CAAAGGACGCAGTTGATGGAGGCAACTGGAGACGTAGATATCGGC
¢ R T Q L. M E A T G D V D
AGAGGTATTGTGGAAGACAGACGGGATAAACAACCGGTTGTCATA

I G

R GG I v ED RURUDKOQ P V V I

271
P N A 8

CCAAATGCATCTCATGTTAACCCTTCTCAACCACATTGA
H V N P

*

S Q P H

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).

BEJ34152.1 1 MALTTELVKLFFEWFLFFGATFTATTILYTLLVLLFEVPRYTKELVRYLVEYLTRLCVWM 60
AEL32419.1 1  ...... Rttt it ine st s sasamsassasaasasnasaanasaasanna RR.. 60
AEL32422.1 1  ...... 3 RR.. 60
AKOTO0855.1 1 ...... Rt i e ittt s, K...Quooinnonns RR.. 60
AKOTO966.1 1  ...... Rttt it its st aaassaaaanannann A RR. 60
AKOTO0967.1 1 ...... R e e i i Vet iei e a e RR. 60
BBJ34152.1 61 QRTQLMEATGDVDIGRGIVEDRRDKQFVVIPNASHVNPSQPH 102
AFL32419.1 61 ..... T.ou... E..oooinnnan. Q..A...HV.Q.I....N 102
ARL32422.1 61 ..... T..u... E..ooienan. Q..A... . HV.Q.I .N 102
AKOTO0855.1 61  ..... S, EF..ovnnnnnn Q..A...Q..Q..... 100
AKOTO0966.1 61  ..... Seveans EF.oveinnnnss Q..A...Q..Q.c. 100
AKOTO0967.1 61  ..... T..u... E..ooiennan. Q..A...HV.Q.I....N 102

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

Abdel-Razek Fatma S.et al.

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).

1

46

91

136

181

226

271

316

361

406

451

ATGGAGTTCTGGGAATCGTCTGCCATGCCTGACGATGTCAAGAGA
M E F W E 8§ 8§ A M P D D V K R
GAGATTAAGGAAATATATTGGGAAGATCGGAAGARACTTCTGTTC
E I K E I Y W E D R K K L L F
TCTCAGAAGTTGAAGAGCTATGTCAGAAGGATTCTTGCCTACGGA
S ¢ K L ¥ 8 ¥ V R R I L A Y G
GATCAGGAGGATGCCCTTGCTGGAGTGAAGGATATGAAGACTTCT
D ¢ E D A L A G V KD MIEKTT 8
ATTATTCGCTATAGCGAATACTTGAAGAAACCATGTGTGGTAATT
I I R Y 8§ E Y L K K P C WV V I
TGTTGTGTTAGCAATAAATCAATTGTGTATAGGTTAAACAGCATG
c ¢ VvV 8 N K 8 I V Y R L N § M
GTGTTCTTTTATCATGAATACCTTGAAGAACTAGGTGGTGATTAC
vV F F Y H E Y L E E L G G D Y
TCAGTATATCAAGATCTCTATTGTGATGAGGTTCTCTCATCTTCA
8 v ¥ ¢Q D L Y ¢C D E WV L 8 8§ 8
TCGACAGATGAAGAAGATGTAGGAGTAATATACAGGAATGTTATC
s T D E E D V G V I ¥ R NV I
ATGGCATCGACTCAAGAGAAGTTCTCTTGGAGTGATTGTCAGAAG
M A 8 T Q E K F 8 W 85 D C Q0 K
ATAGTAATTTCCAGACTATGA
I v I 8 R L *

BBJ34153.1 1 MEFWESSAMPDDVKREIKE IYWEDRKKLLFSQKLKSYVRRI LAYGDQEDALAGVEDMKTS 60
BROTOBO3.1 1 oottt e e e e ae e e e e i Ve 60
BROTOBOA.1 1 oottt it e e i Ve L... 60
ARD25094.1 1 .o o 60
BGF92155.1 1 ooiieii i Gttt e L... 60
BKOTOB02.1 1  wiiiunnnnenernnnnnrannnnananns Cuvvnnnnnnns Vesiiraennnas L... 60
BBJ34153.1 61 IIRYSEYLKKPCVVICCVSNKSIVYRLNSMVFFYHEY LEELGGDYSVYQDLYCDEVLSSS 120
AKOT0803.1 61 120
AKO70804.1 61 120
BARD25094.1 61 120
AGF92155.1 61 120
AKO70802.1 61 120
BBJ34153.1 121 STDEEDVGVIYRNVIMASTQEKFSWSDCQKIVIS 154

BKOTOB03.1 121 ... eioiiii it aaai e aans 154

BKOTOB04.1 121 ... ...t 154

ARD25094.1 121 . .E...uueeranannnnaannnnns - J 154

BGF92155.1 121 | E..eceietiae i 154

BKOTOB02.1 121 .. eoteei i iiia e 154

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
BBTYV strains were analyzed (Fig. 13).


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

Restriction Enzyme Maps of Circular Sequences of BBTV-DNA Components

1 ATGGATTGGGCGGAATCACAATTCAAGACATGTACTCATGGATGC

46

91

136

181

226

271

M D W A E 8§ Q F K T C T H G C
GATTGGAAGAAGATATCATCGGATTCAGCCGATAATCGACAATAT
D W K K I 8 8 D 8 A D NIZROQ Y
GTACCATGCGTCGATTCTGGAGCTGGAAGAAAGTCGCCTCGCAAG
v P C VD 8 G A G RK S P R K
GTACTTCTTAGATCTATTGAAACTGTGTTTAACGGAAGCTTCAGC
vV L L. R 8§ I E T Vv F N G 8 F 5
GGAAATAATAGGAACGTTCGTGGATTTCTCTACGTATCGATCAGA
G N N RNV RKG F L Y V 8 I R
GACGATGACGGAGAAATGCGTCCAGTACTCATAGTACCATTCGGA
D p DG EMUERKUPV L I V P F G
GGATATGGATATCATAATGATTTCTATTATTTCGAAGGARAGGGG
G Y G Y H N D F Y Y F E G K G

316 AAAGTTGAATGTGATATATCATCAGATTATGTTGCGTCAGCCAGG

K v E ¢ D I 8 8 D Y V A 8 A R

361 AATAGATTGGAGCAGAGACTTGGAAGTTAG

N R L E 0§ R L G § *

107

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).

BBJ34154.1 1
AKO71098.1 1
AKO71071.1 1
AKOT1116.1 1
NP 604479.1 1
AKO71035.1 1

BBJ34154.1 61
AKO71098.1 61
AKOT1071.1 61
AKOT1116.1 61
NP 604479.1 61
AKO71035.1 61

MDWAESQFKTCTHGCDWKKISSDSADNRQYVPCVDSGAGRKS PREVLLRSIETVFNGSFS 60

PR
=
o

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 ALAG5728.1)
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 (POC750.1).

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

Abdel-Razek Fatma S.et al.

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.

Description Elastp (protein-protein BLAST)
Query Cover (%) | Identities (%) | Accessions
BETV-DNA-1 (DNA-R) (BEJ34140.1)
replicase 100 100.0 AATOTT202
Replication associated protein 100 99.64 AKOT1380.1
master replication associated protein 100 09.64 CAT20980.1
replicase protein 100 09.64 CAT20054.1
replication inttiation protein 100 99.64 ALAG5T28.1
BETV-DNA-2 (DNA-U3) (BBJ34150.1)
Full=Uncharacterized protein U3 100 97.73 POCT50.1
U3 protein 100 0432 AQR06132.1
hypothetical protein 100 89.50 ANV20585.1
U3 protein 87 96.10 ACRTT7241
unknown 87 94351 ACH99204.1
BETV-DNA-3 (DNA-S) (BEJ34151.1)
Coat protein 100 09.43 NP _604477.1
Coat protein 100 08.29 ABE96868.1
Coat protein 100 97.71 AEV33568.1
Coat protein 100 97.71 AEF13039.1
Coat protein 100 97.71 ACZ59089.1
BETV-DNA-4 (DNA-M) (BBJ34152.1)
movement protein 100 §8.24 AEL32419.1
movement protein 100 88.24 AEL32422.
movement protein 08 88.00 AKO7T0835.1
movement protein 98 85.00 AKO7T0966.1
movement protein 100 87.23 AKO7T0967.1
BETV-DNA-5 (DNA-C) (BBJ34153.1)
cell cycle link protein 08 0933 AKO7T0803.1
cell cycle link protein 98 958.70 AKO70804.1
cell cycle link protein 98 95.03 ARD25094.1
cell-cycle link protein o8 98.03 AGF92135.1
cell cycle link protein 08 08.03 AKOT0802.1
BETV-DNA-6 (DNA-N) (BEJ34154.1)
nuclear shuttle protein 20 99.13 AKO71095.1
nuclear shuttle protein 20 9215 AKOT1071.1
nuclear shuttle protein 20 99.13 AKOT1116.1
NSP 90 99.15 NP 604479.1
nuclear shuttle protein 20 09.13 AKO71035.1



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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@ Banana bunchy top virus(ALA65728.1)
@ Banana bunchy top virus(AAZ07720.2)
2Banana bunchy top virus(AKO71380.1)|
a @Banana bunchy top virus(CAJ20054.1)
@Banana bunchy top virus(BBJ34149.1)

®Banana bunchy top virus(CAL90980.1)

9 Banana bunchy top virus(tAQR06132.1)
@ Banana bunchy top virus(ANV20585.1)
o 9 Banana bunchy top virustACH99204.1)
@ Banana bunchy top virus(tACR77724.1)
9 Banana bunchy top virus(BBJ34150.1)

@ Banana bunchy top virus isolate Autralia(POC.

@ Banana bunchy top virus(ABK96868.1)

@Banana bunchy top virustAEV53368.1)

@ Banana bunchy top virus(BBJ34152.1)

@ Banana bunchy top virus(AEL32419.1)

®Banana bunchy top virus(AKO70803.1)

@ @ Banana bunchy top virus(AEF13039.1) 2 @ Banana bunchy top virus(AKO70967.1
° @Banana bunchy top virus(ACZ59089.1) @Banana bunchy top virus(AEL32422.1)
@Banana bunchy top virus(BBJ34151.1) @ Banana bunchy top virus(AKO70855.1
® 9@ Banana bunchy top virus(NP_604477.1)| . @ Banana bunchy top virus(AKO70966.1
@ Banana bunchy top virus(ARD25094.1) @ Banana bunchy top virus(BBJ34154.1)
. @Banana bunchy top virus(AGF92155.1) @ Banana bunchy top virus(AKO71098.1)
@ Banana bunchy top virus(BBI34153.1) 9 » @ Banana bunchy top virus(AKO71071.1)
B @ Banana bunchy top virus(AKO70802.1)| @ i @Banana bunchy top virus(AKO71116.1)
s @ " @ Banana bunchy top virus(AKO70804.1) @Banana bunchy top virus(NP_604479.1))

@Banana bunchy top virus(tAKO71035.1)

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),
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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.
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