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                The banana is the most important fruit in Egypt. Banana bunchy top 

disease, caused by the banana bunchy top virus (BBTV), is one of the most 

damaging infections on banana plantations, resulting in significant crop losses. 

The current study was conducted to characterize the incidence of banana 

bunchy top disease (BBTD) and to study the molecular characteristics of 

BBTV from banana plantations in Ismailia. This study was conducted during 

the period 2019-2021 in three locations (Abu-Suwayr, El Tal-El kabir and 

Fayed) in Ismailia Governorate. The occurrence of BBTV was initially studied 

using visual inspection of external virus symptoms. TAS-ELISA, PCR and 

nucleic acid hybridization were used to detect the virus. Further molecular 

characterization of BBTV was performed based on Rolling Circle 

Amplification (RCA) and nucleotide sequencing. BBTD incidences ranging 

from 3.33 to 5.14% were observed in two localities Abu-Suwayr and El Tal-El 

kabir.  While a relatively low incidence of 1.48% was observed in Fayed. Our 

results showed that the BBTD incidence is directly related to the percentage of 

winged aphids inside the aphid colonies regardless the percentage of the 

aphid's occurrence. The PCR product (973 bp) of BBTV- component 3 (DNA-

S) was used for the creation of a non-radioactive Dig labeled- DNA probe for 

further use for BBTV detection using dot blot and  Southern blot 

hybridization. The sequence comparison analysis of DNA-S component 

showed that the present Ismailia isolate (BBTV-3F) shared nucleotide identity 

98.4%- 91.9 % with three isolates from Qalubya Egypt and shared 97.9% nt 

identity with east African isolates (Rwanda and Malawi). The phylogenetic 

analysis revealed that the DNA- component 3 (DNA-S) of the BBTV-3F 

isolate from Ismailia belongs to the South Pacific group (SPG) and is 

markedly separated from those of the Asian group (AG). This study is 

important for monitoring and early detection of BBTV threats and for rapid 

eradication of infected plants before the virus spreads and settles in a new area. 
 

INTRODUCTION 

             Banana is one of the most essential fruits in Egypt and is cultivated in wide areas. 

Bananas are cultivated in more than 130 countries and are the fourth most important food crop 

in the world, behind maize, wheat, and rice. (Perrier et al.,   2011, Arimbawa et al., 2022).  In 

Egypt, Banana production exceeded 1292812 tons and the average crop was 18.53 

Tons/Fadden.  In Ismailia, Banana production exceeded 25432.56 tons and the average crop 

was 20.69 Tons/Fadden (Ministry of Agriculture. ARE. 2018). 
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             Virus disease not only causes yield 

reductions but is also a major constraint to 

the exchange of germplasm (Kumar et al.,   

2014, Sila et al.,   2020 and Rahayuniati et 

al.,   2021).  Banana bunchy top virus 

(BBTV) is a highly infectious and destructive 

virus of the banana plantation.  Furthermore, 

the disease can severely reduce the quality 

and marketability of fruit, resulting in huge 

economic losses when left uncontrolled 

(Rybicki and Pietersen 1999; Eman et al., 

2012 and Rybicki, 2015). Banana bunchy top 

disease is characterized by dark green streaks 

on the lower portions of the midrib of the leaf 

and the fresh infected leaves were stiff and 

erect, shorter and narrow with brittle, yellow 

and wavy edges (Allam et al.,   2013). As the 

disease progresses, leaf distortion, marginal 

leaf yellowing, J-hooks, (Morse code) 

reduced in size and gather at the top of the 

plant making a rosetting shape and the plants 

become ‘bunched up’, giving the distinct 

appearance and name (El-Dougdoug et al.,  

2006  El-Dougdoug & El-Shamy,2011 and 

Arimbawa et al., 2022). The virus is not 

transmitted mechanically but is transmitted 

by banana aphids (Pentalonia nigronervosa) 

Coquerel (Hemiptera, family Aphididae).  

The aphid transmits the virus effectively and 

quickly in a persistent, non-replicative 

manner. (Hooks et al.,   2009; Foottit et al., 

2010; Chen and Hu, 2013).  However, there 

is no correlation between the frequency of 

aphids and BBTD incidence.  In addition, 

wild bananas and plantains may act as a 

reservoir of the virus (Niyongere,  2012). 

BBTV is a member of the genus Babuvirus, 

the family Nanoviridae. It is an isometric 

virus with a multi-component genome, 

consisting of 6 to 8 circular ssDNA 

molecules of approximately 1000 to 1100bp 

each (Stainton et al., 2012). The BBTV 

components are identified as DNA-R 

(MRep), DNA-C (Clink), DNA-S (Coat 

protein), DNA-M (MP) and DNA-N (NSP) 

(Horser et al., 2001 and Stainton et al., 2012).  

The incidence of Banana bunchy top is 

widespread throughout the tropics and 

subtropics where the banana aphid is 

common. The virus can be extremely 

aggressive, reducing yield by up to 95 

percent in susceptible varieties. Commercial 

and subsistence varieties  experienced yield 

declines of up to 90%. The Banana bunchy 

top virus is active in many African, South 

American, and Asian countries, particularly 

in smallholder farming systems. The main 

countries affected are Egypt, India, China, 

South Africa, Brazil, and a number of 

countries in Central and South America. 

Banana bunchy top disease incidence, for 

example, is known to occur between 10 and 

30 % in South Africa and between 14 and 

74% in India (Elayabalan et al., 2015; Das 

and Banerjee 2018). In Egypt, the rate of 

infections of BBTV in Alexandria reached up 

to 60% while it was 17.5, 13 and 2% in El-

Menoufia, El-Qalyubia and Qena 

governorates respectively (EL-Afifi, 1984; 

Allam et al., 2013 and Vishnoi et al., 2009). 

Rolling circle amplification (RCA) is a new 

technique designed as a sensitive diagnostic 

method for the amplification of circular DNA 

templates such as plasmids and viruses 

having circular genomes including 

geminiviruses and nanoviruses (Rohina et al., 

2012 and Ali et al., 2014). The present work 

aimed to assess the incidence, disease 

severity of BBTD and the P. nigronervosa 

occurrence in three locations in Ismailia 

Governorate (Abu-Suwyer, El Tal-El kabir 

and Fayed). Advanced and traditional tools, 

i.e., symptoms, serological (TAS-ELISA), 

and molecular (RCA, PCR and hybridization) 

techniques were used for virus detection. 

MATERIALS AND METHODS 

Field Inspection And Sampling:    

               The incidence of BBTV was studied 

in Banana fields initially using visual 

examination for external virus symptoms. 

The current study was carried out between 

2019 and 2021 to gather data on the 

incidence and disease severity of BBTD and 

the P. nigronervosa occurrence in three 

locations in Ismailia Governorate [Abu-

Suwayr, El Tal-El kabir and Fayed].  A field 

with between 1600 and 3200 banana plantlets 

was inspected. Within each village, there was 
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a minimum of 500 metres between farms, and 

there were 10 kilometres between each 

community that was examined. A total of 480 

banana plant samples were used for data 

collection from the three localities. The 

percentage and severity degree of infection 

was estimated by visual examination for 

BBTV symptoms.   

Disease Incidence: 

              The BBTV incidence data were 

collected from the three commercial cultivars  

(Williams, Grand-Nain and Zief). The data 

had been collected and recorded from three 

locations in Ismailia Governorate during the 

period from 2019-2021. Thirty (30) plants per 

block of the banana area were randomly 

earmarked diagonally to track disease 

incidence. (Rao et al.,   2002). Sixteen farms 

from April to November were visited-per 

year. Thirty mats were randomly selected for 

data collection. Mats comprising one or more 

suckers with moderate to severe visible 

BBTD symptoms were considered infected. 

A mat that contained as a minimum one plant 

with visible BBTV symptoms was regarded 

as infected. 

              Percent disease incidence (PDI) was 

estimated according to the equation (Reddy et 

al.,   1983):  

Percent disease incidence (PDI) = (Number 

of symptomatic plants/Total number of 

plants) x 100  

Disease Severity: 

               A normal scale of 0 to 5 based on 

BBTD symptoms was used to determine the 

disease severity, where 0 indicates no BBTV 

symptoms, 1 indicates dark green streaks on 

the leaf veins, 2 indicates dark green streaks 

on the leaf midribs and petioles, 3 indicates 

marginal leaves chlorosis, 4 indicates 

dwarfing of leaves, and 5 indicates "bunchy 

top." aspect of the plant showing upright, 

crowded, and brittle leaves at the apex of the 

plant. (Niyongere, 2012).  

Occurrence of P. nigronervosa:  

               Samples of the BBTV vector 

Pentalonia nigronervosa Coq were collected 

from some fields.  Later on, Laboratory 

analysis and identification were done at the 

plant protection research institute. All 30 

mats were examined for the presence of P. 

nigronervosa, which was graded on a scale of 

0 to 5: 0 indicates no aphid, 1 indicates a 

simple colony (no winged individuals), 2 

indicates several simple colonies (no winged 

individuals), 3 indicates a large colony with 

one or more winged individuals, 4 indicates 

several colonies with winged individuals, and 

5 indicates generalised colonies at the level of 

a banana plant's leaves and pseudo stem with 

numerous winged individuals (Niyongere, 

2012).  

Diagnosis of Banana Bunchy Top Virus: 

              Banana plant leaf samples (n=26) 

from symptomatic (n=16) and asymptomatic 

(n=10) plants were randomly collected from 

Etal-Elkbier and Abu-Suwayr of Ismailia 

Governorate as representative samples and 

utilized for BBTV detection using ELISA 

and nucleic acid hybridization.  

A- Serological Testing:   

              Serodiagnosis was used to confirm 

visual inspection and bioassay for BBTV test 

detection. A total of 26 samples of banana 

plants either symptomless (n=10) or plants 

exhibiting dark green dot-dash spots on leaf 

laminae and severe rosetting with a bunchy 

top symptoms (n=16) were randomly 

collected from Etal-Elkbier and Abu-Suwayr 

of Ismailia Governorate. These samples were 

examined serologically using Agdia TAS-

ELISA reagent set for BBTV (Agdia, Inc.). 

Plant samples that gave a positive reaction in 

the TAS-ELISA were used as a source of 

virus infection. Positive control (insect-

inoculated banana plantlet that showed 

BBTD symptoms and kept in insect-proof 

cages at the glasshouse) and negative control 

(Healthy banana tissue culture virus-free 

plantlet) were used. ELISA-reader 

(CLINDIAG systems Co. LTD Microplate 

Reader) was used for measuring test reaction 

at 405 nm wavelength absorbance. 

Absorbance values more than twice the value 

of healthy control were considered positive. 

B- Molecular Characterization And 

Detection Studies: 

  DNA Extraction and PCR of BBTV 

DNA-S Component:  

              BBTV-infected plant material was 
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collected from Ismailia, and DNA was 

extracted using DNeasy Plant Mini Kit 

(Qiagen). PCR amplification and sequencing 

were performed with two pairs of primers 

BBTV3c703 and BBTV2v775 according to 

Rezk et al., 2005 (Table 1   ( . PCR reaction 

was performed in PCR thermal cycler 

(Biometra, Germany). Each reaction 

contained 100 ng of sample DNA, 0.25 mM 

dNTPs, 0.25 mM MgCl2, 2mM of each 

primer, and 0.5U of Taq DNA Polymerase. 

The amplification program was as follows: an 

initial denaturing step at 94°C for 3 min, 

followed by 35 cycles of 94°C for 1 min, 

55°C for 1min and 72°C for 2min, and a final 

extension at 72°C for 10 min. Amplified PCR 

products were resolved on 1 % agarose gel 

stained with ethidium bromide (0.5 mg/ml), 

and photographed. 

 

Table 1: Oligonucleotide sequences of the used primers. 

 
 

Rolling Circle Amplification (RCA) using 

Klenow Fragment Enzyme: 

               Phi29 DNA polymerase is a 

polymerase isolated from the bacteriophage 

phi29 (F29) and used by RCA protocol. The 

enzyme appears to be structurally similar to 

the E. coli DNA Polymerase Klenow 

Fragment and includes a 3’-5’exonuclease 

activity. Therefore in this study, we replace 

the Phi29 enzyme with E. coli DNA 

Polymerase Klenow large fragment as an 

alternative enzyme for the RCA reaction. The 

DNA extract was subjected to RCA with 

modifications by using E. coli DNA 

Polymerase cloned Klenow Fragment, large 

fragment E coli DNA polymerase I 

(TAKARA BIO INC., Japan) Briefly, the 

reaction was carried out in 25µl total volume, 

5µl (25 ng) of total DNA was mixed with 2µl 

of hexanucleotide primer (40ng/µl) and BSA 

(250mg/ml) denatured for 3 min at 95°C and 

cooled down on ice for 5 min. Then 2.5µl of 

10 X Klenow reaction buffer and 1.25µl E. 

coli DNA Polymerase Klenow large fragment 

enzyme and 2.5µl dNTPS mix were added to 

the mixture. Amplification was performed 

from 3hr to O/N at 37°C and the reaction was 

terminated by heating for 10 min at 65°C to 

inactivate the enzyme. 

DNA probe labeling, Southern and Dot 

Blot Hybridization: 

                cDNA probe was labeled with 

digoxigenin, using PCR- Dig labeling 

technique according to Roche, Boehringer 

Mannheim Corp., Indianapolis, IN, USA, 

protocol. The amplified DNA, which was 

previously produced in the PCR reaction, 

using forward (BBTV2v775) and reverse 

primer (BBTV3c703), was used as a template 

for PCR Dig labeling by Labeled dNTPs 

mixture. For Southern blot hybridization, the 

methods of Southern (1975) and Sambrook et 

al. (1989) were followed.  PCR and RCA 

products for BBTV were gel electrophoresed 

and then blotted on a nitrocellulose 

membrane.  

                For dot blot hybridization, The 

BBTV PCR product and infected BBTV 

tissue were used as positive controls. While a 

healthy virus-free tissue culture banana 

plantlet was used as a negative control.   A 

total of 26 samples of asymptomatic (n=10) 

and symptomatic banana plants (n=16) were 

randomly collected from Etal-Elkbier and 

Abu-Suwayr used to detect BBTV using dot 

blot hybridization technique.   All tested 

banana tissues (0.5 g) were ground in 2.5 ml 

of denatured buffer containing 10% 

formaldehyde and 8X standardized saline 

citrate (SSC) (1X SSC is 150 mM NaCl, 15 

mM sodium acetate, pH 7.0). The mix was 

then heated at 60 °C for 15 min and then kept 

on ice. Ten microliters of supernatant for 

each extract were spotted onto a 

nitrocellulose membrane (Boehringer 

Mannheim Corporation). The membrane was 

crosslinked using UV irradiation for 2 min 

(Loebenstein et al., 1997). All tested banana 
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samples, positive controls and negative 

control were hybridized with BBTV-specific 

nonradioactive cDNA- Dig labeled probe 

according to Boehringer Mannheim Corp. 

instruction. 

Nucleotide Sequencing and Phylogenetic 

Analysis: 

              The identification of the virus isolate 

was carried out based on DNA sequencing. 

The DNA amplicon was purified using a 

Geneaid PCR purification kit according to the 

manual protocol and stood up to DNA 

sequencing, using the DNA-S specific 

primers that were used for PCR 

amplification. The sequence was carried out 

using ABI 3730xl DNA Sequencer at the 

gene analysis unit, at the Analysis Company, 

Color Lab sequences facilities, (Egypt). The 

obtained DNA sequences corresponding to 

BBTV isolate (BBTV-3F) were deposited in 

the NCBI database under acc. no. 

(OP487706) and compared to that of other 

overseas GenBank reference BBTV isolates 

(Table 5). Multiple sequence alignment was 

accompanied using DNAMAM software 

v5.2.9 (Lynnon Biosoft, Quebec, Canada) 

and ClustalW of BioEdit software v7.2.5 

program to obtain nucleotide sequence and 

deduced amino acid identities. Phylogenetic 

trees were constructed using the maximum-

likelihood (ML) method at 1000 bootstrap 

trial values using the DNAMAM and BioEdit 

software.  

RESULTS AND DISCUSSION 

Banana Bunchy Top Disease Symptoms 

And Identification: 

              Disease symptoms usually appear 

about 25 days after inoculation in optimal 

conditions and this period is directly 

correlated with the age of the host plantlets. 

Infected plants were identified based on 

typical BBTD visual symptoms. These 

symptoms according to disease severity scale 

from 1 to 5 were dark green streaks on the 

veins (Fig.1 a), marginal chlorosis of the 

leaves (Fig.1 b), dwarfing of the leaves (Fig.2 

c), dark green streaks  midribs and petioles of 

the leaves (Fig.1 d&e), and extreme rosetting 

with a bunchy top appearance (Fig.1 f).  In 

addition to this, there were dark green dot-

dash spots and streaks on leaf lamina and 

pseudo stem with leaves showing excessive 

brittleness. These observations are similar to 

that obtained by (Saghir et al., 2002; Lestari 

and Hidayat, 2020; Rahayuniati et al., 2021; 

Arimbawa et al., 2022 and Fatma et al., 

2022). The classical banana bunchy top virus 

symptoms were shown in Figure (1). In the 

field, distinctive BBTD symptoms are visible 

and distinguishable from other banana 

viruses. 

 

 
Fig.1:Naturally infected banana plants exhibited different viral symptoms.  Dark green 

streaks on the leaf veins (a) , Marginal leaf chlorosis (b), dwarfing of leaves mixed with 

marginal chlorosis(c), dark green streaks and mottled on leaf midribs and petioles(d),(e)  and  

bunchy top diseases (bunchy leaves) (f). 
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BBTV Incidence:  

              A total number of banana 

plantations were visited ranging from 1,600 

to 3,200 per field. The Banana bunchy top 

virus was reported in all three surveyed 

localities. BBTV incidences ranging from 

3.33% to 5.14% were observed in two 

localities Abu-Suwayr and El.Tal-El.kabir 

respectively. On the other hand, Fayed had a 

comparatively smaller incidence of 1.48% 

during the survey years (2019-2021) (Table 

2). This implies that Fayed was later infected 

with infected plants in around 6,000 BBTD 

incident areas and using virus-free planting 

materials. This result showed a decrease in 

the incidence of BBTV compared to the 

incidence rate of BBTV in Alexandria, 

Menoufia, and Qalyubia governorates, which 

were 60, 17.5, and 13.5%, respectively (EL-

Afifi, 1984; Allam et al., 2013). Grande 

Naine, Williams and Zeif cultivars (belongs 

to "Cavendish" subgroup) are the most 

widely grown banana cultivars in Egypt, but 

are susceptible to the banana bunchy top 

virus.  Cavendish cultivar is a significant 

cultivar that might have come from South 

China and form the backbone of the 

domestic industries in countries like 

Australia, India, China and South Africa 

(Ximba et al., 2022). The disease incidence 

also varies among banana cultivars.  

However, the highest percentage of BBTD 

incidence was observed in El.Tal-El.kabir 

cv. Zief (10%) and cv. Grande Naine (10 %) 

during 2019. Our results are also in 

confirmation with those of  (Soomaro and 

Khalid ,1992; Saghir et al., 2002; Mwenda 

,2010 ; Niyongere ,2012 and Elayabalan et 

al., 2015). Waghmare et al.( 2021) was 

reported  that BBTV incidence ranging from 

30-40%  in Grande Naine (G-9) variety in 

India. This result is in agreement with 

(Lestari and Hidayat, 2020). While the 

lowest percentage of BBTD incidence was in 

Fayed cv. Williams (1%) and cv. Grande 

Naine (1.87%) in El.Tal-El.kabir during 

2021  (Table 2).  The lowest incidence was 

observed in plants sourced from tissue 

culture. 

 

Table (2) BBTD incidence and occurrence of P. nigronervosa in three surveyed localities in 

Abu-Suwayr, El.Tal-El.kabir and Fayed (across 16 farms with 30 mats). 
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Disease Severity: 

              A scale from 1 to 5 was used to 

valuate the level of the BBTD severity on 

infected mats. (Fig. 1). Scores 3 to 5, which 

are characterised by marginal leaf chlorosis 

to a bunchy top look, were more common 

than scores 1 or 2, which indicate the early 

symptoms exhibited by dark green streaks.  

In Ismailia governourate, the average 

severity of BBTD was 3.42% (i.e., 3-5), 

which was greater than the average severity 

of BBTV-infected plants at an early stage, 

which was 2.19% (i.e., 1-2).  This result are 

in harmony with Niyongere et al.(2012 . (  

According to Table 2, the total average of 

BBTV incidence of 5.14% was detected in 

El Tal El Kabir and 4.39% of all examined 

mats exhibited advanced disease symptoms, 

which equate to a disease severity score 

ranging from 3 to 5 (Table 3). In Abu 

Sawyer, 5.89% of the assessed mats per 

location had high disease severity (i.e., 3-5). 

While in Abu-Suwayr, El Tal-El kabir, and 

Fayed, the percentage of surveyed mats with 

low disease severity (i.e. 1-2) was 2.87%, 

2.69%, and 1.05%, respectively (Table 3).   

In addition, the difference in disease severity 

for each location could be attributed to 

apparently poor maintenance of banana 

plantations. This result is in agreement with 

those of  (Niyongere et al., 2012 and 

Rahayuniati et al., 2021). 

 

Table 3. BBTD severity (%) values for the three investigated localities ranged from 0 to 5. 

 
 

Incidence of P. nigronervosa Aphids: 

                 Pentalonia nigronervosa aphid 

has high host specificity for Musa spp. It is 

present in almost all banana-growing 

countries (Foottit et al., 2010 Kumar et al., 

2011 and Niyongere et al., 2012).  In our 

study, we observed that the aphids were 

present in all surveyed localities across 16 

farms with 30 mats. Aphids were most often 

observed near the base of banana plants. 

Occurrence of aphids (P. nigronervosa) 

Colonies on the banana plant; Aphids on the 

cigar leaf (Fig. 2 A), Aphids behind the leaf 

sheath (Fig. 2 B,C&D) and aphids upper the 

leaf (Fig.2 E). This result is in agreement 

with (Fatma et al., 2022). The highest 

percentage of aphids occurrence was (80%) 

in Abu-Suwayr cv. Grande Naine during 

2020. On the contrary, the lowest percentage 

of the aphid's occurrence was obtained upon 

cultivar cv. Williams (19.23%) in Abu-

Suwayr in 2021 (Table 2). No aphids were 

found in the El.Tal-El.kabir cv. Grande 

Naine during 2019 and 2020 and in Fayed 

cv. Williams during 2021 (Table 4). Mwenda 

(2010) was found the aphid is still not 

widespread and to occur in only a few filed. 

The average incidence of aphids for all three 

years (2019-2021) was 39.8%, 33.3% and 

32.14% in Abu-Suwayr, Fayed and El Tal-El 

kabir, respectively (Table 2). 

                Colonies of P. nigronervosa were 

found on mats of both symptomatic and 

asymptomatic. P. nigronervosa was found in 

simple colonies (scoring 1 to 2) in 4.9% of 

the mats examined, and winged individuals 

(scores 3 to 5) were seen in an average of 

5.98% of the mats (Table 4 and Fig. 2). 

According to the location, Mats containing 

winged aphids (scoring 3–5), the potential 
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vectors that transmit BBTV from one plant 

to another, differed with 12, 6, and 0% of the 

mats surveyed in Abu-Suwayr, El.Tal-

El.kabir and Fayed, respectively.  While the 

mats contain simple colonies (scoring 1 to 

2), with 9, 5 and 1% of mats surveyed in 

Abu-Suwayr, El.Tal-El.kabir and Fayed, 

respectively (Table 4). This result showed 

that the BBTD incidence is directly related 

to the percentage of winged aphids inside the 

aphid colonies regardless of the percentage 

of the aphid's occurrence. 

 

Table 4. Topology of P. nigronervosa colonies in the three surveyed localities with scores 

ranging from 0 to 5.  

 
-  : not found or (0). 

 

 

Fig. 2: Occurrence of aphids (P. nigronervosa) Colonies on the banana plant; Aphids on the 

cigar leaf (A), Aphids behind the leaf sheath(B),(C) and (D) and aphids upper the leaf (E). 

  

The Relationship between BBTV 

Incidence And Aphids Occurrence:   

                Looking at the rate of disease 

incidence percentage during 2019 and 

comparing it with the percentage of aphids 

occurrence in the three localities under 

study, we found that although Fayed area 

had the lowest percentage of disease 

incidence (1.87%) as illustrated in Figure 3, 

it was the highest ratio (50%) of aphids 

occurrence (Fig 4). This result are in 

harmony with (Waghmare et al., 2021) 

Similarly, in 2020, despite the increase in 

aphid infestation (60%) in the Abu-Suwayr 

area, we noticed a decrease in the incidence 

of the disease from 4.02 to 2.37% (Fig. 3 and 

4). On the contrary, although the incidence 

of aphids decreased in the Abu- Suwayr area 

from 60 in 2020 to 19.23% in 2021 (Fig. 3), 

the incidence of BBTD increased from 2.37 

to 4.55, respectively. (Fig 4). The sum of 

average scores of BBTD severity percentage 

from 3 to 5 was higher (3.42%) than that of 

severity index from 1 to 2 which was 2.19% 

for the Ismailia (Table 3). The difference in 

disease severity for each location can be 

attributed to the fact that banana plantations 

appear to be poorly maintained (Niyongere 

et al., 2013 and Ximba et al., 2022).  

               The aphid P. nigronervosa is the 

only vector known to transmit BBTV and 

reproduce efficiently on bananas (Foottit et 

al., 2010 and Niyongere et al., 2012). The P. 

nigronervosa vector was observed in all of 
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the banana fields that was surveyed in the 

three locations. Aphids were found in 

abundance in the region, with simple 

colonies and winged aphids, which 

contribute to the disease transmission. (Table 

4). The efficiency of BBTV transmission 

depending on temperature and age of plants 

and the titer of the virus in the aphids. The 

weather might affect the vector survival, 

migration of the aphids. (Elayabalan et al., 

2015 and Rahayuniati et al., 2021).  

 

 
Fig 3 : The BBTD incidence during the period from 2019 to 2021 in the three localities, Abu-

Suwayr, El Tal-Elkabir and Fayed. 

 

 

Fig 4: The percentage of Aphids Occurrence during the period from 2019 to 2021 in the   

three localities, Abu-Suwayr, El Tal-Elkabir and Fayed. 

 

Diagnosis of Banana Bunchy Top Virus 

Using ELISA: 

              Based on the variability in BBTV 

symptom expression, detection methods that 

are more sensitive have been developed. In 

this study, the enzyme-linked 

immunosorbent assay (TAS-ELISA) was 

used for BBTV detection. All samples from 
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asymptomatic plants (n= 10) tested negative 

but thirteen out of 16 samples from 

symptomatic plants tested positive. This 

results could be as a results of low virus 

concentration. The TAS-ELISA is 

commonly used for BBTV detection, 

although this may be of limited sensitivity 

especially where there is very low virus 

concentration in banana tissues (Kolombia et 

al., 2021). 

PCR of BBTV DNA-S Component:  

              BBTV-infected plant material was 

collected from Ismailia, and DNA was 

extracted using DNeasy Plant Mini Kit 

(Qiagen).   The most sensitive methods 

currently available are based on polymerase 

chain reaction (PCR) undertaken to amplify 

specific DNA sequences of the virus (Su et 

al.,   2003).  A sample of Banana plant 

exhibiting dark green dot-dash spots on leaf 

lamina and severe rosetting with a bunchy 

top collected from Etal-Elkbier of Ismailia 

Governorate was examined using PCR. The 

PCR using BBTV-specific primers gave a 

973 bp amplified product corresponding to 

the BBTV-DNA-S component as shown in 

(Fig. 5A lane 2) as reported by (Rezk et al., 

2005). Whereas no amplification was 

detected with the healthy banana plant (Fig. 

5 A  lane 1). Although Leaf extract of 

banana has an inhibitory factors (e.g. 

phenolics) on the method and the oxidation 

of banana extract increasing inhibition of 

PCR (Lestari and Hidayat, 2020); Our result 

suggested that the PCR amplification using 

DNA-S specific primer is efficient for rapid 

detection of BBTV infection. Numerous 

studies demonstrated the reliability of PCR 

as a BBTV detection tool (Lestari and 

Hidayat, 2020; Rahayuniati et al., 2021; 

Abdel Razek et al., 2022).  

Rolling Circle Amplification (RCA):  

               Rolling circle amplification (RCA) 

is an isothermal enzymatic reaction in which 

a short starting material of DNA or RNA is 

amplified to generate long single-stranded 

DNA or RNA using a circular DNA template 

and specialized DNA or RNA polymerases. 

Therefore, in this study, we replace the 

Phi29 enzyme with E. coli DNA Polymerase 

Klenow large fragment as an alternative 

enzyme for the RCA reaction.  High 

molecular weight smear product was 

generated (Fig 6A). This result is due to the 

fact that the RCA amplicon is a chain of 

hundreds of tandem repeats that are 

complementary to the BBTV circular DNA 

components as well as that it mixed with 

plant chromosomal DNA (Ali et al., 2014).  

Nuclic Acid Hybridization Using Non-

Radioactive Probe: 

a.Southern Blot Hybridization:  

               PCR poducts for BBTV were gel 

electrophoresed and then were blotted on 

nitrocellulose membrane and hybridized with 

non-radioactive probe specific for BBTV 

DNA-S component.  The BBTV DNA probe 

was clearly hybridized with the PCR product 

that was amplified using specific primers 

from the BBTV-infected plant and showed a 

signal with the same Intensity (Fig. 5 B).  No 

signal appears with the PCR product of a 

healthy banana plant. RCA products were 

run on the gel and transferred to 

nitrocellulose membrane and this membrane 

was hybridized with DNA-S specific probe, 

a smeared signal corresponding to DNA-S 

component was observed after hybridized 

with a specific probe (Fig. 6 B). No signal 

appeared with RCA DNA of the healthy 

banana plant.  Based on our result, 

biorecognition, sensing and imaging can 

easily be made by hybridizing RCA products 

with complementary dig-labeled probes. 

Furthermore, the visibility of bands in 

Southern and dot blot hybridizations depends 

on the concentration of nucleic acid and the 

use of the RCA increasing nucleic acid  

concentration and consequently increase the 

sensitivity of the BBTV detection.  

b.Dot Blot Hybridization:  

               Dot blot hybridization on a 

nitrocellulose membrane was used for the 

direct detection of BBTV-DNA in large 

numbers of infected banana tissues (Fig. 7). 

All of the tested samples, as well as positive 

controls from BBTV PCR-amplicon and 

infected tissues (Fig. 7, E-3), were 

hybridized using the previously prepared, 

non-radioactive Dig-labeled DNA probe. Six 
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samples from asymptomatic plants were 

negative, but all samples from symptomatic 

plants (n = 16) and samples from 

asymptomatic plants (n = 4) tested 

positively.  The infected samples (positive 

samples) with BBTV showed strong color 

signals whereas the uninfected banana 

tissues showed no signals as shown in Figure 

7 (from tracks A-1 to E-2). Allam et al. 

(2013) used 32P-labelled radio-active 

pBT338-insert to detect Egyptian BBTV 

isolate in different parts of plants. Dot blot 

hybridization was more sensitive than 

Southern blot hybridization, and 

hybridization of midrib, roots, meristems 

was higher than those from corm, leaves and 

pseudostem.  

 

 

Fig.5: A: 1% agarose gel electrophoresis analysis of the amplified product of BBTV DNA-S 

component using BBTV3c703 and BBTV2v775 specific primers. M: 100 bp DNA marker,   

Lane 1: PCR amplified product from virus-free tissue culture banana plantlet (healthy 

control), Lane 2: inverse PCR from BBTV DNA-S component from a banana infected plant. 

B: Southern blot using the cDNA dig-labeled probe. 

 

 
Fig. 6:  A: 1% agarose gel electrophoresis analysis of the Rolling Circle Amplification 

(RCA) of BBTV DNA components using hexamer random primer and BBTV3c703 specific 

primers. M: 100 bp DNA marker.  Lane 1:  RCA of BBTV sample.  Lane 2: RCA OF virus-

free tissue culture banana plantlet (negative control).  B: Southern blot using the DNA-S dig 

labeled probe. 
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Fig. 7: Dot blot hybridization on nitrocellulose membrane. The membrane hybridized with a 

specific non-radioactive BBTV –DNA –Dig labeled probe. Dot blot extracts from field-

collected banana plants are on tracks A-1 to E-2. Track E-3 is a PCR-amplified product, Trak 

E-4 and Trak E-5 are dot blots from the BBTV positive control, and Track E-6 is a PCR-

amplified product from a healthy control. 

 

Nucleotides and Phylogenetic Analysis of 

BBTV DNA-S Component: 

                Components of BBTV isolates 

broadly fall into two geographically well-

defined phylogenetic groups, the South 

Pacific group (SPG) and the Asian group 

(AG) (Karan et al.,   1994, Wanitchakorn et 

al., 2000). These two groups have also been 

reffered as the Pacific Indian Ocean (PIO) 

and the Southeast Asia (SEA) groups, 

respectively (Yu et al., 2012), here we will 

use their original names SPG and AG groups 

according to Karan, et al.,  1994 and 

Stainton et al.,   2015.  The sequence 

comparison analysis was carried out with the 

present Ismailia isolate named BBTV-3F 

with accession No. (OP487706) and other 

BBTV isolates (DNA-S component) 

available in GenBank (Table 5). The highest 

nucleotide identity 98.4% was detected with 

8_150510_EG_2010 (KM607470) isolate 

infecting Banana from Egypt. The Egyptian 

isolate of the current study BBTV-3F 

(Accession No. OP487706) from Ismailia 

governorate shared 96.7% and 91.9 % with 

two Egyptian isolates (AF102782.1) and 

LC468140.1) from Qalyubia Egypt as 

indicated in Table 5. The Ismailia isolate 

(BBTV-3F) shared 97.9% nucleotide identity 

with isolates Rwanda 142 (JQ820467) and 

Malawi 73 (JQ820455) from Rwanda and 

Malawi respectively (Table 5).  
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Table 5: The Accession numbers and origin for DNA-S of BBTV isolates used in the present 

study and the nucleotide sequence identities with the present (BBTV3F) isolate.  

  

                This result revealed that the 

BBTV-3F DNA-S had a high nucleotide 

identity with the East African isolates.  

Whereas, the lowest nucleotide identity 

89.9% - 91.8% was found with Southeast 

Asian (AG) isolates TW3, GM-216024 and 

B2 (EU366171, MT433376 and MG545612) 

from Taiwan, Indonesia and China 

respectively.  The homology tree (data not 

shown) showed that the BBTV-3F isolate 

had a low heterogeneity (97% homology) to 

the South Pacific group including KAN1, 

WYD4, PKD3 and TCR4 isolates from the 

Indian subcontinent previously described by 

Karan et al. (1994) and Stainton et al. 

(2015). The Indian subcontinent isolates are 

considered both the major location for 

BBTV dispersion to other parts of the world 

and the main recipient location of virus 

introductions. These include one dispersal 

event from the Indian subcontinent to Egypt 

between 1929 and 1936 (Stainton et al.,   

2015).  The deduced amino acid sequence 

comparison showed that the Ismailia BBTV-

3F isolate shared 96.4% - 94.03 % with the 

Asian group isolates (Taiwan and Indonesia 

respectively) despite its low nucleotide 

identity (89.9-91.8).The rooted Maximum 

likelihood  (Ml)   phylogenetic   analysis    

tree  for nucleotide sequence comparison of  

DNA-S of BBTV3F isolate with the 

GenBank BBTV reference isolates (Fig 8A) 

indicated a close relationship between the 

present Ismailia BBTV isolate (BBTV-3F) 

and 8_150510_EG_2010 isolate from Egypt 

with accession No. (KM607470). The 

Topology of the phylogenetic tree was 

similar to the topology of the homology tree 

hence the isolate BBTV-3F clustered 

together with the 8_150510_EG_2010 

isolate (KM607470) from Egypt (Fig. 8A) 

and grouped in a monophyletic group with 

the South Pacific isolates including the 

Egyptian isolates with accession No. 

LC468140 and AF102782.1 (Fig.8A). Abdel 

Razek et al.,   (2022) reported that the 

Phylogenetic trees of the Egyptian isolate 

(BBTV-DNA-3 Egy with accession No. 

LC468140.1) confirmed the genetic 

relationships among the high percentage of 

similarity among the compared overseas 

BBTV isolates. Phylogenetic analysis of the 

BBTV-3F isolate together with existing 

overseas BBTV isolates sequences in 

GenBank (Table 5) confirmed the grouping 

of BBTV into two large groups, the Asian 

group (AG) and the South Pacific group 

(SPG) (Karan et al., 1994 and Stainton et al.,  

2015).  The present results showed that the 

BBTV3F isolate from Ismailia governorate, 
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Egypt belongs to the South Pacific group 

(SPG) including WYD4, TCR4, PKD3, 

KAN1, pTzBBSTri7 from India and Rwanda 

142, Malawi 73 isolates previously described 

by Yu et al. 2012, Hyder et al. (2007).  Our 

results came in harmony with Abdel Razek 

at al., (2022). Whereas it is in contrast to 

Stainton et al.,   (2015) results that the 

isolate 8_150510_EG_2010 from Egypt 

belongs to the Asian group rather than the 

South Pacific group. The neighbor joining 

(NJ) phylogenetic analysis for the deduced 

amino acid sequence comparison showed 

that the present Ismailia (BBTV-3F) isolate 

and 8_150510_EG_2010 (KM607470) 

isolate from Egypt distinctly grouped 

together in a separate cluster and proposes 

that the two Egyptian isolates may have 

evolved from a recent common ancestor 

(Fig.8 B).  
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Fig.  8. A:  The rooted Maximum likelihood (Ml) Phylogenetic tree showing the relationship 

of DNA-S component nucleotide sequence of BBTV-3F isolate from Ismailia to BBTV 

GenBank reference isolates belonging to the two main groups (AG) and (SPG) as defined by 

Karan et al.,    (1994) and Stainton et al.,   (2015). Numbers close to the nodes represent the 

bootstrap values obtained from 1000 replications (values ≥ 90 are shown). B: the neighbor-

joining (NJ) phylogenetic tree of the present BBTV-3F isolate with other reference BBTV 

GenBank isolates based on the deduced amino acid sequences for BBTV-component S. 

 

CONCLUSIONS  

               The current study was conducted in 

Abu-Suwayr, El Tal-El kabir and Fayed, 

Ismailia Governorate to characterize 

incidence of BBTV and molecular 

characteristics of BBTV from banana 

plantations. Abu-Suwayr and El Tal-El kabir 

are two localities in Ismailia Governorate 

that experienced BBTV incidences ranging 

from 3.33 to 5.14%. The molecular 

characteristics of BBTV were studied using 

TAS-ELISA, PCR and nucleic acid 

hybridization. The PCR product (973 bp) of 

BBTV- component 3 (DNA-S) was used for 

the creation of a non-radioactive Dig 

labeled-DNA probe for BBTV detection. 

The sequence comparison analysis showed 

that the present Ismailia isolate (BBTV-3F) 

shared nucleotide identity 98.4%-91.9 % 

with three isolates from Qalubya Egypt and 

97.9% nt identity with east African isolates 

(Rwanda and Malawi). This study is 

important for surveillance and early 

detection of BBTV threats and for rapid 

eradication of infected plants before the virus 

spreads and settles in a new area. 
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