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1. INTRODUCTION 

The banana (Musa spp.) is a crop of globa! importance in tenns of inconle 

security -to millions of small farmers throughout the developing countries. It is the 

world's fourth most important commodity after rice, wheat and corn and is produced in 

tropical and subtropical regions of developing countries. India is the largest producer of 

banana in the world, contributing 19.71 per cent to the global production with a total 

production of 19.19 million tonnes from an area of 0.565 million ha (Singh, 2008). 

Among the different banana growing states of India, though Kerala ranks third in area, 

the production and productivity is low. This is due to the polyclonal system of 

cultivation that too, mostly under homestead and perennial conditions. This provides a 

favourable environment for pests and diseases to sustain throughout the year, affecting 

the productivity. Banana is infected by several viral diseases and among which, Banana 

streak disease is an important one affecting banana production world wide. Ba~lana 

streak virus infection in banana and plantains assumes significance as it affects plant 

growth, fruit yield and quality, besides causing hindrance to gennplasm exchange, and 

certification of in vitro plantlets for international trade (Lockhart et al., 2000). 

Banana streak disease (BSD) was first described as 'La mosaique a tirets' 

occurring on the banana cultivar 'Poyo' in Nieky in Valley Cote d' Ivoire (Ivory 

Coast), Africa in 1974 (Lassoudiere, 1974). Banana streak badnavirus (BSV), the 

casual agent of banana streak disease was first identified from Morocco in 1985 

(Lockhart, 1986). This disease is now known to affect many clones of M~on. In India, 

this disease was first confinned on banana cv. Mysore (Thangavelu and Singh, 1996) 

and on other cultivars (Ram and Singh, 1999; Chelian et al., 2002). 

BSV detection based on symptom is often confusing because of similarity of 
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symptom expression throughout the year makes the diagnosis difficult (Jones and 

Lockhart, 1993). The effect of temperature on symptom expression of banana streak 

infected plants was reported by Dahal et al. (1998). Dahal et al. (2000) reported that the 

synptoln expression and severity were more pronounced during the rainy season than 

in dry weather. Symptom expression may be totally lacking in plants derived from ill 

iitro multiplication. 

BSV infects only Ahrsa and Ensete and is not transmissible by mechanical means. 

Kubiriba et al. (2001) reported the role of mealy bug as vector of BSV. Mealy bug 

transmission of BSV by Planococctrs citr-i Risso has been demonstrated else where. But 

these mealy bugs have not been reported on banana in India and their role in BSV 

transmission is not fully investigated. 

Many attempts have been made to develop sensitive, reliable methods for BSV 

indexing. These have. been only partially successful in screening Mtrsn for BSV, 

because these techniques failed to detect different isolates of the virus (Lockhart and 

Olszewski, 1993 and Lockhart, 1995). Dahal el al. (1998) reported that BSV antigens 

can be detected by triple antibody sandwich enzyme linked immuno sorbent assay 

(TAS-ELISA) and the concentration of BSV antigens was high in symptomatic tissue 

but very low in asymptomatic tissue. Polyclonal antibodies to BSV isolate was 

produced and used for the detection of serologically unrelated BSV isolates using 

double antibody sandwich enzyme immuno assay @AS-ELISA) (Ndowora,1998). 

PCR mediated amplification using two pairs of oligonucleotide primers based on 

badnavims sequence was shown to be a potentially usehl method for the detection of 

all BSV isolates (Lockhart and Olszewski, 1993). A PCR based diagnostic method was 

also developed for the genome of a Nigerian isolate of BSV and is sequenced and 

comprised of 7189 bp which was organized in a manner characteristic of badnavimses 

(Harper and Hull, IYYX) .  Cleerlng et al. (LUVU) made phylogenetlc analysls wlllcn 



revealed that all the BSV isolates were more closely related to each other than to any 

other badna virus. The use of immunocapture polymerase chain reaction as a reliable 

and sensitive method which can detect episomal BSV was attempted by many workers 

(Wetzel et al., 1992; Harper and Hull, 1998; Harper et al., 1999 and Yang et al., 2003). 

A real time PCR was developed for the rapid detection of episomal banana streak 

virus using strain BSV-OL in banana which carries integrated BSV sequences by 

Delanoy et 01. (2003). Cherian er al. (2004) cloned and sequenced a part of the 

genomes of two isolates of BSV from Kerala. However, the isolates from other 

varieties of Kerala have not been sequenced. Le Provost et al. (2006) developed a 

multiplex immunocapture polymerase chain reaction (M-IC-PCR) for the detection of 

BSV and Musa sequence tagged micro satellite site (STMS) primer were selected and 

used in combination with BSV species-specific primer in order to monitor possible 

contamination by Mtrsa genome DNA. Selvarajan et al. (2008) standardized PCR based 

technique to detect integrants and BSV infection. 

Recently in Kerala, banana streak disease is emerging as a great hindrance to the 

multiplication of quality planting material both by conventional and irl vitrv 

propagation approaches. Hence, it is essential to make a detailed study on the Banana 

streak disease on commercial varieties of banana grown in Kerala. The present 

investigation will give the details on the symptomatology, role of root mealy bug- 

Geococcw sp. in the transmission of BSV, sources of resistance and PCR based 

techniques for quick and reliable indexing of planting mateiials. The outcome of this 

study will facilitate distribution of healthy quality planting materials, both suckers and 

tissue culture plants to the farmers, thereby increasing the production and productivity 

of banana in the state. 
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2. REVIEW O F  LITERATURE 

Banana is the most important fruit crop of Kerala. The cultivation of banana is 

often hindered by many biotic constraints such as diseases. Alnong viral diseases, 

banana streak virus (BSV) hasemerged as a serious threat to banana cultivation in 

Kerala recently. The literature related to the studies done so far on the disease in India 

and abroad are reviewed in this chapter. 

2.1 Occurrence 

Banana streak disease (BSD) has recently aroused great concein to the worldwide 

banana and plantain cultivation. The disease was first described as 'La mosaique a 

tirets' occurring on the banana cultivar 'Poyo' in Cote d' Ivoire in 1974 (Lassoudiere, 

1974). Later it has been reported from more than 40 countries of Africa, Asia, Europe, 

Oceania and South and Central America (Diekmann and Putter, 1996; Pasberg et 01.. 

1996). Numerous out breaks of the disease occurred among promising banana breeding 

lines and micro propagated inter-specific M~rsa hybrids (Dallot el a/., 2001; Cherian et 

al., 2002; Lheureux et al., 2003). The geographical distribution of this disease in the 

world is summarized in Table I 

The occurrence of this disease in India on different banana cultivars has been 

reported by many of the workers. The incidence of BSV on banana cultivar Poovan 

(AAB) grown in Tamil Nadu was reported to be 11.60 to 100 per cent while the yield 

loss was up to 50 per cent and on cultivar Robusta (AAA) the yield loss was reported to 

be only 0.70 per cent (Thangavelu and Singh, 1996). In Maharashtra, 5-10 percent 

incidence of BSV was noticed on i i ~  i2itr.o propagated plants of Cavendish banana (Ram 

and Singh, 1999). Now in India, the presence of BSV has been confirmed from other 
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Gujarat (Singh, 1996). The occurrence of the disease on Mysorepoovan (AAB) and 

hybrids BRS-I (AAB), BRS-2 (AAB) was repol.ted from Kerala by Cherian ef al. 

(2002). 

Table 1.Geographical distribution of Banana streak disease 

References 

Jones and Lockhart,1993 

Diekmann and Putter,1996 

Yot-Dhauthy and Bove,1966 

Dabek and Waller,1990; 

Region 

Europe 

Afiica 

Countlyl location 

Portugal (Madeira) 

Spain (Canary Islands) 

Cote d' Ivoire 

Uganda 



I I Putter, 1996 i 
I I 

( Cuba I Jones and Lockhart, 1993 

Jones and Lockhart, 1993 

Brunt et al.,l987;Diekman11 and 

Latin America 

Caribbean 

Jones and Lockhart,1993 

Brazil 

Costa Rica 

Honduras 

Jamaica 

Colombia 1 Reichal et a1.,1997 

Jones and Lockhart, 1993 

Jones and Lockhart, 1993 
I 

Trinidad Jones and Lockhart,l993, 

USA 

Asia-Pacific 

I I Thangavelu et al., 1996 ; Cherian I 
I 

Haiti 

Florida,Virgin Islands 

China 

India 

I 
Malaysia I Diekmann and Pntter,1996 

Lockhart, 1999 

D i e h a n n  and Putter,] 996 

Jones and Lockhart, 1993 

Singh, 1996; 

Indonesia 

I 

New Caledonia I Diekmann and Putter,1996 

et al., 2002. 

Diekmann and Putter,1996 

I 

Papua New Guinea I Diekmann and Putter,1996 
I 

Philippines 1 Dielunann and Putter, 1996 
I 

Sri Lanka I Diekmann and Putter,1996 
I 

Thailand I D i e h a n n  and Putter,1996 
I 

Vietnam I Diekmann and Putter,1996 
I 

Taiwan I Su et a1.,1997 



2.2 Symptomatology 

Tonga 

Western Samoa 

The naturally-occurring isolates of BSV produced widely varying symptoms on 

Muss genotypes. Lockhart (1986) reported reduction in bunch size and malformation of 

fingers of banana variety, Dwarf Cavendish due to BSV infection. Frison and Putter 

(1989) reported that diseased plants were stunted and sometimes failed to flower. Even 

Thomas et a1.,1998 

Thomas et a1.,1998 

if they flowered, bunches were very small and poorly filled. The leaves had chlorotic 

streaks, which in some cases turned golden or necrotic. Foliar synptoms caused by 

BSV initially resembled those caused by CMV. But in later stages necrotic streaks 

occured only on the leaves affected by BSV. A characteristic of BSV infection is the 

sporadic nature of symptom expression. The infected plants might not express streak 

symptoms on leaves for several months. The sporadic nature of the symptom 

expression throughout the year made the diagnosis based on foliar symptoms very 

difficult (Jones and Lockhart, 1993). BSV infection expressed a significant effect on 

bunch size and fruit quality especially when floral initiation and early bunch 

development coincided with the period of increased virus synthesis (Lockhart and 

Olszewski, 1993). 

Gauhl and Gauhl (1995) described symptom of BSV as discrete whitish yellow 

flecks or short streaks on the leaf lamina, discrete longer yellow to orange colored 

streaks, having a dark brown to black necrotic centre followed by complete black 

streaks. Some times eye shaped yellow streaks form a mosaic pattern on the leaf 

lamina, streak symptoms on leaf petioles, bracts and on mature fruit. Severe mosaic like 

-.-- .L,Lakc yeiu!ted ii; .?f ?". !eaflan;ifia. Sevcrc. ifif~:in:, rccu!t,-d i; ~2;i;:i::c nf ..&. 



plant and decay of the cigar leaf followed by plant death. Intenlal necrosis of the 

pseudostem and lengthwise cracking of the outer leaf sheaths were also observed. 

Bunches someti~nes burst out from the side of the pseudostem. 

According to Dahal e t a / .  (1998) the sympto~ns of the disease appeared as discrete 

white to yellow flecks or spindle-shaped lesions on the leaf lamina, shorter pseudostem 

internodes, resulting in rosette like stunted leaves. Often the cigar leaf turned necrotic 

with distorted lamina. Incomplete emergence of bunch, distorted bunch or bunch 

bursting through the pseudostem, death of the plant before maturity was also reported. 

Daniells et a/. (1998) reported the appearance of broad yellow lines on the leaf lamina 

parallel to the midrib were observed on banana variety 'Williams'(AAA,Cavendish 

Subgroup) from Australia. Singh (2002) described the symptoms as chlorotic flecking, 

lethal systemic necrosis, yellow brown and black streaking, cigar-leaf necrosis, basal 

pseudostem splitting and internal deformed bunches. Cherian et nl. (2002) reporled that 

sylnptoms of the disease include the appearance of chlorotic and necrotic brown streaks 

on the leaves. 

2.3 Causal agent 

BSV belougs to genus Badnavims and family Caulitnoviridae (Van Regenmol-tal, 

2000). The virions are non-enveloped, bacillifolm. 130-150nm x 30nm it1 size, and 

contain a circular double siranded DNA genome of size 7.5kb (Medberry et 01.. 1990; 

Lockhart and Olszewski, 1993). 

It bas been shown that BSV genolnic sequences are integrated into the genome of 

h41rsa and El~sete (Lafleur et a/., 1996). Meanwhile, Harper e f  a/. (1999) and Ndowora 

e: a/. (1999) suggested that this integrated sequence could lead to episolnal fonns. The 

sr~nir. S\ '-Gnne is O E ! ~  one of !he n! !ens! fez? s!rnins cf BS\I. \vhich shc\'..ed CYP~!  - 



genomic and serological heterogeneity and poorly characterized (Lockhart and 

Olszewski, 1993). 

Strong evidence exists that integrated sequences that can be activated are 

associated with the B-genome of cultivated Mtrsa, whereas Mtisa AAA group 

(cv.Williams) contains a non activable virus integrant (Geering ef al., 2001). Episomal 

particles were detected in two plantain cultivars and the hybrid CRBP-3 (Tey cheny ef 

a/., 2004). 

2.4 Host range 

The natural hosts of badnavimses are the plants with centre of origin and 

diversity in South East Asia and Australia (Lockhart and Olszewski, 1993). The 

badnaviruses have a very narrow host range. Crops infected with badnavirus include 

sugarcane, cocoa, pineapple, black pepper, citrus and yam. 

Weed hosts do not play any role in the epidemiology of banana streak disease 

(Francki, et al., 1979). BSV has been found naturally only in Muss and transmitted 

experimentally only to Mtisa and Er~sete. 

2.5 Transmission 

BSV and other members of the genus badnavirus are transmitted by mealy bugs 

(Pseudococciidae) (Lockhart and Olszewski, 1993). Mealy bug vectors of badnaviruses 

include species of Pselidococctrs, Planococctrs, Platzococcoides, Ferrisia, 

Saccharicoccus and Dysmicocctis (Brunt, 1970; Lockhart et al., 2000). The virus is 

transmitted by Plartococcris citri Risso and Saccl~aricocctis sacchari Cockerell, both of 

which colonize banana (Lockhart and Olszweski, 1994). Jones and Lockhart (1993) 

regcrted BS\' to be tmr.s-ittrd ir. z se:r?i-9ersister.t mmner by -en!\, ~ E C  

( ~ ' I O I I O C O C C ~ ~ S  crfn KISSOI trom aanana to aanana unaer green house conalrlon. 



Sugarcane mealy bug (Saccharicoccl~s sacchari Cockerell) transmitted another 

badnavirus, sugarcane bacillifonn virus (SCBV) froill sugarcane to banana (Jones and 

Lockhart, 1993). Adult mealy bugs are sedentary, the early instars or crawlers are 

highly mobile. Young instars are more efficient than old instars. Mealy bugs trans~nit 

badnaviruses in a semi persistent manner (Lockhart and Olszeweski, 1993). 

Su (1998) reported that BSV was transmitted by two mealy bug bio-types of 

Pla~~ococcw citri Risso, wild biotype with short trait, P1111ococc1rs citri-ST and a new 

biotype with long trait, Plarrococczrs citri-LT. Kubiriba et al. (2001) reported that the 

acquisition feeding period for Dysi~~icocc~rs brevipes Cockerell was three days and the 

detection of BSV in the recipient banana plants was four weeks after transmission using 

pineapple mealy bugs and six weeks after inoculation using sugarcane mealy bugs. 

Sing11 (2002) reported that the acquisition feeding period for citrus mealy bug was one 

day and found that young instars were more efficient than old instars in transmitting the 

virus. .The alate adults with degenerated mouth parts could not transmit the virus. 

Selvarajan et a/. (2006) reported that BSV could be transmitted semi persistently 

through striped mealy bug, Ferrisia virgata Cockerell and not by sugarcane pink mealy 

bug and also the mealy bugs from guava and pineapple failed to transmit the virus. 

Recently, a new mealy bug Geococclrs sp. is reported to cause wide spread infestatioil 

in the commercial banana orchards of Kerala (Smitha et al., 2005).The role of this 

mealy bug as a vector of BSV is not yet investigated. 

Several aphid species such as Aphis gossypii Glover and Rkopalosiph~~rir pad  L. 

and Pentalo~ria ~~igro~ieivosa Coquerel which briefly colonize banana, failed to 

transinit the virus (Lockhart, 1986; Kubiriba et al., 2001). 

Daniells et a/. (1995, 2001) reported seed transmission of BSV in banana cv. 

3(ysc!-e 2nd is !!.zns!nit!ed thrc-:h i!?fe~fed sxkers  CD !O ! nn 5,: ce,!. 



All attempts to transmit the virus by mechanical inoculation have failed, even 

when young in vitro plants were inoculated (Lockhart, 1986). 

2.6 Screening of germplasm for the occurrence of BSV 

Screening banana clones with Musa balbisiarla genome for the presence of 

endogenous pararetrovirus (EPRV's) sequences of banana streak viruses (BSV) has 

become a pre-requisite in banana breeding programmes (Lheureux et al., 2003). 

The first reports of Banana streak disease were from cultivars in the Cavendish 

sub group (AAA) in Cote d31voire (Lassoudiere, 1974) and Morocco (Lockhart, 1986). 

Sebsigiri and Stover (1988) reported that Banana streak disease was found in Kabungo, 

'Ney Poovan' (AB), 'Pisang Awak' (ABB) and the East African high-land beer-making 

cultivars of the 'Lujugira-Mutika' subgroup (AAA). In the Bukoba district of Tanzania, 

the disease was seen on 'Gros Michel' ( A M )  and cooking cultivars in the 'Lujugira- 

Mutika' (AAA) subgroup. They also reported the occurrence of the disease in Zanzibar 

on 'Giant Cavendish' (AAA, Cavendish subgroup) and 'Pukusa' (AAB, syn. 'Silk'). 

~ a t e r ;  Dabek and Waller (1990) recognized banana streak symptoms on 

'Mjenga', (AA, syn. 'Sucrier'),'Kipaka' (AA, syn. 'Paka'), 'Bukoba'(AAA, syn. 

'GrosMichel'), 'Paji'(AM). 'Mzunga Mwekunda' (AAA, syn' Red'), Mzunga 

Mweupe (AAA, syn. 'GreenRed'), 'Wkono Wa Tembo' (AAB, 'Horn plantain type'), 

'Kikonde Kenya' (AAB, syn. 'Mysore') and 'Kijakaze' (AAB, Pome Subgroup). These 

accessions were maintained in germplasm collection in Zanzibar. 

Daniells eta/. (1998) reported the occurrence of the disease in 'Williams' (AAA, 

Cavendish Subgroup) from Australia. Jones (2002) reported the association of BSV 

~z:?ic!es it? c~!ri.:-rs !ike 'Kisubi'!*.B. 'Ney ?~)c~:n:?'! frn- Bzn~ndi. 'Piszng 

Beran_ean!AAA, syn. LaKa1an.J In Malaysia. 'msang Itaja' troll1 ~ n a ~ a  ana MalaYSla. 



cultivars in the AAB Maia 'Maoli-Popoulu' sub group from Colombia and Australia 

and 'Monthan' (ABB, Bluggoe sub group) from Cote d' Ivoire. The virus was also seen 

in some AAAB hybrids from the breeding programme in Guadeloupe, Honduras, 

Nigeria and Brazil. 

In India, this disease was first confilmed on banana cv. Poovan (Thangavelu and 

Singb, 1996) and on other cultivars by Ram and Singh, 1999 and Cherian et ul., 2002. 

Saraswathi et 01. (2007) reported that among the 265 accessions from India screened for 

five BSV EPRV's using PCR-based markers, 32 accessions were free of all five 

EPRVs, whereas 48 accessions were free of BSV-Obino I'Ewai' (BSV-01), BSV- 

Goldfinger (BSV-GfJ and BSV-Mysore (BSV-Mys) EPRVs. All accessions were fiee 

of BSV-Vietnam (BSV-AcVN). 

2.7 DETECTION OF VIRUS 

Detection of BSV is problematic due to serological and geno~nic heterogeneity of 

virus isolates (Lockhart and Olszewski, 1993), the erratic appearance of symptoms 

(Dahal et al., 1998) and the uneven distribution of the virus in plants. Diagnosis based 

on foliar symptoms may be very unreliable because of the sporadic nature of symptom 

expression throughout the year (Jones and Lockhart, 1993). Symptoms may be totally 

absent, or may be indistinct, under certain conditions. Symptom expression was also 

lacking in plants derived froin in 1~irr.o multiplication. The biotech~~ological tools like 

serological and Polymerize Chain Reaction (PCR) based molecular techniques are 

quick and reliable for the early detection of banana streak virus (Harper and Hull, 

1998). 



2.7.1 Electron Microscopy 

Bacilliform particles measuring 119 x 27nm were detected by electron 

microscopy, in diseased banana plants (Lockhart, 1986). BSV isolates could be 

detected by imn~uuosorbent electron microscopy (ISEM) using partially purified leaf- 

tissue extracts (Bouhida.et a/., 1993). Dahal et a/. (1998) reported the presence of 

bacillifo~nl virus particles measuring 30 x 130-150 nm in the partially purified 

preparations of BSV infected leaf material. Immunosorbent electron microscopy of 

viral minipreps, was standardized using multi-strain antiserum of BSV (Diekmann and 

Putter, 1996; Thottapilly et al., 1998). The EM of infected leaves of banana showed 

tyyical bacillifonn particles which indicated that the streak like symptoms were 

associated with the infection of Banana streak disease (Cherian et al., 2004). These 

symptoms were earlier misunderstood for Cucumber mosaic virus infection. 

2.7.2 Serology 

BSV is serologically similar to Sugarcane bacilliform virus (SCBV) (Lockhart 

and Autray, 1988). Naturally occumng isolates of BSV were characterized by high 

degree of both serological and genomic variability, a factor which has created 

considerable difficulty in developing reliable antigen-based or genome-based detection 

methods (Lockhart and Olszewski, 1993). To overcome this problem, polyclonal rabbit, 

lnouse and chicken antisera were raised against a mixture of serologically distinct BSV 

isolates (Ndowora, 1998). A inore sensitive procedure known as the triple antibody 

sandwich (TAS-ELISA) was e~nployed using rabbit IgG as secondary antibody for 

detecting !he virus isolates wdowora and Lockhart, 1997). Dahal et a/. (1998) reported 

that the concentration of BSV antigens could be detected by TAS-ELISA. 

Thnttoni!!~ . . r? c!. !! 5)5)8! nrndcc~d pc!yc!cnz! ~ntibodies oroi!?s! Nirr~%:? isc!.tr 

OI n b v  wlrn a rlrre aerween I: ~ u u u u  ana 1:4uuuu ana also alnerent L L I ~ A  protocols 



double antibody sandwich (DAS-ELISA), antigen coated plate (ACP- ELISA), direct 

antigen coated (DAC- ELISA) and triple antibody sandwich (TAS-ELISA) were 

compared for their reliability and sensitivity to detect BSV antigen in infected leaf 

extracts. To detect a wider range of BSV isolates in infected banana and plantain 

material TAS-EIA is more sensitive than DAS-EIA (double antibody sandwich enzyme 

i~nmuno assay (Ndowora and Lockhart, 2000). The concentration of BSV antigens 

would be varied in different plant parts. The possible variation of the virus was 

assessed by ELlSA using a broad spectrum antiserum (Harper et al., 2002). Agindotan 

et al. (2003) reported the production of two monoclonal antibodies and these antibodies 

together with the polyclonal antibodies were used for the detection of BSV. 

2.7.3 Genome based Tecliniques 

Lafleur et al: (1996) standardized the technique of hybridization with a probe 

derived by PCR amplification using badnavirus specific degenerate oligonucleotide 

primers. Harper et al. (2002) standardized PCR based detection of BSV using 

degenerate primers set involving concentrating the virus in sap by polyethylene glycol 

precipitation followed by IC-PCR or DB-PCR(Directly bound PCR). Cberian et a/. 

(2004) reported about the detection of BSV by PCR and also cloned and sequenced a 

part of the genome of BSV. Detection of Indian isolate of BBTV and BSV with duplex 

PCR and three viruses including BBrMV by multiplex PCR has been reported by 

Selvarajan (2008). 

Wetzel et a/. (1992) and Harper et al. (1999) developed an IC-PCR based 

strategy to detect episonlal BSV in banana and plantain. IC-PCR combines, the 

i~nmunological capture of BSV viral particles by a polyclonal antiselurn (Ndowora, 

1998) and amplification of the viral ORF 111 domain encoding the RNaseH and severe 

rm!?sc:inmse. SS\'-C)nne is integrated irto the .\:r:!c.r: ze::c-e 2nd sne~in! n!.eca~!ion 

sucn as ~ ~ n m u n o  capture YUK was usea ro alstlngulsn inregratea rollns trom eplsolnar 



viral DNA (Harper et 01.. 1999; Ndowora el a/., 1999). Geering el n l .  (2004) 

constructed and characterized three BAC libraries and found positive upon screening 

using M-IC-PCR (multiplex immunocapture-PCR) assay which was developed for the 

detection of episomal BSV. M-IC-PCR developed for the detection of BSV using Musci 

sequences tagged n~icrosaiellite site (STMS) plimers was reported by Le-Provost et nl. 

(2006). 



Materiah and Methods 



3 .  MATERIALS AND RlETIIODS 

The present study on the "Symptomatology and molecular diagnosis of 

Bananii streak virus disease" was carried out in the L)cpaitnient of Plant 

l'athology, College of Horticulture, Velliinikkara and Barrana Research Station, 

Knnnar-a during ZOOS to 2010. The experiment site is located at an elevation of 

allout 5S IMSL. The average temperature of the region is '8°C and the annual 

rainfall ranges between 2700 and 3000mni, dis:ributed between two rainy seasons. 

Relative humidity varies between 77 and 94%. - 

The details of the materials used and the techniques adopted for the 

investigation are described below. 

3.1 COLLECTION AND MAINTENANCE OF BSV CULTURE 

l'he culture of banana streak virus (BSV) maintained at 3anana Research 

Station, Kannara was used for the study. The naturally infected suckers were also 

collccted from different fields of banana and planted in pots kept in insect proof 

nct house. 

blcalthy [issue culture plants of banana variety Nendran (AAB) banana 

raised in pots were used for various studies. 

3.2 SYEVIPTOMATOLOGY 

A field trial was laid out by planting infected and healthy suckers of banana 

accessions viz., Cliandrabale (AAB), K:ilibale (AAB), PAolta poovan (AAB), 

Mysorc poovan (AAI3) and Nendran (AAB) with five replicaticms. The field was 

sunou~ided \vitl! fencc made of nylon net. 



3.2.1 Dc~,clopn~cnt  of synlptonls 

The der~elopment of symptoms of the dise:ase at each growth stage of' lhe plants 

was documentetl. The sylnpton~s expressed on different parts of the plant like 

leaves, pctiole, pseudostem, male buds and bunches were recorded. 

3.2.2 VarietaL variation of symptoms 

The expression of symptoms on five different banana accessions was 

recorded and the varietal variation in the development of symptoms was 

documented. 

3.2.3 I n ~ p a c t  of BSV infection on agronomic and  yield characters 

The agronomic parameters like height, girth and numbers of leaves of all the 

plants at six months after planting were recorded. The yield parameters like bunch 

weight, number of  hands, number of fingers, fruit weight, length and girth of the 

finger of both healthy and infected plants were also recorded. 

3.2.4. a Impact of en~i ronmenta l  factors on symptom expression 

The seasonal variability of  symptom expression on naturally BSV infected 

plants \\,as recorded. The expression of  the symptom on each leaf was rated as per 

the scoli~ig method rel~orted by Dahal et 01. (2000) with sli&t moditications. The 

expression of the synptolll on each leaf of the infected plant was rated using 0-6 

scale (0-\vitliout syn~ptolns, I= up to I%, 2=1-5%, 3=6-15%, 4-16-33%, 

5=34-50% and 6=51-100%). Based on this scoring, symptom severity index, 

percentage disease incidence, percentaga disease severity and coefficient of 

infection \\,ere cnlculsred. 



Syn~ptom Severity Index (SSI) = 0 (a) i- 1 (b) + 2 (c) 4.3 (d) + ....... ...... 6 (f)/n 

where a, b, c, .... f = Number of leaves with respective scores 

l , 2 , 3  ,..... n = Total number of leaves 

Percentage Disease Severity (PDS) = 

O(a)+I (b1+2(c)+ .... 6 ( 0  - 100 

Total number of leaves Maximum grade 

where a, b, c, .... f = Number of leaves with respective scores 

Percentage Disease Incidence (PDI) = Number of infected plants x 100 
, 

.Total number of plants 

Coefficient of Infection (CI) = PDS xPDI 

100 

The biometric characters like height, girth and number of leaves of the 

infected and healthy plants were recorded. The yield parameters of both healthy 

'and infected varieties were also recorded. The relationship of the symptom 

.expression with weather parameters was worked out by statistical analysis of the 

data using correlation method: 

3.3 SCREENING OF FIELD GENE BANK 

The field gene bank comprising of 295 accessions maintained at BRS, 

Kannara were screened at monthly inte~als..'frorn planting till harvest for the 

natural occurrence of the banana streak disease. Scoring of infected suckers was 

done based on 0-6 scale. Based on scoring data symptom seventy index was 

calcul3ted 3s mentioned in section 3.2.3.3. 



3.4 TRANSMISSION STUDIES OF BSV 

The transmission studies were camed out under,insect proof net house. 

3.4.1 Mechanical transnlission 

The mechanical transmission of BSV was tried on different hosts [Table 2) 

with different buffers (Table 3). The compositions of the buffers used are given in 

(Appendix I). 

Table 2.I)iffererlt hosts used for mechanical transmission , 

, 

(ton Nime 1 Scientific N2me -7 

Bitter gourd Momordica charanti Descount. 

3 Bottle. gourd Lagenaria siceraria 

IT-I pumpkin 
I I Circurbita pep0 C. 
I 

Vigna unguiculala (L.)  Waln. 

I 
Colocasia Colacasia escirlenla (L.) Schott. 

The inoculum was prepared by grinding one part of young infected leaves 

of banana showing typical chlorotic streak symptoms with one part of pre-cooled 

buffer using a chilled pestle and mortar. The homogenate was filtered through a 

double layered muslin cloth. The extract was nlaintained in chilled condition. 

Prior to i::ocu!-!ioz, the leaves of test plmts were ~~nifonnly  dusted with 

carboiundu:n powder (600 mesh).The stantlard extract w:ts then rubbed gently on 



tlie leaves of test plants using cotton pad supporting the leaves with the other 

hand. After inoculatioli the leaves were washed with water using a wash bottle to 

remove any excessive inoculum and extraneous particles. The inoculated plants 

were kept in insect proof net house and observed for the development of  

symptoms. 

Table 3. Buffers used for mechanical transmission 

I 

1. I Sodiu; phosphate buffer 1-1 
I 

Citrate buffer 

Potassium phosphate and 2- 7.2 

3.4.2 Soil t ranskssion 

6 .  

Healthy ti:ssue culture plants of banana variety'~endran (AAB) was raised 

in pots (size 24 cm x 72 cm) filled with the soil, collected from the rhizosphere of 

13SV infected banana plants. These plants were kept in insect proof net house and 

observed for the development of symptoms. Healthy suclters raised in pots with 

the soil collected from disease free'area were maintained as control (Plate 2). 

3.4.3 Transmission through planting material 

mercaptoethanol (1%) , 

Tris buffer 

Transmission of BSV from mother plant to suckers was studied. The 

suckers of varicries, Chandiabalc (AABj: KaliSalc (AAB), Motta poovan (AAB): 

h4vsore poovan (AAB) and Nendran (AAB) from both infected and healthv 

7.2 ' 1  . . ... 

mother plants were cc~llected and planted in pots. The plants were kept in insect 



proof net hocse and expression of symptom was recorded at fortnightly intervals. 

The p la~~ts  were periodically sprayed with insecticide to prevent vector 

transmission. 

3.4.4 Insect transmission 

The insect species used for the vector transmission studies of BSV were 

banana aphids (Pentalonia rzigronervosa Coquerel) and rnealy bugs like root 

mealybug (Geococcrcs citrinus Kuwana), pineapple mealy bug (Dysmicoccus 

brevipes Cockersll) and striped mealy bug (Ferrisia virgata Cockerell). 

The banana aphid, P. nigronervosa Coquerel was used for the transmission 

studies. 

3.4.4.Z.I Colleciior~ arzdrearirrg of aphids 

. The colony of banana aphids, P. rligrorzen~osa Coquerel was reared and 

maintained on healthy banana suckers of variety Nendran (AAB) raised in pots 

and kept under shade in insect proof cages. These aphids were gently tapped and 

disturbed and then collected with the help of a camel hair brush in a Petri dish. 

After collecting the aphids, mouth of the Petri dish was covered with muslin cloth. 

These insects were then released singly into the leaf axils of healthy banana 

suckers using camel hair brush for multiplication. Non-vimliferous aphids thus 

reared in insect proof cages were used for transmission studies (Plate la). 



3.4.4.1.2 Wnrs vrcfor rrlaticnship 

3.4.4.1.2.1 Effect of pre-acquisitiorz fasting of P. r~igrorrervosa on .tire 

trunsnrission of BSV 

Group of 30 non-viruliferous P. nigronervosa Coquerel (both nymphs and 

adults) were fasttd for various intervals of time viz., 0 hour, one hour, and two 

hours. A p u p  of 30 unstarved aphids served as control. Then the aphids were 

allowed to feed on diseased plant for three days to acquire the virus. Afier the 

acquisition feeding period, the vectors were transferred to tissue culture banana 

plailts of variety Nendran (AAB) for inoculation feeding. At the end of 

inoculatiol~ feeding period of seven hours, the aphids were killed by spraying 0.03 

per cent dimethoate. The observations on development of sympton~s were 

recorded. 

3.4.4.1.2.2 Effect of acq~risitiotr feeding of P. ~rigronervosa or1 traizsrrrissiort of . ..__ 

BSV 

To determine the effect of acquisition feeding period on transmission, 

groups of 30 insects were starved for one hour and allowed to feed on infected 

plant for different periods viz., one day, two days, three days, and four days. At 

the end of'acquisition Seeding period, the aphids were transferred to tissue culture 

plants of variety Nendran (AAB) and later allowed to feed for seven hours for 

inoculation feeding. ~he'insects were killed by spraying 0.03 per cent dimethoate 

and plants were kept ill insect proof net house. The obselvations on development 

of symptoms were recorded. 



Plate la. Rearing of insects used in vector transmission 

Banana aphids 
(Pentalonia nigronervosa Coquerel) 

Pineapple mealy bug 
(Dysmicoccus brevipes Cockerell) 



Plate lb. Rearing of insects used in vector transmission 

- -- 

Striped mealy bug 
(Ferrisia virgata Cockerell) 

Root mealy bug 
Geococcus citrinus Kuwana 



,3.4.4.1.?.3 Effect of irrocrrlatio~r feedi~zg qf P. rrigronervosa otr tratr.st~rissiot~ of' 

BS 1' 

To determine the minimum inoculation feeding period required lo render 

the aphids vimliferous, groups o f  30 insects were starved for one hour and 

allowed to feed on infected plant for three hours. At the end of acquisition feeding 

period the aphids were transferred to TC plants of variety Nendran (AAB) and 

allowed to feed for six hours, seven hours and eight hours. Thehsects were later 

killed by spraying dimethoate 0.03 percent and plants were kept under observation 

in insect proof net house. The observations on developme~~t of symptoms were 

recorded. 

, 

3.4.4.2 Rote of ~ttealy bugs in flze tra~~sttzissio~z of BSV 

Three different genera of mealy bugs viz., root mealy bug (Gcococcrrs 

citrinrs Kuwana), pineapple mealy bug (Dysnricoccru brevipes Cockerell) and 
. . 

striped mealy bug (Ferrisia virgata Cockerell) were used for the transmission 

studies. 

3.4.4.2.1 Collectiorr and rearing of ttrealy brtgs 

3.4.4.2.1. a Collectiotr and reari~zg of root tttealy brrgs-(Geococczrs citrinrts) 

The root mealy bugs (G. ci!rinrrs lcuwana) were collected from banana 

fields (I'late lb). Rearing of mealy bugs was done on banana suckers. Banana 

suckers were planted in pots (size 24 cinx72 cm) and mealy bugs were released on 

the roots. This is to maintain the stock culture of the root mealy bug. After 

releasing the colonies the roots were covered with a thin layer of soil. The plants 

\\,ere ii~iz3ted daily to provide sufficient moisture for the sun,i~~sl of the root 

mealy bugs. 



The pineapple mealy bugs were collected from different fields, brought to 

the laboratory and the technique of rearing the mealy bug culture on pumpkin 

under laboratory condition was standardized and validated. The matured fruits of 

pumpkin (C~tcurbita pep0 L.) without injury were used for rearing. These fruits 

were dipped in a solution of 0.1 per cent carbendazim for five minutes and air 

dried. Then the pumpkins were tied around with thread to provide g i p  to the 

crawling rnealy bugs. The thread tied pumpkins were kept irr ant pans. Once in a 

week, these pumpkins bearing the culture were exposed to the sun for drying up 

of the honey dew secreted by the mealy bugs and also to prevent fi~ngal gowth 

(Plate I a). 

3.4.4.4.1.c Collection crrrd rearing of Striped ttrealy brrg - (Ferrisia virgata) 

. 
The culture of F. iirgata was reared on pumpkin (C~rcirrbifa pepo L.) as 

given in 3.3.4.3.b.The attempts were also made to maintain the colonies of F. 

virgata Cockerell on plants of Colacasia escnlenta (L.) Schott (Plate 1 b). 

3.4.4.4 Role of Root r~reaiy bug- Geococcrts citritrus it1 tlre tra~lsttrission of BSV 

Fifty numbers of root mealy bugs (G. cirrirllrs Kuxwana) including both 

adults and crawlers were collected from the banana fields. These mealy bugs were 

stilrved for one hour and these were released on the roots of iirfected banana to 

acquire the virus. Carefblly these mealy bugs along with th~: soil were transferred 

lo the roots of he-lthy tissue culture bsn3ns plznts of variety Nendrm !.4.4B). The 

inoculated plants were kept in the insect proof net house and observed for the 

development of'symptoms. 



3.4.4.5.1 Eflect of pre-ucquisitiorr fustirtg of ~.brevi$es mid F. virgat~rr on tire 

irurrs~~rission of BSV 

To detennine the minimum acquisition-feeding period required to render the 

mealy bugs viruliferous, groups of thirty numbers of both D.brevipes and F. 

virgata were starved for zero hour, one hour and two hours. A goup of 30 

unstarved mealy bugs served as control. Then the insects were allowed to feed on 

diseased plant for 92 hours to acquire the virus. After the accluisition feeding 

peridd .the vectors were transferred to banana plants, variety Nei~dran (AAB) for 

seven hours for inoculation feeding. At the end of inoculation feeding period the ' 

illsects were killed by spraying 0.03 per cent dimethoate. The obsehations on 

development of symptoms were recorded. 

3.4.4.5.2 Eflect of acquisition feeding of D. brevipes arrd F.virgatu ort tlte 

trans~~rission of BSV . . . . 

To determine minimum acquisition feeding period required to render the 

mealy bugs viruliferous, groups of 30 insects were starved for one hour and 

allowcd to feed on infected plant for different periods viz., 24 hours, 48 hours, 92 

hours and 116 hours. At the end of acquisitio'n feeding period the mealy bugs 

were transferred to healthy tissue culture banana variety Nendran (AAB) and 

allowed to feed fir seven hours for inoculation feeding. The mealy bugs were 

killed later by spraying 0.03 per cent dimethoate and plants were kept under 

observation in insect proof net house. The observations on development of 

synlptonls were recorded. 



3.4.4.5.3 Effect qf ir~ocrtlatiort feedir~g of D.br.evipes m d  F.virgata or1 tile 

trai~sririssiorr of BSV 

To determine the minimum inoculation feeding period required to render the 

mealy bugs viruliferous, groups of 30 insects were st&ed for one hour. Then the 

vectors were allowed to feed on diseased plant parts for three days to acquire the 

virus. After acquisition feeding period the vectors were transferred to banana 

plants, variety Nendran (AAB) for six hours, seven hours and eight hours for 

inoculation feeding. A! the end of ilioculation feeding the insects were killed by 

spraying 0.03 per cent dimethoate. The observations on development of symptoms 

were recorded. - , 

-1.4.4.5.4 Effect of rlaintber of rrrealy bugs, D. brevipes arrd li. virgata in i l ~ e  

trc~rrs~irissiort of BSV 
. . 

! 

To determine the minimum number oFmealy bugs which could transmit the 

virus a group of 10, 20, 30, 40 numbers of viruliferous mealy bugs were stirved 

for one hour and allowed to feed on BSV infected plants for 92 hours. After the 

acquisition feeding period the mealy bugs were transferred to banana plants, 

variety Nendran (AAB) plants and allowed to feed for seven hours. The plants 

\4,ere later sprayed with 0.03 per cent dimethoate to kill the viruliferous vectors. 

The observations on development of symptoms were recorded. 

Electron microscopic investigation of the infected leaf samples was done to 

study the morphology of the BSV particles. This work has been done utilizing the 

National diagnostic facility of IIHR, Bangalore. Symptomatic leaf tissue (3n1m 

dism! of bsnans was crushed over z clean glsss slide in 0.01h4 phosphate buffer 

(pH 6.5). Homogenate (10~1) was placed on a parafilm and EM carbon coated 

grid (fill11 side downward) was floated on the surface of the droplet for 10 



minutes. The gr!d was then rernoved.and washed with double distilled water. 2-4 

drops of 2% uranyl acetate (UA) were added on the filmed surface of the grid. 

Excess stain was removed and the grid was left to dry. Later this was viewed 

under electron microscope. 

3.6 MOLECULAR DIAGNOSIS OF BANANA STREAK VIRUS USING PCR 

The molecular diagnosis of .Banima streak virus was carried out in the 

niolec~llar virology laboratory of Banana Research station, Kannara. Infected 

samples of banana varieties Nendran ( B ) ,  Mysore poovan (AAB) and a 

healthy control wc)re taken for indexing. 

, 
3.6.1 Isolation of DNA 

DNA was isdlated from leaves of infected plants showing typical chlorotic 

and necrotic streaks using DNeasy plant minikit (Qiagen, Gmbh, Hilden, 
. 

C;errnsiny) as per the protocol provided by manufacturer. 'The DNA was h s o  

isolated from the leaves of healthy plants to serve as control. The varieties used 

for DNA isolation were Nendran (AAB) and Mysore poovan (AAB). 

3.6.2 Agarose Gcl Electrophoresis 

Agarose gel electrophoresis was performed based on the method described 

by Sambrook et 01. (1989) to check the quality of DNA, under sterile 

conditions.lX TAE buffer was prepared from the SOX (pH 8.0) stock solutions 

(Appendix 11). Agarose (Genei, Low EEO) (I percent) was weighed and dissolved 

in TAE buffer by melting. Ethidium bromide prepared froin a stock of lOmg/ml 

was added to it, at a concentration of 0.5pdml and mixed well. The open end of 

the gel c"stin_r trzy was sealed with cello tape and the tray nr3s placed on a 

horizontal surface. The comb was placed properly and the dissolved agarose was 

poured into the tray. The gel was allowed to set for 30 minutes and later the comb 



was removed carefully. The gel was then placed in the electrophoresis unit with 

the well side directed towards the cathode. I X TAE buffer was added to tne buffer 

tank (GeNei, Banglore) so as to cover the gel with afew mm of buffer. 5p1 of 

DNA sample was mixed with I p1 tracking dye (6X) (Appendix 111) and carefully 

loaded into the wells using a micropipette. The cathdde and the anode of the 

electrophoresis unit were connected to the power pack (GeNei, Banglore) and the 

gel was run at constant voltage of 70V (35mA) for 75 minutes. The power was 

turned off' when the tracking dye reached about 3cm from the anode end. 

3.6.3 Gel documentation 

The DNA. bands separated by electrophoresis were viewed and 

photogaphed using Alpha Imager TM 1200 documentation and analysis system. . 

3.6.4. I'r~rity of DNA 

The purity of DNA was further analysed by using NanoDropB ND-1000 

spectrophotometer. This is a full spectrum (220-750nm) spectrophotometer that 

measures 111 samples with high accuracy and reproducibility. 

The absorbance of nucleic acid samples was measured at a wavelength of 

26011111 and 280nn1. The ratio (2601280) was used to assess the purity of nucleic 

acids. 

3.7 POLYMERASE CHAIN REACTION 

Pol.y~lerase chain reaction of BSV was'done using specific primers 

desigt~etl by Cherian el 01. (2004). Specific primers were designed from the region 

corresponding to thc conscrvcd domain of Rcrcrsc trclnscriptasc and IZNasc H 

gene. The forward primer used was BSV 5466- 

~ 'AGACTGGG~-~~CATCAAGTAGC and reverse primer was BSV 6196-5' 



G.4ATlTCCCGCTCGCATAAG. The primer number intlicates the position on 

BSV genome. 

3.7.1 Standardization of PCR conditions 

Various combinations of PCR parameters like annealing temperature and 

template dilution were tested to find out the optimum combination of conditions, 

varying one parameter at a time. Annealing temperatures of 57OC, Sg°C, 5g°C, 

60°C, 61"C, 62OC and 63°C and different template dilutions of 1:10, 1:25, 1:S0, 

1 :I00 Bnd undiluted DNA were used for the standardization 

3.7.2 PCR amplification using standardized condition 
, 

Polymerase chain reaction was canied out in standardized conditions 

(annealing temperature-59, template dilkion-1/10) using specific primers given in 

the section 3.7. The PCR products were electrophoresed in 1% agarose gel y d  

documented and compared with 1Kb DNA marker (GeNei,Banglore). The 

composition of the reaction mixture used for PCR is given below 

ntems I Volume (pi) ( 
I 

1 Ox PC11 buffer with MgC12 (GeNei,Banglore) 1 2.5 
- 

Taq DNA polymerase (O.OSU/ p1) (GeNei,Banglore) 

dNTP mix (2mM) (Fermentas, Lithuania) 

1 

5 

Fonvard primer (1 OOpM)(GeNei,BangIore) (1 : 10) 

Reverse primer (1 00/iM) (GeNei,Banglore) (1 :lo) 

Template DNA (1 :I 0) 

Sterile water 

Total 

1 

1 

. S  

34.5 

50.0 



The reaction inixture dispensed in 0.211~1 tubes was given a momentary spin for 

thorough mixing of the cocktail components. The PCR tubes were then placed in a 

thermalcycler (Eppendorf Mastercycler Gradient). 

The PCR was carried out by following steps 

Step I : Initial denaturation at 94OC for 4 minutes 

Step 2: Denaturation at 94OC for 30 seconds 

Step 3: Annealing at 5g°C for 30 seconds 30 cycles 

Step 4: Extension at 72OC for 30 seconds 

Step 5: Final extension at 72OC for 10 minutes 

Step 6:  4OC for 5 minutes to hold the sample 

A more sensitive and reliable technique viz., IC-PCR was also standardized. 

Immuno-capture was standardized using (he antiserum raised against Banana 
. 

streak virus which was procured from ACiDIA. 

Ilnmunocapture PCR was performed using a BSOLV antiserum raised 

against the purified BSV species. Sterile propylene thin walled 0.2 ml microfuge 

tubes were coated with 50 p1 of IgG, diluted at 1:200 ratios in the carbonate 

coating buffer for four hours at room ternpeiature. Then the tubes were washed 

three tiines with 100 p1 of PBS-T washing buffer. Plant extract was prepared by 

grinding 1gm of leaf sample in 5ml of the coating buffer using a sterile ice cold 

pestle illld mortar. These extracts were transferred to sterile l.5ml tubes and 

centrifkged at. room temperature for 10 minutes at 5000 rprn. 50p1 of the 

supernatant were loaded in the IgG coated tubesand incuba.ted pvernight at 5°C. 

'The tubes were washed three time:: using 100p1 PBS-T buffers and rinsed 

with sterile \tVater. DNase treztment nr3s done to d e ~ z d e  the host genome if 

present in the tubes. For this 3U of DNase in 2004 'freshly prepared buffer was 

added and inocubatetl at room temperature for 30 minutes. The rubes were washed 



, . 

three times with 100111 PBS-T buffer and rinsed one time with sterile water. The 

PCR mastermix was prepared and added to the tubes. The composition of the 

buffers is listed in (Appendix IV). The PCR tubes were then placed in a 

thermalcycler (Eppendorf Mastercycler Gradient). The I'CR products were 

electrophoresed in 1.5 % agarose gel and documented. 

The composition of the reaction mixture used for PCR is given below 

(Items I ~o~um- 

IlOx P,CR buffer with MgCb (GeNei,Banglore) 
I 1 2.5 . 

Forward primer (1 00pM)(l: 10) (GeNei,Banglore) 11  

I 

( Reverse primer (I OOpM) (1 : 10) (GeNei,Bnnglore) 
I 
( 1  

Taq DNA polymerase(3U/pI) (1 :lo) (Genei,Banglore) 

-- 
Sterile water 15 1 

5 

The PCR was canied out by many steps 

Step 1: Initial denaturation at 94OC for 50 seconds 

step 2: Denaturation at 94OC for 20 seconds . - -l 

Step 3: Annealing at 5g°C for 30 seconds & 30 cycles 

Step 4: Extensionat 72°C for 60 seconds J 
Step 5: Final extension at 72'C for 3 minutes 

Step 6: 4°C for 5 minutes to hold the sample 





4. RESULTS 

4.1 COLLECTION AND MAINTENANCE OF BSV INFECTED PLANTS 

The BSV infected suckers maintained at BRS, Kannara under insect proof 

net house served as the source of inoculum. Apart from these, naturally infected 

suckers of different banana varieties such as Chandrabale (AAB), Kalibale 

(AAB), Motta poovan (AAB), Mysore poovan (AAB) and Nendran (AAB) were 

collected from different fields. These were planted in pots and also maintained in 

the insect proof net house. 

4.2 SYMPTOMATOLOGY 

Symptomatology was studied by assessing the development of symptoms on 

infected plants as given in 3.2. 

4.2.1 Symptoms on leaf lamina 

The symptoms were mostly seen on the leaf lamina (Plate 2a). Initially the 

symptoms appeared as discontinuous or continuous linear small chlorotic streaks 

on the leaf lamina. These chlorotic streaks later turned necrotic, blackened and 

mnning perpendicular to the leaf axis extending from midrib to leaf margin or 

sollietimes form a linear mosaic like pattern on tlle lamina especially on older 

leaves. During summer months apart from chlorotic and necrotic streaks, 

thickening and distortion of leaf lamina were seen (Plate 2b). Scoring of the 

severity of symptoms on leaves was done. The development of symptoms was 

same in all BSV infected varieties. The expression of the symptoms was more in 

the months of June-December and less during January-May seasons. In advanced 

stages. there was necrosis of cigar leaf and the plant failed to produce new leaves 
., . . . , *  P,. , 
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Plate 2a. Symptoms on leaf lamina 

i) Chlorotic streaks 

ii) Mosaic like appearance 



Plate 2b. Symptoms on leaf lamina 

ii) Distortion of leaf lamina 

i) Necrotic streaks 

ii) Cigar leaf necrosis 



Plate 3. Symptoms on midrib and petiole 

i) Necrotic streaks on midrib 

ii) Necrotic streaks on petiole 



i) Necrotic streaks ,.. .seudostern ii) Necrotic streaks -C.S of pseudostem 

iii) Infected bunches 



4.2.2 Syn~ptoms on mid rib and leaf petiole 

Small dark brown lesions appeared on the petiole and later joined to form 

linear elongated lesions. The length of the lesions ranges kom 0.1 cm-0.3cm. Such 

lesions were seen on the leaf petiole of banana varieties Motta poovan (AAB), 

Mysore poovan (AAB), Kalibale (AAB) and Nendran (AAB) (Plate 3). 

4.2.3 Symptoms on pseudostem 

Small dark brown necrotic streaks were seen on the pseudostern of BSV 

infected plants. The pseudoste~n streaks were seen on varieties viz., Mysore 

poovan (AAB), Motta poovan (AAB), Kalibale (AAB) and Nendran (AAB). 

Initially it appeared as dark or brown linear streaks, which later developed into 

continuous dark streaks (Plate 4). 

4.2.4 Symptoms on bunches 

Infected plants produced small sized bunches with distorted fingers. Brown 

and necrotic streaks were developed on the fruits in the case of severe infection of 

the disease. Severe infection failed to produce bunches as in the case of Nendran 

(AAB), Mysore poovan (AAB) and Chandrabale (AAB) varieties (Plate 4). 

4.3 IMPACT OF THE DISEASE ON THE GROWTH PARAMETERS 

4.3.1 Height of pseudostem 

The mean values of the height of the plant of different varieties at 6 MAP 

(months after planting) are given in Table 4. The results showed that the BSV 

;nfa,.t;,-.,T .2 ,4;~. -~. i  n!.<t,l hA.-h+ T h z  ce2t redl,,7t;,>v~ ;VT -!:..t h,&.,l,+ . z ~  +ha ---- - -..-.. .------ ..- -..- - -..*>.. ... ..- ..-- ...- - 
highest in the variety Kalibale (19.37) and lo~vest in Chandrabale (8.71). 



Tal~le 4. Effect of BSV infection on biometric characters 

Number of leaves P:=~I. variety 

.- . .. . 
hlott I ~~oovan(AAB) 1 

Height (cm) Girth (cm) 

Per cent 
reduction 

11.69 

Healthy 

215.4 

Healthy 

50.76 

Infected 

190.2 

Healthy 

10.3 

Infected 

45.3 

Infected 

9.2 

Per cent 
reduction 

10.71 

Per cent 
reduction 

10.67 



4.3.2 Girth of pseudo st en^ 

The girth o f  pseudostem at 20cm above the ground level was recorded. The 

results revealed that the virus infection adversely affected the girth o f  the plant 

(Table 4). ~ i ~ h e s t  per cent reduction was in Kalibale (19.36) and lowest in the 

variety Chandrabale(8.50). 

4.3.3 Nun~ber of leaves 

The results indicated that there was a reduction in the number of  leaves o f  

diseased plants compared to healthy plants (Table 4). The per cent reduction was 

maximum in the variety Mysore poovan (26.78) and the lowest in the variety 

Chandrabale (9.52). 

4.3.4 Bunch Weight 

Yield reduction was observed due to virus infection. The per cent reduction in 

bunch weight due to infection was 45.98 and 22.6 respectively in varieties 

Kalibale (AAB) and Motta poovan (AAB).The bunch weight o f  infected and 

healthy plants are given in table 5a  & 5b.The yield characters o f  the varieties, 

Motta poovan (AAB) and Kalibale (AAB) and are presented below. The varieties, 

Nendran (AAB), Chandrabale (AAB) and Mysore poovan (AAB) did not produce 

bunches. 

4.3.5 Number of hands per bunch 

Reduction in number o f  hands was observed due to virus infection. The 

percentage reduction in number o f  hands due to BSV infection was 9.67 and 

20-7s b2!:z!12 ~ ? ~ f l ~ + i ~ ~ .  ~ . ~ o ~ ~ 2 ~ c c x ; z 2  (-A--AL3> 5!~i Q2;b5!e !-Ah-AhE': :~s2e:+i~,.e!l- 

(Table 5a). 



Tal~le  5a. Effcct of BSV infcction on yield characters 

Ta l~ lc  5b.Effect of BSV infection on fruit characters 

Number of fingers Number of hands per bunch I 
- - ... . 
B 11i:lna variety Bunch weight (Kg) 

Per cent 
reduction 
22.60 

45.98 

Healthy 

10.4 

7.22 

Healthy 

10.2 

7.4 

Infected 

8.08 

3.90 

B 111:lna variety r-' 
o11a poovan(AAB) 

Length of finger(c1) Fruit weight(gm) 

Per cent 
reduction 
16.66 

32.97 

Healthy 

180 

94 

Infected 

9.3 

5.2 

Girth of finger (cm) 1 

Infected 

150 

63 

Per cent 
reduction 
9.67 

29.78 

Healthy 

44.53 

65.58 

Infected 

29.25 

25.22 

Healthy 

8.32 

1 1.52 

Per cent 
reductioll 
34.31 

6 1.54 

Per cent 
reduction 
26.69 

20.22 

Infected 

6.48 

7.28 

Healthy 

11.35 

10.68 

Per cent 
reduction 
22.1 1 

36.80 

Infected 

8.32 

8.52 



4.3.6 Number of fingers per bunch 

Virus infection reduced the number of fingers per bunch. The per cent 

reduction due to infection was 16.66 and 32.97 respectively in banana varieties, 

Motta poovan (AAB) and Kalibale (AAB) (Table 5a). 

4.3.7 Weight of the fruit 

The weight of the fruit was reduced due to virus infection. The per cent 

reduction due to infection was 34.31 and 61.54 respectively on banana varieties, 

Motta poovan (AAB) and Kalibale (AAB) (Table jb). 

4.3.8 Length of the finger 

The length of the finger was reduced due to virus infection. The per cent 

reduction in the finger length over healthy control was 22.1 1 and 36.80 

respectively on Motta poovan (AAB) and Kalibale (AAB) (Table 5b). 

4.3.9 Girth of the finger 

There was reduction in the finger girth due to the virus infection. Results 

showed that the percent reduction was 26.69 and 20.22 respectively in banana 

varieties Mottapoovan (AAB) and Kalibale (AAB) (Table 5b). 

4.4 Seasonal variability in expression of symptoms 

A correlation analysis was camed out between the weather parameters and 

disease incidence. The weather data is given in Appendix 111. Significant 

x.rreiz!ji.!> .,\;-s c'.sa;s.' '.*+?t;.n !kt -..:"rs~i.;.~ .;.f s:11:3t01:> \+tk v ~ ; ' , f ? ! !  - .  . -. . . - - -. . 
temperature and humidity. The synlptom expression was more during cool 

seasons when there is heavy rainfall. A positive correlation was observed between 



Tablc 6 .  Effect of weather parameters on sympton~ expression of BSV 

Banana variety 

Kalibale (AAB) 0.365** -0.119* 
I 

Motta poovan(AAB) 1 0.277** 1 -0.713** 
I I 

Mysore poovan(AAB) 1 0.1 17** 1 -0.615** 
1 I I 

**Significance level at 0.01 %, *Significance level at 0.0: 

Humidity (%) 

Table 7. Occurrence of BSV in the accessions of the field gene bank 

Ploidy 

AA 

A A A 

AAB 

ABB 

AAAB 

Number of 

cultivars 

infected 

0 

0 

6 

0 

1 

Name of the accession 

- 

- 

Motta poovan 

Mysore poovan 

Kalibale 

Chandrabale 

Chinali, Nendran. 

- 

FHIA-3 



Table 8. Inciderlee and banana streak disease on different varieties of banana 

PDS-Percent disease severity CI-Coefficient of infection 

PDI-Percent disease incidence SSI-Symptom severity index 

Table 9. Transmission of BSV through planting materials 

infected suckers 



synptom expression and rainfall. Like rainfall, humidity also showed positive 

correlation with sympto~u expression. A negative correlation was observed 

between expression of symptoms and temperature (Table 6).The synptom 

expression was less during hot seasons. 

4.5 SCREENING OF FIELD GENE BANK 

Banana accessions maintained in the field gene bank of Banana Research 

Station, Kannara were screened at monthly intervals for their reaction to the 

disease (Plate 5). A total of 290 accessions were screened and out of which seven 

accessions were found to be infected (Table 7). The study revealed that the 

accessions with only 'A' genome were comparatively resistant compared to those 

with 'B' genome. 

The symptoms were discrete chlorotic streaks, spindle shaped chlorotic 

streaks, long streaks running parallel to lamina. Later chlorotic streaks turned 

necrotic. In the case of hybrid variety, FHIA-3 symptoms were seen as necrotic 

streaks inside the pseudostem. The symptoms of BSV expressed by different 

accessions in the germplasm was showed in (Plate 6)The severely infected plants 

fail to flower and death of the plant occurred. Based on the scoring data the 

Percent disease incidence (PDI), Percent disease severity (PDS), Coefficient of 

infection (CI) and Symptom severity index (SSI) were calculated and presented in 

the Table 8. 

The percent disease severity was highest in the variety Mysore poovan 

(32.16) and least Chinali (13.25). The percent disease incidence was 100 per cent 

in varieties Mysore poovan, Kalibale and Motta poovan. The coefficient of 

infection was highest Mysore poovan (32.16) and lowest in Chinali (2.65). The 

~\---!.;.:11 ir..itr;.!:: 3 2 s  !he ?yIvscrt m,c~"?~ jS QQ\. ;n:l ! . -1- t  in . . - .-.. -.- .--1. ... 

Chinali (13.25). 



Plate 5. Field gene bank maintained at 

Banana Research Station, Kannara 



Plate 6. Symptoms of banana streak disease on different accessions of 
field gene bank 

ii) Mnttapoovanr~ ABJ 

iii) Kalibale (AAB) iv) Chandrabale (AAB) 

()Mysore poovan(AAB) 



4.6 TRANSMISSION STUDIES 

The transmission studies were canied out under glass house condition. 

4.6.1 Mechanical Transn~ission 

Results of mechanical transmission studies showed that BSV could not be 

transmitted inechanically from infected banana to other host plants viz., cucurbits, 

cowpea and colocasia. 

4.6.2 Soil Transmission 

Transn~ission of the virus was done in tissue culture plants raised in pots 

filled with the soil collected from the rhizosphere of BSV infected banana plants. 

None of the plants were found to be infected, thus confirming that disease is not 

transmitted through soil. 

4.6.3 Transmission through suckers 

The results showed that the virus is transmitted through the suckers of 

infected plants. The rate of transmission through the sucker is presented in the 

Table 9. The variety Motta poovan (AAB) recorded the highest per cent 

transmission (95.23) and Chandrabale (AAB) recorded the lowest (16.66). The 

sucker transmission recorded in other varieties such as Kalibale (AAB), Nendran 

(AAB), Mottapoovan (AAB) and Chandrabale (AAB) were 66.66, 30, 95.23 and 

16.66 per cent respectively. 

4.6.4 Virus-vector relationship - Banana aphids 

Results of the studies on virus-vector relationship using banana aphid, 

Per~falorzio i~igrorzen~osa showed that the virus is not transmitted by banana 



aphids. None of the plants inoculated with \~iruliferous aphids produced the 

sy~nptoms of banana streak disease. 

4.6.5 Virus vector relationship - Pineapple mealy bug 

4.6.5.1 Effect ofpre-acqttisitio~z fnstiltg on tire trarzsrtrissio~r of BSV 

Fasting of both nymphs and adults of Dysrnicoccus brevipes Cockerel1 prior 

to acquisition access feeding had no significant effect on the percent transmission 

of BSV. The per cent transmission recorded was 13.33, when nyrnphs and adults 

were given a pre-acquisition fasting of 1 hour and 2 hours (Table 10). 

4.6.5.2 Effect of acqttisitio~z jeediizg or1 tlze trarzsrrzissiorz of BSV 

Results showed that nymphs and adults required a minimum period of three 

days for acquiring the virus from source plant. When four days acquisition 

feeding period was given virus transmission could not be obtained. 

4.6.5.3 Effect of i~tocrrlatiorz access period on tlte tra~zsrrzissior~ of BSV 

A ~ninilnu~n period of seven hours was required for the successful 

inoculation of the virus. The per cent transmission was 13.33 in the case of 7 and 

8 hours (Table 12). 

4.6.5.4 Effect of rzttrrtber of rrtealJ, bugs on tlte tra~zsnrission of BSV 

The minimum number of mealy bugs required for the transmission of BSV 

was observed to be 30. The rate of transmission was 13.33 percent. Transmission 

r - in.-r;.o<a,j h a  tlra r n i n t h a r  f ! a -  r->a.~!xr hiin< "st'. fi2: .-.. :> ...LA.u-. ..&.. ...- L- -. . ...L-., uu-- - 
transmission was increased (Table 13). The microscopic view of rnealy bugs were 

showed in the Plate 7.The synlpto~ns were expressed as small discontinuous 



chlorotic streaks on the leaf lamina (Plate 8).Tl1e symptoms were produced four 

weeks after inoculation. 

4.6.6 Virus vector relationsl~ips - Striped mealy bugs 

4.6.6.1. Effect ofpre-acqrrisitiorrfnstirrg orr tire trartsrrrissio~r of BSV 

Fasting of both nymphs and adults of Ferrisia virgata Cockerel1 prior to 

acquisition access feeding had significant effect on the percent transmission of 

BSV. The transmission obtained was 6.66 per cent when the mealy bugs were 

given a pre-acquisition fasting of one hour and two hours prior to acquisition 

feeding (Table 14). 

4.6.6.2. Effect of acqrrisitior~ feedirrg orr tlre tr.ansr~rissiorr of BSV 

Results showed that a period of three days was required for the acquisition 

of virus from source plant. The rate of transmission was 6.66 percent (Table 15). 

4.6.6.3. Effect of irrocrrlatiorr access period on tlre tra~rs~~rissiorr of BSI' 

The study on the effect of inoculation access period on the efficiency of 

transmission of BSV showed that a minimum period of seven hours was required 

for successful illoculation of the virus. The percent of transmission was 6.66. 

(Table 16). 

4.6.6.4. Effect of rlrtrrrber of rrrealy brcgs irr tlre trarrsrnissiorr of BSV 

It is obvious that a minimum of 30 llumbers of mealy bugs were required 
. . 6,- --. +ha ...- + . . = . I - ~ . ~ ~ ~ ~ ; , , , ,  5 ....--.-.. ,,r -. BSI!. TV.~..~,.. ,~~,., , ,  r.2+a .,v.2- ;m..ra.,qa.~ TI~I..,,, 1 1 . ~  ,,;;,.,hart -.. .-.. -1 .;;..----- .I ---.. ..... 

of viruliferous mealy bugs used for inoculation were increased (Table 17).The rate 

of transmissioll was 6.66 per cent. The ~nicroscopic view of mealy bugs was 



Tablc 10. Effect of pre- acquisition fasting period of Dys~tricoccrrs brevipes on 

the transmission of BSV 

Table 11. Effect of acquisition feeding of Dys~tricoccus brevipes on the 

transmission of BSV 

Pre-acquisition 

fasting period 

(Hours) 

0 

1 

2 

Table 12. Effect of inoculation access period of Dysttricoccrts brevipes on the 

N6. of plants 

inoculated 

15 

15 

15 

Acquisition feeding 

period (Days) 

One 

Two 

Three 

Four 

transmission of BSV 

No. of plants 

infected 

0 

2 

2 

No of plants 

inoculated 

15 

15 ' 

15 

15 

Percentage of 

transmission 

(%I 

0 

13.33 

13.33 

Inoculation access 

period (Hours) 

6 

No of plants 

infected 

0 

0 

2 

0 

Percentage of 

transmission 

(%I 

0 

0 

13.33 

0 

i 7 i 15 i 2 j 13.33 
I 

115 
I 

17 
I - I 13.33 

No of plants 

inoculated 

15 

No of plants 

infected 

0 

Percentage of 

transmission 

(%I 
0 



Table 13. Effect of number of D~~siiiicnccr~s brevipes on the transmission of 

BSV 

Table 14.Effect of pre-acquisition fasting period of Ferrisia virgata on the 

transnussion of BSV 

Percentage of 

transmission 

(%I 
0 

0 

13.33 

13.33 

Number of mealy 

bugs (Numbers) 

10 numbers 

20numbers 

30numbers 

4Onuinbers 

Pre-acquisition 

fasting period 

(Hours) 

Ohour 

1 hour 

2hours 

No of plants 

inoculated 

15 

15 

15 

15 

Table 15. Effect of acquisition feeding of Ferrisia virgata air the transmission 

of BSV 

No of plants 

infected 

0 

0 

2 

2 

No of plants 

inoculated 

15 

15 

15 

Acquisition feeding 

period (Hours) 

24hours 

48hours 

No of plants 

infected 

0 

1 

1 

No of plants 

inoculated 

15 

15 

Percentage of 

transmission 

(%) 

0 

6.66 

6.66 

/ 72hours j 15 / 1 1 6.66 1 
1 9hhours 

1 I I 

No of plants 

infected 

0 

0 

11s  I n 

Percentage of 

transmission 

(%I 
0 

0 

o 
I 



Table 16. Effect of inoculation access period of Fcrrisin virgatn on the 

transmission of BSV 

Table 17. Effect of number of Ferrisia virgata on the transmission of BSV 

Percentage of 

transmission 

(%) 

0 

6.66 

6.66 

No of plants 

infected 

0 

1 

1 

Inoculation access 

period (Hours) 

6hours 

7hours 

8hours 

Number of mealy 

bugs (Numbers) 

l Onumbers 

20 numbers 

3 0 numbers 

40 numbers 

No of plants 

inoculated 

15 

.15 

15 

No ofplants 

inoculated 

15 

15 

15 

15 

No of plants 

infected 

0 
- 

0 

1 

1 

Percentage of 

transmission 

(%) 

0 

0 

6.66 

6.66 



Plate 7. Mealy bugs used in vector transmission 

Pineapple mealy bug 
Adult-40x 

Pineapple mealy bug 
Nymphs-2Ox 

Striped mealy bug 
Adult-40x 

Striped mealy bug 
Nymphs-40x 

Root mealy bug 
Adult-40x 



Plate 8. Symptoms developed after vector transmission 

Plate 9. Banana streak virus particles under electron microscope 



showed in the Plate 7. The symptom expressed as small discrete chlorotic streaks 

(Plate 8). The symptoms were produced six weeks after transmission. 

4.6.7 Virus - vector relationship - Gcococcrrs sp. 

In order to study the role of root mealy bug Geococctis sp. as the vector 

of BSV, transmission was carried out in tissue culture plants of banana variety 

Nendran (AAB) using vimliferous, mealy bugs .The inoculated plants did not 

produce any symptoms. The microscopic view'of mealy bugs were showed in 

Plate 7. 

4.7 ELECTRON MICROSCOPY 

The electron microscopic observations of infected leaf of banana showed 

typical bacilliform particles, of size 130-150 x 30nm.Thus confirming that the 

streak like symptoms in banana are associated with the infection of BSV (Plate 9). 

4.8 MOLECULAR DIAGNOSIS OF BANANA STREAK VIRUS BY PCR 

The polymerase chain reaction was carried out using specific primers for the 

detection of BSV. Specific primers were designed from the region corresponding 

to the conserved domain of reverse transcriptase and RNase H. 

The DNA of the two isolates and negative control (healthy) were isolated 

using DNeasy plant minikit (Qiagen, Gmbh, Hilden, Germany) by the protocol 

provided by them. The isolated DNA was visualized as three intact bands obtained 

on electrophoresis of the product using 0.8 per cent agarose gel (Plate 10). 



4.8.1 Estimation of quantity and quality of DNA 

The quantity and quality of DNA were assessed by spectrophotometry and 

was given in Table 18. The ratio, OD 260,280 ranged from 1.69 to 2.13. 

4.9. STANDARDIZATION OF PCR CONDITIONS 

PCR conditions such as specific primer combinations, annealing 

temperature, and template dilution were standardized. The amplified product was 

of size 730bp. 

4.9.1. Effect of annealing temperature on PCR amplification in the primer 

combination BSV5466 and BSV6196 

Different annealing temperatures ranging from 57-63OC were kept for PCR 

amplification of BSV. The intensity of amplification was the highest at 59'C 

(Plate 10). The amplification was obtained at the temperature at 57O C, 58" C, 

60°C, 61" C, 62" C and 63" C but with low intensity (Table 19). 

4.9.2 Effect of template dilution on PCR nnlplification in the primer 

combination BSV 5466 and BSV 6196 

Different template dilutions were prepared from DNA sample of 

concentration of 272.2ndpl. The dilutions were 1: 10, 1:25, 1:50, and 1 : 100.The 

intensity of amplification was found to be maximum at 1:10 dilution (Plate lO).The 

intensity was low at other dilutions (Table 20). 



Table 18. Quality and quantity of DNA synthesized from healthy and infected 

samples 

Table 19. Effect of annealing temperature on PCR amplification in the ' 

primer combination BSV5466 and BSV6196 

Quantity of 

DNA n d p l  

54.4 

47.8 

40.7 

DNA sample 

Mysore poovan (AAB) 

Nendran (AAB) 

Healthy sample 

Table 20. Effect of template dilution on PCR amplification in the primer 

Ratio 

OD260/OD280 

1.79 

1.78 

1.47 

Primer 

combination 

BSV 5466 and 

BSV 6196 

combination BSV5466 and BSV6196 

Annealing Temperature 

Prinler 

combination 

57°C 

Amplified 

product 

with low 

intensity 

59OC 

An~plified 

product 

withgood 

intensity 

58°C 

Amplified 

product 

with low 

intensity 

Template dilution 
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Plate 10. Molecular detection of Banana streak virus using PCR 

DNA isolation Standardisation of annealing temperature 

Lane 1 - 1 kb DNA marker Lane 1 - 1 kb DNA marker 
Lane 2 - Mysore poovan (AAB) Lanes 2 - 8 - 57 "C-63 "C 
Lane 3.- Nendran (AAB) 
Lane 4 - Control 

1 2  3 4 5 6  

Standa ution 

Lane 1-1 kb DNA marker Lane 4-1:25 
Lane 2-Concentrated DNA sample 272.4 nglpl Lane 5-150 
Lane 3-1:lO Lane 6-1:100 



Plate 11. Molecular detection of Banana streak virus using IC-PCR 

Lane 1 - 1 kb DNA marker 
Lane2 -Control 
Lane 3&4 - BSV infected sample Mysore poovan(AAB) 



4.10 POLYMERASE CHAIN REACTION WITH STANDARDIZED 

CONDITIONS 

The primer combination BSV5466 and BSV6196 yielded an a~nplified 

product of 730bp size. The isolated DNA of BSV isolates, Nendran (AAB) and 

Mysorepoovan (AAB) were used for amplification. PCR was carried out with the 

primers at an annealing teniperature of 59" C and a template dilution of 1:10 along 

with primer concentration of 1:lO. The electrophoresis of the amplicons showed 

clear bands of approximate size 730bp. A~nplification was not obtained in healthy 

control. 

4.1 1 IMMUNO CAPTURE -PCR 

IC-PCR was carried out with the prilners at an annealing temperature of 

59°C and primer dilution of 1:lO. The BSV infected isolates of Mysore poovan 

(AAB) was used for the amplification. The primer combination BSV5466 and 

BSV6196 yielded an amplified product of 730bp (Plate 11). A~nplification was 

not observed in healthy control. 





5. DISCUSSION i 

Bananas and plantains (Musa spp.) are grown as a staple food, a significant 

cash crop and a major export crop in many of the tropical and subtropical 

countries of the world including India (Annual Report INIBAP, 1992). They are 

affected by four viral diseases viz., banana bract mosaic virus (BBrMV), banana 

bunchy top virus (BBTV), banana streak virus (BSV) and cucumber mosaic virus 

(CMV) (Bums el al., 1994; Diekmann and Putter, 1996 and Thomas et al., 1998). 

These viruses pose a threat to banana production in areas where the viruses are 

endemic. No effective resistance is known in Muss to any of these viruses, so 

control is still largely based on the use of virus free planting material, rouging of 

infected plants, implementation of quarantine barriers etc. All these viruses are 

reported to be serious in the banana growing tract of India (Singh, 2002) and 

development of quick and reliable detection techniques for these banana viruses is 

a pre-requisite. The international standard for banana indexing is through ELISA 

(Diekmam and Putter, 1996) and this serological methodology is effective, 

although it is time consuming and costly. 

Among the viral diseases, banana streak is a recently described virus 

which occurs in most of the banana producing countries. Hence, in the present 

project attempts were made to study the symptomatology, transmission and 

molecular diagnosis of the banana streak virus disease. 

The development of symptoms of BSV was investigated in detail. Initially 

the symptoms appeared as discontinuous chlorotic streaks and later formed 

spindle shaped lesions. These chlorotic spindle shaped streaks form necrotic 

streaks and resulted in distortion of leaf lamina. Some cultivars showed symptoms 

of heart-rot and internal pseudostem necrosis. Such symptoms were earlier 

described 2s honnzn :::csnii' dismses !\Vsrdls\v. !5)72! 'vhich x,vere !o!~T i'cnf;.z:?td 

as banana streak disease. Likewise symptoms induced by BSV infection may 

sometimes resemble those caused by cucumber mosaic virus (CMV) and that 



some of the earlier reports of BSV infection in banana incorrectly attributed to 

CMV rather than BSV (Singh, 2002) 

The symptoms associated with the disease included leaf bases falling away 

from the pseudostem, narrow black streaks on the pseudostem, thicker leaves, 

cigar leaf necrosis and aberrant bunch emergence, reduced bunch size and 

distortion of fingers (Lassoudiere, 1974; Gauhl and Gauhl, 1994). Daniells el al. 

(1998) reported broad yellow lines on the leaf lamina parallel to the midrib, a 

purple margin to the leaf lamina and leaf twisting grooves in the base of the 

pseudostem in Willia~ns (AAA, Cavendish Subgroup). Singh (2002) reported 

peel splitting, necrotic streaks and spot symptoms on fingers of Grand Nain 

(AAA, Cavendish Sub group). This type of symptom was not recorded in the 

present study. The symptom expression recorded in this study was similar to thc 

symptoms reported from other tropical countries (Dahal et al., 1998; Dahal eta/ . ,  

2000). 

Lockhart (1986) observed an erratic distribution of symptoms on individual 

leaves, as well as on different leaves of the same plant and this feature is reported 

to be characteristic of BSV. In this study there was variation in the symptom 

expression on the individual plants as well as with changes in season. Symptom 

expression on some virus-host systems has been attributed to differences in the 

micro-climate of individual plants, or the differences in factors such as number of 

available infection sites, rate of virus multiplication and movement and virus 

concentration required for sylllptoln expression (Scott and Rosencrantz, 1987). 

In the present study, there was a significant negative relationship between 

BSV disease incidence and temperature. Dahal et a/. (1997, 1998) demonstrated 

that temperature was an important factor for symptom expression in BSV-infected 

>!o::t~ n!ld rs!n!ive \:inLs co::ce::l:.-ti-.- i:: !be !iss2ss. I5:dsr hi& !t:n?oer3!uzc. - 
BSV particles may be destroyed or their movement is restricted within the plant. 

Dahal ef a/. (1998) repotted that in the case of BSV, the other possibility may be 



that during dry and wanner season or at higher temperature BSV probably 

survives in the meristem shoots but does not replicate and during the rainy and 

cooler seasons, the virus particles may spread to the shoots leading to symptom 

expression. The reduction in symptom expression and severity under higher 

temperature conditions is also related to lower concentration of BSV virions. 

In general, changes in morphological and biometric characters like height, 

girth and number of leaves of the plant may lead to change in the yield of that 

plant. In the present investigation on the effect of the disease on the yield 

parameters and fruit characters was assessed. Yield loss due to BSV infection in 

banana has been reported in AAA cultivar 'Poyo' in Ivory Coast by Lassoudiere 

(1974). Lockhart (1986) also reported reduction in bunch weight and 

malformation of fingers in Dwarf Cavendish (AAA). Lockhart and Olszewski 

(1993) reported the effect of BSV infection on plant growth, bunch yield and h i t  

quality may be variable. It has been suggested that BSV infection might have a 

significant effect on bunch size and h i t  quality when floral initiation and early 

bunch development coincide with a period of increased virus synthesis. Dahal et 

al. (2000) reported that BSV-infected plants generally had significantly lower 

bunch weight, fewer hands and fewer fruits than apparently healthy plants. 

As the studies on virus-vector relationship are necessary for the better 

understanding of the virus, the first approach was on the basic aspects of 

transmission. In the present study, the mechanical transmission, soil transmission 

and insect transmission were conducted and transmission of BSV could be 

achieved through mealy bug vectors. This is the first successful attempt of the 

transmission of BSV by Dysrnicocclrs brevipes Cockerell. Several aphid species 

such as Aphis gossypii Glover and Rhopalosiphllm pad  L. and Pentalonia 

niglvnervosa Coquerel which briefly colonize banana failed to transmit BSV 

!Locb.ihart. !9S5: K.~biri';.? r!  cL. 3%"!!. n'?!key (19911 reportec! !h?! 3S\' is 

restricted to the phloem cells. The aphids may not possess the receptor cells for 

attachment of BSV, which may be present in the mealy bugs. 



The results of the insect transinission using two groups of inealy bugs viz., 

Dysn~icocctrs brevipes Cockerell and Ferrisia virgata Cockerell found that both 

the mealy bugs act as vectors of BSV. Kubiriba et al. (2001) reported that the 

transmission rate of BSV was directly correlated with number of viruliferous 

mealy bugs Dysrnicocclls brevipes Cockerell and is inversely correlated with age 

of the plant. 

It was found that a single nynph or adult was not sufficient for the 

transmission of virus, but a.minimum of 30 nymphs were required for the 

successful transinission of BSV. The explanation for this is that every vector 

exposed to the source may not necessarily be infective. Kubiriba et a/. (2001) 

observed that the nymphs of mealy bugs are more efficient vectors of BSV than 

adult mealy bugs. The field transmission of BSV could be readily accon~plished 

by early mealy bug instars when they were crawling between adjacent plants or 

were carried by wind to neighbouring plants. Also the rate of symptom expression 

was high during the rainy season and low in hot seasons. 

Attempts on the effect of pre-acquisition fasting of nymphs and adults of 

Dysmicocclrs brevipes Cockerell and Fewisia virgata Cockerell revealed that 

fasting had an effect on the transinission of the virus. Moreover, the transmissioil 

rate was not reduced considerably as the pre-acquisition fasting was increased. 

Walkey (1991) reported that only semi-persistent relationship demands the pre- 

acquisition fasting for effective transmission. 

In the present study on acquisition access period, it was found that nymphs 

and adults required ininiinum three days to acquire the virus from the source plant 

in the case of Dysrliicocclrs brevipes Cockerel1 and Fen-isia ijirgata Cockerell. 

\\'-!key !!90!! reacrtcd !h%! !he oztirn::~~ scc:lsi!ic:: ~.srit?d cf!hree d2\-5 v;ns fn: 

mealy bug vectors. Recipient plants inoculated by Djwnicoccus brei.ipes 

Cockerell tested positive four weeks after inoculation and in the case of Ferrisia 



~drgata Cockerell, it was six weeks. Kubiriba et al. (2001) reported that BSV was 

first detected in the pineapple mealy.bug a day after transfer to virus sources. The 

proportion of mealy bugs carrying BSV increased to a peak on the third day after 

releasing it to BSV infected plant but thereafter declined. 

In the experiment on inoculation threshold the minimum period required to 

transmit the virus to healthy plant was seven hours in the case of both nymphs and 

adults after an acquisition access of three days. Percentage of transmission 

increased with increase in the inoculation period. Kubiriba et al. (2001) reported 

that the minimum inoculation access period for transmission of BSV was seven 

hours. As the number of mealy bugs for transmission of virus is an important 

aspect in the virus-vector relationships, a minimum of 30 mealy bugs were needed 

for the transmission of BSV. 

In the present investigation as the role of Geococcus sp. in the transmission 

of BSV, it was found that Geococc~cs sp. could not transmit BSV, though this 

mealybug was reported recently as a serious pest in the banana orchards of Kerala 

(Smitha et al., 2005). Investigations are needed in future in this direction. 

Transmission studies conducted through the planting materials indicated that 

infected suckers are the primary source of inoculum for BSV. Mechanical 

transmission conducted on hosts like colocasia, ash gourd, snake gourd, pumpkin, 

bitter gourd, bottle gourd and cowpea with different buffers at different pH 

revealed that BSV was not mechanically transmissible. The failure to infect 

banana by crude sap could be attributed to considerable amounts of latex and 

phenolic compounds and other inhibitory substances present in banana which 

might interfere with virus infectivity and thereby prevent the transmission of virus 

from these plants to test plants. (Yanvood, 1953; Hollings, 1957; Berg, 1962; 

9n!e !957: n:?d 1TTu 2nd Su, IS1S)LI). Lcck!!~! (!9St;> .re?crt.ed !h0! BS\I 1 ~ 9 s  not 

transmitted mechanically from infected banana to healthy banana or-to .any of the 

other test plants. This also indicates that the spread of BSV through cutting tools 



or during any cultural operation is will not occur. Soil transmission was not 

observed in the case of BSV. Lockhaii (1986) also reported that BSV is not soil 

borne. The experiment on sucker transmission revealed that BSV could be 

transmitted through suckers. This result is in conformity with that of Daniells ef 

al. (2001), who reported that banana streak disease is transmitted through infected 

suckers up to 100 per cent. 

Badna viruses are the only second group of double stranded DNA plant 

viruses to be described(Lockhart and Olszweski,1994).The virions of BSV are 

non-enveloped, bacillifonn with an average size of 150nii x 30nm and contain a 

circular double stranded DNA genome of size 7.5kb (Medberry ef a/., 1990; 

Lockhart and Olszewski, 1993). The electron microscopic observation conducted 

with the infected samples of banana revealed the presence of 130-150nm x 30nm 

sized bacillifonn particles, thus confirming that the disease is caused by BSV. 

According to the latest ICTV (International Committee on Taxonomy of Viruses), 

this virus belongs to the genus Badnavirus and family Caulimoviridae (Van 

Regenmortal, 2000). 

In the present study, the field gene bank maintained at BRS, Kannara was 

screened for the natural occurrence of the disease. Out of 290 accessions, seven were 

found to be infected. The Percent disease incidence, Percent disease severity, 

Coefficient of infection and Symptom severity index were calculated. The infected 

varieties were Mysore poovan(AAB), Motta poovan(AAB), Kalibale(AAB), 

Chandrabale (AAB), Nendran (AAB), Chinali (AAB), and FHIA-3 (AAAB). 

Sebasigari and Stover (1988) reported that Banana streak disease was recorded in 

Kabungo, 'Ney Poovan; (AB), 'Pisang Away (AAB) and the East African high-land 

beer-making cultivars of the 'Lujugira-Mutika' subgroup (AAA). In the Bukoba 

district of Tanzania, the disease was seen on 'Gros Michel' (AAA) and cooking 

cultil zrs in the . ‘Lei-rir--hlu!ikz' - (.4.4.4! szhgcn;. They also repoeed !he ii..citl,s!xe 

of the disease on Giant Cavendish (AAA), Cavendish subgroup and .Pukusa' 

[(AAB), syn.Silk]. Later Dabek and Waller (1990) recognized Banana streak 



symptolns in Mjenga, 'Kipaka' (AA, syn. Green Red), Mkono Wa Telnbo (AAB, 

Horn plantain type), 'Kikonde Kenya' (AAB, syn. hlysore) and 'Kijakaze' (AAB, 

Pome Subgroup) in the germplasm collectio~~ in Zanzibar. In India, this disease was 

first confinned on banana cv. Poovan (AAB) (Thangavelu and Singh., 1996). The 

occurrence of the disease on Mysorepoovan (AAB) and Mzrsa hybrids was also 

reported by Cherian et 01. (2002). Now in India, the presence of BSV has been 

confirmed fiom other states such as Kamataka, Andhra Pradesh, West Bengal, Bihar, 

Assam, and Gujarat (Singh, 1996). As the future line of work, the reaction of all the 

accessions of the field gene bank could be assessed by artificial inoculation and 

confirming the infection by applying the PCR technique standardized in the study. 

Reliable diagnosis of BSV in banana is complicated by several factors 

arising from the nature of the disease and of the causal agent itself. Firstly, 

diagnosis based on foliar symptoms may be very unreliable because of the 

sporadic nature of symptoln expression through out the year (Jones and Lockhart, 

1993). Symptoms may be totally absent, or may be indistinct, under certain 

conditions. Symptom expression might be masked in plants derived fiom ill vitro 

multiplication. For many plant viruses, biological indexing using indicator plants 

represents a simple and inexpensive method of testing propagating materials for 

v i m  infection. Because BSV infects only Mzrsa and Ensete and is not 

translnissible to these species by mechanical inoculation, this method of indexing 

cannot be used for BSV (Lockhart, 1995). 

Enzyme linked ilnmunosorbent assay (ELISA) indexing protocols, using 

polyclonal antisera raised against a mixture of BSV antigens, have been partially 

successhl in screening banana for BSV infection. But the procedure is not very 

reliable since it failed to detect a number of isolates of the virus (Lockhart and 

Olszewski, 1994). Immunosorbent electron nlicroscopy of viral mini preps, using 

9 - ->I* ;  s!:.-i:: 2:l!isez:n sS\' is col>sidered 3 mnjt re!i2L!e :::?!hzd "r - .. .-... 
detection of BSV strains. But the limited facility of electron nlicroscopy and 

complex virus purification and immunization step in the production of antibodies 



makes imn~unosorbent electron microscopy less preferable for routine detection 

(Cherian et a/., 2004).Hence PCR based detection would be more useful. 

Polymerase chain reaction is widely used as one of the most important 

inventions of the 20th century in molecular biology .Small amounts of the genetic 

material can now be amplified to identify and detect infectious organisms, 

including the viruses. Singh (2002) emphasized the importance of PCR as the 

most sensitive molecular technique to detect the viral diseases. PCR involves 

three steps namely denaturation, annealing and extension. First the genetic 

material is denatured, converting the double stranded DNA molecules to single 

strands. The primers are then annealed to complementary regions of the single 

stranded molecules. In the third step, they are extended by the action of the DNA 

polymerase. 

With its relative simplicity and high sensitivity, the PCR method has high 

potential for detecting minute quantities of virus in plant tissues. Cherian et al. 

(2004) reported that PCR using primers from conserved domain of genomes of  

badna viruses proved to be very usehl  for rapid, sensitive and reliable detection 

of different badna viruses. Initially optimization of the PCR conditions was 

carried out, since the PCR parameters are very critical to amplify the DNA 

fragments with specific primers. 

In this present study, attempts were made to standardize the molecular 

indexing of BSV using PCR. The molecular diagnosis of BSV using PCR 

polymerase chain reaction in the varieties Nendran (AAB) and Mysore poovan 

(AAB) was carried out using specific primers at an annealing temperature of 59" 

C and a template dilution of 1:10 along with primer dilution of 1:lO. The 

approximate size of the expected band was 730 bp. This conforms with the work 

c f  C!?erk:: L'! s!. (7001) \\ihc ,rqcrt;l?. !he ::?c!ecn!or c!cni::r - c f  SS\! i::fecti::r - 
banana. 



Isolation of plant genon~ic DNA is a requirement for PCR, genolne 

characterization, mapping and isolation of genes for molecular biological studies. 

A good extraction protocol should yield pure, intact and adequate DNA. In the 

present study, DNA was extracted from banana leaves showing characteristic 

symptoms of BSV in cultivars namely Mysorepoovan (AAB), Nendran (AAB) 

and from healthy control. 

The concentration of agarose gel was an inlportant factor for the separation 

of DNA fragments. In this study 0.8 per cent gel was used for DNA samples while 

one per cent gel was used for PCR analysis. 

For the standardization of PCR conditions, various combinations of 

parameters were tried. The tested parameters were template concentration and 

annealing temperature. Annealing temperature is an important factor governing 

amplification in PCR. If it is very low, no specific amplification will take place 

spurious product may get amplified, due to non-specific amplification. If the 

annealing temperature is very high, annealing will not take place or too little 

product will be made. In the present study, when annealing temperatures ranging 

from 57°C to 61°C was tried, optimum amplification of the product was obtained 

at 5g°C using the primer combination BSV5466 and BSV6196. 

Template concentration was another parameter that was standardized. 

Optimum amplification was obtained with a dilution of 111O.With a decrease in 

template concentration, a decrease in the concentration of amplified product was 

observed. The intensity of ainplification was reduced with increase in the template 

dilutions. Template concentration is a major factor affecting PCR. An~plification 

varies with the type and concentration of template. During each cycle, the 

template gets multiplied in the range of Zn, where n is the number of cycles. Good 

quality ten?p!2te n:ns fcl?!>c! !c hs C ~ C ~ S S O : ~  f:: beiie: zmplificatio:~. 



IC-PCR is a PCR technique based on antigen-antibody reaction. It is a illore 

sensitive, reliable and rapid technique for diagnosing BSV infections of Mtcsa 

from both iil vitro propagated and field grown plants. In IC-PCR, DNA isolation 

step can be avoided. IC-PCR is suitable for the large scale screening of Mlrsa for 

episomal BSV which is necessary for gennplasm movement. This technique could 

be used for detecting different serotypes of BSV (Harper el nl., 1998; Le Provost 

et a[., 2006). In the present study IC-PCR of BSV infected salnples we]-e also 

standardized using specific primers at annealing temperature 59 OC. 

Future line of work:- 

Molecular diagnostic probes could be developed. Virus resistant 

transgenic plants could be developed. Molecular diagnostic probes could be 

developed for the accurate and sensitive detection of episomal as well as 

integrated BSV. The chance of incidence of BSV in intercropping of banana with 

pineapple could be studied. Ecofriendly management of banana streak disease. 



Summary 



6. SUMMARY 

The study entitled "Symptomatology and molecular diagnosis of Banana 

streak virus disease" was carried out at the Department of Plant Pathology and 

Banana Research Station, Kannara during 2008-2010. 

The salient findings of the study are summarized below. 

The naturally infected suckers collected from different fields of K a ~ a r a  and 

the virus culture maintained at Banana Research Station, Kannara were used as 

the source of inoculum for the study. Synptomatology of BSV infected plants 

was studied on different varieties viz., Mysorepoovan (AAB), Mottapoovan 

(AAB), Kalibale (AAB), Nendran (AAB) and Chandrabale (AAB).The 

characteristic symptoms at each growth stages of the plant were documented. The 

symptoms expressed on different parts of the plant like leaves. petiole, 

- -  pseudostem, male buds and bunches were also recorded. Major symptoms of BSV 

observed in the infected plants were discrete chlorotic streaks, spindle shaped 

chlorotic streaks, long streaks running parallel to lamina, changes to necrotic 

streaks on leaves. During hotter months these chlorotic or yellow flecks became 

necrotic and later leading to the distortion of leaf lamina. Necrotic or small 

darklbrown streaks were seen on the pseudostem of BSV infected varieties. Such 

lesions were also appeared on the petiole. BSV infected plants produced 

undersized bunches. Severely infected plants failed to flower was recorded in the 

case of Nendran (AAB) and Mysorepoovan (AAB). 

Biometric characters were significantly influenced by the disease. Due to 

the disease, There was a reduction in the plant height, girth, number of leaves in 

diseased plants when compared to healthy plants. The disease adversely affected 

ee >-ie!LJ chzr--lsrs.'!%r kll?:l, :\-;lj&l - T,! 25 dmStiSl!!\i redii.-ilil ---- -.. ;n t h . - i ~  ...--- - -oAat ia i  .-.- - .--- 
which flowered viz.,Kalibale (.L4B) and Motta poovan(AAB).Se\~erely infected 

plants of Nendran(AAB) and Mysore poovan(AAB) failed to produce any bunch. 



The number of hands per bunch and number of fingers per bunch were also found 

to be reduced due to infection. The disease affected the length, girth:and weight of 

finger in all varieties,this might be the reason for the reduction in the bunch 

weight. 

The field gene bank of 290 accessions maintained at BRS, Kannara was 

screened at monthly intervals from planting till harvest for the natural occurrence 

of the disease. Among 290, accessions screened 283 were Free of any 

characteristic symptom of BSV. Scoring of infected suckers was done based on O- 

6 scale. Percent disease incidence, Percent disease severity, Coefficient of 

infection and Symptom severity index was calculated. 

The mechanical transmission studies clearly indicated that BSV was not 

mechanically transmissible by using crude sap as well as by purified virus 

preparations. Soil transmission studies were conducted and the results indicated 

that BSV was not transmitted through soil. The sucker transmission studies 

showed that there was successful transmission of infection through suckers. 

Insect transmission studies conducted with aphids and two species of mealy 

bugs- Dysn2icocczrs brevipes Cockerell and Ferrisia virgata Cockerell. Studies 

revealed that aphids are not the vectors of BSV. Both the mealy bugs successfully 

transmitted the virus to healthy plants. Virus -vector relationship studies revealed 

that BSV was transmitted in a semi-persistent manner by mealy bugs- 

Dysniicoccus brevipes Cockerell and Ferrisia idrgnta Cockerell. Adults and 

nymphs acted as efficient vectors in carrying the disease. 

Electron microscopic investigation of the infected leaf samples was done to 

study the morphology of the BSV particles. The electron microscopic 

.-h-----t;-..; - --.. . .,f - -  i2'+.;.ed le2f l,ll?nz3 5 h f i ~ ~ ~ t . 2  +ni.25! h.;.;il!jf;\m-: n~fl-i.2~ZS. ,>f . . 

size 130-150 x 3 0 ~ 1 .  



The molecular diagnosis of BSV using polymerase chain reaction on 

varieties Nendran (AAB) and Mysore poovan (AAB) was .carried out using 

specific primers designed from the region corresponding to the conserved domain 

of reverse transcriptase and RNase H. PCR was carried out with the primers at an 

annealing temperature of 5 9 O  C and a ternplate dilution of 1:10 along with primer 

dilutions of 1: 10. The approximate size of the expected band was 730 bp. In this 

study IC-PCR of BSV infected samples were standardized using specific primers 

at same annealing temperature in which PCR was carried out. 
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APPENDIX I 

Composition of different buffers used in n~echanical transmission 

1. 0.1 M Sodium borate buffer (pH 8.0) 

A. Boric acid (0.2 M) . 1.237g/lOOml 

B. Borax Na2B407.10H~0 - 1.907g/100ml 

3 ml of A mixed with 7 ml of B. diluted to a total of 20 ml. 

2. Potassium phosphate buffer 

A. 0.1 M Potassium dihydrogen phosphate - 6.084g/500ml 

B. 0.1 M Dipotassium hydrogen phosphate - 8.079g/500ml 

0.1 M (pH 7.2) - 281nl of A mixed with 72 ml of B. 

0.05 M @H 7.2) - 28ml of A mixed with 72 ml of B, diluted to a total of 200 

ml. 

(0.01 M DIECA) - 0.225g/lOOml 

3. 0.1 M Sodium phosphate buffer (pH 7.2) 

A. 0.1 M Sodium phosphate monobasic anhydrous - 5.999gI500ml 

B. 0.1 M Sodium phosphate dibasic dehydrate - 8.899gi500ml 

28 ml of A mixed with 72 1111 of B 



4. 0.1 RI Citrate buffer (pH 6.2) 

A. 0.1 M Citric acid - 2.101g/lOOml 

B. 0.1 M Sodium citrate - 2.940g/100ml 

1.6 ml of A mixed with 18.4 ml of B 

5. 0.1M Tris buffer (pH 7.2) 

Tris - 24.23g11000ml 

22.5 ml of 0.2 N HC1 mixed with 25 ml of Tris, diluted to a total of 50 ml. 



APPENDIX n 

Composition of buffers and dyes used in gel electropl~oresis 

1. 6X LoadingITracking dye 

Bromophenol blue - 0.25% 

Xylene cyan01 0.25% 

Glycerol - 30% 

The dye was prepared and stored at 4'C. 

2. Ethidium Bromide (intercalating dye) 

The dye was prepared as a stock solution of 10 mglml in water and was stored 

at room temperature in a dark bottle. 

3. SOX TAE buffer (pH 8.0) 

Tris base 242.0 g 

Glacial acetic acid - 57.1 ml 

0.5M EDTA @H 8.0) - 1 OOml 

Distilled water l0001nl 

The sc!=tic"~ n.ns . crcnn~cd - 2r.d stc-d 2t TC)C:II t~:znerotl?re. 



APPENDIX I11 

Weather parameters of the experiment site in the year 2008 

October 

November 

December 

380.8 

21.7 

2.6 

176.2 

180.3 

233.9 

31.7 

32.2 

31.6 

23.4 

23.1 

22.5 

76 

70 

60 



Weather parameters of the experiment site in the year 2009 



Weather parameters of the experiment site in the year 2010 



APPENDIX IV 

Composition of buffers used in IC-PCR 

1. 1X Phospltate buffered saline (PBS) pH 7.4 

137tnM NaCl - 8gl1000ml 

1.4mM KH2P04 . 0.2g/1000ml 

81nM NazHP04 . I .  l6g/1000ml 

2.6mM KC1 - 0.2gl1000ml 

Distilled Water - lOOOml 

2. Wash buffer,PBS-Tween (PBS-T) 

To 1 litre of 1X PBS, add 0.5ml Tween. 

3. Coating buffer (CB) pH 9.2 

15tnM Na2C03 . 1.59g/1000ml 

35mM NaHC03 . 2.93gllOOOml 

3.2111M NaN03 - 0.28g/1000ml 

Distilled water - IOOOml 
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ABSTRACT 

The banana (Mtrsa spp.) is a crop of global importance in terms of income 

security to million of small farmers throughout the developing countries. It is the world's 

fourth most important commodity after rice, wheat and corn and is produced in tropical 

and subtropical regions. Banana is infected by several diseases caused by fungi, bacteria 

and viruses. Among the viral diseases, Banana streak is now emerging as a major disease 

affecting banana production world wide. This disease assumes significance as it affects 

plant growth, fruit yield and quality. It is also causing problems to germplasm exchange 

and in the certification of in vitro plantlets for international trade. 

The present project was undertaken to study the symptomatology of Banana streak 

disease, to investigate the role of root mealy bug - 'Geococctrs sp. in the transmission of 

Banana streak virus, to standardize molecular indexing of planting materials of banana 

and to identify the source of resistance in the field gene bank. 

The symptoms of the disease appeared on different parts of the plant such as leaf 

lamina, midrib, pseudostem and in bunches. On the leaf lamina, the symptoms developed 

as discontinuous or continuous linear small chlorotic streaks. These chlorotic streaks later 

turned necrotic, blackened and running perpendicular to the leaf axis extending from 

midrib to the leaf margin or sometimes form a linear mosaic like pattern on the laniina 

especially on older leaves. Dark brown coloured linear lesions appeared on other parts 

like petiole, midrib, pseudostem and on bunches. Under severe conditions, necrosis and 

death of cigar leaf was noticed. The plants showing such symptoms did not flower and 

resulted in 100 percent yield loss. The impact of the disease on biometric and yield 

characters was studied and observed that the disease affected the growth and yield of 

banana. A significant correlation was observed between the expression of symptoms with 

rainfall and temperature. The expression of the symptoms was more in cooler months and 

less in summer. 

The field gene bank comprising 290 accessions maintained at BRS, Kannara was 

screened to assess the reaction of these accessions to the disease. The disease incidence 



was recorded on seven accessions viz., Mottapoovac (AAB), Mysorepoovan (AAB), 

Kalibale (AAB), Chandrabale (AAB), Chinali (AAB), Nendran (AAB) and FHIA-3 

(AAAB). The percent disease incidence ranged from13.25 to 32.16 . 

The transmission studies proved that BSV was not transmitted mechanically or 

through infected soil. The insect vectors of BSV were proved to be two species of mealy 

bugs such as Dysrnicocctcs brevipes (Cockerell) and Ferrisia virgata (Cockerell). The 

studies on virus vector relationship of these mealy bugs showed that the maximum 

acquisition feeding period, pre-acquisition fasting period, inoculation access period 

required for successful transmission were three days, one hours and seven hours 

respectively. The nymphs were more efficient vectors than adults. A minimum of thirty 

numbers were required for successful transmission of BSV. Plants inoculated with 

Dysn~icoccus br-evipes (Cockerell) produced symptoms four weeks after inoculation and 

in the case of Ferrisia virgata (Cockerell), it was six weeks. 

Recently, the root mealy bug - Geococcrcs sp. is becoming a serious pest in banana 

orchards of Kerala. Hence studies were conducted to investigate whether this mealy bug 

has any role in the transmission of BSV. It was found that Geococcrcs sp. could not 

transmit BSV. The banana aphid - Pentalonia nigronewosa Coquere1,the vector of 

Banana bunchy top disease had no role in the transmission of the virus. The studies on 

the transmission of the BSV through planting material proved that BSV is naturally 

transmitted through the planting materials of banana. 

PCR based molecular diagnosis is one of the reliable and quick method for 

the virus indexing of planting materials. The molecular diagnosis of BSV using 

polymerase chain reaction from infected samples was standardized using specific 

primers, (BSV 5466-5'AGAGTGGGTTTCATCAAGTAGC and BSV 6196-5' 

GAATTTCCCGCTCGCATAAG) at an annealing temperature of 59" C. Immunocapture 

polymerase chain reaction (IC-PCR) of BSV infected samples was also standardized 

using the antisen~m of RSV By IC-PCR, the detection of episnmal vin~s infection could 

be done directly from the crude sap, avoiding the step of DKX isolation. 



The outcome of this study will facilitate early detection and elimination of BSV 

infected plants and ensure distribution of healthy planting materials both suckers and 

tissue culture plants to the farmers of Kerala. Thereby, increasing the production as well 

as the productivity of banana in the state. 
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