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SUMMARY

Sugarcane striate mosaic disease (ScSMD) is a sugarcane disease of unknown

etiology that has virus-like symptoms. It occurs in the Burdekin River district of North

Queensland. A characteristic symptom of scsMD is the development of fine chlorotic stiations

on the lamina and stem. Other effects of the disease in the field are poor germination of cuttings

and ratoons, shortening of internodes and stunting and yellowing of whole leaf blades.

Sugarcane fields affected by ScSMD are ploughed out prematurely.

In this thesis, glasshouse trials showed that cuttings from ScSMD affected

sugarcane had delayed germination and the germinated sugarcane plants from ScSMD affecæd

cuttings showed reduced growth rate and yield when compared with the cuttings from healthy

sugarcane plants. For example, the ScSMD affected sugarcane cuttings germinaæd 1-2 weels

later than the cutting from healthy sugarcane. The newly germinated shoots from the ScSMD

affected cutting were thin, short and showing striation. The ScSMD sugarcane had 2-3 less

leaves than healthy sugarcane plants. The height of tlre diseased plants was shorter than those

of the healthy sugarcane plants after germination. The ScSMD affected sugarcane were thinner

and shorter than that of the healthy sugarcane. There was no difference in the length of the ñrst

and the second oldest leaves, but above these the ScSMD affected sugarcane had an avetage?I

cm shorter leaves than healthy sugarcane.

There were disease associated morphological and structural changes in the cells of

the SçSMD affected sugarcane leaf. The chloroplasts in ScSMD affected leaf were more

spherical than in those in the healthy leaf. The grana of the ScSMD affected chloroplasts were

not different in shape when compared with those in the healthy sugarcane. However, the

thylakoids in the spherical chloroplasts \vere deformed and undulating in appearance. There

were also some electron dense materials between the deformed thylakoids. Numerous widened

plasmodesmata could be detected in cell walls of the ScSMD affected sugarcane. Some empty

membrane bound vesicles were present close to the deformed plasmodesmata or the deformed

chloroplasts. The vesicles varied in size.

dsRNAs were isolated by the standard CFl1 cellulose chromatography method

from symptomatic leaves of ScSMD affected sugarcane. The ScSMD associated dsRNAs

vü



contained a major component ca. 9 kbp in size. Minor smaller subgenomic dsRNAs (about

6.0,2.6 and2.5 kbp) of the 9 kbp dsRNA were also observed. The ScSMD associated

dsRNAs were isolated from ScSMD affected sugarcane collected in several sites in Queensland

but not from the healthy sugücane.

An improved dsRNA extraction method was developed using microgtanular

cellulose in a barch procedure. The microgranular cellulose had higher binding capacity ttran

the CFl1 cellulose. The yield was at least 10 fold higher than for the CFl1 cellulose method.

The dsRNA preparation was teated with RNase andDNase to eliminaæ the host

DNA and RNA in a buffer containing 0.3 M sodium salt. It was fractionated by agarose. The

purified dsRNAs was fractionated by polyacrylamide gel electrophoresis, and extracted, melted

and used for making cDNA.

The random PCR method was adapted to make a cDNA library from dsRNA. This

þrocess \ilas successfully produced cDNA library from 10-100 ng of the dsRNA. The cDNAs

were cloned into pGEM-7zfg). All clones obtained hybridised to the ScSMD associated

dsRNA.

Five of the clones were sequenced and found to represent three segments that

together comprised about 2.55 kb (28 Vo) of the dsRNA sequence. A sequence similarity

search of the three ScSMD segments revealed that they had similarity to l8 viruses in 6 genera.

Five of these genera comprised viruses with helical symmetry (Capillo-, Carla-, Potex-, Poty-

andTriclnvirus genera) whereas the sixth was the icosahedral genus Tymovirus. The greatest

similarity was found between these virus sequences and ScSMD segment 3 and the least

similarity was with ScSMD segment 2. Thegreatest overall similarity was found benveen the

three ScSMD segments and apple stem pittingvirus (ASPV), with slightly less similarity to

blueberry scorch and potato virus M carlaviruses. The th¡ee ScSMD specific segments had52

to 68 7o nucleotide sequence and 52 7o amino acid sequence similarity with the proposed

replicase open reading frame of ASPV, a putative carlavirus with a 9.3 kb genome.

A ScSMD associated virus particle, sugarcane striate mosaic virus (ScSMV), was

purified and identified by hybridisation with probes prepared from the ScSMD specific clones.

The virus particle was a slightly flexible filament, 900- 1,000x 15 nm in size. A purified

preparation of ScSMV had a single protein component ca. 51 kDa in size which was assumed

vüi



to represent the capsid protein. The nucleic acid isolated from the ScSMV particles was ssRNA

with a polyadenylic acid sequence at the 3' end and ca. 9 kb in size. The ScSMV panicles most

closely resembled those of the longer carlaviruses such as ASPV, BISV and PVM, and the

capsid protein was also close in size to these than that of the shorter carlaviruses.

A diagnostic method was developed using dot blot hybridisation or RT-PCR assay.

Dot hybridisation assay using a 32P labelled probe transcribed from cloned inserts 64o ot 6L2

bp in size was specific for detection of ScSMD. Three primers (SD100, SD500 and SD900)

were designed for RT-PCR to detect ScSMD by amplification of a segnent in ScSMD segment

2 anda set (SDl00 and SD900) detected ScSMV in total nucleic acid extracts of ScSMD

affected sugarcane leaves.

It was observed that some of the ScSMD affected sugarcane had phytoplasma-like

symptoms such as white leaf striations, severe stunting and phytoplasma-like vesicles in the

phloem cells. pCR assay was used to determine whetherphytoplasmas were associated with

S'SMD. pCR was done with three pairs of phytoplasma 165 rRNA specific universal primers.

phytoplasmas were detected in some plants using all three sets of primers but they were found

in both SçSMD affected and healthy sugarcane. It was concluded that they were not

specifically associated with ScSMD, and their effect on sugarcane needs to be further

investigated.

In conclusion, this thesis describes the use of molecular nucleic acid methods to

associate a ssRNA plant virus, ScSMV, with ScSMD. Diagnostic methods for future studies

have been described. The possible interaction of the SoSMV with other poæntial pathogens in

sugarcane plants has been suggested.
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CHAPTER 1

I,1P US

GENERAL INTRODUCTION

1.1 Sugarcane industry in Australia

The commercial sources of sugar are sugarcane and sugar-bet. Sugarcane was

first introduced into Australia in 1788 from New Guinea to access its potential for commercial

production . 64Vo of Australian raw sugar is produced from sugarcane by 6,400 cane growers

in a 2,100 kilometre long zone on the north-east coast of Australia between Mossman in

eueensland and Grafton in New South Wales (Fig. 1.1). The total area of land allocated to

cane growing is 365,000 hectares. The sugarcane industry is expanding at about 5Vo a,!ear.

Overg¡loof the crop is grown in Queensland and 807o ofproduction is exporæd (Croft and

Smith, 1996).

1.2 Sugarcane Plant

Sugarcane is a large grass of the genus Saccharurn within the family Gramineae.

The genus Saccharumhas been selected and used as a source of sugar since the days of

primitive man, but the origins of sugarcane continue to be debated. The tetm'Sacclnrwn

complex' has been used to describe a closely related interbreeding group believed to be

progenitors of modern sugarcane @aniels and Roach, 1987)'

Cultivated sugarcanes are thought to have originated in New Guinea and other

islands of the Malayan Archipelago. The other original sugarcane forms (Saccharwn beberi, S.

edule, S. fficinarum, S. robustum, S. sinense and S. spontaneum) were imbued with many

desirable characters including s\ryeetness, lack of fibre, thick stalks and vigour. It is believed

that Saccharum officinarumL. mostly grown in Australia may have been selected by man for its

sweetness and low fibre (Alexander, L973).

Interspecific hybridisation of S. fficinarum ('noble' canes) with the wild S.

spontaneuml. and S, robustumBrandes and Jeswiet ex Grassl., and subsequent backcrossing

gave significant yield increases, a process known as 'nobilisation'. In this process the female

parent, S. fficinarum, contnbutes its somatic chromosome number to the progeny, whilst the

1
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male parent contributes vigour and disease resistance in a normally reduced chromosome

complement. Commercial sugarcane cultivars are complex hybrids arising from this original

.nobilisation' andhave high aneuploid chromosome numbers due to chromosomal inc¡eases

accompanying certain criosses and backcrosses @aniel and Roach, 1987).

propagation of sugarcane is generally by asexual planting with setts, which a¡e

cut from cane with one or more lateral buds. A primary shoot will deveþ from the lateral buds

and second shoots will develop from the primary shoot. Sugarcane is hanested aftet L2-16

months in Australia. The stalks of cane are able to regrow, a process known as ratooning

(Alexander, 1973).

There are many different viral, bacterial and fungal diseases of sugarcane as well

as diseases with unknown causal agents. They are listed in Tables 1.1 and 1.2.

1.3 Sugarcane striate mosaic disease

Sugarcane striate mosaic disease (ScSMD) is a severe disease of unknown

etiotogy and frst reporred (Hughes, 1961) in the sugarcane (Saccltarwn qpp.) hybrid clones,

pindar and Q56 in the lower Burdekin district of North Queensland (near Ayr, Queensland). Its

distribution is limited but, due to premature plough-out of f,relds with the disease, complete crop

loss occurs in the affected areas (8. Croft, pers. comm., L996). Spread is slow but the mode

of nat'ral spread is unknown. Evidence that the disease recurs on the sarne farms and that soil

treaünent with nematicidal and fungicidat fumigants reduces incidence (Anon., 1969) suggesæd

that it is soil-borne. It is also transmitted by vegetative propagation. Cuuings from ScSMD

affected sugarcane plants could not be cured and the only means of control is the use of resistant

cultivars ([Iughes, 1961).

The symptom of ScSMD is characæristic striations on the leaf lamina. The

youngest two leaves are usually symptomless. Although the pathology of ScSMD suggests a

viral etiology (Hughes, 1961), no virus has been found to be associated wittr the disease. A

preliminary rcport that three double-stranded (ds) RNAs could be isolated from affected

sugatcane, suggested that a virus may be associated with ScSMD (Anon., 1985).

)



Table 1.1 Some major bacterial, fungal and phytoplasma diseases of sugarcane.

GROUP DISEASE PATHOGEN

Bacteria Bacterial mottle

Gumming

Leaf scald

Mottle sripe

Ratoon stunting

Red stripe

P e c t ob a c t e r iwn c aro t ov o r urn

Xanthomonas campestris pv. vasculorurn

X ant løma rw albili ne ans

P s eud omo røs rub r i s ub albi c ans

Clavibacter rylí sPP. ryli

P s eud onø nns rubrili nean s

Fungi Banded sclerotial

Root rot

Black rot

Brown rot

Brown strip

Rust

Downy mildew

Dry top rot

Eye spot

Pineapple

Red rot

Sclerophthora

Smut disease

Wilt

Pellicularia sasakü

Marøsmius sacclnri

Ceratocystis sp.

Corticium sp.

C o c hliob olus ste noP ilus

P uc c inia melarø c eP løl a

P erornsclerospora sacclnri

S orosphaera v as cul arwn

Bipolaris sacclnri and

Dreclslera sacclari

Ceratocystis Paradoxa

G I omerell a tuaanane n si s

S c I e rop ht hora rlutc tto sP or a

Ustilago scitaminea

F usarium moniliform and

sacclari

Phytoplasma Grassy shoot

White leaf

Nk*

NK

* Nk; not known



Table 1.2 Sugarcane disease caused by viruses and by unknown agents

PATHOGENE Name (Acronym)

VIRUS Sugarcane bacilliform virus (SCBV) dsDNA

Sugarcane mild mosaic virus (SCMMV) ssRNA

Fiji disease virus (FDV) dsRNA

Sugarcane mosaic virus (SCMV) ssRNA

Unknown Chlorotic streak (SCCS) unknown

Ramu stunt disease (RSD)

Striate mosaic disease (ScSMD)

Yellow leaf syndrome (YLS)

Genome

lr

il

GENUS

Badnavirw

Closterovirw

Potyvirus

Fijivirus

Unknown



L.4 Diagnostic methods for an unknown virus disease

A disorder on a plant could be associated with several causes' such as effects of

the environment, malnutrition, herbicides, the plant genotype, or it may be infected with internal

or externar pathogens. A possible pathogen is impricated if the disorder can be still seen on the

plant when no natural or environmental factofs are involved' Extracellular pathogens such as

nematodes, fungi and bacteria that either gtow outside their host cells, propagate in the

intercellular spaces or xylem, or produce intracellular haustoria, are generally detectedroutinely

by existing procedures of microscopy, isolation, and/or culture. Intracellular pathogens such as

membrane bound parasites that may be entirely located in the vascular tissue (vascular wilt

fungi, fungal endophytes, fastidious phloem-infecting bacteria, flagellate protozoa or

phytoplasmas) and those which are not membrane bound and which parasitise the symplast

(viruses and viroids) are identified by more complex procedures (Randles et a1.,1996).

Diagnostic methods a¡e either biological or non-biological. Biological diagnostic

methods rely on transmission and amplification of intracellular pathogens in sensitive alternative

hosts by using the biological properties of pathogens. The sensitivity of the tests is usually

determined by the minimum number of pathogen propagules required to initiate infection. The

minimum number of tobacco mosaic virus particles needed is probably in the range of 10-450

(Matthews, 1991). However, non-biological diagnosis methods depend on recognition of

specifTc components of pathogens or pathogen groups. Electron microscopy, immunology,

component isolation, nucleic acid probing and PCR amplification are applications of component

analysis. These methods provide information on the presence of an organism (Randles et al"

1996).

Recently developed diagnostic methods for plant viruses are listed in Table 1.3.

Some of the more important methods are briefly explained below.

1.4.1 Light microscoPY

Inclusions and aggregated particles produced by viruses, and host constituents

may be identified with specifìc staining techniques, and followed by light microscopy.

Examples of stains are a:.luÍeA or B, acridine orange' methyl green-pyfonin, a combination of
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Table 1.3 Methods of diagnosis of plant viruses

METHOD

Serological

Nucleic acid

REFIERENCES

Clark & Adams,1977

Neurath & strick, 1981

Converse & Martin,l990

Kumar et al.,1985

Graddon & Randles, 1986

Breyel & Casper, 1988

Halket al. 1984

Valverde et al.,l99O

Randles et a1.,1996

Randles et al.,1996

Candresse et aI.,1988

Melton et aI.,1984

et al t99t

TEST

ELISA

Enzyme-linked fl uorescent assay

Dot immunobinding assaY

Western bloning

Single antibody dot immunoassay

Serological elecron microscoPY

Monoclonal

Double-snanded RNA analYsis

PCR

Hybridisation

Radiolabeled Probes

Nucleic acid Probes

Nicktranslated cDNA

RNA Probes

Non-radiolabelled Probes



calcomine orange and Luxol brillant green@ BL, and toluidine blue' Table 1'4 lists different

colours by various stains between bodies induced by viruses and plant constituents- Overman

(lgg2),and christie and Edwardson (19S6) have done field surveys of virus or phytoplasma

diseases in plants by this technique'

|.4.2Electronmicroscopytostudyviraleffectsonplants

Elecgon microscopy (EM) is a useful method to study cytopathological effects in

plants infected by viruses and to detect them'

1.4.2.a Tissue PreParation
preparation of plant tissues for EM includes fixation , dehydration, embedding,

thin sectioning and staining. Fixation chemicals for plant materials usually are aldehydes

(formaldehyde or glutaraldehyde). Post fixation is done with osmium tetra oxide. Ethanol or

acetone have been used to dehydrate tissues before embedding. The most corlìmon embedding

media are Epoxy resin and LR white resin. Different mixtures or resins can be used for

different samples. Different compositions of Epoxy resin are listed in Table 1'5 Qlayat' 1989)

1.4.2.b Negative staining method

Many stains are available for elecuon microscopy and double søining of thin

sections is often done with uranyl acetate and lead nitrate. For partially purifred samples,

negative staining is still often used because of its simplicity.

A negative stain should give high contrast and high resolution, while supporting

the particles against flattening. It also should not affect the specimen, and should be easy to

handle, reliable, and protect the specimen from beam damage. Most commonly used negative

stains and their characteristics are summarised on Table 1.6.

1.4.2.c Cytopathological effects on tíssues ínfected by plant viruses

The main cytopathological effects of virus infection are changes in cell

components such as nuclei, mitochondria, chloroplasts and cell walls'
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Table 1.4 Staining reacrions of plant cell constituents (Christie and Edwardson, 1986, and

Matthews, 1991).

STAINS

CONSTITT.JENTS Azure A R-G P-B

Celt Wall

Chromatin

Cytoplasm

Inclusions of TMV

Inclusions of TEV

Inclusion of CYMV

Microcrystals

Nucleolus

Nucleoplasm

P-protein þhloem)

Colourless Yellowish Green

Colourless Yellowish Green

Red Light Pink

Colourless Orange Aqua

Nr

O-G; Calcomine orange-"luxol" brilliant(1:4), R-G; congo rubin-methyl green(l:10),

P-B; phloxine-methYlene blue

Nr; Not-reported

o-G

Blue

Red-violet

Colourless

Green

Green

Green

Olive Green

Green

Green

Green

Nr

Nr

Nr

Red

Nr

Nr

Nr

Red

Reddish PinkDark Red

Nr

Nr

Nr

NrNrColourless

Nr

Slaæ Violet

Blue



Table 1.5 Composition of Epoxy resin to embed samples for transmission electron

microscopy (HaYat, 1989).

EPOXY RESIN MIXTURE

MEDIUM STANDARD SOFT HARD

Spurr's

Araldite 29.O

24.0

0.5

53.s

Epon t6

I
8.7

0.4

33.r

ERL 4206: Vinylcyclohexane dioxide, DER 736: Diglycidyl ether of polypropylene

glycol, NSA: Nonenyl sussinic anhydride, DMAE (S-1): Dimethyl aminoethanol,

DDSA:Dodecyl succinic anhydride, DMP 30 (DY 064):2,4,6 ridimethylamino

methyl phenol, NMA: Methylnadic anhydride'

10.0

6.0

26.0

0.4

42.6

10.0

8.0

26.O

0.4

44.4

10.0

4.0

26.O

0.4

40.4

COMPONENT

ERL 4206

DER 736

NSA

DMAE (S-1)

Araldite

DDSA

DMP 30

Total

Total

Epon 812

DDSA

NMA

DMP-30

Tonl



Table 1.6 Commonly used stains in transmission electron microscopy and their characteristics (Milne, 1993)-

STAINS Prefered to Contrast Resolution

Phosphotungstate

S odium silicotungstate

Uranyl acetate

U formate

Ammonium

Yes on membnanes

9.0 Yes

to unfixed

5.5 No (except unfixed

No

Low Low

Low

Va¡iable with High (for antibodY

structure related

High High

Low

3.0-5.0

7.0

5.5

5.5

No Unstable

Stable

Stable

Stable

Unstable

StableNo



Nuclei of infected cells may disintegrate, and some small isomeEic viruses

(southern bean mosaic virus and tomato bushy stunt virus) and their coat protein may be found

in or next to the nuclei as well as in the cytoplasm (Matthews, 1991). Mitochondria in plant

cells infected by viruses are bounded by membranes (Hatta et al.,l97t), or aggregated in the

cell. Chloroplasts may become rounded and clumped together (Matthews, 1991), and some

peripheral vesicles and changes have been also found in and near the chloroplasts in cells

infected by turnip yellow mosaic virus (Hatta and Matthews, 1976).

The cell walls are physical support and barrier structures. The plasmalemma

bounds the cytoplasm which is a distinct biochemical and physiological comparünent containing

a substantial proportion of the total enzymes of the cell (Ma¡telli and Castellano, L97l). Three

main abnormalities in walls have been found; wall- thickening, cell wall protrusion involving

the plasmodesmata and deposition of elecron dense material between the cell wall and the

plasma membrane (Bailey and Davidson, 1979).

Three types of inclusion bodies have been described; crystalline, cytoplasmic and

pinwheel inclusions. Crystalline inclusions may be induced when virus particles accumulate in

infected cells in sufficient numbers and exist under suitable conditions to produce three-

dimensional crystalline arays. Cytoplasmic inclusion bodies are induced under some

conditions such as water deficit (Milne, L967) and high temperature (Ushiyama, l97l).

pinwheel inclusion bodies are found in plants infected with potyviruses (fliebert and

McDonald,1973).

1.4.3 Purification of putative causal agents

pure virus preparations are essential for chemical, physical, biochemical studies,

and other biological investigations. Hence, during ttre past few decades techniques for

purification of plant viruses has been developed (Francki, 1972)

Extraction buffer ønd ioníc envíronment - The pH is a very important

factor governing the solubility of proteins and hence of viruses. The charge on virus particles

varies with the pH of the solution. The majority of viruses have isoelectric points on the acid

side of neurality and hence require neutral or slightly alkaline conditions to remain in solution

(Brakke, tg67), However, the pH must not be too high because at low hydrogen ion
5



concentrations the bonding between viral coat protein and nucleic acid becomes weaker.

Viruses also have different ionic environment and some ions, such as magnesium and calcium'

have stabilising effects (Francki, 1972)'

Additìves to protect viruses- When tissues are homogenised to release

virus, plant constituents may inactivate viruses by forming insoluble precipitates, degrading

them or by inactivating. Compounds most conìmonly encountered ale tannins, polyphenols

and enzymes. Phenolic compounds inactivate virus by forming complexes with them'

Formation of these complexes can be reversed by raising pH, by dilution or by adding

substances such as chemicals-caffeine, nicotine or albumin, chelating agents-sdium

dithiocarbamate or EDTA, or reducing agents-ascorbic acid, cysteine, sodium sulphite or

thioglycollic acid. Some synthetic polymers such as PVP and PEG are known to complex with

polyphenols and thereby minimize the phenolase activity. To prevent enzyme activity, bentonite

can be added, but care must to be taken that it does not adsorb the virus (Randles, 1993).

precipitatíon and purificøtioz - Separation of particles from plant debris

can be carried out with muslin cloth and differential centrifugation. Further purification can be

done for many viruses by density gradient centrifugation with sucrose, caesium sulfate or

Nycodenz (Randles et al.,lgg7). After density gradient centrifugation, fractions which contain

virus particles are dialyzed in buffer and concentrated by high speed centrifugation (Ralph and

Bergquist, 1967).

1.4.4 Extraction of nucleic acids

Total nucleic acid extracts of the leaf of almost all plants show the same pattern

when fractionated under non denaturing conditions by polyacrylamide gel electrophoresis.

DNA has the lowest electrophoretic mobility, with the 25S,23S, 18S, 165, and 55 ribosomal

RNAs, and 45 IRNA separating ahead of the DNA. In principle, plant virus RNAs, would be

detectable under the appropriate conditions as additional species against the background of host

plant nucleic acids.

Because of the relatively low amounts of virus-associated nucleic acids usually

present in tissue from plants with a disease of unknown etiology, methods must b developed

for concengating the putative virus (and its nucleic acid) relative to host nucleic acids, and
6



reducing the level of other compounds which may interfere with detection of the target nucleic

acid.

plant tissue - Early symptomatic tissue has the highest probability of

containing a viral pathogen, and it should be trimmed of any non symptomatic part. Young

tissue would be the most likely to support the replication of a putative virus if symptomatic

tissue is not available. Control tissue should come from a number of disease-free plants.

Dxtraction method - Cell and organelle breakage should be maximized in the

extraction procedure, ranging from blending or juice extraction from soft tissues, to mechanical

pulverisation or blending in liquid nitrogen for highly fibrous tissue.

Extractìon medium - The ionic snength of extraction buffers can affect the

stability of nucleic acids. Double-stranded DNA begins to denature to single strandedDNA at

cation concentrations below 100 nM, and RNA also has less base pairing and less secondary

structure (Marmur and Doty, 1961). Both molecules become more susceptible to nucleases

under these conditions.

Ctaríficatior - Some chemicals such as bentonite, polyvinyl sulfate, dextran

sulfate and macaloid have been used to remove cell components or proteins. However, these

agents reduce the amount of extracted nucleic acid because they adsorb nucleic acids. High pH'

for example at pH 9 or above, can inhibit RNase activity but RNA can be hydrolysed at high

pHs (Sambrcok et at., L989). To separate nucleic acids from protein and cell debris, phenol,

chloroform or a mixture of chloroform and iso-amylalcohol is used. The extracted nucleic acid

can then be concentrated with PEG, by chromatography or ultra-centrifugation.

precipítation - Ethanol (2.5 volumes) or isopropanol (0.8 volumes) and0.3Vo

CTAB in the presence of 0.1 M NaCl can also be used. The latter two precipitants minimize co-

precipitation of polysaccharides with the nucleic acids (Randles, 1993).

1.4.5 Fractionation of nucleic acids

Electrophoresis or chromatography can be used to fractionate nucleic acids. Gel

electrophoresis is the most commonly used method because of its high resolution, simplicity

and convenience. DNA and RNA molecules can be fractionated and analysed by agarose and

polyacrylamide gel electrophoresis. 
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Non-denaturing gels can be employed for separation of double stranded nucleic

acids, and denaturing gels should be used to analyse ssRNA whose mobility varies on non-

denaturing gels due to variations in secondary structufe (Ogden and Adams' 1987)'

Denaturants that have been used in electrophoresis are formaldehyde, methylmercuric

hydroxide, sodium hydroxide, urea or glyoxal (Sambrook et 4l',1989)' Glyoxylation of

nucleic acids is done before electrophoresis (Murant et a1.,19S1). Single-stranded DNA can be

also fractionated by agafose or polyacrylamide gel with inclusion of a denaturing reagent.

There are several systems for ssRNA, but the size of fragment to be resolved and the

experimental protocol should be considered before choosing a system because the result can be

affecæd by interactions between gel and denaturants. Sodium hydroxide is most useful for

ssDNA analysis and glyOxal denaturation electrophoresis for nucleic acids results in separation

of bands according to their morecular weight. Methyrmercuric hydroxide (Baily and Davidson,

lglg)and formaldehyde gels (Lebrah et al., Lg77) can be used for accurate sizing of nucleic

acids with molecular markers.

1.4.6 dsRNA in diagnosis

dsRNA isolated from virus infected plants could be the genome of a dsRNA

virus or the repricative dsRNA of a ssRNA virus (Hamilton er cr., 1981). The replicative form

of dsRNA of ssRNA viruses involves the synthesis of a complementary negative-stranded

template RNA in the form of a partially double-stranded replicative intermediate (RI). In

addition, when replicative nucleic acids a¡e isolated from infected cells, genome length double-

stranded RNA molecules termed replicative form (RF) can also be identified (Garnier et al.,

1980). dsRNAs of several viruses had been studied and some of the dsRNAs can be used as

molecular weight markers (Dodds, L993; Valverde et a1.,1986; Table 1'7)'

For confirmation of its virus origin, the isolated dsRNA should be further

characterised because the use of dsRNAs in diagnosis is complicated by the fact that

uninoculated healthy plants contain a series of dsRNA species' For example, virus-free French

bean (Phaseolus vulgaris cv.Black Turtle Soup) contains high molecular weight dsRNA but

other bean varieties contained no detectable dsRNA'
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Table 1.7 Relative migration during electrophoresis of dsRNAs of citrus tristeza virus (CTV)'

tobacco mosaic virus (TMV), cucumber mosaic virus (cMV), tobacco necrosis virus (TEV) in

6.O Vopolyacrylamide gels, with current molecular weight (valverde et a\" 1986)

Vi¡al dsRNA Distance Molecular 1 Size

gTV-1

TEV

TMV-1**

TMV-2

CMV-1

CMV-2

CMV-3

TI/IV-3

CMV-4

TI/[V4

0.40

Nf¡|.¡¡¡1.

0.80

t.39

1.40

1.45

1.90

2.40

3.75

5.00

13.30

6.5

4.30

2.lo

2.00

1.90

1.30

0.95

0.55

o.42

19.5

9.5

6.3

3.1

2.9

2.8

1.9

t.4

0.8

0.6

*. Has been calculated assuming that molecular weight of 1 kbp dsRNA is 6.8x lff Da.

*,x; Numbers refer to genomic or subgenomic forms of dsRNA detected with virus infected

plant.

**,*; Not reported.



Nevertheless, analysis of dsRNA can be applied to deæct viruses. For example,

antibody to dsRNA can trap or locate molecules for subsequent observation by electron

microscopy of sap extracts or tissue sections (Stollar et a1.,1973). Hybridisation methods may

also be applied (Boedtker, 1959).

L.4.7 PCR assaY

The importance of PCR lies in its ability to amplify a specific DNA or cDNA

transcript inviffofrom trace amounts of a complex template. It is possible to amplify the

sequences from a specific template in the size range of 50-10,000 bp in length, more than a

million fold in a few hours (Hadidi et a1.,1995)'

pCR assay is an in virro method for enzymatically synthesising defined

sequences of target DNA. The pCR normally uses two oligo nucleotide primers that hybridise

to opposite strands and flank the target DNA sequence that is to be amplified. The elongation of

the primers is catalysed by a thermostable enzymewhich is isolated from microorganisms

which are living in a high temperature condition, such as Thermus aquartcw otT'

thermophil¡¿s. The pCR involves a series of cycles of denaturation of the target template,

annealing of the primers to the target and extension of the primers by the thermostable DNA

polymerase. The factors considered in PCR are selection of primers, the thermostable enzyme,

and concentration of primers, dNTPs and MgCl2. The temperature of the three steps -

denaturation, annealing and extension and the length of the steps are important for a successful

PCR assay.

The availability of nucleotide sequences of many plant pathogens has made it

possible to develop the pCR assay for the detection and diagnosis of several viruses and other

pathogens. Because of its great sensitivity, the PCR provides a good alternative to other

diagnostic methods and can speed diagnosis, reduce the sample size required, and often

eliminates the need for radioactive probes. Detection of viruses, viroids, bacteria, phytoplasma,

fungi, and nematodes by pCR has impacted on diagnostic practices (Hadidi et a1.,1995).
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1.5 Classification of plant viruses

The generally accepted classification system for viruses by ICTV (International

Committee on Taxonomy of Viruses) is the classical monothetic hierarchical system applied by

Linnaeus to plants and animals (Murphy et a1.,1995). The name of a virus is listed by the

vemacula¡ narne, the genus and family. There have been many errors and complications in

virus taxonomy. The reason for these problems a¡ose frorn the inadequate characterisation and

description of viruses, and inadequate reviews of daø by international speciality groups.

There are two main concerns involved in attempting to classify viruses. First,

related viruses are placed in genera or families. The more stable properties of the viruses, such

as amount and kind of nucleic acid, particle morphology, and genome strategy, are most useful

in the identification of viruses. The second concern is to be able to distinguish between related

viruses and give some assessment of degrees of relationship within a group or family of

viruses. For this purpose more variant properties are useful. These include amino acid

composition of the coat protein, and symptoms and host range of viruses. Some properties,

such as amino acid sequence and serological specificity may be useful both for defining groups

and for distinguishing viruses within groups.

1.5.1 Structure of Particles

Structure of virus particles is important in the group classification of viruses into

genera because the ICTV classification is based largely on the morphology of particles.

With isometric viruses, particle morphology has not been as generally useful as

for the rod-shaped particles. This is mainly because many isometic particles lie in the same

size range (25-30 nm in diameter) and a¡e of similar appearance unless preparations and

phorographs of high quality are obtained (Hatta and Francki, 1984). V/here detailed knowledge

of symmetry and arrangement of subunits has been obtained by X-ray analysis of high-

resolution elecgon microscopy, these properties give an important basis for grouping isometric

viruses. The dimension and sructure of the rod-shaped virus particles is important bcause the

recent classihcation of the rod-shaped viruses is based on the particle properties (Murphy et al.,

r995).
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t.5.2 Viral coat Protein

Stn¡ctural proteins make up most of a virus particle and coat protein molecular

weight can be used to allocate viruses to provisional taxonomic groups (Lane, 1992). T\e

properties of viral proteins, and in particular the amino acid sequences, are of prime imporønce

in virus classif,rcation at all levels, for indicating evolutionary relationships between families and

groups of viruses (Matthew, 1991). In particular, amino acid homologies have been used to

estimate degrees of relationship within the genera'

1.5.3 Nucleic acids

The organisation and strategy of the viral genome is of prime importance for the

placing of viruses into families and genera, or for the establishment of a new family and genus

(Murphy et a1.,1995). Nucleic acid hybridisation and physical structure of the genomic nucleic

acid, and a map of restriction endonuclease sites are important. Moreover, as the complete

nucleotide sequences of more and more viruses become known, virus genotypes will become

increasin gly important for classification.

1.5.4 Serological and biologicat properties

Serological relationships are important to distinguish between genera because it

is independent of the dimension of the particles. This characæristic was one of the most

important single criteria for placing viruses in related groups (Shukla et a1.,1989). Biological

properties such as host range, symptoms in particular host plants and method of transmission

can be considered in classification. Macroscopic symptom differences will often reveal the

existence of a different snain of a virus if there is no other criterion. However, these

characteristics can be ambiguous and lead to confusion of identification.

1.5.5 Classification of rod-shaped viruses

According to the ICTV, when an "unknown" is first studied in a laboratory, its

initial characterisation may involve only standardised protocols. One key to simplifying and
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Table 1.8 Ctraracæristics of genera of rod-shaped vin¡ses (Murphy et a1.,1995).

FAMILY

Poryvirifue

Nc

Nc

Nc

Nc

Nc; Not classifred

Nç Notrcported

Size of particle Shape of particle TYPe of nucleic
acid

Size of nucleic Size of coat

acid

8.5-10

8.5-10

4.5 and 7.9

3047

6.4 17-18

6.8,4.5 or 1.8 22-24

3.8 and 2.8,

or 3.3 and3.2

5.9-7.r.3.54.3
or2.l-2.4

19.t-23

15.5-20 27-28

6.5 36

6.3-7.6 22-27

7.+8.5 3r-49

5.8-6.9 ß-n

11-15x 65G900

6W720x 11-15

25G300 and

s0G.600

flexuous rod

30Ox 18 stiff rod

18G215 or 4Ç
ll1x2l.3-23.1

110-15Ox 20

25G300 or92-
160x 20

t20[-22æx12 flexuous rod

ffix12 aa

640-80Ox 12 aa

61G70Ox I2-L5 slightly flexuous

rod

47G58Ox 13 flexuous rod

ssRNA
I

il

il

il

il

tl

il

il

I

22Nc

Nc

Nc

Nc

Nc

il

il

ll

lt
Trichovinn
Carlavirus

Potenrius

Fwovirw

Closterovirus

Capillovirus

Tobrattirus

Hordcívirus

Tobamovírus

GENUS

Poryvirw
Rynovirus
Byrcvirus



rationalising such study is to set useful techniques into a proper sequence based upon

mxonomic characteristics because of the recent rapid accumulation of complete nucleotide

sequence information for many viruses in a range of different families and groups. In virus

classification, the most important key is the sequence of the virus nucleic acid, the structure,

and the type of genome and serological relationships. Some important rod shaped viruses are

listed in Table 1.8 with their specific characteristics'

1.6 Scope of this thesis

This thesis reporrs an investigation of the etiology of ScSMD by biological and

microscopic studies, and by nucleic acid studies. Studies of ScSMD affected sugarcane are

followed by the detection, isolation, cloning and partial sequencing of a disease specific

dsRNA, and the tentative classification of the putative viral agent from the partial sequence.

This thesis also reports the properties of the ScSMD associated virion. Because routine

methods of cloning the dsRNA were unsuccessful, this thesis reports an improved protocol for

the purification of dsRNA, the use of randomly primed PCR (rPCR) (Froussard,1992) to

produce a 'library' of cDNA representing the dsRNA sequence, the selection of disease specific

inserts for sequencing, and the tentative classification of the agent of SCSMD as a rod-shaped

virus in the genus Carlavirus.

This thesis also reports on the development of diagnostic probes for nucleic acid

hybridisation assay and of diagnostic primers for RT-PCR to detect the ScSMD associated

virus, ScSMV.
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CHAPTER 2

GENERAL MATERIALS AND METHODS

2.L MATERIALS

2.1.1 Plants and soil

Table 2.1 lists sources of sugarcane material used in this work. Seeds, cuttings and

leaf samples of sugarcane plants were consigned by express mail. Midribs of leaves (samples

7-ll) were stripped and stored at -20 oC. Seedlings (samples 1-3) and cane cuttings (samples

4-6) were raised in a glasshouse at 25-30 oC and fertilised with complete nutrients every 2

week. Other plants (Table 2.2) wedin this study were grown in sterilised soil with fertilisation

every two week.

2.1.2 Biochemicals and miscellaneous chemicals

The main biochemical and miscellaneous chemicals used in this study are listed in

Appendix A.

2.L.3 polyacrylamide and agarose gels, bacterial media, solvents and buffers

Compositions and preparation of polyacrylamide and agarose gels, preparation of

bacterial media and their storage, and solvents and buffers are described in Appendix B.

2.1.4 Primers

primers for PCR were designed and selected from known sequences. Stability and

primability of the selected primers were checked by using Oligoru and Amplify programs. The

best selected primers synthesised by Integrated DNA Technologies, Inc. (USA). Primers for

sequencing (M13 and SP6) and random hexamers were purchased from Promega (USA). All

primers used in this study are listed in Appendix D.
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Table 2.1 Sources of sugarcane samples used in this s$dy

cv site (property)
Sample source

1 Healthy seed

Healthy cane

2

3

4

5

(Qe6)

(Q117)

(Ql24)

(Qe6)

BSES*, Meringa Sugar

Experiment Station

BSES, Ayr

Q117)(

6

7

I
9

10

11

ScSMD affected cane

ScSMD affected leaf and cane Burdekin River, Ayr (Manhall)

(Michelin)

(Fava)

(Pellizari)

(Qe6)

(Qe6)

(Qe6)

(Ql17)

(Ql17)

11

*: Bureau of Sugar Experiment Stations, Queensland'



Table 2.2 Sources of indicator plants other than sugarcane used in this work'

Common name SourceFatnitv Species

Chenopodiaceae Ctætropodùnn attaranticolor WARI
lr

quirøa

Cucumis scttivus Cucumber Yates
Cucurbinceae

Fafuceae Phaseolusvulgaris cv' Hawkesbury wonder

Pisum sativumcv. Green feast

Grarninaceae Oryza sativa cv' Amaroo

Broad bean

Pea

Long rice

Mediumrice

WARI
ll

il

It
Oryza sativacv. Pelde

T,eamays Sweet corn YarePøceae

Solanaceae Ly c op er sic o n e s c ul e ntum

Nicotiana clevelartdü

Nicotiana glutirøsa

Nicotiana tabacumcv. White Burley

Tomato

Tobacco

WARI
il

ll

I

Nicotiana tabacutn cv. Xanthi n. c.

WARI; Waite Agricultural Research Institute'

Yates; Arthur Yates & Co. Ltd., NSW, Australia'



2.2. METHODS

2.2.L. Growth studies

Growth meas¡rement of ScSMD-affected and healthy sugarcane plants wers done

on glass-house grown plants. Cuttings of the diseased and healthy sugarcane were planted in a

pot with sterilised soil. Development of the primary shoots was recorded when the first leaf

had emerged from the surface of the soil. Height was measured from the bottom node to the

top node. Width of leaves was measured at the widest part I-ength of leaves was measured

from the base to ttre tiP.

2.2.2 MicroscoPY

2.2.2.a Líght mícroscoPY

Light microscopy was done according to the method of Christie and Edwa¡dson

(1986) with some modifications.

For epidermal tissue, the leaf surface was lifted andpeeled with sharppointed

t\ileezers and immediately stained (Appendix C) for 5-10 min. The stained tissue was cut into

small pieces on a glass slide, and the excess was removed with several changes or9ívo (v/v) E-

oH (5-10 sec/change). The stained tissue was either examined with a light microscope, or

stored nL00vo (vfu) 2-methoxyethanol at 4 oC for future use.

For cross sections, tissues were cut into thin sections with a razor blade and soaked

in 2-methoxyethanol for 30 min to remove chlorophyll and otherpigments. The decolourised

tissue was stained and examined, as above.

2.2.2.b Scanníng electron mícroscopy

Environmental scanning electron microscopy (ESEM, ElectroScan Corp., USA)

was used to examine structural changes in tissue.

Fresh leaf tissues of SçSMD affected and healthy sugarcane plants were used. The

leaf was cut into pieces (2 cm) and transferred to a sample chamberin the ESEM. The surface

structure and thickness wero measured for both healthy and ScSMD-affected sugarcane leaf,
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and quantitative differences were obsened at 20 kV and the tempefatue was kept just over the

dew point in the chamber of the ESEM.

2.2.2.c Transmíssíon electron mícroscopy

Sugarcane plants were kept in a glasshouse at 25-30 oC. They were covered with

black fabric for 36 hr before being used for electron microscopic work ¡6 sliminate sta¡ch from

chloroplasts. Three treatments were used to look for either a disease causing agent, inclusion

bodies or cytopathological changes in tissues'

The embedding procedure was carried out according to the method of Hatta and

Francki (1g7g). For low temperature treatnent, sugfirçane plants were kept in a cold room (4 t

2 oC) for 24hr. For high temperarure treatment, plants were kept at 60 oC for 5 min and24"C

(Ushiyama and Matthews, 1970).

Stems, roots, mid leaves and leaves of ScSMD-affecæd and healthy sugarcane

plants were cut into pieces (ca. 0.5x 1 cm) and fixed in 60 mM phosphate buffer (pH 7'5)

containing 4Vo (vlv)paraformaldehyde and57o (v/v) gluta¡atdehyde for 15-16 hr at 4 oC' The

frxed tissues were rinsed three times with washing solution t60 mM phosphate buffer, pH 7.0

a¡dl¡Vo (Wv) sucrosel for t hr. The rinsed tissues were cut into small pieces (ca. t-2x 5 mm)

with a razor blade.

At this point" tissues for RNase treatment were incubated in high salt buffer (2x

SSC; Appendix B) or in low salt buffer (0.1x SSC) nryice for 6 hr at room temperatue. The

washed rissues ,were treared with pancreatic RNase A-df 100 pglml (type IIIA, Sigma) 16 hr at

25 ocin either the high salt or in the low salt buffer solution and rinsed in Millonig's phosphate

buffer, pH ?.0 (Hatta and Francki, 1978) for t hr. Rinsed tissues were refixedn l7o (wlv)

osmium tetraoxide in Millonig's phosphate buffer for 3 hr at room temperiltt¡rc and rinsed in the

same buffer three times for t hr at room temperature. Dehydration was done with a series of

different concentrations of acetone, followed by 100 Eo rcetoÍrc. The dehydrated samples were

embedded in Epoxy resin accord,ing to Hayat (1989) and is described in Section 4-2-2-b.
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2.2.2.¡I Staining of samples for TEM

For TEM, 400 mesh copper grids were coated with formvar and carbon (Hayat,

1989). At first, separate 30 pl droplets of a stain solution and water were placed on Parafilm@'

The ca¡bon coated grids were made hydrophilic with a spark tester in vacuo @dwards,

England). The hydrophilic grids were placed on the droplets of the samples for 10-30 sec' The

grids were picked up and the excess was femoved by touching the edge of the grids with pieces

of filter paper. They were then stained on droplets of a staining solution (Appendix E) for 10

sec and the excess was removed, as above. The grids were examined by a Phillips EM 400

electron microscoPe at 100 kV.

2,2,3 Total nucleic acid extraction

2.2.3.ø Crush method

This extaction method was canied out according to the method of Hodgson

(1996). Midribs were removed from sugfircane leaves and the leaves were than cut into small

pieces and about 0.5 g placed in a thick walled plastic bag (7x 13 cm). If fresh tissue was to be

processed immediately it was kept on ice or in a refrigerator at 4 oC. Alternatively it was stored

in a sealed bag at -20 oC, for later processing'

Forexrraction,l.5mlof0.5xNETM[lxis0.5MNaCl,100mMNaAc,pH4'6'

50 mM Tris-HCI pH ?.5, 10 mMEDTA, pH 8.0 and0.257o (vfu) BMEI was added' Leaf

samples were crushed with low impact hits from a hammer with a stightly rounded plastic head.

The crushed tissue was pushed into a corner of the bag, and then squeezed to separate the

extraction sap into the other corner. 800 pl of the solution was collected into a microcenEifuge

tube contai ningl/2}volume of 2O7o (Øv) SDS. The mixture was shaken gently atroom

temperature for 30 min. 350 pl of water satufated phenol and 350 pl of the water satufated

chroroform and iso-amylalcohol solution (Appendix B) were added (sambrook et a1.,1989).

The solution was mixed vigorously then the phases were separated by centrifugation for 10 min

at 10,000 g at room temperature. The upper aqueous phase was carefully removed to a

microcentrifuge tube containing 1 volume of IPA' Thc solution was mixed gently and

incubated at-20oC for at least 3 hr. The precipitated nucleic acid was pelleted by cennifugation

for 15 min x 10,000 g at room temperature. The supernatant was carefully discarded and 400
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pl of 70 7o (vlv)E-OH was added and washed by gentle agitation fot 4-L2 hr. The pellet was

dried after the supernarant was discarded. 35-50 pl of sDrw was added to the pellet and it was

dissolved for l2hr at 4 oC or for 3 hr at room temperature.

2.2.3.h CTAB extraction

Isolation of TNA with CTAB from sugarcane leaves was done by the method of

Doyle and DoYle (1990).

One gram of fresh leaf tissue was powdered in liquid nitrogen in a chilled mortar

and pestle. The powdered tissue was mixed gently wittr a preheated aliquot of z-5 ml of crAB

extraction buffer ¡2Vo (wtv)cTAB, 1.4 M NaCl, o.2vo (vlv) BME, 20 mMEDTA, 100 mM

Tris-Hcl, pH 8.01 in a 50 ml centrifuge tube. The solution \ryas incubated at 60 oc for 30 min

with occasional gentle swirling. The solution was extracted once with cI solution' The

aqueous phase was collected after centrifugation (1600 g) in a swinging bucket rotor

(SORVALL@). Nucleic acids were precipitated with IPA, dried and dissolved, as above'

2.2.3.c RNÁ extrøction

Total nucleic acid (TNA) was extracted from ScSMD affected and healthy plants,

and other plant tissues infected with viruses by modifications of the method of Randles er ¿l'

(1e86).

I-eaf tissue was cut into smallpieces, ground in a pestle and mortar with liquid

nitrogen, and mixed with extraction buffer t100 mM Tris, pH 7 '4,10 mM EDTA ' L%o (wlv)

sarkosyl andlvo (v/v) MTGI at 3 mVg of leaf. The extract was transferred to a 10 rnl centrifuge

tube and extracred with 1 volume of PCI solution (Appendix B). The liquid phase was

collected after centrifugation (10,000 g at 4 oC) and extracted with 1 volume of cI solution

(Appendix B). The liquid phase was collected again and precipitated with 0.1 volume of 3 M

NaAc and 0.8 volumes of IPA. The mix was incubated at -20 oC for 4-12 hr and the

precipiøted TNA was collected by centrifugation (10,000 g rt 4 oC for 20 min)' The IPA

solution was poured off and the pellet was washed with 757oB-oIJand dried invacuo. Ttrc

TNA peller was dissolved in 50 pl of rn (pH 7.4) and analysed ont.27o agarose gel. The gel

was stained and PhotograPhed.

t7



2.2.g.d Quantítatíon of DNA and RNA

Spectrophotometry and EtBr staining methods were used to estimate concentration

of nucleic acids in a solution, and these were carried out by the method of Samb'rook er ø/'

(1e8e).

A spectrophotometer (Beckman, usA) was used to calculate concentrations of

DNA or total nucleic acid in a solution by measuring the oD at 260 nm and 280 nm' Theratio

benveen OD 260 and 280 was calculated to determine purity of the nucleic acids'

EtBr fluorescent quantitation was used to calculate small amounts of nucleic acids

by dotting 1 pl samples on a EtBr containing gel with a series of same amount of a nucleic acid

standard. The dots were left until they were absorbed' The gel was photographed and the

intensity compared with the intensity of the series of standard dots to determine concentrations'

2.2.4 Isolation and purification of dsRNA

2.2.4.a Extractíon of TNA

One hundred gram lots of lamina tissue without midribs and with clear striations

were chopped into small pieces (ca. 5 mm2), placed in liquid nitrogen, ground briefly in a pestle

and morrar, then pulverised by blending in a VirTis@ homogeniser in liquid nitrogen' Ten

volumes of extraction buffer t0.1 M NaCl, 0.05 M Tris-HCl, pH 8, IVo (wlv) sarkosyl' 10 mM

EDTA andlzo (v/v) MTG) was added and the mixture was stirred vigorously for 20 min at

room temperature. one volume of phenol: chloroform (1:1) was added and stirring continued

for 30 min. After centrifugation at 10 000 g for 2o min, the supernatant was recovered by

precipitation with 0.8 volumes of IPA. The nucleic acid pellet was washed with 7O7o (v/v)E-

OH and dried. Ir was rhen dissolved in 1.3x STE (STE is 0.1 M NaCl, 10 mM Tris-HCl, pH

8, 10 mM EDTA) for 3-5 hr at room temperature or at 4 oC overnight. undissolved material

was removed by low speed centrifugation'

2.2.4.bdsRNAísolatíonbymícrogranulørcellulosemethod.
To bind to microgranular cellulose (Macherey Nagel, Duren; MN 300)' the cellulose

was added in the ratio of 10 mg per 5 g leaf equivalent of the TNA extract. Ethanol was added

to 16.5To (v/v) with initial vigorous shaking then with mixing for 30 min or more at foom
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temperaflre to bind dsRNAs. The cellulose fraction was collected by centrifugation at 10,000 g

for 30 sec, washed 8x with the washing buffer (16.57o ethanol and lx STE), then dried in

vacuo. The dsRNA was eluted with STE (100-200 pl per 10 mg of cellulose) by mixing at

room temperature for 30 min. The supernatant was collected after centrifugation and the

dsRNA precipitated with IPA as above in the presence of 0.3 M NaAc. The dsRNA pellet was

washed wlthTTVo ethanol, dried and dissolved in TE (pH S) (Appendix B). It was then treated

with 5 units of ribonuclease free DNase I (RQl, Promega) according to the manufacturers

recommendation for 30 min. EDTA was added to 20 mM, and it was extracted with phenol:

chloroform and precipitated with IPA and NaAc, as above.

2.2.4.c dsRNÁ ísolatíon by the standurd CFLI rnethod

The exrracred TNA (Section 2.2.4.a) was mixed with CFl1 cellulose (2 gl30 g of

leaf tissue equivalent) for 30 min. The solution was adjusted dropwise to lgvo (v/v) E-oH with

slow dropping, stirred and mixed for a further 30 min. The solution was poured into a column

and washed with 30 volumes of 1x STE containing 187o ethanol. A commercial column

(BioRad) or a syringe(3 or 20 ml) column was used. A syringe column was made of a

disposable syringe and two layers of Miracloth@ fitted to the bottom of the syringe. Nucleic

acid bound to the washed column was equilibrated with 5 ml of STE/4 g CFl1 and eluted with

lx STE (2O ml/gof cFl1). The eluate containing the dsRNA was mixed with fresh cFl1 (0.2

916 g of lst cycle of CFl1 cellulose) for 30 min and the E-OH concentration was adjusted, as

above. Columns were washed with 1x STE containing 177o ethanol (250 mVO.1 g of CFl1).

The dsRNA was eluted with lx STE (3 ml/Q.1 g of CF11) and precipitated with IPA'

2.2.4.d d.sRNA purífícatíon by gel fractíonatíon

Atl the following steps were done under RNase free conditions (sambrook et al.,

19g9). The dsRNA isolated with the microgranular cellulose was run on 09Vo aflatose gel and

stained with EtBr. The gel was photographed'

dsRNA in the agarose gel was collected using a RNaidru kit (BIO 101) according

to the manufacturer's manual. The bands were cut out with ataø;ot blade and they were cut into

small pieces (ca.2mm2). The diced gel was transferred to a microcentrifuge tube and weighed.
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Three volumes of RNA binding salt was added and mixed. The mix was incubated at 50 oc for

10 min to dissolve the agarose. An approximate amount of dsRNA was estimaæd and

RNAMATRDflM (1 pvpg) was added. The solution was well mixed for 5 min and cenuifuged

for 1 min in a microcentrifuge at maximum speed (ca. 12,000x g). The matrix bound to

dsRNA was washed twice with RNAWASH solution and dried. It was resuspended in 50 pl

of DEpc teated sDrw. The eluted dsRNA was colrected by cenuifugation and precipitated

with IPA and NaAc. This recovered dsRNA was used for the following step'

polyacrylamide gel fractionation of dsRNA was done according to a modification of

the method of Dulieu and Bar-Joseph (1989). A 6.5Vo polyacrylamide gel (Mini Protean,

BioRad) containing the dissolvable cross linker (BAC) was pfepafed and pre-run at 100 v for

30 min to remove monomers and to equilibrate the pH of the gel' The dsRNA recovered from

agafose gel was loaded and further run at 100 V for 3 hr' The polyacrylamide gel was stained

with EtBr and the dsRNA band was excised and transferred into a microcentrifuge tube' one

volume of BME and I volume of DEPC treated sDIw was added' The solute was vortexed

and incubated at 50 oc for 10 min until the gel was dissolved. The volume was adjusted to 500

pl with 10x STE until the concentration of STE reached 1'5x' The pre-warmed (37 oC) E-OH

was added ïo 337o (v/v) and vortexed. Microgranula¡ cellulose (20 mg) was added to the

solution and shaken for 30 min. The cellulose was collected by centrifugation at maximum

speed in a microcentrifuge for 30 sec. The solution was discarded carefully and the

microgranular cellulose was washed at least 5 times with 10 volumes of washing solution [lx

sTE and 2o7o (vlv)E-OH)]. The washed pellet was dried invacuo and eluted wittr 100 pl of

DEpc treared sDrw. The dsRNA was precipitated with 2 volume of E-oH and 0.3 M NaAc at

-20 oC for L2hr. The precipitated dsRNA was collected by centrifugation at 4 oC-

2.2.5 Gel electroPhoresis

2.2.5.a PolYacrYlamlde gel

Analysis of nucleic acids were done on polyacrylamide gels buffered in TAE or

TBE (Appendix B). The gels were pre-n¡n for 30 min at 100 v and samples were loaded into

wells. Elecrophoresis was in 80x 65x 1.5 mm minigels (BioRad) at 100 v for 2'5 hf' The gel

was removed and stained with silver (Section 2'2'5'c)'
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AnalysisofproteinwasdoneonSDS-PAGEusingthemethodofSambnooker¿1.

(19S9) and the discontinuous system (Laemmli, 1970). The gel $'as run at 5 V/cm until the

tracking dye had reached the beginning of the resolving gel. The voltage was increased to 10

v/cm and the gel was run until the tracking dye (bromophenol blue) reached the bottom of the

resolving gel. The gel was stained with coomassie brilliant blue or with silver nitrate (section

2.2.6.c)

2.2.5.b Agarose gel

Analytical or preparative agarose gels were either 0.9 7o ot 1.2 7o buffered with

TAE (Sambro ok et a1.,19S9). Bands were visualised by ethidium bromide and fluorescent

imaging in UV light at 254 nm.

Formaldehyde denaturing gels were used for analyses of ssRNA, according to the

method of sambrooket ar.(19g9). Agarose [final concenrration rvo (wlv)lwas dissolved in

DEpc treated sDIw, cooled to 60 "c and mixed with pre-warmed 0.1 M MOPS, pH 7'0' 40

mM NaAc, 5 mM EDTA and2.2M HCHO. The gel was pre-run at 5 V/cm for 5 min' 4'5 pl

of sample, 2.0 pl of electrophoresis buffer, 3.5 pl of formaldehyde and 10 pl of deionised

formamide (Appendix B) were mixed. They were incubated at 65 oC for 15 min and cooled on

ice. The samples were loaded on a pre-run agarose gel with an RNA MWt marker' The gel

was n¡n at4Ylcmfor 3-4 hr until the racking dye had migrated 8 cm. The gel was rinsed with

water for l0 min to remove formaldehyde and stained with EtBr solution containing 0.1 M

ammonium acetate for 40 min or stained with toluidine blue solution (Section 2.2.5'c)'

2.2.5.c Staining of gels after electrophoresís

Gels were removed from the electrophoresis apparatus to a container and one of the

following staining procedures was carried out'

EtBr solution (Appendix C) was added atL-2ppm. After 15 min-4 hr incubation,

the gel was photographed underuv light (sambrook et a1.,1989).

The toluidine blue solution (Appendix C) was added to the EtBr stained gels and

incubated 6-lzhr and destained with several changes or L%o (vfu) acetic acid until the marker

band was visible. The gel was photographed and/or further stained with silver.
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To stain proteins in the SDS-PAGE gels, five volumes of the Coomassie brilliant

staining solution (Appendix c) was added and incubated at foom temperature for 4- 12 hr' The

gel was destained by several changes of destaining solution [cH¡oH: HzO (1:1, vfu)] until the

bands were clea¡ly visibte. The gel was photographed and stored in u'ater containng2o vo

(vfu) glycerol in a sealed plastic bag (Sambrook er a1,,1989).

polyacrylamide gels stained with other stains orremoved from the plates were fixed

Ílovo (vlv)ethanol and 57o (v/v) acetic acid) for 10 minl and washed llovo (vlv) ethanol and

o.5vo (vlv)aceric acidl. The gel were briefly rinsed with 200 rnl of Drw and the silver staining

solution (Appendix c) was added and incubated with gentle shaking for t hr' After incubation'

the silver solution was removed and the excess was washed 4 times every 2 min in DIW' Afær

the final wash, 200 ml of developing solution t375 mM NaOH, O.lSVo (vfu) cHzo and 3 mM

NaBþl was added. The colour was developed until the marker was visible and the developing

solution was femoved and the gel was rinsed twice with DIW' The development was stopped

by adding 5 Vo (vlv) aceric acid. The gel was photographed and stored in a sealed plastic bag

wíth}.lVo (v/v) acetic acid (Randles et al',1986)'

2.2.6 cDNA sYnthesis

2.2.6.a cDNA synthesís and amplíficøtion by rPCR

.DNA synthesis was primed with a random hexanucleotide (RH) linked to the 3'

end of a 'universal oligonucleotide' (UN) which had an EcoR 1 site and an additional 5'

sequence suitable for priming a PCR. This approach was a modification of the method of

Froussa¡d (lgg2). dsRNA (5 pl, ca. 50 ng) was mixed with 1 lrg of UN-RH primer

(Appendix D) and incubated at 100 oC for 10 min, cooled to room temperature, and the reverse

transcription reaction set up in a final volume of 50 pl {50 mM Tris-HCl, pH 8.3, 50 mM KCl'

10 mM MgCl2, 10 mM DTT, 40 units RNasin' 2 mM dNTPs and either 16 units of AMV or

200 units of M-MLV reverse transcriptase). Following incubation at 43 oC for 60 min the

mixture was boiled for 5 min and chilled on ice'

The second strand was synthesised by Klenow fragment DNA polymerase I (ca. 10

units) in a final volume of 100 pl (50 mM Tris-HCl pH 7 ,2, !0 mM MgSOa, I mM dNTPs and

0.1 mM DTÐ. Incubation was at 37 oC for t hr'
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This reaction yielded dsDNA originating at random priming sites within the

sequence of the dsRNA, but representative of the whole sequence of the dsRNA' Fragments

smaller than 200 bp, including primer and dNTPs' were removed with a Sephacryl@ 400

(pharmacia) column. All fragments had the same termini to allow them all to be amplified by a

single PCR (Froussatd, 1992\.

pCR amplification of cDNA was done in a 50 pl reaction volume containing 5 pl of

a second stand cDNA reaction solution, and PcR reaction buffer [50 mM KCl, 10 mM Tris-

HCI pH 9.2 a¡25 oC,l7o (vlv) Triton x-100, 1.5 mM MgCl2, 500 pM dNTPs, 0'1 pM UN

primer and 1 unit of Taq DNA polymerase (Promega)ì. Following denaturationat94oCfot2

min, the mixture was subjected to 30 cycles of amplification; 94 oC for 1 min, 60 oc for I min

andT2oC for 3 min; followed by a final extension step of 72 oc for 5 min. The size range of

the pCR products was determined by analytical agarose gel electrophoresis. The products were

digested with EcoR I, and small fragments again removed by Sephacryl@ chromatography as

above. The resulting PCR products were cloned into dephosphorylated pGEM-7zf(+) and

transformed into E. coli (Sambrook et al',1989)

2.2.6.b A standard method for synthesis of cDNA

A standard cDNA synthesis was done according to the method of Sambrook ef ø1.

(1e8e).

First strand cDNA was made with AMV-RT. At first, the purified dsRNA from gel

was denatued by boiling with 12 mM methyl mercuric hydroxide in the presence of random

hexamer primer at 100 oc. The reaction mixture was 50 mM Tris-HCl, pH 8.3, 50 mM KCl,

10 mM MgCl2, 10 mM DTT, 1 pl of 2.5 mM dNTPs and 40 units of RNasin@ in a final

volume of 25 ¡tl. The mix was wÍumedto37 oC, and prewarmed 4 mM sodium pyrophosphate

and 15 units of AMV-RT were added to the mixture. The mixture was incubated at 4?oCfor

l.5hr.ThereactionwasstoppedbyaddingT5plof50mMEDTA.

Second strand DNA was synrhesised using ttre RNase H method. 23 units of E.

colj DNA polymerase I, 0.8 units of E. coliRNase H and 10 pl of second suand reaction buffer

(500 mM Tris-HCl, pH 7.6, 1 M KCl, 50 mM MgCl2 and 50 mM DTT) were added to 20 pl of
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the fust strand reaction. The mixture was incubated at 14 oC fot 2-3 hr and enzymes were

denatured at ?0 oC for 10 min'

The repair synthesis was done with T4 DNA polymerase' The second strand

reaction mixture was cooled on ice and 2 units of T4 DNA polymerase were added and

incubated at37 ocfor 20 min. The reaction was stopped by adding 10 pl of 200 mM EDTA'

The reaction mixture was extracted with PCI and precipitated with E-OH and NaAC'

2.2.6.c Synthesís ol 32P-tabelled ss-cDNA probes by røndom priming

The concenrration of the isolated dsRNA or dsDNA (10 pl) was calculated and

aliquots of 50_100 ng were transferred to tubes. The target nucleic acids were denatured by

boiling for 10 min and cooled on ice. In a 50 pl reaction mixture, one unit of Klenow fragment

DNA polymerase I for dsDNA, or 200 units of M-MLV-RT for dsRNA, and the reaction buffer

(f,rnal concentration of 50 mM Tris-HCl, pH 8.0, 10 mM MgSOa, 1 mM DTT, 50 pM dNTPs

and 50 pci -lzt-dcTP) were added, and incubated at 37 "Cfot 2-4 hr' The reaction was

stoppedbyaddingEDTAto20mMandfractionatedinto12aliquotsof200plwitha

Sephadex@G.50columnaccordingtoSambrooketal.(1989).Theradioactivityofprobes

was determined with a liquid scintillation system (LS 5000 TD, Beckm*@)' The probe was

diluted to 1.5-3x 106 cpm per ml for hybridisation assays.

2.2.7 Molecular cloning

2.2.7.a Lígation o! ds'cDNA to a pløsmid vector

The amplified ds-cDNA by rPcR (Section 2.2.6.a;Froussard, 1992) was digested

with EcoR I and small fragments were removed with a Sephacryl@ 400 spin column' 100 ng

of EcoRI digested and dephosphorylated plasmid [pGEM-7zf(+)] (sambrook et a\" 1989) were

mixed and ligated with bacteriophage T4 DNA ligase buffer in a solution conraining 30 mM

Tris-Hcl, pH 7.8, 10 mM MgCl2, 10 mM DTT and 0.5 mM ATP. The mixture was incubated

at 16 oC for 4-l2hr. An aliquot of this ligation mix was used for transformation.

24



2.2.7.b Prepøration of competent cells

Competent cells were prepared according to the method of Sambrook et al. (L989)'

To produce competent bacterial cells, cells stored in glycerol rt -7O oC were plated on an LB

agar plate and incubated at 37 "Covernight. A single colony was selected and inoculated tnto 2

ml of LB. It was incubated in a shaking incubator at37 oC ovemight. The following morning,

100 ml of SoB medium was inoculated with 1 ml of overnight grown cells and incubated at 37

oC until the ODooo of the SOB medium (Appendix B) was in a range of 0'5-0'9'

The cells were placed on ice for 15 min and transferred to pre-cooled 50 rnl Corning

centrifuge tubes (corning Incorporated, New York) and centrifuged at 1000 g at 4 oC for 15

min. The supernatant was poured off and traces of media were lemoved by draining' The cells

wefe gently resuspended in 13 ml of RFl buffer t0.1 M RbCl, 50 mM MnCl2' 30 mM KAc' 10

mM CaClz and l57o (v/v) of glycerol, pH 5.8 with (0.2 M CH¡.COOH)I and placed on ice for

30 min. The cells were centrifuged as above and the supernatant \ilas poured off' 4 ml of RF2

t10 mM Rbcl, 75 mM CaCl2,10 mM MOPS and l57o (v/v) glycerol, pH 6'8 (wittr NaoH)l

was added. They were resuspended gently and placed on ice for a further 15 min' The

competent cells were dispensed as 200 pl aliquots into pre-cooled sterile microcentrifuge tubes.

The aliquoted cells were frozen in liquid nitrogen and stored at -7O oC until used'

2.2.7.c Transþrmølion by heat shock

Transformation was done according to the method of Sambrook et al. (1989) with

some modifications. The competent cells were thawed on ice and mixed gently by swirling.

100 ¡rl of thawed competent cells were transferred to prechilled2mlEppendorf@ tubes and

BME was added to 25 mM. The solutes were mixed by swirling 5 times every 2 min. The

cells were incubated on ice for a further 10 min, and 1-50 pl of ttre ligation mix was added and

mixed. The mixed solution was placed on ice for 30 min and the cells were Eeated with heat at

42ocfor 45-50 sec. The heat treated cells were cooled on ice for 2 min and 0.9 ml of pre-

warmed SOC (37 oC) was added. The mixture was incubatedat37 oC for t hr with shaking

and 50-200 pl of solution was plated on an ampicillin, IPTG and X-gal containing LB plate

(Appendix B). The plates were incubared for l2-t6hr at37 oC and transformed white colonies

were picked and used for plasmid prepamtion'
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2.2.8 Preparation of cloned plasmids

2.2.8.a Míní'PreParation

Extraction of plasmidDNA was done by the alkaline lysis method (Sambrook et al.,

1989).

The selected white colonies were Eansferred into 5 ml LB or DYT rnedium

containing 60 pglml of ampicillin. The culture was incubated overnight at37 oc with shaking'

The cells was harvested from 1.5 ml aliquot of each culture by centrifugation at 10,000 g for 1

min at room temperature. The supernatant was poured off and the bacterial pellet was

resuspended by vortexing in 200 pl of ice-cold solution I (50 mM glucose, 25 mM Tris-Hcl'

pH g.0, 10 mM EDTA and 20 pglml of RNase A). 300 pl of freshly prepared solution tr [0'2

N NaOH and l7o (w/v) sDsl was added and the solution was mixed by inversion before

placing on ice for 5 min. The solution was neutralised by adding 300 pl of ice-cold solution Itr

(3 M NaAc, pH 4.g). The contents of the tube were mixed by inversion and then incubated on

ice for 5 min. Cellular debris was removed by centrifugation at 10,000 g for 10 min at room

tempefature. The supernatant was Eansferred to a clean tube and extracted with an equal

volume of pcl solution. The supematant was transferred to a fresh tube and precipitated with

2.5 volumes of E-OH. After 30 min incubation, the plasmid was pelleted and washed with

7O7o (vlv)E-oH. The pellet was vacuum dried and resuspended in 20 pl of TE (10 mM Tris-

HCl, pH 8.0 and 1 mM EDTA).

2.2.8.b MidíPreParalíon

Exgaction of plasmid DNA were done by the alkaline lysis method (Sambrooker

al., 1989) with some nrodifications.

The selected clones were transferred into 100 ml of LB or DYT medium containing

60 pglml of ampicillin. The cultures was incubated overnigh¡ at37 oc with shaking. The cells

were ha¡vested ftom 50 ml of each culture by centrifugation at 12,000 rpm for 5 min at 4 oc'

The supernatant was poured off and the bacterial pellet was fesuspended by vortexing in 3 ml of

ice-cold Solution I. A 6 ml of freshly prepared solution II was added and the solution was

mixed by inversions and incubated at room temperature for 5 min and placed on ice for 5 min'
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The solution was neutralised by adding 4.5 mr of ice-cold solution IrI. The contents of the tube

were mixed by inversion and then incubated on ice for 5 min' Cellular debris was removed by

centrifugation at 10,000 g for l0 min at room temperature The supernatant was transferred to a

clean tube and extracted with an equal volumeume of PcI solution. The supernatant was

transferred to a fresh tube and precipitated with 0.9 volumes of IpA. After incubation at -2ß

oC, the plasmid was pelleted by centrifugation and washed wlthT}Vo (vfu) E-OH' The pellet

\ilas vacuum dried and resuspended in 20 pl of TE (pH 8'0)' This plasmid DNA was further

treated with RNAse A to remove bacterial RNA and proteins were removed as above' The

amount of collected plasmid was checked by the spectrophotometric method. An aliquot was

digested with EcoRI and analysed on an agfifose gel. The fragments were purified o make

probes with a gel extraction kit (Section 2'2'll'b)'

2.2.g Analysis of inserts in the recombinant plasmids

2.2.9.a Selectíon of ScSMD specífic clones'

Transformed bacterial colonies were selected using the X-Gal system (Sambrook er

at.,1989). Minipreps of plasmids (section 2.2.8.a) from over 60 colonies (sambrook et al"

lggg) were restrioted with EcoR I and analysed on agarose gels to determine sizes of inserts.

southern blots of the gels were probed with cDNA prepared by random priming of the PCR

product (Sambrook et a1.,1989). The specif,rcity of the clones was also tested by probing dot

blots of healthy and diseased sugarcane total nucleic acid extracts, and the purifred dsRNA,

with cDNA synthesised by random priming (Section 2.2.6.c) of the clones to be tested'

2.2.g.b dsDNA Purffication from agarose gel

dsDNA was exrracred with a QIAGEN gel extraction kits (QIAEX tr; QIAGEN

GmbH, Germany) according to the manufacturer's recommendation (1995)'

Bands were cut out, sliced and weighed. 3 volumes of QXl was added to I

volume of gel. QIAX II was resuspended by vortexing for 30 sec. QIAX II (30 pv10 pg of

DNA but at least 10 pl) was added. The solution was incubated at 50 oC for 10 min with

mixing every 2 min to keep eIAEX II in suspension. The solution was centrifuged at 10'000 g
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for 30 sec and the supernatant was carefully removed. The pellet was washed twice with 500

pl of eXl then three times with 500 rnl of PE buffer. The pellet was air dried for 20 min and

the bound DNA was eluted with 100 pl of TE (pH 8'0)'

2.2.10 Molecular hYbridisation

Blotting and hybridisation were done according to Sambrooket ø1. (1987) with

some modifications.

2,2.10.a Dot blot

For RNA blotting, extracted nucleic acid samples were dissolved in TE (pH 8.0)

and incubated at 65 oC for 5 min in three volumes of RNA blotting solution [500 pl of

formamide , 162 ¡tl of 377o (v/v) formaldehyde and 100 ¡rl of I M MOPS, pH 7.01. For DNA

blotting, samples were heated to 95 oC then chilled on ice. One volume of 20x SSC was added

and 3 pl of samples were spotted on to a sheet of nylon membrane (Znta-probe@, Bio-Rad).

After application of the samples, they were UV cross linked (125 kJoule) with a IJV Cross

Linker (Bio-Rad).

2.2.10.b CøpillarY blotting

The stained gels were washed with SDIW to remove excess EtBr and 20 mM

NaOH solution was added. In a container, an absorbing pad was layered and pre wetted with

20 mM NaOH 3 sheets of whatman 3MM filterpaper and bubbles were removed with a glass

rod. The washed gel was layered at the top of the filter paper and bubbles were removed.

Nylon membrane cut in the gel size was layered at the top of the gel and bubbles were removed,

as above. A sheet of plastic transparency cut to the gel size was layered on top of the nylron

membrane to mask the gel. Three sheets of pre-wet Whatman 3MM filter paper were layered

and bubbles were removed, as above. A 3 cm thick layer of paper tissue was placed on top and

a weight of 500-1,000 g was applieed. The nucleic acids were transferred for 4-12 hr and the

nucleic acids blotted to the nylon membrane were UV cross linked (150 kJoule) as above.
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2.2.10.c Hybridisatíon øssaY

Dot or capiltary blotted membranes (Tntaprob@, BioRad) were pre-hybridised for

4 or l6hr at 42 oC in prehybridisation buffer[5x SSC, O.O2Vo (dv) BSA fraction V, Ficoll@,

O.OZVo (Wv) pVp,O.SVo (w/v) SDS, 100 ¡rg/ml of denatured herring sperm DNA andíOØo

(Wv) deionised formamidel.

The cDNA probes (Section 2.2.6.d) were heated at 80 oC for 5 min in5O7o

formamide and added to the hybridisation solution (same as the prehybridization solution but

containing 32p labelled probe at about 1.5-3x 106 cpm/ml). The membrane was hybridiseÃtt42

oC for at least 18 hr (Sambrook et a1.,1939). The filter was then washed twice at room

temperarure for 15 min with 2x SSC and 0.1 7o SDS for low stringency. The washed

membrane was exposed to an X-ray film (Kodak AR) for 4-l2hr. The membrane was washed

twice again in a solution containing 0.lx SSC and 0.17o SDS at 67 oC two times every 20 min

for high strigency and the membrane was autoradiographed, as above.

2.2.11 Sequence analYsis

Selected clones were sequenced by automatic cycle sequencing (Applied

Biosystems, USA) and compiled with the SeqEdrM program (Applied Biosystems).

Comparisons between sequenced nucleotides and sequence data bases were done with Fasta,

Blast and MPsrch proglams in the internet site of DISC Homology Search

(http//www.dna.affrc.go.jp/htdocs/homology/homology.html) (Goto, L982 and Lipman,

l9S5). The protein motifs were searched according to Prestige (1996) in the Net. The

alignment was done with Clustal V/ program (Version 4.1; Thompson ¿f a1.,1994)

2.2.12 PCR assay

2.2.12.ø RNÁ PCR

The purified TNA of healthy and ScSMD -affected sugarcane was dissolved in

SDIW. cDNA was synthesised with M-MLV RT and a set of primers. A solution (20 pl)

containing 1 pg of each primers and} pg of TNA was boiled for 10 min with a PCR machine

and cooled on ice. The primers were annealed to the template at room temperature for 30 min.
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Thereaction mixture contained 25 mM Tris-HCl, pH 8.3,37.5 mM KCl, 1.5 mM MgCl,5 mM

DTT, 200 units of M-MLV-RT, 0.3 M BME, 10 mM dNTPs, 4O units of RNasin@, and the

primer annealed template in a volume of 50 pl, and incubated at 42 oC for 2 hr (Sambrook er

a1.,1989).

5 pl of the çDNA reaction mixture was added to 50 pl of a PCR reaction mixture

containing 50 mM KCl, 10 mM Tris-HCl, pH 9.2 at25 oC, 1.25 pM of a set of primers and

0.5 units of Taq DNA polymerase. After PCR the products were analysed on a 1.2 Vo agarose

gel.

2.2.12.b PCR for detectìon of phytoplasmø

Three sets of primers [AFW and ARV(Ahrens and Seemulker, L992), R2 and F2

(Schaff et al.,tggz) and SN10601 and SN910502 (Namba et a1.,I992)l (Appendix D) were

used to examine the relationship between ScSMD and the presence of phytoplasma in

sygafcane.

The following reagents were mixed in the order given; SDI!ü/, lOx PCR buffer (100

mM Tris-HCl, pH 8.3 and 500 mM KCI), l0 mM dNTPs, 2-25 ¡tlll of each forward and

reverse primer and 0.2 units of Trl¡ DNA polymerase. To a volume of 5 pl of CTAB extracted

TNA was added. The tube was Eansfened to a PCR machine (Perkin Elmer Cetus, USA) and

subjected to a single denaturing step and 35 cycles of denaturing, annealing, extension , and

final extension step to optimise the PCR conditions for each set of primer.

2.2.13 Studies of virus particle compositon

2.2.13.ø RNÁ extractíon from víral particles

The purified virus was digested with RNase (50 nglml) and DNase (50 ndml) for

30 min rt37 oC. Proteinase K (20 pglml) was added to a buffer (50 mM Tris-HCl, pH 7.4 and

1Zo SDS) and incubated at 37 "C for 4 hr. This sample was analysed on an agarose gel or

exüacted with pCI and precipitated. The collected samples were used for cDNA synthesis, gel

analysis or hybridisation assaY.
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2.2.13.b checking the 3t end of virus RNA with d(T)ts prímer

proteinase K (100 pglml) was added to an aliquot of partially purifred virus and the

mixture was incubated at 45 oC (Sambrook et at.\. The mixture was extracted with one volume

of pCI and once with CI solution. The aqueous solution was recovered and ssRNA was

precipitated with NaAc and E-OH and dissolved in TE. The RNA of pea seed borne mosaic

potyvirus was exgacted the same method as above for use as a control'

The exgacted RNA (5 pl) and 5 pl of d(T)rs primer (0.5 pM) were mixed and

denatured by boiling. A solution containing llx M-MLV RT reaction buffer (375 mM KCI'

250 mM Tris-HCl, pH 8.3, 15 mM MgCl2 and 50 mM DTT), I mM dATP, 1 mM dGTP' I

mM dTTP, 0.5 mM dcTP, 25 ¡tCiof lrzp¡-o"TP and 200 units of M.MLV-RT) was added.

The solution was incubated at42ocfor 1.5 hr and the incubated solution was fractionated by a

Sephadex@-G5g column ro removed unbound dNTPs, according to Sambrook et al. (1989).

The nucleic acid fraction was analysed on an 1.27o ag¿¡rose gel, photographed and transferred to

a nylon membrane. The transblotted nylon membrane \ryas exposed to an X-ray film.
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CHAPTER 3

BIOLOGICAL STUDIES ON SCSMD AFFECTED SUGARCANE

3.I INTRODUCTION

ScSMD is a disease of unknown etiology with virus like symptoms. This

disease has only been found in the lower Burdekin River district of northern Queensland

(Hughes, 1961). The disease occurs on both sides of the Burdekin River in the main sugarcane

growing area and is often associated with a¡eas of poor growth, such as excessively sandy or

shallow soils, or poorly irrigated areas. Some sugarcane hybrids, such as Pindar, Q57' Q63

and Q96, are known to be susceptible varieties (Anon., 1972).

Some features of ScSMD had been described. The characteristic symptom of

SgSMD on sugarcane is the presence of short, fine,light green striations on the leaf lamina.

ScSMD is transmissible by the pin-prick method. Spread is slow and ScSMD recurs on the

same farms. Soil treatment with nematicidal and fungicidal fumigants also reduces incidence,

suggesting it is soil borne. It has been reported that cuttings from ScSMD affected sugarcane

plants could not be cured by heat treatment of cuttings (Anon., 1969). There is a need for a

further study of ScSMD to determine its cause, to evaluate its economic impact and to establish

control snategies.

Biological assays for a plant disease of unknown etiology a¡e time consuming.

Nevertheless, these studies are very important for improving the understanding of the mode of

transmission and spread, and symptomatology is particularly important to assist in diagnosis of

a disease before isolation and characterisation of an agent is achieved. However, dependence

on disease symptoms for identification and classification can lead to much confusion because

many factors can have marked effects on the disease produced by an agent such as a virus

(Matthews, 1991). There are two main types of symptoms of virus infection,local and

systemic. I-ocal symptoms develop near the site of entry. They can be identified as chlonotic,

ring spot or necrotic lesions according to the colour and shape. There are various systemic
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symptoms: reduction in size, mosaic patterns, yellowing, and necrosis on the leaf or on the

fruit.

The experimental transmission of a virus from infected to healthy tissue is a

procedure fundamental to the study of a virus disease. Plant viruses require a sub-lethal wound

because they are unable to enter the cuticle of the their host plant unaided. In the laboratory a

sublethal wound is usually accomplished by mechanical transmission, which involves grinding

the diseased leaf material, and rubbing with a mild abrasive (carborundum) which damages the

cuticle and epidermis of the plant. This method is used in the laboratory to isolate viruses from

diseased field plants, to transmit them to test hosts, to sub-culture viruses, to study virus

symptoms in a range of host species, and to assay for virus infectivity.

In this chapter, the symptoms of ScSMD-affected sugarcanes are described. The

effects of ScSMD on the growth rate and germination of sugarcane cuttings were studied under

glasshouse conditions. The ransmissibility of SCSMD through mechanical inoculation was

also studied.

3.2 MATERIALS AND METHODS

3.2.1 Plants

Alt plants used were raised in a glasshouse kept at27! 3 oC and fertilised every

two week. Seedlings and cuttings of sugarcane hybrids (Q96, Ql14 and Q117; Table 2.1) and

other species of indicator plants (Table 2.2\ werc used at the three to four leaf stage.

Symptom development was observed in a glasshouso at an average day length of

14 hr at 27+ 3 oC. Also, naturally infected sugarcane samples collected from the Burdekin

district were examined for ScSMD symptoms
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3.2.2 Inoculation of ScSMD

pin-pricking mechanical inoculation and a grafting-like inoculation method were

used. The symptoms and effects on the inoculated plants were obseryed in the glasshouse

every week for 6 months after inoculation.

To prepare inoculumn, young ScSMD affected leaves were chopped into small

pieces and ground in a pre-chilled pestle and mortar with either 2 vol of 100 mM phosphate

buffer, pH 7.0 or 50 mM borate buffer, pH 7.5. Inocula of other viruses (AMV, CMV and

TMV) were prepared in the same way and inoculated at the same time using the same methods

as used for the ScSMD affected plant material. These inocula were applied to the plant leaves,

which had been dusted with carborundum. The leaves were rubbed with a finger or punctured

with a bundle of 8 pins tied with thread. The grafting-like procedure was carried out by

replacing two buds on a healthy sugarcane with two buds of ScSMD-affected sugarcane and

sealing the site with parafilm@. The replaced buds were left until they died.

3.2.3 Studies on ScSMD-affected sugarcane plants

Sugarcane cuttings from ScSMD-affected and healthy sugarcane as controls

were planted in pots (25x35 cm), placed in a glasshouse, irrigated every second day and

fertilised every two week. Germination was recorded when the shoot emerged through the

surface of the soil. Growth rates of diseased and healthy sugarcanes were measured every

week. The height was measured from the bottom node to the top node. Overall height was

measured from the bottom to the longest tip of the sugarcane. The width of leaves was

measured at the widest part. The length of every leaf was measured from the bottom to the tip

after it had emerged comPletelY.
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3.3 RESULTS

3.3.1 Symptoms of ScSMD affected sugarcane

Symptoms were short chlorotic striations, yellowing and stunting. The best

conditions for production of symptoms were at 25-30 oC in a glasshouse.

Cha¡acteristic chlorotic striations and yellowing were observed on the leaves of

ScSMD affected sugarcane. The striations normally did not appear on the two youngest leaves.

Yellowing could be observed on the tertiary stems (Fig. 3'14)'

Some leaf sheaths of ScSMD affected sugarcane plants also showed chlorotic

stiations. This symptom could not only be observed on leaves without chlorotic sEiations, but

also on the primary stems that germinated from cuttings of ScSMD affected sugarcane plants.

More pronounced chlorotic striations on the leaf sheath were found on older plants (Fig. 3.1C).

The stems of ScSMD affected plants showed mosaic, shortening of the internode

lenglh and less thickening of the diameter. The mosaic symptoms could be found on stems of

affected plants that were collected from the field but not on glasshouse grown plants @ig.

3.lD). The internodes of affected sugarcane plants were shorter and the diameter of the stems

was thinner than for healthy sugalcane (Fig. 3.lE).

The regrown shoots from the third ratoons had clear chlorotic striations. The

striations could be observed also on the leaf sheath and the leaf was showing yellowing.

3.3.2 Growth rate

Under glasshouse conditions, ScSMD reduced the growth rate of sugarcane.

This reduced growth was associated with delayed germination, stunted height, and reduced

number and length of leaves.

ScSMD affected cuttings germinated an average of I week later than healthy

sugarcane cunings. The emerged shoots from ScSMD cunings were weak and some had the

cha¡acteristic striation on tho sheath of the fust leaves (Fig, 3.1F). The leaves that emerged

from shoots from ScSMD affected cuttings were weaker and thinner, and sometimes had the
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Fig 3.1 Symptoms of sugarcane striate mosaic disease;

A - Leaves of sugarcane from ScSMD affected sugarcane (ScSMD) compared with

healthy (H).

B - Symptoms of ScSMD affected leaves (SoSMD) from early to late stages. (Age of

leaf incteases from left to right.)

B - Chlorotic striations on ScSMD affected leaf sheath.

C - Sriations associated with ScSMD on canes which were collected from the freld.

D - Intemodes,of the diseased sugarcane compared with healthy one, showing reduced

internode length and diameter of stems.

E - Shoots from diseased (ScSMD) compared with healthy cutrings (H).



DH

(A)

(B)



HD

ç(ç,LÒ Qeb
1'. 5¡p;ny'le nl

"/''''tu

(c) (D)



oToTô

LLlJ.l

T



chlorotic sniation on the lamina with yellowing. sometimes the shoots died shortly after

germination.

Germinated shoots of SCSMD affected sugarcanes had fewer and shorter leaves,

but the width of leaves was similar to that of controls. The number of completely emerged

leaves of SoSMD affected sugarcane were 3t1 fewer than the healthy sugarcane plants at the

same growing stage. The length of ScSMD affected sugarcane leaves was not significantly

different from that of healthy sugarcane for the fust and the second leaves from the bottom.

However, the length of leaves from the third to the ninth from the bottom was less than that of

healthy sugarcane plants. Leaves above the ninth from the bonom were simila¡ in length to

those of the healthy sugarcane (Fig. 3.2). ScSMD affected sugarcane leaves had a similar

width to that of healthy sugarcane leaves, except for the third and fourth leaves (Fis. 3.3).

Up to two weeks after germination, there was no significant difference in leaf

number between ScSMD affected and healthy. The total number of leaves of germinated

ScSMD affected sugarcane plants was then 2-4 fewq than for healthy sugarcane (Fig. 3.4).

The growth of SgSMD affected sugarcane was reduced. The overall heights of

ScSMD affected sugarcanes were not significantly different from healttry up to 5 weeks afær

germination. The ScSMD affected sugarcanes then grew at about 20 cm/week while the healtþ

canes at about 50 cm/week after germination (Fig. 3.54). The same pattern was observed for

the overall height comparison (Fig 3.5B). The stems of SoSMD affected sugarcane plants were

also shorter and thinner (Fig. 3.18).

3.3.3 Inoculation

No visible symptoms were produced on any of the possible viral indicator plants

or susceptible sugarcane hybrids after inoculation with the ScSMD by the pin-pricking or the

applied grafting methods.
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3.4 DISCUSSION

The chlorotic striations associated with ScSMD were observed on the leaf sheath

as well as on the lamina of the f,rrst and second leaves. Stunting was also observed in ScSMD

affected sugarcane plants as the disease progressed. Clearer symptoms could be found on older

growth stage leaves than at younger stages. The early stages of growth, especially of shoots

from cuttings had no ScSMD symptoms. The best time to observe symptoms would thus be

after three months germination or from the third ratoon stage.

The germination of cuttings from the diseased plants was delayed and numbers

of emerged leaves were fewer than for healthy plants at the same stage after germination. The

germinated shoots of ScSMD affected sugarcane, especially shoots glown from older ratoons,

were thinner than those of controls. Also, the width of leaves tended to be na¡rower than in

healthy sugarcane.

Inoculation with ScSMD failed to produce any visible symptoms on disease

susceptible sugarcane hybrids or on viral indicator plant species. The transmission may thus be

vector dependent or require a helper virus to infect the host sugÍucane. The search for vectors

and the mode of transmission should be continued when an appropriate diagnosis method is

available.

37



CHAPTER 4

CYTOPATHOLOGY OF SCSMD AFFECTED SUGARCANE

4.I INTRODUCTION

Viruses are economically important only when they cause some significant

deviation from normal in the growth of a plant. There are two main types of effects,

cytopathological and histological. Microscopes have been used ûo study those effects in virus

infected plant tissues.

Light microscopy is used for detecting inclusion or aggregated bodies of virus

particles in epidermal cells or thin sections of virus-infected plants with different stains (Christie

and Edwa¡dson, 1986). However, this technique is limited to observing larger inclusions,

bodies and aggregates of virus particles, and changes in organelles, such as chloroplasts and

nuclei. Light microscopy is still important for studying cytopathological abnormalities,

particularly because it can scan much greater areas of a thin section than electron microscopy.

Light microscopy may also assist in the interpretation of electron microscopic observations

(Matthews, 1991).

Transmission (TEM) and scanning (SEM) electron microscopes have been used to

study cytopathological effects on virus infected tissues. Improvements have taken place in

procedures for the fixing, süaining, and sectioning of plant tissues over the past 30 years. The

wide availability of high resolution TEM has led to an understanding of cytopathological effects

on virus infected cells. SEM is of less value in the study of virus diseases compared with

TEM, but it is useful for some viruses (Hatta and Francki, L976). However, it also has to be

considered that small differences in preparation techniques can have a major effect on the

organelles and virus-induced structures (Matthews, 1991). In SEM, a recent advanced

technique using fresh untreated tissues in an environmental scanning electron microscope

(ElecfoScan Corp., USA), eliminates the disadvantages of sample preparation, including the

time taken and sample preparation effects.
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The macroscopic symptoms induced by viruses frequently reflect histological

changes in the virus infected plant cells. The histological changes are necrosis, hypoplasia, and

hyperplasia. Necrosis is the death of tissue, organs or the whole plant, and it often occurs in

combination with other histological changes (Shepardson et a1.,1980). Hypoplasia can be

found in the yellow area on leaves with mosaic symptoms , the lamina of which is thinner, or

the mesophyll cells a¡e less differentiated with fewer chloroplasts (Matthews, 1991).

Hyperplasia is enlargement of cells near the veins and undifferentiated cell division (Matthews,

l9e1).

In the work reported this chapter, cytopathological effects of ScSMD on sugarcane

plants were studied. Causal agents or like bodies were sought, and differences benveen the

organelles in the cells of ScSMD affected and healthy sugarcane leaf tissue have been studied.

4.2 MATERIALS AND METHODS

4.2.1 Materials

The sample sizes of sugarcane tissue and plants used in this work are listed in

Tables 2.1 and2.2.

The copper grids used for the thin sections were coated with2Vo formvar solution

(v/v in chloroform) according to Hayat (1939). The coated grids were checked by light

microscopy.

4.2.2 Methods

4.2.2a Microscopy

Light microscopy was caried out according to the method of Christie and

Edwardson (19S6) with some modification as described in Section2.2.2.a. The SEM

procedure was as described in Section 2.2.2.b. TEM was performed according to the method

of Hatta and Francki (1978), and is described in Section 2.2.2.c.
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4.2.2.b Embedding sugarcane tissue in spurr's medium

The samples (see 2.2.2.c)prepared for thin sectioning were dehydrated and

embedded according to the following standard schedule and embedded in Spurr's medium

(Table 1.5).

SOLVENTS and RESIN TIME

5 7o Acetone in water

25 Vo rr

5O 7o rr

75 Vo rr

9O Vo rr

95 7o rr

lO0 7o rt

100 7o Acetone: Spurr's medium [3: 1 (v/v)]

(1:1)

(l: 3)

20 min

30 min

40 min

il

I

thr
2x1hr

thr
tl

il

ll

Spurr's medium 2xlhr

After the last incubaúon with Spurr's medium, fresh medium was added and vacuum infiltrated

three times invacuofor 3 hr. Samples were transferred to a resin mould and hardened at 65 oC

for g-12 hr until the resin turned yellow (Hayat, 1987). The hardened resin was then cooled

slowly to room temperature. The embedded samples were cut with a diamond knife (h'osD'rc t

Srnuc.runB, eLD) into 50-120 nm (silver or gold) sections by an ultramicrotome (2120

Ul6otome@, LKB, Bromma).

4.2.2.c Staining samPles for TEM

Thin sections were stained with lead citrate and/or uranyl açetate (Appendix C)'

One group of thin sections was fiansferred to a formvar coated 200 mesh coppor grid. Uranyl

acetate staining was done according to Hayat (1989) and has been described in Section 2.2.2.d.
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I-ead ciuate staining was carried out with the following modifications. To create a

COz free atmosphere, pellets of NaOH were dropped into a petri dish containing waterdroplets

and the dish was covered for 10 min. Droplets of lead citrate solution were then placed into the

petri dish. The grid with thin sections mounred was placed onto the lead citrate droplet and

incubated for 2 min covered with lid. The grid was then washed with CO2 free water, and

dried or stained again with uranyl acetate. Stained samples were examined with a Phillips 400

electron microscoPe at 100 kV.

Staining of the grids with sap of SoSMD affected sugarcane was done as described

in Section 2.2.2.d.

4.3 RESULTS

4.3.1 Light microscoPY

Sugarcane tissue was examined by light microscopy using standa¡d transverse

sertions prepared by hand with razor blades. It was difficult to examine peeled epidermal srips

of sugarcane because the surface of the sugarcane was covered with a thick waxy layer which

interfered with observation. No inclusion bodies or like structures were observed in ScSMD

affected sugarcane tissues.

4.3.2 Scanning electron microscopy

The leaf suface of ScSMD affected sugarcane had a smoother texture than that of

healthy plants. There were also fewer spikes on the affected sugarcane leaves @ig. 4.18) than

on the healthy leaves (Fig. 4.lA). The surfaces of the affected leaves were covered with a

thicker layer of waxy material than healthy leaves (Fig. 4.18 & D). Older diseased leaves were

smoother than on younger leaves. The lower surface of affected leaves was more heavily

covered than the upper. These surface differences were found on yellowed leaves with

chlorotic striations and on diseased older leaves on stems of the third ratoon stage in the

glasshouse.
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Figure 4.1 Scanning electron micrographs of sugarcane leaves.

A - Upper epidermis of healthy sugarcane.

B - Upper epidermis of ScSMD-affected sugarcane.

C - A stomate on the upper epidermis of healthy leaf.

D - Stomata on the upper epidermis of sugarcane leaf affected by ScSMD.

E - Outer surface of ScSMD affected leaf sheath.

F - Inner surface of ScSMD affected leaf sheath.

G - A cross section of healthy lamina.

H - A cross section of ScSMD affected lamina.

see corrigendum
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There was no difference in cell size between ScSMD affected and healtþ sugarcane

leaves (Fig. 4.1G & H). There was also no texture difference on the surface of the leaf sheaths

(Fig. 4.1 E and F).

4.3.3 Structural changes in organelles of ScSMD affected cells

Differences were observed between diseased and healthy sugarcane in chloroplasts,

plasmodesmata and mitochondria. There were empty vesicles in the disease affected cells.

In the chloroplasts in ScSMD affected cells, the thylakoid membrane was

deformed. The affected thylakoid was wavy whereas thylakoids in chloroplasts of healthy

leaves were straight. There were also electron dense material between the membranes (Fig

4.2C).

Various sizes of single walled empty vesicles were found in the cytoplasm of

disease affected cells, especially next to the deformed chloroplasts (Fig. 4.28). The vesicles in

the cytoplasm of the ScSMD affected sugarcane had one layer of membrane and the size varied.

More mitochondria could be seen in the thin sections of ScSMD affected sugarcane

cells than in those of healthy cells (Fig. 4.2D)-

More and thicker plasmodesmata were observed in the affected sugarcane cells than

in healthy cells, and some electron dense particles were observed in the plasmodesmata (Fig.

4.28).

4.3.4 Negative staining of the sap of ScSMD affected sugarcane leaves

No putative particles were found in sap from ScSMD affected sugarcane leaves.

However, the grids to which sugarcane sap had been applied were hard to observe due to the

presence of other organelles of sugarcane cells.

4.4 DISCUSSION

In this chapter, light microscopy failed to detect any differences between healthy

and SçSMD affected sugarcane and provided no evidence of the likely cause of ScSMD. If the

causal agent is a virus, it may either not ag$egate or not produce inclusion bodies in the cells.
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Figure 4.2 Transmission electron micrographs of thin sections of sugarcane leaf tissue.

A - Chloroplast in the cell of healthy sugarcane leaf.

B & C - Chloroplast in the cells of ScSMD affected sugarcane leaf with small

vesicles.

D - Mitochondria in the cell of ScSMD affected sugarcane.

E - Plasmodesmata in the cell wall of ScSMD affected sugarcane.

see corrigendum
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The surface structure of ScSMD affected sugarcane leaf was different from that of

healthy sugarcane. The surfaces of leaves were smoother in texture. They were covered with

an extra amount of wax layer and had fewer spikes on the surface. These symptoms were

observed on leaves after the third ratoon stage. These strucn¡ral changes became more severe at

the older growth stages and after the leaves were already yellow. This structural difference was

limited to the leaves.

Also associated with the disease were changes in the membrane structure of

chloroplasts, the number of mitochondria and the diameter of the plasmodesmata, which have a

role in the movement of nutrients and viruses between cells. No putative causal agent or virus-

like particle was detected in thin sections by TEM. Similarly, negative staining of sap showed

no detectable causal agent.

In conclusion, microscope studies showed that the ScSMD causal agent affected

sugarcane organelles and tissue but no possible causal agent was found. Changes to organelles

similar to these seen in the SoSMD affected sugarcane have been reported previously for

numerous plant infectious viruses (Matthews, 1991). Therefore a virus may be involved in

ScSMD. Methods other than electron microscopy may be required to detect and identify the

causal agent of ScSMD and to study its etiology'
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CHAPTER 5

ANALYSIS OF NUCLEIC ACID EXTRACTS F'ROM SCSMD

AFFECTED SUGARCANE AND FRACTIONATION OF' dSRNA

5.1 INTRODUCTION

The symptoms of ScSMD on sugarcane plants a¡e virus-like with chlorotic

s¡iations, stunting and a reduced growth rate (Chapter 3). The c¡opathological effects of

ScSMD are also virus-like such as deformation of chloroplasts and reduction of number of

mitochondria, and changes in plasmodesmata (Chapter 4). These symptoms and

cytopathological effects strongly support the contention that ScSMD has a viral etiology.

However, no causal agents were detected in the sap of ScSMD affected sugarcane leaf or in

tissue sections by TEM.

Virus-infected plant tissue contains the viral genome in several forms: genomic,

subgenomic and replicative. To determine whether these forms are in the tissue or not, it is

necessary to isolate, fractionate and detect them.

Many viruses infecting plants have an RNA genome, which can be either single or

double stranded (Murphy et a1.,1995; Appendix E). Viral genomes may also be segmented,

and the number and size of these segments is diagnostic for the genus or family of viruses.

Replication of each of these occurs through double-stranded RNA (dsRNA) forms. These are

relatively stable, and their length is the same as that of the genomic segments that they are

replicating. They are thus a valuable indicator of the presence of an RNA virus and its likely

taxonomic position. Purification of dsRNA from RNA virus infected plants by the CFl1

cellulose method was initially developed by Franklin (1966) and it has been well described by

Dodds (1993) and his colleagues (Valverde et c1.,1986).

This chapter describes the composition of nucleic acids in healthy and ScSMD

affected sugarcane tissues, and isolation of ScSMD associated dsRNAs by the standa¡d CFl1

cellulose methd. The chapter also discuses the development of an improved dsRNA isolation
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procedure called the microgranular cellulose method, from nucleic acid extracts of sugarcane

tissues, and a purification procedure for dsRNA.

5.2 MATERIALS AND METHODS

5.2.1 Materials

Sugarcane leaf material was from the glasshouse or collected in the freld (Iable

2.1). dsRNA molecular markers were prepared by the CFl l cellulose method (Dodds' 1993;

Section 2.2.5.a) fromNicotiana glutino,sø infected with AMV or CMV, N. tabacurncv. Xanttri

infected with TMV and V icía faba infected with PMV'

5.2.2 Methods

5.2.2.1 Total nucleic acid extraction

Total nucleic acid (TNA) was extracted from ScSMD affected and healthy plants,

and other plant tissues infected with viruses (Section 5.2.1) by modifications of the method of

Randles et al. (1986). The method is described in section2.2.3.

5.2.2.2 dsRNA extraction

dsRNA extraction by the microgranular cellulose method was modified from the

merhod of Dulieu and Bar-Joseph (1989). The method is described in Section 2-2.5.aand

summa¡ised in Table 5.1. The standard CFl1 cellulose method was performed according to the

method of Dodds (1992) and is described in Section 2.2.5'a'

5.2.2.3 Gel fractionation of the scsMD associated 9 kbp dsRNA

ScSMD associated dsRNA (Table 5.1) isolated by the microgranular cellulose

method was used for gel fractionation and the procedure is described in Section 2.2-5.b.
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Table 5.1. Microglanular cellulose batch procedure for dsRNA isolation from leaf

. Powder frozen tissue by blending in liquid nitrogen

. Add 4 volumes (w/v) of STE (0.1 M Tris-HCl, pH 8.0,0.1 M NaCl and l0 mM

EDTA) containing 1 7o SDS andl Vo MTG

. Stir mixtue at room temperature for 30 min

. Add 0.5 volume of phenol-chloroform (1:1) and emulsify for 30 min

. Centrifuge (10,0ü) g, 10 min), collect the aqueous phase after centrifugation and

precipitate nucleic acids with 0.8 volumes of iso-propyl alcohol.

. Collect the nucleic acid pellet, dissolve in 1.3x STE (at 0.8 mV3 g of leaf extracted) and

clarify by cenrifugation (10,000 g, 20 min).

. Add micrognnular cellulose to the supernatant (at 10 mÙ3 gof leaf extracted) and mix

for 30 min

. Add ethanol drop wise to20 7o with constant vigorous stining and mix for 30 min

. Collect the cellulose by centrifugation (10,000 g,2min)

. Wash with STE containing 16.5 7o ethanol (5 cycles of centrifugation for 0.5 min

alternating with discarding and replacement of the supernatant)

. Drain and air-dry the cellulose pellet

. Elure with STE (100-200 pll10 mg) and remove cellulose by centrifugation (10,000 g, 5

min)

. Digest with RNase free DNase (RQl, Promega, in the recommended buffer' 100

units/ml, 37 oC,60 min)

. Extract with I volnme of phenol-chloroform and precipitate with iso-propyl alcohol,

as above

. Analyse by agarose gel electrophoresis



corrigendum

5.3 RESULTS

5.3.1 Analysis of TNA by get electrophoresis

Among the methods described in Section 2.2.3, the best extraction method for TNA

from sugarcane tissue was the RNA extraction method. Analysis of TNA extracts by agarose

gel electrophoresis of leaf of sugarcane, and of Nicotiand spp. infected with AMV, CMV and

TMV had gene patterns of characteristic non-degraded ssRNA. No difference in band patterns

was detectable berrveen healthy and ScsMD affected sugarcane on agafose gels using EtBr

staining. However, the genomic ssRNAs of viruses could be detected from TNA of plants

infected with AMV, CMV and TMV in these gels @g. 5.1).

When TNAs from healthy and ScSMD affected leaf samples were analysed by

pAGE using silver staining, there was no detectable difference between the band panerns @g.

5.2). The relatively high concentration of chromosomal DNA and rRNA of sugarcane may

have obscured disease associated nucleic acids. An attempt was therefore made to isolate a

dsRNA fraction from the diseased sugarcane.

5.3.2 Extraction of dsRNA

The standard CFl1 cellulose method yielded small amounts of dsRNA, and other

possible host nucleic acids from leaves of both field and glasshouse glown sugarcane with

symptoms of ScSMD. Similar preparations from healthy sugarcane contained negligible

amounts of nucleic acid. All nucleic acid extacts from diseased leaves showed a sharp band on

silver stained polyacrylamide gels with an apparent molecular size of ca. 9 kbp (using dsRNA

size markers from AMV, CMV, TMV and PMV), together with a variable number of lower

molecular weight bands. No such bands were isolated from sugarcane seedlings or from

healthy sugarcane collected in the field outside the region of occurrence of ScSMD (samples 1

and 4,Fig. 5.3). Leaves from diseased plants grown in the glasshouse had higher yields of the

9 kbp dsRNA than diseased leaves collected from the freld (Fig. 5.3).

The band rvas resistant to DNase and to RNase in high salt concenFation, but was

digested with RNase at low salt, as expected for dsRNA (Fig. 5.4).
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Figure 5.1 Analysisby L.ZVo agarose gel electophoresis of total nucleic acid (INA) extracted

with the RNA extraction procedure from plant leaves. The gel was stained with

EtBr.

I - Healthy sugarcane

2 - ScSMD affected sugarcane

3 &,4 - Nicotiana tabacum cv. Xanthi infected with TMV

5 &,6 - N. glutinosø infected with AMV

7 &8- N. glutinosø infected with CMV

9 & 10- Healthy N. glutinosa.

see corrigendum
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Figure 5.2 Analysisby 3.37o polyacrylamide gel electrophoresis of TNA extracted with the

RNA extaction procedure from sugarcane leaves. The gel was stained with silver.

rRNAs; ribosomal RNAs

H - healthy sugarcane

D - ScSMD affected sugarcane.
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Figure 5.3 dsRNA preparations by the standard CFl l cellulose method. Nucleic acid

preparations were analysed on a non denaturing 6.5Vo polyacrylamide gel and

stained with silver. The dsRNA size ma¡ker (0.88-3.25 kbp) is dsRNA of AMV.

I & 4 - Healthy sugarcane.

6 - ScSMD symptomatic sugarcane grown in the glasshouse.

7 to 11 - ScSMD symptomatic sugarcane collected from the field (Table 2.1)

6t - TNA of sample 6 prepared by the RNA extraction procedure.

see corrigendum
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Figure 5.4 Incubation of ScSMD associated dsRNA with nucleases at 37 oC for t hr, followed

by analysis by O.9Vo agarose gel electrophoresis. The gel was stained with EtBr.

I - dsRNA preparation from SoSMD affected sugarcane digested with DNase

(0.1 unit/pl) in a buffer containing 10 mM Tris-HCl, pH 7.0 and 10 mM

MgCl2.

2 - dsRNA preparation from ScSMD affected sugarcane digested with RNase

(100 ng,/pl) in a buffer containing l0 mM Tris-HCl, pH 7.5 and 0.3 M NaCl.

3 - dsRNA preparation from SoSMD affected sugarcane digested with RNase

(100 ndpl) in a buffer containing 10 mM Tris-HCl, pH 7.5.

4 - dsRNA preparation from healthy sugarcane digested with DNase as in lane 1.

5 - dsRNA preparation from healthy sugarcane digested with RNase as in lane2.

M - I kbp DNA ladder was used as a marker.
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It was found that the use of microgranular cellulose (Table 5.1) for concentrating

dsRNA increased yields by abour l0-fotd (Fig. 5.5). The preparations from the microgranular

cellulose method also contained ssRNA and dsDNA, presumably of host origin. These nucleic

acids were partially removed by one cycle of CFll chromatography (Section2.2.4.c). The

microgranular batch method was thus shown to be suitable for preparing dsRNA from

sugarcane leaf tissue for further studies.

The method routinely adopted to isolate dsRNA from sugarcane tissue \ñ'as to

extract dsRNA with the microgranular cellulose method from the initial large volume of plant

extracrs and then to reduce contaminating host ssRNA and dsDNA by CFl1 cellulose

chromatography.

5.3.3 Specific association of dsRNA with ScSMD

It was found that the 9 kbp dsRNA band was only present in diseased plants (for

example, see Fig. 5.3). Therefore, it could be used both as a molecular marker for the disease,

and as evidence that ScSMD is a disease of viral etiology. The dsRNA was therefore purified

and cloned.

5.3.4 Electrophoretic patterns of dsRNA isolated from ScSMD affected plants

Four dsRNA species(9 ,6,2.6 and2.5 kbp) were detected in microgranular

cellulose prepafations but 9 kbp band was the most prominent (Fig' 5'64)'

The smaller dsRNAs (6,2.6 and 2.5) hybridised to a probe made from the 9 kbp.

There were also some bands below 1 kbp in size that were not visible by staining with EtBr'

but which also hybridised with the probe (Fig' 5'68)'

see corrigendum

5.3.5 purification of ScSMD associated dsRNAs by gel fractionation

ScSMD associated dsRNAs were recovered from agarose gel with the RNaidTlt kit.

The 9 kbp dsRNA when recovered also contained a small amount of the 6 kbp dsRNA. The

dsRNAs were fractionared by BAC cross-linked PAGE @g. 5.74) and the 9 kbp dsRNA band
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Figure 5.5 Comparison of yields of dsRNA from 50 g of ScSMD affected sugarcane leaf

tissue.

I - I kbp DNA ladder.

2 -Prcparcd by the standa¡d CFll method (first cycle of column chromatography

only, Secti on 2.2.4.c),

3 - Prepared by the microgranular cellulose method.

4 - dsRNA size marker (0.88-3.25 kbp) is alfalfa mosaic virus dsRNA.
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Figure 5.6 (A) - dsRNA prepared by the microgranular cellulose batch method treated with

DNase and RNase in a buffercontaining 0.3 M NaCl as described in Fig. 5.4,

and analysed on a097o agarose gel.

(B) - The dsRNA in gel (A) was transblotted and hybridised with a probe prepared

from the 9 kbp dsRNA and autoradiographed.

see conigendum
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was recovered successfully from the polyacrylamide gel using BME to solubilise the gel and

microgranular cellulose binding to recover the dsRNA (Fig. 5.7B).

5.4 DISCUSSION

Factors in the extraction of TNAs from sugarcane leaf tissues were temperatue and

time. The RNA exraction method (Section 2.2,3.c) was found most satisfactory and it was

necessary to powder samples in liquid nitrogen and thaw in the buffer.

No differences in the TNA patterns were found between the healthy and SoSMD

affected sugarcane when fractionated by either AGE or PAGE. dsDNA and ssRNA originating

from sugarcane plants were present in high concentrations, so it would be diffrcult to find

different band patterns if the concentration of the disease associaæd nucleic acid in the extracts

was relatively low. It was therefore found necessary to fractionate the TNA extracts further.

Using the CFl1 cellulose method, ScSMD associated 9 kbp dsRNA was isolated

from field and glass house grown sugarcane. Although the CFl1 method yielded dsRNA from

Nicortanaspp., at least 50 g of SoSMD infected plant material had to be used to detect ScSMD-

associated dsRNA by silver staining and the yield was only ca. 5 ng. Therefore, an improved

method was required.

To increase the yield of dsRNA microgtanular cellulose, a higher binding capacity

cellulose was substituted for CFl1 cellulose. This method gave about a 10 fold higher yield

than the standard CFl l method from sugarcane tissue, and was easier and faster. However,

the products of the microgranular method contained considerable amounts of host dsDNA and

ssRNA in the high salt buffer. These host nucleic acids could be removed by treatment with

DNase and RNase.

The technique routinely adopted in this work to extract dsRNA from ScSMD

affected sugarcane leaf was to combine both of the above methods. First, microgranular

cellulose was used to collect large amounts of dsRNA rapidly from the initial plant extract' The

amount of other contaminating nucleic acids was then reduced by one cycle of CFl1 cellulose

column chromatography. Isolated dsRNAs were fractionated by two cycles of gel

elecnophoresis and used for cloning.
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Figure 5.7 Analysis by gel electrophoresis of ScSMD associated dsRNA. Gels were stained

with EtBr.

(A) - The ScSMD associated dsRNA extracted from the gel shown in Fig. 5.64 by

an RNA exraction kit (RNaidrv kit) and analysed by 6.5Vo polyacrylamide gel

electrophoresis to separate the ScSMD associated 6 kbp dsRNA from the 9 kbp

dsRNA.

(B) - The 9 kbp dsRNA from gel A and analysed by O.9Vo agarose gel

elecEophoresis.

see corrigendum
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Hybridisation between the ScSMD associated 9 kbp and small dsRNAs showed

that the ScSMD associated dsRNAs had sequence homology, and suggests that the 6,2.6 and

2.5 kbp are subgenomic forms fo the 9 kbp dsRNA. The electrophoretic pattern of the other

disease associated 6,2.6 and2.5 kbp dsRNAs differed between the glasshouse grown and

field collected sugarcane. If they are subgenomic, this variation may only reflects rate of

replication (Fig. 5.64).

The isolation of the 9 kbp dsRNA suggests that a virus with a ssRNA genome of 9

kb may be the causal agent of ScSMD.
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CHAPTER 6

CLONING AND SEQUENCING OF SCSMD ASSOCIATED dSRNAS

6.T INTRODUCTION

A direct procedure for identifying a virus is to obtain the sequence of its dsRNA

and to compare it with other sequences in genome data bases. To sequence from a dsRNA, the

accepted method is to synthesise the first stand of cDNA from target templates wittr a primet

and reverse transcriptase, followed by the second strand synthesis.

The primers for the first strand cDNA can be a specific sequence if the sequences of

the target are known, or a random primer if the target sequences are unknown. Many

approaches have been made to generate cDNA libraries from a target, and these have been

developed to preserve as much of the original sequence as possible. To improve cloning

efficiency, the copied ds-cDNA can be manipulated to have restriction sites in comrnon with the

vector. The inserts ligated into vectors are Eansformed into bacterial cells. The transformed

cells may be used for further analysis, such as subcloning, preparation of specific probes or

sequencing of the inserted fragment of the template.

Several procedures have been used for the selection ofcloned target sequences from

transformed bacterial colonies. Each of the transformed cell lines within a library can be

screened for homology with nucleic acid sequences, for expression of an antigen (antibody

recognition). Selection using only a single approach is rarely proof that a clone has been

identified corectly, because even the most stringent criterion for screening rnay select false

positives. Therefore, a combination of selection schemes is often needed and furttrer

characterisation is usually essential for correction. Such analyses must rely on information that

supplements that originally used for screening (Klimmel, 1987). The most convenient method

of characterisation is often just a re-identification of some of the same properties used to select

the clone originally.
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The most commonly used method for sequencing is the enzymatic

chain termination sequencing) because it is rapid and a large number of samples can

processed (Sambrook et a1.,1989).

Sequence similarity searches are used to predict the possible function of an

unknown sequence, to look for relationships to previously published sequences, or to identify

potential phylogenetic relationships. Three main sequence similarity searching programs are

FastA, BLAST and MPsrch. The FastA program is suitable for a sequence similarity search,

BLAST for a basic local alignment search and MPsrch for database searching. Several

databases are available, such as databases for nucleic acid- DDBJ (Mishima, Japan), EMBL

(Cambridge, UK), and GenBank (MD, USA); databases for protein- GenPept, MIPS

(Martinsried, Germany), PIR (Noda, Japan) and Swiss-Prot(Cambridge, UK) (Gotoh, 1982).

6.2 MATERIAT,S AND METHODS

6.2.1 Materials

All primers used in these experiments are listed in Appendix D. All dsRNAs used

in the standard cloning method were extracted by the standard CFI I cellulose method (Section

2.2.4.c). The further purified ScSMD associated dsRNAs (Section 5.3.5) were used in

cloning.

6.2.2 Methods
see corrigendum

6.2.2.a Synthesis of cDNA from ScSMD associated 9 kbp dsRNA with
rPCR and cloning of the rPCR products

Firsr srrand cDNA was made with M-MLV-RT. The 20 pl sample of purified

dsRNA (Section 5.3.5) and 0.5 pg of UN-RH primer was mixed, and denatured by boiling

with 0.35 pl of 1M BME. cDNA synthesised and amplified according to Froussard (1992) as

described in Section 2.2.6.a. l'he rPCR products were analysed on 1.27o r$arose gels. The

gel was stained with EtBr and photographed to record and the gel was ransblotted o hybridise

(Section 2.2.10) with probes made from ScSMD associated dsRNAs (Section 2.2,6.c).

, '.1'.ì
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For cloning, the rPCR products were digested with EcoNI. The digested EcoNI

anns were removed by using a Sephacryt@ ¿OO spin column (2.2.6.a). The EcoRI digested

cDNAs were ligated with pGEM-7zf(+) (Section 2.2.7.a) and transformed into E. coliby the

heat shock merhod (Sambrook et a1.,1989; Section 2.2.7.c). Plasmids were prepared from

transformed bacteria as described in Section2.2.8. The plasmids were further analysed for

check the insert size as well as their specificity to ScSMD. ScSMD specific clones were

selected as described in Section2.2.9.a.

6.2.2.b Cross-hybridisation of clones

Three plasmid preparations containing ScSMD specific clones were selected

according to their size from 50 plasmid preparations with SoSMD specific inserts. The

plasmids were digested with EcoRI (Section 2.2.2.9.b), and analysed on preparative agarose

gels. The inser¡s were recovered from the gels with a QIAGEN gel extraction kit (Section

2.2.9.b). The recovered inserts were 32P-labelled by random priming method (Section

2.2.6.c). The labelled probes were used for hybridisation to check relationships among

ScSMD specific clones (Section 6.2.2.a).

6.2.2.c Sequence analysis

Five ScSMD specific clones were selected and sequenced. The method for

sequencing is described in Appendix F. The sequences tvere edited with SeqEd" software

(Applied Biosystems, fnc., USA). The search for possible motifs in the ScSMD sequences

was carried out by Signal Scan version 4.0 (Prestrge,1996) using the Australian National

Genomic Information Service (ANGIS).

Comparisons with genome data bases were carried out with the Mpsrchru (Oxford

Molecular Ltd., UK) and the FastA in the DISC homology search programs in the World Wide

Web (httptlwww.dna.affrc.go jplhtdocslhomologythomology.htmll; Gotoh, 1982; Lipman &

Pearson, 1985).

Alignments between ScSMD segments and other viruses were done using the

ANGIS with Clustal tü/ (Version 1.4; Thomas et a1.,1994).
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6.3 RESULTS

6.3.1 Amplification of dsRNA by rPCR

The rPCR merhd described by Froussard (L992) successfully amplified cDNA

from 50-100 ng of the purified dsRNA. Optimum conditions for rPCR were found to be a

UN-RH primer concenfation of 2.5 ¡tlll and an annealing temperature of 60 oC. There was

main species of cDNA that were about 350 and 600 bp, but there was no detectable amount of

PCR products from controls (Fig. 6.14).

Most of the cDNAs amplified by rPCR hybridised with the probes made from

ScSMD associated 9 kbp dsRNA whereas all the controls were negative (Fig. 6.18).

6.3.2 Cloning of rPCR Products

cDNAs amplified with rPCR (Section 6.3.1) were cloned into the EcoN[ site of pGEM-

7zf(+),and about 50 recombinant colonies were identified. Inserted fragments ranged from

0.22toabout I kbp in size (Fig. 6.24). The clones from the 9 kbp dsRNA and the 6 kbp

dsRNA contained inserts ranging from 0.3 to 1.5 kbp in size, but both of the smaller dsRNA

(2.5 and 2.6 kbp) were below 300 bp. 24rccombinant colonies were selected for further

analysis.

All of the inserts in the selected colonies were shown to be homologous to the

dsRNA by probing of the Southern blots with a dsRNA specific probe (Fig. 6.28).

6.3.3 Selection of clones for sequencing

Table 6.1 shows characteristics of the clones. Three of the clones (D42, DA10 and

DA14) were selected because they were large and differed from each other. DA20 was selected

because of it was the largest. DA4 was chosen because it was distinct from the others.
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Figure 6.1 (A) Analysis by 1.2 7o agarose gel electrophoresis of rPCR products from ScSMD

associated 9 kbp dsRNA (DA), 6 kbp dsRNA (MA) and2.5 and2.6 kbp dsRNA

(SA), and stained with EtBr. 1 kbp DNA ladder was used as a standard marker.

(B) Southern blot hybridisation of rPCR products from the ScSMD associated

dsRNAs (DA, MA and SA) andcontrols with aprobe made from ScSMD

associated 9 kbp dsRNA by random priming.

I - DA as a template.

2 - MA as a template.

3-Sasatemplate.

Controls for PCR - 4 - Without templates.

5 - V/ithout primers.

6 - Without primers and templates

7 - TNA of healthy sugarcane extracted by the RNA extraction

method was used as a template.

8 - TNA of ScSMD affected sugarcane exracted by the RNA

extraction method was used as a template.

9 - TNA of Nicotiana glutirnsa infected with AMV was used

as a template.
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Figure 6.2 (A) - Plasmids were preprued from the ScSMD specific clones to check the size of

the inserts. The prepared plasmids were digested with EcoRI and analysed by

l.2%o agarose gel electrophoresis. The gel was stained with ethidium bromide

Lanes a to j - Inserts of cDNA prepared from the 9 kbp dsRNA of ScSMD.

Lanes k to u - Inserts of cDNA prepared from the 6 kbp dsRNA of ScSMD.

Lanes v to x - Insefrs of cDNA prepared from the 2.5 and 2.6 kbp dsRNA of

ScSMD

(B) A southern blot of the gel (A) probed with cDNA prepared from ScSMD 9 kbp

dsRNA. The size marker is in lane l. Clones a, b, c, d and e lvere selected for

sequencing.
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see corrigendum

Table 6.1 Cross hybridisation of ScSMD specific clones with randomly labetled with 32P-

dCTP of three clone and ScSMD associated 9 dsRNA.

CLONES PROBES

DA2 DA7 DA14 dsRNANAME

DA2 (a)*

DA4 (b)

DA7 (c)

DA8 (d)

DA9 (e)

DA10 (Ð

DAla (e)

DAle (h)

DA20 (Ð

DA22

MAl (k)

MA2 (r)

MA3 (m)

vIA5 (n)

MA6 (o)

MA8 (p)

MAll (q)

vIA12 (r)

vIA14 (s)

MA16 (t)

MA17

SA1 (v)

SA4 (w)

sA6
*; Numbers in Figure 6.2

+
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+++
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+++
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+++

+++
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+

+

+++

++

+

+

+

++

++

+

+

+

++

+

++

+

+

+

**; Strength of hybridisation on the autoradiograph, +++: strong, ++: medium, +: weak, -: not

SIZE (bp)

650

650

300

370

420

700

700

600

1,000

700

570

3s0

300

440

700

500

350

300

400

600

700

200

230

200

hybridised



6.3.4 Sequencing

The selected five clones, which represented inserts of 0.9 (D420), 0.67 (D414),

0.63 (DAlO),0.6 (DA2) and 0.63 (DA4) kbp in size, were sequenced. When the sequences

were aligned, the three crosshybridising clones (D42, DAIO and DA20) were found to have

overlapping sequences representing a segment of 1.25 kbp. The other two clones showed no

sequence homology with any of the other inserts, and were defined as unique segments of 0.63

(DA4) and 0.67 (DA14) kbp respectively (Fig. 6.3)

6.3.5 Comparison of segments with sequences in the genome data base

A comparison of the sequences with the genome data base identified nucleotide

sequence similarities bet'ween the ScSMD segments and a number of rod-shaped viruses in the

genera Potex-, Capillo-,Trícho-, Carla- andPoryvirus, as well as one virus in the icosahedral

virus genu sTymovirus (Table 6.2). ScSMD segment 3 had significant sequence similarity to

viruses in all6 genera, segment I had significant similarity to viruses in the genera Tricho- and

Carlavirus, whereas ScSMD segment Zhad significant similarity to only three viruses in the

genus Carlavirus. The genome sense orientation of the segments was determined from this

comparison. The strongest overall similarity was observed at both tl¡e nucleotide and amino

acid sequence level with species within the genus Carlavirw, and of this the greatest similarity

was found within the sequence of the putative replicase gene (ORFI) of apple stem pitting virus

(ASPV;Table 6.2) (Jelkman, 1994).

Figure 6.4 shows the sites on the ASPV genome map that matched the ScSMD

segments 1,2 and3. Figure 6,5 shows the best fit alignment of the three ScSMD segments

within the ORFI of ASPV. Marked variation in the degree of similarity benreen the sequences

is evident. For example, fragment 3 showed the highest homology witlt ASPV, whereas

segment 2 showed the lowest (Table 2). In segment 1., part was similar (shaded region)

whereas both the 5' and 3' ends were dissimilar (Fig. 6.4). Moreover, the motifs for replicase

binding (TATA box) and transcription initiation (CAAT box) noted in the ScSMD sequence did

not match with those of the ASPV sequence.
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ScSMD I (630 bp)

DA4

ScSMD 2 (1..25 kbp)

D^2 (650 bp)

DA 20 (920 bp)

DA 10 (650 bp)

ScSMD 3 (670 bp)

DA 14

r:.r:.¡:+tr:.ji':¡:¡1':..:.¡: ..:r:.:. :.''..:..:..:.' ;¡::'::,: :.::.'::.:i::.:..::
'::.::.::i.Ì:.::. !::.1r'.-':Ï,:: .1.:..:'...:":..:.:' ..ü,:.i :.r.:.r.1:.,.
i r'.r'.r'.r'.i'.¡ .r'.r'r'.j.r'.r ' J.J i.i.i.j.ij ..

Fignre 6.3 The sequenced ScSMD segments (ScSMDl, 2 and 3), and their respective clones (D42, 4,10,14 and 20) with their sizes.



Table 6.2. percentage sequence similarity of ScsMD clones versus carlaviruses

and other related viruses.

Virus ScSMD clones

Genus

Species

2 3

nn* aa** nn ra nn aa

Potex virus
WCIMV
BaMV
PapMV

5.8 53.7

53.3

52.O

9.4

Capillovirus
ASGV
CCA
CTLV

6.9 59.6 26.4

64.7

58.8

Trichovirus
ACLSV
GVB
PVT

56.5

58.9

9.3
9.9

60.1

56.3
61.8

37.5

26.6
22.7

Carløvirus
ASPV
BISV
GLV
GarMV
PVM
PVS

ShVX

57.9 14.4

- 13.5

51.6 s.9
- 6.5

67.6
67.7

6s.8

64.9

63.7

68.1

63.0

52.t
52.4

49.r
47.7

52.1

10.7

59.9 l4.L 3.2

Poryvlrus
PRSV 52.6

þmovirus
OYMV 52.6

* : nucleotide, ** : amino acid, and - : homology below 40 Vo for nucleotide and

below 3.0 7o for anrino aoid. Acronym and Genebank number of compared



viruses ; ACLSV : apple chlorotic leaf spot virus (D14996), ASGV : apple stem

grooving virus (D14995), ASPV : apple stem pitting virus @21829), BaMV :

bamboo mosaic virus (D26017), BSV : blueberry scotch virus (L25658)' CCA :

cherry capillovirus A (X82547), CTLV : citrus tatter leaf virus (D14455)'

GarMV : garlic mosaic virus (Dl1161), GLV : garlic latentvirus (268502),

GVB : grape vine virus B (x75448), OYMV : ononis yellow mosaic virus

(04375), PapMV : papaya mosaic virus (D13957), PVM : potato virus M

(Dl444g),PVS : porato virus s (D00461), PVT : potato virus T (D10172)'

shvx : shallot virus X (M97264) and V/clMV : white clover mosaic virus

(D13957).



Figure 6.4 (A) - Diagram showing regions of homology between segments 1,2 and3 of

ScSMD and the genome of ASPV (Jel[<rnan, L994). Regions with high homology

are shaded and those with negligible homology are unshaded.

B - Alignment between sequences of ScSMD segments 1, 2 and 3 depicted in Fig

6.4 (top row), and ASPV (bottom row). Identical nucleotides are denoted by the

symbol '*' and'-'is inserted to adjusted the spacing of the alignment.

Discontinuiries are indicated with arrows at ASPV nucleotides 663,4483 and 63?-4.
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ÀCCClÀAGCÀGCTCTTAÀTCGCTCAÀTTGTCCTCTGAAGÀGCAGGCCÀGAÀTTÀCCAGCTCTGTGACÀCGAAÀGTTÀGCGCAGGÀGGÀÀGÀGÀÀTGÀTCÀ
cAGrtccAGr*GJ¡Àcirt*rrtÀf'cî;;ðÃ;i;;;;;t;tl**¡1r******tT*À*c*cp\i6TGTGTTGGcT**GÀ*Àl{*crT*rrGAriGrcÀrA**- 153

AGGTTTÀTTCAGTTÀTCATGTCTCTCCÀÀCTGTGCÀGA-GAÀGTTGATCÀÀGTCTGGTGTTCÀÀCTCTGTGCCTACTCCTTCTGATGÎACATAGTCÀTCC
TrÀcciTi*T*Ac***-66**16iifc-Giic;cÀÀ;;*T**cr*r*T***tT**rrrGÀrcT*crrrArccr*ci.¡trrtAcAGÀccTi*rTccrrcrr- 252

f(-Jræoxl
TTGTTGTÀÀAÀTGCÎÀGAÀÀATCATATT,JTJ!òTÀCAGAGTTCTTCCTTCTTATGTÀGATTCAGÀTTTTATCCTTGTAGGTATTÀÀGCATTCTAÀGTTAGCC
ÀGTir*crrc*cT**1******¡iiiÏîli[l[**¡1¡**T*À***AGciiiTr*]ic¡¡{TTccrtiTATTrÀ**TÀr*tt*tirÀtpu\*rriGrciÀ*- 352

TlTCTTÀÀÀCCÀÀGAGGCGCC.AÃAÀÀGÀÀTGTTGATCTTTCAÀCTGTTÀÀGGTGCTCAÀTCGTTTTGTCÀCÀATTCTTGACAGÀTCCÀGGTTÀlGGTÀÀÀ*rrT*G*r____________**6J*!¡çîigç¡1**r1*6g¡**TG*riG*N{ccA*i*r*ÀicrÀcÀrATr*rGcÀ****trAGÀrriti*-rtii*GGT- 439

f(+il-ffi-Exl
GAÀGTTTÀÀTCÀCCTCÀÀTÀTCATGTCÀÀCÀTTCACTCCCTGAACCTAÀGGGTÎAGCÀGTTCCTATÀCCCCCTGÀÀÀCTTÎAÀAÀCCCTÀÀTTCCCCÀÀT
TTcrrccircrrA66*g1*6g¡1*i¡*ii6'¡6ç¡¡qr¡*.¡rÀÀircrcAcc**ÀcJ\*o\G*i*TTG*cGATGATccrrc*rrA*TTGI{T*rc*irrrrGG**- 539

l-(-f-¡¡- f-5oxl
CTGGAGCGÀATTTAÀGGGCCCÀCÀÀÀCTTTlTTTTCCCATGÀATGÂÀGÎTTGCÄTTACÎGGAAGGGATGÀÀTCCTAI'AT'A'AÀÀTGCTÀTCÀTCCTTTAGA
GcÀTcrÀic,c*cc*ç**¡-----J6ì6¡¡iiii*g*T*r**t*-rt*c--c*ArittiTiii*c'N\G-rrGG*1*TG*t*rcrtTTiTGGI*¡ArG*GÀ*- 630

DD)
>))>

CCCCCTGCAÀÀGÀTTGATTTCÀTÀGATGGGTÀCÀTCÀÀÀÀCTACGG---TGGÀT
TlGT*ArÀTTTr rC*r* N{l{l[c*Tc* *r ri*GTTCiGT**TicTiÀGcÀGrAtG-3289

CCTÀGTCTTGÀTTCTCGGTÎAÀCATGCATCÀÀlGTACCCGCAGATGGTGATTGTTTTTGGCÀTAGTGTATCTCÎTTÀTCTTGGTGTTGÀGGCCÀÀ--ÀÀT
TT.GAI{*cr***c.¡*1.--*gq**-*c11i16****ç6¡6r**irr*rGÀi**rct**rt***iTctr*GGGGicÀrTcA*i*ttt*t**ciGTG*GTtri-3386
GÀTCAAÀGATGcAGc-TGTTCTÀÃGAÃÀCAGGÀÀTCA---CÀÀÀAÀTGCCAGÀTTAGTTGAGCAAÀTGGGTGATÀÀAGTTTGGGCTGAAGÀTC.AGGCTÀT
TrN\crGrr.c*T¡.¡*.¡ç*¡*6lf*i¡*¡t6r*6666Tri*rTG'c*ÀrrrrriÀG*AiA***T*À*Ài{rGGitcAccr*t**ii*GAGJ\*rArtGGr-3486
ACTÀGÀCTGTGCÀTGTTTTTACÀ.ACTTGATTÀTÀCGTATÀGTA-TTTGÀÀCATGÀÀTTGCÀTACÀTACAGTCCCAATGÀTTTGAÀTGAGGATÀCÀÀCTGÀ
T---icitÀi 11**6*ççgt.1i16[iii¡i6*r16iAT**ccit*Àci**Airc¡{crAr*G**ccTGrÀTATTc¡U\Gccrc*-riri*T----GTrÀi-3578

GGTTTGGCTCÀÀAÀÀTTTGG-ATCATATGCATTTTTGTCCAGCAÀAGTTCÀÎAÀATÎCTTGTGTCÀTTGÀTGCÀÀTCTCTÀÀÀGCÀGTTGACATTCCGCC
ÀiGcr*cÀl\i*TT6.**.*'¡ç*6[ïrl¡1*iç**gNU{*rTTGSiT*ccÀcrc¡rccccri¡iiA*trÀGG*rir*TrrrTcctircttAtTcGcÀG¡GÀ-36?8
TTTGÀÀTGTÀCAÀÀGÀATGATATCTTCÀCAGGAGÀGTCÎTCACTCCGÀGTÀTGAGAGÀTTGAGCÀGTGGGAÀÀTCCTTTGÀTCTCCTTGGÀCTGGÀGAGT
ÀG*TG** **TTTc6---g16* *gTtG6çl**gç16ç* *¡*c*GGJ\TcTc*T* **ÀcJ{*Gr TGCAGN\r *TrG*GGT* rcJ\Gcl\* *TirtÀcr*cÀcc**À-3?75

TTGAÎGACTTTCTTCÀÀCÀTAGGGGCTGÀÀGTACAGGÀAÀÃîGGTCACÀÀGTTÎÀTTTTGÀGCGÀGÀÀTGGCÀGTÀGGGCTCGÀ'AGCTTCAIICTGGÀGÀ
r iAT*SGAG.¡{*Tf **1ç¡* *g1*Tili¡61* *'¡6*ç¡g1'GGr * rGG*cTTrÀ*c* rGG*TiATr*Air * **À*iÀ*TTcr rGc*GlU{rrrTc*Ti t* rr*-38?5

ÀTÀÀTCÀTÀTTGAÀTTTGTTGCTGGAGATAGAÀAGGÀTCTÀAGAAÀGGÀGGGAGTTGGGTTTGTTÀÀGCTÀÃTGÀATGCÀÀATCAÀÀGTAÀGTCTGTGCT
*Àci ci *cT* cicç",\q¡* r ç*¡¡ÀcCcTcTc* * crAG---c*À*TTcÀcccc*A* c*TcrcA*A* cT*ÀÀTrGÀGTCTr * * r *ÀGI'GcG*TrcGþIrc'* -3972

GTCTCTCGCCTGCTCÀAÀGGTTA]qÀTÀCÀCCCCÀTCTTATGÀCAGAGCCTTTAÀÀCTGÎCÀÀAÃGCTTTTGCTÀATGGTTÀTÀCAGGCÀTÀÀT--GCTTA
rc* rÀrrN{TG*c6 *16 *¡* * * 6.ç ii1 *6¡q* *1 * *g¡1.r *irc*T* * r ÊcÀicr* r rcrrc*TAG*i *ciAG*T * * r rcc** * *r trciccirrrrcÀG-40 7 2

GCAGTGAÀÀÀÀ--TTTGGCGAGATTGÀ-------ÀÀTCAÀTGGTÀÀGAÀTG----ACGÀGAGGGÀÀÀTCÀÀTGTTATGATGGGÀÀCATTTGGGGCTGGÂÀ
* GrÀ*T* * *c*Gcq¡g¡*N\* r * i iT*6ç¡1ç6¡** *16* rTccTGÀtT* *GTcc*T r *i i r rA* * c*GiTÀl{i Gi *Tc*T* * r r*G* *cr tÀTGc* r t *-41 ? 2

ÀGACTÀGÀGTÀTTTGTGGÀTTATATTCAGGCTTÀCTCTGGTAGÀGGTTTÀllTTAlGTTAGCCCÀÀGÀÀÀGAÀCCTTÀÀGGAGCTTTTCGÀTÀÀCTCTGC
** rG*TccT* **tg¡¡q*¡r6*1ç*i iG* *Àl{Gic*ciit*À*A**co{rt¡c*rTir *cTcÀ***r *G*G*TcJ\* **GcTr*r---*crÀ.¡r**Tq¡lr*À-42 69

CATCCÀGGCAGTTCÀÀGGCTTTÀÀÀÀCCÀÀGTCAAGTGÀCAÀGÀÀÀGGCÀGTGTAÀAGAGTTTTCÀTAGCTCTTTCACCTTÎGÀGÀCTGCTÀTÀÀTGÀÀÀ
TTtcGGÀcT* rcc*61*1*66*6g-r*¡61ìtfi*---* *66rt t *cTN{cci{úc*G*rÀtÀrGrGiGrGTrAl{l{---r*1i * *riATTGTTSr rcc*TcrT-43 63

GCCGGCCÀGÀTTGGCGÀTGÀTTCÀÀTTCTTÀTTATÀGACGAGATTCAGCTCTÀTCCGCCTGGCTACClTGÀT1TÀÀTCCTTCTÀTTGATÀCCTTCÀÀGTT
cTT¡ÀTAGc* *cÀ46* *6*6*g¡çìg*G**c*G* ic* *T* iÀt*ti** tit*1t*i* **A* ***iTAtÀt**r*G*iÀl\rr*rTGG*TriÀl{Gc*T*AiG-44 63

)))>)
)>),

ATCGAAGACACTCACTGCCAATTGATÀTTGCTGATATATTCÀTGAÀGTCACAÀCTCTGCACAÀAÀÀT
¿i1*16¡*6*1*6---É***GtG**irp\ttAcTcticiit*****ittct****T*tàitc**t1*-5'120

GGAGÀGTAÎGTTCTGCGAGGCAÀAGGCTGGTCÀGÀCTTÎÀGClTGTTTCCÀTCÀTGTAGTTCTTGCÀCGÀTTTTCTCCATGGGTCCGTÎÀCÀTÀGÄAÀÀG
Tr*crÀc*Gri**¡t6¡61*tç**¡ii*i*¡******ç*T*trr*c**T*iA*i*Tct**i**tTGo\*ti**GrAr*c*Ac'¡\tGÀ*A****iTi**Tcc-5820
AÀGCTGGTCAGTTCACTGCCÀGATAÀTTACTÀTATÀCACÎCTGGAÀAGAAClTTGÀTCÀACTCAÀTGCTTGGGTTAÀGGCÀÀÀCÀÀTTTTGTGGGTGÀÀÎ**rG*TÀ6AGAGG16**1***¡.¡ììig'¡¡*rç**'¡**1**iii*****iTA**t**G*c**AGçA**i*tttrG*cTAii*GTi*Àr*cAl{TiirtTGr-5920

GCACTGÀÀTCGGÀTTATGÀGGCCTTTGÀTGCÀÀGTCÀÀGATCÀCTATÀTÀCTGGCCTTTGAÀTTAGCÀTTÀATGÀAGTACCTTGGTCTACCCAÀTGAGÎTiiiiçii6i*1*****r**r*r¡iiiiii*r91ç6*r***ttrT*T*t*c**rirTrririGcrTr¡tGrc*Ír*rÀrTrTiGr*rTicrrTTccrrccr-6020

GATÀGAGGACTACÀÀGTÀCATTÀÀGAÎTCÀTTTGGCTCÀÀÀÀTTGGGTGATTTlGCCATAÀTGÀGATTCACCGGTGÀ'AGCCAGCACTTTCTTÀTTTÀÀCA
cr*T*cr**Tri**gç*1***g*i¡i6çi*iii**¡t*çirrc*AtrI¡¡\Gi*ti*ii*tTÍ**cici***tÀi**t**t*A***iicttt**GiicitT*-6120
CÀÀTGGCÀÀÀTÀTGCTTTTCACTTTTClGGTCTÀTGÀTÀTCÀÀÀGGCÀÀTGAGÎCÀATTÎGCTTTGCTGGCGÀTGÀCÀTGÎGTGCAÀATACÀÀGTCTTÀÀr**rr*i*r*************giiir*gAGGrirr**ci***Tr*G*GGi*AG*GirÀii*i**ttcitTr*l*t*t****ciiT**cT*T*rGrrcr*-6220

GÀCÀTGCGGCÀÀGÀÀCÀÀÀÀGTTÎGCTCAÀÀAAGTTTACÀCTCÀAÀGCTÀÀÀGTTCAGGTÀACTGÀÀAGCCCÀÀCÀTTTTGCGGATGGCÀCTTGÀCTGAG
*GTcÀcNU{i *G*11*1ç* *¡* * ifi *16þ*i¡.¡q* * *¡Gi*1ii r * i i **G**GiiATrcit *ic1rcG**riiTt*c* *T*tr*i¡GGicr*TG** *A-6320

GAlG
cttù-6324

GCCTCAGTÀTGTTÀCGCÀCTÀTGTÀTGCCÀCCC
¡ r rGG*ÀGTCÀTGTTiGC* rclu\riGT*TT*ir-663

GCATGGTAÀTTTGTGCTGGT
T* *ÀTÀ*TirN\TAri * ** r-4 483

)( B



These similarities strongly support the conclusion that the sequence obtained from

ScSMD affected sugarcane is from an associated ScSMD virus (ScSMV), that this virus is

likely to be rodshaped, and with currently available data that it is most closely relaæd to some

members of the genus Carlavirus.

6.4 DISCUSSION

It was found in the first attempt at cloning that pure dsRNA was required.

Contaminants were efficiently removed by using both DNase and RNase treatment in high salt

conditions before gel fractionation, as well as omitting all size markers from the gel

fractionation procedures'

Heat denaturation of dsRNA prior to reverse transcription was used instead of

methyl mercuric hydroxide because the latter gave inconsistent results. The highest yields of

cDNA were obtained after heat denaturation in the presence of random hexanucleotide primers

followed by slow cooling. rPCR successfully amplified cDNA from a small amount of pure

dsRNA. The annealing step in the PCR was done at 60 oC instead of 55 oC (Froussard,1992)

to maximise specificity. PCR products were reduced in size when a large excess of the UN-

RH primer was used. The amplifred ScSMD associated cDNAs were cloned and selected

clones were sequenced.

The nucleotide sequences obtained from the dsRNA represented 2.55 kb of the

estimated 9 kb of the ScSMD specific RNA. A homology search showed that the three

'sequenced segments had some identity with several species within the genus Carlavirus.

Overall, the greatest similarity was with the ASPV ORFI that is the putative replicase region

(Jelkrnan, Lgg4). Less but significant similarity was observed with other genera representing

both rod-shaped and icosahedral viruses. The sequence similarity to one of the tymoviruses is

probably due to the known similarity between the replicases of potexviruses and tymoviruses

(Koenig et a1.,1995). Other motifs, such as the coat protein gene of the viruses in these

genera, are not similar, so that nucleotide sequences homology betrryeen these ORFs would not

be expected.

These resulrs indicate that the agent of ScSMD is probably a rodshaped virus in the

genus Carlavirw. Because the size of the ScSMD associated dsRNA is longer ttran for most
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carlaviruses, except ASPV, blue berry scorch virus and potato virus M, the virus particle would

be expected to be longer than the mean length discribed for this genus (Brunt, 1995).
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CHAPTER 7

PURIFICATION AND CHARACTERISATION OF VIRUS

PARTICLES ASSOCIATED IryITH SCSMD SPECIFIC dSRNA

7.L INTRODUCTION

To study structures and other basic properties of a virus, it is essential to be able to

obtain a disease associated particle. Plant viruses vary over a 10,000 fold range in the amount

present in their hosts (Matthews, 1991). They also differ in their stability to various physical

conditions and chemical agents and enzymes that may be encountered during isolation. For

these reasons, different procedures are available to purify viruses from their hosts.

During purification of viruses, it is often necessary to design an exüaction medium

that will preserve the virus particles in an intact and unaggregated state during isolation and

storage, but which will disrupt or absorb host organelles and proteins. Important factors to

consider in an extraction medium are pH, concentration of divalent cations, reducing agents and

protection against phenolic compounds. Abilities to remove plant proteins and ribosomes, and

to release virus agents from host components are also required (Francki, l97l).

V/hen virus particles have been isolated, electron microscopy can be used to study

their structue. This technique depends on differences in electron scattering of different parts of

the specimen. Various techniques for preparation of specimens have been developed and

applied to study the structure of viruses because virus particles themselves have little conuast.

These include shadowing, positive staining and negative staining. Shadowing obscures surface

details and positive staining can cause alteration or disintegration of the particles. Negative

staining is the most widely used procedure (Hayat, 1989) because it requires only short

treatment and shows good contrast on surfaces. Characteristics of commonly used negative

stains are described in Section 1.4.2.b.
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7.2 MATERIALS AND METHODS

7.2.1 Materials

SgSMD affected and healthy plant materials were used for the virus purification

procedure. The healthy sugarcane plants were raised from seed (Table 2.1), and they were

tested with ScSMD specific probes made by the random priming (Section 2.2.10) to ensure that

they did nor contain scSMD associated dsRNA (section 2.2.6.c).

see comgendum

7.2.2 Methods

7.2.2.a Virus purification

An attempt was made to purify a virus from ScSMD affected sugarcane leaves by a

modification of the method of Randles et al. (1989).

All steps in the procedure were ca¡ried out at 4 oC. One kg of healthy and ScSMD

affected leaves were harvested and the midribs were removed. The leaves were chopped into

small pieces (ca. 1 cm2) and blended in a pre-chilled commercial blender (WARING' USA)

with 5 volumes of extraction buffer (0.1 M phosphate buffer, pH 7.0, 10 mM EDTA and l%o

MTG). The slurry was filtered through 2layers of muslin cloth. Triton X-100 (57o) was

added to clarify the extracts and they were incubated with stirring for 30 min. To precipitate

possible virus particles, PEG 6000 was added to a final concentration of 87o (wlv) and

incubated with stirring for 40 min. The solution was centrifuged at 10,000 g for 10 min. The

supernatant was discarded and the pellet was resuspended overnight in 0.2 volume of l0 mM

Tris-HCl (pH7.$ in relation to the original volume of plant extract. Insoluble material was

removed by centrifugation at 10,000 g for 10 min and the pellet was discarded. The

supernatant was layered on top of. a2O7o sucrose cushion (6 ml) in a 60 Ti cenfifuge tube

(capacity: 38.5 ml, Beckman) and centrifuged at 45,000 rpm for 2 hr. The pellet was

resuspendedin23 ml of 10 mM Tris-HCl, pH7.2, for 6 hr to overnight. Insoluble material

was temoved by centrifugation, as above. 7.5 g of Cs2SOa was added and the solution was

cenrrifuged in an SW 65 1ì (4.4 ml, Beckman) rotor at 45,000 rpm for 18 hr. Bands were

visualised by light scaftering and collected with a syringe using an 18 gauge needle and therest
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of the CszSO¿ gradient was fractionated by recovering 0.5 ml steps from the top. They were

then dialysed againsr 10 mM Tris-HCl, pIJ7.4, for 16 hr. The dialysate was centrifuged at

50,000 rpm for 2 hr in a TLA 100.3 rotor (Beckma¡r) and the pellet resuspended in storage

buffer [10 mM Tris-HCl, p}{].4 and}.OT%o (w/v) NaNs]. This was used for electron

microscopy or 1 volume of glycerol was added for storage'

A sample from every step of the virus purification procedure ï:J:"*!:f.on 
a nylon

membrane and hybridised to probes made from a ScSMD specific clone (D44, Sectíon '¿.2.10)

to monitor the purification procedure. The fractions that hybridised to the ScSMD specific

probes were used for TEM (Section 2.2.2.d) and examined with a Phillips CM 100 electron

microscope. The fractions were also pelleted by centrifugation and used for SDS-PAGE.

7,2.2.b size measurement of detected virus-like particles

Virus-like particles were photographed and the electron micrographs \Pere scanned

into an image analyser (Adobe Photoshop'") with a photoscanner (Relysis*¡. The size of TMV

particles used as an internal size marker, and virus-like particles were measured with a

computer program (Kontron"").

7.2.2.c SDS-PAGE

A SDS-PAGE discontinuous polyacrylamide gel electrophoresis system (Laemmli,

1970) was used. The gel electrophoresis was caried out according to the procedure of

Sambrook et at. (1989) and is described in Section 2.2.5-a.

Final pellets of the fraction that contained virus-like particles (Section 7.2.2.a) were

dissolved in loading buffer (50 mM Tris-HCl, pH 6.8, 100 mM DTT, 27o SDS,o.l%o

bromophenol blue andl0Zo glycerol) and loaded into wells in a gel with an adjacentprestained

protein marker (BioRad). The gel was run at 5 V/cm until the tracking dye hadreached the top

of the resolving gel. The voltage was increased to 10V/cm and the gel was run until the

tracking dye had reached the bottom of the resolving gel. The gel was stained with Coomassie

brilliant blue or silver (Section 2.2.5.c).

59



7.2.2.d Nucleic acid fractionation

Nucleic acid was isolated (Section 2.2.13.a) from the fraction that conøined virus-

like particles. The samples were analysed by formaldehyde gel electrophoresis and hybridised.

The procedure is described in Section 2.2.5.b.

7.2.2.e 3'terminus

Nucleic acid was isolated from ScSMD associated virusJike particles and used for

making gDNA with a primer {d(T)rs} to check for the presence of poly A at the 3'end. The

procedure is described in Section2.2.l2.b.

7.3 RESULTS

7.3.1 Virus purification

The dot blot of the pellet sample of ScSMD affected plants from the sucrose

cushion step bound the 9 kbp dsRNA specif,rc probe. A sample from the band(1.27 g/cm3) in

the CszSO¿ density gradient also hybridised to the probe. Samples from other fractions of the

SgSMD affected sugarcane and the plant extracts of healthy sugarÇane did not hybrridise to the

probe (Fig. 7.1).

In samples prepared from the samples that hybridised to the dsRNA specific probe,

filament-shaped virus-like particles were observed (Fig.7.2). Because the particles were

associated with SoSMD and their nucleic acid was homologous with the disease-associated

dsRNA, it was assumed that they were the viral agent of ScSMD. They were therefore named

sugarcane striate mosaic virus (ScSMV) particles.

7.3.2 Size of ScSMV

Under the TEM, the TMV particles which were used as an internal standard had a

mean length 300 nm and a mean diameter of 18 nm (Fig. 7.2B). The diameter of ScSMV was

a uniform 15 nm but the lengths of ScSMV particles ranged from 400 to 3,400 nm (Fig. 7.2).
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Figure 7.1 Dot blot hybridisation with a probe prepared from clone D414. ScSMD

associated dsRNA was dotted as a positive control.

Bottom row is from ScSMD affected sugarcane.

Top row is from healthy sugarcane.

1 - High speed pellet after207o sucrose cushion centrifugation.

2 - High speed pellet from the band isolated after CsSO¿ gradient centrifugation.

3 - Pellet after PEG precipitation.

4 - Supernatant after PEG precipitation.
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Figure 7.2 Elecron micrograph of isolated virus particles from ScSMD affected sugarcane leaf

tissue. The bar rePresents 500 nm.

(A) ScSMD associated virus particles from the high speed pellet of the band of the

CszSO¿ gradient centrifugation.

(B) The sample (A) mixed with purif,red TMV.

T - Tobacco mosaic virus.

S - Sugarcane striate mosaic virus.

see comgendum
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The length distribution was bimodal and the main two components were 1,0100t 100 nm and

2,000a 100 nm in length (Fig. 7.3).

7.3.3 Size of the capsid protein of ScSMV

On the SDS-PAGE, a major protein band was observed which is assumed to be the

capsid protein of ScSMV. The size of this capsid protein was ca. 51 kDa. No proæins were

detected in the comparable fraction of healthy sugafcane (Fig. 7.4).

7.3.4 Nucleic acid of ScSMV

The nucleic acid isolated from ScSMV was a ssRNA because it was not digested

with DNase, but was digested by RNase in a buffer containing 300 mM NaCl. The size of the

RNA was ca. 9 kb. The method using proteinase K treatment without phenol extraction

showed some degradation but more degradation of the RNA occurred after a phenol extraction

step (Fig. 7.5).

7.3.5 3' terminus of ScSMD RNA

When d(T)rs primers were used for cDNA synthesis, extension of the primers

occurred and the size of the products was in range of 0.3-3 kbp (Fig. 7.6). SoSMV thus

assumed to have poly A at the 3'terminus.

7.3.6 An isometric virus Particle

Icosahedral virus-like particles (30 nm in diameter) were observed from the CsSOa

gradient fraction (ca. 1.22 g/cm3) of one of the ScSMD affected sugarcane plants (Fig. 7.7).

The nucleic acid of the particles did not hybridise to the probes made from a ScSMV specific

clone DA14.
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Figure 7.4 Samples prepared from the high speed pellets of ScSMD affected and healthy plants

from the CszSO¿ gradient fraction and analysed by discontinuous SDS-PAGE

(Laemmli, 1970). The gel was stained with silver.

Lane 1 - søndard protein size marker.

2 - High speed pellet of healthy sugarcane from the same Cs2SO4 gradient

fraction as the diseased plant (Lane 3).

3 - High speed pellet from the CszSO¿ gradient fraction in which ScSMV

particles were observed.

4 - Purified PSbMV.
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Figure 7.5 Northern blot hybridisation of RNA extracted from ScSMV fractionated by Cs2SOa

gradient centrifugation and probed with a ScSMD specific probe prepared from

clone D414. A RNA size marker (Promega) was used to calculate the size.

Lane I - Nucleic acid of ScSMV digested with RNase A (100 ng/pl) in 50 mM

Tris-HCl, pH 7.0 and 0.3 M NaCl rt37 oC for 30 min.

2 - RNA prepared by proteinase K treatment in 50 mM Tris-HCl, pH 7.4 and

17o SDS and precipitation with E-OH.

3 - RNA prepared by proteinase K Eeatment as in lane2 followed by phenol-

SDS extraction and precipitation with E-OH.
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Figure 7.6 3zP-labelled cDNA products primed with oligo d(T)rs and analyse;d,by l.2vo

agarose gel elecrophoresis and followed by blotting. The blotted membrane was

autoradiographed.

Lane 1 - I kbp DNA ladder as marker.

2 - ssRNA of PSbMV used as a template with a poly A 3' terminus.

3 - Nucleic acid extracted from the pellet of healthy sugarcane after the

sucrose cushion centrifu gation.

4 ¡o 6 - ScSMV RNA.

see corrigendum



M 12 3 4 5 6

kbp I
3.0 >

1.0 >
0.5 >

rt- -'

-

G



*
e

Figure 7.7 ¡i1ecgion micrograph of spherical virus-like particles (30 nm in diameter) isolated

from leaf tissue of one ScSMD affected sugarcane leaf tissue. The particles were

negatively stained with phosphotungstic acid. The bar represents 500 nm.



7.4 DISCUSSION

During the purification of ScSMD related virus particles, it is important to note that

the pellets had to be resuspended with stirring overnight before undissolved materials were

removed by low speed centrifugation. This would probably be due to the isolated virus

particles being rod-shaped and aggregating tightly during high speed centrifugation.

The size of the virus particles was 400-3,400 nm in length and 15 nm in diameter.

The ScSMV particles showed a bimodal distribution. The ratio between the size of its RNA

and the particle length was in the range between 10-13 (nucleotide/nm) in filamentous viruses,

for example I 1 for CLV, 11 for ASPV, 12 îor BISV and 13 for PVM (Table 7.1). The unit

size of the 9 kb ScSMV would therefore be the 900-1,100 nm particle class and the 1,900-

2,lOO nm would be the dimer.

The 900-1100 nm length class and the putative capsid protein (51 kDa) was larger

than for most of the carlaviruses and the potyviruses (Table 7.1). However, the structure of

filament-shaped ScSMV particles with little flexibility is similar to the carlaviruses. The

genome size of ScSMV, 9 kb, is similar to that of the proposed carlaviruses ASPV and BISV

which are longer viruses within the Carlavírus genus (Table 7.1). The sequences of these

viruses also had highest sequence similarity with ScSMV segments.

From these results, the ScSMD associated SoSMV particles may be a virus in the

genus Carlavirtu. The ScSMV particles resemble thoise of members of the larger goup of ttre

carlaviruses.
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Table 7.1 Cha¡acteristics of ScSlvfV compared with some members of the Carlavirw and Poryvirus genera-

Genera Pa¡ticle structure Modal RNA size Coat sue

Carløtirus

Capíllovirus

Triclnvirus

Potentirus

Closterovins

*; Martin and Bristow, 1988.

**; Koganezawa and Yanase, 1990.

Slightly flexuous filament

Slightly flexuous filament

Very flexuous filament

Flexuous filament

flexuous filament

I

90G.1,000

610-700

650

675-720

800

&0

640-800

470-580

6s0-900

1250

9.0

7.4-7.7

8.5

8.9

9.3

6.5

6.3-7.6

6.3

8.5-10

51

34

34

37

48

n
22-n

L8-n

37.4

il

15.5 23-28Beet yellows virus

Species

ScSMV

Carnation latent vinrs

Potatovirus M

Blueberry scorch virus*

Apple stem pining virus**

Apple stem grooving virus

Apple chlorotic leaf qpot virus

Potato virus T

Potato virus Y



CHAPTER 8

DIAGNOSIS OF SCSMD BY HYBRIDISATION AND RT-PCR

8.I INTRODUCTION

There are two main types of diagnostic methods for plant viruses, biological

and non-biological. Biological methods are an essential part of diagnosis, but they are

expensive in time, labour and facilities. Improved methods are required to recognise plant

diseases or pathogens. Non-biological diagnostic methods developed recently depend on the

recognition of components specific to the group of viruses. Electron microscopy,

immunology, component isolation, nucleic acid hybridisation and PCR amplifrcation are

applications of component analysis (Randles et a1.,1996). Nucleic acid hybridisation and

PCR in particular they have made a major impact on the diagnosis of viruses (Hadidi et al.,

1995).

The basis of all molecular hybridisation is the interaction by base pairing

between the bases, adenine and thymidine/uridine, and cytosine and guanine. The base paired

nucleic acids can be separated by various physical and chemical procedures. The separated

süands then can be reinstated into the double-stranded nucleic acid (termed hybridisation)

enabling the various factors controlling the stability of the duplex to be examined. Many

factors are involved in this process (Hull, 1993).

The simplest format is dot blot hybridisation, in which the target sample is

spotted onto the membrane. Results of dot blot hybridisation do not give any information on

the size or number of species of the target nucleic acid. Such information can be gained by

elecrophoresing the nucleic acid in a gel and then Eansferring on to a membrane by capillary

blotting (Southern or Northern blot) (Hull, 1993).

Dot or capillary blot hybridisation can be used to identify specific nucleic acid

sequences in preparations ranging from crude extracts to the purifred RNA or DNA of

interest. For quantitation of viral DNA, it appears that no additional sample preparation is
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necessary, but for viral RNA various interfering compounds need to be removed by phenol

exüaction before testing (Maule et a1.,1983).

pCR assay provides a good alternative to other diagnostic methods in plant

viruses and can speed diagnosis because of its great sensitivity. PCR is an ínviffo method of

amplifying sequences of DNA exponentially through repetitive cycles of DNA synthesis.

The reaction can be achieved by annealing of specific primers to a target DNA followed by its

extension using a heat stable DNA polymerase (Wetzel et a1.,1991). Before PCR can be

used for detection of RNA viruses, viral RNA is first reverse transcribed to cDNA (RT-PCR).

This technique has been used successfully to detect very small amounts of viral nucleic acids,

and is more sensitive than molecular hybridisation or ELISA for the diagnosis of many plant

viruses (Hadidi et a1.,1993).

S.3 MATERIALS AND METHODS

8.3.1 Materials

The sugarcane plants used in these experiments are listed in Tables 2.1and

2.2. Allchemicals used in these experiments are described in Appendices A, B and C.

primers used for the RT-PCR assay to detect ScSMD associated sequences are listed in

Appendix D.

8.3.2 Methods

8.3.2.a Dot blotting

Nucleic acid samples extracted by the crush method (Section 2.2.3.a) were

dissolved in TE (pH 8.0). Dor blotting of the samples was ca¡ried out according to the method

of Sambrook et al. (1989) as described in Section2.2.l0'a'

8.3.2.b Capillary blotting

TNA from sugatcane tissues was extracted by the crush method (Section

2.2.3.a) and analysed by formaldehyde agarose gel electrophoresis (Section 2.2.5.b).
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Capillary blotting of the gel was caried out according to the method of Sambrook et al.

(1987) with some mod.ifications. The procedure is described in Section2.2.l0.b.

8.2.3.c Hybridisation assaY

see conigendum

SçSMD clones (D42, 4, and l0) were transcribed by DNA polymerase I with

random primers and labelled with 32P (Sectio n 2.2.6.c). The transcribed probes were heated

at g0 oC for 5 min in 5OVo formamide and added to the prehybridisation solution at about 1.5-

3x 106 cpm/ml, and used for the hybridisation assay'

Dot or capillary blotted membranes (T.etaprobe@) were hybridised according

to the method of Sambrook et al. (1939) with some modifications and the procedure is

described in Section 2.2.1O.c.

8.2.3.d Design of primers for RT'PCR

The sequence of clone DA20 was used for designing the primers for ScSMD

detection because of its size (920 nucleotides) and least homology to other viruses (Table

6.2).

The sequence of DA20 was analysed in the Oligo* program. Several forward

and reverse primers were designed in the size range of 20-25 nucleotides. They were checked

for possible hairpin structures and stability and the most stable with least self priming werc

selected for further analysis.

The selected primers were checked by the Amplify* program. The known

sequences of DA20, ASPV, BISV and PVM were used as templates in the computer analysis.

Three primers (1 forward and.2reverse) which had the highest primability and stability werE

selected for the RT-PCR. They were SD900 and SD500 for reverse, and SD100 for forward.

The expected sizes of RT-PCR products in the computer analysis were 818 or 458 bp (Fig.

8.1).
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-'l36 s7 4it2 493 832 853
DA2O

Expected RT-PCR products

81E bp

45t bp

Figrre 8.1 Sites of the primers which were designed and selected for RT-PCR detection of ScSMD in clone D420.

The expecæd RT-PCT product is 818 bp using primers SD100 and SD900, and 458 bp using SD100 and SD500.



8.2.3.e RT-PCR assay

The RT-PCR assay was carried out using primers SD100, SD500 and SD900

according to the method described in Section 2.2.12.a. .

Several different RT-PCR programs were carried out to find the optimum

conditions for amplification of ScSMV. The products were analysed on a 1.27o agarose gel.

The gels \ilere then transblotted and hybridised with ScSMD specific probes made from clone

DA10 (Section 2.2.6.c) because it didn't contain sequences of the primers SD100 and SD900

(see Fig. 6.3).

8.3 RESULTS

8.3.1 Hybridisation with ScSMD diagnostic probes

All probes transcribed from the clones (DAZ,DA4 and DAl4) hybridised to

the ScSMD associated dsRNAs and TNA. The probes made from DA14 were chosen

because they hybridised most strongly to total nucleic acids of the ScSMD-affected sugarcane

leaves. The probe also hybridised weakly with dot blots of one of the field collected healthy

plants but not to dot blots from healthy sugarcane plants gfown from seeds (Fig. 8.2).

Results from the Northern blots of the TNA showed that there $,as a ca. 9 kb

band in the sample of the SgSMD affected leaf, but not in samples of healthy sugarcane plants

raised from seeds (Fig. 8.3).

8.3.2 RT-PCR assay for ScSMD diagnosis

The optimum conditions for the PCR with the primer set SD900 and SD100

were initial denaturation at 94 "C for 2 min, 30 cycles of 94 oC for 1 min, 54 oC for 1 min and

TZocfor 1 min, with a final extension ú72ocfor 7 min. The annealing temperature could

be varied over the range of 45 to 57 oC. There was 800 bp of PCR products using DA20

(lane I in Fig. 8.4) but not from PCR controls (lanes from 2 to 7 in Fig. 8.4).

The optimum conditions for the primer set SD500 and SD100 was initial

denaturation at94 oC for 1 min, 30 cycles of 94 oC for 1 min, 50 oC for 40 sec and 72 "C for
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Figure 8.2 (A) Results of dot blot hybridisation assay with a ScSMD specific probe prepared

from clone D414.

(B) Sample code and lay out:

DA14 plasmid used dotted as a positive conrol.

Q96 and Ql17 - Sugarcane hybrids.

T - Total nucleic acid.

D - microgranular cellulose prepared dsRNA.

d - ScSMD affected sugarcane plants.

SH - Healthy sugarcane raised from seed in a glass house.

FH - Healthy sugarcane collected from the field.

G - Glasshouse grown sugarcane.

BA - ScSMD symptomatic sugücane collected from Ballao.

MA - ScSMD symptomatic sugarcane collected from Marshall.

MI - ScSMD symptomatic sugarcane collected from Michelin.

FA - ScSMD symptomatic sugarcane collected from Fava.

PE - ScSMD symptomatic sugarcane collected fromPellizari
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Figure 8.3 Northern blot analysis of TNA from ScSMD affected and healthy suga¡cane plants

hybridised with ScSMD specific probes transcribed from the clone D414.

1 - TNA of field collected ScSMD affected sugarcane from Ballao.

2 - TNA of the glasshouse grown SoSMD affected suga.rcane.

3 - TNA of the glasshouse grown healthy sugarcane raised from seeds.
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I min, and final extension at72 oCfor 7 min (lane 8 in Fig. 8.4). There was 500 bp of PCR

products using DA20 (lane g in Fig. g.4) but nor from pcR controls (lanes from 9 to 14 in

Fig.8.4).

Using TNA from the diseased plants only one sample of RT-PCR products

using the primers sD100 and SD900 from TNA showed a virus specific band by staining of

the agarose gel (Fig. 8.54).

To find out whether there were any PCR products which could not be detected

with EtBr staining, the gel was transblotted and hybridised with the probe transcribed from

D410. Several samples of the diseased plants (Fig. S.5B) had a small amount of RT-PCR

products. There was also a small amount of the products in one of the field collected healthy

planrs which weakly hybridised to the scsMD specific probe (Fig. 8.2; lane 13 in Fig' 8'5B)'

but not from healthy plants raised from seed'

'When 1 pl of the first RT-PCR reaction of samples was used as a template for

a second PCR reaction, a 800 bp product could be seen on an EtBr stained agafose gel from

TNA of all ScSMD affecred bur not from healthy sugarcanes (Fig. 8.64) . All products of the

2nd PCR reaction hybridised to the DA10 probes (Fig' 8'68)'

When the primer set SD100 and SD500 was used for RT-PCR, there was no

detectable amount of pcR products by staining with EtBr as well as by hybridisation with the

ScSMV specific Probes.

S.4 DISCUSSION

An essential tool for the study of a virus disease is to find a speciflrc and rapid

diagnostic method. This chapter describes dot and Northern blot hybridisation, and RT-PCR

to detect ScSMD.

probes which were prepared from clones and used in the dot hybridisation

method were specific for detecting ScSMV sequences in the TNA of ScSMD-affected

sugarcane. one field collected sugarcane without scsMD symptoms showed weak

hybridisation with the SçSMD specific probe (D414). This suggests that this assay may be

suitable for detecting latent or pre-symptomatic infection. Northern blot hybridisation of
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Figure 8.4 Analysis of RT-PCR products by l.2Vo agarose gel electrophoresis. The gel was

søined with EtBr.

Lane 1 - Clone DA20 was used as a template with primers SD900 and SDlü).

2 - As in lane 1 except that TNA of E. coli was used as a template.

3 - As in lane 1 except that TNA of healthy sugarcane was used.

4 - As in lane I except that plasmid pGEM-7zf(+) was used as a template.

5 - As in lane I but without template.

6 - As in lane I but withoutprimer.

7 - Wittrout templates andprimers.

8 to 14 As in lane 1-7 except that the primers SD500 and SD100 were used.

M - 1 kbp DNA ladder as a standa¡d molecular weight ma¡ker.
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Figure 8.5 (A) Analysis of RT-PCR products using primers SD900 and SD100. The products

were analysed by I.2 7o agarose gel electrophoresis and the gel was stained

with EtBr.

Lane I - Clone DA20 used as a template for positive conrol.

Lane2 & 15 - RT-PCR of TNA of healthy sugarcane raised from seed.

Lane 3 to 13 - RT-PCR of TNA of ScSMD symptomatic sugarcane plants

Lane 14 - RT-PCR of TNA of held collected healthy sugarcane plant.

Lane M - 1 kbp DNA ladder used as a molecular weight marker.

(B) A southern blot hybridisation of the gel in A with a probe prepared from clone

D417.
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Figure 3.6 (A) The products of a second PCR using I pl of the first RT-PCR reaction

products as a template (see Fig. 8.5). Analysis in l.2Vo aflarcse gel

electrophoresis with EtBr staining.

lanes 1 ¡o7 &.9 to 16 - PCR of RT-PCR reaction product from ScSMD affected

sugarcane plants

Lanes 8 & 18 - PCR of RT-PCR reaction products from healthy sugarcane plants

raised from seeds.

Lane 17- PCR of RT-PCR reaction product from field collected healthy sugarcane.

Lane M - I kbp DNA ladder used as a standa¡d molecula¡ weight marker.

(B) A southern blot of the gel in A hybridised with a probe prepared from clone

D417.
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TNA from ScSMD affected sugarcane detected a band of about 9 kb which can be assumed to

be the ScSMV genomic RNA. These methods need to be further developed for use in the

field.

Three primers were used for RT-PCR assays to detect the ScSMD associated

sequences. Using DA20 as a template , PCR conditions for the two set of primers were

optimised and the PCR products were 800 bp (wittr D4900 and DA100) and 500 bp (D4500

and DAl00).

Using the primers D4900 and D4100 in the RT-PCR, PCR products were

detecred from TNA of ScSMD affected plants. Using DA500 and D4100, PCR products

were not detected from TNA of the diseased plants.

The RT-PCR products were not generally detected with EtBr staining probably

because the amount of the product was very low for many samples. Detection of RT-PCR

products by hybridisation was not much more sensitive than by staining. However, by using

the first cycle of the RT-PCR products as a template in a second PCR reaction, all of the

samples for diseased plants were strongly positive.
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CHAPTER q

STUDIES OF RELATIONSHIP BETWEEN SCSMD AND

PHYTOPLASMAS

9.I INTRODUCTION

Diseases caused by phytoplasmas were thought for many yeañ¡ to be caused by

viruses, but Eansmission electron microscopy identified the presence of cell wall-less bacteria

in the phloem, thus indicating that phytoplasmas were the causal agent. Plant non-culturable

mollicutes, commonly referred to as phytoplasmas, were fust discovered in plants in 1967 (Doi

et al., 1967). Many plant species have been reported to have phytoplasma-associated diseases.

Typical symptoms are yellowing, deformation of leaves and abnormalities such as sterile

flowers, phyllody and proliferation (McCoy et a1.,1989).

Until recently, the detection of phytoplasmas was mainly based on electron

microscopy and a fluorescence technique with UV light microscopy using the DNA

fluorochrome 4'-6-diamidino-2-phenylindole (DAPI). Neither method allows differentiation

between phytoplasmas. Moreover, their sensitivity depends on the number of phytoplasma

cells in the tissue. Thus, electron microscopy can only be used successfully for detection in

hosts with a relatively high concentration of phytoplasmas. The DAPI technþe is

considerably more sensitive but is of limited value when the phytoplasma population is very

low especially in woody plants (Ahrens and Seemüller,1992). Progress has been made toward

specific detection of phytoplasmas by both serological methods andDNA/DNA hybridisation

assay. However, it is not known whether these are more sensitive than the DAPI method.

Molecular phylogenetic analyses of the 165 rRNA gene of phytoplasmas have been

reported (Lim and Seaß, 1989) and recent studies on the 165 rRNA gene sequence of many

phytoplasmas suggest that these phytoplasmas are most closely related to Anneroplasma and

Aclnleoplasma, but are evolutionary distinct from animal mollicutes. Specific oligonucleotide

probes for the phytoplasma 165 rRNA gene improve the sensitivity of tests to detect

phytoplasmas when used in place of cloned chromosomal DNA probes (Kirkparick et al.,
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1990). This suggests that the phytoplasma l65 gene can be useful for identification and

differentiation of phytoplasmas.

The inrroduction of PCR (Saiki et a1.,1988) has increased the sensitivity of

diagnosis of plant pathogens (Hadidi et a1.,1995). Deng and Hiruki (1991) reported that the

165 rRNA genes of phytoplasmas could be amplified by using specific primers. Ahrens and

Seemüller (1992),1-ee et al. (1993) and Namba et al. (1993) established a diagnostic PCR

assay using a set of phytoplasma specific primers which will amplify the ph¡oplasma 165

rRNA gene.

This chapter discusses a study of the relationship between ScSMD and

phytoplasmas. It was done because two phytoplasma diseases on sugarcane have been

reported (Raychaudhuri and Mitra, 1993; Table 1.1).

9.2 MATERIALS AND METHODS

9.2.1 Primers

PCR primers for the detection of phytoplasmas were chosen from reported primers.

Sequences of 165 rRNA of phytoplasmas from Oenothera hookeri, the evening primrose, and

15S rDNA sequences of Mycoplasma capricolumn (AC X00921), M. hyopnewnoniae

(Y00149), M. synoviae (X52O82), and the Mycoplasma str:al.n PG50 (M10588), Spiroplasma

citri (M23942),Nícotiana tabacurn (V00165) andPisum sativwn (M30826) were extracted

from the GenBank using ANGIS. The extracted sequences were used as templates in the

Amplify program to check the primability and specificity of the reported primers. Their

references and the expected sizes of the PCR products are described in Table 9.1.

9.2.2 Methods

9.2.2,a TEM

TEM was caried out accorcling to the methd of Hayat (1987). The procedure is

described in Section 2.2.2.c.
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Table 9.1 The expected sizes of PCR products for selected phytoplasma qpecific primers.

Primen (names in thereferences)

Forwa¡d Reverse

ASFWR (F2) ASREV (F2)

LFWR (R16F2) LREV (R16R2)

NBFWR (SN910601) NBREV (SN910602)

References

Ahrens and Seemtiller, 1992

lne et a1.,7993

Namba et a1.,1993

558 bp (759-1,316)

1,245 bp (152-L,397)

1,348 bp (1-1,348)

Expected PCR products

(nucleotides in 165 rRNA) gene mâF



9.2.2.b PCR assay

TNA extracted by the crush method (Section 2.2.4.a) was dissolved in TE and the

concentation and the purity was checked with a spectrophotometer (Section 2.2.4.c, Sambrook

et a1.,1989). The concentration of TNA was adjusted to 200 nglþl and 5 pl of this TNA

solution was used for the PCR assay.

The PCR assay was done according to the method of I-ee et al. (1993) with some

modifications and is described in Section2.2.l2.b. PCR products were analysed on agarose

gels and stained with EtBr. The gels were photographed.

9.3 RESULTS

9.3.1 Phytoplasma-like symptoms and particles in the ScSMD affected

sugarcane plants.

There were some phytoplasma like symptoms such as white leaf and proliferation

symptoms on some plants maintained in the glasshouse (Fig. 9.14). The white leaf sreak

continued from the bottom to the tip of the leaf blade. Sugarcane with the white leaf symptom

showed a progressive leaf tip die back and eventually the growing point of the sugarcane died

(Fig. 9.14). Multiple stems then grew from the base of the dead sugarcane shoot, giving a

proliferation symptom (Fig 9.18). Most of the germinated shoots were also stunted in glass

house studies, but the white leaf symptoms could not be found until the third ratoon stage.

During the cytopathological studies of ScSMD by TEM, phytoplasma-like cells

were observed in some of the young leaves of plants at the late growth stage which had the

white streak symptom. The particles were present in the phloem cells and had a single

membrane. The size of the circular shaped particles was from 0.3-0.5 pm @g 9.2).

However, there were no similar detectable particles in the healthy sugrucane.
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Figure 9.1 Symptoms of phytoplasma=like diseæe on ScSMD affected sugarcane plants

(A) - Different t¡æes of whiæ suipe on lamina of young leaves in the third

ratoon stage.

(B) - Proliferation after death of shoots from the third ratoon.
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(A)

Figure 9.2 Transmission electron micrograph of phytoplasma like particles in the phloem of

a ScSMD affected sugarcane. The barreprcsents 50 nm-

(A) - Overview of cells in a vascular bundle.

(B) - Magnification of (A) showing phytoplasma-like cells in a phloem-associaæd

cell.

see corrigendum

!

(B)



9.3.2 PCR assay to detect phytoplasmas

All the chosen prirners amplified PCR products of the expected size from some of

the TNA exEacts of the ScSMD affected and healthy sugarcane plants in the field. However,

pCR products were not produced from samples of healthy sugarcane raised from seeds or from

some of the ScSMD affected sugarcane (Table 9.2)'

The most consistent results were obtained from PCR assay with the primer set,

ASFWR and ASREV. The optimum conditions for the all primer sets were;

LFWR and IREV -an initial denaturing temperature of 94 oC for 1 min and 35

cycles of 94 oC for 40 sec, 60 oC for I min and 70 oC for 1 min, and the final extension

at 70 0c for 4 min. The size of PcR products was 1.2 kbp (Fig. 9.3).

NBFWR and NBREV -aninitial denaturing temperatureof 94 oC for 1 min and 35

cycles of 94 oC for 40 sec, 55 oC for I min and 70 oC for 1 min, and the final extension

ar 70 oC for 4 min. The size of PCR products was 1.3 kbp (Fig. 9.4).

ASFWR and ASREV -an initial denaturing temperatureof 94 oC for I min and 35

cycles of 94 oC for 40 sec, 57 oC for I min and 70 oC for 40 sec, and the final extension

at 70 oC for 3 min. The size of PCR products was 0.5 kbp (Fig. 9.5)

9.4 DISCUSSION

phytoplasma-related symptoms and some phytoplasma-like particles rilere present

in some of the ScSMD affected sugarcane plants. The phytoplasma-like particles were about

500 nm in diameter and were observed in the phloem cells of some ScSMD affected sugarcane

plants, but not in those from healthy sugarcane glown from seed. The phytoplasma-like

particles had a single layer membrane which is a typical feature of mycoplasma-like organisms

in plants (Ghosh et a1.,1988).

The PCR assay is fast and sensitive and many phytoplasma specif,rc primers are

available. Therefore the PCR assay was used to detect phytoplasmas and to study the

relationship between phytoplasmas and ScSMD.
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Table 9.2 Relationship between ScSMD and phytoplasmas as shown by hybridisation with the

ScSMD specific probes (DA14) and PCR using phytoplasma specific primers respectively.

Sugarcane plants

ScSMD affected plants

ScSMD affected plants

with white stripe

with proliferation

with white stripe

+

+

+

+

+

+

+

+

+

+

+

+

+

+

I

tl

il

il

Samples on Figures

9.3 and 9.4

3

4

5

6

7

8

9

10

l1

l2

L3

14

l5

16

t7

l8

l9

20

2l

22

DA14* PCR**

il

Sugarcane raised from seeds

Healthy plant collected from the field

ll

il

+

+

+

+

+

+

+

+

il

I

il

il

n

*; +, Hybridised with probes made from clone DA14; - did not hybnidise.

**; f, PCR products detected by using phytoplasma specific primers; -, PCR prducts not

detected.



Figure 9.3 Anatysis of PCR products with the phytoplasma specific primers (LFWR and

LREV) by 1.27o agarose gel electrophoresis. The gel was stained with EtBr.

Arrow indicates 1.2 kbP dsDNA.

1 - TNA ftomCatlaranthus roseus infected with sweet potato little leaf

phytoplasma.

2 - TNA from symptomless C. roseus.

3-10 - TNA from ScSMD affected sugarcane which tested positive with the disease

specific probes made from DA14 (Section 2.2.6.c).

ll & 12 - TNA from healthy sugarcane raised from seeds.

13-15 - TNA from healthy sugarcane which did not hybnidise with ScSMD

specific probes made from clone DA14 (Section 2.2.6.c).

M - 1 kbp DNA ladder used as a standard molecular weight marker.
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Figure 9.4 Analysis of PCR products using primers NBFV/R and NBREY by l.2Vo agarose

gel elecrophoresis. The gel was stained with EtBr. Arrow indicates 1.3 kbp

dsDNA.

Lane 1 - TNA fromCatlnranthus roseus infected with sweet potato little leaf

phytoplasma.

Lane2 - TNA from healthy C. roseus.

Lanes 3-8 TNA from ScSMD affected sugarcane which tested positive with the

disease specific probes made from DA14 (Section 2.2.6.c).

Lanes l5-2O - TNA from healthy sugarcane which did not hybridise with ScSMD

specific probes made from clone DAl4 (Section 2.2.6.c).

Lane2l - TNA from healthy sugarcane raised from seeds.

M - I kbp DNA ladder was used as a standard molecular weight marker.
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Figure 9.5 Analysis of PCR products using primers ASFWR and ASREV by agarose gel

electrophoresis. The gel was stained with EtBr. Arrow indicates 0.5 kbp dsDNA.

Lanes 4 to 10 - TNA from ScSMD affected sugarcane plants.

Lanes 13 to22 - TNA from ScSMD free sugarcane plants which did not hybridise

with ScSMD specific probes made from clone DA14 (Section 2.2.6.c)

Lanes It &.12 - TNA from sugarcane seeds.

M - 1 kbp DNA ladder was used as a standard molecular weight marker.
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Although the phytoplasmas were detected in glasshouse and field grolvn sugarcane

plants, there was no evidence that the phytoplasmas were related specifically to ScSMD because

some of the SgSMD symptomatic plants were negative for phytoplasma by PCR. There were

also detectable amounts of phytoplasma specific PCR products from field collected healthy

sugarcane plants which did not react with the ScSMV specific probes.

There was some variation in the PCR products from sugarcane samples. Some

samples gave a product with one set of primers but not with others and the amount of the PCR

products differed from sample to sample. This suggests that the phytoplasmas may vary in

different plants.

It is concluded that the phytoplasmas observed were not the cause of ScSMD but

that ttrey may interact with SoSMV to produce a more severe disease of sugarcane. The

importance of these phytoplasmas should be further investigated.
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CHAPTER 10

GENERAL DISCUSSION

The characteristic symptom of ScSMD on sugarcane \Ã/as previously reported

to be chlorotic striations on the lamina (Hughes, 1961). In this thesis, chlorotic striations a¡e

reported on the other parts of sugarcane as well, such as the leaf sheaths and the stems when

plants wero gro,wn in a glasshouse. Stunting was also observed on ScSMD affected

sugarcane plants, and growth was reta¡ded. The distribution of symptoms was such that clear

chlorotic striations could be found on the older leaves, whereas the younger leaves had no

symptoms. The best stage ro search for symptoms of ScSMD in the field may be late growth,

or on regrowth in the older ratoon stages.

Several further effects of ScSMD were obsen¡ed on sugarcane. The

germination of ScSMD-affected sugarcane cuttings was delayed by one week so that the

number of leaves was subsequently less than for healthy plants at the same time after

germination. The germinated shoots of ScSMD affected cuttings were also thinner and

shorter than those of healthy cuttings.

Inoculations of ScSMD to susceptible sugarcane hybrids and virus indicator

species with sap extracts from the diseased plants failed to produce any visible symptoms.

Transmission in the f,reld may thus be vector dependent. 'When an appropriate diagnostic

method is available, the sea¡ch for the vector or other transmission method should be pursued

in order to clarify the epidemiology of ScSMD.

The surfaces of diseased leaves were smoother in texture than those of healthy

leaves. This smooth texture could be found in affected leaves that were showing yellowing

and striations. This is probably because the surface of the diseased leaves was covered with a

thicker layer of lv¿D(, especially around the stomata, and because fewer spikes \vere prcsent on

the surface of leaves.

The thytakoid membrane structure of chloroplasts and the number of

mitochondria were altered in the ScSMD affected sugrircane leaf cells. Effecs on these

organelles have been reported for numerous plant infecting vinrses (Matthews, 1991). The
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plasmodesmata in the cell watl of ScSMD affected leaves apparently also differed from that

in healthy leaves.

Although ScSMD affected sugarcane showed virus-like symptoms and

cytopathological effects, no putative causal agent or virus-like particle could be detected in

thin sections of SgSMD affected sugarcane tissue by fansmission electron microscopy.

Despite an extensive search, negative staining of sap of ScSMD affected sugarcane also failed

to detect any putative causal agent. Other procedures were required to find evidence that an

intracellula¡ pathogen was associated with ScSMD.

Total nucleic acid extraction methods were developed to comPare the nucleic

acid compositions of diseased and healthy sugarcane. The best extraction of RNA was

achieved with the RNA extraction buffer. The TNAs were analysed by electrophoresis, but

there was no difference in the composition between the healthy and ScSMD affected

sugarcane. Further experiments therefore adopted a different approach.

More ¡han9}Vo of plant viruses have an RNA genome (Murphy et a1.,1995;

Appendix F). If a plant is infected by a virus with an RNA genome, the plant tissue is likely

to contain dsRNAs. Such dsRNAs could be either genomic orreplicative forms. The

dsRNAs will also be segmented if the RNAs of plant vinrses are seg¡nented, and the number

and size of segments could be diagnostic for species and groups of vin¡ses @odds, 1993).

An attempt was therefore made to extract dsRNA using the standard CFl1

cellulose chromatography method. ScSMD associated dsRNAs were found in the leaves of

both field collected and glass house grown sugarcane. All ScSMD affected sugarcane plants

contained a 9 kbp dsRNA, which was the largest, but the band pattern differed between the

glasshouse grown and freld collected sugarcane in showing smaller dsRNAs in different

amounts. Dodds (1993) also found differences in dsRNA band patterns from plants infected

with a virus in a glasshouse and plants naturally infected with the same virus .

The smaller dsRNAs (6,2.6,2.5 andbetween 0.5 to 1.0 kbp) were hybridised

to a probe reverse transcribed from the 9 kbp dsRNA. Thus, the small dsRNAs can be

concluded to represent subgenomic forms of the 9 kb genome of the disease causal agent.

The standard CFl1 cellulose method was satisfactory for isolating dsRNA

from AMV, CMV, PMV and TMV infected tissues. However, this method produced a very
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low yield of dsRNA from ScSMD-affected tissue that led to difficulties for further molecular

biological studies of ScSMD associated dsRNA. An increased yield of dsRNA was needed.

A batch method using a microgranula¡ cellulose was deveþed which

increased the yield of dsRNA from ScSMD affected sugarcane tissues probably because of

the higher binding capacity of this cellulose. The new batch method gave at least a 10 fold

higher yield of dsRNA than the CFl1 method, and was also easier and faster to use.

The producs of the microgranula¡ cellulose batch method contained

considerable amounts of plant dsDNA and ssRNA was less amount than the CFl1 cellulose

method. It was necessary to treat them with DNase and RNase to eliminate these nucleic

acids.

The rechnique finally adopted for routine extraction of dsRNA from ScSMD

affected sugarcane leaf was to use the microgranula¡ cellulose to rapidly collect large

amounts of dsRNA from a large volume of plant extract. The collected dsRNA was further

isolated by a cycle of CFl1 cellulose column chromatography to reduce the a.mounts of host

nucleic acids. This method proved to be generally suitable for extracting dsRNA from other

plant tissues with low concentrations of dsRNA, such as Viciaførta infected wittt PMV.

For cloning of the dsRNA, it was found that further purifrcation was required

to remove contaminating host DNA and RNA. These were successfully removed by a

combination of two cycles of gel fractionation and nuclease treatments. The dsRNA isolated

by the microgranula¡ cellulose batch method was first treated with DNase then with RNase A

in high salt to remove host nucleic acids. The nuclease treated dsRNA was then f¡actionaæd

on 0.9 Vo asarose gel and recovered. PAGE was then used because the band be¡reen the 9

kbp and 6 kbp dsRNA was not clearly separated on the agarose gel. Dissolvable disulphide

cross-linkage was also used in the PAGE to increase recovery from the gel because the

amount of dsRNA remaining was very low.

An efficient method for cloning from the small amounts of dsRNA was

developed using the IPCR method. It was found that the standard method of cloning with the

random hexamer primer method produced only small sized cDNAs from ttre dsRNA

templates. cDNAs were also reduced in size when a large excess of the UN-RH primer was

used. To obtain a longer cDNA by reverse transcriptase, it was found to be desi¡able to use a
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small amount of primer. However, this produced only a small arnount of cDNA, so a methd

to amplify it was required.

Random PCR (rPCR), developed by Froussa¡d (1992), was used. The cDNAs

amplihed by rPCR were cloned and all of them were ScSMD-associated sequences. ScSMD

specific clones were selected and sequenced. Thus rPCR can be used to make a cDNA

library when only a small amount of target nucleic acid is available.

The sequenced clones were combined into three segments, which together

represented 2.55 kbp of the estimated 9 kbp size of the ScSMD associated dsRNA. A

homology search showed that the sequenced SoSMD segments had some identity with several

species within six plant virus genera; the Tymovirus, Potenirus, Capillovirus, Carlavirus,

Poryvins andClosterovirus genera. Overall, the greatest similarity was with the ASPV

ORF1 which is the putative replicase region (Jelkman, 1994). Less but significant simils'i¡1'

was observed with other genera representing rod-shaped and icosahedral vinrses. The

sequence similarity to one of the tymoviruses is probaöly due to the lnown simitarity

between the replicases of the other three genera of rod-shaped viruses and tymoviruses

(Koenig et a1.,1995).

Nucleic acid which was isolated from the pellet of the sucrose cushion

centrifugation hybridised with the ScSMD specific probe. It was shown to be a ssRNA by its

sensitivity to RNase in a high salt buffer and its resistance to DNase.

It was ca. 9 kb in size which is simila¡ to that reported for viruses in the genera

Potex-, Capíllo-,Tricho- and Carlavirus, which all have an ORF 1 of 4- 6 kbp, a 3' triple

gene block and a poly A 3' terminus . The size most closely resemble to that of some

carlaviruses.

A fîlament-shaped virus particle 15 nm in diameter was isolated which co-

purified with the ScSMD associated RNA. Its length was between 400 and 3500 nm. Two

modal lengths wefe recognised, 900-1,100 nm and 1,900-2,1.00 nm. The 900-1,100 nm

particles could represent monomers, and the longer particles dimers. The monomer length is

longer than that described for most of the carlaviruses (600-700 nm; Koenig et a1.,1995) but

it is close to that of the group of longer carlaviruses, such as PVM, ASPV and BISV.

Because the length of the RNA of ca¡laviruses is related to the length of their
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particles, the 9 kbp RNA is from the 1,000 nm particle. The 6 and 2.26kb RNAs would have

particles of 600 and 250 nm if encapsidated, but because those could not be detected, these

dsRNAs are assumed to be replicative forms of subgenomic,ScSMV RNA. Hybridisation

with 9 kbp dsRNA supports this contention.

It is concluded the ScSMV associated with ScSMD is most closely related to

ca¡lavinrses because of the similarity of the length of its genome, to the th¡ee larger

ca¡laviruses, ASPV, BISV and PVM. It can therefore be proposed that the genus carlavirus

may be divided into nrro sub-groups based on length and the sequences of the viruses and that

ScSMV appeats to fit into the larger subgroup.

The identification of a virus associated with ScSMD has demonstrated the

viral etiology of ScSMD and has led to the development of a diagnostic method for the

disease. Two diaguostic methods for ScSMD have been developed in this thesis, dot blot

hybridisation and RT-PCR.

Hybridisation probes prepared f¡om the ScSMD specific clones distinguished

berween the TNAs of ScSMD affected and healthy sugarcane when used in dot blot

hybridisation assays. Some field collected sugarcane not showing ScSMD symptoms

nevertheless showed hybridisation with ScSMD-specific probes which was possibly due to

pfesymptomatic infection.

The RT-PCR assay was tried because it has been shown to be more sensitive

than other diagnostic methods for some plant viruses (tladidi et a1.,1993). To carry out RT-

PCR, two sets of primers were derived from ScSMD associated sequences. The set of SD900

(FWD) and SD100 (REV) primers was able to amplify a 800 bp segment when the ScSMD

associated dsRNA and TNA of ScSMD affected sugarcane was used. However, the amount

of the 800 bp product was generally too small to be detectable on agarose gels with ethidium

bromide staining. To detect the small amount of RT-PCR product, analysed gels had to be

transblotted to a nylon membrane and to be hybridised with ScSMD specific probes.

Alternatively, the first cycle of PCR products could be used for another cycle of PCR. This

RT-PCR assay needs to be further developed so that it can be applied in the field for deæction

of ScSMV.

some symptoms on sugarcane were observed to be simila¡ to those induced by
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phytoplasmas, such as proliferation and white-streak on leaves. Phytoplasma-like particles

about 500 nm in dianeter with a single membrane were also observed in the ScSMD-affected

tissue by TEM in phloem cells in the ScSMD affected tissue. A PCR ¿u¡say was employed to

srudy the ¡elationship benveen the phytoplasmas and ScSMD using phytoplasma specific

universal primers.

Ph¡oplasmÍu¡ r#ere detected by PCR, but no relationship was obsen¡ed

be¡veen ScSMD and the presence of PCR products of the size expected to be produced by

phytoplasma in the TNAs of the ScSMD-affected and healthy sugarcane plants. Most

ScSMD symptomatic sugarcane plants were positive but not all affected plants showed

detectable phytoplasma specifrc PCR products. There were also detectable amounts of PCR

products f¡om field collected healthy sugarcane that did not react with ScSMD specific

probes or by RT-PCR assay for the detection of ScSMV.

In the furure, the sequence of the full genome of ScSMV could be obtained

using oligo d[)n primers or internal primers in the genomic region. Sequencing of the full

length of the ScSMV RNA will assist classification of ScSMV and development of a

diagnostic method for field application. Mode of transmission should also be addressed to

find the mechanism of spread of ScSMD in the field. This will be possible when a sensitive

RT-PCR assay is available. This work would assist in the development of control methods.

In the crurent study, an icosahedral virus like particle u,Íts also observed, but

the nucleic acid extracted from a preparation of these did not hybridise to a ScSlv[V specific

probe. The relationship of this virus-like panicle to sugarcane diseases requires further sn¡dy.

The phytoplasma that was detected with phytoplasma specific primen has to

be classified and its possible role as a disease causal agent needs to be fr¡rther investigatd

because it has possible implications for ScSMD in the laær growth stage of sugarcane.

In conclusion, this thesis describes the use of molecular nucleic acid methods

to associate a ssRNA virus with ScSMD. A diagnostic method for further studies has also

been described. The possible interaction of ScSMV with other potential pathogens has been

demonstrated, and further directions in research on this poorly undentood disease are

suggested-
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APPENDIX A

BIOCHEMICALS AND MISCELLANEOUS CHEMICALS

BIOCHEMICAL SOURCE

Ampicillin
AMV.RT
dATP
dCTP
dGTP
dTTP

DNA ladder, 123

DNA ladder, lkb
EcoRI
Klenow enzpe (DNA polymerase I,large fragment)

Lysozyme

M-MULV-RT
32P.dCTP

Proteinase K
RNA MWt marker

RNase A (type mA)
RNAsin@ Ribonuclease inhibitor
RQl DNase (RNase-free)

pGEM@-?zf(+)

Salmon sperm DNA
Tøq DNA polymerase

Trå DNApolymerase

Boehringer Mannheim, Gennany

Promega, USA
Promega, USA
Promega, USA
Promega, USA
Promega, USA
GIBCO BRL, USA
GIBCO BRL, USA
Promega, USA
Promega, USA
Sigma, USA
GIBCO BRL, USA
Bresatec, Australia
Boehringer Mannheim, Germany

Promega, USA
Sigma, USA
Promega, USA
Promega, USA
Promega, USA
Sigma, USA
Promega, USA
Pharmacia Biotech, Sweden

Promega, USA
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CHEMICAL

Acetic acid, glacial

Acridine orange

Acrylarnide

Agar, purified
Agarose (type II: mediumEo)
Ammonium persulfate

Azure A
BAC
Bactotrypton
Bacto-yeast extract

Boric acid

BSA
X-gal
Bromphenol blue

Calcium chloride

Calcomine orange 2RS

Cellulose, medium fibrous (CFl1)
Cellulose powder MN 300 (microgranular cellulose)

C-aesium sulphate

CTAB
Dexüan sulphate

DEPC

DTT
Epoxy resin

EtBr
E-OH
EDTA
Ficoll@ 4oo

Formaldehyde

Formamide

Glutaraldehyde EM
Glycerol
D-Glucose

IPTG
IPA
N-Lauroyl-sacosine (sarkosyl)

I-ead citrate

SOURCE

BDH Chemical, England

Aldrich Chem. Co., USA
Bio-Rad Laboratories, USA
OxoidLtd., England
Sigma, USA
BioRad, USA
George T. Gurr Ltd., England
BioRad Laboratories, US A
Oxoid Ltd., England

OxoidLtd., England

BDH Chemical, England

Sigma, USA
Promega, USA
BDH Chemical, England

BDH Chemical, England

Aldrich Chem. Co., USA
Sigma, USA
Machery, Nagel & Co., Germany

BDH Chemical, England
MERCK, Gennany

Pharmacia Biotech, Sweden

Sigma, USA
Sigma, USA
Probing & Stn¡ctue co., Australia

Sigma, USA
BDH Chemical, England

BDH Chemical, England

Pharmacia Biotech, Sweden

Ajax chemicals Ltd., Australia
BDH chemical, England

BDH, England

BDH Chemical, England

BDH Chemical, England
Boehringer Mannheim, Germany

BDH Chemical, England
Sigma, USA
BDH Chemical, England
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CHEMICAL

Luxol@ briltiant green Br
Manganeous chloride

Magnesium chloride

BME
2-Methoxyethanol

Methylmercuric hyroxide

Mneral oil,light
MTCI

N, N'-Methylene-bis- acrylamide

MOPS

Phenol

PEG 6000

PVP 10

PVP 40

Potassium acetate

Resin, anal¡ical grade mixed bed tAG@ 501-XS(D)]

Rubidium chloride

Sephacryl@ 5-400
Sephadex@ G-50, fine

Silver nitrate

Sodium borohydride
Sodium acetate

rrËSodium citrate

Sodium chloride
Sodium hydroxide

Sucrose

SDS

TEMED
Toluidine blue

Triton X-100
Trizma base

do de c ø-T ungsto silicic acid

Xylene cyanol F.F.

SOURCE

Aldrich Chem. Co., USA
BDH Chemical, England

BDH Chemical, England

Sigma, USA
BDH Chemical, USA
SERVA, USA
Sigma" USA
Sigma, USA
Bio-Rad, USA
Sigma, USA
BDH Chemical, England

Sigma, USA
Phannacia Bioæch, Sweden

Pharmacia Biotech, Sweden

BDH Chemical, England

Bio-Rad Laboratories, USA
BDH Chemical, England

Pharmacia Biotech, Sweden

Pharmacia Biotech, Sweden

BDH Chemicals, England

Sigma, USA
BDH Chemical, England

BDH Chemical, England

BDH Chemical, England

BDH Chemical, England

BDH Chemical, England

BDH, England

Sigma, USA
Aldrich Chem. Co., USA
Sigma, USA
Sigma, USA
BDH Chemical, England

Ajær chemicals Ltd., Australia
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APPENDIX B

POLYACRYLAMIDE AND AGAROSE GELS, BACTERIAL

MEDIA, BUFFERS AND SOLVENTS

1. Acrylamide solutions

For soluble gels 207o solution- 4.8 g of acrylamide and 0.2 g of BAC were

dissolved in separate beaken. Two solutions were mixed and

adjusted to 25 ml and filtered with a syringe frlter (0.4 pm).

This solution was stored in a light protected bottle at room

temperature and used within 24bt.

For analytical gels 30% solution - 29 gof acrylamide and I g of BAA were

dissolved in SDIW and the volume was adjusted to 100

ml. The polyacrylamide solution was sterilised \ilittt a filteç

as above. The sterilised solution was stored at 4 "C in a light

protected bottle and used for 6 months.

4O7o solution-39 g of acrylarrride and 1 g of BAA were

dissolved in SDIW and the volume was adjusted to 100 ml.

The solution was filter sterilised and stored, as above.

2. Polyacrylamide gels

6.57o soluble lamide eel 20 ml solution

20Vo aæylarnide mix

10x TBE

SDIW

107o APS

TEMED

6.5

2.0

11.04

0.06

0.4
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3.5Vo polvacrylamide gel for analysis 10 ml solution

307o aæylamide mix

10x TBE orTAE

SDTW

10% APS

TEMED

r.75

1.0

7.18

0.07

0.004

10 ml solution6.57o polyaæylamide gel for analysis

4O7o aæylatnde mix

1OxTBE orTAE

SDIW

107o APS

TEMED

1.63

1.0

7.3

0.07

0.004

12 (15)Vo polyacrylamide gel for SDS-PAGE

Resolving gel(10 ml) Stacking sel (5 ml)

307o acrylamide mix

1.5 M Tris (pH 8.8)

SDTW

107o SDS

107o APS

TEMED

4.0 (5.0) ml

2.s (2.s)

3.3 (2.3)

0.1 (0.1)

0.1 (0.1)

0.004 (0.0004)

0.83 ml

0.63

3.4

0.05

0.05

0.005

3. Agarose gel 0.7-2.0 g of agarose was dissolved by heating with a microwave

oven in 100 rnl of TAE buffer (40 mM Tris-acetate, pH 8.3, 1

mMEDTA).
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4. Bacterial media

LB medium (1 L)

SOB medium (1L)

SOC medium (1 L)

To 950 ml of deionized water, add :

bacteuyptone 10 g

bacteyeast extract 5 g

NaCl 10 g

Shake until the solutes have dissolved- Adjust the pH to 7.0 \ñrith 1

or 10 N NaOH. Adjust the volume of the solution to 1 litre witt¡

deionized water. Sterile by autoclaving for 20 min at 15lb./sq. in.

on lþid cycle with a Autoclave.

To 950 ml of deionized water, add :

bacto-tryptone 20 g

bacto-yeast extract 5.0 g

NaCl 0.5 g

Shake until the solutes have dissolved. Adjust the pH to 7.0 with

1 N NaOH. Adjust the volume of the solution to 1 line with

deionized water. Sterilise by autoclaving for 20 min at 15 lb./sq. in.

on liquid cycle. Cool to room temperature and just before use add

10 ml of filter sterilised of 1 M MgCl2 and 10 ml of filter sterilised 1 M

MgSO+.

SOC mediumis SOB medium, containing 35Vo (wlv) glucose.

After SOB medium has been autoclaved, allow it to cool to below of

60 oC and then add 1 ml of 2 M frlter-sterilised glucose solution

prior to use.

5. Storage of bacterial culture containing glycerol

To 0.85 ml of overnight bacterial culture, add 0.15 ml of sterile

glycerol. Vortex the mixture to ensure that the glycerol is evenly
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6. Solvents

CI solution

Phenol

dispersed and transfer to a cryotube (NUNC, USA). Freeze the

culture in liquid nitrogen and then transfer the tube to a -70 oC

freezer for long tenn storage.

24 volumes of chloroform were mixed with 1 volume of iso-

amyl alcohol and stored in a lightprotected bottle.

Absolute and 75 Vo (v/v) ethanol stored at -20 oC.

Formamide was mixed with a mixed bed resin (AG 501-X8)

(10 9/100 ml) to deionize and filtered with nvo layers of

Whatnann filterpaper No. 1. It was stored at -20 oC.

One volume of CI solution was mixed with 1 volume of a san¡rate

phenol and stored in a light protected bottle at 4 oC.

For TNA preparation, 8-hydroxyquinoline lO.I Vo (w/w)l was

added to solid phenol and 0.1 M Tris-HCl (pH 8.0) saturated

and equibliated with DEPC treated TE (10 mM Tris-HCl, pH

8.0 and 1 mM EDTA).

For RNA prepa¡ation, phenol was prepared same as above

except that saturation \ryas done with SDIW.

Absolute rso-propyl alcohol was stored at -20 oC

PCI solution

lso-propyl alcohol

7. BUFFERS

SSC 150 mM NaCl and 0.15 M Na¡CoHsOt.zHzO)

STE 100 mM NaCl, 10 mM Tris-HCl, pH 8.0 and 1 mM EDTA

TAE 40 mM Tris-CH¡COOH, pH 8.3 and 1 mM EDTA

TBE 25 mM Tris-borate, pH 8.0 and 1 mMEDTA

TE l0 mM Tris-HCl, pIt7.4 or 8.0 and 1 mM EDTA

Formaldehyde gel-running buffer

20 mM MOPS, pH 7.0, 8 mM sodium acetate and 1 mM EDTA
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APPENDIX C

STAINING SOLUTION

I. Staining solutions used in light microscopy

i> Azure A solution - 0.I7o (dv) Azure A was made in 2-methoxyethanol as a stock

solution. A working Azure A solution was made by mixing O.LVo Anre A and 0.2 M

Na2HPOa in a ration of 9:1 before use.

íi> O-G solutíon - L%o (wlv) Calcomine orange 2RS and I7o (wlv) Luxol Brilliant Green

BL were made in 2-methoxyethanol and frlte¡ed with a Whatrnann No. 1 filter paper and stored

in a light protected bottle. Before use, water and the omnge dye were mixed in a ratio of 1:1

and adjusted with the green dye content according to the leaf tissue.

ííí> Acrídìne orange - 0.0lVo (w/v) acridine orange was made in 0.1 M potassium

phosphate buffer, pH 6.0.

II. Staining solutions used in electron microscopy

í> Leød citrate - 33 g of Pb(NO:)2 and a I.16 g of Na3C6H5O6.2H2O were dissolved in

COz free water. The solution was mixed vigorously for 1 min. After 30 min, 8 ml of I M

NaOH (free of NazCO:) was added and the volume of the solution was adjusted to 50 ml. The

solution was stored in a glass stoppered brown bottle at room temp. This solution could be

used for 1 month.

¡¡> 7Vo Phosphotungstic acíd - I g of H3POa.12WO3+xH2O was dissolved in 100 ml of

SDIW and the pH of the solution adjusted with 1 N NaOH to pH 6.8.

¡í¡> Satarated uranyl acetate - UOz(CH1.COO)z.2H2O was dissolved with 1 ml of 7O7o

(v/v) M-OH in a microcenrifuge tube. The solution was vortexed vigorously for a few minutes

and undissolved salt was removed with a quick cenrifugation (ca- 10,000 x I for 30 sec). The

supematant was transferred to a centrifuge tubs and rapped with aluminium foil. It was stored

at 4 oC and used for a week.
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ilI. Staining solution for gel electrophoresis

í> EthídÍum bromíde- Ethidium bromide was dissolve in SDIW to 10 mg/ml and stored in a

light protected bottle at room temperatue. The solution was diluted just before use to either 1

ppm for agarose gels or 5 ppm for polyacrylamide gels and for formaldehyde denanring

agarose gel.

íi> 0.257o Coomassíe brilliant blue- 0.25 g of Coomassie brilliant blue R250 was

dissolved in 90 ml of 45Vo M-OH and lÙVo of gracial acetic acid. The undissolved material was

removed by filtration with Whatmann filter paper No. 1 and stored in a light protected bottle.

ííí> Sílver nítrate solution- 0.3 g of silver nitrate was dissolved in 150 ml of DIW

containing 0.5 ml of.4A7o formaldehyde solution. The solution was used immediately.

ív> Toluidíne blue-w 1 g of toluidine blue was dissolved in 10 ml of SVo of glacial acetic

acid and store in a light protected bottle until used.
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APPENDIX D

PRIMERS USED IN THIS THESIS

rPCR primers (Integrated DNA Technologies, Inc., USA)

UN-RH (26mer)

UN (20mer)

5' - d(GCC GGA GCT CTG CAG AAT TC-N NNN NII\Ð - 3'

5' - d(GCC GGA GCT CTG CAG AAT TC) - 3'

Random hexamer (Promega, USA)

RH (6mer) 5' - d(NNN NNN) - 3'

Sequencing nrimers (Promega, USA)

T7 Promoter (20mer)

SP6 Promoter (19mer)

SD 900 (22mer)

SD 540 (22mer)

SD 100 (22mer)

ASFWD (20mer)

ASREV (20mer)

LFWD (20mer)

LREV (25mer)

NBFWD (2lmer)

NBREV (21mer)

5'- d(TAA TAC GAC TCA CTA TAG GG) - 3'

5'- d(GAT TTA GGT GAC ACT ATA G) - 3'

5'- d(cAc rcc rAA GCA TTA TGC CTG T) - 3'

5' - d(ATG GAA GAC TCT CCT GTG AAG A) - 3'

5'- d(cAA AAC TAC AGT GGA TCC TAG Ð - 3'

5' - d(ACG AAA GCG TGG GGA GCA AA) - 3'

5' - d(GAA GTC GAG TTG CAG ACT TC) - 3'

5'- d(ACG ACT GCT GCT AAG ACT GG) - 3'

5' - d(TGA CGG GCG GTG TGT ACA AAC CCC G) - 3'

5' - d(TTA GGA CTC GGT CCT AGT TTG) - 3'

5'- d(ccA crr ATG cAA GAG CCC CAA) - 3'

RT-PCR primers (Integrated DNA Technologies,Inc., USA)

PCR Primers to detect phytoplasma (Integrated DNA Technologies, Inc., USA)
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APPENDIX E

FLUORESCENT DYE PRIMER CYCLE SEQUENCING

7 Preparatíon of dsDNA temPlate

The plasmid containing the template DNAs were prepared as in Section2.2.l0.b

and fr¡rther purified by PEG preparation (Applied Biosystems User Bulletin 18, 1991). The

precipitated pellet was dissolved in 1 ml of SDIW. 0.25 ml of 4 M NaCl and 1.25 ml of sterile

L3 7o Pg;G 8,000 were rhen added. After thorough mixing, the solution was incubaæd on ice

for 20 min and the plasmid DNA was pelleted by centrifugation at 10,000 g for 15 min at 4 oC.

The supematant wÍts removed carefully and the pellet was rinsed with 2.0 ml of 70 7oE-OH.

The pellet was dried under vacuum for 3 min, resuspended in 10 ml of SDIW and stored at-20

oc

2 Cycle sequencíng reactíon

Cycle sequencing of the dsDNA was done using theTaq dye primer cycle

sequencing kit manufactured by Applied Biosystems Inc. (USA) and the recommended

protocol (ABI dye primer cycle sequencingÆart No. 901482/Rev. B).

The following reagents were aliquoted into four 0.5 ml tubes:

REAGENT A (ttl) C (ttl) G (ttl) T (ul)

d/ddNTP mix

Dye primer 10.a pNVFI)

5x cycle seq. buffer (4O0 mM Tris-

HCl, pH 8.9 at 24 oC, 100 mM

(NII¿)zSO¿, 25 mM MgClz)

DNA Templaæ (2lrG250 nglPl)

1

1

1

1

I

1

2

2

2

2

2

2

2

2Diluted T¿ø DNA pol

2

2

I

1

1

1

221ITotal Volume (pl)

Ymerase
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The d/ddNTP mixtu¡es contained the following:

A: 1.5 mM ddATP, 62.5 ¡rM dATP, 250 pM dCTP, 375 pM CTdGTP and 250 pM

dTTP

C: 0.75 mM ddCTP, 250 pM dATP, 62.5 UM dCTP, 375 pM CTdGTP and 250 ¡rM

dTTP

G: 0.125 mM ddGTP, 250 FM dATP, 250 pM dCTP, 94 ¡rM CTdGTP and 250 pM

dTTP.

T:1.25 mM ddTTP, 250 pM dATP, 250 pM dCTP, 375 pM CTdGTP and 62.5 pM

dTTP

The diluted Taq wasprepared by mixing 0.5 pl of AmpliTaq@ DNA polymerase (8 units/ml),

1.0 Fl of 5x cycle sequencing buffer and 5.5 pl of deionized water.

The four reaction tubes above were overlaid with 30 pl mineral oil and placed in a

thermal cycler (PIC-tOOru Programmable Thermal Controller, MI Research,Inc). The

cycling was started as follows: 95 oC for 30 sec, 55 oC for 30 sec and 70 oC for 1 min for 15

cycles. Then it was continued for another 15 cycles at 95 oC for 30 sec and 70 oC for 1 min.

At the completion of ttre run, the temperature was rapidly dropped to 4 oC. For best results, the

total time required for 30 cycles should be t hr and 45+ 5 min.

The extension reaction mixtures from the four tubes were pþtted out and

combined into a 1.5 ml tube containing 80 ¡t195 7o ethanol wittt 1.5 Ut 3 M NaAc, pH 5.3.

The tube was placed on ice for 10-15 min and centrifuged at 10.000 g for 15-30 min. The

supernatant was carefully discarded. The pellet was rinsed with 250 pl of 70 7o ethanol, dried

in vacuo for 1-3 min and resuspended in 6 pl of deionized formamide (Sambrook et al., 1989)

with 8.3 mM EDTA, pH 8.0. Insoluble materials were removed by brief centrifugation. The

DNAs in ttre supernatant were denatured by heating at 90 oC for 2 min and loaded immediately

on a pre-electrophoresed 6 VoPAG with 8 M urea assembled in a ABI DNA sequencer, Model

373A (Operated by Dr N. Shirley of Dept. of Plant Science, IWARÐ.
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APPENDIX F

TABLE OF CHARACTERISTICS OF PLANT INFECTING VIRUSES (tvturptry et at.,lees).

FAMILY

Geminiviridae

Reovirídne

Partitiviridae

Size of particle Shape of
m

Type of
nucleic acid

Size of nucleic
acid

1.5-4.35 kbp

0.45-4.45 kbp

3.75-27 kbp

Size of coat

35-37

57

&-139

45-160

32-125

l8x 30

60-900x 30

50

65-70

57-65

30

38

nro incomplete

icosahedral

bacilliform

isometric

double shelled

qpherical

spherical

spherical with

isometric

dsRNA

circular ssDNA 2.5-2-8 kb

2.7-3.0 kb
2.5-2.8 kb

7.5-8.0

28-34

il

lt

It

ilil

Nc

Nc

dsDNA
ll

ll

dsRNA 1.7 and 2.0 kbp 55

Nr2.1and2.25

ssRNA 11-15 kb 47-62100-430x 45-100 bacilliform

90-100 ssRNA

Í

It I tl

11-20 kb 29

Alplacryptovirus
Betacryptovírus

Cytorhabdovirus

Nucleorhabdovírus

Tospovirus

Tenuivirw

Subgroup I

Subgroup II
Subgroup III
Badnavirw

Caulimovirus

Plrytoreovirus

Oryznírus

Fijivirus

GEN US

Nc 3- 10x ? various filament ssRNA 2.0- l0 kb Nr
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Tobamovírus

Tobravirus

Hordeívirw

Erntnovirus

Umbravirus

Tombusvirus

Carmovirw
Necrovirw
Díanthovinn

Machlomovirus

Poryvirus

Rymovirus
Bymovirus

Sobemovirus

Luteovirus

Sequivírw
Wailcavirus

Comovirus

Fabattins

Nepovirus

Sequivirídae

Comoviridae

Potyvírídac

Nc

Nc

Nc

Nc

Tornbusviridae

Nc

Nc

1l-l5x 650-900

69U720x 1l-15
250-300 and

500-600

25-30

25-28

52

28

32-3s

30

300x 18

180-215 or4G
ll5x 21.3-23.1

isomeric

icosahedral

flexuous helical
I

tl

icosahedral

icosahedral

vacuole like

icosahedral

helical

helical

30
I

lt

tlll

il

ll

il

tl

9-l2kb
11 kb

3.5-7.2 kb
4.5-6.3kb

3.9-8.4 kb

8.5-10 kb
8.5-10 kp

4.5 and 7.9 kb

23,26 and32

22-43

55-60

30-47

28-30
I

il

I

3030 4.2 kb

5.6-s.8 kb 22

2.7 4.5 and 7.9 kb 2I and54

4.5 Nr
4-4.7

4.0

t9-22

3.8 29-30

1.5 and 3.9 37

4.4 25.1

6.4 17-18

6.8, 4.5 or 1.8 22-24

3.8 and 2.8,

or 3.3 and3.2

il

Nc

Nc

Nc

I

il

I

il

30
il

il

I

ll

Nc 110-150x 20 helical 22
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Tymovirus

Corlattirus

Poten)rius

Marafrvirus

Ideaovirw

Closterovirus

Capíllovirus

Triclnvírus

Furovírus

Alfarrcvirw

Bromovirw

Cucut¡tovirus

Ilanirus

Nc

Bromoviridae

Nc

Nc

Nc; Not classified

Nç Not reporæd

250-300 or92-
160x 20

helical

2G35 spherical and

isosahedral

33 isometic

1200-220Ox 12 helical symmetry

640xL2 flexous filament

640-800x 12 very flexuous

filament

30 icosahedral

610-700x 12-15 helical symmetry

470-580x 13 flexuous helical

28-32 icosahedral

5.9-7.1.3.5-4.3
ot 2.1-2.4

0.88, 2.5, 3.6 and

4.3

0.85,2.2,2.7 and
2.9

0.87,2.1,2.8 and
3.2

1.0,2.79,3.0 and

3.4

1 2.2 and 5.4 kb

t5.5-20

6.5

6.3-7.6

6.3

7.4-8.5

s.8-6.9

2.0-2.4

t9.7-23

20-26

30

27-28

22-27

20

3r-36

18-27

27

il

liIllil

ttIn

36

il

il

Nc

Nc

Nc

Nc

Nc

Nc

I

il

n

I
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APPENDIX G

Published work

1.. Choi, Y.-G. and J. W. Randles (1995). Studies on the etiology of sugarcane

striate mosaic disease. Proceedings of ttu l}th Biennial Austalasian Plant

Patlnlogy Socíery Conference -August 1995, Lincoln, New Zealand. P 84

2. Choi, Y.G. and J. W. Randles (1996). Double-stranded RNA extraction with
cellulose powder from plant tissue. ln MolecularTools For Plant Pathogen

Diagnosis. Ed., R. A. J. Hodgson. Adelaide : Department of Crop protection,

University of Adelaide.

3. Choi, Y.G. and J.W. Randles (1996). Sequences cloned from sugarcane striate

mosaic disease affectedplants indicate possible virus identity. Proceeding of
the 10th Internationol Congress of Virology, August L996, Jerusalem, Israel.

PW4.r'.-43.

4. Choi, Y.G. and J.V/. Randles (1996). Microgranula¡ celluloss imFroveS dsRNA recovery

from plant nucleic acid extracts. BioTechniqucs. (submitted).
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The tenth Conference of tl¡e Arrstralnsian Flant Pathology Society Inc. held at
Lincoln University, Christchurch, Nerv Zenland from 28-30 August 1995

'!6'l . Studles on the etiology of s¡,¡Sarcane striate mosaic
disease

Choí, Y.G., and Randles, J.W.
Department of Crop Protection, Wa ite Agricu ltu ra I Researclr I nstitute,

The University of Adelaide, Glen Osmond, SA 5064, Australia

Sugarcane striate mosaic disease is a disease of unknown etilolgy of
,u[urcane in norther Queensland. Diseased plants show foliar
syÃptoms, and both in the field and in glasshouse trials diseased plants

are severely stunted, No potential causal agent has been detected by

light or electron microscopy, but structural changes in tissue have

béen found to be associated with the disease. Analysis of nucleic
acid components by gel electrophoresis showed that there were no

detectable qualitative or quantitative effects of the disease on the

composition of total nucleic acids of sugarcane leaf. A method for

isolating and assaying dsRNA was developed and used to show that

diseaseã sugarcane contains a unique dsRNA ca. gkbp in size'

Cloning of this component is in progress to determine whether it is

related to host nucleic acids, or represents the replicative form of a
possible virus agent of the disease'



Xth INTERNATIONAL CONGRESS OF VIRCLOGY
JERUSALEM, ISRAEL, 11 - 16 AUGUST, 1996

Fw44-43
Seguehces cloned from sugarcari estrlate mosaic disease affected plants
lndicate possible vlrus identity

Choi, y_ G., and Randles, J. W.pepgrtment ol crop Protectìon, Waite Agricultural Research
lnstÍtute, The lJniversity of Adetaìde, GIeñ osmond. sA:s064,

Australia

sugarcaho striate rnosaic disease(scsMD) is a disease ofUnknown 'eiiology of limi
Queéhsland. A diðéase assocl
isolated by cellulose ch
dsHNA lvith á tancíom
produced a cDNA tibrary. Th
PCR primêd with the 'unive
Nuctetc Àctd. hes. 2b, zsoo). The Þt
seleclion was dohe by hybridisalion to the dsRNn. Four disease

A data base search revealed lhat
seguence homology with the

plicase gene. This is the first

Furrher work ts in o|.on,rJ:"ï;ni:Jflrî:"ï'or,r,,u, vírus
Pal!çle and to devetop'a Þcn based d¡agnðsäc metñoo ror
ScSMD.
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Double-Stranded RNA Extraction
From Plant Tissue With Cellulose Powder

Yoon Gi Choi
Iohn Randles

Univenity of Adelaide - Waite CâmFus
Department of Crop Pr,otection
Glen Osmond, SA 5064
Australia

BACKGROUND AND COMMENTS EXPERIMENT 03

In plants the usual fromof RNA
is as a single stranded (ssRNA)
molecule. However, in virus
infections double-stranded RNA
(dsRNA) is often a
cha¡acæristic featr¡¡e. These
dsRNAs a¡e a featu¡e viruses
which contain either ssRNA or
dsRNA genomes. They
Tpresent the replicative form of
vrnrses.

The genome of vinrses vary in
their nucleic acid type, their size
and number of segpent, and
these properties a¡e ofæn
diagnostic for a virus species,
group and family. Also, there
a¡e often subgenomic segments
of the virus genome.
Cha¡acteristic dsRNAs
corresponding to vims genomic
and subgenomic RNAs a¡e
detectable in infected plants.

The most abundant dsRNAs
usually correspond to the
compleæ genomic nucleic acid-

Columns of fib¡ous cellulose
powder (G11) are commonly
used for isolating dsRNA from
plant tissue by chromatography
using an ethanol and salt solvent
in the column. In this report, the
advantages of using thin layer
chromatography grade Cn-C)
cellulose powder instead of
using CFll powder are
described.

Theprinciple of this methodis
to utilise the differential binding
affrnity of dsRNA, ssRNA and
DNA for the cellulose powder.
This differential binding is
dependent upon the ethanol and
salt concentration, such that
elution occurs forDNA and

ssRNA at:2.OVo ethanol while
dsRNA eluæs with -157o
ethanol. All nucleic acid is
bound at307o ethanol and none
is bound at57o ethanol. Thus,
the ch¡omosom¡l þlr[d ¿¡d
ssRNA of plant tissue can be
effectively removed by washing
with a salt buffer containing
15.5 -17 .SVo ethanol. Another
useful feature of dsRNAs is that
they are resistant to some
RNAse enzymes underhigh sait
conditions (0. 14.3M NaCl).
The ssRNA is susceptible.

V/ith the CFl1 method,
commercial columns can be
used for the larger initial
extraction but syringe columns
are preferred in the second
exffiction step.

Comparison bet'ù/een CFl1 and TLC extraction of dsRNA

Method of Extraction

cF11 TLC

Yield
Tine

ssRNA contamination

dsDNA contamination

Usage

LOW
LONC (2 DAYS)

NO
VERY LOV/

Good for anal¡ical test,
particularly on

polyacrylamide gel

HIGH
HAIT DAY

YES

LOW

Good forprepa¡ation of
sâmples over 2.Ox106 in

molecularweight

Copyrighc University of Adelaide, Department of Crop Proæction Hodgson et al. 1996
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An,tS
I
2

Isolaæ from plant tissue the replicative form dsRNA of a ssRNA vin¡s.
Preparation of disease associated pure dsRNAs for further studies.

REAGENTS

10X STE: (buffer for dsRNA extraction from
common plant tissue): lM NaCl, 100mM T¡is-
HCIpH 8.0 and IOmMEDTA

lX TESSa: (buffer for dsRNA extraction when
polyphenol oxidase activity is expected in the
tissue): 100mM NaCl, 50mM Tris-HCl pH 8.0,
10mM EDTA, LVo wlv sarkosyl and L%o vlv
thioglycollic acid (optional)

Wash buffen ITVo ethanol, IxSTE

Elution buffer: 5Vo ethanol,lxSTE

Sl,ringe column: 3, 5 or 10ml disposable syringe
with a luer lock tip. Cut 2 shees of miracloth@ to
frt into the bottom of the syringe and put some
clearplastic tube over the luertip

CFll and TLC grade cellulose powder: Check
the uniformity of powder because some batches

prorein
protein
ma or

DNAse-RF (RNase freel: RQl@ (Promega) or
RNase free DNase from other companies

PCA mix: PhenoVChloroform/iso.amylAlcohol
(?-5:24:l) washed with SW (store at4oC).

CA mix: Chloroform/iso-amylAlcohol (24:1)
washed wittr SW (store at 4oC).

Ethanol-KOH solution: (for removing RNAse
from equipment);9OVo v/v ethanol and IÙVo wlv
KOH

Isopropanol: propan-2ol (isopropyl alcohol)

SW: Særile DEPC-Feaæd distilled wa¡er

CFII METHOD
O TISSIJE PREPARATIoN
1. Remove the mid rib or thick veins from tough 2.

plant leaves (these will be ha¡d to cn¡sh in the
liquid nitrogen) and cut the tissue into small
pieces. However, removing midribs is not Jr
necessary if liquid nitrogen is not used and
tissue is processed directly in extraction
solution. Keep tissue cool until used.

Put the sample immediately into liquid
nitrogen if fr,ozen tissue is used

Crush and powder the tissue in a mortar with
liquid nitrogen. Pou¡ in buffer (10nV1g)
immediately and tansfer into an appropriate
screw cap tube ¡esistant to phenol and
chloroform.

Copyrighn University of Adelaide, Department of Crop Proæction Hogdson et al. 1Ð6
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9 Ð<TNA.CTION OF TOTAL NUCLEIC ACID

þ Add 1 volume of PCA solution to the tissue + Carefully transfer the supernatant into a fresh
slurry and mix thoroughly. container and add 1 volume of CA solution.

Mix well atrcom temperailre for 10 min and
2. Incubate the mixture for 30min at room centiñrge as above

temperaturc with constant shaking
J. Transfer the supernatant to a sterilised beaker

3. Transfer to a centrifuge tube and centrifuge at or a centrifuge tube. Precipitate with 0.9
10,0009 x 20 min volumes of isopropanol oruse directly forthe

TLC cellulose method

O dsRNA ExrRAcrofri (lstcolumn)

t. MDûNG - To the extract from I part 5. add
200mg of CF1l for each 59 of original leaf
tissue and mix well before adding ethanol

2. BINDING - Add ethanol to the mixture
dropwise with constant stirring (It is very
important to add ethanol drop by drop
because, otherwise if the ethanol is added too
quickly the dsRNA will not bind but protein
and other nucleic acid will bind to the
cellulose powder and a nucleic acid/protein
complex will be pecipiaæd)

3-

+

5.

Incubate the solution for 30 min at room
temperature while stirring

Pour the slurry into a large column

ìü/ASHING - Wash the column with at least
500m1 of Wash bufferZg of CF1l powder
Qarger volumes are betær)

ELUTING - At first, equilibrate with 1ml of
IxSTE per 1g of CFll, and then elute with
10mI of IxSTE per 1g of CF1l (Force out all
rpmeining solution out of the sehrmn)

6

rÐ 2nd coLUMN

1. MIXING - To the eluted solution of 1st +
column add CFl1 (200m9/to 59 equivalent of
tissue)

2- BINDING- To this slurry stir in ethanol to 5'
ITVo vlv and mix for 20min

3- COLUMN - Make a column with a syringe
(-0.3g:3ml syringe, 0.3-1g:10m1 and 6
1g:20m1 or 30ml syringe) then pour in the
slurry

!ü/ASHING - Rinse the column with
Washing buffer (at least 100mV0.1g of CF-
11)

ELUTING - Equilibrate with lml of
IxSTE/0.2g of CF-11, and then elute with
9ml of 1xSTE.

PRECIPITATION - Precipitate by adding
1/10 volume of 3M Na acetate and 0.9
volume of isopropanol, and incubate for 4hr
or overnight at -20oC

TLC METHOD
O TISSUE PREPARATION E EXTRACTION OF NUCT.EIC ACID METHOD

l. This procedure is the same as CFll method 3. lVash the pellet with TOVo ethanol, pellet by
to the end of sæp I p*t 5. above centrifugation æ 10,0009 for 20 min. and air

dry
2. Precipitate the nucleic acid with 0.9 volume

of isópropanol and incubate at -20oC for at + Dissolve the dried pellet in 1.3 x STE with
least 2 hi or this sample can be stored at mixing fo1]5 hr at room temperanue or 12
-2}"Cfor fr¡n¡re processit g to 18hr at 4oC

Copyrighu University of Adelaide, Department of Crop Proæction Hogdson et al. 1996
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O dsRNA EXTRACTION

1. Add TLC cellulose (lOmg/extract from 59 6
tissue)

2- BINDING - While mixing the slurry add
ethanol slowly to a final concentraúon of LTVo Jo
then mix for a fr¡rther 30 min

8.
lo WASHING - Cenuifuge at 10,0009 x 1 min

and pour offthe supernatant

4. Wash at least eight times with 1 volume of I
Washing buffer by centrifugation as above.

5. After the last wash centrifuge to pellet the
nucleic acid and dry, but do not overdry

ELUTION - Add 200t¡I of IxSTE/1Omg of
TLC and incubate at room tempenrure for 30
min

Centrifuge the solution æ 10,0009 x 2 min

PRECIPITATION - Transfer the supernatanr
to a fresh centrifuge tube and add 0.1 vol of
3M Na Írcetate and 0.9 vol of isopropanol

Incubate at -20oC for 4hr or overnight, then
centrifrrge at 12,0009 x 15 min and wash the
pellet with 70Vo ethanol before drying the
pellet

O DNAse-RF TREATMENT

1. ENIZIIvIETREATMENT-Dssolvethepellet 4, GEL ANALYSIS - Analyse on
with lX TE and treat with DNAse-RF polyacryl¡mide gei (5'l0Vo\ or agarose gel

(0.5 - 1.27o), and stain with silver or
ethidium bromide (polyacrylemide gel is
preferred for anal¡ical purpose).

J. PRECIPIIATION - Pr,ecipitate with 1/10 vot
3m Na acetate and 0.9 vol of isopropanol

2- ÐffRACTION - with 1 volume of PCA then
l volume CA
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MICROGRANULAR CELLULOSE IMPROVES dsRNA IS OLATION FROM PLANT
NUCLEIC ACID EXTRACTS

Yoon Gi Choi and John rW Randles

Double-stranded RNA (dsRNA) is an important non-specific indicator of the presence of
RNA viruses in bacteria, fungi and plants (I,2). The dsRNA usually represents either the

replicative form or the genome of an RNA virus, or it may be an intermediate in the

replication of viroids or satellite RNAs. Its size(s) can provide specific information on the

likely identity of a virus-like agent infecting a host, and successful isolation and purification

of the dsRNA allows it to be cloned for use as a specific diagnostic molecular probe without

the need for purifying the virus (3). Sequence analysis of clones provides information on the

likely taxonomic position of a virus-like agent associated with the dsRNA (4) and can lead o
identif,rcation of the virus.

The preferred method for dsRNA isolation uses differential absorption of the dsRNA fraction

from nucleic acid exEacts to chemically unmodif,red fibrous cellulose powder (eg. CFl1,
Whatman, Maidstone, England) in the presence of sodium chloride and at a specific ethanol

concentration. This is followed by washing, elution in ethanol-free buffer, concentration and

analysis by gel electrophoresis (1). During an investigation of a sugarcane disease of
unknown etiology (sugarcane striate mosaic disease, ScSMD) in which a disease-associated

dsRNA band of about 9 kbp was identified by the routine CFl1 procedure, we found that the

band intensity in analytical agarose and polyacrylamide electrophoretograms was low and

variable. For further study, large amounts of infected leaf were required and dsRNA had to

be isolated from large volumes of nucleic acid extract. We report here an improved method

for dsRNA isolation which routinely increased yields in the sugarcane system, and suggest

that it may be applicable to other systems in which the CFl1 procedure is unsatisfactory.

Microgranular cellulose has been used previously to recover dsRNA from dissolved

polyacrylamide gel (5). We therefore tested a more finely divided form of cellulose as a

replacement for CFl1 cellulose. We used a thin-layer chromatography grade of
microgranular cellulose (MN 300 cellulose powder; Macherey-Nagel GmbH & Co. KG,

Di.iren D-5160, Germany). Direct substitution of the MN 300 cellulose powder for CFl1
cellulose in a modification of the column purif,rcation method of Dodds (1) was not

successful because of extremely low flow rates through the chromatography column.

However, when a batch method was used (Table 1), ttre yield of 9 kbp dsRNA was

consistently at least l0-fold higher than for the CFl1 column method (Figure 1). The MN
300 powder also recovered dsRNA fromNicotíara tabacum infected wittr tobacco mosaic

virus and N. glutínosø infected with either alfalfa mosaic virus (Figure 1, lane 4) or

2



cucumber mosaic virus at a higher yield than the CFl1 column method. A DNase digestion

step was included routinely in this procedure to remove host DNA which tended to co-

migrate with the 9 kbp dsRNA.

Single-stranded RNA contaminants were obtained with botlt cellulose materials and these

interfered with the detection of dsRNA smaller than 4 kbp (Figure 1,lanes 2 &3). These

could be removed either by predigestion of the sample with ribonuclease A (Sigma Chemical

Co., St. Louis)(SO nglml in 0.3 M NaCl, 0.1 M Tris-HCl, pH 7.0, at37 oC for 0.5-1 hr) or

by an absorption-elution cycle on a CFl l. cellulose column (l). RNase A treatment allowed

minor subgenomic dsRNAs of 6,2.6 and2.5 kbp in size (which are not visible in Figure 1)

to be seen only in the MN300 cellulose prepared samples when they were fractionated on

ag¿uose gels and stained with ethidium bromide.

The yields of 9 kbp dsRNA from the two methods were estimated after the absorption-

elution cycle on a CFl 1 cellulose column (as above). A dilution series of each preparation

and a marker dsDNA were dotted onto and absorbed into agarose gel, and their staining

intensity with ethidium bromide compared (6). From 50 g of sugarcane leaf, the CFl1
cellulose method yielded 1-5 ng of 9 kbp dsRNA whereas the MN300 microgranular

cellulose method yielded 50-100 ng.

Further purification of the dsRNA for randomly primed reverse transcription PCR and

cloning was done by eluting it after the agarose gel electrophoresis step (Table 1), treating it
with RNase in high salt as above, fractionating it by polyacrylamide gel electrophoresis and

eluting it from the gel. Hybridization analysis showed that the PCR products and clones (up

to 1.2 kbp in size) were specif,rc to the dsRNA (unpublished result).

We conclude that this procedure is particularly useful for the efficient binding and recovery

of dsRNA from the initial large volumes commonly obøined when extracting nucleic acids

from plants, and when the content of dsRNA relative to cellular nucleic acids is expected to

be low. In our hands, the greatly increased yields of ScSMD-associated dsRNA obtained by

this method have made it possible to further purify, clone and sequence virus specific

sequences and thus determine the etiology of this disease (unpublished results). We believe

that this modification of a routine method may have general application to other systems in

which dsRNA analysis is essential.

3
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Figure 1. A typicat agarose gel electrophoretic analysis of dsRNA extracted
with microgranular cellulose. dsRNA obtained from 50 g of ScSMD affected

sugarcane leaf either by a single cycle of CF11 cellulose column chromatography (lane 2) or

by the microgranular cellulose batch method (lane 3) and analysed by 0.9 7o agrrose gel

electrophoresis with ethidium bromide staining. DNA molecular weight markers

(GibcoBRL, Gaithersbug; 1 kbp ladder) are shown in lane 1, and dsRNA isolated by the

microgranular cellulose method from alfalfa mosaic virus infected Nicotiana glutirrcsa ud
treated with RNase (see text) is shown in lane 4.
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Table 1. Microgranu lar cellulose batch procedure for dsRNA isolation from leaf
. Powder frozen tissue by blending in liquid nitrogen
. Add 4 volumes (Vv) of STE (0.1 M Tris-HCl, pH 8.0, 0.1 M NaCl and 10 mM

EDTA) containing 1 7o SDS and I Vo monothioglycerol
. Stir mixture at room temperature for 30 min
. Add 0.5 volume of phenol-chloroform (1:1) and emulsify for 30 min
. Centrifuge (10,000 g, 10 min), collect the aqueous phase after centrifugation and

precipitate nucleic acids with 0.8 volumes of lso-propyl alcohol
. Collect the nucleic acid pellet, dissolve in 1.3x STE (at 0.8 mV3 g of leaf

extracted)

and clarify by cenrifugation (10,000 g, 20 min)
. Add microgranular cellulose to the supernatant (at 10 mg/3 g of leaf extracted)

and mix for 30 min
. Add ethanol drop wise to 2O Vo with constant vigorous stirring and mix for 30

min
. Collect the cellulose by cenrifugation (10,000 g, 2 min)
. Wash with STE containing L6.5 Vo ethanol (5 cycles of centrifugation for 0.5

min
alternating with discarding and replacement of the supernatant)

. Drain and air-dry the cellulose pellet
. Elute with STE (100-200 |tV10 mg of cellulose) and remove cellulose by

centrifugation (10,000 g, 5 min)
. Digest with RNase free DNase (RQl, Promega Corporation, Madison) in the

recommended buffer (100 units/ml,31 oC,60 min)
o Extract with 1 volume of phenol-chloroform and precipitate with iso-propyl

alcohol, as above
. Analyse by agarose gel electophoresis
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Fig.4.2
Section 5.3.1

Fis.4.1

Fig.5.3

Fig.5.6
Fig.5.7

Section 5.3.4

Section 6.2.2

Table 6.1

Fig.5.1

Section 7.2.1 "All plants were glasshouse grown." should be added at the end of the
section.

Section].2,2,a..DA4''shou1dread..DA14,'inline7of@/"?ef2
Fis..1 .2 "Maûnification of (A) is 42,000x, and (B) is 17,000x" should be added'

Vii.l .e Addothe following information to the figure legend'
lane 4 - 0,01 ng of ssRNA purif,red from ScSMV was used as a template.
lane 5 - 1.00 ng of ssRNA purified from ScSMV was used as a template.
lane 6 - 100 ng of ssRNA purified from ScSMV was used as a template.

Section 8.2.3.c Add following sentence to the beghning of the section "ScSMD clones
(DA2,10,14 and 17) were selected because they had different sequence
similarities to ScSMV RNA and specific to ScSMD. The selected clones
were transcribed by DNA polymerase l,with random primers and labeled
with 32P."

Fig. 9.2 The bars represent "500" nm.

CORRI UM

Sizes of the scale bars are 50 pm in A, B, E, F, G and H, and 10 pm in C
and D.
The size of the scale bars is 500 nm.
Line 4 should be written as "The lower nucleic acid content of lane 2
compared with lane I (Fig. 5.1) was noted but no qualitative
differences were observed between diseased and healthy sugarcane."
The size of TMV RNA is 6.3x 106, AMV RNAI is 3.2x 106, and

CMV RNA3 is 2.lx 106.

Add following sentence to the end of the figure legend. "Promega RNA mol'
wt. markers were used (Appendix A). In addition, tobacco mosaic virus
dsRNA (6.3 kbp) and potyvirus dsRNA(9.a kbp) were used to estimate the

size of the ScSMD associated dsRNA.
Label of "2.6" and"2.5" should be reversed in the figure.
The following information should be added in the legend,
"(A) lane 1- Purified ScSMD associated dsRNA from the gel (A) in fig. 5.6,

Iane2- DNA I kbP marker.
(B) lane 1- DNA I kbp marker

lane2- Purified 9 kbp dsRNA fröm the gel A.
Add sentence to the section as follows "The probe made from the 9 kbp
dsRNA hybridised to it self but not to TNA of healthy sugarcane."
Change section heading to "synthesis of cDNA from purified ScSMD
associated dsRNAs with rPCR and cloning of the rPCR products."
Change table heading to "Reiationships among the ScSMD specific
clones."




