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ABSTRACT

Sugarcane mosaic potyvirus (SCMV) IS the causal agent of the most

important viral disease of sugarcane in South Africa, mosaic. Accurate

knowledge of the prevalent SCMV strain(s) in the South African sugar

industry is lacking and has never been determined using molecular analysis.

Identification of SCMVstrains at the genomic level would provide valuable

information for the development of appropriate in vitro diagnostic tests and

in the genetic engineering of sugarcane for coat protein (CP) mediated

resistance. Since most strain variations reside in the capsid structure,

molecular analysis of relative homology in nucleotide and inferred amino acid

sequences in the most variable (N-terminal) coat protein region is the method

of choice for distinguishing strains. SCMVCP sequences were specifically

amplified by PCR from infected sugarcane leaf material from several varieties

and geographically distinct regions within the South African sugar industry.

Using SCMV-specific primer pairs, fragment sizes of 884 and 1400bp

containing the N-terminal region of the CP gene were amplified from SCMV-

infected material from all regions and varieties sampled. CP fragments were

cloned and the sequences of the inserted fragments determined by cycle-

sequencing and automated analysis. Strain identification of the CP

fragments was achieved by comparison of the nucleotide sequences with

those in international sequence databases using the BLASTN search

programme. Prevalent strains identified by BLASTNsearches were found to

be SCMV-Eand SCMV-D. Pairwise comparison of the nucleotide sequences

of the South African isolates with those of five SCMVstrains: A, B, D, E and
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SC found SCMV-SC to be the most prevalent strain amongst the isolates,

followed by SCMV-E and SCMV-D. An average of 13% difference at the

nucleotide level was observed for sequence relationships between several

clones from geographically distinct regions and varieties. Comparison of the

CP sequences at the amino acid level was more ambiguous with a general

spread across all five strains. Strain identification of the South African

isolates was also achieved by RFLPanalysis of SCMVCP PCR products using

a recent method developed by Yang & Mirkov (1997) which revealed SCMV-D

and SCMV-E as the most prevalent strains. Results using this approach

were obtained easily and rapidly and compared very favourably with the

strain identities assigned by sequence determination. The RFLP approach

was thus shown to be suitable as a diagnostic tool for the detection of SCMV

infection as well as strain differentiation in the SA sugar industry. Since

sequence analysis of SCMV isolated from different regions and varieties

revealed the most prevalent strains to be SCMV-Eand SCMV-D,which are

phylogenetically very closely related, it is suggested that the CP sequence of

either strain could be used for genetic engineering of local sugarcane

varieties to confer CP-mediated resistance.
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CHAPTER 1

INTRODUCTION AND

LITERATURE REVIEW

1.1 Mosaic

Sugarcane mosaic potyvirus (SCMV)is the causal agent of the most important

virus disease of sugarcane in South Africa, namely mosaic (Anon., 1980). It

has, at one time or another, occurred in virtually every important sugarcane

growing country (Edgerton, 1955; Koike & Gillaspie, 1989; Shukla et al.,

1994). The viral aetiology of mosaic in sugarcane was first established by

Brandes (1919). Wuthrich (1921) reported that he noticed the "yellowstripe"

disease in sugarcane fields in Natal in 1918 and again in 1919. The disease

was probably introduced into the South African sugar industry in 1914 by the

importation of Java seedlings from the Argentine (Storey, 1924). By 1922

most commercial sugarcane varieties were infected with mosaic with the

exception of variety Uba which was highly resistant. All infected cane was

eradicated by 1927 and no further reports on mosaic were made until 1943

when it re-emerged in the Umzinto area on the variety Co281 (King, 1952).

Since 1976 a general increase in the incidence of mosaic has been evident

from scattered, severe outbreaks of mosaic in susceptible varieties (Bailey,

1979). Subsequently varieties with increased resistance to mosaic have been

released in an attempt to control the prevalence of mosaic in the industry

(Bailey& Fox, 1980).
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1.1.1 Symptoms of the Disease

2

Mosaic may be recognised by its characteristic leaf symptoms, which vary in

intensity with the cane variety, growing conditions, temperature and the

strain of the SCMVinvolved (Koike& Gillaspie, 1989). Across the natural host

range, symptoms of infection range from mosaic and ringspot to necrosis and

severe stunting (Brunt et al., 1996). Distinct symptoms appear only on young,

developing leaves approximately ten days after infection (Koike & Gillaspie,

1989). Therefore symptoms may not always be easily recognisable on mature

leaves and in certain varieties (Anon., 1994a). Leaf symptoms are particularly

clear in the sugarcane varieties NCo376 and NCo293 but less obvious in some

other varieties (Anon., 1980). Characteristic symptoms, shown in Figure 1.1,

are seen as patterns on the leaf of darker green 'islands' on a background of

paler green or yellowish chlorotic areas.

Figure 1.1. Examples of mosaic symptoms on the highly susceptible variety NCo376. The

illustration on the left shows the dark green "islands" on a paler green background, while that

on the right shows the presence of yellow chlorotic areas.
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Evidence of these chlorotic areas is most common in young, rapidly growing

leaves and is particularly distinct at the base of the leaves (Koike& Gillaspie,

1989). Chlorotic areas may also be present on the leaf sheath, but rarely

occur on the stalk. The chloroplasts in the chlorotic areas of infected leaves

are smaller and less numerous than those in normal leaves (Irvine, 1972).

Irvine (1972) reported that infected varieties exhibit lower photosynthetic

ability as a result of the reduction in the number of their chloroplasts,

ultimately leading to crop yield loss through stunting. Mosaic symptoms do

not appear in leaves fully developed prior to virus infection, even though the

virus may be carried to all parts of the plant. Viral concentrations are, as a

result, highest in young leaves showing symptoms of the disease (Koike &

Gillaspie, 1989).

1.1.2 Transmission and Host Range

The disease can be transmitted in several ways: naturally through insect

vectors, mechanically by seed transmission or through artificial inoculation.

Natural spread occurs through aphid vectors in a non-persistent manner i.e.

the virus does not replicate within the insect (Brunt et al., 1996). The most

common aphid species involved in transmission in South African sugarcane

fields are Hysteroneura setariae and Rhopalosiphum maidis (Anon., 1994a) of

which the former occurs in greater numbers (Anon., 1993). Mechanical

transmission of the disease is through planting infected setts. Artificial

inoculation is achieved by applying plant sap obtained from infected plants to

leaves which have been damaged by puncturing or by abrasives (Koike &

Gillaspie, 1989). No transmission occurs through pollen (Brunt et al., 1996).
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SCMVhas a natural host range which spans three plant families, 109 genera

and 298 species (Shukla et al., 1994). Depending on the strain(s) of SCMV

which infect ancestral species of sugarcane (Saccharum spp.), Saccharum

officinarum is the most susceptible, while S. barberi Jeswiet and S. robustum

Brandes and Jeswiet are moderately susceptible and S. sinense and S.

spontaneum are more resistant or immune (Koike& Gillaspie, 1989). Of the

South African commercial sugarcane varieties still being grown, varieties

NCo376, NCo293 and N19 are the most susceptible to mosaic infection

(Anon., 1994b).

1.2 Economic Importance of Mosaic

Mosaic is among the most widely distributed sugarcane diseases in the world

(Koike& Gillaspie, 1989) and its economic importance varies from country to

country. Economic losses depend on the susceptibility of the clone, the strain

of the virus, interaction with other diseases, vector populations and

environmental conditions. Some countries are not greatly affected by mosaic

but others have suffered substantial losses by severe outbreaks of mosaic.

The most notable of these is the epidemic that struck Louisiana in the mid

1920s causing a near collapse of the industry. The detrimental effect of the

mosaic infection was as a result of coinfection with Pythium root rot and red

rot (Koike & Gillaspie, 1989). This type of synergistic interaction with

unrelated pathogens to cause unusually severe diseases has also been

reported for other potyviruses (Francki et al., 1991).
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1.2.1 Mosaic in South Africa

In South Africa mosaic mostly occurs in the cooler, southern areas of the

sugarcane belt and the high altitude inland areas (Chambers, 1981). This is

evident in the results (Table 1.1) of the survey conducted by Thomson (1962)

on the occurrence of mosaic in the various regions in the industry.

Table 1.1 Distribution of mosaic in the Natal sugarcane belt.

Region Num.ber of HUls Betcelitage M'Qsaic

Inspected Inf"cted

187 0.5

South Coast 267 32

North Coast 556 29

Zululand 436 3

Pongola
(Adapted from Thomson, 1962).

In the 1978/79 season, the estimated loss due to mosaic infection was 40 000

tons of cane and 4 400 tons of sugar, since approximately 25% of the cane

production is in regions of high mosaic incidence (Bailey, 1979). Reports of

crop losses in susceptible South African varieties, such as NC0293 and

NC0376, were as high as 50% or more (Bailey & Fox, 1980). In 1987 these

susceptible varieties were reported to constitute approximately 80% of the

crop grown in the high altitude and coastal hinterland areas of Natal (Bailey

& Fox, 1987). Those authors found that reductions in sucrose yield were due

to the reduction in stalk populations and stalk mass caused by mosaic

infection (Table 1.2).
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Table 1.2. Effect of mosaic on the yield and components of yield in varieties NCo376

and N12 at Eston and Mount Edgecombe. Figures are expressed as percent

differences between healthy and SCMVinfected plots, where + indicates an increase

and - indicates a reduction.

Esfi'm:ated Tons.Area Variety Stalks with. . StiJ.k Stalk TOns

symptoms popula.tion mass canelha recoverable ers/ha

sugar (ers)

Eston NCo376 +65 -2 -25 -27

N12 +54 -2 -13 -11

Mount NCo376 +85 -13 -18 -29

Edgecombe N12 +73 -10 -4 -14

Taken from Bailey & Fox, 1987.

-2

-7

-28

-16

+4

+3

-25

-11

Incalculable financial losses are incurred annually by the discarding of

potentially useful new sugarcane germplasm in the breeding programme as

a result of mosaic susceptibility. Over 40% of new germplasm is discarded in

the selection stages (Butterfield & Thomas, 1996). However, most varieties

released since 1978 have increased resistance to mosaic (Bailey & Fox, 1980).

An indication of reduced percentage of susceptible cane contributing to cane

crop is the reduction from 81% in the 1978-79 season to 37% in the 1993-94

season (Anon, 1994b).

Mosaic infection, however is still of serious concern in some regions such as

the Midlands and the South Coast as shown in Table 1.3, where the Midlands

region showed a high of 77% mosaic infection.

1.2.2 Disease Control

Mosaic is not very easy to control as it is a systemic disease and has the
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Table 1.3. Summary of a mosaic survey of the South African sugar industry during

the period of June 1995 to May 1996.

•:Regloil IMill A:rea "

;'; ,;.A.re~":S'~~~~~a(Ila)" .,If" ro/c( :~~awl1::b.'[MBsa!ic: .,,.

" .,,_- .1<., . ,

Zululand:

Felixton 5622 9

Amatikulu 1584 6

Entumeni 873 9

Mean/Total 8079 8

North Coast::

Glendale 2160 83

Darnall 4146 44

Gledhow 2242 78

Maidstone 4048 21

Mt Edgecombe 621 19

Mean/Total 13217 49

South Coast:

Sezela 1215 69

Umzimkulu 2925 30

Mean/Total 4140 49

Midlands:

Midlands South 122 65

Noodsberg/Union Co-Op 3419 90

Mean/Total 3541 77

(Taken from Anon., 1996a)

potential to cause very serious losses over large areas (Anon., 1980). The

presence of alternate host plants for the virus and the aphid vectors are

additional factors which hinder short-term control (Anon., 1994b). Various

strains of SCMV occur and they differ in their ability to infect different

varieties, virulence and symptom expression (Cronje et al., 1994). Disease
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control is achieved mainly by varietal resistance (Anon., 1980); however

certain preventative measures also need to be employed. Irons and Payn

(1992) reported on the effective control of the mosaic problem on farms in the

South Coast region of Dumisa. The strategy involved the implementation of

the following practices:

planting of varieties resistant to mosaic

use of seed cane free of disease

elimination of volunteer cane from fields to be replanted

elimination of diseased cane stools from plant cane fields and seedcane

nursenes

avoiding planting during peak periods of mosaic aphid vector activity

(mid-November to mid February)

Implementation of these measures and changing to the more resistant variety,

N12, led to a remarkable drop in the mean seasonal mosaic levels from 7.5%

in the 1985/86 season to 2% in the 1991/92 season (Irons & Payn, 1992).

Over the past few years there has been good progress made in the breeding

and selection of varieties for resistance to mosaic, based on the expression of

visual symptoms (Cronje et al., 1994). This has resulted in the release of more

resistant varieties such as N12, N16, N17 and N21 (Anon., 1994b). However,

Cronje et al. (1994) established that SCMV infection in sugarcane is not

always indicated by symptom expression and this may affect the screening for

resistance or susceptibility to SCMVin the breeding programme.
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1.3 Molecular Description of the Virus

SCMVbelongs to the Potyvirus genus in the Potyviridae family. The Potyvirus

genus is the largest economically important group of plant viruses of which

potato virus Y is the type member (Shukla et al., 1994). A unique phenotypic

characteristic of the group is the formation of pinwheel cylindrical cytoplasmic

inclusions (Ward et al., 1992). Electron microscopic studies show that the

filamentous, flexuous particles of SCMV,shown in Figure 1.2, measure about

750nm in length (Koike & Gillaspie, 1989).

Figure 1.2. Electron micrograph of the filamentous SCMVparticle (virion).

Courtesy of CPR Cronje, SASEX.

Each SCMVparticle (virion) is surrounded by a protein coat. The virion made

up of a viral genome which consists of only 5% of nucleic acid while the coat

protein accounts for the remaining 95% (Gough & Shukla, 1981). The genome

of SCMV is approximately 9.5 kilobases (kb) in size and consists of a single-

stranded, positive-sense RNAmolecule which is polyadenylated at the 3' end

(Brunt et al., 1996). The RNAmolecule encodes a polyprotein which is post-

transcriptionally processed into a number of proteins. A diagrammatic
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representation of the SCMVgenome is shown by Figure 1.3.

SUGARCANE MOSAIC VIRUSGENOME
P1 HC-Pro P3 6K, CI Nib CP

poly (A)

5
__ .3'

Figure 1.3. Diagram of the sugarcane mosaic virus genome coding region. Abbreviations:

PI = first protein, HC-Pro = helper component protease, P3 = third protein, 6Kl = putative

6Kd peptide (VPg),CI = cytoplasmic inclusion protein (RNAhelicase), 6K2 = second putative

6Kd peptide, NIa = small nuclear inclusion protein (protease), NIb = large nuclear inclusion

protein (RNApolymerase), CP = coat protein and poly(A)= polyadenylated 3' tail.

(Adapted from Smith & Van de Velde, 1994).

The polyprotein is cleaved by proteinases into at least eight polypeptides in the

followingorder: the first protein (PI), helper component (HC),the third protein

(P3), cytoplasmic inclusion protein (CI), the small nuclear inclusion protein

(Nla)(Nla + a protein covalently attached to the 5' end (VPg),the large nuclear

inclusion protein (NIb) and the coat protein (CP). Cleavage site motifs are

present for two small products: 6Kl and 6K2. VPg and CP are the only gene

products detected in viral particles while the other gene products have been

detected in infected plants (Shukla et al., 1994). The major proteins are CP,

VPg, HC, CI, Nla and the NIb (Shukla & Ward, 1989). The other proteins are

PI and P3 (Shukla et al., 1991). The coat protein is made up of protein

subunits that have a molecular weight of 28 500 - 36 500 Daltons (Koike &

Gillaspie, 1989). Two thousand coat protein subunits encapsidate the RNA

genome in a helical manner with seven to eight subunits in each ring, and

these are considered to be important for virus infection (Shukla & Ward,

1989).
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1.4 Functions of the Viral Gene Products

Functions have been assigned to the viral proteins but some of this work is

still speculative (Zaccomer et al., 1995).

The first protein (P1protein)

PI may be involved in cell-to-cell movement of the virus (Dougherty &

Carrington, 1988) or specific virus-host interactions. It is also serves as the

proteinase responsible for cleavage of the PI-HC junction (Shukla et al.,

1991).

The third protein (P3 protein)

P3 is considered to playa role in proteolysis of the polyprotein (Dougherty &

Carrington, 1988) or other virus-specific functions (Shukla et al., 1991).

The helper component (HC protein)

HC is responsible for insect transmission (Dougherty & Carrington, 1988) as

well as the autolytic cleavage at the junction between HC and P3 (Shukla et

al., 1991) It exhibits a high degree of cleavage site specificity (Shukla et al.,

1994).

The cytoplasmic inclusion (CI protein)

CI protein is important in virus replication (Dougherty & Carrington, 1988),

facilitating transcription and translation (Shukla et al., 1991) by acting as a

RNAhelicase (Zaccomer et al., 1995).

The genome-linked protein (VPg)

VPgis linked to the 5' end of the RNAmolecule and is believed to perform two

major functions (Shukla et al., 1994). Firstly, it plays a role in replication by

acting as a primer for viral nucleic acid synthesis (Dougherty & Carrington,

1988). It also protects mRNA against endonuclease attack (Shukla et al.,
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1991).

The small nuclear inclusion protein (Nla)

NIa is part of the nuclear inclusion body complex formed with NIb and acts as

a proteinase (Dougherty & Carrington, 1988) involved in the cleavage of the

C-terminal two thirds of the polyprotein. NIa autocatalytic ally releases from

the polyprotein by cleaving the CI-NIaand NIa-NIbjunctions and catalyses the

production of CI, NIb, and CP by cleaving the P3-CI and NIb-CP junctions.

NIa proteinase is also involved in self-processing to liberate the genome-linked

protein (VPg)(Shukla et al., 1994).

The large nuclear inclusion protein (NIb)

NIb is the most conserved amino acid sequence of the viral gene products

(Shukla et al., 1991) and serves as the RNA-dependent RNA polymerase

(Zaccomer et al., 1995).

The coat protein (ep)

The CP is the most well characterised of all the gene products and consists of

the highly variable, surface-exposed N-terminus, the highly conserved core

region and the surface-exposed C-terminus. The N-terminus of the CP is the

largest region in the virus that is unique to each virus as it contains virus-

specific epitopes (Shukla et al., 1991). The CP is composed of protein

subunits which have a molecular weight of 28 500 - 36 500 Daltons (Koike&

Gillaspie, 1989). Approximately two thousand coat protein subunits

encapsidate the RNAgenome in a helical manner with seven to eight subunits

in each ring (Shukla & Ward, 1989). The major role of the CP is encapsidation

of the genome (Dougherty & Carrington, 1988) as well as symptom

production and host specificity (Shukla et al., 1991).
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1.5 Identification of SCMVStrains

Several years after mosaic was demonstrated to be a viral disease Brandes,

1919), no suggestions had been made that a number of strains might exist

even though it was reported that it was possible to distinguish plants showing

mild symptoms from plants that exhibited severe symptoms (Edgerton, 1955).

Storey (1924) reported that in South Africa two distinct strains of mosaic were

evident on members of the grass family. Summers (1934) was the first to

report that he was able to recognise four strains in Louisiana and later

reported on 10 strains or sub-strains of SCMV to which he assigned letter

symbols. The strains A-G were earliest identified and later strains H-M

(Edgerton, 1955), but Abbott and Tippet (1966) found strain G to be a variant

of strain B. The identification of strains was made using the variation in the

pattern of mosaic symptoms exhibited on differential sugarcane varieties

(symptomatology), since strains differ with respect to their physical and

chemical properties and in the symptoms they cause in sugarcane (Kondaiah

& Nayudu, 1984). Strains A, B, 0, F, Hand M were found to cause mild

mosaic symptoms on differentials, while strains C, E, I, Jg, K and L cause

either severe necrosis, stunting or mosaic patterns (Chambers, 1981).

Subsequently, strains of SCMVhave been identified at a molecular level using

serology and other genome-based methods. The merits of these various

approaches are discussed below.

1.5.1 Symptom Expression

As mentioned above, the early identification of strains was made using the

variation in the pattern of mosaic symptoms exhibited on sugarcane varieties,
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sorghum or Johnson grass (symptomatology), since strains differ with respect

to their physical and chemical properties and in the symptoms they cause

(Kondaiah & Nayudu, 1984). Expression of symptoms is greatly influenced

by environmental conditions (Gillaspie et al., 1986) and as a result the use of

a large number of differential hosts allows for the development of additional

symptom types. Gillaspie et al. (1986) found that the Abbott and Tippet (1966)

method of strain differentiation, in which only two varieties of sugarcane (CP

31-294 & CP 31-588) are used as differential hosts, led to ambiguities of

strains that were very similar. Symptomatology, therefore cannot be used

solely as a reliable means of strain identification (Shukla et al., 1994).

1.5.2 Serological Reactions

From the late 1960s serology was used to supplement the use of differential

hosts for strain identification but later became the major criterion used to

characterise the different strains of SCMV. Compared to the use of differential

hosts in strain identification, serology offers a means of more specifically

differentiating between the strains at a molecular level based on reactions

between the immunogenic viral coat proteins and the antisera produced

against them. However, serological relationships between related strains of

potyviruses have been found to be inconsistent (Shukla & Ward, 1989). This

is because the antisera raised against the viral particles contain antibodies

(polyclonal) that recognise the antigens of closely related strains of the virus

and result in cross-reactions. This problem can be overcome by using

monoclonal antibodies produced against the virus-specific epitopes located in

the N-terminus of the coat protein (Shukla et al., 1988). Monoclonal
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antibodies are very expensive to produce but would be suitable for application

as a large scale diagnostic technique.

1.5.3 Genome Based Methods

The genome-based system offers a more sensitive method of differentiating

between strains since it makes use of differences that exist between the

nucleotide sequences encoding viral characteristics. Therefore genome

methods are a more direct indication of strain differences than serological

methods. Emphasis has been placed on coat protein gene sequences as the

basis of strain differentiation, reflecting the genetic source of serological

distinctions.

First genome-based studies on SCMVrelied on coat protein sequences being

elucidated from viral cDNA library clones (Gough et al, 1987). The SCMV

strain used in the construction of a cDNAlibrary by those authors was the

Johnson grass strain (SCMV-JG). The elucidated coat protein gene sequence

is available in the GenBank sequence database under the accession number

of A27631. The coat protein gene nucleotide sequence of another SCMV

strain, the sugarcane strain of SCMV (SCMV- SC), was subsequently

published by Frenkel et al. (1991).

Later, polymerase chain reaction (PCR)methodologies were used to amplify

coat protein genes using primers designed from previously elucidated coat

protein gene sequences (Smith & Van de Velde, 1994; Huckett & Botha, 1996;

Yang & Mirkov, 1997; Gibbs & Mackenzie, 1997). The nucleotide sequences
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of the PCR amplified products were then determined. Primers used for the

PCR amplification of related potyviruses have also been published (Pappu et

al., 1993; Achon et al., 1994). The principles of PCR are outlined in section

1.7.1.

Recently, sequence differences in PCR amplified regions of the coat protein

gene have been analysed by restriction techniques, producing restriction

fragment length polymorphisms (RFLPs), to differentiate between SCMV

strains (Yang& Mirkov, 1997). This method is based on length differences of

fragments produced after digestion with certain restriction endonucleases.

Application of this method has facilitated the identification of unknown SCMV

isolates without the need for sequence determination (Yang& Mirkov, 1997).

RFLPs have also been widely used in the identification of strains of several

other potyviruses such as the potato virus Y (PVY)(Glais et al., 1996) and the

passionfruit woodiness potyvirus (PWV)(Sokhandan et al., 1997). In both

cases the RFLP were based on sequences differences within the CP gene.

1.6 Reorganisation of the SCMVSubgroup

Until recently SCMVwas considered to be a single potyvirus, consisting of a

large number of strains which differed from each other in certain biological

and antigenic properties (Shukla & Ward, 1994). Maize dwarf mosaic

potyvirus (MDMV)was initially identified as a distinct virus of maize (Janson

& Ellett, 1963) but was later considered to be a strain of SCMVbecause of the

many common properties (Pirone, 1972). Through the use of cross-absorbed

polyclonal antibodies directed towards the surface-located, virus-specific

amino termini of the coat proteins, Shukla et al. (1989) revealed that 17
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strains of SCMV(including MDMV)from Australia and the United States were

not strains of one virus but in fact belonged to four distinct viruses.

It has also been shown that coat proteins of individual viruses of the potyvirus

group are 38-71 % identical but differ markedly in the length and sequence of

their amino termini, whereas the coat proteins of strains of viruses are more

than 90% identical and have amino-terminal sequences that are very similar

(Frenkel et al., 1991). As a result McKern et al. (1991) confirmed previous

findings (Shukla et al., 1989) that the viruses previously identified as strains

of SCMV, are in fact distinct viruses. The four distinct viruses have

subsequently been renamed according to the perennial host which they infect

namely Johnsongrass mosaic virus (JGMV), maize dwarf mosaic virus

(MDMV),sugarcane mosaic virus (SCMVland sorghum mosaic virus (SrMV).

The grouping of virus strains in the SCMV subgroup are as follows:

JGMV: SCMV-JG, MDMV-O,MDMV-KS1

MDMV:MDMV-A,D, E, F

SCMV: SCMV-A,B, D, E, SC, BC, ISIS, Brisbane, Bundaberg, MDMV-B

SrMV: SCMV-H, I, M (Shukla et al., 1992).

This classification of the SCMV complex has now been confirmed by several

biological, cytopathological and biochemical parameters including: reactions

on differential sorghum and oat cultivars (Tosic et al, 1990), cytoplasmic

cylindrical inclusion morphology (Lesemann et al., 1992), cell-free translation

of RNAs (Berger et al., 1989), 3' noncoding nucleotide sequences (Frenkel et

al., 1989) and molecular hybridisation with probes corresponding to the 3'
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noncoding regions (Frenkel et al., 1992).

Recently, phylogenetic analysis using CP gene sequence data of several strains

of the viruses in the SCMV subgroup (Yang & Mirkov, 1997) confirmed the

reclassification of the SCMV strains to distinct viruses. Distinct clustering of

the strains of each virus is shown in Figure 1.4.

1000

SCMU-E

'-----SCMU-MDB

,...-----------MOMU-R

685

1000

rMU-SCHTH

SrMU-SCM
1000

r----JGMC-JG

JGMC-MDO

JGMC-MOKSl

Figure 1.4. Phylogenetic relationships of coat protein gene sequences of several strains of

the SCMVsubgroup. The neighbor-joining method with 1000 bootstraps and the Clustal W

parameter was used to construct the phylogenetic tree. The number alongside each node

indicates the number of bootstrap replicates.

(Taken from Yang & Mirkov, 1997).

However, the reorganisation of the SCMV subgroup is based on comparisons

of the former MDMVjSCMV strains only from Australia and the United States.

A number of American SCMV strains namely C, F, G, K and L, have not yet
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been investigated as well as MDMV/SCMV strains occurring in other

countries. By using the above criteria, it would be possible to determine

whether the SCMVstrains not investigated belong to one of these four viruses

or represent new potyviruses in the SCMVsubgroup (Shukla et al., 1994).

1.7 General Principles of Techniques Used in Strain Identification

1.7. 1 Polymerase Chain Reaction (PCR)

PCR is a sensitive method of amplifying a segment of DNAor other double-

stranded nucleic acid in vitro in the presence of a thermostable DNA

polymerase, free deoxynucleotide triphosphates (dNTPs), a pair of

oligonucleotides complementary to the segment of DNA (primers) and

magnesium chloride. DNA polymerases carry out the synthesis of a

complementary strand of DNAin the 5' to 3' direction using a single-stranded

template, but starting from the double-stranded state. PCR employs two

primers, each complementary to opposite strands of the region of DNA. The

primers are arranged so that each primer extension reaction directs the

synthesis of DNAtowards the other. Synthesis is achieved by heating the

DNAto separate the strands and cooling to allow the primers to anneal to

their complementary sequences and subsequent extension. The heating and

cooling cycles are repeated to accumulate DNAexponentially until one of the

reaction components is depleted (Taylor, 1991).

Initially a fresh aliquot of the Klenowfragment of E.coli DNApolymerase I was

added during each cycle because the subsequent denaturation step

inactivated the enzyme. Discovery of a thermostable DNApolymerase, Taq
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DNApolymerase, from Thennus aquaticus (Saiki et al., 1988) eliminated the

need for replenishing the enzyme and facilitated automation of the thermal

cycling portion of the procedure. Automation of this process is achieved by

using a thermal cycler which has programmable incubation blocks where

temperatures, incubation times and cycle numbers can be manipulated as

desired (Taylor, 1991). Taq polymerase also permitted the use of higher

temperatures for annealing and extension, which improved the stringency of

primer-template hybridisation and thus the specificity of the products. This

has also served to increase the yield of the desired product (Kramer & Coen,

1995).

Despite its apparent simplicity, PCR amplification is influenced by several

important variables. These include the magnesium concentration, dNTP

concentration, primer design, template DNA, Taq DNA polymerase, other

components and the cycling temperatures. Each factor is dealt with

separately in the following sections.

a) Magnesium Concentration

Determining the optimum magnesium (MgCb) concentration can have an

enormous influence on PCR success and is a crucial factor affecting the

performance of Taq DNApolymerase since the enzyme requires free Mg2+ions

for activity (Kocher & Wilson, 1991). Reaction components, including

template DNA,chelating agents present in the sample, dNTPs and proteins,

all affect the amount of free magnesium. In the absence of adequate

magnesium, Taq DNA polymerase is inactive. Conversely, excess free

magnesium reduces the enzyme fidelity and may increase the level of non-

specific amplification. Magnesium and other salts also influence the
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annealing of primers to the template DNA. For these reasons it is important

to determine empirically the optimal MgCh concentration for each reaction

(Anon., 1996b).

b) Deoxynucleotide Triphosphate (dNTP) Concentration

Increasing the concentration of dNTPs in the reaction in an effort to increase

the efficiency of PCR has deleterious effects on the amplification since dNTPs

chelate magnesium and thus inhibit the activity of Taq DNA polymerase.

Moreover, high dNTPconcentrations increase the error rate of the polymerase

(Gelfand, 1989).

c) Primer Design

This is the factor that is least predictable and most difficult to troubleshoot.

An optimal primer set should hybridize efficiently to the sequence of interest

with negligible hybridisation to other sequences present in the sample. PCR

primers generally range in length from 15 - 30 bases and are designed to flank

the region of interest. Longer primers will not help increase specificity

significantly. The distance between the primers is flexible, up to 10kb.

However, there is a considerable drop in synthesis efficiency with distances

greater than 3kb (Jeffreys et al., 1988).

Primers should ideally have a GC content of 40-60% or similar to that of the

template. Primer sequences that contain stretches of polypurines or

polypyrimidines should be avoided since they are likely to create internal

secondary structures which affect extension. Base-pair mismatches may be

intentionally or unavoidably created; therefore it is best to have mismatches

at the 5' end of the primer. The closer the mismatch is to the 3' end, the more

likely it is to prevent extension (Anon., 1996b).
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Primer-dimers are PCR amplification artifacts which form when the 3' end of

one primer anneals to the 3' end of the other primer, and polymerase then

extends each primer to the end of the other. The ensuing product can

compete very effectively against the PCR product of interest. Primer-dimers

can best be avoided by using primers without complementarity, especially in

their 3' ends (Kramer & Coen, 1995).

d) Template DNA

The main factors regarding template DNAare purity and quantity. Various

contaminants found in DNApreparations such as sodium dodecyl SUlphate

(SDS)and sodium acetate, can decrease the efficiency of peR (Gelfand, 1989).

The amount of template must be sufficient to allow detection of the target

sequence. However, the amount of target sequence versus nonspecific

sequences can have a major effect on the yield of nonspecific products

(Kramer & Coen, 1995).

e) Taq DNA Polymerase

Addition of more enzyme does not significantly increase product yield but may

increase the yield of non-specific peR product at the expense of the desired

product. Excessive amounts of enzyme coupled with long extension times

increases the likelihood of generating artefacts associated with the intrinsic

5'-3' exonuclease activity of Taq DNApolymerase, resulting in smearing on

agarose gels (Anon., 1996b).

A very important property of Taq DNApolymerase is its error rate, which was

initially measured at 2x10-4nucleotidesjcycle (Saiki et al., 1988). The purified

enzyme lacks the 3'-5' exonuclease (proof-reading) activity which leads to its

high error rate. If peR products are cloned prior to sequencing, this high
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error rate will be encountered. Direct sequencing of the PCR products reduces

the error rate to 0.3% since fewer amplification cycles are used (Kocher &

Wilson, 1991).

Another important property of Taq DNA polymerase is its propensity for

adding a non-template specified adenosine to the 3' end of DNAchains (Saiki

et al., 1988). This can be problematic if the PCR product is to be cloned by

blunt-ended cloning since this would require "polishing" of the PCR product

prior to cloning. However, this property of Taq DNA polymerase can be

advantageous in cloning of the PCR products when T-tailed vectors are used

(Anon., 1996b). Changing to other DNA polymerases, which have greater

fidelity, may be useful to overcome the undesirable properties of Taq DNA

polymerase.

f) Other Components

Additives that promote polymerase stability and processivity or increase

hybridisation stringency and reduce nonspecific primer-template interactions,

especially prior to the critical first cycle, can greatly improve sensitivity,

specificity and yield. The addition of non-ionic detergents such as Triton X-

100 or Tween-20 to PCR buffers helps to maintain full activity of Taq DNA

polymerase during thermal cycling. ~-Mercaptoethanol or dithiothreitol is

added to help stabilize proteins during thermal cycling. Various carrier

proteins can also be added but are not essential (Kocher & Wilson, 1991).

g) Thermal Cycling Conditions

Each step in the cycle requires a minimal amount of time to be effective,while

too much time can be both wasteful and deleterious to the DNApolymerase

(Kramer & Coen, 1995).
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Denaturation

It is essential that complete strand separation occurs during the denaturation

step. The standard 60 seconds used ensures that the temperature reaches

94oC. Higher denaturation temperatures may be necessary for templates with

very high GC contents but this affects the activity of Taq DNApolymerase.

Annealing

It is critical that the primers anneal stably to the template. Primers with GC

contents of <50% require low annealing temperatures, while primers with high

GC contents require higher annealing temperatures. The higher temperatures

minimize nonspecific primer annealing, increasing the amount specific

product produced and reducing the amount ofprimer-dimer formation (Anon.,

1996b). The time required for this step is minimal since the primers are in

such excess that the annealing reaction occurs very quickly.

Extension

The extension temperature of 720C is close to the optimal temperature for Taq

polymerase (-75oC), yet prevents the primers from disengaging. Primer

extension occurs during annealing because Taq is partially active at 550C and

even lower temperatures (Gelfand, 1989). The duration of this step depends

on the length of the sequence to be amplified.

1.7.2 Reverse Transcription PCR (RT-PCR)

Polymerases used in PCR require a double-stranded template and thus limit

the application of PCR. In order to apply PCR methodology to the study of

RNA,the RNAsample must first be reverse transcribed to produce a double-

stranded RNA-DNAhybrid or copy DNA(cDNA)to provide the necessary DNA
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template for the polymerase. Reverse transcriptase enzymes such as those

from Avian myeloblastosis virus (AMV)or Moloney murine leukaemia virus

(MuLV) are generally used to produce cDNA from RNA directed by a

oligonucleotide primer. The RNA-DNAhybrid produced is then used as a

template in a PCR reaction. Recent developments have led to the use of

optimised buffers for the reverse transcription and subsequent PCR to be

performed in a single tube (Anon., 1996b). The same critical factors for the

success of PCR apply to the RT-PCRtechnique.

1.7.3 Restriction Fragment Length Polymorphism (RFLP)Analysis

The use of PCR has made it possible to amplify a region of DNAwhich can

then be exposed to restriction enzymes. The amplified and cleaved DNAis

visualised directly on a gel after electrophoresis. The cleavage patterns

derived from certain restriction enzymes can therefore be used to distinguish

strains or sub-strains from one another at the nucleotide sequence level. A

prerequisite of PCR-RFLPanalysis is knowledge of the nucleotide sequence

surrounding the restriction site (Ivinson & Taylor, 1991).

1.7.4 DNASequencing

There are two methods of DNAsequencing in vitro: an enzymatic or dideoxy

chain termination method developed by Sanger et al. (1977) and a chemical

degradation method developed by Maxam & Gilbert (1977). Of the two

methods, the Sanger dideoxy chain termination method is the most popular,

The Sanger method is based on the fact that dideoxynucleotide triphosphates

(ddNTPs)are incorporated into a replicating DNAstrand in the same way as
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conventional dNTPs. The difference is that ddNTPs lack the 3' hydroxyl group

necessary for chain elongation. As a result when ddNTPs are incorporated

into the new DNA strand, the missing hydroxyl group prevents the formation

of a phosphodiester bond with a successive dNTP and chain elongation is

terminated at that position. Synthesis is initiated at the position where an

oligonucleotide primer anneals to the template DNA and each chain is

terminated at a specific base (Griffin & Griffin, 1993).

Until recently, DNA sequencing was performed using radiolabelling of

extension products and autoradiography as the method of detection. 32pwas

at that time the label of choice, since 32P-IabelleddNTPs were readily available

and are incorporated easily by polymerases (Heiner & Hunkapiller, 1989).

However, the strong 13 particles emitted by 32pcreated two problems. Firstly,

scattering resulted in larger and more diffuse bands on the auto radiograph

than the bands of DNA in the gel (Sambrook et al., 1989). This affected the

ability to read a sequence correctly and reduced the number of nucleotides

that could be read from a single gel. The second problem was the radiolysis

of DNAin the sequencing reaction caused by the decay of 32p(Sambrook et al.,

1989). 32P-Iabelled sequencing reactions therefore could only be stored for a

maximum of 2 days before degradation of the DNArendered the sequencing

gels indecipherable. Now 35S is available as an alternative label and can

provide significantly improved resolution due to less scattering of the weaker

13 particles (Biggin et al., 1983). This allows unambiguous determination of

several hundred nucleotides of DNA sequence from a single reaction set

(Sambrook et al., 1989). However, the use of 35Srequires significantly longer
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exposure times than that of 32p (Heiner & Hunkapiller, 1989).

More recently fluorescent dyes have become an alternative to radiolabe1s and

have been used as part of automated systems using laser excitation and direct

optical detection. Four dyes with different emission frequencies can be used

as labels, one for each reaction. The products of all four reactions are then

combined and electrophoresed on one lane of a gel. The fluorescently labelled

bands are detected in real time as they migrate past a detector near the

bottom of the gel. The signal spectrum is then analysed to determine which

dye (i.e.which base) the bands represent. Currently, dye-labelled sequencing

is available only for dideoxy reactions. These dyes may be attached to the 5'

end of the primer or the terminating nucleotide analogue (Heiner &

Hunkapiller, 1989).

1.7.5 International Sequence Database Comparisons

DNAsequence databases are linked both to the protein sequence databases

which specify the translated products and to genetic maps which describe the

organisation of the genetic functions in the genome (Bishop, 1989). There are

three major DNAsequence databases:

The DNAData Bank of Japan (DDBJ)

the European Molecular BiologyLaboratory Nucleotide Sequence Data

Library, (EMBL),and

the GenBank Genetic Sequence Data Bank (GenBank)

Improvements in database accessibility have been made through the

distribution at quarterly intervals of entire databases captured on optical
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compact disks (CD-ROM). Using the appropriate software, this permits fast

database searches on Personal Computers (Bishop, 1989). Recently, direct

database searches of the most current sequence information available in

sequence databases have been made possible through electronic mail and the

Internet. The National Centre for Biotechnology Information (NCBI) contains

a non-redundant (nr) database on its web site which combines sequence data

from several sources, yielding a collection of nearly all available sequences.

In order to search these databases, a search program is required. Database

searching programs can either be rigorous or can take short cuts in an

attempt to speed up the alignment procedure (Bishop, 1989). Rigorous search

programs employ the Smith-Waterman algorithm which compares the query

sequence with each sequence in the database (target), while programs such

as the Basic Local Alignment Search Tool (BLAST)(Altschul et al., 1990) and

FASTA use heuristics to reduce the time required for alignment of the

sequences (Brenner, 1998). A statistically computed score is assigned to each

alignment and the best scores are reported to the user (Altschul, 1998).

Variations of the BLAST and FASTA programs are available for different

combinations of queries and database types (Brenner, 1998).

1.8 Importance of Viral Strain Identification

Viral strain identification has important implications for the development of

diagnostic techniques for the detection of viral infections as well as in

determining mechanisms for increased disease resistance. These are

discussed in the following sections.
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1.8.1 SCMVDiagnosis

A sensitive and reliable method for the diagnosis of SCMV infection is

important for the safe movement and quarantine of sugarcane germplasm

within and between countries (Smith & van der Velde, 1994). The use of RT-

PCR (see section 1.7.2) has significantly enhanced the sensitivity of detection

of viral infections and has been widely used in SCMVdetection (Smith & van

der Velde, 1994; Huckett & Botha, 1996; Yang and Mirkov, 1997; Gibbs &

Mackenzie, 1997). The sensitivity offered by RT-PCR is especially useful in

detecting infecting viruses since visual symptoms of viral infection can take

some time to appear or may not be present at all (Cronje et al., 1994).

However, the application of RT-PCR in the development of a diagnostic test

requires prior knowledge of the prevalent viral strains for suitable primers to

be designed and applied. Knowledge of the prevalent strains in the South

African sugar industry could lead to the development of diagnostic tests that

make use of nucleotide sequence differences or similarities that exist between

the different SCMVstrains. This would facilitate the development of suitable

diagnostic tests for specific or broad range strain diagnosis.

1.8.2 Viral Coat Protein-Mediated Resistance

Viral coat protein (CP)-mediated resistance is the expression of a viral CP gene

in transgenic plants to achieve resistance to the virus from which the gene

was derived (Sturtevant & Beachy, 1993). CP-mediated protection is

manifested as a delay in or absence of the development of disease symptoms

with a concurrent decrease in virus accumulation (Stark & Beachy, 1989). It

also causes a reduction in replication and systemic spread since virus levels
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are generally decreased in systemic leaves. Stark and Beachy (1989) found

that levels of protection offered by CP-mediated resistance in potyviruses is

greater when the CP gene used shares high sequence homology to the

challenging virus. Identification of the prevalent SCMVstrain(s) in the South

African industry would therefore assist in determining the most applicable CP

gene for use in genetically engineering resistance in local varieties of

sugarcane to SCMVinfection.

1.9 Aims of the Study

A need exists in the South African sugar industry for the development of a

suitable diagnostic test to detect the presence of SCMVinfection as well as the

production of sugarcane containing inherent resistance through genetic

engineering. However, prior knowledge of the prevalent strains of SCMV

within the industry is strategically important to both these programmes.

Previous work on strain identification in the industry has been based on

symptomatological and serological methods, which have proven to be

somewhat inconsistent and unreliable. The approach used in this study

makes use of a genome-based method which offers a more sensitive means of

differentiating between strains of viruses. The method makes use of

differences in the nucleotide sequences which encode viral coat protein

characteristics.

The primary aim of this study was to identify the strain(s) of SCMVpresent in

current commercial sugarcane varieties within the South African sugar

industry by comparative analysis of the nucleotide and inferred amino acid
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sequences of the N-terminal region of the CP gene of several isolates of SCMV

from various sugarcane growing regions and varieties. The following specific

objectives were set in order to achieve this:

- select eight regions and two varieties (where possible) from each

region representative of the industry

- isolate the N-terminal region of the CP gene from all samples

- determine the nucleotide sequence of the first 360bp of the CP gene

- establish relatedness between isolates based on sequence similarity

using computer software

- use database sequence comparisons of nucleotide sequences obtained

for strain identification

- extend and confirm sequence-derived strain allocations with that

obtained using RFLPs.

Accomplishment of the specific objectives will therefore permit the

identification of the prevalent strain(s) present in the industry.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Materials

2.1.1 Source of Plant Material

Infected sugarcane leaf samples were collected by the South African Sugar

Association Experiment Station (SASEX)Pathology department from regions

of infection throughout the industry. Figure 2.1 shows the regions and

varieties sampled as well as their locations within South Africa. Infected leaf

material was selected from a number of plants in each region on the basis of

symptom severity. Leaf samples obtained were either used directly or placed

in labeled plastic bags, sealed and stored at -80°C.

2. 1.2 Oligonucleotide Primers

A range of primers was used in several applications including both viral

specific primers and universal primers. The specific primers were AGPOT2,

BHf, CPCON-F, GSf, GSflNVand GSr (Table 2.1) while universal primers were

Oligo (d)T, M13Reverse, SP6 Reverse and T7 (Table 2.2). Sequences of the

primers are given in Tables 2.1 and 2.2 and the relative binding positions of

the primers are shown in Figure 2.2. The primers were synthesised at the

University of Natal Medical School, the University of Cape Town or Boehringer

Mannheim (Germany). Working stocks of the primers were diluted with sterile

water to a concentration of 61lM (used for sequencing) or 10llM (all other

applications) and stored at -20°C.
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2.1.3 Cloning Vectors

The cloning vectors used m this study were the commercially available

phagemids pCR-Script SK+(Stratagene), pCR2.1(Invitrogen) and pGEM-T Easy

(Promega) which are 2900bp, 3890bp and 3018bp in size, respectively. The

vector pCR-Script SK+is a blunt-ended cloning vector while the other two

vectors are designed for the T-A method of "sticky-end" cloning. This makes

use of the non-template dependent activity of Taq polymerase to add a single

deoxyadenosine (A)to both 3' ends of amplified DNA. The DNAfragment is

then ligated to a vector containing a single deoxythymidine (T)base at the 3'

end of each complementary strand. The three vectors are represented in

Figure 2.3.

2.1.4 Bacterial Strains

Escherichia coli strains INVaF', JM83 and JM109 were used as host cells in

transformation procedures. The strains INVaF' and JM109 were commercially

supplied as competent cells in conjunction with their respective vectors.

Competent INVaF' cells were supplied with vector pCR2.1 and JM109 cells

with pGEM-T Easy vector. JM83 cells were made competent in-house (see

section 2.2.8). These strains are capable of complementation with the lacZ

a-fragment encoded by the vectors to form active p-galactosidase used in

blue/white selection of vector transformants with (white) and without (blue)

the desired insert. All competent cells were stored at -80°C until required for

transformation.



Figure 2.3. Diagrammatic representation of the three plasmid cloning vectors used for insertion of SCMVCP
gene fragments. A = pCR-Script SK+vector; B = pCR2.l vector; C = pGEM-TEasy vector. Allthree vectors are
capable of a-complementation with appropriate E.coli cells to facilitate the blue/white selection of
recombinants containing the inserted CP fragment. Blue/white selection is accomplished by the insertional
inactivation of the lacZ gene. In the presence of of an inducer (IPfG), expression of the 13-galactosidasegene
product results in the formation ofblue colonies in the presence of a chromogenic substrate such as X-gal. An
insertion of a DNAfragment into the lacZ gene disrupts the reading frame and prevents expression of the gene
thus resulting in the formation of white colonies. White colonies are thus selected as putative recombinants.
MCSis the mutliple cloning site which is flanked by vector specific priming sites, such as T7 and SP6 in the
case ofpGEM-T Easy vector, which allows to test by PCRfor the presence ofan insert. AmpRand KanRare the
ampicillin and kanamycin resistance genes used for antibiotic selection of transformants.
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2.1.5 Maintenance of Plasmids and Bacterial Strains

Bacterial cultures were maintained by several methods using Luria Bertani (LB)

medium (1% wIv tryptone, 1% w[v NaCI, 0.5% wIv yeast extract powder, pH

7.5) as growth medium. LB-broth was used as liquid medium and 1.5% agar

was added to produce the solid medium. The antibiotic ampicillin was added

to the medium in a final concentration of 50llg/ml for selection when necessary.

Long term bacterial cultures were preserved using glycerol (15% v/v) as

cryoprotectant, frozen in liquid nitrogen and stored at -80°C. Stab cultures in

LB-agar were sealed with Parafilm and stored at 4°C. Working stocks were

maintained on LB-plates and stored at 4°C. These plates were re-streaked every

three to four weeks and sealed with Parafilm to reduce the risk of

contamination.

2.2 Methods

2.2.1 General Precautions Taken while Working with RNA

A number of applications in the work undertaken required the handling and

use of intact RNA. RNA is easily degraded by ribonucleases (RNases)

commonly found on hands, laboratory glassware, bacteria and moulds that

may be present on air-borne dust particles and are extremely difficult to

inactivate. Great care must be taken to avoid inadvertently introducing

RNases into RNApreparations both during and after isolation. The following

precautionary measures were taken to prevent the accidental contamination

of RNAsamples with RNases.

Gloves were worn at all times and sterile techniques were employed
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when handling any of the reagents used for RNAisolation or analysis.

Chemicals for use in RNA isolation and analysis were reserved

separately from other uses. Gloves were worn when handling these

chemicals and only baked spatulas and untouched weigh boats were

used.

Whenever possible, sterile, disposable plasticware was used for handling

RNAas these materials are generally RNase-free and did not require

pre-treatment to inactivate RNases.

Nondisposable glassware and plasticware were treated before use to

eliminate any RNases. Glassware was baked at 2000C overnight and

plasticware was thoroughly rinsed with O.IN NaOH/lmM EDTA and

then diethyl pyrocarbonate (DEPC)-treated water. Section 2.2.2 gives

a description on the preparation of DEPC-treated water.

Since autoclaving alone is not sufficient to inactivate RNases, solutions

were made with DEPC-water and then autoclaved for 30min to remove

any trace of DEPC.

2.2.2 Preparation of DEPC-Treated Water

DEPC-treated water was made by mixing 1% (vIv) DEPC with sterile deionised

water in a fume cupboard. The mixture was stirred overnight using an

electric magnetic stirrer. Residual DEPC was removed from the mixture by

autoclaving thrice at 1210C for 20min.

2.2.3 RNAExtraction and Purification

Total RNA was extracted from freshly sampled infected leaves usmg a
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commercial kit (RNeasy, Qiagen). Infected leaf tissue (minus midribs) was cut

into approximately 2cm2 pieces and ground to a fine powder in a sterile

mortar under liquid nitrogen. Two hundred milligrams of ground tissue was

mixed thoroughly in a 1.5ml microcentrifuge tube containing 900lli RLTlysis

buffer and 9111of f3-mercaptoethanol. Lysis of the plant cells was aided by

incubating the mixture at 56°C for 5min and placing on ice immediately

afterwards. The lysate was then separated from protein and cellular debris

using a homogenizing spin column and centrifugation at 12000rpm for 2min.

The lysate was mixed with 0.5 volumes of 95% ethanol and the nucleic acid

bound to a nucleic acid-binding spin column by centrifuging for 30sec at

10000rpm. The column was washed with 700JlI of RW1 wash buffer and

centrifugation at 10000rpm for 30sec followed by two washes with 500lli RPE

purifying buffer and the same centrifugation. Total RNAwas then eluted from

the column in two steps using 50111followedby 30111DEPC-treated, RNase free

water into a sterile 1.5ml microcentrifuge tube. All the extraction steps

requiring centrifugation were performed at room temperature. Once the RNA

was eluted from the spin column it was kept on ice before storing at -BO°C to

prevent possible degradation.

2.2.4 Total RNAYield Determination

The concentration of total RNA isolated was determined

spectrophotometric ally at a wavelength of 260nm using a Beckman DU7500

spectrophotometer. Readings were taken using aliquots of total RNAdiluted

fifty times in DEPC-treated water. DEPC-treated water was used as a blank

to give a baseline absorbance. An absorbance of 1.0 at 260nm corresponds
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to 40~g RNA per milliliter (A26o= 1 = 40~g/ml) (Sambrook et al., 1989).

Concentration of RNAwas calculated using the following formula:

Concentration = A260X 40~g/ ml X Dilution Factor

The ratio between the readings at 260nm and 280nm (A26o/A28o)was used to

provide an estimate of the purity of the isolated RNA,where an ideal ratio is 2.0

(Sambrook et al., 1989).

2.2.S First Strand Copy DNA (cDNA)Synthesis

Viral RNAwas reverse transcribed from total RNAusing the Expand™ reverse

transcriptase enzyme according to the supplied protocol (Boehringer

Mannheim). Expand™ is an RNA-directed DNApolymerase enzyme which has

reduced RNaseH activity (to prevent degradation of RNA in the DNA/RNA

hybrid formed during reverse transcription). Since the extract contained total

RNA(viral RNAas well as the various forms of plant RNA),hot-start reverse

transcription was used. RNAand primer were first heated at 6S0C for 10min

before adding the rest of the reagents: SOmMTris-HCl pH 8.3, 40mM KCl,

SmM MgCb, O.S% Tween 20 (vIv), 2.SV Expand™ reverse transcriptase,

10mM dithiothreitol, ImM deoxynucleoside triphosphate (dNTPs)mix and IV

of RNase inhibitor in a total volume of 20~1. Reverse transcription was then

performed at 42°C for 30min. Primers GSr or Oligo (d)Twere used to initiate

reverse transcription of the coat protein gene region. First strand cDNA

product was diluted 1:1 with sterile DEPC-treated water and was either used

directly or stored at -20°C.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

43

2.2.6 PCR Amplification

PCR was used for several applications and was performed using an Omnigene

automated thermal cycler (Hybaid). Most PCR reactions were in 24J.lIreaction

volumes containing various concentrations of template, 2J.lg acetylated bovine

serum albumin (BSA), lOmM Tris-HCI pH 8.3, 1.5mM MgCb, 2.4J.lg gelatine,

lOOJ.lMdNTPs, O.lJ.lM primers and 1U Taq DNA polymerase enzyme

(Boehringer Mannheim). Reactions were overlaid with mineral oil and the

DNAwas amplified using the following thermal profile: 1 cycle of 940C for

3min, 500C for 5min, 720C for 2min; 35 cycles of 94°C for 2min, 500C for

2min, 720C for 3min and 1 cycle of 720C for 7min. Various modifications to

the above-mentioned conditions were made for specific PCR applications and

they are described below.

a) Primary PCR amplification of viral sequences

Several parameters were altered in the above reaction conditions to determine

optimal PCR conditions using viral cDNA as a template. These included

template concentration, MgCb concentration, KCI concentration, reaction

buffer pH, PCR additives, different DNApolymerase enzymes and a range of

annealing temperatures. The primer-pairs used were AGPOT2jGSr and

BHfjGSr.

b) Semi-nested PCR amplification of viral sequences

The semi-nested PCR amplification used purified PCR products as template

and the GSfj GSr primer-pair. A slighter higher annealing temperature of

520C was used with the thermal profile and reaction conditions as stated in

section 2.2.6.
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c) Screening of putative positive bacterial transfonnants

PCR reactions for the amplification of vector inserts from whole bacterial cells

following transformation were performed in l4j.l1 reaction volumes. The

composition of the reaction was as mentioned in section 2.2.6 with the

exclusion of BSA and using primer-pairs T7/M13 Reverse and T7/SP6

Reverse. Whole bacterial cells taken directly from a transformation plate,

served as template DNA. Amplification was achieved using the following

thermal profile: 1 cycle of 940C for lmin, 10 cycles of 940C for 25sec, 450C for

30sec, 720C for lmin, 30 cycles of 940C for l5sec, 400C for 30sec, 720C for

lmin and 1 cycle of 720C for 2min.

d) Amplification of 900bp fragment for RFLP analysis

Amplification of an approximately 900bp fragment used for differentiation of

SCMV strains by RFLP was performed in 24ul reaction volumes. The

composition of the reaction was as mentioned in section 2.2.6 with the

exception that the primer-pair SCMV-F3 / SCMV-R3 was used. A slighter

higher annealing temperature of 520C was used with the thermal profile and

reaction conditions as stated in section 2.2.6.

2.2.7 Restriction Digests

Ten micrometer aliquots of PCR products were restricted with 5U of Taq I

endonuclease at 650C for lh or with 5U of Hinf I endonuclease at 370C for lh.

Reactions were performed in l5j.l1reaction volumes using the appropriate buffer

supplied by the manufacturer (Boehringer Mannheim).

Restriction digest of plasmid DNAwas carried out in l5j.l1reaction volumes

containing Iug of plasmid DNA, IOUof either EcoR Ior Not Iendonuclease and
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the appropriate incubation buffer supplied by the manufacturer (Boehringer

Mannheim). Reactions were incubated at 370C for 2h and the restricted DNA

visualised on 1.5% (w/v) in TBE buffer [4SmMTris borate, ImM EDTA,pHB.O]

agarose gels.

Expected restriction profiles of PCR amplified products and plasmids was

determined using the restriction enzyme search function of the DNASIS

software programme and published sequence data.

2.2.B Gel Electrophoresis and Visualisation of DNA

One percent agarose gels were prepared using half strength TBE buffer and

ethidium bromide to a final concentration of Iug/rnl. PCR products were mixed

with 2~1gel loading buffer (50% ficoll, 0.03% bromophenol blue, 0.03% xylene

cyanol FF) and loaded on to the gel with a molecular weight standard (A. DNA

EcoR 1/Hind III digested or pBR322 DNAHae III digested). The samples were

electrophoresed at 6V[csa for 120min. DNAfragments were visualised on a

Hoefer Mighty Bright UV transilluminator at 300nm and photographed using

a Vilber Lourmat photographic system with adjustable focal length. Gel images

were printed on light sensitive, high density paper using a Sony video graphic

printer.

2.2.9 Purification of PCR Products

DNAfragments were excised from agarose gels using sterile scalpels. After

removal of excess agarose, the gel pieces were treated in one of the following

ways:
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a) Resolubilisation in TE buffer

Excised gel pieces were placed in 500111sterile TE buffer (10mM Tris-HC1,

1mM EDTA, pH 8.0) and either stored at -20oC or used directly in PCR after

the DNAfragment was resolubilised by heating to 950C for five minutes or

until the agarose had melted completely.

b) QIAquick gel extraction

Agarose gel pieces containing the DNAfragment were weighed in sterile 1.5ml

centrifuge tubes and 300111QX1 solubilisation buffer was added for every

100mg of gel. The agarose was dissolved by incubating the mixture at 500C

for 10min or until completely dissolved. Vortexing the mixture every 2min

also helped ensure that the agarose was completely dissolved. The mixture

was then adding directly to a DNA-binding spin column and the DNAbound

by centrifuging at 13000rpm for 60sec. Unbound agarose and buffer in the

flow-through were discarded. Trace amounts of agarose were removed with

an addition of 500111QX1 buffer followed by centrifugation at 13000rpm for

60sec. Excess salt was removed from the column by adding 750111PE wash

buffer, leaving it at room temperature for 5min followed by centrifuging at

13000rpm for 60sec. Residual PE wash buffer was removed from the column

after discarding the flow-through and centrifuging for an additional 60sec at

13000rpm. Membrane-bound DNAwas eluted with 35111of sterile distilled

water. The column was left to stand at room temperature for 5min before

centrifuging at 1300rpm for 60sec. DNAwas used directly or stored at -20°C.

c) GenElute gel extraction

Gel pieces were placed directly in agarose-binding spin columns (GenElute,

Supelco) pre-equilibrated with 100111of TE buffer and centrifuged at
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12000rpm for 10min to remove the agarose. The resultant DNAwas further

purified using the commercial kit, QIAquick PCR purification kit (Qiagen) as

follows. Five volumes of PB binding buffer was mixed with the DNA solution

and placed in a spin column. DNAwas bound to the membrane in the nucleic

acid-binding spin column by centrifuging at 12000rpm for 60sec and the

resultant flow-through discarded. The membrane-bound DNA was washed

with 750l-ll PE purifying buffer and centrifuging at 12000rpm for 60sec.

Residual PE buffer was removed from the column by an additional

centrifugation at 12000rpm for 60sec. DNAwas eluted from the column using

351-llof sterile distilled water and stored at -200C.

2.2.10 Insertion of PCR Fragments into Cloning Vectors

a) Blunt-ended cloning

One hundred nanograms of linearised pCR-Script SK+vector and 100ng of the

coat protein gene fragment were ligated using a molar ratio of 1 : 3 (vector :

insert). Ligations were carried out in lOl-l1reaction volumes containing 33mM

Tris-HCl, 2.5mM MgCb, 0.5mM dithiothreitol and 0.5mM ATP and IOU T4

DNAligase (Boehringer Mannheim). The reactions were incubated at 220C for

16h.

b) T-A cloning

The molar ratio used in the cloning of coat protein gene fragments into the

vectors pCR2.1 and pGEM-T Easy was 1: 3 (vector: insert) where the amount

of vector used was 50ng. Vector and coat protein gene fragment were mixed

in a l Oul reaction. The reaction using the vector pCR2.1 contained 60mM

Tris-HCl (pH 7.5), 60mM MgCb, 50mM NaCl, 1mgjml BSA, 70mM ~-
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mercaptoethanol, 1mMATP20mM dithiothreitol10mM spermidine and 4U T4

DNAligase (Invitrogen). Reaction components in the pGEM-T Easy ligation

mixture were 300mM Tris-HCI (pH 7.8), 100mM MgCh, 100mM dithiothreitol,

10mM ATP and 3U T4 DNA ligase (Promega). Reactions were incubated

overnight at 4°C (pGEM-T Easy) or 140C (pCR2.1).

2.2.11 Preparation of Competent Cells

Five millilitres of LB broth was inoculated with E.coli JM 83 cells and

incubated at 370C overnight. This culture was then used to inoculate 200ml

of LB-broth which was incubated at 370C with agitation (aeration). The

culture was incubated until the absorbance, measured at a wavelength of

650nm on the spectrophotometer, was 0.2-0.4 units. Cells were then cooled

on ice for ten minutes and subsequently pelleted at 1000rpm at 40C for

10min. The supernatant was discarded and the cell pellet was resuspended

in 4ml transformation buffer (60mM CaCh, 10mM Pipes-HCI, pH 7.0, 15% vjv

glycerol) and kept on ice. Another 36ml transformation buffer was added to

the cells which were incubated on ice for a further 30min. Centrifugation at

1000rpm for 10min at 40C precipitated the cells which were then resuspended

in 6ml transformation buffer and kept on ice. The competent cell suspension

was either used directly andj or divided into 200J..lIaliquots in sterile 1.5ml

microcentrifuge tubes, flash frozen in liquid nitrogen and stored at -800C.

2.2.12 Transformation of Bacterial Strains with Plasmid Vectors

Each E. coli strain was transformed according to a method that provides

optimal transformation efficiency. Each strain is dealt with separately in the



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

49

following sections.

(a) E.coli JM 83

Five microlitres of the ligation mixture was used to transform 50111of

competent E.coli JM 83 cells by incubating on ice for 20min. Thereafter it was

heat-shocked by incubating at 370C for 5min and quenching on ice for 2min.

Preheated (37°C) LB-broth (200lll) was added to the cells and incubated at

370C for 30min. Between 50-100111of the cell suspension was plated on to

selective LB-plates and incubated overnight at 37°C. The plates were

prepared by adding 50llg/ ml ampicillin to the medium prior to setting and

spreading 20111of X-gal (10%w/v) and 20111ofIPTG (0.2M) with a sterile glass

spreader over the entire surface of the plate.

(b) E.coli INVaFJ

Fifty microlitres of INVaF' competent cells were thawed on ice and

subsequently mixed with 2111of 0.5M p-mercaptoethanol. Two microlitres of

the ligation mixture was then added to the cells and incubated on ice for

30min. The cells were heat-shocked by incubating at 420C for exactly 30sec

and cooled on ice for 2min. SOC-broth (2% lw/v] tryptone, 0.5% lw/v] yeast

extract, 10mM NaCl, 2.5mM KCl, 10mM MgCh-6H20, 20mM glucose) pre-

equilibrated to room temperature (250lll) was added to the cells and the

mixture incubated at 370C for 1h with agitation. Aliquots of 50 and 200111

were plated on to selective LB-plates (as in section 2.2.12a) and incubated at

370C overnight.

(c) E.coli JMI09

Two microlitres of ligation mixture were mixed with 50111of competent JM 109

cells in pre-chilled polypropylene tubes (17x100mm) and incubated on ice for
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20min. The cell suspension was heat-shocked by incubating at 420C for

exactly 4Ssec and quenching on ice for 2min. An aliquot of room temperature

SOC-broth (9S0IJ.I)was added to the cell suspension and incubated at 370C for

I.Sh with agitation. One hundred microlitres of the transformation mixture

was plated on to duplicate selective LB-plates (as in section 2.2.12a) and

incubated at 370C overnight.

2.2.13 Screening for Transformants

Putative positive colonies (white)chosen after blue/white selection (see section

2.1.4) were tested directly for the presence of the inserted fragment by PCR

analysis using primers which flank the multiple cloning site in the vector. A

small amount of each bacterial colony, picked off with a sterile toothpick,

served as template in a PCR reaction. Details of the PCR reaction conditions

are given in section 2.2.6c.

2.2.14 Plasmid Isolation

PCR positive cells were used to inoculate LB-broth containing SOllg/ml

ampicillin and grown at 370C overnight with agitation. Cells were pelleted by

centrifuging at 3000rpm for 10min. Plasmid isolation was done using the

Nucleobond AX plasmid isolation kit (Macherey-Nagel). The cell pellet was

resuspended in SI suspension buffer (SOmM Tris-HCI, 10mM EDTA,

100ug/ml RNase A, pH 8.0). Lysis of the cells was achieved by mixing the cell

suspension with S2 lysis buffer (200mM NaOH and 1% SDS) and incubating

at room temperature for Smin. S3 denaturing buffer (2.8M Kac, pHS. 1)was

added to the mixture and incubated on ice for Smin to denature the proteins.
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Cellular debris was pelleted by centrifuging at 12000g for 40min. The

supernatant was filtered before being loaded on to a DNA-binding cartridge

pre-equilibrated with N2 equilibration buffer (1OOmMTris, 15% ethanol,

900mM KCI, pH6.3). The cartridge was washed thrice with N3 wash buffer

(100mM Tris, 15% ethanol, 1150mM KCI, pH6.3) and the bound DNAeluted

twice with N5 elution buffer (100mM Tris, 15% ethanol, 1000mM KCI,pHS.5).

Plasmid DNA was precipitated with room temperature isopropanol and

centrifuged at 15000g for 30min. The DNA pellet was washed with 70%

ethanol and centrifuged at 15000g for 10min. Residual ethanol was removed

by air drying and the DNAresuspended in sterile water and stored at -20°C.

2.2. 15 Sequence Determination

a) Sequencing system used

Nucleotide sequences were determined by cycle sequencing using multicolour

fluorescent dye terminator chemistry. The four bases are represented by four

different dyes and can be differentiated by their respective wavelengths.

Extension products were resolved by electrophoretic separation in a single

sequencing capillary filled with a pre-formulated liquid polymer, Performance

Optimised Polymer-6 (POP-6) (Perkin-Elmer). POP-6 is specifically formulated

for DNAsequencing and allows high resolution of large fragments in a short

run time. Samples were automatically injected into the capillary and

electrophoresed at 6V/ em for approximately 3h. The nucleotide sequence was

then determined using an ABI Prism 310 Genetic Analyser.

b) Direct Sequencing of Viral Sequences

Purified PCR fragments were sequenced directly using the Ampli'Taqf DNA
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polymerase FS ready reaction kit (Perkin Elmer). A l5J.lIreaction contained:

0.8J.lMspecific primer, lOOngPCR fragment and 6J.lIterminator premix (A-dye

terminator, C-dye terminator, G-dye terminator, T-dye terminator, dITP, dATP,

dCTP, dTTP, Tris-HCI [pH 9.0], MgCh, thermal stable pyrophosphatase and

AmpliTaq DNApolymerase FS) (Perkin Elmer). The following thermal profile

was used: 1 cycle of 950C for 5min, 30 cycles of 950C for 30sec, 400C for

30sec, 600C for 3min with a ramp of 2sec/oC. The extension products were

purified by mixing the reactions with 55.5J.lI70% ethanol containing 0.5mM

MgCb. The mixture was vortexed briefly and the extension products were

precipitated at room temperature for lOmin. Extension products were pelleted

by centrifuging at l2000rpm for 20min. Supernatant was aspirated and the

pellet dried under vacuum in a vacuum drier (SpeedVac, Sorvall) at room

temperature for 5min or until completely dry. Template suppression buffer

(Perkin Elmer) (l8J.lI)was added to the pellet before denaturing the extension

products in a boiling waterbath for 2min followed by ice-quenching.

c) Sequencing after cloning

Plasmid DNA of positive clones was cycle sequenced usmg the BigDye

Terminator kit (Perkin Elmer). A l5J.lI reaction contained: 3.2 pico moles

specific primer, l ug plasmid DNA and 6J.lIterminator premix (see section

2.2.15b). The same thermal profile was used as for direct sequencing

(2.2.l5b). After completion of the sequencing reaction the extension products

were mixed thoroughly with l6J.lIof sterile deionised water and 64J.lIof 99%

non-denatured ethanol and incubated at room temperature for lOmin.

Extension products were pelleted by centrifuging in a micro centrifuge at

l2000rpm at room temperature for l5min. Supernatant was aspirated and
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the pellet washed with lOOfllof 70% and centrifuged at 10000rpm for 10min.

The ethanol was decanted and the pellet dried in a SpeedVac vacuum drier at

room temperature for 10min. Dried pellet was resuspended in 18fll of

template suppression buffer and denatured in a boiling waterbath for 2min

followed by ice-quenching. The nucleotide sequence was then determined as

mentioned in section 2.2.1Sa.

2.2.16 Sequence Database Searches

The National Center for Biotechnology Information (NCBI) website non-

redundant (nr) nucleotide and peptide databases were used to compare

elucidated sequences of the cloned 1300bp CP fragment derived from all

source samples (see Figure 2.1) with sequences contained within the

databases. Sequence comparisons were performed using the Basic Local

Alignment Search Tool (BLAST)program developed by Altschul et al. (1990).

This algorithm uses certain parameters to compute the homology between a

query sequence and target (database) sequence and assigns statistically

significant scores to each alignment. The highest scores are reported to the

user and any score above 80 signifies a significant homology.

Of the programs in the BLASTpackage, the BLASTN(Altschul et al., 1990)

program was used to compare nucleotide query sequences against nucleotide

sequences in the NCBI nr nucleotide database. The BLASTX(Altschul et al.,

1997) program was used to compare the six-frame conceptual translation

products of the nucleotide query sequences (both strands) against sequences

in the NCBI nr protein database. An expect value of 1.0 was used for all
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database searches for stringent alignments.

2.2. 17 Sequence Analysis

Sequences were manually edited to resolve ambiguities using the ABI Prism

Genetic Analyser software program, Sequence Navigator vl.O.1, 1991 (Perkin

Elmer). For most sequences ambiguities were resolved by comparing the

electropherograms and computed sequences of three separate sequence runs

of the same clone. In the case of single sequence runs, ambiguities were

resolved by checking the colour of the highest peak at the position of the

ambiguity in the elecctropherogram and confirming the base assigned by the

software. Sequence Navigator was also used to compare sequences to each

other using the clustal alignment function. This alignment function uses the

Clustal V algorithm which is based on the Needleman-Wunsch algorithm

which assumes that an evolutionary relationship exists between the

sequences being aligned. Ordered similarity scores are assigned to the

sequences and this is subsequently used to perform pairwise alignments of

the sequences.

Consensus sequences for each of the clones were obtained using the Contig

Manager or Shotgun Fragment Matching function of the sequence analysis

software program, DNASISv2.1, 1991 (Hitachi). This function locates regions

at the ends of sequences that overlap with other sequences, by checking both

normal and complementary orientations. The length and minimum matching

homology of the overlap determine the stringency of the alignment. For the

generation of consensus sequences using this function, an overlap length of
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30bp and 70% minimum matching homology was used. Consensus

sequences obtained contained regions of matching bases interspersed with

IUB codes representing unmatched characters. IUB codes are universally

used codes for ambiguous bases, where for example, Y codes for pyrimidines

cytosine (C) or thymine (T). Gaps in the sequences were represented by

question marks.

Sequence relationships of the isolates were established using the Multiple

Alignment function of DNASIS. This function uses the Higgins-Sharp

algorithm which is based on an assumed evolutionary relationship between

sequences. More closely related sequences are presumed to have fewer

deletions, transitions, transversions and other mutations than more distantly

related sequences. Regions of overlap between sequences are identified using

a matrix of similarity scores based on the number of exactly matched residues

minus a fixed gap penalty for every gap created and the sequences assigned

in order in an initial phylogenetic tree. Sequences are then aligned in groups

corresponding to the order of branching in the initial tree by finding the

optimal midpoint of an alignment. The remainder of the alignment is found

by recursively finding optimal midpoints on either side of the initial midpoint.

Parameters such as gap penalty, which is the score assigned to each gap

created and the K-tuple, which specifies the number of residues that must

match in the alignment, determine the stringency of the alignment. Default

values of 5 for the gap penalty and 4 for the K-tuple were used in all multiple

alignments. The final dendrogram displayed showed the calculated matching

percentages between sequences at each branch point.
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Pairwise alignment of each sequence obtained with the five SCMV strains

SCMV-A, -B, -D, -E and -SC was performed using the Database Homology

Matching function of DNASIS. Nucleotide sequences of the five SCMVstrains

were obtained from GenBank under the following accession numbers:

U57354 - SCMV-A;

U57355 - SCMV-B;

U57356 - SCMV-D;

U57357 - SCMV-E;

D00948 - SCMV-SC.

This function is governed by the Lipman-Pearson FASTAalgorithm in which

homologous regions are matched by firstly shifting the query sequence relative

to the target sequence and assigning a score to the highest number of

consecutively matching residues. Secondly, the alignment is optimised to

increase the number of matching residues by inserting gaps at a penalty. The

scores are recalculated to reflect these modifications and displayed as a

percentage.
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CHAPTER 3

RESULTS

3.1 Total RNA from InCected Leaves: Yield and Purity

The SCMVgenome consists of a single-stranded, positive sense RNAmolecule.

Since the CP gene, the gene of interest, is thus in RNAform, it was necessary

to first isolate the SCMV RNAgenome by extracting total RNAfrom infected

sugarcane leaves. Total RNAi.e. plant and viral RNA,was extracted from leaf

tissue sampled from all the geographical regions mentioned in Figure 2.1.

After spin-column purification the RNAwas analysed spectrophotometric ally

(see section 2.2.3). Examples of typical RNA spectra obtained are shown in

Figure 3.1 with peaks at 260nm indicative of nucleic acids. These spectra

represent the extremes of purity levels of RNAobtained, the lowest being 1.5

(A)and an ideal 2.1 (8). The purity ratios obtained for all the samples ranged

from 1.5-2.7 (Table 3.1). Yields of RNA obtained for each region and the

respective varieties are also shown in Table 3.1. These ranged between 0.086

and 1.33 Ilg/ Ill.

As the RNAyields and quality for all the varieties from each region were within

acceptable limits, it was possible to proceed with preparing first strand cDNA

from the total RNAobtained.
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Figure 3.1 Qualitative analysis of total RNAfrom SCMV infected sugarcane leaves. A. An

example of a relatively impure RNAsample with a purity ratio of 1.5. B. An example of a pure

RNAsample with a purity ratio of 2.1.
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Table 3.1. Yield and purity of total RNAfrom infected leaf material from various

regions and varieties as determined by spectrophotometric analysis.

I
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Eston N12 0.47 1.5
NCo376 0.28 1.8

Glendale N16 0.68 1.9
NCo376 0.63 1.7

Ixopo N12 0.84 1.8
NCo376 0.66 1.7

Mount Edgecombe NCo376 0.69 1.68

Melmoth N12 1.33 1.6

Pongola 86F3396 (N28) 0.41 2.1
N19 0.37 1.8
N25 0.69 1.65

Port Shepstone NCo376 0.086 2.7

Tongaat N12 0.2 2.0
NCo376 0.36 2.1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

3.2 Primary Generation of the Coat Protein Gene Fragment

In order to PCR amplify the CP gene from the viral RNA genome, it was

necessary to first reverse transcribe the RNAto first strand cDNA, since the

process of PCR requires a double-stranded template for amplification. Purified

total RNAwas reverse transcribed using the Expand™ reverse transcriptase

system (Boehringer Mannheim) described in section 2.2.4. First strand cDNA

synthesis was initiated by either the specific primer, GSr or the universal

primer, Oligo (d)T. The cDNA product was diluted in a 1:1 ratio with

nuclease-free, sterile distilled water (dH20)and used as template in PCR. Two

different sized PCR amplified fragments containing CP gene sequences were

used in this study. Two primer pairs were used to generate the fragments:

AGPOT2/GSr and BHf/GSr which amplified fragments of approximately

1400bp and 884bp respectively. A diagrammatic representation of the
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position of the primers within the SCMV genome and the two fragments

amplified is shown in Figure 2.2. Reaction conditions for the primary

amplification of the 884bp fragment had been optimised previously (Huckett

& Botha, 1996). The same conditions were used for the amplification of the

1400bp fragment with the exception that an annealing temperature of 500C

was used instead of 52oC.

Although cDNAtemplate concentrations were not determined directly, a range

of 0.5 - 8J..lIof cDNAproduct was used in PCR to assess the effect of template

concentration using the reaction conditions stated in section 2.2.6. Results

for amplification of the 884bp CP fragment are shown in Figure 3.2, while

results for the amplification of the 1400bp CP fragment are shown in Figure

3.3. Amplification of a single fragment approximately 884bp was achieved

across a wide range of cDNAconcentration from all source samples while no

amplification was evident in the no template control (Figure 3.2). This

indicated that PCR conditions were optimal for specific amplification of the

884bp fragment regardless of the origin of the sample and confirmed the

findings of Huckett & Botha (1996).

Similarly, the 1400bp CP fragment was amplified from all source samples

while no amplification was achieved in the no template control. However,

amplification of the 1400bp fragment appeared to be dependent on higher

concentrations of cDNAthan the 884bp fragment. Figure 3.3 shows that the

best amplification occurs at the highest cDNA template used. This is
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A B

M N 1 2 3 4 N 1 2 3 4

947
831

+/-884bp

Figure 3.2. Effect of cDNA template concentration on PCR amplification of

the 884bp SCMV CP fragment generated with primer pair BHf/GSr. M =
Molecular weight marker III (A. DNAEcoR IIHind III digested); N = no template

control. Sources: A = Ixopo N12; B = Ixopo NC0376; Lanes 1 - 4 = 0.5; 1.0;

5.0 and 8.01l1of cDNA reaction product, diluted 1:1.

A c DB

M N (1 2 3 4 ( 1 2 3 4" (1 2 3 4" i 2 3 4 M

+/-1400b
+/-1100b

Figure 3.3. Effect of cDNA template concentration on PCR amplification of the 1400bp

SCMV CP fragment generated with primer pair AGPOT2/GSr from several sources. M

= Molecular weight marker III (A. DNAEcoR IIHind III digested); N = no template control;

A = Glendale N16; B = Glendale NC0376; C = Ixopo N12; D = Ixopo NC0376; Lanes 1 -

4 = 0.5; 1.0; 5.0 and 8.01l1of cDNA reaction product, diluted 1:1.
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especially evident in the case of the sample of variety N12 from Ixopo (C, lanes

1-4). Some of the samples (Eston N12, Eston NCo376, Glendale N16,

Glendale NCo376, Tongaat N12 and Tongaat NCo376) co-amplified a second

smaller fragment (approximately 1100bp) with the 1400bp CP fragment

(Figure 3.3). Gibbs & Mackenzie (1997) also found that a second smaller

fragment was co-amplified with the primary amplification product with other

potyviruses (papaya ringspot potyvirus and watermelon mosaic 2 potyvirus)

but not with SCMV. The authors found that the smaller fragment comprises

the portion of the Potyvirus genome between that encoding motif II of the NIb

gene and the N-terminus of the CP gene.

Both the 884bp and the 1400bp fragments were generated for all the samples.

Each fragment band was excised from agarose gel and resolubilised in an

aliquot ofTE buffer or purified using a commercial kit (see section 2.2.9). This

was then used as a template in a second PCR reaction to confirm the identity

of the amplified fragments.

3.3. Confirmation of SCMV Identity of Amplified CP Fragments

Since the cDNA used in the PCR amplification of the 884bp and 1400bp CP

fragments was derived from total RNA,confirmation of the viral origin of the

two amplified CP fragments was a prerequisite to further characterization.

3.3.1 Semi-Nested PCR Amplification of CP Fragments

Verification that the primary PCR amplified product contains the desired

sequence can be achieved by performing a second amplification using a set of
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primers which bind internally to the target region. This approach is referred

to as nested PCR. In this study, a variation of this method was used in which

only one internal primer and the original downstream primer was used,

resulting in a semi-nested PCR amplification. The primer pair used in the

semi-nested PCR was GSf/GSr, designed to amplify a 360bp fragment of the

CP gene. Relative binding positions to the SCMVgenome of this primer pair

are shown in Figure 2.2.

Amplified 884bp and 1400bp CP fragments from all the samples were excised

from the agarose gels, resolubilised in TE buffer or gel purified and used as

template in semi-nested PCR reactions. Using O.5J.lIof the resolubilised or

purified 884bp and 1400bp fragments and PCR reaction conditions described

in section 2.2.6.b, a fragment of the expected size, 360bp, was produced.

Figure 3.4 shows the confirmatory 360bp semi-nested fragment amplified

from the 1400bp fragment from all the samples. The smearing in some of the

lanes is probably a result of excess template in the reaction. Similar results

were obtained for the 884bp fragment.

3.3.2. Re-amplification of CP Fragments

Another approach used to confirm the viral identity of the amplified 884bp

and 1400bp fragments, was to re-amplify the PCR products for further

characterization. This procedure had the additional advantage of

preparatively purifying the CP gene fragment for later sequencing and cloning.

Initially, re-amplification of the 884bp fragment was attempted using a

template concentration range in the form of O.5-8.0J.lIof resolubilised or gel
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 N M

438
267 +/- 360b

Figure 3.4. Confirmation of SCMV CP sequence identity by semi-nested PCR

amplification of a 360bp fragment from the 1400bp fragment. Template samples

represent all regions and their respective varieties using GSf/GSr primer pair. M =
Molecular weight marker V (pBR322 DNARae III digested), N = No template control,

Lanes 1-2 = Eston N12, NCo376; 3-4 = Glendale N16, NCo376; 5-6 = Ixopo N12,

NCo376; 7 = Mount Edgecombe NCo376; 8 = Melmoth N12; 9-10 Pongola N19, N25;

11 = Port Shepstone NCo376; 12-13 = Tongaat N12, NCo376.

purified fragment solution and reactions conditions as described for primary

amplification of the fragment. However, amplification was not achieved for all

samples, indicating that these reaction conditions could not be applied

consistently to all samples. Using the 884bp fragment as a preliminary

model, various parameters were altered in an attempt to optimise the re-

amplification conditions. These included: template concentration; MgCb

concentration and reaction buffer pH; annealing temperature and

thermostable DNApolymerase enzymes. The effect of each of the parameters

is discussed in the following sections. Standard PCR reaction conditions

were: lOmM Tris-HCI; pH8.3, l.SmM MgCb; 2.4j.!g gelatine; 1U Taq DNA

polymerase (Boehringer Mannheim) in 24j.!1reaction volume and an annealing

temperature of SO°C.
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a) Effect of template concentration

Since the template concentrations used initially were relatively high for re-

amplification, a dilution factor ranging between 10-1 and 10-3 of the

resuspended 884bp fragment was tested using reaction conditions as

described in section 2.2.6b. A typical example of the results of re-

amplification of the 884bp fragment is shown in Figure 3.5. Dilution of the

template enhanced re-amplification for some of the templates, for example

variety NCo376 from Glendale and variety N12 from Ixopo (B, lanes 1 - 4 and

C, lanes 1 - 4). In some cases the effect of further dilution of template was to

allow amplification, but at low levels. A typical example of this is shown in

Figure 3.6 where the template was diluted 10-5 fold.

However, the amount of re-amplified product was not sufficient for

characterization in downstream applications such as sequencing and cloning

indicating that re-amplification reaction conditions had to be optimised

further.

b) Effect of MgCl2 and KCl concentrations and reaction buffer pH

The amount of free Mg2+ions in a PCR reaction can affect the outcome of the

amplification since the activity of Taq DNA polymerase is dependent on free

Mg2+ions but is inhibited by excess Mg2+ions. Incorrect levels of KCIcan also

affect the activity of Taq DNApolymerase as well as alter the denaturation and

annealing temperature of the DNA. The concentration range of MgCb used in

the standard PCR reaction (see section 2.2.6) is 1.5mM, pH is 8.3 and no KCI

is present. A range of MgCb concentrations between 1 and 3mM was tested



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

66

ABC D

MN 1 2 3 4N 1 2 34 Nl 2 34 N 12 34 M

+/- 884bp

Figure 3.5. An example of the results of decreased template concentration for re-

amplification of the 884bp fragment. A = Glendale N16; B = Glendale NCo376; C

= Ixopo N12; D = Ixopo NCo376; M = Molecular weight marker III (Ao DNA EcoR

II Hind III digested); N = no template control; 1 = undiluted; 2 = 10-1; 3 = 10-2; 4

= 10-3 dilution of resolubilised 884bp CP fragment.

M N 1 2 3 4 5

947
831

+/- 884bp

Figure 3.6. An example of increased dilution of template in re-amplification of the

884bp fragment derived from Tongaat NCo376. M = Molecular weight marker III

(Ao DNAEcoR II Hind III digested); N = no template control; Lane 1 = 10-1; 2 = 10-2;

3 = 10-3; 4 = 10-4 and 5 = 10-5 dilution of resolubilised 884bp fragment.
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on a few of the samples that had weak re-amplification to determine if this

would improve the results. In addition, a commercial kit (OptiPrime,

Stratagene) was used to determine if the pH of the reactions were optimal as

well as the effect of various concentrations of KCl. A matrix of Mg2+,K+and

pH variables was devised to test the effect of these in one large experiment

I (Table 3.2).

I
I

Table 3.2. Matrix of MgCband KCIconcentrations and pH values of the buffers of the
OptiPrime (Stratagene) kit.

I
I
I
I
I

'J' .n.
::..;

pH 8.3

pH 8.8

25mM

1.5mM 75mM

25mM

3.5mM 75mM

25mM

1.5mM 75mM

25mM

3.5mM 75mM

I
I
I
I
I
I
I
I

pH 9.2

25mM

1.5mM 75mM

25mM

3.5mM 75mM

However, none of the MgCb and KCI concentrations or the different pH values

had any positive effect on re-amplification of any of the samples tested (results

not shown).
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c) Effect of annealing temperature

Stable binding of the primers in a PCR reaction is also crucial to the success

of the amplification of a fragment. If the annealing temperature of the primers

is too high, no binding and extension can take place because the primers have

lost attachment to the template. If the annealing temperature is too low,

mispriming can occur leading to non-specific amplification. Several different

annealing temperatures were tested to determine an optimal temperature for

re-amplification of the weakly re-amplified 884bp fragment of some samples.

Figure 3.7 shows an example of the results obtained using annealing

temperatures of 40, 50 and 600C and template dilutions of 10-1to 10-3. As can

be seen in Figure 3.7 the best re-amplification was achieved using an

annealing temperature of 60oC. However, the 600C annealing temperature

appeared to result in length polymorphisms in the amplicons at different

template concentrations (lanes C2 and C3). The smearing caused by the 500C

annealing temperature was the result of lengthy annealing times within the

thermal profile and shorter annealing times resulted in a more specific re-

amplification product (results not shown). The results of the effects of the

various annealing temperatures confirmed that the standard annealing

temperature used was best suited for re-amplification of the 884bp fragment.

However, it was unexpected that no amplification took place at the lower

annealing temperature of 40oC, since non-specific amplification is known to

occur at such low temperatures. The product of re-amplification formed using

the altered cycling time of the annealing temperature was not sufficient for

use in downstream applications.
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A B c

MN1234 N1234 N1234M

947
831

+/- 884

Figure 3.7. An example of three different annealing temperatures tested on

Glendale N16 884bp fragment re-amplification using a series of template dilutions.

A = 40oC; B = SOoC; C = 60oC; M = Molecular weight marker III (A. DNAEcoR IIHind

III digested); N = no template control; 1 = undiluted; 2 = 10-1; 3 = 10-2; 4 = 10-3

dilution of resolubilised 884bp CP fragment.

d) Effect of thermostable DNA polymerase enzyme

Since the first discovery of Taq DNApolymerase, enhancements have been

made to improve the activity of Taq DNA polymerase. Several other

thermostable DNA polymerase enzymes have since been discovered or

engineered and are commercially available. The first polymerase enzyme

tested, Ampli'Taqf Gold (Perkin Elmer), did not re-amplify any of the samples,

regardless of the template concentration used. Subsequently, a comparison

of Boehringer Mannheim Taq polymerase and two other polymerase enzymes

was made to determine the effects on re-amplification of one sample using

several template dilutions of the 884bp fragment. The two enzymes tested

were Ex-Taq polymerase (Takara) and Expand™ High Fidelity PCR system

(Boehringer Mannheim). Expand™ High Fidelity PCR system consists of a

mixture of Taq DNA polymerase and Pwo DNApolymerase enzymes. Each
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polymerase enzyme was tested using the reaction conditions described by the

respective manufacturers. The effects of the three polymerase enzymes on the

re-amplification of the 884bp fragment of the Ixopo N12 sample is shown in

Figure 3.8.

1 2 3 4
(

CAB
\
CABM A B CAB C M

947
831

+/-
884bp

Figure 3.8. Effects of three different polymerase enzymes on the re-amplification of four

different template concentrations of the 884bp fragment derived from the Ixopo N12

sample. M = Molecular weight marker III (A. DNA EcoR Ij Hind III digested); A = Taq

polymerase (Boehringer Mannheim); B = Ex-Taq polymerase (Takara), C = Expand™ High

Fidelity PCR system (Boehringer Mannheim); 1 = undiluted; 2 = 10-1; 3 = 10-2; 4 = 10-3

dilution of resolubilised 884bp fragment.

It is clear that the Expand™ High Fidelity peR system is the best of the three

enzymes tested for the re-amplification of the 884bp fragment of the Ixopo

N12 sample. Similar amplification was obtained when the Expand™

polymerase was used on all the other source samples. Using the Expand™

polymerase enzyme for re-amplification of the 884bp fragment it was possible

to generate sufficient quantities for use in sequence determination and/ or

cloning into a plasmid vector.
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All the above parameters were tested and optimised using the 884bp fragment

from all the regions and their respective varieties. However, none of the

parameters had any effect on the re-amplification of the 1400bp fragment

from any of the regions or their respective varieties.

3.4 Cloning of CP Gene Fragments into Plasmid Vectors

Once the identity of the CP gene fragments had been confirmed by nested

PCR, as well as re-amplification in the case of the 884bp fragment, further

characterisation of the fragments was undertaken by means of sequencing.

Two methods exist to determine the nucleotide sequence of PCR amplified

fragments. These are direct sequencing of a fragment population or

sequencing of a fragment after it has been inserted and amplified in a plasmid

cloning vector. Both approaches require the use of a purified product to

prevent the contamination of the desired sequence with non-specific sequence

information.

Re-amplified CP gene 884bp fragments and pnmary amplified 1400bp

fragments were excised from agarose gels and purified from gelling agents and

buffer contaminants using the methods described in section 2.2.8. Of the two

purification methods used, the two step purification (GenElute followed by

QIAquick PCR purification) yielded higher concentrations of purified fragment

for the 884bp fragment (results not shown). This method was therefore used

for the purification of 884bp and 1400bp fragments from all the regions and

their respective varieties.
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3.4.1 Cloning of the 884bp CP Gene Fragments into pCR-Script SK+

Purified 884bp fragments of samples from Eston variety NCo376 and Pongola

variety 86F3396 (N28) were inserted into the pCR-Script SK+cloning vector

and used to transform competent E.coli HB101 cells. Putative positive

transformants were selected by colour discrimination, where white colonies

were considered as positive and blue colonies regarded as negative. An

example of the blue/white selection of colonies obtained after transformation

is shown in Figure 3.9. White colonies were sampled (a few cells) with sterile

toothpicks and used as template in PCR to confirm the presence of the

inserted 884bp fragment using the T7/M13 Reverse primer pair.

Amplification of an approximately 1100bp fragment (containing the CP gene

sequence and approximately 200bp flanking vector sequences) confirmed the

insertion of the 884bp fragment in the plasmid vector. Results of the peR

amplification of several white colonies tested for the presence of the cloned

884bp fragment from Pongola variety 86F3396 (N28) in pCR-Script SK+is

shown in Figure 3.10. Similar results were obtained for the 884bp fragment

from Eston variety NCo376 cloned in pCR-Script SK+ plasmid vector. The

smaller fragments (approximately 200bp) in Figure 3.10 are the amplification

products of the region between the two primers (T7/M 13 Reverse) which flank

the insertion site in the plasmid. These fragments indicate that the white

colonies contained a plasmid that did not contain the 884bp fragment insert.

However, the plasmid in the white colonies may have contained a mutation in

the lacz gene which resulted in the cells inability to metabolise the X-gal

substrate that results in white colonies. A total of six positive clones were
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Figure 3.9. An example of blue-white selection of colonies obtained after plating E.coli

transformed with CP gene sequences cloned in pCR-Script SK+ on to agar plates

containing IPTG and X-gal. White colonies (indicated by an arrow) represent cells

transformed with plasmid containing the inserted 884bp fragment, while blue colonies

represent cells transformed with plasmid without an 884bp fragment.

MN1234 5 6 7 8 9 101112

1375
947

+/- 200bp

+/- 1.1kb
(884bp plus
flanking vector
sequences)

Figure 3.10. Results of direct PCR amplification of bacterial cells from white

colonies using specific primers to test for the presence of the 884bp fragment in

pCR-Script SK+. M = molecular weight marker III (Ao DNAEcoRlj Hind III digested),

N = No template control. Lanes 1-12 are 12 randomly selected putative positive

(white) colonies containing the 884bp fragment from Pongola variety 86F3396

(N28).
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obtained for 884bp fragment of the Pongola variety 86F3396 as shown in

Figure 3.10 and five positive clones of the Eston variety NCo376 (results not

shown). However, the modified pCR-Script SK+plasmid vector was not very

efficient as a plasmid cloning vector as no clones were obtained when the

884bp fragments of the remaining samples were attempted to be inserted into

the plasmid vector. As a result, two other plasmid cloning vectors were used

for further cloning experiments. Since the 1400bp fragment contained the

same genic region as the 884bp fragment, all subsequent cloning was done

using this fragment.

3.4.2 Cloning of the 1400bp CP Gene Fragments into pCR2.1 and pGEM-T

Easy T-A Vectors

Initially, the cloning vector pCR2.1 was used to clone the 1400bp fragment,

as it was reported to be the most efficient of the commercially available T-A

cloning vectors. However, due to high cost and difficulties of availability of the

product, the pGEM-T Easy vector was used as an alternative. Consequently,

the 1400bp CP gene fragments of all the regions and their respective varieties

were cloned into two different cloning vectors. Table 3.3 is a summary of the

cloning results of the 884bp and 1400bp CP gene fragments, from all the

regions and varieties used, into the various cloning vectors.

Purified 1400bp fragments were ligated into the vectors pCR2.1 and pGEM-T

Easy as described in section 2.2.10 and then delivered to their respective

E.coli cell lines by transformation as described in section 2.2.12. White

colonies obtained after transformation were selected based on colour
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Table 3.3. Results of cloning the 884bp and 1400bp coat protein gene fragments into

various plasmid cloning vectors.

Region Vadety •,lil1J:J::1,J):er of
~lo~es .Qbt~inf;',d

Elane
pe§'igg,a.tions

Plas:lD,i:d·Vector
Us~:c;l

Eston N12
NCo376

pCR2.1
pCR-Script SK+
pCR2.1

8
(5)*
10

EI2 #1 - 8
pCPNOOl-5
E376#1 - 10

Glendale

Ixopo

N16
NCo376
N12
NCo376

7
5

pCR2.1
pCR2.1

GI6#1-7
G376#1 - 5

pCR2.1
pGEM-T Easy

6
4

Melmoth N12 PGEM-T Easy 4 MMI2 #1 - 4

Mount
Edgecombe

NCo376 pGEM-T Easy 4 ME376#1 - 4

pCR-Script SK+ (6)* pCPNI0l - 6
pGEM-T Easy 5 PI9 # 1 - 5
pCR2.1 10 P25#1 - 10
pGEM-T Easy 3 PS376#1 - 3

pCR2.1 3 TI2 #1 - 3
pGEM-T Easy 4 T376#1 - 4

Pongola

Port
Shepstone

86F3396
N19
N25
NCo376

Tongaat N12
NC0376

* Figure in parenthesis denotes the number of clones containing the 884bp CP gene fragment.

All other clones contain the 1400bp CP gene fragment.

discrimination as mentioned for pCR-Script SK+(section 3.4.1). The cells were

tested directly in PCR using the T7 / M13 Reverse primer pair for cells

transformed with the pCR2.1 vector and the T7/SP6 primer pair for the cells

transformed with pGEM-T vector. Amplification of an approximately 1600bp

fragment confirmed the insertion of the 1400bp fragment in either of the two

plasmid vectors. Although different primers pairs were used for the

confirmation of an inserted fragment, a fragment of similar size was expected

for both vectors. An example of the PCR amplification of the 1600bp fragment

(1400bp fragment and 200bp vector sequences) from white colonies obtained

after transformation with the pCR2.1 vector is shown in Figure 3.11.
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M N 1 2 3 4 5 6 7 8 9 10 11 12

1584 1- 1.6kb
1375
831 +1-650bp
564

+1-200bp

Figure 3.11. Results of direct PCR amplification of cells from white bacterial

colonies using universal primers to test for the presence of the 1400bp in pCR2.1

vector. M = molecular weight marker (A. DNA EcoR J/Hind III digested), N = No

template control. Lanes 1-12 are 12 randomly selected putative positive (white)

colonies containing the 1400bp fragment from Pongola variety N25.

The smaller amplified fragments are due to the absence of an inserted 1400bp

fragment in the plasmid vector which was used to transform the bacterial cell.

A slightly larger fragment (approximately 650bp) was amplified from one of

the colonies tested (Figure 3.11, lane 9) and this may be due to only a portion

of the 1400bp fragment being inserted in the vector. Some colonies tested co-

amplified a larger fragment (approximately 3000bp) which may have been of

bacterial origin, since whole cells were used as template in PCR.

As several positive CP gene fragment clones were obtained for all the regions

and their respective varieties (Table 3.3), it was possible to proceed in the

isolation and purification of the plasmid DNAfor sequence determination.
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3.5. Recombinant Plasmid Analysis

Since poor template quality and quantity is the most common cause of

sequencing failures (Griffin & Griffin, 1993), it was essential to isolate high

yields of pure plasmid DNAfor sequence determination.

Plasmid DNA, containing the CP gene fragment, was isolated from pure

cultures of transformed bacterial cells using the method described in section

2.2.14. Three clones from each variety within each region were selected for

sequence determination since three was the minimum number of clones

obtained for all of the samples. The underlying reason for the choice of three

clones as the minimum number was that sequence analysis of three clones

would indicate the likelihood or otherwise of strain identity within each

infected source sample. Concentration and purity of the isolated plasmid DNA

was determined spectrophotometrically. Average plasmid DNAyield ranged

between 50 and 100J..lgwith A26o/A280purity ratios of between 1.5 - 2.1. In

addition, an aliquot of the plasmid DNA was visualised by agarose gel

electrophoresis and ethidium bromide staining to confirm results obtained

from spectrophotometric analysis. Figure 3.12 shows an example of results

of agarose gel separation of plasmid DNAisolated from three clones containing

the 1400bp CP gene fragment from all regions sampled and their respective

varieties. The plasmid DNAfor most of the clones was of the expected size of

approximately 5300bp for the pCR2.1-insert-containing vector and

approximately 4400bp for the pGEM-T Easy-insert-containing vector.

However, a few plasmids seen in Figure 3.12 in lanes F3, 11, K2 and K3 were

larger than the expected size. This may have been due to a double-insertion
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of the fragment into the plasmid. The smaller sized plasmids seen in lanes

D3, G1 - 3 and HI - 3 appeared to be the result of clones containing smaller

sized inserts; that is, not full length 1400bp CP fragment. The considerably

smaller sized plasmid in lane D1 is probably due to rearrangement within the

plasmid which may have resulted in a portion of the inserted 1400bp fragment

or other plasmid sequences being excised. An extra band of approximately

1000bp, which is probably of bacterial origin, was present in lane C3

containing the 1400bp CP fragment from Glendale variety N16. The size

discrepancies between some of the clones as seen in Figure 3.12 may also be

due to the presence of contaminants within each sample such as protein and

salts left over from the extraction procedure, which affect electrophoretic

mobility.

3.5.1 Restriction Enzyme Analysis of Recombinant Plasmids

Since there appeared to be a lack of uniformity in the expected size of the

extracted plasmid DNA, it was necessary to determine the conformation and

structure of the recombinant plasmids by restriction enzyme analysis.

Plasmid DNA was first digested with the restriction enzyme EcoR I to

determine whether the recombinant plasmids contained the 1400bp CP

fragment (see Figure 2.3 for position of restriction enzyme sites within each

vector). This enzyme would also serve to confirm the presence of the expected

EcoR I site within the inserted 1400bp fragment shown in Figure 3.13.
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GGAAACAACA-GTGGTCAACC-ATCAACTGTA-GTCGACAACA-CGCTAATGGT-TATCTTAGCA- 60

TTCAATTATG-CAATGTTATC-AAGTGGAATA-CAAGACAATG-AAATCGACAA-CTGTTGCAGA- 120

ATGTTCGCCA-ATGGAGACGA-TTTATTGTTG-GCAGTACATC-CCGATTATGA-ACATATACTG- 180

GATGGATTTC-AGACCCATTT-TGGAAACCTT-GGTTTAAATT-TT~-TTCACGAACG- 240

AGGGAAAAAT-CGAACTTGTG-GTTCATGTCA-ACACAGGGAC-TCAAGTATGA-AGGCATTTAT- 300

ATACCAAAAC-TCGAAAAGGA-AAGAATAGTC-GCCATACTCG-AGTGGGATCG-TTCAAATCTA- 360

CCCGAGCACC-GTTTAGAAGC-CATTTGTGCA-GCAATGGTCG-AAGCGTGGGG-CTATTCAGAT- 420

CTCATACATG-AAATTCGGAA-ATTTTATGCA-TGGCTTCTGG-AAATGCAACC-ATTTGCAAAT- 480

TTAGCCAAAG-AGGGTCTAGC-TCCATATATT-GCAGAAACAG-CGCTTCGTAA-CTTATATCTA- 540

GGTTCAGGGA-TTAAGGAAGA-GGAAATTGAA-AAATACTTCA-AGCAGTTTGC-AAAGGACCTC- 600

CCTGGGTATT-TAGAGGATTA-CAACGAAGAA-GTTTTTCACC-AAGCTGGAAC-AGTCGATGCA- 660

GGCGCTCAAG-GAGGAGGTGG-AAACGCCGGA-ACTCAGCCGC-CAGCCACTGG-AGCAGCAGCT- 720

CAAGGAGGAG-CTCAACCACC-AACAACTGGA-GCAGCTGCAC-AACCGCCCGC-GACTCAAGGT- 780

TCACAACCGC-CCACAGGGGG-AGCTACTGGT-GGAGGTGGTG-CACAAACAGG-AGCTGGTGGA- 840

AATAGCTCAA-TTACAGGGGG-TCAGAAAGAC-AAGGATGTAG-ATGCTGGTAC-GACAGGCAAA- 900

ATCACAGTGC-CAAAACTTAA-AGCCATGTCG-AAGAAGATGC-GCTTGCCAAA-AGCAAAAGGA- 960

AAGGACGTTT-TGCATCTGGA-CTTTCTGTTA-ACATACAAAC-CGCAACAACA-AGACATATCA- 1020

AACACAAGAG-CAACCAGAGA-GGAGTTTGAT-AGGTGGTATG-AAGCCATAAA-GAAGGAATAT- 1080

GAAATAGATG-ACACACAAAT-GACAGTTGTC-ATGAGTGGTC-TAATGGTATG-GTGTATTGAG- 1140

AATGGTTGCT-CACCAAACAT-AAACGGAAAT-TGGACAATGA-TGGATGGAGA-TGAACAAAGA- 1200

GCTTTCCCAT-TAAAACCAAT-CATTGAAAAC-GCATCTCCAA-CATTCCGGCA-AATAATGCAT- 1260

CATTTCAGTG-ATGCAGCTGA-AGCATATATC-GAGTATAGAA-ACTCTACAGA-GCGATATATG- 1320

CCACGATATG-GACTTCAGCG-AAATCTCACC-GACTATAGCT-TAGCGCGGTA-TGCATTTGACT 1380

Figure 3.13. Nucleotide sequence of the expected 1400bp fragment amplified by PCR

using the primer pair AGPOT2/ GSr. The sequence of the EcoR I restriction site within

the 1400bp fragment is shaded. The nucleotide sequence is that of SCMV strain E as

found in GenBank under accession number U57357.

The expected cleavage profiles of the recombinant plasmids after digestion

with EcoR I are shown in Table 3.4. Figure 3.14 shows the restricted

fragments obtained after EcoR I digestion of plasmid DNA. Several plasmids

produced the expected cleavage pattern of approximately 3900bp and 1160bp

for pCR2.1 shown in Figure 3.14 lanes AI, C2 and J2, while that for pGEM-T

Easy was approximately 3000bp and 1160bp shown in lanes D2, L3, M2 and

M3. The smaller 223bp fragment was not visible on the agarose gel after

electrophoretic separation of the restriction products. Partial digestion of the
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Table 3.4 Expected cleavage profiles of recombinant plasmids digested with EcoR I

restriction endonuclease.

Fragment I Ve'Ctor

1400 1

EXpected. Fragment Sizes
(bp)

Size (bi»)

1400bp fragment 1158; 223

PCR2.1 + 1400bp insert +/- 5300 2 3875; 1158;223

pGem-T Easy + 1400bp

insert

+/- 4400 2 3000; 1158; 223

1400bp fragment was evident in several of the plasmids resulting in a doublet

of 1400bp and 1160bp as seen in lanes A2, B1 - B3, C1, C3 and J3.

Similarly, the partial digestion of vector DNA resulted in doublets of

approximately 5300bp and 3900bp for pCR2.1 as shown in lanes C2, C3 and

J1 - J3; and doublets of approximately 4400bp and 3000bp in the case of

pGEM-T Easy as shown in lanes D3, 11 - 13, K1 - K3, L1, L2, M1 and M3. A

number of plasmids appeared not to possess the EcoR I site within the 1400bp

fragment as seen in lanes D1, D3, E1, E2, 13, J3 and Ml. Surprisingly,

several recombinant plasmids appeared to contain no 1400bp CP fragment as

seen in lanes F1, F2, G1 - G3 and HI - H3. This may have been due to re-

arrangement within the plasmid that resulted in the excision of the 1400bp

fragment.

Since the EcoR I restriction profiles did not conclusively elucidate the

conformation of the recombinant plasmids, a second restriction endonuclease,

Not I, was used to provide more conclusive information on the condition of the

plasmids. Table 3.5 shows the expected restriction fragment sizes of

recombinant vectors after digestion with the Not I enzyme.
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Table 3.5. Expected cleavage profile of recombinant plasmids digested with Not I

restriction endonuclease.

Fragment I Vector Size (bp) No. o·f'Sites EXpected Fragment
Sizes tl».p)

1400bp fragment 1400 0 1400
PCR2.1+ 1400bp insert +j- 5300 1 +j- 5300
pGem-T Easy + 1400bp +j- 4400 2 2984; 1400; 34
insert

Restriction patterns produced by Not I enzyme digestion of recombinant

plasmids are shown in Figure 3.15. Not I restriction resulted in a single

restriction for the pCR2.1 vector, producing a fragment of the expected size of

approximately 5300bp as seen in lanes Al - 3, Bl - 3, Cl - 3, Dl - 3, El - 3

and Jl - 3. Similarly, fragments of the expected sizes of approximately

3000bp and 1400bp were obtained for the pGEM-T Easy vector as seen in

lanes Fl, F2, 11 - 3, Kl - 3, Ll - 3 and M3. Incomplete restriction of the

plasmid DNAwas evident in several plasmids, but most noticeable in clone 2

of the sample from Tongaat, variety N12. Not I restriction also confirmed the

aberrant nature of several plasmids, as seen in lanes F3, G1 - 3 and HI - 3.

Despite these observations, it was decided to continue with sequencing of all

plasmids, as it was still possible that the N-terminal region of the inserted

1400bp CP fragment would be present for sequence comparison.

3.6. Direct Sequencing Compared to Sequencing after Cloning

Methods for DNA sequence determination have improved over the last two

decades since they were first developed (Griffin & Griffin, 1993). Since one of
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the recent developments includes direct sequence determination of double-

stranded PCR products, it was decided to investigate how this new method of

sequencing compared with an older method of cloning the DNAfragment into

a cloning vector prior to sequencing.

In the early stages of sequencing, samples from two regions were used to

compare the difference between direct sequencing and sequencing after

cloning. The two regions and their respective varieties were Eston variety

NCo376 and Pongola variety 86F3396. Purified, re-amplified 884bp CP

fragment from several regions and varieties were cycle sequenced directly

using dye terminator chemistry as described in section 2.2.1Sb. Table 3.6

shows the difference in sequence lengths obtained and the percentage of failed

sequences using the two methods of sequencing.

Table 3.6. Comparison of sequence data obtained using direct sequencing or
sequencing after cloning. Comparison of Eston and Pongola 884bp fragments after
cycle sequencing using the specific primer BHf.

Region Variety Direct SeqU:~fi¢in.g Seqlleneifi'g a:fteriClonifig

%, )~e'tl'ilefice< \noll'ge"$~

FaUure Sequence (bp)
..

:t;ongest

Sequence (bp) Failure

25 448 (pCPNOOl)762 25Eston NCo376

25 438 (pCPNI03)568 5086F3396Pongola

Direct sequencing produced longer sequences and a better success rate than

sequencing after cloning; however the length of the sequences were not as

consistent as those obtained by sequencing of cloned fragments (results not

shown). Since sequencing of cloned fragments yielded more consistent
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sequence lengths than direct sequencing of the re-amplified fragment, it was

decided to determine the sequence of the CP gene fragments after cloning in

a plasmid vector. At that time, the introduction of longer electrophoretic

capillaries for sequencing permitted longer sequence lengths to be obtained

for the cloned fragments, thereby adding support to the use of cloning.

3.7 Preliminary Analysis of SCMVCoat Protein Fragment Sequences

It was determined from the previous exercise that sequencing after cloning

would be the more suitable method of sequence determination of the cloned

CP fragments and thus an effective sequencing strategy had to be established

to obtain the most reliable sequence data for analysis. Since the N-terminal

region of the CP gene was the region of interest, it was decided that all

sequencing reactions would be performed primarily with the forward primers

BHf and CPCON-F for the sense strand and reverse primers GSr and GSflNV

for the opposite strand. These primers would provide sufficient sequence

information (at least 360bp from the start of the CP gene) of the cloned CP

fragments for accurate strain identification (Pers. Comm., Mirkov, TE,

Professor, Texas A & M University).

In order to obtain accurate consensus sequences of the cloned CP fragments,

three repetitions of successful sequences were required for each clone. This

required three separate sequencing reactions, using exactly the same reaction

conditions for each clone (Pers. Comm., Groenewald, JH, Lecturer, University

of Stellenbosch). In preliminary sequence determination the primers CPCON-

F, GSflNV and GSr proved to be unsuitable for sequencing. CPCON-F was
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found to be too long and disengaged prematurely from the template during

cycle-sequencing resulting in very short sequences (results not shown).

Similarly, sequence reactions directed by GSfINVmostly produced very short

sequences, possibly due to premature disengaging from the template. GSr

produced fairly good sequences; however, the length of most of the sequences

was insufficient to provide significant overlapping region with sequences

obtained using the BHf primer. It was therefore decided to proceed with the

remaining sequence determination using the BHf primer exclusively. Table

3.7 shows the sequence success using the BHf primer on the cloned 1400bp

CP fragment.

Several plasmids were successfully sequenced using the primer BHf and had

no failed sequence reactions. However, a large number of clones did not

sequence successfully with the BHf primer as seen in the shaded areas in

Table 3.7. Two plasmid clones, P19#2and T376#2,did produce one successful

sequence with BHf therefore indicating that the failed reactions were possibly

due to some inhibiting agent in the plasmid preparation.

Plasmid DNAof the clones which failed to sequence was column purified using

a commercial kit (QIAquick PCR purification kit) to remove all possible

contaminants that may have been inhibiting the sequencing reactions. This,

however, did not have any effect on sequence success using BHf. Several

other parameters were tested to improve the sequence ability of the recalcitrant

plasmids and these included: increased template concentration; use of
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Table 3.7. Results of cycle-sequencing three recombinant plasmids containing the

1400bp CP fragment from each region sampled and its respective variety. Purified

plasmids were sequenced using the primer BHf. Shaded regions represent

unsuccessful sequencing attempts using the BHf primer.

Eston

N12 0% (0/3)
0% (0/3)
0%

NCo376 E376#1
E376#2
E376#3

0% (0/3)
0% (0/3)
0%

Glendale

N16 0% (0/3)
)1f0.:0,~~l\l§JJi~l

0%
NCo376

I N12

I
Ixopo

NCo376

I
I

Mount Edgecombe NCo376

Melmoth N12

I
I
I
I

Pongola

N19

N25

Port Shepstone NCo376

I
I
I
I
I

Tongaat

N12

NCo376

stringent annealing temperatures in cycle-sequencing reactions and the use

of freshly prepared primer stocks. These too had little effect on improving

sequencing of the plasmids.
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Since none of the above mentioned modifications appeared to have had any

effect on improving sequencing, the possibility that the recalcitrant plasmids

may have developed altered BHf priming sites due to some mutational

occurrence seemed more likely. A modification of the BHf primer, BHf-deg,

containing several degeneracies in the primer sequence, was used to sequence

several of the recalcitrant plasmids. None of the plasmids sequenced with the

BHf-deg primer produced any successful sequences indicating that the BHf

priming site, nor any variation of it, was present in those cloned CP

fragments.

In a final attempt to confirm the presence of vector sequences and to elucidate

the sequences of the cloned fragments in the recalcitrant plasmids, the vector-

specific primer T7 was used. Table 3.8 shows the sequencing results using

the T7 primer on the recalcitrant plasmid clones. Most of the recalcitrant

plasmids produced successful sequences when sequenced with the T7 primer,

indicating that the plasmid did possess a priming site for the T7 primer but

had lost the region of the CP fragment containing the priming site for the BHf

primer. This may have occurred due to mutations or as a result of

rearrangement within the plasmid. The failure of several of the plasmids to

produce successful sequences using the T7primer as seen in the shaded areas

in Table 3.8, may be attributed to the aberrant nature of the plasmid DNA(see

Figure 3.14 lanes Fl-3, Gl-2, Hl-3, Ml-3 section 3.5). These plasmids

displayed unusual restriction patterns and differed in size from the other

recombinant plasmids. This however does not explain the failure of clone

P2s#3 to sequence with the T7 primer, since it appeared to be normal in every
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Table 3.8. Sequence results of recalcitrant plasmids using the universal primer T7

for confirmation of the presence of vector sequences.

I
I

:,CloU:., '".,

.';,',',t:~~~~~~~~~?:'~~'·
N16 Yes

Glendale NCo376I
N12

I
I
I

Yes
Yes
Yes
Yes
Yes

NCo376Ixopo

Mount Edgecombe NCo376

Melmoth N12

Pongola N19
N25

Port Shepstone NCo376

Tongaat NCo376

I

b76#1
b76#2
b76#3

No
No
No

ME376#1
ME376#2
ME376#4

No
No
Yes

I
I
I
I

respect.

I
I

MM12#1
MM12#2
MM12#3

No
No
No

Sequence lengths obtained using the T7 primer where not sufficient to provide

Yes
No

PS376#1
PS376#2
PS376#3

Yes
Yes
Yes

sequence information on the N-terminal region of the inserted CP fragment.

T376#1
T376#2
T376#3

No
No
No

No further sequence determination was therefore attempted for these

I plasmids.

I
Since the sequence determination of the normal plasmid clones was

I
I

performed in triplicate, it was necessary to obtain a consensus of these

sequences. The Contig Manager function in the sequence analysis computer

I programme DNASIS v2.1, 1991 (Hitachi) was used to generate consensus

I
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sequences for each of the successfully sequenced plasmids. Default values

of a 30bp region of a 70% minimum matching homology was used for the

overlap. Consensus sequences produced using the Contig Manager function

were displayed as a diagram showing the aligned sequences in one colour and

the resultant consensus sequence in a different colour at the bottom as seen

in Figure 3.16A and 3.16C. Several plasmid clones were sequenced in both

orientations and an example of the consensus sequence obtained from these

sequences is shown in Figure 3.16B. The complementary sequences are

coloured black to show the reverse orientation.

The consensus sequences were also displayed as text-based residues as seen

in Figure 3.17. These sequences were saved with a file name containing the

name of the plasmid followed by the CON assignment to designate it as a

consensus sequence. For example, E12#lCON.DNA was the file name of the

consensus sequence of clone 1 of Eston variety N12. Single sequences (no

consensus possible) were obtained for several clones using either the BHf or

T7 primer. These sequences files were named using the clone designation

followedby the name of the primer used to obtain the sequence. For example,

112#1-T7.DNAis the file name of the sequence of clone 1 of Ixopo variety N12

obtained with the T7 primer. All nucleotide sequences analysed in DNASIS

required a DNA file extension for easy recognition. These consensus

sequences were then used in subsequent comparison studies.
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No. File Name 1 184 369 554 739 924

1 E37#2BHl. DNA ...,
2 E37#2BH3.DNA I

•
3 E37#2BH2.DNA I...

f7

Consensus Sequence

No. File Name 1 242 485 728 971 1214

1 E37#2BHl.DNA II..,
2 E37#2BH2.DNA II..

iii'"

3 E37#2R2.DNA ~
".

4 E37#2Rl.DNA ~
".

Consensus Sequence

No. File Name 203 1015406 609 8121

1 T12#3BHF.DNA -II..,.
2 T12#3T7.DNA ...,.

Consensus Sequence

Figure 3.16. Diagrammatic representation of typical generation of consensus sequences from

the primary overlap alignment of sequence repetitions of the 5' region of the cloned 1400bp CP

fragment. The alignment was generated using a 30bp overlap region and 70% minimum

homology value in the Contig Manager function of the sequence analysis programme DNASIS

v2.1, 1991 (Hitachi). A = consensus sequence determination of three sequence repetitions using

the primer BHf for clone #2 containing the 1400bp CP fragment derived from Eston variety

NCo376; B = alignment of both forward and reverse sequences obtained using the forward primer

BHf and reverse primer GSfINV of clone #2 from Eston variety NCo376; C = consensus sequence

determination of sequences obtained using the primer BHf and T7 for clone #3 containing the

1400bp CP fragment derived from Tongaat variety N12.
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3.8 Sequence Comparisons of SCMVCoat Protein Fragments for Strain

Identification

Since the primary aim of the study was to identify the prevalent strain(s) in

the industry using coat protein gene sequences, it was necessary to compare

the sequences obtained with those of reference SCMVstrains in international

databases. Available consensus sequences and individual sequences obtained

for the clones from each region and its respective variety were submitted

individually for comparison at the nucleotide level using the BLASTN(Altschul

et al., 1990) search programme. Searches were conducted against sequences

contained in the nr database of the NCBI (see section 1.7.5) using an expect

value of 1 which is used for stringent alignments. Reported alignments with

bit scores above 80 were considered to have significant homologies. Sequence

search results obtained using the BLASTNprogramme are shown in Table 3.9

Significance scores reported ranged between 82 and 1043 as seen in Table

3.9, with the average being 754. The number of identically matched bases in

each of the reported alignments is shown and expressed as a percentage.

Percentages of identity ranged between 91 and 98% as seen in Table 3.9, with

an average of 94%. The organism most frequently identified was strain E of

SCMV and strain D the next most frequent. SCMV strain B was also found

to have high homology to the sequence obtained for T12#3 using the T7

primer. However, this was disregarded as the sequence obtained for the same

clone using the BHf primer had a higher significance score and was identified

as being most homologous to SCMV strain E. Most of the clones with scores

below 80 were identified as being homologous to the SCMV CP as seen in
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Table 3.9. Summary of results obtained from the comparison of partial 1400bp CP

fragment nucleotide sequences with reference sequences in intemational databases.

Sequences searches were conducted using the BLAST search programme (BLASTN)

to search all non-redundant nucleotide databases.

I
',;QuerY Sequence ,',',",' e.

, ""$L~$~~,~~sults, .
< ... ::-!~!..,. .'L'" ,.,T • .. .,

;NaDl'e ',' ' ; ,'!~ngth':;(bp)':,: " ;:prgalj;isi.#: .':'"":,:;s~~i~~:;.,,,' '"",'. ',;lcteJi(((Y. "..' .
E12#lCON 996 SCMV - E 1043 621/649 - 95%
E12#2CON 957 SCMV - D 585 447/478 - 93%
E12#3CON 936 SCMV - E 934 5671595 - 95%
E376#lCON 847 SCMV - E 864 619/667 - 92%
E376#2CON 899 SCMV - E 1001 616/649 - 94%
E376#3CON 979 SCMV - E 311 179/185 - 96%
G16#lCON 809 SCMV - E 985 641/681 - 94%
G16#3CON 945 SCMV - E 985 622/657 - 94%
G376#lBHF 739 SCMV - E 781 526/558 - 94%
G376#2BHF 1129 NSH NSH NSH
G376#3-T7 403 SCMV CP 42 NSH
112#1-T7 656 SCMVCP 42 NSH
h2#2-T7 682 SCMVCP 42 NSH
h2#3-T7 739 SCMVCP 44 NSH
ME376#4-T7 728 Cloning vector 1005 540/549 - 98%

pKS145 MCS
P19#lCON 815 SCMV - E 990 608/642 - 94%
P19#2-BHF 130 NSH NSH NSH
P19#2-T7 133 NSH NSH NSH
P19#3CON 782 SCMV - E 1006 636/673 - 94%
P2s#lCON 849 SCMV - E 996 630/667 - 94%
P2s#2CON 826 SCMV - E 1041 6437680 - 94%
P2s#3-BHF 904 NSH NSH NSH
PS376#1-T7 335 SCMV CP 42 NSH
PS376#2-T7 288 SCMVCP 42 NSH
PS376#3-T7 612 NSH NSH NSH
T12#1-BHF 748 SCMV - E 769 582/638 - 91%
T12#2-BHF 206 SCMV - D 82 46/48 - 95%
T12#2-T7 363 SCMV - D 549 292/297 - 98%
T12#3-BHF 873 SCMV - E 932 621/666 - 93%
T12#3-T7 265 SCMV - B 341 187/193 - 96%
T376#1-T7 388 SCMVCP 42 NSH
T376#2-T7 145 SCMV - D 145 84/87 - 96%
T376#3-T7 432 SCMVCP 42 NSH

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NSH = no significant homology

Table 3.9. Interestingly one of the sequences obtained for clone ME376#4,

showed very high homology to the cloning vector pKS 145 indicating that the

1400bp CP fragment was not located in the multiple cloning site of the vector.
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The CP nucleotide sequences of the plasmids were also compared to the five

strains of SCMV (SCMV-A,-B, -D, -E and -SC) using the Homology Search

function of the DNASIS sequence analysis programme. The nucleotide

sequences of the five strains were obtained from the GenBank sequence

database using the following accession numbers: U57354 (SCMV-A),U57355

(SCMV-B),U57356 (SCMV-D),U57357 (SCMV-E)and D00958 (SCMV-SC).

The Homology Search function in DNASISuses the Lipman-Pearson FASTA

algorithm to calculate the similarity between two sequences. Scores obtained

are expressed as a percentage indicating the degree of similarity between the

two sequences. Table 3.10 shows the percent similarity obtained for the

sequence of each of the cloned CP fragments compared with that of the SCMV

strains. The highest percent homology obtained for each sequence is shaded

in dark grey. Pairwise alignment of the sequences revealed a slightly different

assignment of SCMVstrains with the CP fragment sequences. Most of the CP

sequences had the highest homology to SCMV-SC followed by SCMV-E as

seen in Table 3.10. An equal number of sequences had the highest homology

to SCMV-B and SCMV-D. Only one was found to be most homologous to

SCMV-A. The high homology of a large number CP sequence of with SCMV-E

is in agreement with the results obtained using the BLASTNprogramme.

Sequences obtained from each of varieties used in this study were colour-

coded as seen in Table 3.10 to determine the possible relationship between the

different varieties and the SCMV strains. No association was observed

between a specific variety and a strain of SCMV. There also did not appear to

be any significant correlation between a specific region and a strain of SCMV.
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Table 3.10. Percentage sequence homology calculated from the pairwise alignment of

each CP fragment sequence with the nucleotide sequence of the five SCMV strains:

SCMV-A (U57354); SCMV-B (U57355); SCMV-D (U57356); SCMV-E (U57357) and

SCMV-SC (D00958) using the homology search function in the sequence analysis

programme DNASIS v2.1. (GenBank database accession numbers for each SCMV

strain is in parenthesis). Significance of shaded areas is explained in the key at the

bottom of the table.

Eston

Glendale

Ixopo

Pongola

Port
Shepstone

Tongaat

" Highest % • N12 .NCo376

• N19• N16 N25
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Instead, a general spread across several strains was observed for both the

varieties and regions. There were however, CP sequences from two regions

that were all homologous to the same SCMVstrain. These were the plasmids

from Pongola and Port Shepstone that were most homologous to SCMV-SC

and SCMV-E respectively.

As the above compansons were done using consensus sequences and

individual sequences which differed in length, it was difficult to observe any

particular strain relationships based on these sequences. It was therefore

necessary to use the same region of the CP gene for all further comparisons.

As a result, a 450bp region from the start of the CP gene obtained from

consensus sequences was used. This region contains the hypervariable region

of the CP gene where most strain variation is known to occur and would be

sufficient for the strain identification of each sequence (Mirkov, pers comm).

Analysis was therefore done using the following plasmids: E12#1-3; E376#1-3;

G16#1,3; P19#1,3 and P2s#1,2. These plasmids were representative of all varieties

used as well as from several widely separated and geographically distinct

regions. Information obtained from further comparative analysis of these

sequences would be indicative of possible varietal or regional effects on strain

prevalence.

The 450bp region from the consensus sequences of all the above mentioned

CP fragment sequences and the five SCMV strains was saved with an AL

(denoting alignment sequence) at the end of the plasmid or strain name. The

Multiple Alignment function of DNASISwas used to compare the 450bp region
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of the selection of plasmids mentioned above and the five SCMV strains. A

gap penalty of 5 and K-tuple value of 4 was used in all multiple alignments.

The Multiple Alignment function uses the Higgins-Sharp algorithm which is

based on an assumed evolutionary relationship between the sequences.

Aligned 450bp sequences are shown in Figure 3.18.

All the sequences had a high degree of homology in the first 110bp with only

a few single base substitutions occurring. However, the following 150bp

appear to contain the majority of deletions and substitutions with the largest

deletion occurring between bases 207 and 234 of SCMV-A. The phylogenetic

relationship between these sequences is shown in Figure 3.19.

A high degree of homology is evident between most of the CP sequences and

that of the SCMVstrains with an average sequence identity of 87%. Most of

the CP sequences cluster with SCMV-SC while the other SCMVstrains form

a separate cluster and the remaining sequences are separate from the two

clusters. No sequence homogeneity is observed between CP sequences from

the same region and variety as previously observed (Goodman et al., 1998).

This might be explained by the difference in sequence length used for the

comparisons since the 450bp region in this comparison is almost twice the

length of that used previously. Also, CP sequences did not cluster according

to regional nor varietal origin indicating the possibility of the presence of

several strains of SCMVin each region and variety.
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P19#3AL.DNA

E12#3AL. DNA

E376#2AL.DNA

E12#1AL.DNA

P25#2AL.DNA

E376#1AL.DNA

P19#1AL.DNA

E12#2AL. DNA

E376#3AL.DNA

54.1%

Figure 3.19. A dendrogram showing the relatedness of CP fragment sequences from several

regions and varieties with the five SCMVstrains. A 450bp nucleotide sequence from the start

of the CP gene was used to generate the dendrogram. The degree of nucleotide sequence

similarity between the sequences is expressed as a percentage. Reference SCMVstrains used

in the pairwise comparisons are highlighted.

Allpreliminary comparisons were done using nucleotide sequences and it was

considered desirable to assess the strain associations using inferred amino

acid sequences. The 450bp region of the CP sequences were similarly

compared to international databases for strain identity. Sequences were

submitted for comparison at the amino acid level using all six conceptual

reading frames in the BLASTX(Altschul et al., 1997) search programme.

Searches were conducted against sequences contained in the nr peptide

database of the NCBI using an expect value of 1. Reported alignments with

bit scores above 80 were considered to have significant homologies. Sequence

search results obtained using the BLASTXprogramme are shown in Table

3.11.
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Table 3.11. Summary of results obtained from the sequence comparison of the first

150 amino acids from the start of the CP gene derived from several regions and

varieties with reference sequences in international databases. Sequences searches

were conducted using the BLAST search programme (BLASTX)to search all non-

redundant peptide databases.

I~;g.~ey'S'~qtien¢e
,. --"._"

Eston N12 E12#lAL

E12#2AL

SCMVPolyprotein 116 65/147 - 44%

SCMVCP f~~
SCMVCP 118

SCMVCP 131

SCMVCP 147

SCMVCP 15'(1)
'._,.;l~ ...;!

SCMVCP 166

SCMVCP 155

SCMVCP g~,
SCMVCP 146

SCMVCP 141

SCMVCP 131

Eston

Glendale

N16

NCo376

69/147 - 48%

44/83 - 53% 50/83 - 60%

56/60 - 93% 58/60 - 98%

Pongola N19 P19#1AL
~---------+--~~~-------1--~--~~~--~~--+-~---------4
P19#3AL

Pongola N25 P2s#1AL
~---------+---------------1------~------------+------------4
P2s#2AL

74/108 - 68% 74/108 - 68%

33/65 - 50% 38/65 - 57%

80/81 - 98% 81/81 - 99%

74/78 - 94% 77/78 - 97%

70/71 - 98% 71/71 - 99%

67/70 - 95% 69/70 - 97%

All the sequences were found to have high homology to SCMV CP except one

(E12# 1) which was homologous to the polyprotein. Three of the sequences did

not have significant bit scores (shaded areas in the Table 3.11) but were most

homologous to the SCMV CPo

As no strain identification was possible using these results, further analysis

of the sequences at the amino acid level was necessary. Nucleotide sequences

were translated into three reading frames and aligned using the MUltiple

Alignment function of DNASIS. No significant alignment was obtained with

the plasmid sequences and that of the SCMV strains (results not shown).
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However, all the CP fragment sequences did possess the aspartic acid-alanine-

glycine (DAG)triplet codon which has been found to be required for aphid

transmissibility (Atreya et al., 1995). Direct phylogenetic comparison of the

CP sequences with the amino acid-based dendrogram published by Yang &

Mirkov, 1997 was not possible as those authors used the conserved core

region and the complete CP gene in their phylogenetic comparison.

3.9 Restriction Fragment Length Polymorphism (RFLP)Analysis for

Strain Identification

During the course of this study, an article on SCMV strain differentiation

using a PCR-based RFLPtechnique was published (Yang& Mirkov, 1997). The

technique developed by those authors presented a novel approach to the

differentiation of SCMVstrains by specifically amplifying a polymorphic region

of the CP gene. Digestion of this amplified region with specific restriction

enzymes results in cleavage pattern that permit differentiation of four SCMV

strains (SCMV-A,-B, -D and -E) (Yang & Mirkov, 1997). This method was

applied to the SCMVsamples used in this study as a means of confirming the

sequence-based strain allocations observed from sequence analysis of the CP

gene fragments.

Using the Yang & Mirkov (1997) primer pair SCMV-F3/SCMV-R3, specific for

amplification of the CP gene of SCMV strains in the SCMV subgroup, an

expected fragment of approximately 900bp was amplified from cDNAobtained

from all the SCMV-infected source samples as seen in Figure 3.20.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

104

M 1 2 3 4 5 6 7 8 9 10 11 12 13 M

947
831 +/- 900bp

Figure 3.20. Agarose gel electrophoretic separation of PCR products of an approximately

900bp fragment used for RFLP analysis in SCMVstrain differentiation. Template samples

represent all regions and their respective varieties using the SCMV-F3/SCMV-R3 primer

pair of Yang & Mirkov (1997). M = Molecular weight marker III (A. DNA EcoR II Hind III

digested), Lanes 1-2 = Eston N12, NCo376; 3-4 = Glendale N16, NCo376; 5-6 = Ixopo N12,

NCo376; 7 = Mount Edgecombe NCo376; 8 = Melmoth N12; 9-10 Pongola N19, N25; 11 =
Port Shepstone NCo376; 12-13 = Tongaat N12, NCo376.

Although some non-specific amplification was visible for some of the samples,

it was in very low concentrations as seen in Figure 3.20 lanes 2, 5, 6 and 10.

This however, was not of serious concern since the fragment DNAfor most

samples was sufficient to produce unambiguous restriction profiles.

3.9.1 HinfI Restriction Profiles

Based on Yang & Mirkov's (1997) findings, restriction enzyme HinfI was used

to identify the source samples as SCMV strains A, BID and E/SC based on

the expected restriction profiles of the approximately 900bp fragment as

shown in Table 3.12. Strains BID and E/SC produce identical fragment

lengths when restricted with HinfI and cannot be differentiated from each

other using this enzyme. It does however serve to differentiate the samples

into three categories of strain A, strain BID and strain E/SC.
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Table 3.12. Expected restriction profile of HinfI digested 900bp fragment of five

strains in the SCMV subgroup as determined by the restriction enzyme search

function of the DNASISsoftware programme.

I " '"

2 138;331;401

1

331;555

I
I

A

E 1 139;759

I B 1

D 331;555

SC 1 139;759

I The 900bp fragment from all the source samples were first restricted with Hinf

I I enzyme for broad strain identification and the restriction profiles obtained

I
I
I

are shown in Figure 3.21.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 M

I 564 +/-560bp
+/-400bp

'_+/-330bpI
I
I

I

Figure 3.21. Restriction patterns after Hinf I digestion of the 900bp SCMV-

F3/SCMV-R3 fragment from all SCMV infected source samples. M = Molecular

weight marker III (A. DNAEcoR II Hind III digested), Lanes 1-2 = Eston N12, NCo376;

3-4 = Glendale N16, NCo376; 5-6 = Ixopo N12, NCo376; 7 = Mount Edgecombe

NCo376; 8 = Melmoth N12; 9-10 Pongola N19, N25; 11 = Port Shepstone NCo376;

12-13 = Tongaat N12, NCo376.

I

I
I
I
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All the samples were susceptible to digestion with HinfI restriction enzyme.

Several samples produced restriction profiles similar to that of strain A, i.e.,

fragment sizes of approximately 400bp, 330bp and 140bp. These samples are

Eston variety N12; Ixopo variety N12; Mount Edgecombe variety NCo376 and

Tongaat variety N12 as seen in Figure 3.21 lanes 1,5, 7 and 12 respectively.

The remainder of the samples produced restriction profiles similar to strain

A, but containing an additional fragment, i.e. fragment sizes of approximately

550bp, 400bp, 330bp and 140bp. This would indicate the presence of a

mixture of strain A and strain B/ D within these samples. A second restriction

using a different enzyme was therefore necessary to further differentiate the

samples.

3.9.2 Taq I Restriction Analysis

The restriction enzyme Taq I used by Yang & Mirkov (1997) was found to

produce restriction profiles of the 900bp fragment that could be used to

differentiate between SCMVstrain A, strains Band D and between strains E

and SC. The expected fragment sizes produced by Taq I restriction of the five

SCMVstrains are shown in Table 3.13. Restriction profiles produced by Taq

I restriction of the samples used in this study are shown in Figure 3.22.

All the samples were susceptible to digestion with Taq I restriction enzyme.

Several samples produced restriction profiles similar to that of strain D, i.e.

fragment sizes of approximately 240bp, 260bp and 360bp. These are Eston

varieties N12 and NCo376, Glendale variety N16, Ixopo variety N12, Pongola

varieties N19 and N25, Port Shepstone variety NCo376 and Tongaat varieties
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Table 3.13. Expected restriction profile of Taq I digested 900bp fragment of five
strains in the SCMV subgroup as determined by the restriction enzyme search
function of the DNASIS software programme.

I ', ..

SCMv,·8traiJl"
-I' .. -,,-. ,,_-- , .•.•~.....

2 20;241;612

21;87; 154;263;361

D 3 21;241;263;361
I

A

B 4

I
I
I

E 3 21;241;275;361

SC 4 21; 120; 121;275; 361

I
I
I

M 1 2 3 4 5 6 7 8 9 10 11 12 13 M

I
398
298
220

+/-360bp
/-260bp

+/-240bp

I
I
I

Figure 3.22. Restriction patterns after Taq I digestion of the 900bp from all SCMVinfected

source samples. M = Molecular weight marker VI (pBR328 DNABgi IIHinfl digested), Lanes

1-2 = Eston N12, NCo376; 3-4 = Glendale N16, NCo376; 5-6 = Ixopo N12, NCo376; 7 =
Mount Edgecombe NCo376; 8 = Melmoth N12; 9-10 Pongola N19, N25; 11 = Port Shepstone

NCo376; 12-13 = Tongaat N12, NCo376.

I
I

N12 and NCo376 as seen in Figure 3.22 lanes 1 - 3,5 and 9 - 13 respectively.

I Four of the samples produced restriction profiles similar to that of strain E,

I i.e. fragment sizes of approximately 240bp, 280bp and 360bp. These samples

I
I

were Glendale variety NCo376, Ixopo variety NCo376, Mount Edgecombe
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variety NCo376 and Melmoth N12 as seen in lanes 4, 6, 7 and 8 respectively

(Figure 3.22). An extra fragment of approximately 450bp was visible in lane

6 which may have been as a result of incomplete digestion of the fragment.

The restriction profiles produced by Taq I digestion of the source samples

revealed more unambiguously the strain identification of each sample than

that of HinfI as shown by the summarised results in Table 3.14.

Results obtained using the RFLP technique revealed the presence of two

SCMVstrains, SCMV-Dand SCMV-Ein the various regions and varieties used

in this study. These results are not in complete agreement with those

obtained using sequence comparisons of CP gene fragments which revealed

a strong association with SCMV-SC as well as SCMV-E and SCMV-D as

shown in Tables 3.9 and 3.10. However, the RFLP strain identification

appears to be simple and less ambiguous than that obtained from sequence

comparisons.
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Table 3.14. A summary of strain identification results restriction fragment length

polymorphism analysis of the approximately 900bp SCMV-F3/SCMV-R3 fragment

derived from the SCMVinfected source samples.

'::.$'GMV'Sti~ln' IJ)' :piocfuced. fby" l:~~t~~~tj,Qg
en~yme .c)e·av~g~.'pattetIJ.$.usin:g

,,;" .' . '.'

~I" ·'Hinl,l. ,:... -

I
I
I

A DEston N12

NCo376

Glendale N16

NCo376

Ixopo N12

NCo376

Mount Edgecombe NCo376

Melmoth N12

Pongola N19

N25

Port Shepstone NCo376

Tongaat N12

NCo376

A+B/D D

A+B/D D

A+B/D E

A D

A+B/D E

A E

A+B/D E

A+B/D D

A+B/D D

A+B/D D

A D

A+B/D D

I
I
I
I
I
I
I
I
I
I
I
I
I
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CHAPTER 4

DISCUSSION

SCMV CP sequences were specifically amplified by PCR from infected

sugarcane leaf material from several varieties and geographically distinct

regions within the South African sugar industry. Using SCMV-specificprimer

pairs, fragment sizes of 884 and 1400bp containing the N-terminal (variable)

region of the CP gene were amplified from SCMV-infected material from all

regions and varieties sampled. Semi-nested PCR and re-amplification of the

fragments confirmed the specificity of the amplification and verified the

findings of Huckett & Botha (1996) for the 884bp fragment. The specificity of

amplification of the 1400bp fragment was confirmed by semi-nested PCR but

not by re-amplification since this proved technically recalcitrant. CP

fragments were cloned and the sequences of the inserted fragments

determined by cycle-sequencing and automated analysis. Strain identification

of the CP fragments was achieved by comparison of the nucleotide sequences

with those in international sequence databases using the BLASTN search

programme. Prevalent strains identified by BLASTNsearches were found to

be SCMV-E and SCMV-D. Pairwise comparison of the nucleotide sequences

of the South African isolates with those of five SCMV strains: A, B, D, E and

SC indicated SCMV-SC to be the most prevalent strain amongst the isolates,

followed by SCMV-E and SCMV-D. These strains are all closely related and

cluster together, with SCMV-Eand -D more closely related than -SC as shown

in Figure 1.5. Comparison of the CP sequences at the amino acid level was

more ambiguous with a general spread across all five strains. Strain
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identification of the South African isolates was also achieved by RFLPanalysis

of SCMVCP PCR products using a recent method developed by Yang & Mirkov

(1997) which revealed SCMV-D and SCMV-E as the most prevalent strains.

Results using this approach compared very favourably with the strain

identities assigned by the BLASTNsearch results.

Initial sequence comparisons undertaken in a preliminary study had

suggested that there was little sequence variation within the CP gene among

South African (SA) isolates from a small number of widely separated

geographic areas and their varieties (Goodman et al., 1998). However, the

present study in which isolates were more widely sampled and a larger region

of the CP gene was used for sequence comparison (4S0bp as opposed to the

248bp in the preliminary study) revealed more variation than was first

recognised. Phylogenetic analysis of several clones from geographically

distinct regions and varieties revealed an approximately 13% difference at the

nucleotide level (Figure 3.19). This is compatible with the 12% observed by

Bateson et al. (1994) for Australian isolates of papaya ringspot potyvirus

(PRSV). Sequence difference observed by those authors, however, was based

on amino acid sequences of the entire CP gene. Interestingly, Handley et al.

(1998) observed only 3.3% sequence difference at the nucleotide level between

local SCMV isolates and those from the United States and South Africa.

However, the low sequence difference observed by those authors is based on

comparison of the entire CP gene sequences. Thus an average of 87%

sequence identity was shared amongst the various SA isolates, but this figure

would probably increase if the entire CP gene was used for comparison. This
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would then be compatible with the findings of Shukla & Ward (1988) that

strains of the same virus share 90-99% CP sequence identities, while distinct

viruses share only 38-71 % identity. An additional sequence identity cluster

of 75-89% identified by McKern et al. (1991) has also been regarded as that

of distinct strains by Shukla et al. (1992). These figures are based on amino

acid sequence comparison of the entire CP gene, which might result in higher

similarities if the SA isolates are compared in this manner. However, Collmer

et al. (1996) observed no significant change in the phylogenetic relationships

between strains of bean common mosaic potyvirus (BCMV)when only the

variable CP N-terminus was used for comparison as opposed to the entire CP

gene. Overall, the majority of SA isolates clustered with SCMVstrains SC, E

and D, while two isolates, E12#2and E376#3,appeared to be quite distinct with

similarity percentages of only 69.2 and 54.1 respectively to the five SCMV

strains and other local isolates (Figure 3.19). Interestingly, there was a

significant difference of approximately 40% between two clones obtained from

the same sample from variety NCo376 at Eston (E376#2and E376#3),as shown

in Figure 3.19, indicating the existence of multi-strain infection in sugarcane.

This phenomenon has previously been shown to occur in sugarcane by

Gillaspie & Koike (1973) when they artificially inoculated varieties of

sugarcane with mixtures of SCMV and MDMV strains. More recently,

Candresse et al. (1998) identified mixed infections of plum pox potyvirus (PPV)

serotypes D and M in peach isolates by PCR analysis.

Using several methods in this study for strain identification, as mentioned

above the most prevalent strains were found to be SCMV-E, SCMV-Dand to
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a lesser extent SCMV-SC. This is the first molecular analysis of strain

variability within the SA sugar industry and the first time that SCMV-E has

been associated with sugarcane in this country. Previous strain identification

(Abbott & Stokes, 1966; Gillaspie & Mock, 1987) found SCMV-Aand SCMV-D

to be the prevalent strains in South Africa at that time. However, strain

identification by those authors was through symptom expression on

differential hosts, which has been found to be inconsistent due to climatic and

environmental influences (Kondaiah & Nayudu, 1984). Studies by those

authors were also based on a limited sample selection and were thus not able

to demonstrate the extent of strain variation in South Africa. Differences in

the strain identification as found in this study compared to previous studies

is unlikely to be due to differences in the varieties tested, since the data

indicates clearly that no association exists between strain prevalence and

specific varieties or regions. This is in agreement with the findings of McNeil

et al. (1996) that showed no correlation between strains of wheat streak

mosaic virus (WSMV),a member of the Potyviridae family (Rymovirus) , and

geographic origin.

Molecular analysis of CP gene sequences has been used to differentiate

between strains of other potyviruses such as PRSV (Bateson et al., 1994; Jain

et al., 1998), zucchini yellow mosaic potyvirus (ZYMV)(Thomson et al., 1995)

and turnip mosaic potyvirus (TMV) (Stavolone et al., 1998). ZYMVwas

distinguished from two closely related potyviruses (PRSV-Wand watermelon

mosaic potyvirus 2 [WMV-2])using CP gene sequence comparisons and RFLP

analysis (Thomson et al., 1995). Azuki bean mosaic potyvirus (AzMV)was
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found to be a strain of BCMVbased on sequence identities between CP genes

(Collmer et aI., 1996). The work of those authors supports the findings of

Shukla & Ward (1988) that strains of the same virus can be differentiated

based on sequence identities of their CP genes and that this has proven to be

a more reliable method of identifying strains of potyviruses than other

conventional methods such as symptomatology.

Technical difficulties encountered using molecular analysis of CP genes of

SCMV isolates in this study should in no way discredit the validity of the

findings, although they do emphasise that cloning and sequencing is not a

method of choice for routine diagnosis. The use of the 1400bp CP fragment

without re-amplification prior to cloning is acceptable since the specificity of

the amplification was confirmed by semi-nested PCR and subsequent

sequencing, where this was possible. The inability to reamplify the 1400bp

fragment may have been due to ineffective binding of the primers to the

fragment since some primers require a certain number of bases upstream of

the binding site in order to anneal stably. The aberrant nature of some

recombinant clones may have been a result of rearrangement and possible

partial excision of inserted viral sequences within the plasmids, since the peR

test for the presence of inserts in recombinant plasmids generally resulted in

fragments of the expected sizes. Rearrangement may have occurred during

the successive subculturing of the bacterial colonies containing the

recombinant plasmids. Where sequence failure was experienced it was

directly related to the aberrant nature of plasmids, with one exception, P2s#3.

The original plasmid-encoded T7 priming site was still present for most of the



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

115

aberrant plasmid clones. Sequences obtained using the T7 primer revealed

high homology to SCMVindicating the presence of partial CP fragments. The

absence of the BHf priming site within the aberrant clones strongly supports

partial excision of the inserted CP fragments. Sequence information obtained

from normal clones provided sufficient indication of the identity of the

prevalent strains in the industry. This sequence information obtained was

also adequate to establish that no significant correlation could be made

between strain prevalence and geographic or varietal origin of the isolates.

This study has shown that SCMV strain identification is possible using the

nucleotide sequence of the N-terminal region of the CP gene. SCMV strain

associations with the SA isolates established by sequence determination were

confirmed with RFLP analysis. Use of the RFLP technique developed by Yang

& Mirkov (1997) confirmed the findings of those authors of the specific

amplification of a polymorphic region of the CP gene and the differentiation of

the four SCMVstrains (SCMV-A,-B, -D and -E) by unique restriction patterns.

Sequence-based strain identification is not suitable as a diagnostic tool due

to the high cost of sequence determination, the time required for analysis and

the technical difficulties which may be encountered. However, RFLP analysis

was proven in this study to be a simple and accurate method of valid strain

identification which would be suitable as a diagnostic tool for the detection of

SCMVinfection of SA sugarcane. This method has the additional benefit of

strain discrimination as opposed to simple PCR-based diagnostic tests such

as those developed by Smith & van der Velde (1994) and Huckett & Botha

(1996) which only identify SCMVinfection.
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Knowledge of the prevalent strain(s) of SCMV is also strategically important

for application in achieving transgenic resistance to SCMVinfection through

genetic engineering. Variability amongst strain(s) / isolates of SCMV in the

nucleotide or amino acid sequences of the CP gene of the challenge virus may

have significant effect on the level and stability of trangenic resistance (Stark

& Beachy, 1989). It is therefore important to have adequate information on

the extent of the sequence variation that is found between strains of SCMV.

The strains identified in this study as being most prevalent in the SA sugar

industry, SCMV-D and SCMV-E, are closely related to each other as well as

to the other SCMV strains with the exception of the maize dwarf B strain

(SCMV-MDB)which appears to be quite distinct from the other SCMVstrains

as shown by Yang & Mirkov (1997). Thus, the use of any SCMV-Eor SCMV-D

sequence in genetically engineering sugarcane to confer CP-mediated

resistance is likely to offer protection to transgenic sugarcane against all local

SCMV strains.

A suitable diagnostic technique for the rapid strain-specific detection of SCMV

would be most beneficial to the SA sugar industry'S quarantine procedures.

Using the Yang & Mirkov (1997) RFLP approach tested in this study, imported

foreign sugarcane varieties as well as local varieties destined for export could

then be rapidly screened for not only for the presence of SCMV but also the

specific infecting strain. This technique could also be applied to investigations

on the incidence of symptomless infection of SCMVin sugarcane as observed

by Cronje et al. (1994) as well as for the screening of new varieties for

susceptibility to mosaic.
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A well established transgenic programme is in place at SASEX for the

transformation of sugarcane. The findings of this study have facilitated the

commencement of a study to transfer CP sequences from one of the local

SCMVisolates to generate transgenic sugarcane with CP-mediated resistance

within the next two years.
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CHAPTERS

CONCLUSIONS

The molecular approach of sequence determination of the CP variable

N-terminal region as a method of strain differentiation has proven to be

an accurate and plausible method of strain identification.

The prevalent SCMVstrains in the SA sugar industry are SCMV-Eand

SCMV-D.

There is no correlation between strain prevalence and variety or

geographic origin of isolates in the SA sugar industry.

Identification of strains by sequence determination is entirely

compatible with a recently developed RFLP approach and the latter

would serve as a quick, routine diagnostic test for SCMVdetection and

identification of strains in the SA sugar industry.

The use of any SCMV-E or SCMV-D sequence would be suitable for the

development of genetically engineered sugarcane with conferred CP-

mediated resistance.
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and application in engineering coat protein-mediated resistance.
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