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Initial identification of sample 9110394 
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Figure 3.1. Results of the initial ELISA performed to identify sample 91/0394 where He 
indicates healthy control. Lane 1 and 2, sample 9110394; Lane 3 and 4, healthy 

P.safivum; Lane 5 and 6, buffer control 

3.3.2 Symptomatology 

The isolated virus was maintained by weekly mechanical inoculation and infected P. 

sativum cv. Green Feast plants were harvested and stored at - 80°C. Symptoms on 

inoculated P. sativum plants appeared 6 days after inoculation. The first symptom visible 

on P. safivum cv. Green Feast plants was a systemic chlorotic vein clearing followed by 

chlorotic flecking, and a downward leaf curl. Symptoms ofPEMV 9110394 are shown in 

Figure 3.2. 
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Figure 3.2. Symptoms of91/0394 on P. sativum cv. Green Feast plants 

A total of 26 different host plants were used for host range studies. The results of 

mechanical inoculations are summarised in Table 3.1. From the visual monitoring of 

symptoms only a few plants showed symptoms. All the plants were tested by ELISA to 

confirm the visual symptoms. According to ELISA results only the P. sativum species 

tested positive. However, the C. quinoa plants displayed chlorotic local lesions, as 

reported in the literature. G. max Rampage and G. max Edgar plants showed systemic 

vein clearing. ISEM performed on these two plants showed no spherical particles. It 

might be that the virus concentration in the plants was too low to detect with ELISA or 

ISEM. 
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3.3.3 Electron microscopy and cytopathological studies 

Negative staining of ultrathin sections showed the presence of isometric particles. 

During studies of ultrathin sections with the electron microscope isometric particles were 

observed in the nuclei of PEMV -infected leaves. An electron micrograph of a section is 

shown Figure 3.3. 

Figure 3.3. The occurrence of PEMV particles in the nucleus of PEMV-infected P. 

sativum Green Feast plants observed in ultrathin sections stained with uranyl acetate and 

lead citrate and viewed with the electron microscope. Scale bar represents 250 nm. 

3.3.4 Purification results 

PEMV 9110394 was successfully purified according to the method described above. One 

prominent zone was obtained from the sucrose gradient. The sucrose gradient with the 

visible band is shown in Figure 3.4. The band was monitored with the electron 

mlcroscope. Virus yield from the purifications was 0.99-1.12 mg virus/0.1 kg plant 

material and was used to immunise a rabbit four times intramuscularly described 

previously. Spectrophotometric analysis of purified virus preparations yielded 

absorbance ratios of A260:A280 nm=1.5-1.6. Purified virus particles are shown in Figure 

3.5. 
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Figure 3.4. A sucrose gradient obtained during the purification procedure of PEMV 

91/0394. The blue zone was collected and used to immunise a rabbit. 
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Figure 3.5. Purified PEMV 9110394 particles with a magnification 0[300 000, stained 

with 2% ammonium molybdate, pH 5.3. Scale bar represents 40.5 run. 
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3.3.5 Serology 

3.3.5.1 Antiserum production and development ofF(ab')z ELISA 

Nine weekly bleeds were collected. According to dilution end point determinations using 

the PAS-ELISA system, bleed six had the highest titer at a dilution of 1:512 000. The 

absorbance values of infected plant material vs. healthy plant material were used to 

determine the best bleed at the highest dilution. The bleed giving the highest differential 

ratio was bleed 6 (See Figure 3.6). The nine antisera were diluted from 1:1000 to 

1:512 000. 

Ab;orbance values at 1 :512 000 
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Eleed ruriJer 

Figure 3.6. Absorbance values of different bleeds at 1:512 000 

A F(ab')2 ELISA was developed from bleed six and the optimum dilution for the use of 

F( ab'h fragments was determined to be 1: 10 000 and that of the IgG, 1: 200. Results of 

the optimising ELISA are shown in Figure 3.7. 
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Optimising ELISA of PEMV 91/0394 
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Figure 3.7 Results of optimising ELISA ofPEMV 9110394. Lane 1,9110394 1: 100; lane 

2, 9110394 1: 1000; lane 3, healthy P. sativum 1: 10; lane 4, healthy P. sativum 1: 100; lane 

5, buffer control. The order was repeated for each seroreagent combination tested: 

• F(ab')z I: 100 and IgG 1:200 • F(ab' )z 1:1000 and IgG 1:200 • F(ab')z I: 10 000 and IgG 1:200 
ID F(ab')z I : 100 and IgG 1:800 • F(ab')2 1: 1000 and IgG 1:800 • F(ab')z 1: 10000 and IgG 1:800 
o F(ab' )2 I: 100 and IgG 1:3200 0 F(ab' )2 1:1000 and IgG 1:3200 0 F(ab')z 1: IO 000 and IgG 1:3200 
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3.3.5.2 Serological relatedness 

Positive serological reaction was obtained with PEMV-9110394 against antiserum 

PEMV-Tii (AS-0017) in DAS-ELISA. This test confirmed the identity of our isolate. 

The results of the absorbance values of the DAS-ELISA are shown in Figure 3.8. 
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Figure 3.8. Absorbance values ofPEMV 91/0394 tested against PEMV-Tii (AS-0017) 

antiserum where HC indicates healthy control and BC, Buffer control 
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3.3.6. Molecular weight determination of capsid protein 

Only one protein band was detected from purified particles on a SDS-PAGE gel. The 

virions of aphid-transmissible strains of PEMV are composed of two structural proteins 

(21000 Da and 55000 Da). If these strains are repeatedly mechanically inoculated, the 

aphid-transmissibility phenotype is lost because of the 55000 Da protein that is lost. This 

is probably the reason that one protein band was detected. The protein size was 

determined to be 22 700 Da using the Gelworks 1 D Advanced UVP computer program 

(See Figure 3.9) 
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Figure 3.9. SDS-PAGE of capsid protein of isolate 91/0394. Lane 1, low molecular 

weight protein marker (BioRad), Lane 2 and 3, isolate 9110394. 

45 

3.3.6. Molecular weight determination or capsid protein 

Only one protein band was detected from purified particles on a SOS-PAGE gel. The 

virions of aphid-transmissible strains of PEMV are composed of two structura1 proteins 

(21000 Da and 55000 Da). If these strains are repeatedly mechanically inoculated, the 

aphid-transmissibility phenotype is lost because of the 55000 Oa protein that is lost. This 

is probably the reason that one protein band was detected. The protein size was 

determined to be 22 700 Da using the Gelworks 1 D Advanced UVP computer program 

(See Figure 3.9) 

Da 

97400 

66200 

45000 

31000 

21500 

14400 

Figure 3.9. SOS-PAGE of capsid protein of isolate 91/0394 . Lane I, low molecular 

weight protein marker (BioRad), Lane 2 and 3, isolate 9110394 . 

45 

3.3.6. Molecular weight determination of capsid protein 

Only one protein band was detected from purified particles on a SOS-PAGE gel. The 

virions of aphid-transmissible st rains of PEMV are composed of two structural proteins 

(2 !DOO Da and 55000 Da). If these strains are repeatedly mechanically inoculated, the 

aphid-transmissibility phenotype is lost because of the 55000 Oa protein that is lost. This 

is probably the reason that one protein band was detected. The protein size was 

determined to be 22 700 Da using the Gelworks 1 D Advanced UVP computer program 

(See Figure 3.9) 

Da 

97400 

66200 

45000 

31000 

21500 

14400 

Figure 3.9. SOS-PAGE of capsid protein of isolate 91/0394. Lane J. low molecular 

weight protein marker (BioRad), Lane 2 and 3, isolate 91/0394 . 

45 

3.3.6. Molecular weight determination of capsid protein 

Only one protein band was detected from purified particles on a SDS-PAGE gel. The 

virions of aphid-transmissible strains of PEMV are composed of two structuraJ proteins 

(21000 Da and 55000 Da). If these strains are repeatedly mechanically inoculated, the 

aphid-transmissibility phenotype is lost because orthe 55000 Da protein that is lost. This 

is probably the reason that one protein band was detected. The protein size was 

determined to be 22 700 Da using the Gelworks 1 D Advanced UVP computer program 

(See Figure 3 9) 

Da 

97400 

66200 

45000 

31000 

21500 

14400 

Figure 3.9. SDS-PAGE of capsid protein of isolate 91/0394. Lane I, low molecular 

weight protein marker (BioRad), Lane 2 and 3, isolate 91 /0394. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was 

was not seIlLsltlve 

two 

was 

IS 

a 

IS 

area 

leSlorlS were 

a 

46 

tests 

were 

on 

test 

SDt:CH~S were ""-"O"'L .... ,U as 

was Clel:enmrleCl to 

was 

was not seIlLsltlve 

two 

was 

IS 

a 

IS 

area 

leSlorlS were 

a 

46 

tests 

were 

on 

test 

SDt:CH~S were ""-"O"'L .... ,U as 

was Clel:enmrleCl to 

was 

was not seIlLsltlve 

two 

was 

IS 

a 

IS 

area 

leSlorlS were 

a 

46 

tests 

were 

on 

test 

SDt:CH~S were ""-"O"'L .... ,U as 

was Clel:enmrleCl to 

was 

was not seIlLsltlve 

two 

was 

IS 

a 

IS 

area 

leSlorlS were 

a 

46 

tests 

were 

on 

test 

SDt:CH~S were ""-"O"'L .... ,U as 

was Clel:enmrleCl to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

47 

IS it 

an antllSel1 was to 

47 

IS it 

an antllSel1 was to 

47 

IS it 

an antllSel1 was to 

47 

IS it 

an antllSel1 was to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

48 

4.2.1. 

51 

48 

4.2.1. 

51 

48 

4.2.1. 

51 

48 

4.2.1. 

51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4 

to our 

was 

was 

an 

49 

was 

tests were 

was 

was 

4 

to our 

was 

was 

an 

49 

was 

tests were 

was 

was 

4 

to our 

was 

was 

an 

49 

was 

tests were 

was 

was 

4 

to our 

was 

was 

an 

49 

was 

tests were 

was 

was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

syrnpl:0IT1S were mcmnore~a 

was 

were 

test was peI10Imea on as 

5 a 

was to 

N 

a month 

et 1 

1 

were 

50 

was a 

et 

syrnpl:0IT1S were mcmnore~a 

was 

were 

test was peI10Imea on as 

5 a 

was to 

N 

a month 

et 1 

1 

were 

50 

was a 

et 

syrnpl:0IT1S were mcmnore~a 

was 

were 

test was peI10Imea on as 

5 a 

was to 

N 

a month 

et 1 

1 

were 

50 

was a 

et 

syrnpl:0IT1S were mcmnore~a 

was 

were 

test was peI10Imea on as 

5 a 

was to 

N 

a month 

et 1 

1 

were 

50 

was a 

et 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was at room tenlperatl 

sucrose ", ... ,;:UllVll 

sucrose 

"'V~.L"''''L'''U were m()rntOloe<1 

most 

at 

et 

were DOI[)lea 

rotoro 

IS 

5 

at room 

sm;penSllon was 

rotor. 

4 at 

a 

a 

was at room tenlperatl 

sucrose ", ... ,;:UllVll 

sucrose 

"'V~.L"''''L'''U were m()rntOloe<1 

most 

at 

et 

were DOI[)lea 

rotoro 

IS 

5 

at room 

sm;penSllon was 

rotor. 

4 at 

a 

a 

was at room tenlperatl 

sucrose ", ... ,;:UllVll 

sucrose 

"'V~.L"''''L'''U were m()rntOloe<1 

most 

at 

et 

were DOI[)lea 

rotoro 

IS 

5 

at room 

sm;penSllon was 

rotor. 

4 at 

a 

a 

was at room tenlperatl 

sucrose ", ... ,;:UllVll 

sucrose 

"'V~.L"''''L'''U were m()rntOloe<1 

most 

at 

et 

were DOI[)lea 

rotoro 

IS 

5 

at room 

sm;penSllon was 

rotor. 

4 at 

a 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

HH,J,U\.u1\ .. 'l':.l'JI.JI.UH~" were 

1: 

1: 

g 

was 

was 

aglne:nts were 

were 

1:1 

1 

a 

a 

on 

as 

m 

sucrose 

o were 

HH,J,U\.u1\ .. 'l':.l'JI.JI.UH~" were 

1: 

1: 

g 

was 

was 

aglne:nts were 

were 

1:1 

1 

a 

a 

on 

as 

m 

sucrose 

o were 

HH,J,U\.u1\ .. 'l':.l'JI.JI.UH~" were 

1: 

1: 

g 

was 

was 

aglne:nts were 

were 

1:1 

1 

a 

a 

on 

as 

m 

sucrose 

o were 

HH,J,U\.u1\ .. 'l':.l'JI.JI.UH~" were 

1: 

1: 

g 

was 

was 

aglne:nts were 

were 

1:1 

1 

a 

a 

on 

as 

m 

sucrose 

o were 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was .LV~'U"''''' on a 

to 

was 

tests were 

were by 

were 

on 

was 

53 

was pertolmLea as 

on 

to 

HJJU'UU,Ull,LvU on 

1Hw''-'''''''' were 

was 

two 

was .LV~'U"''''' on a 

to 

was 

tests were 

were by 

were 

on 

was 

53 

was pertolmLea as 

on 

to 

HJJU'UU,Ull,LvU on 

1Hw''-'''''''' were 

was 

two 

was .LV~'U"''''' on a 

to 

was 

tests were 

were by 

were 

on 

was 

53 

was pertolmLea as 

on 

to 

HJJU'UU,Ull,LvU on 

1Hw''-'''''''' were 

was 

two 

was .LV~'U"''''' on a 

to 

was 

tests were 

were by 

were 

on 

was 

53 

was pertolmLea as 

on 

to 

HJJU'UU,Ull,LvU on 

1Hw''-'''''''' were 

was 

two 



Univ
ers

ity
 of

 C
ap

e T
ow

n

54 

cv. Green Feast plant developed 14 days after inoculation followed by systemic mosaic. 

On inoculated N. benthamiana plants vein clearing was visible five days after inoculation 

and systemic mosaic symptoms a week later. 

Figure 4.1. Symptoms on P. sativum cv Green Feast plants inoculated with 

isolate 9411969 

The results of the host range studies indicated that the virus had a wide host range. The 

results are shown in Table 4.l. The Chenopodium spp. inoculated all developed chlorotic 

local lesions that became systemic in the plants (See Figure 4.2. and 4.3.). Of the Glycine 

max spp. inoculated, all cultivars were insusceptible except G. max York that developed 

systemic mosaic. Four of the Nicotiana spp. inoculated showed mosaic symptoms (See 

Figure 4.4. and 4.5.). The Phaseolus vulgaris spp. inoculated developed local lesions 

(See Figure 4.6) and a chlorotic spread into the veins (Figure 4.7.). The V. faba plant 

displayed systemic mosaic as seen in Figure 4.8. All the plants with systemic symptoms 

tested positive in ELISA, but some local infections were negative. This could be 

attributed to local lesions becoming necrotic and the virus being localised and its 

multiplication inhibited, and therefore not detected in ELISA in leaf sites away from the 

lesions. 
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CV. Green Feast plant developed 14 days after inoculation followed by systemic mosaic . 

On inoculated N. bel1thamialJQ plants vein clearing was visible five days after inoculation 

and systemic mosaic symptoms a week later. 

Figure 4.1. Symptoms on P. salivum cv Green Feast plants inoculated w ith 

isolate 94/1969 

The results of the host range studies indicated that the virus had a wide host range. The 

results are shown in Table 4.1. The Chenopodium spp. inoculated all developed chlorotic 

local lesions that became systemic in the plants (See Figure 42. and 4.3.). or the Glycine 
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displayed systemic mosaic as seen in Figure 4.8. All the plants with systemic symptoms 

tested positive in ELlSA, but some local infections were negative. This could be 

attributed to local lesions becoming necrotic and the virus being localised and its 

multiplication inhibited, and therefore not detected in ELISA in leaf sites away from the 

lesions. 
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cv. Green Feast plant developed 14 days after inoculation followed by systemic mosaic. 

On inoculated N. bel1lhamialla plants vein clearing was visible five days after inoculation 

and systemic mosaic symptoms a week later. 

Figure 4 .1. Symptoms on P. sativum cv Green Feast plants inoculated with 

isolate 94/1969 

The results orthe host range studies indicated that the virus had a wide host range. The 

results are shown in Table 4. 1. The Chenopodium spp. inoculated all developed chlorotic 

local lesions that became systemic in the plants (See Figure 4.2. and 4.3.), Of the Glycine 

max spp. inoculated, all cultivars were insusceptible except G. max York that developed 

systemic mosaic. Four of the NicoUana spp. inoculated showed mosaic symptoms (See 

Figure 4.4. and 4.5.). The Phaseolus vulgaris spp. inoculated developed local lesions 

(See Figure 4.6) and a chlorotic spread into the veins (Figure 4.7.). The V. Jaba plant 

displayed systemic mosaic as seen in Figure 4.8. All the plants with systemic symptoms 

tested positive in ELlSA, but some local infections were negative. This could be 

attributed to local lesions becoming necrotic and the virus being localised and its 

multiplication inhibited, and therefore not detected in ELISA in leaf sites away from the 

lesions. 

54 

CV. Green Feast plant developed 14 days after inoculation followed by systemic mosaic 

On inoculated N. bel1lhamiallQ plants vein clearing was visible five days after inoculation 

and systemic mosaic symptoms a week later. 

Figure 4.1. Symptoms on P. saltY'IIm cv Green Feast plants inoculated with 

isolate 9411 969 

The results of the host range studies indicated that the virus had a wide host range. The 

results are shown in Table 4. 1. The Chenopodium spp. inoculated all developed chlorotic 

local lesions that became systemic in the plants (See Figure 4.2. and 4.3.). Of the Glycine 

max spp. inoculated. all cultivars were insusceptible except G. max York that developed 

systemic mosaic. Four of the Nicoliallu spp. inoculated showed mosaic symptoms (See 

Figure 4.4. and 4.5.). The Phaseolus vulgaris spp. inoculated developed local lesions 

(See Figure 4.6) and a chlorotic spread into the veins (Figure 4.7.). The V. Jaba plant 

displayed systemic mosaic as seen in Figure 4.8. All the plants with systemic symptoms 

tested positive in ELISA, but some local infections were negative. This could be 

attributed to local lesions becoming necrotic and the virus being localised and its 

multiplication inhibited, and therefore not detected in ELISA in leaf sites away from the 

lesions. 
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Figure 4.2. Local lesions caused by BBWV on C. amaranticolor 

Figure 4.3. Chlorotic local lesions becoming necrotic on C. murale with a BBWV 

infection 
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Figure 4.2. Local lesions caused by BBWV on C amaranticolor 

Figure 4.3. Chlorotic local lesions becoming necrotic on C. murate with a BBWV 

infection 
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Figure 4.2. Local lesions caused by BBWV on C amaranticolor 

Figure 4.3. Chlorotic local lesions becoming necrotic on C. murale with a BBWV 

infection 
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Figure 4.2. Local lesions caused by BBWV on C amaranticolor 

Figure 4.3. Chlorotic local lesions becoming necrotic on C. murale with a BBWV 

infection 
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Figure 4.4. Systemic mosaic ofBBWV onN benthamiana 

Figure 4.5. Systemic mosaic ofBBWV on N occidentalis 
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Figure 4.4. Systemic mosaic of BBWV on N. benthamiana 

Figure 4.5. Systemic mosaic ofBBWV on N. occidenlaiis 
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Figure 4.4. Systemic mosaic ofBBWV on N. benthamiallCl 

Figure 4.5. Systemic mosaic ofBBWV on N. occidelllalis 
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Figure 4.4. Systemic mosaic ofBBWV on N. benthamiana 

Figure 4.5. Systemic mosaic ofBBWV on N. occidenlalis 
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Figure 4.6. Chlorotic local lesions spreading into veins of P. vulgaris Redlands 

Greenleaf with a BBWV infection 

Figure 4.7. Chlorotic local lesions spreading into veins of P. vulgaris Bonus with a 

BBWV infection 
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Figure 4.6. Chlorotic local lesions spreading into veins of P. vulgaris Redlands 

Greenleaf with a aswv infection 

Figure 4.7. Chlorotic local lesions spreading into veins of P. vulgaris Bonus with a 

aBWV infection 
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Figure 4.6. Chlorotic local lesions spreading into veins of P. vulgaris Redlands 

Greenleaf with a BSWV infection 

Figure 4.7. Chlorotic local lesions spreading into veins of P. vulgaris Bonus with a 

SBWV infection 

58 

Figure 4.6, Chlorotic local lesions spreading into veins of P. vulgaris Redlands 

Greenleaf with a SBWV infection 

Figure 4.7 Chlorotic local lesions spreading into veins of P. vulgaris Bonus with a 

SBWV infection 
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Figure 4.8. BBWV causing systemic mosaic in Vfaba 

4.3.3 Electron microscopy 

In the initial identification of the virus with a limited host range study, it was observed 

that specific host plants had different ratios of empty and full particles. More empty 

particles were observed in leafdips of infected C. quinoa and N. rustica plants than in the 

infected N. benthamiana plant which had more filled particles. The reason for certain 

plants containing more empty or more filled particles was not found in literature studies. 

It might be that the virus replicates better in certain plant species and that more coat 

protein is made in these. The RNA species of fabaviruses have not been studied, but in 

the case of comoviruses no replication of RNA-2 has been reported in the absence of 

RNA-I. 

4.3.4 Purification of virus 

During the purification procedure no prominent bands were detected in the sucrose 

gradient. One whitish band was detected approximately 1 cm from the meniscus. Below 

the meniscus was a blue area of ± 3 cm in length. Fourteen to twenty-seven fractions of 

0.5 ml each were collected and monitored with the electron microscope (as described 

under 4.2.3). The fractions were categorised depending on the amount of virus and if 
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4.3.3 Electron microscopy 

Tn the initial identification of the virus with a limited host range study. it was observed 

Ihat specific host plants had different ratios of empty and full particles. More empty 

particles were observed in leafdips of infected C. qllinoa and N. msJicll plants than in the 

infected N. benlhamiauQ plant which had more filled particles. The reason for certain 

plants containing more empty or more filled panicles was not found in literature studies. 

It might be that the virus replicates better in certain plant species and that more coat 

protein is made in these. The RNA species of fahaviruses have not been studied, but in 

the case of comoviruses no replication of RNA-2 has been reported in the absence of 

RNA-I. 

4.3.4 Purification of virus 

During the purification procedure no prominent bands were detected in the sucrose 

gradient One whitish band was detected approximately I cm from the meniscus. Below 

the meniscus was a blue area of ± 3 cm in length Fourteen to twenty-seven fractions of 

0.5 ml each were collected and monitored wilh the electron microscope (as described 

under 4.2.3). The fractions were categorised depending on the amount of virus and if 
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Figure 4.9. Purified BBWV 9411969 particles, stained with 2%uranyl acetate and 

enlarged 200 000 times. Scale bar represents 100 nm. 

4.3.5 Serology 

4.3.5.1 Antiserum production 

61 

Eight weekly bleeds were collected from the immunised rabbit. The optimal dilution of 

Bleed 5 was determined at 1: 100 and was used as coating antibody. The optimal dilution 

for the infected plant material was determined to be 1: 10 (plant material: buffer). The 

absorbance values of infected plant material vs. healthy plant material were used to 

determine the best bleed at the highest dilution. The results of the titer determinations of 

the eight bleeds at dilutions of 1:512000 are shown in Figure 4.10. Bleed 5 was chosen 

because at the 1: 1000 dilution it had the highest virus-infected: healthy plant material 

ratios and at the highest dilution, 1: 512 000, it showed a peak after which the ratios 

decreased. IgG and F(ab'h were prepared from bleed 5. 
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4.3.5.1 Antiserum production 
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Eight weekly bleeds were coHeeled from the immunised rabbit. The optimal dilution of 

Bleed 5 was determined at I: 100 and was used as coating antibody. The optimal dilution 

for the infected plant material was determined to be 1: 10 (plant material:buffer) . The 

absorbance values of infected plant material vs. healthy plant material were used to 

detennine the best bleed at the highest dilution. The results of the titer detenninations of 

the eight bleeds at dilutions of 1:512000 are shown in Figure 4.10. Bleed 5 was chosen 

because at the 1: 1000 dilution it had the highest virus-infected:healthy plant material 

ratios and at the highest dilution, 1:512000, it showed a peak after which the ratios 

decreased. JgG and F(ab'h were prepared from bleed 5. 
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Figure 4.10. Results of titer detenninations using PAS-ELISA where absorbance values 

of healthy plant material vs. infected plant material of eight bleeds. 

Optimal concentrations of the F(ab'h and IgG were shown to be 1:1000 and 1:100 

respectively. The optimised absorbance values of the BBWV 94/1969 ELISA are shown 

in Figure 4.11. 
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Figure 4.10. Results of titer determinations using PAS-ELISA where absorbance values 

of healthy plant material vs. infected plant material of eight bleeds. 

Optimal concentrations of the F(ab'h and IgG were shown to be I: 1 000 and I: 100 

respectively_ The optimised absorbance va lues of the BBWV 94/ 1969 ELISA are shown 

in Figure 4. 11 . 
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Figure 4.10. Results of titer determinations using PAS-ELISA where absorbance values 

of healthy plant material vs. infected plant material of eight bleeds. 

Optimal concentrations of the F(ab 'h and IgG were shown to be 1' 1000 and \ ' 100 

respectively. The optimised absorbance values of the BBWV 94/ 1969 ELISA are shown 

in Figure 4. 11 . 
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Optimising ELISA of BBWV 94/1969 

Figure 4.11. Results of the optimising ELISA of BBWV 94/1969. Lane 1, 94/1969 1: 10, lane 2, 94/1969 

1:100, lane 3, 94/19691:1000, lane 4, healthy N. benthamiana I: 10, lane 5, healthy N. benthamiana 1:100, 

lane 6, buffer control. The order was repeated for each seroreagent combination tested: 

. F(ab'h 1:100 and IgG 1:100 
OF(ab'h 1:100 and IgG 1: 1000 
DF(ab'h 1:100 and IgG 1:2000 

.F(ab'h 1:1000 and IgG 1:100 .F(ab')2 1:2000 and IgG 1 :100 

. F(ab'h l:l000 and IgG 1:1000 F(ab'h 1:2000 and IgG 1:1000 
DF(ab'h 1:1000 and IgG 1:2000 DF(ab'h 1:2000 and IgG 1:2000 
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Optimising ELISA ofBBWV 94/1969 
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Figure 4. 11 . ResuJts of the optimising ELISA of BBWV 94/ 1969. Lane 1. 94/1969 I : 10, lane 2, 94/1969 

I: 100, lane J, 94/1%9 I: 1000, lane 4, healthy N. benthamiana 1: 10, lane 5, bealthy N. benlh(Jflliano I: 100, 

lane 6, buffer control. The order was repealed for each seroreagent combination tested: 

. F(ab'n 1:100 and IgG I: 100 
DF(ab')2 1: 100 and IgO 1: 1000 
DF(ab'h 1: 100 and IgG 1:2000 

.F(ab'h I : 1000 and IgG 1: 100 

. F(ab')2 1:1000 and IgG I: 1000 
OF(ab'h I: 1000 and IgO 1:2000 

.F(ab')2 1 :2000 and IgO 1:100 
F(ab')2 1 :2000 and IgG I: 1000 

OF(ab'h 1 :2000 and IgG 1:2000 
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Figure 4. 11. Resu.lts of the optimising ELISA of SSWV 94/1969. Lane 1, 94/1969 I : 10, lane 2, 9411969 

I: 100, lane J, 94/19691:1000, lane 4, healthy N. benlhamiano I: 10, lane 5. healthy N. benthamiollo 1:100, 

lane 6, buffer contTOI. The order was repealed for each seroreagent combination tested: 

. F(ab'h I: 100 and [gO I: 100 
CF(ab')z I : 100 and IgG 1: 1000 
D F(ab'h 1: 100 and IgG 1:2000 

.F(ab'h 1:1000 and IgO 1:\00 

. F(ab')z I: 1000 and IgG I: 1000 
OF(ab'h I :1000 and IgG 1:2000 

.F(ab'), 1:2000 and JgG 1:100 
DF(ab')2 1:2000 and IgG 1:1000 
OF(ab')2 I :2000 and IgG 1:2000 
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Optimising ELISA ofBBWV 94/1969 
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Figure 4, II. ResuJts of the optimising ELISA of SBWV 94/1969. Lane 1, 94/1969 I : 10, lane 2, 9411969 

1: 100, lane J , 94/ 1969 1 :1000, lane 4, healthy N. benlhamionQ I: 10, lane 5, healthy N. benrhomialla 1:100, 

lane 6, buffer contTOI. The order was repealed for each seroreagent combination tested: 

. F(ab'h 1:100 and IgG I : 100 
DF(ab' h I : 100 and IgG 1: 1000 
DF(ab'h 1: 100 and IgG 1:2000 

.F(ab'h I: 1000 and IgG I: 100 

. F(ab' )2 1:1000 and IgG 1:1000 
DF(ab')2 I ;1000 and IgG 1:2000 

.F(ab'), 1:2000 and IgG 1:100 
CF(ab')1 1:2000 and IgG 1:1000 
OF(ab')2 I :2000 and IgG 1:2000 
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Serotype determination of 9411969 
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Figure 4.12. Serotype determination of 9411969. 

• 94/1969 antiserum 0 Serotype I antiserum Serotype II antiserum 

, 

4.3.6 RNA size determination 

The electrophoretic mobility of nucleic acids depends on both their molecular weight and 

conformation (McMaster and Carmichael, 1977). Removing secondary and tertiary 

structure should make the electrophoretic mobility a function of molecular weight. Gels 

containing denaturing agents like formaldehyde, formamide, methylmercuric hydroxide, 

glyoxal and urea have been used for molecular weight determinations (McMaster and 

Carmichael, 1977; Sambrook et at., 1989). 

Two RNA bands were detected on non-denaturing agarose gels. The genome of BBWV 

consists of two species of RNA (1 and 2) which are both necessary for infectivity (Lisa 

and Boccardo, 1996). The average molecular weights of the RNA bands were 

determined to be 2.1 x 106 Da and 1.42 x 106 Da (See Figure 4.13). The sizes were 

determined by assuming 1 kb of single-stranded RNA to have an molecular weight of 

3.4xl05 Da. The results are shown in Table 4.3. The estimated molecular weight of 

RNA-l is 2.0-2.6xl06 Da and that of RNA-2 is 1.3-1.7xl06 Da (Taylor and Stubbs, 
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1972). Although agarose gels were used without denaturing the RNA, the results 

obtained in this study were similar to the data in the literature. The molecular weights of 

the detected RNA in this study were just an indication of the different molecular weights 

and to obtain accurate results denaturing gels should have been used. 
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Figure 4.13. Agarose gel of9411969 RNA. Lane 1, RNA ladder; Lane 3 and 5, extracted 

RNA of 9411969. Two RNA bands detected on agarose gels. 
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Figure 4.14. ELISA result of aphid transmission of 9411969 by M persicae aphids . 

• P. sativum plants tested 
o Healthy control of P. sativum 
• Buffer control 

• N. benthamiana plants tested 
• Healthy control of N. benthamiana 
• Positive control ofBBWV. 
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5.3 RESULTS AND DISCUSSION 

5.3.1 Source of virus, initial identification and isolation of virus 

The original P. sativum plant showed severe yellow mosaic symptoms (See Figure 5.1). 

Figure 5.1. Symptoms on original P. sativum plant 

The ELISA results indicated that the virus was BYMV-related. Graphic representation of 

the absorbance values obtained in ELISA when testing isolate 95/0931 against various 

potyvirus antisera are given in figures 5.2, 5.3, 5.4, 5.5 and 5.6. The set-up of the 

ELISAs was the same for all five i.e. sample 1, 95/0931; sample 2, healthy control; 

sample 3, buffer control; and sample 4, the positive control. 
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5.3.2 IC-RT-PCR 

The CN48/oligo dT primers allowed amplification of a DNA product of approximately 

714 bp. No amplification was observed from a healthy C. quinoa extract or the buffer 

control. The CABMV-SAP clone resulted in a product of 740 bp. The expected size of 

the product when using the CN48/oligo dT primer combination is approximately 700 bp, 

according to Pappu et al (1993). The PCR products can be seen in Figure 5.7. 

bp 

2176 
1766 

1230 
1033 

653 
517 
453 
394 
298 
234 
154 

1 2 3 4 5 6 

Figure 5.7 PCR products from amplification with potyvirus-specific degenerate primers. 

Lane 1 and 6, marker VI (Boehringer Mannheim); Lane 2 and 3, isolate 95/0931; Lane 4, 

negative control (C.quinoa); Lane 5, positive control (CABMV-SAP clone). 

80 

5.3.2 IC-RT-PCR 

The CN48/oJigo dT primers allowed amplification of a DNA product of approximately 

714 bp. No amplification was observed from a healthy C. quinoa extract or the buffer 

control . The CABMY-SAP clone resulted in a product of 740 bp. The expected size of 

the product when using the CN48101igo dT primer combination is approximately 700 bp, 

according to Pappu el at (1993), The peR products can be seen in Figure 5.7. 

bp 

2176 

>7" 
1230 
1033 

653 
517 
453 

'" 298 
234 

"4 

1 2 3 4 6 

Figure 5.7 peR products from amplification with potyvirus-specific degenerate primers. 

Lane I and 6, marker Vl (Boehringer Mannheim)~ Lane 2 and 3, isolate 95/0931 ~ Lane 4, 

negative control (C. quinoa); Lane 5, positive control (CABMV-SAP clone). 

80 

5.3.2 IC-RT-PCR 

The CN48/oligo dT primers allowed amplification of a DNA product of approximately 

714 hp. No amplification was observed from a healthy C. quil100 extract or the buffer 

control . The CABMV-SAP clone resulted in a product of 740 bp. The expected size of 

the product when using the CN48/oligo dT primer combination is approximately 700 hp, 

according to Pappu ef at (\993). The peR products can he seen in Figure 5.7. 

bp 

2176 
1766 

1110 
103] 

653 
517 

"'} 
m 
298 
23' 
154 

1 2 3 4 5 6 

Figure 5.7 peR products from amplification with potyvirus-specific degenerate primers. 

Lane 1 and 6, marker Vl (Boehringer Mannheim)~ Lane 2 and 3, isolate 9510931 ~ Lane 4, 

negative control (C. qllinoa); Lane 5, positive control (CABMV-SAP clone) 

80 

5.3.2 IC-RT-PCR 

The CN48/oligo dT primers allowed amplification of a DNA product of approximately 

714 hp. No amplification was observed ITam a healthy C. quilloo extract or the buffer 

control. The CABMV-SAP clone resulted in a product of740 bp. The expected size of 

the product when using the CN48101igo dT primer combination is approximately 700 hp, 

according to Pappu el af (1993). The peR products can be seen in Figure 5.7. 

bp 

2116 
1766 

"'0 
103l 

653 
517 
<5, 
'" '98 
'" '54 

1 2 3 4 5 6 

Figure 5.7 peR products from amplification with potyvirus-specific degenerate primers. 

Lane I and 6, marker Vl (Boehringer Mannheim) ~ Lane 2 and J, isolate 9510931 ~ Lane 4, 

negative control (C.qllinoa) ; Lane 5, positive control (CABMV-SAP clone) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

81 

5.3.3 Selection of positive clones 

Eleven white colonies were obtained after transforming E. coli DH5a cells. The clones 

had inserts that varied from 430 to 911 bp. Three clones, 95931.5, 95931.7 and 95931.10 

were selected for sequencing. The inserts of these clones were 755 bp for clones 95931.5 

and 95931.10 and 803 bp for clone 95931.7. Figure 5.8 shows the results of the peR 

performed to determine which clones contain inserts of the correct size. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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Figure 5.8. PCR on selected white colonies with M13 forward and reverse primers. Lane 1, Marker VI 

(Boehringer Mannheim); Lane 2, positive control (CIYVV, clone 93/1.3), Lane 3, negative control (blue 

colony); Lane 4, buffer control; Lane 5, clone 95931.1; Lane 6, 95931.2; Lane 7, 95931.3 ; Lane 8, 95931.4; 

Lane 9, 95931.5; Lane 10, 95931.6, Lane 11,95931.7; Lane 12, 95931.8; Lane 13, 95931.9; Lane 14, 

95931.10; Lane 15, 95931.11 , Lane 16, Marker VI (Boehringer Mannheim). Clones, 95931.5, 95931.7 and 

95931.10 were selected for sequencing. 
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VIRUS STRAIN DATABASE ACCESSION NUCLEIC ACID AMINO ACID 

NUMBER COMPARISON COMPARISONS 

AzBMV standard U60100 * * 
BCMV NL2 L19472 * * 
BCMV USIO U37072 * * 
BCMV CHI L19539 * 
BCMV US7 L19474 '" 
BICMV W * 
BCMNV TNl U37076 * * 
BYMV GOD 000490 * '" 
BYMV MB4 028819 * '" 
BYMV S S77515 * 
BYMV MI X81124 * * 
BYMV Standard X53684 * 
CABMV U72204 * * 
CABMV SAP 010053 * 
CIYVV Pns129 DOO605 * 
CIYVV B S77521 * * 
CIYVV 30 D86044IDOO605 * 
18MV X75939 * 
JGMV MDO U07217 * 
PeMoV PV4 L32959 * 
PMV I 871232 * * 
PPV Standard X8I081 * * 
PRSV Standard X67672 * 
PSbMV PI o 10453/DO 1 118 * '" 
SMV N DOO507 * * 
SPFMV S D38543 * 
TEV NW L38714 * '" 
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