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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 
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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 The order was repealed for each seroreagent combination tested: 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 
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Figure 4.12. Serotype determination of 9411969. 

• 94/1969 antiserum 0 Serotype I antiserum Serotype II antiserum 
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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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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 95/093 J against various 

potyvirus antisera are given in figures 52, 5.3, 5.4, 5.5 and 5,6. The set-up of the 

ELISA!; 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. 
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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. 
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negative control (C. quinoa); Lane 5, positive control (CABMV-SAP clone). 
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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) 
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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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5.3.3 Selection of positive clones 

Eleven white colonies were obtained after transfonning E. coli DHSa cells. The clones 

had inserts that varied from 430 to 911 bp. Three clones, 95931.5, 95931.7 and 9593 1.1 0 
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Figure 5,8. PCR on selected white colonies with MI J forward and reverse primers. Lane I, Marker VI 

(Boehringer Mannbeim); 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, 9593 1.2; Lane 7, 95931.3 ; Lane 8. 9593 1.4; 

Lane 9, 95931.5; Lane 10, 9593 1.6, Lane II. 9593 1.7; Lane 12. 9593 1.8; Lane 13, 9593 1.9~ Lane 14, 

95931 .10; Lane 15, 95931 . 11 , Lane 16, Marker VI (Boehringer Mannheim). Clones, 9593 1.5. 9593 1.7 and 

9593 1.10 were selected for sequencing. 
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5.3.3 Selection of positive clones 

Eleven white colonies were obtained after transforming E. coli OH5a. cells. The clones 

had inserts that varied from 430 to 911 bp. Three clones, 95931.5, 95931.7 and 95931.1 0 

were selected for sequencing. The inserts of these clones were 755 bp for clones 95931-5 

and 95931.10 and S03 bp for clone 95931.7 Figure 5.S shows the results of the peR 

performed to determine which clones contain inserts of the correct size. 
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Figure 5.8. PCR on selected white colonies with M I 3 forward and reverse primers. Lane 1. Marker VI 

(Boehringer Mannheim); Lane 2, positive control (CIYW. 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. 9593 1.3; Lane 8, 9593 1.4; 

Lane 9, 95931.5; Lane 10,95931 .6, Lane 11 . 9593 ) .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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5.3.3 Selection of positive clones 

Eleven white colonies were obtained after transforming E. call 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. 
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Figure 5.8. PCR on selected white colonies with MI3 forward and reverse primers. Lane I. Marker Vl 

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

colony) ~ Lane 4, buffer control; Lane 5. clone 95931 . 1: Lane 6. 9593 1.2; Lane 7, 95931 .3: Lane 8. 9593 1.4; 

Lane 9, 9593 1.5, Lane 10. 95931 .6, Lane 11 . 95931.7; Lane 12. 95931 .8. Lane 13, 95931 9; Lane 14. 

9593 1 10; Lane 15, 95931.11 , Lane 16, Marker Vl (Boehringer Mannheim). Clones, 95931.5, 95931 .7 and 

95931 10 were selected for sequencing. 
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Figure 5.10 Phylogenetic tree of the relationships between nucleic acid sequences of part of the CP gene and the 3' 

non-coding region of several potyviruses that were aligned using DNAMAN. Horizontal distances are proportional 

to sequence differences, vertical distances are arbitrary. 95931 =virus sequence from this work 
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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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