
 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

A to 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

I to 

even 

an aca;(1e:tTIlC 

3 



Univ
ers

ity
 of

 C
ap

e T
ow

n

as a llmlltlIJlg 

to 

an ms:eCl[-uroC)f screen 

4 

to en'" ... , .. ,." 

areas 

a 

on 

coat nflJtem 

not 

are 

eI<)prnel[U was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were conaUC1:ea were tnteCl:ea 

were were 

was to 

were 

were 

were {'""mnl".'!",,,.' 

it was 

SUJ~gf~stllng a LUa,""''" rate 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n

•••••• @ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 2 

3 

....................................................................................................................... 4 

rlIUU'.IL,"",..,. ..................................................................................................................... 8 

........................................................................... 

................................................................................................................ 

Ylr(]IQU4CtS •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

.ILJ'l;iIJ.~' Uti ,~ ....... J""~" ...................................................................... . 

6 



Univ
ers

ity
 of

 C
ap

e T
ow

n

............................................................................................................... 

"A' .... , ... ,.J ....................................................... ee .......................... . 

. lUl .... , I.n" •• " ............................................................ "" ........ " •••••• " ........... .. 

....................................................................................................................... 

7 



Univ
ers

ity
 of

 C
ap

e T
ow

n
set 

on 

8 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is 

9 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n
sUJ>Pi1emenlts to CU11Vt:nUcUnal pro(!em 

tonnes 

not "'U~'Uj::;,U 

two 

" ... on;'''''''' a return on 

aelnn1ernal to a to a 

11 

LU. vu .. ,,"',", at one 

save 

IS 

or 

to 

ensures 

is more 

IS 

T.n,Uf~'r over 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a are COI1iSeCIU more 

as to a 

cannot 

£lLl,LVUl •• 1 

on 

to 

deI1rlOnlstnlted a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

serve as 

a 

most C01nmlenaal 

UH'''''''''VH was were some eXlcetJt1cms 

was to 

were et 

a 

two tuIlldrunel1tal 

are 

to 

re-

was 

1 

13 



Univ
ers

ity
 of

 C
ap

e T
ow

n

as a det:errmrLatl.on is a 

resource mtlenSlve prc)ct::au,re, 

a 

IS 

It is res.ource uu",,,.,,' a mUllmlUm 

ro.om 

.on 

.occurrence, .or t.o "~u .• "'''' 

are are 

t.o 

It was a 

c.ommencement 

was 

nf(>tel.ll t.o et 

I nfCln.o:sea 

rate 



Univ
ers

ity
 of

 C
ap

e T
ow

n

15 



Univ
ers

ity
 of

 C
ap

e T
ow

n

In nature, black and white borderlines seem to be non-existent, and viruses may not be this rule. 

is a me:mt)er 

to 15 

on 

a common 

are comrlos,ea 6 reCOgJllse:a m"np1r~ 

are trrunSIlnI 

a mt~m!I)e:J"S more 

rec:og;nu,ea as a 

common 

UUY.n..JlU et two UH)U!~\.IL ."rn"",,,, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

seems 

sVtnl)ltOIT1S were 

now occurs 

can SOlnetlIIles 

on 

areas. 

IS comtJos,etl 

to 

t~:onomlV IS a vVJ"",,;un state 

on 

areas 

root lerllRll: 

17 

It 

5 

are 

as 

wet 



Univ
ers

ity
 of

 C
ap

e T
ow

n

et 

as one 

on 

measurements nm 

or 

a c.11 5 nm 

see L 

18 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-1 

r>."''''V~UllJl;t:. to 

were 

1 

2 

3 

4 

same autholrs 

at 

to 

on or 

are mc:orrlJ)llete 

not 

c. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a uU.UtJ.VH a 

a 

was 

max 

are 

et 

IS seem to 

care must 

not 

ac(:or~:1m 2: to was on 



Univ
ers

ity
 of

 C
ap

e T
ow

n
(1 

more 

to 

to 

a 

were 

8 

7 

as a severe H''-''A .... '.'-' 

IS now COlt1S1'Qe1~eQ a 

etennmaltlon is most 

to were 

were 

was 

'"''!A"''''''' were 

more 

a common 

a 

was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(1982). et (1 

to 

IS on··perSl:SlelITl manner IS 

IS 

not a 

it is on 



University of Cape Town

on 

STRAIN CULTIVAR 

Clark Davis York Marshall Buffalo PI96983 PI483.084 PI486355 

Gl ~IM -1- -1- -1- -/- ~/- '" '" '" 
G2 -1M -1M -1- -/- NIN -1- '" '" '" 

'" M '" M 

G3 -1M -1M -1- -1- NIN NIN -/- -1- '" '" '" 
-1M NIN -1- -/- -/- '" '" '" 

G4a '" M '" M 

-1M -1M .. /- NIN -/- '" '" '" 
GO -1M -1M -1M -1M NIN -1- NIN -/- '" '" '" 
G6a '" M '" N M N 

G7 -1M -1M -1M -1M NIN NIN NIN NIN '" '" '" 
'" M '" '" '" ... '" '" M 

G7h '" M '" M M M N M M 

G8 ... M '" M M N M M 

G9 '" M '" M M M M M 

GIO '" M '" M N N 

Gll '" M '" M M M M M M N 

Reactions of soybean SMV strains assimilated Cho and Goodman (1979S), Cho and Goodman (1982), Buzzel and Tu, (1984) and Xu et al. (\986). Symbols for symptoms: symptomless; M = 

mosaic symptoms; N necrosis; .. = virus strain not tcsted on specific cultivar. "Cultivars Rampage and Williams are to all known strains of 8M V. "Fonnat for symptom symbols: (Reactions inoculated 

primary leaves) I (Reactions on noninoculated trifoliate leaves). Where one symbol is indicated it refers to reaction on noninoculated trifoliates (systemic symptoms). d The cultivar PI 360844 is resistant to 

the G7a strain (data not represented here). 
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PI HC-Pro P3 6Kl CI 6K2 NIa NIb CP 

I VPg[· .. · .. ·· .. .. ·· .......... --.... - ... - .. - ... --

5'-NCR 

.... 1 ----tlt--lll .... · 
3'-NCR 

Figure 2.1: Schematic Representation of the SMV Genome 

Table 2.3: Genome organisation of SMV 

Region Total Number Position of Total Number Position of 

of Nucleotides Nucleotides of Amino Acids Amino Acids 

5'-NCR 131 1 - 131 

PI 924 1-308 

HC-Pro 1368 1057 - 2425 457 309 -765 

P3 1040 347 766 - 1112 

6Kl 153 3466 - 3619 52 1113 - 1164 

CI 1902 1165 - 1798 

6K2 162 5526 - 5688 54 1799 - 1852 

Nla-VPg 567 5689 - 6256 189 1853 -2041 

Nla-pro 729 6257 - 6986 243 2042 - 2284 

Nib 1151 6987 - 8538 

CP 795 8539 - 9334 265 2802 - 3066 

3 '-NCR ±259 

Total RNA without Poly A tail 9588 

2.3.1 The 5'-Non Coding Region 

The length of the 5'- NCR varies in length between different species of potyvirus, from 85 

nuc1eotides in Papaya ringspot virus (PRSV), to 131 in SMV and 205 in Tobacco vein 

mottling virus (TVMV). Alignment of several potyvirus 5'-NCR sequences (Lain, et aI., 

1989) has shown that there are two conserved regions, that have come to be known as box a 

and box b. Box a is part of the Potybox consensus sequence UCAACACAACAU (Shukla, 

Frenkel and Ward, 1991 and Atreya, 1992). SMV has a total of 15 nuc1eotides that are 

identical to the consensus for box a and box b. 
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3.3 RESULTS AND DISCUSSION 

1 2 3 

700 bp 

Figure 3.1: A PCR of 86/0020 and PV 716 with the CN48 and oligo d T primers. Lane 1 
Boehringer Mannheim Marker VI (2176 bp - 154 bp), Lane 2: 86/0020, Lane 3: PV716. 

2 3 4 5 6 7 8 9 10 11 12 13 

700 bo .... -- .. --- = 

Figure 3.2: Results of PCR of several SMV strains with the CN48 and oligo d T primers. 
Lane 1: Boehringer Mannheim DNA Marker III (23130 bp-125 bp), Lane 2: PV 718, Lane 3: 
PV720, Lane 4: PV720 (repeated), Lane 5: PV721, Lane 6: PV721 (repeated), Lane7: PV724, 
Lane 8: PV724 (repeated), Lane 9: 9412052, Lane 10: Ornithogalum mosaic virus (OrMV) 
insert in plasmid (positive control), Lane 11: Uninoculated soybean plant sap (negative 
control), Lane 12: PCR reagents without nucleic acid template, Lane 13: Boehringer 
Mannheim Marker VIII (1114 bp - 19 bp). 

All the isolates tested were amplified under the stated conditions as shown in Figures 3.1 and 

3.2. Due to a problem during gel loading, the band for isolate 9412052 (lane 9) is only 

vaguely visible in Figure 3.2, adequate PCR product was however obtained for use in 

following steps. The PCR products were usually approximately 0.7 kb in length with the 
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PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

52 
PV 718 
PV 722 
WMV-2 

PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

052 
PV 718 
PV 722 
WMV-2 

PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

PV 718 
PV 722 
WMV-2 

CACGTCTCCAGATGCCAATGGTGTGTGGGTAATGATGGATGGAGAGGAACAGATCGAATA 60 
-a- --- --- -c- ---- -g--- -------------------t--g-- 60 

t--a- --t-----c--------g-- ------ ------- -----t-- 60 
t--a- --- --t- ---c -- - --g---------- ------- ----t---- 60 

-a- ---- -- t- --c--- ----g-- --- ------------- -t- --- 60 
t--a- ---------t-----c--------g--- --- -t----------- t----- 60 
t--a-----------t- --c --g-----------------t-----t- 60 
---a- ---- -------- -c--------g--------------- - -- - t- 60 
t--a-----------t-----c--------g--- --- --- --- t- 60 
t--a----------t------a- t-- -g- --- --- ---a--g--ag-t--g- 60 

CCCACTGAAGCCCATCGTTGAAAATGCAAAACCAACTTTGAGGCAAATCATGCACCATTT 120 
t--g- t- --- --- -----a-- --------t---- 120 
t -g- -a- t--c - - --- ---- ---a---- --- -------- 120 
t--g--- -a-- --t -c-- --- ---- -----------a- --- --- 120 
t--g--- -a-- -t--c-- -------- ----- -----a--- ---- --- ---- 120 
t--g-----a-----t--c- -------- ------------a------------- --- 120 
t--g--- -a-- --t----- --- -g--------------a----- -----t----- 120 
t--g--a--------t--c----------------- -----a-----------t----- 120 
t--g- ---a---- t--c----- --- ---- ---a---- --- 120 
t- -t-a-----a--t--------- ---- ------c-a--a----- ----------- 120 

TTCAGATGCAGCAGAAGCTTACATTGAGATGAGAAATTCTGAAAGTCCGTATATGCCTAG 180 
--- ---- --- -- - -- - - - 180 

c--- ---- ---
c 
c- -
c--- ---- ---- --­
c -- ---- ------------- -------- ----

c-------- ---- --- --t- - -a-------
c ----c-------- --a- t-----a--------c------ --- --

ATATGGACTACTGAGGAATTTGAGAGATAGAGAGTTAGCCCGTTATGCCTTTGATTTCTA 
--------------------- -----c-- -----g-- --c ---t--- -- ---
-- - ----------------------------c----t--c- ---t---- ------

- -----------c- --t--c-----t-----------
---- -------------c--- t--c -- t-- - ------

---c----t--c- ---t---- ---- -
-c --t--c-- --t- --- ----

-c -
------- -g--a--a- - -c-
---c---t ---a--a- ---- ----c--g--a-- --a--c--

t- -c 
-t - -c-
-t- ---c--t 

TGAGGTCACCTCCAAAACACCGAACAGGGCAAGGGAGGCAATAGCACAAATGAAGGCTGC 
-------- t--- --- ---a----- --- ----a--------g--------- ----
- --- t--t -t- ------a---------- ---a--------g--g-- --------
-- ---t--t--t--------a-- --- ---- -a--------g--g------- ---
--- --t--t--t- -a--- ---- -----a--------g--g-----------

-t- t--t- --- -a- ---- --- --a---- -g--g--- -------
---t--t- t- -a- -a- -- -g--g--
------t- t--g-----a---- --- -a- -g-

---------t--t- --- --a--- ---a--------g--- -a--
---t--t-----------t--t---- ---a--a------ --- ------ --c--

180 
180 
180 
180 
180 
180 
180 
180 

240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
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PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

PV 718 
PV 722 
WHY-2 

PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

PV 718 
PV 722 
WHY-2 

PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

PV 718 
PV 722 
WHY-2 

86 
PV 720 
PV 723 
SMV-N 
PV 724 
PV 716 

PV 718 
PV 722 
WHY-2 

AGCTCTCTCGGGAGTTAACAACAAGCTGTTTGGGCTTGATGGAAACATCTCGACCAACTC 360 

------- -- - ---------- ---------- -------c-- ---- ---------
- -- - ------ -----------t-------a----- --g--------a------ -
-------------- ------- --t--- --a--------g--------a----
--- --- --- -- ---------t---- --a--------g--------a-
------------- -----------t-------a---- ---g--- - --a-- -----
-------------------------t---- --a-- -- -g--t-- --a--- --
------------------------t---- --a- -- --t-----a- --

-------- - -- -- -t- --- -a- -t-----a-
-------g-- --a--- --g--g-t-a---- -- t- t- t-

360 
360 
360 
360 
360 
360 
360 
360 
360 

CGAAAATACTGAAAGGCACACTGCAAGAGATGTGAATCAAAACATGCATACTCTTCTGGG 420 
-- ------------------ --- --- -- -g---- ---c--- - t---- 420 

-- - --- ----------g-------------- -----0---- -t---- 420 
--- --- ------- -- --g---- ---------------o------t---- 420 

------ --- --- -- --- -----g- --- -- -----------o------t---- 420 
------- -------------------g------------- --- --c------t---- 420 
- --- --- -- --- --- -- --g--- -- ------ --- -0- --- t-- - 420 
------ --------------------g----- --------------0-- ------- 420 
------- -------------- ----g--------------------o----------- 420 
------ --- -g--------------g--c--------g--t-- --- --t-gt---- 420 

CATGGGCCCACAGCAGT ••• AAAGGCTAGGTAAACTGGCCACAGTTATCATTTCGGGTCG 477 

--- -- ---c-- -aat - - -a- - t- -t-
--- -- --0 -- -aat--- -- -a- --t- t-

- --- --- -0----- ... --- ---a-- -t- -t-
---a-------o - - ... --a--- -t---t-

477 
480 
480 
477 
477 

------------ --- ... - --- --a---- t---t----- ------ --- 477 
-----------------aa ... -- -c-a-----t- -------- ---- - - - 477 
-- --------------aat- --- --a---- t- ------- --- ------- 480 
t-- --t -g-c--- -... ----a-------------t--------g---- --- 477 

CTTTATAGTTTGCTATAGTATAGTA.GTTGCACTTCCTTTAAGTATAGTGTGATTGCATC 536 
- -----t--- ------t--.---- ----tto---- ------ --- -a- -- 536 

-- --------a- ---a--- -- .------- -----a-----------------
- ----a- --a---- --.--- ----gt- -- -a- - --- -- -----

-a-- -a--- -----a-- --- -- --- --
- -a- - -a- -- ---a--- -- -- ---

-- --- ----a-- --a--- -a- -
-- --- ------ --a-------. -- --- -t- --g--
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4.2.4 Restriction Digestion 

The PCR products were purified from the reaction mixture by phenol chloroform 

extraction and ethanol precipitation (Sambrook et at., 1989). The dry DNA pellet was 

dissolved in 17.5 ~l of sterile distilled water. Restriction digestion with 5 units HaeIII in 

10 mM Tris-HCI, 50mM NaCI, 10mM MgCh, and ImM dithioerythritol (DTE) at a final 

reaction volume of 20~1 took place at 37°C for 1 hour. The restriction digestion products 

were separated in a 1 % agarose (w/v) gel containing ethidium bromide, in a T AE buffer 

medium at 100V for 30-40 min. The gel was observed in UV light with the UVP Grab-It 

Imaging System and results were analysed with UVP Gelworks 10 Advanced (Version 3, 

1996) by Nonlinear Dynamics. 

4.3 RESULTS AND DISCUSSION 

1 2 3 4 5 6 7 8 9 10 

Figure 4.2: RT-PCR ofSMV isolates with primers 07-3'CI and 07-5'CI. Lane 1: 
Boehringer Mannhein Marker VIII (1114 bp - 19 bp), Lane 2: uninoculated control, 
Lane 3: 86/0020, Lane 4: 9412052, Lane 5: PV 716, Lane 6: PV 717, Lane 7: PV 
718, Lane 8: PV 720 Lane 9: PV 722, Lane 10: PV 724. 

c.277 

Figure 4.2 shows that all the isolates tested produced amplification products of 

approximately 277 bp. The amplification of PV 717 was surprising since the 07 3' CI 

primer was expected to have a 12 base pair mismatch with the sequence of the 02 strain in 

the target region. The reaction had been optimized and several levels of stringency were 

tested with varying MgCh concentrations (Figure 4.3), yet PV 717 (02) repeatedly 
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produced amplification products of approximately 277 bp. It is also important to note at 

this juncture that the isolate used as a representative of the G2 strain by Omunyin et 

al. (1996) was PV 723, and different to the isolate used in the current study. Thus, isolate 

specific sequence variation could account for this result. However, the initial study did 

not specifically test the ability of the G7-5'CI and G7-3'CI primer pair to produce an 

amplification product from template RNA of the G2 isolate. The authors also indicated 

that the G2-5'CI-0 and G2-3'CI primer pair inconsistently amplified a 277 bp fragment of 

the G2 RNA template and also amplified the characteristic G7 fragment under all 

conditions. The authors were only able to demonstrate strain differentiating ability of the 

assay when the G2-3' CI primer was used in conjunction with the G2-5'primer (which 

anneals to G2 template nucleic acid at a point further upstream than the G2-5' CI-O 

primer) and produces a 380 bp product. The evidence presented here could suggest that 

the 12 base pair mismatch in the target region was not adequate to ensure sequence 

specific priming, and some amount of non-specific annealing was permitted during the 

PCR thus compromising the strain differentiating ability of the assay, or that the published 

sequence was wrong. 

1 2 3 4 5 6 7 8 9 10 11 12 

c. 277 bp 

Figure 4.3: Optimising MgCh concentration for the PCR. Lane 1: Boehringer Mannheim 
Marker VIII (1114 bp - 19 bp), Lane 2: PV 716 with OmM MgCh, Lane 3: PV 716 with 
0.5rnM MgCh, Lane 4: PV 716 with lrnM MgCh, Lane 5: PV 716 with 2mM MgCh, 
Lane 6: PV 716 with 3rnM MgCh, Lane 7: PV 717 with OmM MgCb, Lane 8: PV 717 with 
0.5rnM MgCh, Lane 9: PV 717 with ImM MgCh, Lane 10: PV 717 with 2rnM MgCh, 
Lane 11: PV 717 with 3rnM MgCh, Lane 12: Uninoculated control. 
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1 2 3 4 5 6 7 8 9 10 

Figure 4.4: Restriction digestion ofPCR products with Rae/II. Lane 1: Boehringer 
Mannhein Marker VIII (1114 bp - 19 bp), Lane 2: Uninoculated control, Lane 3: 
86/0020, Lane 4: 9412052, Lane 5: PV 716 , Lane 6: PV 717 ,Lane 7: PV 718, 
Lane 8: PV 720, Lane 9: PV 722, Lane 10: PV 724 

c. 277 bp 

c. 155 bp 

and 122 

The results in figure 4.4 show that this study correlated well with those of Omunyin et at 

(1996). with respect to PV 716, PV 718 and PV 720. However even after several 

repetitions I failed to obtain restriction digestion products from isolates PV 722 and PV 

724, whilst the original authors did. The SA G3 isolate 9412054 cDNA also did not cut. 

Although both G 1 isolates (PV 716 and 86/0020) did not cut as was expected, isolates of 

other strains also behaved similarly. This makes the assay ineffective as a method for 

specifically detecting the SMV G 1 strain. 

Two G3 strains were tested in this assay: I found that they produced different results when 

treated with Rae//I. The SA G3 isolate 9412052, did not produce restriction products, 

however PV 718 did, suggesting sequence variation between same strain isolates in the 

target region. 

4.4 CONCLUSION 

The assay based on PCR amplification in the CI region of the SMV genome followed by 

restriction digestion of the PCR products with Rae/JJ has failed in its objective to 

specifically detect the G 1 strain. The method failed possibly because isolate variation in 

that region makes strain specific detection impossible. Complete genome sequences of all 

SMV strains would make possible the selection of a more useful target regions for strain 

differentiation. 
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Figure 5.1: Percentage yield loss induced by infection with 
SMV isolates 86/0020 and 9412052 
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The results in Tables 5.3, 5.4 and Figure 5.1 show the percentage yield loss per cultivar, 

induced by infection either with 86/0020 or 9412052. The greatest yield loss was 57.51 % 

which was recorded for the cultivar SCSI, when infected with 9412052. This was 

followed by the cultivar Knap which showed 49.61%, yield loss when infected with 

86/0020. Six treatments showed a slight net gain in yield following infection with SMV 

they were; Sonop with 9412052, JF80 with 9412052, Ibis with 9412052, Ibis with 86/0020, 

Rampage with 86/0020 and Davis with 9412052. The cause of this phenomenon is unclear 

and could be the result of experimental error or a complex interaction between the host 

and pathogen. In general it appeared that cultivars experienced similar yield losses 

following infection with either of the SMV isolates tested, however there are a few notable 

exceptions such as in the case of SCS I, which experienced only 6.14% yield loss from 

86/0020 infection, but a massive 57.51 % loss with 9412052. 
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Figure 5.2: Percentage of seed transmission of SMV isolates 
86/0020 and 94/2052 in soy bean cultivars 
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Table 5.7 shows that though there were instances where 100% gennination and seedling 

emergence was achieved, in general there was reduced seedling emergence. Parent plants 

of cultivar A5409 infected with 9412052 showed the poorest seedling emergence with only 

42% recorded. It is not possible to determine whether this was a result of SMV infection 

or characteristic of the cultivar itself. I did not observe seedling emergence on the non­

inoculated controls as our purpose was to determine the effect of the different virus 

isolates on seed transmission, though in retrospect it has been realised that the percentage 

of germination is an important factor to be considered. Bowers and Goodman (1991), 

found that cultivars Midwest, PI86146 and PI 181549, had between 70 and 79% seedling 

emergence when infected with SMV strains G I-G7. In the same study they found that the 

cultivar Merit had between 36.3 and 73.3% seedling emergence. The authors attributed 

the low seedling emergence to "poor quality seed", although there was no control 

experiment to ascertain the cause of the poor quality. 

The percentage of seed transmission varied between 0 and 33.33% and differed according 

to cultivar and virus isolate interaction. In general there were lower levels of seed 

transmission of 86/0020 than of 9412052. The level of seed transmission and the difference 

in the interaction between the cultivar and strain was expected and correlates with 

previous studies. lizuka (1973) recorded that seed transmission in most varieties was 

below 38%. Tu (1989) reported a significant cultivar X virus strain interaction for seed 

transmission. In that study as well there was a general trend showing higher seed 

transmission in the G3 infected plants than in those infected with the G 1 strain. In some 
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