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Abstract The viruses titer and the ultrastructure of infected cells of tobacco host N. tabacum cv. Sam-
sun  doubly infected by potato virus Y necrosis strain  PVY™ and potato virus X PVX  were studied under
greenhouse conditions. The results indicated that PVY" and PVX interact synergistically and tobacco plants
which doubly infected by PVX and PVY™ could greatly increased symptom severity as compared with that in-
duced by individual virus. As determined by triple antibody sandwich enzyme-linked immunosorbent assay

TAS-ELISA  the titer of PVX in tobacco leaves infected by both PVYN and PVX was up to 9.10 times higher
than the plants infected by PVX only. No significant differences in PVY™ titer were detected between singly and
doubly infected plants. The enhancement of PVX titer in doubly infected plants was evident in greenhouse and
was not influenced by virus strains tested seasons intervals between PVY" and PVX inoculation. Sections of
doubly infected leaves were examined with an electron microscope. It was found that cells contained pinwheels

and large masses of PV X-like particles pinwheels and laminate inclusion or all three structures most of them
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were swollen and their chloroplast and other organella were damaged heavily. This suggests that doubly infect-

ed cells be involved in the enhancement phenomenon which seems the result of an increase in the amount of

PVX synthesized in them.
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Table I Comparison of PVX or PVYN titer in the leaves of tobacco plants singly and doubly infected with PVX and PVY™ as deter-
mined by TAS-ELISA
PVX  ELISA ODyg5 PVY"  ELISA ODygs
ELISA values ODgs for PVX ~ ELISA values ODys for PVYN Ratio of dual / single
el d v PVX+ PVYY  PVX+PVY
PVX PVX + PVYN pvy~ PVX +PVYN / PVX / PVYN
7 4th 0.179+£0.021 0.272+0.019 0.183+0.019 0.185+0.021 1.52 1.01
14 5th 0.248+0.024 0.682+0.032 0.247+0.023 0.240+0.030 2.75 0.97
21 6th 0.273+0.018 1.411+0.053 0.301+0.027 0.325+0.028 5.17 1.08
28 7th 0.264 +£0.021 2.402+0.066 0.291+0.030 0.271+0.017 9.10 0.93
35 8th 0.239+0.017 1.776 £0.045 0.254+0.025 0.262+0.024 7.43 1.03
42 9th 0.251+0.023 1.150+0.030 0.221+0.020 0.239+0.026 4.58 1.08
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Table 2 Effect of different PVY strain on the PVX titer in singly and doubly infected tobacco plants as determined byT AS-ELISA

PVX

ELISA

0Dyos

ELISA values ODyps5 for PVX

Ratio of dual / single

Days post Position of 5 X
inoculation leaf tested PVX+PVY PVX+PVY
PVX PVX + PVY® PVX +PVYY / PVX / PVX
7 4 th 0.183+0.024 0.238+0.018 0.260+0.017 1.30 1.42
14 5 th 0.252+0.027 0.612+0.024 0.663 +0.030 2.43 2.63
21 6 th 0.301+0.021 1.511+0.063 1.650+0.043 5.02 5.48
28 7 th 0.278£0.018 2.350+£0.082 2.563+£0.071 8.45 9.22
35 8 th 0.270£0.020 1.874+£0.061 2.025+0.051 6.94 7.50
42 9 th 0.281+0.025 1.273 £0.044 1.340+0.061 4.53 4.717
2.4 PVYN/PVX PVYY/
PVX PVX PVX
TAS-ELISA PVYN/PVX 3
PVX 20 ~25°C
PVX PVX
3 8.60 30 ~35C 15 ~20C
PVYY/PVX PVX 3.55 2.14
3 PVYN/PVX PVX
Table 3 Effect of different seasons on titer of PVX in the leaves of tobacco plants singly and doubly infected plants as determined by
TAS-ELISA
PVX ELISA ODs05
- ELISA values OD,s for PVX
Trealcd Tested time Tested . Sunshine time Ratio of doubly
season year-month temperature C. per day h PVX PVX + PVYY infected/singly infected
Spring 2000-5 20~25 7.4 0.217+0.021 1.872+0.081 8.63
2001-5 20 ~ 25 8.3 0.186+0.020 1.581+£0.072 8.50
2002-5 20 ~ 25 6.8 0.193+0.020 1.673 £0.050 8.67
Average 8.60
Summer 1999-8 30~35 6.2 0.203+0.013 0.724 £0.033 3.57
2000-8 30 ~ 35 5.7 0.203+0.013 0.775+£0.045 3.82
2001-8 30~35 9.1 0.194+0.021 0.634+0.025 3.27
Average 3.55
Winter 2000-1 15~20 5 0.198 £0.022 0.430+0.016 2.17
2001-1 15 ~20 8 0.217+0.019 0.480+0.017 2.21
2002-1 15~20 1 0.182+0.018 0.371£0.020 2.04
Average 2.14
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Table 4  Effect of sequential inoculation of PVYNon PVX titer in the leaves of tobacco plants infected with PVX and PVYN as deter-

mined by TAS-ELISA

PVX  ELISA
ELISA values 0Dy for PVX

PVY" PVX
Interval between PVYN and
PVX inoculation h

oD 405

Ratio of doubly
infected/singly infected

PVX PVX+PVYY
+ 72 0.294 +0.023 1.473£0.026 5.01
+ 48 0.287 £0.026 1.427 £0.030 4.97
+ 24 0.272+0.018 0.851+£0.027 3.13
0 0.294+£0.028 0.885+0.019 3.01
- 24 0.304+£0.023 0.648 £0.024 2.13
- 48 0.281+0.022 0.581+0.021 2.07
- 72 0.292 +0.023 0.660+0.024 2.26
! 4 “ 0" PVYM PVX T PVYN PVX* -7 PVX pvYN
Inoculation was conducted on the fourth fully expanded leaf PV YN was applied to the fourth leaf at the same time 0 or at various intervals before
+ orafter - in which PVX was applied
2.6 PVYV/PVX 1-6
pvyN -1
PVX -2 3
I-1 PVY®
pinwheels
I-2 PVX I1-3 4
1-3 PVX -4
-6 II-4
laminate inclusion components LIC
LIC -5
scroll-like -4
-6 5
1-5
50 nm
PVYN/PVX Ir-7
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CW. Cell wall; M. Mitochondria, CH. Chloroplast: V. Vacucle; N. Cell nucleus; S. Starch granule; VP. Virus particles;
LIC. Laminate inclusion components; PW. Pinwheels; P. Peruxisome
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I. Part of chloroplast and other organella in a normal lecaf cell, x40 000, 2. Showing pinwheels {arrow) and virus
particles in a leaf cell infected with PVYN, = 50 000, 3. Chloroplast and mitochondria appear deformed and the
envelopes were destructed in a leaf cell infected with PVYN, x30 000; 4. Showing gcroll—like laminale inclusion
camponents (arrow) and virus particles in a leaf cell infected with PVX, x 25 000: 5. Showing proliferated
membrancs in the cvtoplasm in a leaf cell infected with PVX {(arrow), ;<30 000, 6. Region of a doubly infected ceil

containing scroll—like laminale inclusion components. pinwhecls {arrow), =20 000
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1. Region of a doubly infected cell containing straight laminate inclusion components (arrow), =25 000, 2. Region of a
doubly infected cell containing straight laminate inclusion components, scroll—like laminate inclusion components (arrow),
and pinwheels, =20 000; 3.Region of a doubly infected cell containing fibrous masses of PVX—Ilike particles, =30 000,
4, Showing the chloroplast and other organella were destructed in a doubly infected celi, = 30 000, 5. Showing the
collected mitochondria have been swollen and digested in a doubly infected cell (arrow), =30 000, 6.Nucleus showing the
splitting of nulear membrance in some area, =10 000, 7.Showing a myeloid body protruding into the central vacuocle in
a doubly infected cell {arrow), =20 000, 8. Sowing a multivesicular body protruding into the central vacuole in a doubly
infected cell (arrow), » 30 000



