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Elimination of potato virus S and potato virus Y by plant resistance
inducer AHO combined with shoot tip culture
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Abstract Elimination method and efficiency of potato virus S (PVS) and potato virus Y (PVY) from in vitro
plantlets by 3-acetonyl-3-hydroxyoxindole (AHO), a plant resistance inducer, combined with shoot-tip culture
were investigated. Shoot tips of PVS-infected ‘Dingshu No. 3’ and ‘Dingshu No. 4’ and PVY-infected ‘Jingshu
No. 3’ and ‘Jingshu No. 4’ were cultured to 4—5 leaves., respectively. 100 mg/L AHO was sprayed on the in vitro
plantlets every two days for three times, and shoot tips were cultured at two days after third spray to acquire the
regenerated plantlets. Viruses in the regenerated plantlets were detected by electron microscope negative staining,
ELISA and real time RT-PCR, respectively. The results showed that AHO had no effect on the growth of potato
in vitro plantlets, and the virus-free in vitro plantlets ratio of AHO-treated plantlets was higher than that of
untreated control. The test results also showed that the virus relative concentration of regenerated plantlets treated
with AHO was lower than that of untreated control, and decreased with the increase of treatment times. The
results showed that AHO combined with shoot-tip stripping culture could enhance the efficiency of PVS and PVY
elimination. and virus-free stock plantlets could be obtained.
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SRR . SRS AD B SR O B R
YL B TR S BRI R L 1 S 4%
EAPERAL, B R PR, BB DR E R
FREEA 40 ARFP W EEH F 2 SR E L =G
FL AR BRI EE R . S S i E (pota-
to virus S, PVS) | 442 Y Jji§ # (potato virus Y,
PVY) J& 30 5] Eh 4% B 1A i AR 28 A M 3R e = 1Y)
2 Tl B . K6 SR AT 2026, 8 T H At e 7 9 K
USR] AL S TR Y R R
B RE SR AL G 1 2RI B0 25, FOMEIBE R PVS,
PVY S5 i PR Ak A5 W0 M (ribavirin) T
Pomg e S il R 2RI B AT U I BR Eh 4% 2 X0
# (potato virus X, PVX) ., 542 M J% 2 (potato
virus M, PVM) .PVY 1 PVS, $f58{gd fE O 4 2244
BRI TR R IS A R B AR A R
(i), I B WA 2 o A 40 7 A AS ) R B 1 5 1, B
5 pg/mL WWRFESMET AR AE K a2 3™ &
SN HE 0~150 mg/L ¥ BE 1B 4% a4 1
o o T i 2 S A P A T R A1

3N ER EE-3-%E KL R mg| WE ( 3-acetonyl-3-
hydroxyoxindole, AHO) & M #ix % Strobilanthes
cusia W43 BEAS BN 1) —Fh KR % S B R T
Erysiphe cichoracearum . 1l 5 4 W5 F (tobacco
mosaic virus) . % i BF Z£ )% B (tomato spotted wilt
tospovirus) 44 F i i 0 i AR AR AL F 5
W] AHO 1R TR K R4 A T 04 B8
T A A 1) 2R GE AR AR B0 s AR B Dt B 11
=4, AHO J& TAEWIR PS50 BB 15 TAEY)
FEAUE IS R AR R A R R R GE 8, B
SEMRAEY) IEH AR

A FRAEARACITE TR AT B8 2B R LG 7/
B EBEE 100 meg/L AHO /K5, Z0d 3 WAab S
REPRHUA A5 PR A5 0 B BE Eh 4% R 1 R
7 LR BTN BRI SR A AR

1 HEEE

1.1 #EYHHEGF R & RAL
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VB 357 ‘i 4 SR, 4 ELISA

HUBEULEE Jy Al B 8 3 5 M e 4 5
MEYAEAT PVS, ‘Y55 3 5 R V5 4 5 1R
#H PVY,

AHO T8 th o E B2 B B B AR 4 T 8 /N L 5K
iRt B 1 ¢ AHO TREH T 1 mL —H W
L8R 5 A ddH O E %8 & 100 mL, 3k 18 120 1
AHO 7K (e B Ry 10 g/ T VR A7 1 FH 240 B it
UE AR IR SRR . R B U A T ddHL O
i 100 18 G FEA 100 mg/L).

HFHE PVS.PVY 9t SRl 77 v br ok i
RN R AR S g % [ .

1.2 DHEZRFE ZRAL[ERJE

LR 10~20 mg/L R R IEREF
15~30 min, B T/ HFEREHFK 1~2 cm, BUEH:
2 WK P 30 min, TR &M T H 757 L EEIR
30 s, JCR /K Wk 2 ¥k FE 0. 1% R = 96 min,
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B BT RIS A AR . B BUX DA A AR
IZESR 5 Bl 40 F5 80 H fff ) B8, B B 2R H 2 #
R G 1 AR K A R A 1 TG B A ) /N0 D)
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B o B WA R AT B K 4~5 By L R
W — B V) B BT U AR SR I R
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B 1L d g iU A PVS I e 3 57
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M3 100 mg/L AHO K, LLsE A & AHO (K
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fif B B AR E TR FEEHRKE 4~5 1
5 FH 6 e 2 L B2 L 2% L ELISA DL K % 6 8 it
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] ) 9 L R TET IR B 3 e, WG T 1) TR VR AR
EE T INMWHEAR m/V. T pH 7.2 1
0. 2 mol/L B2 2% vh O YL 4 2 min, 7% P ML 52
(FEI TECNAI G2,USA) Fiigg,
1.5 ELISA

KHELISA X E# 35 ‘gH4 5 ‘WHES3
5 UEE A SRR RE AT RN . A B AL
PVX.PVY. PVS, PLRV.PVA, TSWV. TZSV I
PVM, TZSV A% 3 HlHuiA, Haw i
MR & B 56 B Agdia 24\ i U] B 04T K
W, BAPERE G A S5 28 PR A7 IPERE 5 oA filt R
RS
1.6 FEHFEE RT-PCR

HT 2O 5 RT-PCR &l #9754 % H] Primer
St 51 FF ILF 1. HIg H Ambion 23\ 1Y

TRIzol 57 #E B & 51 RNA, Akt X4 A
One-Step gDNA Removal % #% 3857 &4 5 cDNA
5 — 4%, F FastStart Universal SYBR Green Master
(Rox) il & SR M4 2 (4G ¢DNA 1 pL, b RS 149
(10 pmol/L) £ 2.5 pl, Fast Start Universal SYBR
Green Master (Rox) 10 pl., ddH.O 4 pl.. 2 N 7E
Applied Biosystems StepOnePlus ( Applied Biosys-
tems, Foster City, CA, USA) % 6E & PCR Y i
AT, AR FF R:95C 10 min; 95°C 10 s,57°C 30 s,
72°C 30 5,40 MEFR. AL S A EE.

PRt £k - Fl Nano Drop 2000 il & 5 41 5okL Y
PVS ¥ B 141. 70 ng/pl., ODsg,/ODg, A7 1. 83;
PVY ¥ B A 135. 25 ng/plls ODsgso /ODsg, 247 1. 84,
X EAH R AT 10 A% SR M B L VR Ay s s A
FHBRPERRE S T bR 42

x1 PVSHIPVY Wtz 4
Table 1 Primers for detection of PVS and PVY

GIL7 B2 S J¥31(5'-3") 84 Fr B /bp SERITI S
Primer Sequence Length GenBank accession no. of reference virus
PVS-F GCCGCATTTGACACATTCGAT 198 LC511880. 1
PVSR CAATCTCAGCGCCAAGCAT
PVY-F TCGCCAAATGTCAACGGAGT 214 EF026076. 1
PVY-R CTAAACCCACATCCCGCAGA
) EEENE %’E‘J%ﬂ%ﬁ%‘fr WP FH B B ER BIZOTR N A 1

21 fREEHER ELISA RNHEFHEHE
WD AT WS

& 1), ﬂ%ﬁifﬁﬂ,ﬁ\ﬁtﬁ%ﬂmi ELISA #6511 45 5 2 1
‘EE% 3 B 4 SRS A PVS, (uiE 3
SR A4S EPﬂs'ﬁ PVY, A K E HA s 75 .

a: ‘EE3E’ *B{]PVS ##R =200 nm; b: iﬁ%%; FIPVY, 7R =200 nm
a: PVS particles in the saps of ‘Dingshu No.3”, bar=200 nm; b : PVY particles in the saps of ‘Jingshu No.3’, bar=200 nm

1 BENRINFRSHT

Fig. 1 Virus particles under the electron microscope
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IRZERFTRIRUEZE, R RE B 244, n=240 a: Bk b MK ¢ BEE

Error bar respresents standation deviation, 6 samples were detected, n=24. a: Plant length; b: Root length; c: Fresh weigth
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Fig. 2 Effect of AHO on the growth of in vitro potato plantlets

2.2.2 ELISA foi 4031l AHO 4 2 5 K %
TR PR 24 BRIRAEHT . 43 5I1H 100 mg/L
AHO Wit , X B % AHO CHAth 2 (- A D 5 43 B
2 dmgis 1 YR, 3 YR RIEE 2 d )5 BURAE 1 Pk
PR F B 5, 55 5% 30 d 5. AE TR RS B
ELISA ¥l PVX,PVY,PVS, PLRV,PVA , TSWV,
TZSV il PYM 48057 %5 i F 8 AR A 1] PVX,PL-

RV.PVA .\ TSWV,TZSV il PVM, 7F ‘% % 3 27 f
CEE 4 SRINE] PVS A SEE 3 5O 4 5
R E) PVY, 5 I 5 19 25 B i 25 2R — 2. 3
AHO PR I TR s TR GR 2),

it —20 15 ELISA #: i) OD {iF- 4 & 30,
ALFRET 6 R AHO 40 B30 1, PVS.PVY 1Y
ELISA #:i OD (8P 38 52 3 i 55 (8] 3)
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Table 2 Survival rate and virus elimination rate of in vitro potato plantlets
EE 3T EE LS 535 WE LS
§h Dingshu No. 3 Dingshu No. 4 Jingshu No. 3 Jingshu No. 4
¥
Tremeen | AEER/% PVS BIRE/% WAEER/% PVS BRE/ % HAAER/% PVY IR/ % HAFER/ % PVY R/ %
Survival PVS elimination ~ Survival PVS elimination  Survival PVY elimination  Survival =~ PVY elimination
rate rate rate rate rate rate rate rate
AHO 2t 45.8(11/24) 18.2(2/11)  58.3(14/24) 21.4(3/14) 50.0(12/24)  8.3(1/12) 54.2(13/24) 15.4(2/13)
AHO treatment
XTHE  Control 58.3(14/24) 0.0¢0/14) 50.0(12/24)  8.3(1/12)  54.2(13/24)  7.7(1/13) 54.2(13/24) 0.0(0/13)

D TEAAIE A 45 h oy T RRAF IS VB B 20 BRAERR 00 1048 1 BREG TEI BR R 9 B 455 oh 3 TR RIS W T 2 U8 R KL 20
BHRRAE TR AR
Numerator and denominator in the bracket of survival rate column represent survival numbers and total numbers of in vitro plantlets, re-
spectively. Numerator and denominator in bracket of elimination rate column represent virus-free plantlet numbers and survival in vitro pla-
ntlets, respectively.
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Pre-treatment

X

Control

K3 AHOAb
AHO treatment

ODF-3{H

OD average value
(=1
(]
(=}
T

Varieties
RERFRIRUEZ, BB 64 (n=6)

Error bar respresents standation deviation, 6 samples were detected (n=6)

B3 KEFTHEAHO LB DR EiXE E ELISA &7
Fig. 3 ELISA detection for in vitro potato plantlets of pre-treatment, control and AHO-treatment

TR AL FE ELISA 6 8 55 1% 0 32845 1 12F FRALERRT 6 BE L AHO 403 a4 1 TP a R B R T
A7 G0 e B A Gk, 245 K L6 3.4, rE B AR Bt 2T R
xR3 'TEEIS N TEE4IS XEHLER T AHO &8 ELISA FirEE @b

Table 3 ELISA and electron microscope (EM) negative staining detection of ‘Dingshu No. 3’ and ‘Dingshu No. 4’ in vitro

plantlets of pre-treatment, control and AHO-treatment

AbHFT  Pre-treatment %THE  Control AHO 4bF  AHO-treatment
A K i EER L ivalll L S TR GER sl w5 HL B AN
Variety and PVS EM Variety and PVS EM Variet d PVS EM
ariety an ELISA ‘ ariety an ELISA ‘ ariety an FLISA -
no. observation no. observation no. observation
= [=} = =] L= ") =
EE 351 EH 352 EE 3 5-3
Dingshu No. 3-1 0-296 LY Dingshu No. 3-2 0- 136 LY Dingshu No. 3-3 0- 159 L
852 853 8 51 -
Dingshu No. 3-2 0. 288 L Dingshu No. 3-3 0. 187 L Dingshu No. 3-4 0070
5 3B
. 082 —L . 072 —
Dingshu No. 3-8 008 v v Dingshu No. 3-8 0-0
e (= == =
S 51 0.210 4Ly = EESEIO 0.089  +—LV

Dingshu No. 3-14

Dingshu No. 3-10
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453K 3 Table 3(Continued)
RbFHET  Pre-treatment XTH8  Control AHO 43 AHO-treatment
ENE A=) 2R Al U E RE R Al N E R HL A
Variet d A EM Variet d A EM Variet d A EM
ariety an ELISA A ariety an FLISA A ariety an FLISA '
no. observation no. observation no. observation
1 4 B2 W 485
.1 L . 199 L b L
Dingshu No. 4-1 0-195 LY Dingshu No. 4-2 0-19 LY Dingshu No. 4-5 0- 089 LY
T W 456 -
Dingshu No. 4-3 0- 169 Y Dingshu No. 4-6 0- 056
452 , 18 Ly EELE B
Dingshu No. 4-2 0. 283 0 Dingshu No. 4-8 0092 Ll Dingshu No. 4-7 0- 066
= =
2 45l 0.074 — e 0. 054 -

Dingshu No. 4-11

Dingshu No. 4-8

1 LV FoRERIF R T 5 + + R i g% 30 ML BELEE ) > 30 MR RERL T 5 + Rm B S Lg% 30 MILEFRELZR 2] 10~ 30 4N
LT s+ — TR EAREA L 30 DMLEFRE ML <10 AMRFRRLT s — R RGN BN EERL T . AL AT AL B8 W 9 BT IR — Bk
RIS B TR U, —FB 40 T A SRR, 55— 84 VR B B AHO 403, R,

LV represents filamentous virus particles. ++ represents more than 30 virus particles were observed every 30 views/sample. + repre-
sents 10—30 virus particles were observed every 30 views/sample. + — represents less than 10 virus particles were observed every 30
views/sample. -represents no virus particle was observed. The in vitro plantlets used as pre-treatment, control, and AHO-treatment were

multiplied from one same stock plantlet. The same applies below.

*x4

‘BBE3ISEE 4 S NEHLER TR AHO £03E ELISA REH L BN

Table 4 ELISA and electron microscope (EM) negative staining detection of ‘Jingshu No. 3’ and ‘Jingshu No. 4’ in vitro

plantlets of pre-treatment, control and AHO-treatment

AbFERT  Pre-treatment XtH8  Control AHO 43 AHO-treatment
ENE A= 8 CER il s I S 8 BER s ol N E R S HLBE A
Variet d LA EM Variet d AL EM Variet d LAY EM
ariety an FLISA A ariety an ELISA ‘ ariety an FLISA A
no. observation no. observation no. observation
3 1 3 52 3 52
.19 L .072 — . 04 —
Jingshu No. 3-1 0- 196 LY Jingshu No. 3-2 0-0 Jingshu No. 3-2 0. 046
3 B4 W3 55 B
Jingshu No. 3-4 0204 L Jingshu No. 3-5 0-092 oy
WHE 352 VEE 356 Y 3 56
0. 289 LV 0. 197 LV 0. 106 L
Jingshu No. 3-2 - Jingshu No. 3-6 - Jingshu No. 3-6 L
VEE 3 511 - VS 3 5-11 .
Jingshu No. 3-11 0092 e 2h Jingshu No. 3-11 0. 082 =
e EE Y 4 B2
.2 L . 197 L o Ok —
Jingshu No. 4-1 0285 LY Jingshu No. 4-2 0 amatid Jingshu No. 4-2 0- 056
345t 845 B
Jingshu No. 4-4 0084 Rt Jingshu No. 4-3 0. 082 =LY
VB 4 22 VB 4 E5-T7 VB 4 57
.24 L . 092 L . 09 L
Jingshu No. 4-2 0. 243 At Jingshu No. 4-7 0- 09 LY Jingshu No. 4-7 0- 099 T
E (= yEE =
Ui A 512 0.196 4Ly HELEO 0. 052 —

Jingshu No. 4-12

Jingshu No. 4-9

2.2.3 KA E RT-PCR &AM K HFHNE
MUESE AHO Xt 5 2 09 90 i 4F . FH 2806 8
i RT-PCR Xf 4 BIWiiti 1.2.3 % AHO i) 44
T I UE AT R AR X R G 5 R L 4
I o4 2R e o o AR X B AR A A S

% = (1 — Wi AHO/ AR B AHO) X 100% ,
ME 4, AHO X @ H 357 EH 45 M
‘UEE 3 4 S RE W P PVS I PVY
HLAT 53 i 4 R e 3 YK S ] 2 Tk
99.97% L) I,
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40x10" -
[ R FHAHO b3 AHOALE 1K
35%10* - AHO-untreated AHO-treated 1 time
X AHOAbFE2 K O AHOAbFE3 K
30%x10" AHO-treated 2 times AHO-treated 3 times
T8
E £ su10'f
= £ 25x10
2 20x10' -
£= 7
g ; 15%10" - R B %/
g g N N %
=2 / RAX]
10x10* - / :::::1
DX
/ K
/ 125
5x10' / 10
XX
ES%J / booo
o I X AR

EEAS

WS g s S
fnff Varieties

AHOARALEL. AHOALE1VC. AHOALEE2 WA Wi I — MR E W 4 MIFEAHOALBERG KB 1CAI2 U5 BORREEA T 926 2 BERT-PCRAZ I
AHOALBH3 YR RS 3 KB JF 2R I ZE R 43 BIAE 37 5 W0k W, I FHELISARI A P M o IRZBLFTRIRERE, n=6

One same in vitro plantlet were collected for real time RT-PCR detection Pre-AHO-treated, and 1 time and 2 times post AHO-treated. AHO-treated 3
times means shoot tips of treated in plantlets were stripped and cultured to 4-5 leaves in vitro plantlets, which were negative samples by ELISA testing.

Error bar represents standard deviation, n=6

4 AHOREFEHREBREGEHREENE

Fig. 4 Virus relative concentration of in vitro plantlets
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LR R AP AR B A PVS.PVY 1
SR 225 0 AT R T A v o 2R AR b
FEWBRA . AHO GBS Y A& R EDiE A
W5 A 100 mg/L AHO Wi #+ PVS 1) & % 3
SOCER 4 SO PVY VS 3 5 uE 4
SR R RF B SRS BRI AHO b3
555 BRI I AF 5 37 50 %0, bk AR B G R
EXEFE 2, U] AHO Xt @ 3 57 “gEHy
S OUEE 35 EE A S R W O N R A
MR #E47 PVS e 3 5 f g3 4 5 il
Wi AHO 4 #5 PVS AR 19. 8026, A A HE
R PVS MR 4.17%; A AHO 4B iy
‘VHE 3 S v E 4 S aUE T PVY IR
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