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Masamichi NisaicucHr* and Nobuyuki Osumva*: Some Properties of

an Attenuated Tomato Strain (L;;A) of Tobacco Mosaic Virus

Abstract

Some properties of an attenuated tomato strain (LyA) of tobacco mosaic virus
(TMV) were compared with the parent virulent strain (L). Dilution end point of LA

was 10-7-10-8, while L was still infective at 10-8.
treatment at 90 C for ten min while L did not.

Li1A lost its infectivity after heat
The infectivity of Li;A was lost more

rapidly than that of L at 70 C. The shape of particles and the length distribution
pattern of Li; A after purification were much the same as those of L. The sap of tomato
leaves infected with LA retained about 50 % of the original infectivity after a week-
storage at 25 C and less than 10% after a year-storage, whereas that of leaves infected

with L retained 80 and 50 9 of infectivity after respective periods.

Li1A was sus-

pended at 3.3 mg/ml either in 0.01 M phosphate buffer (pH 7.0) or in the same buffer
containing 2 9 sucrose, then lyophilized and the resultant virus powder was stored at

22-25 C.

The samples without sucrose completely lost their

infectivities after 27

months storage, whereas the samples with sucrose were highly infectious still at the

same stage of storage.

To examine whether the lyophilization with sucrose affected

virulence, the sample stored for 27 months was inoculated to Nicotiana tabacum cv.

Xanthi nc, and the produced lesions were isolated singly.
were tested separately on tomato seedlings for their virulence.
of 50 produced a chlorotic patch on a leaflet of tomato.
The effect of temperature on the multiplication of L;;A and L in tomato
The optimal temperature for L;sA was 25-28 C, while that
for L was 28-30 C. At 35 C, L multiplied considerably but Ly; A did not.

symptom.
leaf discs was compared.

The saps from these lesions
Only one lesion out
All other lesions caused no

The ratio of

the amount of L;;A to that of L. decreased consistently as the temperature was raised

up to 35 C.
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RFTEAC R RICK LR OEER T
ERMME L UEE

BRIV ZREBEICEE TMVORER LuA
B XUROBBREL ., %2’1%"2’“‘1’5% Lic b= b3
%—10~—15C D7 Y — — 1T/ Ui b D& HE A
WD B UBGR Ufco HERR I3 RELEEIC10/5 8B D0.01M
Y VEREE, PHT.0, EINA ISR CEIETL, C
NEWOEREAIE L, TRLULTT 2o —HOERT
ALY 4 VR E RN,

YANRFILFE  LuA H5H0IE L?é & o83
(cv. Samsun) [CEQHEM €757 Y — —ICRE
LTBWbD%, 0.01M EDTA %{—-::U 0.1MVY v
WfE T, pH7.0, ZINZ I F4 — CEBRETEDNT
— B TAR Uz, AilEERELaEE (8,000rpm, 20
S L, FEHUEY) =T Fry sy a-—uw (20
g/D) BIUE/LF P oL (17.68/1) AN 2 EKE
130 U= R Uco RO TIEAGTELDHIC Z 0 &
723 % 0.1M EDTA, pH7.0, iT&d Uictk, EH
LA S BRLSHEE (RiL RP30 = — 4, 27,000
rpm, 9043FE) AAE - AEELE 3 B DR Uit
(b UTeo E2IC0.01IM ) vV IBRRETH, PHT7.0, K& h
L 1mg/ml OEET 1 ml FORREFICHEL7Y
— W — TR Ufzo E70BEEA & LT, Lo—%%
1 pg/mlOE B CRIBRICHTE L —60 C DRBERIGICHR
Lo

BEEREY Rk KORBOBRE IR 283
(cv. Xanthi nc) BLU =+ (EHE25) 2AL
720

FiEER LuA ORI, BRREETK
(LOfEHEFR) B otU%iMM%u”u%}ﬂumz», ®RETR
0.01M Y VME#EMR, PHT7.0, HB032% (W/V)
O v s RS REERIC3.3mg/ml OEATEML
72 DEF VN, FA2DYANAN 1ml &g
AT v (5mlE) WHEL, —18C TTHE
Utcth, BABEEERE (VFD-1100FMS—SZ, X
PEZEHM K. K) K CTHEERR S, TOBIR
= — TIEE1%22~25C DIERBRICTRE Uico

HATEES reh (FF25, A2E6, TEHD
OEICHiAL L7z LuA $ 30NI L% 0.5mg/ml DR
TERE L, 393 HBKEKTHERE, EEl.dcmpaw
7 R—35 —THD & DEEAIETNENIONT DV +
— L (% 6cm) I ANTKI C‘Zf?bm‘ FERET
3HEEE LBRF A R7ET7 ) - —IKRFE LT
KRDF 4 A2 10.01M Y /M#&@I{&Zml AMAR

SKTBERE L, CNUEIOMETHULE 575 LT Bt
IRV,

F POV ¥ AN TR, v PEEEARELMET
v A NVABELIR Ul ¥ 2 EREAEIZ 1mM ED

TA JEHCT40, 30, 2038 K T0% D v 2 BEIEIREIED,

FNENL2 1, 1B LU0 1.2m] FORELTF ~— 7T
BHE L -RASBENICEHE Uiz, IR0 BRKE20fs
FWIIC L, 2ml & D 7 oo kv s 0.8ml 202155
ISR & 5 Uik, 3,500rpm TI54 AL U EE
0.5ml % F3F 2 — 7O+ HIL RPS65T 37,000
rpm, 904ELAEE Lice Dtk ISCO density
gradient fractionator T4} L 254nm OWRIGE %
e A NVABOHKICE, CORKECE -V
FEOTANRE — 7 WORERSTIE L, 30CICHBIT
%5 LuA DY —JEETHREL UTZORTEDLL

1o

E

FRRE  EREREEC ) Y EGEE TN 2 B
TR, THRAEH 7 (Tablel), LuA DK

Table 1. Dilution end point of LyyA and L

Dilution
Expt. | Strain

10-5 | 10 | 107 | 108

LuA 67 5 1 0

i L 312 37 1
LuA 54 10 0

2 L 129 13 0 2
LuA 30 3 1 0

3 L 164 19 5 1

Figures represent total number of lesions on 8

half leaves of Xanthi nc.

PRAFIZL0~10"8 CH - 7225,
DT S Nfeo

i v A VRS (1eg/mD%E 1ml §
SOEZ 1em, £%10.5cm OFRBEICAN, /€577
ANWLTEHUIBY + — 2 — R THERE T105
A U, EBICKKPTHRE Uiz, D% Xanthi
nc WCERE UG£~/ (Table 2), LuA (290
C, 105HOMIE CEY S RIThbNhlcDIC L, L

TSI BRYMENEED S,

—7, RAUFECXDT0CITEBY B3Y 4 v A DG
PESRTE RIS HIC g~ 7. (Table 3), LuA OFHL
LD HRFELDTVCT EMREINIo

L2108 T 73 B



656 AR $45% 52 WERGMEIH

Table 2. Thermal inactivation point of LA

and L
) Temperature(C)#*
Expt. | Strain [Control
: 75 } 80 ) 8 | 9
LA | 1818 | 12 | 12 | 3| o
1 L 2477 | 80 | 36 | 6 | 0
LuA | 3787 | 10| 8] 2] o
2 L 3131 | 14 | 29 | 5 | 4
LuA | 2320 | 15 | 22| 2| o
3 L 2179 | 26 | 7| 6 | o9

Figures represent total number of lesions on 10
half leaves of Xanthi nc.

# Sample without heat treatment.

% 10 min treatment at each temperature.

Table 3. Loss of infectivity on heating of LjjA

and L
Incubation time (min) at 70C
Strain
2 5 10 15
Ly A 14.0 3.2 0.8 0.7
L 20.5 13.6 6.9 7.2

Figures represent:
Total number of lesions by heated virus
Total number of lesions by unheated
inoculum
virus inoculum

X 100.

VANVARFOBRE  fifbl7cv4vR, LuA
BIOL ZETEMS CHE L, FRENTERIZ
AN -T2 FhNTEEEIC

L0, ENENK 1,000 FOE o
ZHE LES O E R~ (Fig.

1), WA VR EBH300nmic &
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ERB SN 7o z
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Fig. 1. Length distributions of particles of
Li;A and L.

W5 LKV MREEETE~ (Fig. 2), 25CH
BT LuA 18T #9509 OBEMIET L, £0
BR2ICRIELIZ AR TR I0BDTICE 5o —
F, LI 12 v HEBETHLH50 BOFEMEEAFERLTED

e
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TIRELUTHRE L, Freliiiag 0.5
lcE bt L, 2,000rpm, 5 4pE
LEED, %R Xanthi ne
D325 CIREDY v 7

N /L
2 6 “ 12
Period (month)

Fig. 2. Longevity of LA and L in tomato leaf sap at 25C.
Relative infectivity means:

Total number of lesions by sample stored at 25C

BL, MhOYECIHBDO—10CHE
BEDY v PNAEER UREDLER

Total number of lesions by sample stored at —10C

O—0sLuA, O—I[TL.

X100,
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LuA DFHBEEFELRLTNC EAREN T
FEERBEYA NV AOMEEE  BERZERLE
LuA D22~25C KB} 2 WREEETR 572D, 7
VINVTRE LY A VR B E MEEED L
0.01M V) v R#EH ., pH7.0, THIRL, Xanthi nc
OYEECHTE Uico & 72D FIEITIZ—60C THREL
Fo LA 1S & UCHRE L g O ek e (Table
4), ¥ afEEMARTCIR2T WARTHRBY AV

Table 4. Infectivity changes of lyophilized LA
during its preservation at 22-25C

Duration (month) after

Virus and solvent lyophilization

during
lyophilization| (.3 6 12 27

Purified LA in 3 5

phosphate buffer 9.1x103%/5.4%102|3.2%x 10 0

Purified Ly A in

phosphate buffer [9.3x103(5.9x10%(1.7x1038.4X 103

containing 2%
sucrose

1 (month) 6 t 10 | 13 |28

e A e 20 1098.0x 107

1.3x 102i9.2 x100.3

Figures represent:
Total number of lesions by Ly AX
Total number of lesions by standard
dilution factor
suspension of L at 0.1 pg/ml.

RTEHERE Uleds, ) YR H R EMX TR
TEHEDET L2774 A TRIEENIEL ot —7,
HEE BRI Ui & b, R B NMET L2ss
ABTRIZEAEERE Lz,

ERERREUVLCBEYANVAOEREDRTE
BREINIEEERY A NVADBE(LLUIENTHED
EERHTHI0ELES DD, RO B EET-
120 ARFE Ute W v 7v e ettt & 13 50ic Xanthi
nc JCERE UA U BiRm a8t Lictk, &— =R
74 F7 72 LTV vERRER & ITERE b~ M
B (K2, 3T e FNERE Uiz, Llg20~
40 A B A RO T e T,

#ifL Ui LuA OBEEEBEEROEA, 12280
YT VTIRY) VERE TR B X D20 2 O R REA
ZNEN M= MTERET AL, SRRICDOTLIERED
1 a3 O/NREEORED 5 VR EBIALRS SN,
Y S ETNINX TR U720kt N TR TH -
7oo 72, 2TARBED Y 2 FERINK TlL, 28k L7252
IDBPREAEENEFN M I ICERE L EC
By 1ERIZ 1 WEVINREEORBER S 2 E LT,

—F, i CHEETSR LES, 13 ABOY VS
WCRREYR BT EE LR L b~ MER20BkD D B 1
RiZ 1 AFVNRBEOREIE S 24D, MO 1 KRITE
WE y MVIEIRREE BTz, 28 ABDY Y VTt 1

Table 5. Effect of temperature on multiplication of Li;A and L in leaf discs*

Temperature(C)
Expt. | Strain Cont. ¥
22 25 28 30 32 35

LuA | 6.8x10° | 7.5%x108 | 1.1x10¢ | 6.2x10° — - 9.0

1 L 4.6%10* | 5.6x10* | 1.3x10° | 1.5x108 — — 4.4%x10
LuA | 5.7x10% | 7.2x10° | 1.4x10¢ | 1.3x10¢ — 0.12 1.0x10

2 L 1.3x10¢ | 1.2x105 | 1.9x105 | 4.3x108 — 0.3 6.0%10
LuA | 2.7x10¢ - 1.1x 104 — 4.6 103 3.9 4.4%10

8 L 1.8% 105 — 5.4x 105 — 4.2x105 | 9.3x10¢ | 1.4x102
LuA — — — — — 0.3 5.5

4 L — — — — — 2.1x10% | 4.7x10
LuA | 2.3x104 | 3.2x10¢ | 1.4x10¢ — 6.0%103 — 2.5%10

5 L 1.3x105 | 2.6x105 | 3.1x105 — 2.4x105 — 8.4x10
LuA | 2.7x10¢ — 1.1x10¢ - 4.4%103 3.9 4.4x10

6 L 1.8% 10 — 5.4%10° — 4.2x105 | 9.3x10* | 1.4x102

# Leaf discs were inoculated with Ly A or L at 0.5mg/ml and incubated for three days.

Figures represent:

Total number of lesions by homogenate of discsxdilution factor

Total number of lesions by standard suspension of L at 0.1xg/ml.

*%Samples taken before incubation.
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DR UDPLEL B -7eds, MELCEC AHE
REBCH -7,
UNREFOBGS 5V EOORAEE L b2 b
HENDIA DI TN TIRM T H - 7o DBEHS
AR LIS - feflifby 4 Vv I DO TRBORE
BT 57205 BE LS IDBMWRME ST NT L=
MCZERETH -7,

BIECRIBTREDR b= FEF 4R 7ITE
1F BHEFER B E R K DT E DS RE TR~
(Table 5), ¥ 7z Table5 i Expt.1 5 XU 2D

6

Relative amount of virus

I.M

ST Lu B PO I SICEKR SN2b0DT,
Lu ANV EELLBHERHETH L, BEELIRC
@ LuA OWEEBREDOL & ik LS55 T~ 7z0

HRBRTIZ LuA OF KL, BrEMEBICHT S
B MEA B LI udis o g, BYPENToy
ANWZBDLINC EDIRE SN CIIZIERERR
DOfEFE (Fig. 3) »o &3 sh .

TSV « TRHMEEMIC DO T, LuA 1L 0 $55< &
EUBOVC EDRENIZ. T DERMY A v 2K
FORMED 5 WIEABEREOWITIICH 2 DRI
Th 3D, SEAEOMEIC DN
TIRIBEAEEABENEINTY
3D Eh, FHHE, HIOEKE
& AE B OHEBRICE NS
BD0b LS, BH O 3K
DRI DO TH~TO B 05,
LuA OFERXTIZ 6 »ABLD10
% £ DIEHEIC 72274 3 B THI10
BT otz LT B, BEHELDS
BT, 120 F BICI0BLITICIE -
Teds, TOHEMRAICET LTIL
boEEZLND,

Steepy®(Z, b= PR TMV %38
C, 150 AR T2 LiIc kD

22 25
Temperature (C)

Fig. 3.

VD22, 25, 288 LUB0CKICDONWT & o BEHE
HRFLEIC X O R A K Uie (Fig. 3), LuA
325~28C TR LECHIEL, TNLOFRICE S E
B UL3sC TREH LIDNE D Th 7o —F, LiZ
28~30C THHE { HFE L35C T H MM BIENE Lo
Table5 % LU Fig.3 LD Lickd 2 LuA OEEE
DEEERBETH~ZE, 22~35COMTIE LuA
DEISHREDEL BA I NED T2 LSRN
7o
E
KE B3, Holmes® Qfjkic &b F= MNRTMV
(TMV-L)P% b= MR L, 2:8HE35C DRl

TEFE L, B Ly A VA2 BITREESEET 5 &
& - THEM L 287 LuA &, BHES? KX

=

28

Multiplication of LiyA and L in tomato leaf discs.
Relative amount of virus represents the ratio of the
amount of each virus to that of LyA at 30C (=1.0),
analyzed by sucrose density gradient centrifugation.
@®—@ L Ain Table 5 Expt.1.,§I—M'L in Table5, Expt.1.
O—-0;LyA in Table 5, Expt.2.,[ — ;L in Table5, Expt.2.

0 nmmasERL, BRER, W
P, EREMIC OO THA~TZ S, »
ThEBHERKRMOBBERELD
DIEL, §a -T2 E8E LT B,
—7, Holmes® (D787 masked
strain OiEER BRI ERL
Tho7cELTWNB, DT EMD, BHREDOCN
SDMHEIZMADI ANACL->TREIELZHDEEZ
5N5.
BHEERICDNT, LuA 25 LT OREERE
BESERNTE L EEZONDOT, TOMREES
FUW A4 NV RDE R DN T T, BEEEMRICKE
L UCRET B e R aIn 2. 2200, it~
A WZDFAKERIC2NT I3 & & DENSHSNID
Vo FUYEYA 7402 (CMV) I8 EHiED
BUEWEEM T, v abib%, Jv2 IVERF MY
v L19%, £) T 0.3 BHEORIMX TRELRY
EBREHONTNEY, FHLI Y 1 BEEECRNX
SARRME CIRE R Z I~ SRR 3B T h
st BRIFELICT A WZDEICDNT S, BEERINIC
WIS PICEE LTz Lir L, BRIIK D277 H
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HoW v 7 ve, BELLS2IDBIBRED S B, 1
ah b= MEIC 1 S PVNREIE DRI E A Ul
CNRT A VABELUTclcdd, BELTH D
DAL LTRITN, 5L LENEE D REHZ
DMMDEHBHRT INIVEN B D0 AT VET
TMV OIERSERAIEIC XD B S o R EE EERM
T—167T, BEYIELHIRE X 1 ELBRBTR IS Hix
T->TO A WZADENDFH N S nic®, zhickh
iF, MESN0aDFPRBMD S B 7 3K F8Y 4
AV ANTTHRETH O3S 4 7 %=Lk, T
FEM I —16DHUICIRAE LT 7B RO TR R E
PR R Z OEABEA LILEENT VS, M
T —16DHMEFELTE X V1T LuA OEEHEER DT
BEELTNDEENZ B0, RERESEL TS
72Ol Y A WV ADEHEDOWIRIZTEE, L LIEA
5, WY A v AZMBBAIIC X - TER UicE s
Wi VI LEREEIL v 4 W 2REET B E08HD
B, 55T A4 v ADIERHEN Y 4 Vv A OEEMEICE
BRLUTNEDDH LI,

LuA OB RIZTTEEDOREL, LuA O
OHIBLTTHHRE VI A TEELTHB EEZI LN
3o b= FIEF 4 R THEIEERTIE, LuA OB
FER IR I325~28CIcH D L O#E (28~30C) LVIK
WRETH 7o $7235CDEETII LuA 254
JEIE L& S ic b7z, LuA 25D &5 IHEE
boTNBC Ehs, BOERMBEICRTENEDT
HOENAT EMNTBEINS, Holmes® ¢ masked
strain T3 5 »iC wHERHE L0 dEiE (85.5C)
THEAEZTED LuA LREEICEL T3, M

I—163 SR TIRERE LI W EBEEINTNS
D43, B LT — 2 RRINTHIEN,

i} =

b= FPRTMV O5HESRE Lud) 02, 3DHE
OO THRK (L) SHIRUEBSFEN, LuA
DOFEFREFRITI077~10-8 TH - 72d% LiZ108THiE
BREYMESED SN, WEMEICONT, LuA 1390
CLODFE DI T 4iE U7o s L T3 785 Mg i3
BNTzo T0CIKBT 3 LuA DREGMETEROREZ
i, Loz B0 ERENI, 94 VR
HWFOREL LCRSOHME, LuA LLOMTIE
BEAEERDB LN 5T, 25CIKEBIT B KYuE
HiE OTHREEMICDWT, LuA 251 ARE%K50%,
1 F1£10% LIT OBt LR U 78 v - 7cDiesd
L, L& 480%, 509% DREGetE 7R Lico LuA
DB IR R A 22~25C TR LT2B 4, 0.01MY
VERIEE I, pHT.0, THEMEEERT S L2TH kI
RETE LTS, v a2 0N LcX TR & G
B ahic, HERTBERORERICEBI SV 4
WRDEBRMETB 1280, ¥ 1 HRMX 0217 H B
O ¥ FIVICDNTH U502 OFMERE £ NEN
b FMEICHERE Lt & 2 A, 1HRCOINREF DR
BREAEHED . LuA O b2 MEF 4RI BES
HREEIR1325~28CTH D, 35C T LN ED
THoteo —F, L OHEGEHEEII28~30CTHD, 35
CTHMHMEIE Lz, LICHT 5 LuA OEREED
] 413222~35C DI CTHIICIE 512 EED Ui,

Bl A X ®m
1. KREEFT (977). BRE 52 : 548-552.
2. FRESAL - BAERE (1971). dtigEEREEE 99 : 67-76.
3. RBET - EMEHE - BEE= (1976). HERH 42 : 62,
4. FEOE® - KEET (1976). HAEREH 42 : 380-381.
5. KEET - /NBIEZ - ER (1965). dhigERRSE 85 1 23-33.
6. Holmes, F. O. (1934). Phytopathology 24 : 845-873.
7. KREET - BERRA - G (1964). JhEERHER 83 1 87-99.
8. EIHES - ATRIBDT (1979). HREDRIR 45 : 567.
9. Steepy, T. L. (1968). Seertrykaf Tidsskrift for Planteavl 72 : 81-85.
10.

11.
12.

13.

AU - B3 - OKIER - BEOLE - BHAEE 9T, MAEYORERE RHAEER.
BRSNS, BOR. pp- 26-29.

BAXE - BELER (1977). HiERH 43 @ 365-366.

Rast, A. Th. B. (1975). Publicatie No. 192 van het proefstation voor Groenten-en Fruitteelt

onder Glas, Naaldwijk, pp. 56.
KEETT - BRI (1968). AFEFEH 34 ¢ 263-271.


http://www.tcpdf.org

