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Daijiro Hosokawa*, Minoru WATANABE* and Kanichi Mor1**:
Studies on Multiplication and Distribution of Viruses in Plants by Use of
Fluorescent Antibody Technique (VI) Progressive Distribution of
Tobacco Mosaic Virus and Necrotic Local Lesion Formation
in Nicotiana tabacum cv. Samsun NN Leaves

Abstract

The multiplication and distribution of tobacco mosaic virus in Nicotiana tabacum cv. Samsun
NN leaves were investigated using the fluorescent antibody technique, in relation to the local lesion
development. Virus antigen was first detected 24 hr after inoculation in cell groups in the epider-
mal and palisade layers as well as in a few cells of spongy layer. Thereafter, progressive cell-to-cell
spread of the antigen in leaf tissues was observed, and 32 hr after inoculation, the stained areas
were in the form of a cell group extending from the upper epidermal to the lower epidermal layer.
By this time the virus antigen was also found in phloem cells, suggesting that virus long distance
movement had begun. Necrosis was discovered in one or two cells of the upper spongy layer
located in the central part of the stained areas 36 hr after inoculation. Thereafter, cell necrosis
spread rapidly in the spongy layer, and then in the palisade layer and upper and lower epidermis.
When local lesions became visible 44 hr after inoculation, necrosis had already spread through-
out the greater part of the stained area. However, a few cells bordering the lesions contained
the virus antigen and had no necrosis. Thereafter, continuous cells become progressively in-
fected and necrosis developed into the inner cells, increasing the size of the local lesions. In N.
tabacum cv. Samsun, the progressive spreading pattern of the virus antigen was similar to that of
N. tabacum cv. Samsun NN until cell necrosis first appeared in the latter.

(Received November 1, 1988)

Key words: tobacco mosaic virus, Nicotiana tabacum cv. Samsun NN, fluorescent antibody
technique, necrotic local lesion.
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U4 NAD A% SRECHEET SO WETH
Bo TDNDTANADRBERBRINC IV 5 BEFE - 4
i & RERBEHR & ORI oW T+ LM &
TR, RERIC BT, BEFAELY BT,
TMYV @ Nicotiana tabacum cv. Samsun NN ZE N
20 - oA & RIRBE R & DB fRE TMV g
F R Ge3% N. tabacum cv. Samsun D4 & B LU
DIBEE Lis,

MRS LUHE

BRAIIILR 23z 7010 v A%ER
(TMV-OM) % i\ tz, o4 A A DRSS # < =
ZEH Boedtker and Simmons o FER 12 fE - T -
Too UA N ADERBIREE Y 1 1 2% ACERERE
X T,

HEHEY  Nicotiana tabacum cv. Samsun NN 35 X
8 N. tabacum cv. Samsun % i\ o, = b DML
20~25 C oRBHN(BRE) TER L, 8~10EH D
(3 TMV (1 % 7212 10 wg/ml BE) 28 Ui,

BXHAE TMV EEIEND 4 RRMRE TR
WHEE 1x1cm 0FER ISKHTOLVE D, FIHRS
ERIRC LT, B=F 7 —ABDB\NIEINL ) THET
BEL, &=%7 -V THKE, 774 VIEAELT
N RIEE L, UHIEF Y —ATRT7 4 v
®BREL, =&/ -1 L PBS (0.0l M b AESEEE,
150 mM NaCl, pH 7.2) &% L TH b RTERD & F#E
TR LA X Y RE L, BRI EEMEE
(=avFPR) tUV 7,2 —%2RATHE L.

b1 £

1. N. tabacum cv. Samsun NN
BRI 4 BB CRIC BlEShi, <
DR 3 RO 25 LRIR MR & fRRAE Rk o M
fa, T hICBEET 5 AR OEREIRER O M & kg
w7z (Plate I-1) , ZOBEERBHIT & OFALA SRR
D&M & & b IED KT A & EE T AN R #ifia
2B R E3kA > 7 (Plate 1-2) , Bl 32 el i
AR EMIFRE, MRRER, dERRER, T
FEANEER TR Y, BRCEOKFEHFRA~SEL
ST H X dwis e (Plate I3, 4), = DBE, 4
BRSO KFEH BTN D RHE Y A LV ADRADE
W B0z EIEL o T BT, EORKYIA
TURE RS MR V2B 45 A8 L2cIRBE CgS
SR, F MR QR RGO $ BG D F\ i
Bz L 7o Coke (Plate I-3, 4) . I HIZEATIL

HEDAE R & SR D TR B B e, =0
LR OBPEMAITR I N5 &, BREEDOT
Bl (24~32 R AER) ICHEB IR O BRI & 1 B
YR bh (Plate 1-3, 4), A 42 DL IER
T HEBHA~OBITNT TR b ook s X 5B

b,

Bl 36 ey, BEMEVNEAR I b KL
DATBH L ORI BN, OIS &, BEEYE
DD BB IALO FHRAT B B HHRE MR8 L
AR 1~2 @ o M2 2 EEELES Lz
(Plate I-5, 6) , =6, HIFAD % 3Ci JE R o dEamRAE
BoMMigc gk (Plate 17, 8), v Tt
oM, S5 LEls THo R kAR
(Plate II-1)

BERE 44~48 BERIT 7 B L IBEM DD LR D
MALDIF & A EDHIEN 2 EEF S Lz (Plate II-
2), ORIz AR S REREELTED b,
TOHE, 2RI LRI MEEE X
n, MIREREEL, 26088 LosShikisrt
se TDX ST - MIIETE, HEMEOMEN
WAL, PHRCHEETHISC -, L, B
RHEIER IR BTSN Th, 0 BRI EE
MIERED BRI, 2RI LTWicWilanb iz
L (Plate II-3), ZHb O TIZ Y 1 A A
JEL, ILEFABOMICIEA Y 2oH 5 X5 Eb
hic, ThERFIhSOMELFEOREE LD
AR DM B 2 FERR T T, BRI -
COIER LT, Lvl, EEOKMEKLRs L, B
FORBLO BRI S EFRUIEDBED S hin -7,
X LI R 60 BFRILABIC 7 % & BEREED BiEiRic
THWEEOHRENXYFHTIMENERTH IS5
% L% o7z (Plate 11-4),

2. Nicotiana tabacum cv. Samsun

ER R BRMEA BRSNS X5 inb 0k
24 BB TH D, o Ko HRECO ERBER
KB 5 ARAEEL Samsun NN & [#T5 - 72 (Plate
II-5) o THEZOBEDFEREIFHOBBL L b
Samsun NN D4 & RHEOFR CEMABRAC ST
5 Yyt ot (Plate H-6), ULas L, $54E 36 BRILL
Bl - Th a0 X kR 53, AN cilBE
WMICOMEE D S LItk Lic (Plate I1-7) , B2fE 72
fticix, PlateIl-8 @A BNh5 X5 CERDIT LA
E oM E RSB bhi, Zhb oy
TIHFREEIAREC AR OKR E LR E 7 - TH
BEIND LD -t (Plate 11-8)
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NRHFEHTH 2 2Bl H5TMV OGRS,
FimBEOHE TS 2T, NETEE L2
TOLTRERBETH S Z EBRREINTHB10, K
EEET 3\ T % Samsun NN BRI BT 5
TMV Ok - H A OB RMRELER I RS ¥
Tik Samsun BT B LN L ZERFETH D &H
BB CHIINETFEET L 52T BEHE
AR S5 ¥ CREACRT 5 TMV OHFE R
MHZ i &R LTS Elbhs, L
L, Shimomura® i3 N KF%HT5HxaTi, B
HRBEOMR EN L WEHET Th v 1 v 2 DREFEICE
@ BERO» S - LG LTk D, FEHIEBE
BETE AN ABREBEOWOORKHINAL YA L AD
BIEMEIARC 2%, LB THILEND B,
REFEHEECRE T YA L ARREL L E A~
DBV DIE, 74 A ANRHIRHEPI AL DI R I
Lk bh b7 ThHbEELLR TS, LirL
AL Samsun NN 2 B8\~ C, oA L AL ERED
R OB ST\ 7\ AR 28~32 BB S
RO THEE L TWAONRBHEI R, Y1
ADERE & BT 5 EER~OBITEEZMia 0%
THEECHERTEhDTEL, 232 Tk TMV 238
i 32~48 IR BERENDENYBCEBITL
TnW5 EDHELH B, REROFETLEILTH
BE LTe 7 A v AR GIRBEATEZR S h 5 Bl il & %
HURRHABIT LTS ERELBRS, Lok
-, Samsun NN T TMV o L mEEHA~IER S
LDk, RSB S B BN B 2 ASEE
Ll A v ADERES~BTT 5884 HET 508
PEE U TV B 5, BDWEY A L ALEHEREE LE
FREA~BATILT 50, Z 2 CTOBIEIRT bl o
T\ EE 2 bRt TR N. glutinosa ¥s x
% N. tabacum cv. Xanthi nc DFE TMV 2548 Ui
BE, REAEESEE I h o bicik TMV omEfEHE
~OBAT BRI HERER B HM TS h
TWBEEFHELTWD, L, BKRHEITR
ThaHNe s 5 Licth s bERILRIC o B H6 T
DT A NADBITIHIEDR B D0 E 5 BH LTI,
FEREBEETL e F 75 A M T A L ADE
o & b7 S MBAD X IUUTRE bl Z &b, B
HHEEE COMBED 2 FETBR v XL TCOHRKTH B
EBBIRTNE10, RERBNTH, FEREL
TR X M B BEOERBIC T B HMBED 2Ly 1 A

ADRELD BRI b Ub D Tik/e L, BEARH
SHEE O MBCIED - T D BT, F O AFRIBA T O
W LA gko Mo MiacE T, o
%, FEOEHREKO M, v CibER: Ra
BLOTHEREAN LIRS -7, Z IZRERBE DA,
BBV SLOBEBETHD, YA A ADOKYI & b7
> TENOEEOMBEPHELC G L TLENSRE
NTWBZEERLTWASEEZ LIS,

Samsun NN 8\~ T, TMV ofguc & 37t - T
JEEESTR SN B A, 7 A A ADHEFE Ui
DIz & A EDHBENZERRE T, BEHERED FiE
IR A VADRGE - HEFE LT h 2R LT
WCHIB D EIERE Lic, YA A AT RS ORI D
oI HBEOMa~BIT - WA BT e, L, o
NO DKL PR TAMN D IR B $icd, BE
R > < DK LI, TCRBEEARII-T
%, N.glutinosa % Chenopodium amaranticolor O 7
FORBE CIORBENTE & % 0 g o Mg TMV BF2°
BDOLRTNBES, =0k 5 BERH 23 M
IRcobie, TORBIC YA VANEE LTS 23
TR LT WHRRREET S O, chbofiia
TIEZIENFRE 51T ER 7 A LA DSHIFE LTz
D, BB TA N ADRRPEZFEINRE B F Tl
SRR LT Wi D Tl iebwin EE 2 bh
BB TR,

Samsun NN CHifan 2 ExiE8 =3 &, MEAOF
RETFH L v R THER L, S AL 2 3E
T5EHFEMEN~A 2 i, EREEEECY A
NAFTURBWMEA LR T Ieb o L ELBRBEH, B
HRBED PO TR L 0 7 4 v A DIEMEAME
R TWb EDOHED L H 5 DT, MO % IEDBE
THIRAOBLEESEE Y, Y1 A ARABNS R
SN ATREME DB,

R ORI L bTe - T, Y14 rARRELT
LOUX, FORBT Y A L ADEESLBITEIAET S
WEPE LD 1D THB EELBRTWAD, KRER
CEWT, BEEIEREhIObR, £0FE T
BUWBAOEFRUEERT AWEOERN L LR, T
NI A N ADRTELCBIE T 5 & & b E 2 Dhis
B HNCTE - T2,

1 E

METRGELH T, 252 2FL 7741 A
(TMV) @ Nicotiana tabacum cv. Samsun NN o #zfE

FERPNI 31T D 5900 - 205 & RERBEEIR & OBtk
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% TMV 235432 N. tabacum cv. Samsun @
B L b il L b#E L,

Samsun NN @3\ Tk v A A AR 258 24 1
RRIC 70 TR bz, & OEEICIZ Y A L AHIE
MERE, WA E 2 ek LR o Rasko
M 276 Ui, 2otk v A 4 ARFIX EORFES
)& ME S IRAY D, B 32 Re s TR K
CETELR, Fioz O A L ADBIHIL O
HHRTS v A LV ADWIENED bh, L EHET
294 NV ADREBIMA~DOBATHREREITEEL S h s
BT CRMBE ho2ohs X5 Bbhic, M 36
R 72 % & v A A A DBERE U 7 TRAL D Fp S5t i
ORI E: U - IR AR o B o M 2 FEHS
I D, OB X LR Mo M
BEIIRD Y, BE - THRRIE R O #Ba2 & 38 f o il

NERATE, BERE 44~48 BRI ¥ 1 A A DHETE
LEMLoE & A EDMIIAN 2 LT L, BEHRE
DI, Lo LEEREATER S e bick
WTh, £ORBRITBREXIBDONTH 2B
B LTuwiwWiilardBEEL, v1rxizshbd
OffEs S & S RO ME~BT, Wik, -
B oML 2T RAID D X R T » Rl
BLZ@ - < DiEK Lic, #7860 B iz & 0 /¥
R AZRTOBEMIIRO bR LY, KO
BB WEAOAREIEX R T HWENER L
—75, Samsun OEMHBAK BT S5 TMV HERE DS
Tkl Samsun NN CHiifax 560304 F 5 808 36 %
Mg E 7k, Samsun NN 0 Zh ERBETH -1, L
2L, Samsun TIEZOHES 7 A L AHEBATIH
WIEL G L, MANOBEEXEOMELE T -7,

5 B ¥ B

N =
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Explanation of plates

Plate I, 1~8 and plate II, 1~4: Progressive spread of the virus antigen and the development of ne-
crotic local lesions in Nicotiana tabacum cv. Samsun NN leaves inoculated with tobacco mosaic virus
were examined by fluorescent antibody staining (cross section). Plate II, 5~8: Progressive spread of virus
antigen in N. tabacum cv. Samsun leaves (cross section) inoculated with tobacco mosaic virus. Areas con-
taining the virus antigen show a yellow-green fluorescence.

Plate 1.
1.

2.

Virus antigen was first detected 24 hr after inoculation in cell groups in the epidermal and pal-
isade layers and in the next spongy parenchyma layer. (x140)

Progressive cell-to-cell spread of virus antigen was observed in a leaf sampled 28 hr after inoc-
ulation. (x140)

3 and 4. The stained area was in the form of a cell group extending from the upper epidermal to

the lower epidermal layer 32 hr after inoculation. By this time, virus antigen was found in the
phloem cells, suggesting that the long distance movement of virus had begun. (3, x140. 4,
% 70)

5 and 6. Necrosis was first found in one or two cells (arrow) of the upper spongy layer located in

the central part of the stained area 36 hr after inoculation. (6, 7, x140)

7 and 8. Spread of cell necrosis (arrow) in the spongy layer was observed 40 hr after inoculation.

Plate II.

1.

2.

4.

(7, 8, x140)

Necrosis spread from the spongy to the palisade layer and then to the upper and lower epidermis
in the stained area 44 hr after inoculation. (x70)

By 48 hr after inoculation necrosis had spread throughout most of the stained area and a
necrotic local lesion was visible. (x70)

A few cells bordering the lesion which contained the virus antigen were seen without necrosis
48 hr after inoculation (arrow). (x280)

The accumulation of fluorescent metabolite (blue fluorescent) was observed in area bordering
the lesion at a late stage (72 hr) of infection. (x70)

5 and 6. The progressive spread pattern of the virus antigen was the same as that of N. tabacum

7.
8.

cv. Samsun NN 24 hr (5), and 28 hr (6) after inoculation. (5, 6, X 180)
Virus antigen had spread widely in the leaf by 48 hr after inoculation. (x180)
The antigen can be seen in large masses in all cells 72 hr after inoculation. (x 140)

Abbreviation: vb: vascular bundle.
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