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Studies on the Pear Black Necrotic Leaf Spot
(Former: Abnormal Leaf Spot) Disease
7. Identification of Causal Virus

Ki Woong Nam*, Choong Hoe Kim and Kyung Soo Kim'
Plant Pathology Division, Department of Crop Protection,
National Institute of Agricultural Science & Technology, Suwon 441-707, Korea
'Department of Plant Pathology, University of Arkansas, Fayetteville, AR 72701, USA.

ABSTRACT : An ultrastructural study of black necrotic leaf spot diseased pears (Pyrus py-
rifolia Nakai) revealed the consistent presence of flexuous rod-shaped viruslike particles
(VLP) in the symptomatic leaves of both Niitaka cultivar and indicator pear, PS-95. The
particles, approximately 12 nm in diameter with undetermined length occurred in the cy-
toplasm of mesophyll parenchyma cells. Cells with VLPs also contained fibril-containing -
vesicles which are common in cells infected with plant viruses with ssRNA genome. The vesi-
cles were formed at the tonoplast. Attempts to transmit the agent causing the symptoms by
sap-inoculation to other plants failed. However, typical symptoms were always developed in-
the leaves of grafted pear trees and these leaves contained VLPs. Based on the symp-
tomatology, the presence of fibril-containing vesicles, and graft-transmissibility, it is believed
that the VLPs associated with pear black necrotic leaf spot disease are viral in nature, pos-

sibly those of a closterovirus.
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Fig. 1. Longitudinally sectioned viruslike particles (VP)
near the nucleus (N), the particles appear as bundles.
CW=Cell wall; REP = Rough endoplasmic reticulum; M =
Mitochondria; Va = Vacuole.

Fig. 2 Higher magnification of viruslike particles (VP)
in Fig. 1 showing the details of the particle structure. Va-
= Vacuole.
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Fig. 3. Transversely sectioned viruslike particles (VP)
which appeared as densely packed electron-dense
spherical particles. N = Nucleus; Va = Vacuole.

S ) : 5 V y : #
Fig. 4. Higher magnification of viruslike particles (VP)
in Fig. 3 showing the details. Va=Vacuole. Some
particles were obliquely sectioned (see arrows).
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Fig. 5. Membraneous vesicles (Ve) containing electron-
dense fibrils formed at the tonoplast of a mesophyll cell
are shown. Upper viruslike particles (VP) near the
nucleus at the right corner is also shown. Insert shows
higher magnification of three vesicles in Fig. 5. N=
Nucleus; RER = Rough endoplasmic reticulum.
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Fig. 6. Highly flexuous rod-shaped viruslike particles

(VP) in another mesophyll cells. Insert shows higher
magnification of viruslike particles showing the detail.
CH = Chloroplast; Va = Vacuole.

tochondria, endoplasmic reticulum #-& tonoplastel] Aj
At Busglel. dlE®2q] <2 dendrobium
vein necosis virus®} grapevine leafroll virus:= 4 F7}
mitochondriaol| 4] A4 =] 37(12), lilac chlorotic leaf
spot virus+- endoplasmic reticulumol| 4] Azlcly B 3
= ¢th4). 34 diodia vein chlorosis virus:- tonoplast
oA A} Aok AW 2 BarE]loh(5).
B Aol A wivbr-od A2 0] 72z Ao 3
A 34 AR fAlele]E 2 gixle} o9} el
AEE U3-H9) closterovirusel= ] ARRFA o
ZgkEle] QA 9w B {5A| ZollHx v = g}
(Fig. 6). @712 &2 9l& closteroviruses “15-3
o]]A] dendrobium vein necrosis virus®} lilac chlorotic
leaf spot virus Tro] A2 LA o] ohiti(4). o]
g ulolels ST 2TEL B e B
golAjsh o] REAZANAE AL sl
Fo12E He 2 2EF0] AR vhole) 2T
31141 % A BYV typeolod, 2 9l¢] upole] 25
Aafix A7le 2EES Sl AA3 AR go] &
B A Z7|Fel A A= o9} ZEo] mjo]H A B
A 52, &~x o] &4 5 closteroviruses= v}lokalh A=l
< 2k gl vlele|a Aol
HA7EA] wlivhT-ol -2 ol gt A7 A E A
glsted B, Q2o WA17), FEAGAX(19), A4l
F 23 3le X (ssRNA 7H 2] Al zz)sld Eal)
a2 w54 AREEFARatelE A jlRbe] EAlE V)
%7 3lo] & ol o]H-& ssRNA ujolas 7hedel
oA A2 Aoz A= o o} ofE FFA4
AMAEE wlo]a] AE-¢] potyviruses, potexviruses 22} 7.
carlaviruses] A L) EAe] BAZ wol ol
Hio]2] A& closteroviruses?] shbE 713== o).
o] wAlslE wlelelAae Aoz oF
1009 F0] 25 2leh2d). Yol E & Wt 5
ARE sl E 19579 v A ubdge] Ry,
19703 o] o]Z] A FA wlojaj Al o & yhag
Hot B FAEA Ggri(13). z Y9
g A7AH25)yE W de] AMdaulol2) AR pear vein
yellow virus2} apple stem pitting virus®} straine] ©}=
nlola] ~e}bar s1ir}. pear vein yellow virusi= & 3 &
A g glxle] ek Ex oz wol clostero-like
viruszhy B ¥ u} Qlch9). J
ol4e] A7 wiviF-gl 72w S oy

duelelz wWelsbd, eishd Weld  clos-
terovirusese} o] 7}x] L&

2
( r—04
A
ok
|
N
N
2
k!
30
o



=
4:
H_,

9 AL o 2 Astart gk

kO

o]
ot

T &gl ol Alwe} | EAE PS-
959] A& AW o2 A2 vlAFRE HAT
Az A A fAlbelelx slabt Ao ®
—‘—Xﬂ?ﬂu‘ A AL slsisdct SR 3l
fapatel s JAFES] AL 12 nm$ et 34t

E9| Aol FAsA X3ch A TRl
e A ¥ Yubx o2 ssRNA genomes ZH= A&
oz 2 9*]?‘5“ ol E AHEoiA AEct & AT
oA o] AEE-L tonoplastd] A=) wiE4]
723" 9 ]‘ﬁ%l% ZE AZAE FAHEHA
o} ol gk AT vehdx dghet =3 HEAHFE
Aol olste] AQ=o] AR A2 0] E sl
o} vk E o= °A}H}°]EV A7} EAEEA 9
At o1 Axk WA, AfALE TR 42X F
A, 187 AEAAL 7122 o] & o vy A
L e dode fFAlbeleElas A= clos-

terovirusese] sht g A2+l
EAn2d

1. Assink, A. M., Swaans, H. and Van Kammen, A.
1973. The localization of virus-specific double-strand-
ed RNA of cowpea mosaic virus in subcellular frac-
tions in infected Vigna leaves. Virology 53 : 384-391.

2. Atkinson, M. A. and Cooper, J. I 1976. Ul-
trastructural changes in leaf cells of poplar naturally
infected with poplar mosaic virus. Ann. Appl. Biol.
83:395.

3. Brunt, A. A., Stace-smith, R. and Leung, E. 1976.
Cytological evidence supporting the inclusions of po-
plar mosaic virus in the carlavirus group of plant
viruses. Intervirolgy 7 : 303.

4, Brunt, A. A. and Stace-smith, R. 1978. The in-
tracellular location of lilac chlorotic leafspot virus. J.
Gen. Virol. 39 : 63.

5. Chung, Y. R., Brenner, D. J, Steigerwalt, A. G.,

Kim. B. S., Kim, H. T. and Cho, K. Y. 1993. En- .

terobacter pyrinus sp. nov, an organism associated
with brown leaf spot disease of pear trees. Int. J.
Syst. Bacteriol. 43 : 157-161.

6. Esau, K. and Hoefert, L. L. 1981. Beet yellows stunt
virus in the phloem of Aonchus oleraceus L. J. Ul-
trastruct. Res. 75 : 326-338.

7. Francki, R. 1. B. 1987. Responses of plant cells to

10.
11

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

. Giunchedi,

FZA Bl A 124, 235, 1996

virus infection with special reference to the sites of
RNA replication. UCLA Symp. Mol. Cell. Biol. New
Ser. 54 : 423-436. 4

. Francki, R. 1. B,, Milne, R. G. and Hatta, T. 1985.

Closterovirus group. Pages 219-234 in: Atlas of
Plant Viruses. Vol. II. CRC Press. Boca Raton, FL.

L. and Pollinii C. P. 1992. Cy-
topathological, negative staining ‘and serologlcal clec-
tron microscopy of a clostero-like virus associated
with pear vein yellow disease. J. Phytopathology 134
: 329-335.

3745, 244, AHA, AA, o187, o] &F, =
Ao, 2| 7F. 1985, 2L o AP B A

F. 33 A =& 27(2) - 46-55.

71eA, A7), 2905, 21714, 1984, i 2]
R ‘ﬁq—f(Alternarla kikuchiana Tanaka)®] %A}
3o} A A EE2] o3k AR 5] 23:7-14.
Kim, K. G., Ronsalves, D., Teliz, D. and Lee, K. W.
1989. Ultrastructure and mitochondrial vesiculation
associated with closteroviruslike particles in leafroll-
diseased grapevines. Phytopathology 79 : 357-360.
Kishi, K., Takanashi, K. and Abiko, K. 1976. Pear
necrotic spot, a new virus disease in Japan. Acta Hor-
ticulture 67 : 269-273.

Lafleche, D., Bove, C., Dupant, G., Mouches, C,
Astiev, T., Garnier, M. and Bove, J. M. 1972. Site
of viral RNA replication in the cells of higher plants.
TYMV (turnip yellow mosaic virus)-RNA synthesis
on the chloroplast outer membrane system. Proc.
FEBS Meet 72 : 43.

Larsen, R. C., Kim, K. S. and Scott, H. A. 1991.
Properties and cytopathology of Diodia vein
chlorosis virus-a new whitefly-transmitted virus. Phy-
topathology 81 : 227-232.

Lister, R. M. and Bar-Joseph, M. 1981. Clos-
teroviruses. Pages 809-844 in: Handbook of Plant
Virus Infections and Comparative Diagnosis. E. Kur-
stak, ed. Elsevier/North-Holland Biomedical Press,
New York.

@718, 53] 1994, il ol Skl &
3} Q. 1. #FAALSRa) g5, 3R] EIA]. 10(3) : 169-
174.

718, 155, 1995 Wb oAbl B
gL A, 2 219l e A1 ). 11(3) : 210-216.
G718, 2153 1995, vl ol kA SAdel 3t
Eis °d-"rL. 3. Wl A% A FAA. 1103):
217-223.

e

1%, A3 1996 SAAEA) B
3 AT 4 L% % B PO 3 BAYA.
12(2) : 209-213.

dr1%, 223, B4, 199, Wk oAbt S
Aol B AT 5. BE AXAE AL AEA

12(2) : 214-218.



22.

23.

24.

25.

KOREAN J. PLANT PATHOL. Vol. 12, No. 3, 1996

wk2Al, $-53. 1988, wl AH-L2FH Y F(Alternaria
kikuchiana)e] A= AK S4¢ w3t uf] EE£9
5 Ak Fdd $471€dTE 15: 18,
Posnette, A. E. 1963. Virus diseases of apples and
pears. Commonwealth Agricultural Bureaux. 141pp.
Van Kammen, A. 1984. Expression of functions en-
coded on genomic RNAs of multiparticulate plant
viruses. Pages 301 in: Control of Virus Diseases. E.
Kurstak, ed. Marcel Dekker Press, New York.
Yanase, H., Koganezawa, H. and Fridlund, P. R.

26.

373

1988. Correlation of pear necrotic spot with pear
vein yellows and apple stem pitting, and a flexuous
filamentous associated with them. Acta Horticulture
235:157.

Zee, F., Gonsalves, D., Goheen, A., Kim, K. S,,
Pool, R. and Lee, R. F. 1987. Cytopathology of
leafroll-diseased grapevines and the purification and
serology of associated closterovirus-like particles.
Phytopathology 77 : 1427-1434.



