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Carborundum (600 mesh)-dusted leaf surface 
with a piece of cotton soaked in inoculum. 
The inoculum was prepared by grinding dis
eased leaves in 0.05 M phosphate buffer (P.B. ) , 
pH 7.0, containing 0.02% KCN with a mortar 
and a pestle. 

Host range and symptoms Host range of 
the virus was investigated by mechanical 
inoculation using crude extracts from dis
eased leaves of Kintoki bean. Symptomless 
plants were assayed by back inoculation to 
C. amaranticolor, using sap extracted from 
inoculated leaves 7-10 days after inoculation 
and from newly emerged leaves about 28 days 
after inoculation. All plant species were 
tested at least three times in different sea
sons. 

T1·ansmission Aphid transmission tests 
were carried out. Avhis craccivm·a, reared on 
a healthy broad bean, was allowed to fast for 
2 hr in glass beakers and then transferred 
to diseased peanut plants for acquisition ac
cess of 1- 5 min. After that 10 aphids were 
transferred to a healthy peanut for inocu
lation access of 2 hr. Then they were trans
ferred again to a new healthy peanut for 
secondary inoculation access of 24 hr. 

Seed transmission tests were carried out 
using seeds taken from infected peanut plants 
grown in a glasshouse. 

Stability in crude sa1> Thermal inacti
vation point (TIP), dilution end point, and 
longevity in vitro (LIV) of the virus were 
determined using crude extracts of diseased 
leaves of Kintoki bean. C. am,aranticolor was 
used as assay plants. Crude extracts were 
prepared by grinding 6 g of diseased leaves 
with 30 ml of 0.05 M P.B., pH 7.0, and squeez
ing through cheesecloth. Crude extracts used 
for TIP and LIV tests were then diluted ten
fold with the same buffer and assayed. 

Electron microscopy Dip preparations 
were prepared by grinding a small piece of 
diseased leaf of Kintoki bean in 2- 3 drops of 
2% potassium phosphotungstic acid, pH 6.5, 
and mounting the extract on a carbon-stabil
ized, U'ormvar-coated grid. The length of 
PCRMV particles was estimated using tobacco 
mosaic virus particles (300 nm) as a standard 
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of length. 
To prepare ultrathin sections small pieces 

of diseased leaves were fixed in 2% glutar
aldehyde in 0.1 M Na-P.B., pH 7.0, for 30 min, 
and then post-fixed in 1 % osmium tetroxide 
in the same buffer for 4 hr. They were de
hydrated by ethanol series and embeded in 
Spurr resin. Ultrathin sections were cut with 
glass knives. These sections were stained 
with uranyl acetate and lead citrate, and ex
amined under the Hitachi Model H-500 or 
H-300 electron microscope. 

Purification PCRMV was purified from 
infected Kintoki bean plants. The infected 
leaves were homogenized with 1.5 volumes 
(w / v) of 0.5 M K-P.B., pH 8.0, including 0.1 % 
2-mercaptoethanol (2-ME) , 10 mM sodium 
ethylenediamine tetraacetate (EDT A) and 
0.8 volume (w/v) of a mixture of chloroform 
and carbon tetrachloride ( 1 : 1) . The pre
paration was centrifuged for 15 min at 
8,000 g and the supernatant fluid was re
covered. Polyethylene glycol (MW 6,000 ) and 
Triton X-100 wei·e added to the supernatant 
fluid to give a final concentration of 5% and 
0.5%, respectively. After stirring for 0.5-
1 hr, the mixture was centrifuged for 20 min 
at 12,000 g, and the sediment was resuspended 
in suspending buffer (0.25 M K-P.B., pH 8.0, 
including 0.1 % 2-ME and 0.1 % Triton X-100) . 
After one cycle of differential centrifugation, 
the supernatant was centrifuged in 10-40% 
sucrose density gradients in suspending buffer 
for 150 min at 80,000 g. The zone contain
ing virus particles was collected, and diluted 
with equal volume of the buffer. The virus 
was concentrated by two cycles of ultracentri
fugation, and a final pellet was resuspended 
in 10 mM Na-P.B., pH 7.0. The virus yield 
was calculated spectrophotometrically using 

an extinction coefficient, Eg66~m = 2.7.'1l 

Serology Rabbits were immunized by in
jecting twice intravenously with purified 
PCRMV and twice intramuscularly with the 
virus mixed with Freund's complete adjuvant. 
Total virus injected was 8.5 mg to a rabbit. 
Antiserum obtained from blood collected 10 
days after final injection reacted on purified 



virus in ring interface precipitin tests (ring 
tests) at a dilution of 256. 

Blackeye cowpea mosaic vil'us (BlCMV), 
bean common mosaic virus (BCMV), soybean 
mosaic virus (SMV) or PnMV-PN from Ja
pan,8> and PnMV-T isolate from Thailand 
·were used to compare their serological rela
tionships. PnMV-PN was provided by T. 
Inouye. Antisera to four isolates of PnMV 
(EA type, Cassia, Voandzeia and Phaseolus 
limatus) and peanut stripe virus (PStV) 
were provided by K. R. Bock and J . W. Dem
ski, respectively. 
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The serological relationships of the virus 
with some potyviruses were analyzed by ring 
tests and agar gel double diffusion tests using 
purified virus. The latter tests were con
ducted in 0.85% agarose with 0.85% NaCl, 
0.4% lithium 3,5-diiodosalicylate, and 0.1 % 
sodium azide. In some of agar gel double 
diffusion tests, the sharp non-specific line was 
observed near the wells of purified virus. 

Results 

Host range and symptoms Out of 27 

Plate I. Symptoms caused by peanut chlorotic ring mottle virus 
( A) Ringspots on peanut at an early stage of infection 
( B) Chlorotic mottle symptoms on peanut 
(C) Chlorotic local lesions on Chenopodi1em amaranticolor 
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species of 9 families tested 16 plant species 
of 6 families were susceptible to PCRMV. 
Arachis hypogaea showed systemically dis
tinct mottle, yellow ring mottle, chlorotic spot, 
and chlorotic ring (Plate 1 ( A) and (B)). 
Glycine max (cv. Shirotsurunoko and Oku
harawase) showed distinct mosaic symptoms 
systemically. Phaseolus vuluaris cv. Kintoki 
showed leaf curling and mosaic. Vicia fabci, 
Vigna, 1nungo, V. sesquipeclaris, Nicoti<tna 
clevelmulii, Petunia hyb?-i<la, Sesanium, incli
cimi did not develop symptoms, but back-ino
culation tests to C. amaranticolor indicated 
that these plants were infected systemically 
with the virus. 

C. amaranticol01· (Plate 1 (C)), C. q·u.inoa 
and Tetragonia expansa showed chlorotic lo
cal lesions on inoculated leaves. These plants 
were not infected systemically with the virus. 

Gomphrenci globosa, Lathyru,s ocloratus and 
Vigna unuiiiculata did not show symptoms, 
but back-inoculation tests to C. a11W,mnticolo1· 
indicated that inoculated leaves of these plants 
co11tained the virus. 

Other 12 plant species, Brassica rava, Luvi
nits litteus, Phaseolus vitlgaris (cv. Top Crop), 
Pismn sativum, T1·ifoliu111, vratense, T. ,·evens, 
Datu1·(1, strci1noni1.m1,, uycoversicon esculentu:m, 
N. glutinosa, N. t,ibacmn, Cucumis sativus and 
Zinnia elega.ns were not infected with the 
virus. 

Transmission Aphis craccivora trans-
mitted efficiently the virus in the first ino
culation access (6/ 6, 7 / 8), but not in the 
second inoculation access (0/6, 0/ 8) showing 
that the transmission was a non-persistent 
type. The vints was not transmitted th1·ough 
308 seeds collected from diseased peanut in 
a glasshouse. 

Stability in crude juice Thermal inacti
vation point, dilution end point and longevity 
in vitro of the virus were 55-65°C for 10 min, 
10··1- 10·r., and 14-21 days at 20°C, respec
tively. 

Electron microscopy Electron micrographs 
of clip .Preparations taken from infected bean 
leaves showed fi lamentous flexuous particles, 
and 90% of the 138 particles examined were 
730-750 nm in length (Plate 2 (A)). 
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In ultrathin sections of diseased peanut 
leaves, pinwheel or bundle type inclusion 
bodies typical to potyviruses were observed 
in cytoplasm (Plate 2 (B)) . 

Purification After sucrose density gradi-

Plate 2. Electron micrograph of particles and 
inclusion bodies of peanut chlorotic 
ring mottle virus (Bar= 200 nm) 
(A) Purified virus preparation stained 

with 1% potassium phospho
tungstic acid 

(8 ) Pinwheel and bundle type in
clusion bodies observed in a thin 
section 
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ent centifugation, a single opalescent virus 
band was visible in gradient tubes. The yield 
of purified virus was 13-22 mg from 100 g 
of infected leaves of Kintoki bean. However, 
the yield decreased to 2-7 mg when EDT A 
was removed from extraction buffer. The UV 
absorption spectrum of the purified PCRMV 
had a maximum at 261 nm, and a minimum at 
247- 248 nm. The ratio of A200 / A280 was 1.22. 

sion tests, PCRMV reacted on antisera to 
BICMV, BCMV and SMV with spur, but did 
not on antiserum to PnMV-PN (Table l ) . 

Serology PCRMV reacted on antisera to 
BlCMV (homologous titre, 1 : 128) diluted 
up to 1 : 128, BCMV (homologous titre, 1 : 
64) diluted up to 1 : 32, SMV (homologous 
titre, 1 : 128) di luted up to 1 : 64, and PnMV
PN (homologous titre, 1 : 128) diluted up to 
1 : 8 in ring tests. In agar gel double diffu-

In another test, PCRMV, BlCMV, BCMV 
and SMV reacted on antiserum to PCRMV 
diluted up to 256 in ring tests, and also these 
viruses formed precipitin line against anti
serum to PCRMV in agar gel double diffusion 
tests. Only SMV showed spur (Plate 3(A) ) . 
However, PnMV-PN reacted on antiserum to 
PCRMV diluted up to 32 in ring tests, and 
also showed weaker precipitin line with spur 
against antiserum to PCRMV in agar gel 
double diffusion tests. On the other hand, 
antiser um to PnMV-PN showed no reaction 
or weak reaction on PCRMV, BICMV, BCMV 

Table 1. Serological reaction of the isolates of peanut 
chlorotic ring mottle virus to antisera of other 
potyviruses in ring tests and agar gel double 
difussion tests 

Antigen•' 
Antisera"' 

PCRMV PnMV-T PnMV-PN 

BICMV 1281>>( + )c) ,t ( +) 0 (+) 

BCMV 32 (+) 0 0 (+) 

SMV 64 (+) 0 - 0 -

a) Viral isolates and antisera used: PCRMV: peanut chlorntic 
ring mottle virus. PnMV-T and PnMV-PN are a type 
strain of peanut mottle virus (PnMV) in Thailand and an 
isolate of PnMV in. Japan, respectively. 131CMV: blackeye 
cowpea mosaic virus, BCMV: bean common mosaic virus, 
SMV : soybean mosaic virus. 

b) The figure represents reciprocal titres of antisera in ring 
tests. The concentration of the purified viruses is OD2Go= 
0. 2. The homologous titres of BICMV, BCMV and SMV 
antisera in ring tests were I : 128, 1 : 64, 1 : 128, respectively. 

c) The s igns represent reaction in agar gel double diffusion 
tests. += Reaction of homologous or identity. - = No 
reaction. C + ) = Reaction form ing spur. 

Table 2. Serological reaction of the isolates of peanut chlorotic ring mottle virus and other 
potyviruses to homologous and heterologous antisera in ring tests and agar gel double 
diffusion tests 

Antigens"> 
Antisera•> 

PCRMV PnMV-T PnMV-PN BICMV J3CMV SMV 

PCRMV 2S6h'+c> 8 (+) 32 ( +) 128 + 256 + 128 ( +) 

PnMV-PN 8 - 256 C +) 128 + 0 0 32 -

Legends in this table: See Table 1. 
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Plate 3. Agar gel double diffusion tests with 

peanut chlorotic ring mottle virus 
( PCRMV), blackeye cowpea mosaic 
virus (BlCMV) , bean common mosaic 
virus ( BCMV), soybean mosaic virus 
(SMV) and peanut mottle virus ( PnMV. 
PN and .PnMV-T) in agar gel diffusion 
plates containing lithium 3, 5-diiodos
a licylate 

Central wells in (A) and (B) are 
filled with antiserum to PCRMV and 
PnMV-PN, respectively. The periphera l 
wells are filled with purified prepara
tions of PCRMV ( P) , 131CMV ( Bl), 
BCMV ( BC), SMV (SM), PnMV-PN 
(PN) and PnMV-T (T) . 

and SMV in ring tests and did not react on 
these viruses in agar gel diffusion tests 
(Plate 3 (B), Table 2) . 

From these results, PCRMV showed dis-
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tant serological relationship with PnMV-PN 
(type strain) , and close relationship with 
BICMV, BCMV and SMV although PCRMV 
is a little different because these viruses 
showed spur in agar gel. Also, an isolate of 
PCRMV from Indonesia reacted positively in 
agar gel and in immunosorbent electron mi
croscopy on antiserum to PStV. 

No ·reaction was observed when purified 
PCRMV was tested against antisera to pea
nut green mosaic virus (PGMV) and 4 iso
lates of PnMV from Africa2 > in ring tests 
and and agar gel double diffusion tests. 

Discussion 

On the basis of host range, transmission, 
in vitro properties, virus particle and inclu
sion body morphology, and serology, the virus 
causing chlorotic ring, followed by mottle 
symptoms, on peanut plants in Thailand, 
Malaysia and Indonesia, was identified as a 
potyvirus. The virus had a similar host range 
with PnMV-T from Thailand and PnMV-PN 
from Japan,K) except reactions on Top Crop 
bean and C. cimaranticolor, but showed dis
tant relationship in serological tests with 
PnMV-PN. Therefore, the virus was de
signated as a peanut chlorotic ring mottle 
virus (PCRMV) . 

Four viruses related to PnMV occurring 
in East Africa produced local lesions on 
C. amaranticolor and C. quinoa, like PCRMV. 
But, antisera to these viruses did not react 
on PCRMV, showing that these viruses are 
distinct from PCRMV. 

Other four potyviruses, groundnut eyespot 
virus (GEV) ,"> peanut g-reen mosaic virus 
(PGMV) ,t'1> peanut stt·ipe virus (PStV) 5) 

and the virus causing peanut mild mottle 
disease (PMMV) i s) were reported from natu
rally infected peanut. 

PCRMV differs from GEV and PGMV in 
symptomatology on peanut and host range. 
GEV infects Lycopersicon esculentum, which 
PCRMV does not infect, but fails to infect 
C. aniaranticolor. PGMV resembles PCRMV 
on reactions to C. a?naranticolor, C. quinoa 
and Top Crop bean, but PGMV does not in-



feet Vicia faba, Vigna mungo and soybean. 
And, PCRMV is unrelated to PGMV serologi
cally. 

PMMV and PCRMV cause chlorotic spots 
and r ingspots on peanut, and infect C. ama
ranticolor and C. quinoa, but not Top Crop 
bean, which is characteristic local lesion host 
of PnMV.3 l Both viruses are distantly re
lated to PnMV serologically. But PMMV does 
not infect Vigna sesquiveclalis, V. 1mgu'iculcita 
and Petunia hybrida, which PCRMV infects. 
PMMV showed no serological relationship 
with SMV but PCRMV is closely related to 
SMV. Also, it was reported that the purifi
cation of PMMV was very difficult, and the 
virus yield was low. But it was very easy to 
purify PCRMV and its yield was higher as 
compared to other potyviruses from peanut. 
Because of these several differences, it seems 
that PMMV is distinct from PCRMV. 

Recently, PStV was reported as a new 
potyvirus infected peanut.5> Because of close 
serological relationship between PStV and 
PMMV, they were suspected strains of one 
virus even though some differences were 
found.") PCRMV is similar to PStV in host 
range and in serological relationship with 
BICMV and SMV and also an isolate of 
PCRMV reacted positively on antiserum to 
PStV. On the contrary, PStV does not cause 
chlorotic rings on peanut like PCRMV. And 
PCRMV shows distant serological relation
ship with PnMV, though PStV shows no 
reaction on antiserum to PnMV. Additionally, 
seed transmission rate of PStV in peanut is 
much higher as compared to PnMV reported 
previously. 1,8,10, 12> PCRMV is not transmitted 
through ueeds of Japanese peanut cultivars. 
On the other hand, further comparative 
studies between PCRMV and PStV are neces
sary to confirm the relationship between the 
two viruses. 

The Indonesian isolate of PnMV which is 
seed-born in peanut (3%) 112) is very similar 
to PCRMV on the host range, symptoms' 2 ) 

and serological relationship. Groundnut mo
saic virus (GMV) isolated in Malaysia1 5> also 
is very similar to PCRMV on the host range 
and symptoms, though serological relationship 
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is not tested. 
As described above, PCRMV occurs very 

widely on peanut in Thailand, and also it was 
isolated from peanut collected in Indonesia 
and Malaysia.0 > The wide occurrence of Indo
nesian isolate of PnMV in Indonesia and 
GMV in Malaysia was reported so far. Thus, 
it is quite likely that PCRMV prevails widely 
on peanuts in Southeast Asian countries. 

Our results of reciprocal agar gel double 
diffusion tests with antisera to PCRMV, 
BlCMV, BCMV and SMV showed that 
PCRMV was very closely related to BICMV, 
BCMV and SMV, and PStV, too. The results 
of previous work showed that in agar gel 
double diffusion tests close serological 
relationship existed between BlCMV and 
BCMV,10> and SMV was distantly related to 
BICMV and BCMV.16, 11> The serological re
lationships among potyviruses are, in gen
eral, highly complex. Further studies of 
serological nature are needed with PCRMV, 
BlCMV, BCMV and SMV. 

Summary 

A virus consisting of filamentous flexuous 
rods, 730-750 nm long, was isolated from pea
nut plants (Arachis hyvogaea) showing dis
tinct mottle, yellow ring mottle, chlorotic 
spot, chlorotic ring symptoms in Thailand, 
Malaysia and Indonesia. The virus was 
readily transmissible by sap inoculation, and 
by aphid in a non-persistent manner, but not 
through seeds of peanut. The virus infected 
16 plant species of six families, and produced 
chlorotic local lesions on inoculated leaves of 
Chenovo<Zimn a1naranticolor. Longevity of 
the virus in vitro was 14-21 days at 20°C, 
a thermal inactivation point 55-60°C, and a 
dilution end point 10-c10-6 • Pinwheel or 
bundle type inclusion bodies were observed 
in cytoplasm of infected leaf tissue. The 
virus showed very distant serological rela
tionship with peanut mottle virus from Thai
land and Japan, and positive reaction to black
eye cowpea mosaic virus, bean common mosaic 
vit·us and soybean mosaic virus. Since the 
virus differs in host range, symptomatology, 
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transmission characteristics and serology 
from other potyviruses reported occurring on 
peanut, the virus was designated as a peanut 
chlorotic ring mottle virus. 
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