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Biological Properties of Aphid-Transmitted Subcultures

of Citrus Tristeza Virus in Japan.”’

Takeshi KANO'?, Meisaku KOIZUMI'* and Hiroyuki IEKI

Okitsu Branch, Fruit Tree Research Station
Okitsu, Shimizu, Shizuoka 424-02, Japan

Synopsis

Aphid-transmitted subcultures (ATSs) of Japanese citrus tristeza virus
(CTV) were obtained, and biological properties of the ATSs were tested. The
biological properties of most of the ATSs were similar to those of their par-
ent field sources (FSs). However, two ATSs obtained from a FS of a seedling
yellows strain showed a different pathogenicity in sour orange seedlings. The
results obtained here and in previous studies on serotype separation by aphid
vectors indicate that selective transmission of CTV by aphids occurs in the
field.

Japanese mild sources reactive to two monoclonal antibodies (MAbs)
{MCAL13, 3DF1) and a polyclonal antibody (PAb) induced mild or no symp-
toms in both Yuzu seedlings and grafted combination of sweet orange on
sour orange rootstocks, confirming the existence of several mild sources
reactive to MCA13.

Yuzu seedlings were successfully used for the indexing of biologically dis-
tinct CTV isolates. As it is much easier to collect seeds of Yuzu than those of
Mexican lime, it is considered that Yuzu could be a useful substitute for
Mexican lime in evaluating the severity of CTV isolates in the induction of

stem pitting disease in Japan.
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Introduction

The disease caused by citrus tristeza virus (CTV) is one of the major threats to citriculture.
Several severe and destructive strains of CTV have been reported worldwide (Roistacher and
Moreno 1991). Mild or protective strains of CTV have also been reported. The protective abili-
ty of such strains has been used for the control of diseases caused by severe strains. Identifica-
tion of CTV strains, based on their pathogenicity, is very important for developing control strat-
egies in different citrus-growing areas.

Several studies on the pathogenicity of CTV strains have been conducted in Japan (Sasaki
1974, Miyakawa 1977, Yamada et al. 1981, Koizumi and Kuhara 1985, leki and Yamaguchi 1986,
Miyakawa 1987, Koizumi 1991). Different strains were recognized in the field trees, including
severe (stem pitting, seedling yellows, tristeza, natsudaidai) and mild strains. Most of these
studies, however, were carried out with field sources (FSs) of CTV.

In areas where CTV is endemic, propagation of infected trees is common. However, since
CTV is an aphid-borne virus, natural transmission to citrus plants in the field also occurs. Se-
vere strains with a high aphid-transmissibility contribute to the CTV epidemics in the field. A
FS of CTV may exist as a complex or mixture of different strains (McClean 1974), which may
vary in their aphid-transmissibility. Aphid transmission is the principal method to separate or
isolate the individual components of a complex at present, because there are no local lesion
hosts. Characterization of aphid-transmitted subcultures (ATSs) of CTV obtained from F§8 is
important to analyze complexes or mixtures of FSs and to study the epidemiology of CTV in the
field.

In this paper, we compared the reaction of different CTV ATSs in some indicator plants and
discussed the relationship between ATSs and their parent FSs. We also compared the sero-
logical and biological characteristics of Japanese CTV isolates, and indicated that Yuzu seedlings

could be used as an indicator plant for CTV.
Materials and Methods

CTV sources

HM55 and HS34 were kindly provided by Dr. A. Sasaki (Sasaki 1974). Other sources were
isolated in our laboratory, as follows : 0001, 0137, 145R, 1513, BOUQ, M2, M26, M27 (leki and
Yamaguchi 1986, Kano et al. 1991, Koizumi 1991), and 1215A, 1417A, 15134, 1595A, BOUQA,
KS3A, KSA, M12A, M15A, M16A, M22A, M23A, M27A, PM8A, PM25A, S5A2, SIYA (leki and
Yamaguchi 1988, Koizumi et al. 1989, Koizumi et al. 1991, Kano and Koizumi 1991). The name
of a virus source was altered, e. g. S5A to S5A2, to indicate subculturing by aphid transmission.
For example, KS3A and KS3A2 were different ATSs obtained from the same FS, KS3. The donor
source of PM8A was first named M8 (Ieki and Yamaguchi 1988) and renamed PM8 (Kano et al.
1991).
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Transmission by the aphid, Toxoptera citricidus Kirk.

Several additional ATSs (00014, 0137A, 1672A, KS3A2, M2A, M16A2, M26A, M27A5) were
obtained in this study by aphid transmission methods described previously (Kano and Koizumi
1991).

Transmission by the aphid, Aphis gossypit Glover

ATS, NUagA was transmitted by Aphis gossypii from the donor satsuma mandarin ( Citrus
unshiu Marc.) infected with a seedling yellows strain (SY) of CTV (Ieki 1986). SbagA was simi-
larly obtained from the donor ‘Morita navel’ orange (Citrus sinensis Osbeck var. brasiliensis
Tanaka) infected with CTV-SY (S5).

Aphids were reared on the donor tree, and viruliferous aphids were transferred to the receptor
Yuzu ( Citrus junos Sieb. ex Tanaka) seedlings. The inoculation feeding period was two or three
days.

Enzyme-linked immunosorbent assay ( ELISA)

Double antibody sandwich (DAS) ELISA with a polyclonal antibody (PAb) was used. The
PAb was produced in our laboratory using CTV purified from Hassaku dwarf-infected fruit.
Double antibody sandwich indirect (DAS-1) ELISA with monoclonal antibodies (MAbs), 3DF1
(Vela et al. 1986) and MCA13 (Permar et al. 1990) was also used (Kano et al. 1991).

Biological indexing

CTV sources were graft-inoculated to three Mexican lime (Citrus aurantifolia {Christm.)
Swingle) seedlings, three Yuzu seedlings, three sour orange (Citrus aurantium L.) seedlings, and
two grafted combinations of ‘Madam vinous’ sweet orange (Citrus sinensis Osbeck ) on sour
orange rootstock. Inoculated plants were kept in a greenhouse maintained at 15 to 30 C minimum
/maximum temperatures. Pests were carefully controlled with chemicals. All the plants used

were grown using modified UC soil and plastic long pots (Koizumi and Kano 1991).
Results

Reaction in Mexican lime and Yuzu seedlings

CTV isolates which induced a severe reaction in Mexican lime generally induced a severe
symptoms in Yuzu (Table 1). However, the symptom severity induced by a few isolates dif-
fered somewhat between the two indicator plants. That is, ATS 1215A induced a severe reaction
in Mexican lime and a moderate one in Yuzu. Conversely, 1417A, 1513A and PM8A induced
moderate reactions in Mexican lime and severe ones in Yuzu.

Vein-clearing symptoms appeared on young expanding leaves in Yuzu seedlings. A symptom
we call ‘vein necrosis’ developed in the center of cleared veins on young leaves and also on old ex-

panded leaves (Table 1).
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Table 1. Reaction of Mexican lime and Yuzu seedling to aphid-transmitted subcultures of citrus
tristeza virus in Japan.

Name? FS¥ Sero-* Reaction of indicator plants ™
of or type

isolate ATS Mexican lime Yuzu
0001 FS (+ £ +) mVC, mSP no
0001A ATS (+++) - no

0137 FS (= + +) mVC, mSP mSP

0137A ATS (—+ +) - no

1215A ATS (+ + +) VC, sSP, St VN, SP
1417A ATS (+++) VC,SP mVN, sSP
145R FS (+ ++) no no

1513 FS (+ ++) VC, sSP, St mVN, sSP
1513A ATS (+ + +) VC,SP mVN, sSP, St
1595A ATS (+++) VC, sSP, St LC, VN, sSP, St
1672A ATS (++ +) VC, sSP, St mVN, sSP
BOUQ FS (+++) mVC, mSP mSP
BOUQA ATS (= + +) mVC, mSP mSP

HMS55 FS (++ +) mVC no

HS34 FS (+ ++) VC,SP VN, sSP
KS3A ATS (+ + +) VC, sSP, St VN, sSP, St
KS3A2 ATS (+++) VC, sSP, St VN, sSP, St
KSA ATS (+++) VC, sSP, St LC, VN, sSP, St
M2A ATS (+++) - no

MI12A ATS (—+ +) - no

M15A ATS (++ +) mVC no

MI16A ATS (——+) mVC, SP VN, SP
MI16A2 ATS (— = +) mVC, SP mVN, SP
M22A ATS (+ + +) mVC, mSP no

M23A ATS (+ + +) no no

M26A ATS (++ +) - no

M27 FS (+ + +) mVC,SP mVN, SP
M27A ATS (= —+) mVC,SP mVN, mSP
M27A5 ATS (+ + +) - mVN, SP
NUagA ATS (+ + +) VC, sSP, St VN, sSP, St
PMSBA ATS (+ ++) VC,SP mVN, sSP
PM25A ATS (+++) mVC,mSP no

S5A2 ATS (+ + +) VC, sSP, St mVN, sSP
SbagA ATS (+ + +) VC,mSP-sSP, St mVN, sSP
SIYA ATS (+ + +) VC,mSP-sSP, St mVN, sSP

* See text.

¥ FS: field source, ATS : aphid-transmitted subculture.

* Reaction of each sample to MCA13, 3DF1, PAb is shown in parentheses in that order. For
example, (— — +) means negative to MCA13 and 3DF1, positivetoa PAb. — : negative, + : ques-
tionable, + : positive. Details of ELISA procedurdes and rating system of reactinos were de-

seribed by Kano et al. (1991). o _
¥ 1o : no symptom, mSP : mild stem pitting, SP : moderate stem pitting, sSP : severe stem pitting,

St : stunting, mVC : mild vein-clearing, VC : vein-clearing, L.C : leaf curl, mVN : mild vein necro-
sis, VN : vein necrosis, — : not tested.
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Reaction in sour orange seedlings

Several CTV isolates caused stem pitting in sour orange seedlings (Table 2). However, the

property of such isolates was not significantly correlated with the ability of causing seedling

yellows reaction in sour orange or severe symptoms in other citrus species. ATS S5A2 caused

seedling yellows and stem pitting in sour orange, just like its parent FS S5, although ATS SdagA

caused only mild stem pitting.

Table 2. Reaction of sour orange seedlings and ‘Madam vinous’ sweet orange grafted on sour orange
rootstocks (SW./S0O) to aphid-transmitted subcultures of citrus tristeza virus in Japan.

Name?* FS¥ S x Reaction of indicator plants ¥
of or ero-
isolate ATS type Sour orage SW./S0
0001 FS (+ £ +) no no
0001A ATS (+ + +) no —
0137 FS (—++) mSP no
0137A ATS (—+ +) no no
1215A ATS (+ + +) Y, St —
1417A ATS (++ +) no -
145R FS (+ + +) no no
1513 FS (++ +) Y, St D
1513A ATS (+ + +) Y, St -
1595A ATS (+ ++) no-Y sSP
1672A ATS (++ +) Y —
BOUQ FS (+++) no no
BOUQA ATS (= + +) mSP no
HM55 FS (+ + +) no no
HS34 FS (+ + +) mSP no
KS3A ATS (+ + +) Y -
KS3A2 ATS (+++) Y -
KSA ATS (+ ++) Y, St —
M2A ATS (+ + +) no no
MI12A ATS (—+ +) no no
MI15A ATS (++ +) no no
M16A ATS (— —+) no no
M16A2 ATS (——+) no no
M22A ATS (+ + +) no no
M23A ATS (++ +) no no
M26A ATS (+ + +) no no
M27 FS (++ +) no no
M27A ATS (——+) no no
M27A5 ATS (++ +) no no
NUagA ATS (+ + +) Y, St -
PMBA ATS (+ + +) Y, St no
PM25A ATS (+ + +) no no
SHA2 ATS (+ + +) Y, SP,St -
SSagA ATS (+ + +) mSP -
SIYA ATS (+++) no-Y, SP, St —
¢ See text.

¥+ * See Table 1.

“no: no symptom, Y : leaf yellowing, St : stunting, mSP : mild stem pitting, SP : moderate stem

pitting, sSP : severe stem pitting, D : decline, —

: not tested.
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Reaction in combination trees of sweet orange on sour orange

CTV which induced mild reactions in Mexican lime and sour orange seedlings (Kano et al.
1991), was graft-inoculated to combination trees of sweet orange on sour orange rootstock.
Such mild sources did not induce any symptoms (Table 2). Only severe CTV isolates, 1513 and

1595A, caused disease in the grafted-combinations.
Discussion

Biological properties of ATSs and some FSs were tested using several citrus indicator
species. The data obtained here were compared with the reactions of their parent FSs (leki and
Yamaguchi 1986, Kano et al. 1991, Koizumi and Kuhara 1985, Koizumi 1991). Most of the ATSs
shared the same biological properties as their parent FSs (Tables 1, 2). However, two ATSs,
S5A2 and S5agA, obtained from a FS of a seedling yellows strain, S5, differed in their pathoge-
nicity to sour orange seedlings, reflecting strain segregation by the vector aphids. Similar segre-
gation had been reported by Martinez and Wallace (1964), and Yokomi et al. (1989). Segrega-
tion or separation of serotypes through aphid transmission was also observed in our previous ex-
periments (Kano and Koizumi, 1991). These results suggest that selective transmission of strains
by vector aphids occurs in the field.

Based on the reaction of Mexican lime and Yuzu, the sources 1595A, KS3A, KS3A2, KSA and
NUagA were the most severe among the ATSs tested. The original field source of 1595A severe-
ly affected sweet orange (Koizumi 1991). The others were obtained from satsuma mandarin.
Since ATS NUagA was obtained by transmission using A. gossypii (leki 1986), the dominant
aphid species in citrus orchards, in early summer (Komazaki et al. 1985), we should pay more
attention to this species even though its transmission efficiency was very low (Ileki 1986).

In Japan, CTV has been classified roughly into mild or severe strains for the induction of
stem pitting. However, several CTV sources tested here (M16A, M16A2 and M27) showed mod-
erate symptoms in indicator plants. These should be classified as moderate strains.

Vein enation symptoms were also observed on the leaves of Yuzu or rough lemon (data not
shown) inoculated with 0137, 0137A, HM55, M15A, M16A, M26A and S5A2. The causal agent
of citrus vein enation disease apparently does not affect symptom development by CTV, when a
citrus tree is infected with both pathogens simultaneously.

Permar et al. (1990) reported that mild CTV isolates in the U. S. A. did not react to a
MAb, MCA13. It was reported previously (Kano and Koizumi 1991, Kano et al. 1991) that
several isolates, such as 145R, BOUQ, HM55, M15A, M22A, M23A, PM25A reacted to MCA13
but were classified as mild based on the reactions of Mexican lime and sour orange seedlings.
In this study, Japanese mild sources reactive to MCA13, 3DF1 and PAb induced mild or no
symptoms in both Yuzu seedlings and combination trees of sweet orange on sour orange root-
stocks (Tables 1, 2). Thus, we confirmed the existence of several mild sources reactive to
MCA13 in Japan.
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Miyakawa (1976) indicated that Yuzu was highly susceptible to severe CTV strains. Kurata
et al. (1986) also investigated the occurrence of stem pitting disease of Yuzu in the field.
Miyakawa and Sasaki (1977) recommended Yuzu as an alternative indicator for CTV. In this
paper, we successfully used Yuzu seedlings for the indexing of CTV in Japan. Yuzu is a polyem-
bryonic species (ca. 20 seeds” fruit) tolerant to freezing. In contrast, seed sources of Mexican
lime must be grown inside greenhouses due to their high susceptibility to CTV and cold. More-
over since seed production per Mexican lime fruit is low, we conclude that Yuzu is a useful sub-
stitute for Mexican lime for the evaluation of the severity of CTV isolates in causing stem
pitting disease in Japan, although the relative severity of the symptoms in Yuzu may not be cor-
related exactly with that in Mexican lime.

Recently, Garnsey et al. (1987, 1991) have developed a worldwide collection of CTV isolates
in Beltsville, U. S. A. and they are currently characterizing some properties of the collected CTV
isolates, including three Japanese isolates 1513, HS34 and HMS55. These isolates which were also
used as standard isolates in this study, were effective. It is suggested that the Japanese CTV

isolates can be compared with other foreign isolates through the three standards.
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