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SUMMARY
GEED )

This study was carried out to establish the system for early supply of citrus cultivars
breeded in domestic and for production and supply of virus-free seedlings. The results are
summarized as follows. The results are summarized as follows.

The exhibition fields of domestic breeding citrus varieties(below DBCV) were focused on
operations about ‘Sangdojosaeng’ of the extremely early maturing(in the late Oct.),
‘Haryejosaeng’ of the early maturing(in the mid Nov.) and ‘Suneat’ of the late maturing(in
mid Jan. next year) as the mandarin hybrid. And, The exhibition fields of DBCV were
enlarged to ‘Tamnaneunbong’ of the extremely maturing(in early Mar.) and ‘Sinyegam’ of
the maturing between Dec. The number of managing exhibition fields is 20 places and the
field evaluation of DBCV were held 5 times. The manin contents of these field evaluations
were made of tasting, explanation of the variety characteristics, growth observation, etc.
And it was contributed to expansion of supply on DBCV. We had supplied the seedlings
for the purpose of planting in exhibition field about 2.3ha(14 farms, 3,560 tree) from 2015
to 2016. The reasons for the renewal citrus varieties were an outbreak of the freezing
injury as highest percentage(36%, 5 farmers), an occurrence of self root on Shiranui(21%, 3
farmers), the improper management results from the excessive fruits setting(14%, 2
farmers), and a renewal from the old tree or(and) the mixed cirus cultivar(29%, 4 farmers).
The self-sufficiency rate of DBCV improved from 2.02% in 2013 to 5.67% in 2016. The
number of supply varieties was only 2(‘Haryejosaeng’ and ‘Suneat’) in 2013 but it expanded
to 6(‘Haryejosaeng’, ‘Suneat’, ‘Tamnaneunbong’, ‘Sinyegam’, ‘Tamdo3ho’, and ‘Tamdori’) in
2016. In particular, The DBCV seedlings production businesses were expanded to three
companies in 2016 from only one company in 2013. In the future, the exhibition field on
DBCV should be operated from the stage of citrus cultivar development to build a
distribution system.

It was able to produce high quality fruit on ‘Sangdojosaeng’ through cultivated on the
open field, soil mulching(Tyvek Dupont) in the open field, and combined high ridge and
soil mulching. The specific gravities of ‘Sangdojosaeng’ in Oct. were 0.89~0.90 which were
higher than 0.86~0.89 of ‘Nichinan 1 gou’. So, peel puffing will be less.

As for ‘Haryejosaeng’, it showed high quality fruit production in the open field and non—
heating plastic house. Especially, The acidities of ‘Haryehosaeng  in the non-heating plastic
house were lower than ‘Miyagawa wase’. So, high quality fruit production was possible. As

for ‘Suneat’, the average of peel color(a*) value was higher 543 than  ‘Shiranui,
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‘Sagakashi 34 gou’, and ‘Hinoyutaka’. The quality of ‘Sinyegam’ was improved by soil
drying from late Nov. to Jan. It is expected that cultivation will be expanded if the harvest
period and storage capacity are verified. The contents of flavonoids in ‘Sangdojosaeng’ and
‘Haryejosaeng’ were 97%. It was comprised of narirutin and hesperidin, and small amounts
of rutin, tangeretin, nobiletin, sinensitin. ‘Sangdojosaeng’ had more higher contents of
hesperidin and narirutin than the existing citrus cultivars ‘Nichinan 1 gou’ and ‘Ueno wase’.
‘Haryejosaeng’ had more narirutin than the existing citrus cultivars ‘Nichinan 1 gou’ and
‘Ueno wase’.

SDV or CiMV were not consistently detected in RT-PCR assay with the primer sets
based on gene of Japan isolates. SDV and CiMV isolates were distinctively divided into
two groups based on phylogenetic analysis of PP2 gene cloned from 22 Korean isolates,
and the Korean CiMV and SDV isolates shared 955 - 96.2% and 97.1 - 97.7% sequence
identity with Japanese isolate, respectively. We developed PP2-1 primer set based on the
PP2 gene sequence of Korean isolates to simultaneously and effectively detect SDV and
CiMV. And CTLV-2013 and CTV-po primer sets were newly designed for detection of
CTLV and CTYV, respectively. Using these primer sets, a new multiplex PCR assay was
developed as a means to simultaneously detect 4 citrus viruses, Citrus tristeza virus
(CTV), Citrus tatter leaf virus (CTLV), Satsuma dwart virus (SDV), and Citrus mosaic
virus (CiMV). The degree of detection by the multiplex PCR were consistent with those of
uniplex RT-PCR for detection of each of the viruses. Therefore, the new multiplex PCR
provides an efficient method for detecting 4 citrus viruses, which will help diagnose many
citrus plants at the same time. We verified that 35.2% and 72.1% of 775 trees in 155
orchards were infected with SDV or CiMV (SDV/CiMV) and CTV by the multiplex-PCR
assay, respectively, and CTLV was not detected in any of the trees tested. And we
developed multiplex real-time PCR method to simultaneously detect 4 citrus viruses
through 2 steps. We set up the virus—free seedling production system by shoot-tip grafting
were set up and we produced 69 1°' virus—free seedlings in 12 cultivars. Swingle was
selected to increase prodction efficacy of virus—free seedling as rootstock. Finally we set up

the virus—free seedling production and supply system.
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B = 87 | Bz | 9= | dew | v A | zApel
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3t dF1s(=x) | 59.6 83.5 3.9 0.92 9.9 194 -
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Az Y 569 | 702 118 1.05 113 9271 o0,

91 % () %) 56.2 68.3 1.1 1.04 107 043 | 1020
290150 A A gon] e o]gk (o] 60cm) AWl AT Eoku B o &% ekgks

Heg AS FrR A sl AAIES] d2EFFS] TR daom gAlE o

201630l = AAIE AAZE Sl er AT GEEFES B ezl sk
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lo® melth 20133 20150ell= 99 olF HxdHE FAR oW 20149 & ESTE
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Citrus is one of the most important fruit crops worldwide. Cultivation of late— maturity
citrus cultivars including ‘Setoka, ‘Kanpei, ‘Ehimekashi No. 28’ and ‘Shiranuhi’ is
increasing, and these cultivars are to becoming economically important in the Korean citrus
industry. Most citrus cultivars are grown as grafted plants. Viral pathogens transmitted by
grafting as well as insect vectors can cause economic problems. It has been reported that
approximately 30 viruses or virus-like agents were found in citrus trees worldwide (Ito et
at., 2002; Korkmaz et al.,, 2000), and 4 viruses, Citrus tristeza virus (CTV), Citrus tatter
leaf virus (CTLV), Citrus mosaic virus (CiMV) and Satsuma dwarf virus (SDV) were

found in Korean citrus trees (Hyun and Hwang, 2015).

CTV i1s a member of the genus Closterovirus, and is a monopartite ssRNA virus of
approximately 19.3 kb. Most isolates of CTV cause stem-pitting and reduce tree vigor
(Fig. 1A). Various detection methods have been used for CTV including RT-PCR (Kano et
al., 1998; Mehta et al., 1997; Mary et al.,, 1991), semi-nested RT-PCR (Yamamoto and Fuji,
2008), and real-time PCR (Bertolini et al., 2008; Saponari et al., 2008). CTLV is the type
species of the genus Capillovirus. CTLV is a 600 -700 nm long flexuous filamentous
particle, with an ssRNA genome consisting of 6000 nt. It can induce bud union abnormality
and stunting (Fig. 1B). Current detection methods include biological indexing on Rusk
citrange (Citrus sinensis (L.) Osb.xPoncirus trifoliata), serological diagnosis with
Enzyme-linked immunosorbent assay (ELISA), and molecular diagnosis with RT-PCR
(Miyakawa and Ito, 2000; Shim et al., 2004; Yoshikawa et al., 1996). SDV, the type species

of the genus Sadwavirus, has polyhedral particles that are ca. 26 nm in diameter and has
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two separate positive-strand RNA genome components, RNAs 1 and 2 (Iwanami and
Koizumi, 2000). In their 3-terminal regions, RNAs 1 and 2 encode RNA-dependent RNA
polymerase (RdRp) and coat protein (CP), respectively (Iwanami 2010). The affected trees
are stunted, develop typically boat—, or spoon-shaped leaves (Fig. 1C). Citrus mosaic virus
(CiIMV), Navel orange infectious mottling virus (NIMV), Natsudaidai dwarf virus (NDV),
and Hyugagatsu virus (HV) have been described as SDV-related virus (SDV-RV) group
(Iwanami 2010, Ito et al., 2004). Historically, these viruses have been recognized as causal
agents of dapples on rinds of satsuma mandarin fruits (CiMV) (Fig. 1D), mottling and
curling of new leaves of C. natsudaidai (NDV), chlorotic spots on navel oranges (NIMV),

and brown growth rings on Hyuganatsu (HV) (Ito et al, 2004).

ELISA has been the most commonly employed procedure for the detection of citrus
viruses because of its sensitivity, efficacy, and relatively low cost (Garnsey and Cambra,
1991). However, many citrus viruses may be difficult to detect using ELISA because of
their low titer or uneven distribution. Polymerase chain reaction (PCR) is a powerful
technique that is sensitive and highly specific and has been used to detect citrus viruses.
Simple PCR detects one target per reaction and requires different PCR reactions to detect
multiple targets. Multiplex PCR is a useful technique since different RNA and DNA viruses
may infect a single host, such as a citrus tree. This sensitive technique would be very
useful in citrus budwood certification programs (Roy et al., 2005). Several multiplex PCR
systems have already been developed for the detection of six viroids and one citrus virus

(Ito et al., 2002), and seven citrus viruses (Roy et al., 2005).

In this study, we designed a set of three specific primer pairs for the detection of four
citrus viruses and developed a multiplex PCR method that enables the simultaneous
detection of four citrus viruses. Viral infection was surveyed on late-maturity -citrus

cultivars using this multiplex PCR technique.

1. 9744

Viral isolates. The citrus viruses, SDV, CiMV, CTV, and CTLV were used in this
study. Scions were collected from 22 satsuma mandarin and ‘Setoka’ trees, which showed
positive reactions by ELISA for SDV in a preliminary assay. The scions were grafted on

trifoliate and maintained in a greenhouse. Most of samples were co-infected with 3 or 4

viruses (Table 25).
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Nucleic acid extraction and uniplex PCR. Total RNA was extracted from
approximately 20mg of young citrus leaves using TRIzol reagent (Invitrogen, Cat. No.
15596-026) according to the manufacturer's protocol. The RNA was dissolved in 100 pl
FORMAZzol solution (Molecular Research Center, Inc) for stabilization of RNA solubilization
and stored in -20°C or -70°C. RT-PCR was performed as a two-step procedure, which
included RT, using a TOPscript ¢cDNA synthesis kit (Enzynomics Cat# EZ105S) for
synthesis of ¢cDNA according to the manufacturer’s protocol. PCR was carried out with
primer sets (Table 26) using Accupower Hotstart PCR pemimix (Bioneer K-5051).
Amplification was performed in a programmable thermocycler (Perkin-Elmer Cetus thermal
cycler, model 480), using an initial denaturation step of 95°C for 2 min, followed by 35
amplification cycles of denaturation at 94°C for 30 sec, annealing at 50 ~ 55°C for 1 min,
and extension at 72°C for 2 min, and a final extension at 72°C for 10 min. After PCR, 12
ul of the product was electrophoresed in a 1.0% agarose gel in 1x TAE buffer for 30min
at 3 V/cm and visualized by ethidium bromide staining. A 100-bp DNA Ladder (TaKaRa,

Cat# 3407A) was used for molecular weight markers.

Sequence comparison and phylogenetic analyses. To sequence the PP2 gene for the
polyprotein of the SDV or CiMV, general procedures for plasmid DNA purification, cloning,
and transformation were used, according to each of manufacturer’s recommendations. The
amplified DNA fragments were recovered from agarose gels and purified using the
AccuPrep Gel Purification Kit (Bioneer K-3035) and then cloned and transformed using the
Topo TA Cloning Kit (Invitrogen, Carlsbad, CA). Sequencing grade plasmid DNA was
obtained using the AccuPrep Nano-Plus Plasmid Mini Extraction Kit (Bioneer K-3111). For
each isolate, DNA was sequenced in both directions using M13 forward and SP6 reverse
primers for three subclones. Sequencing was done automatically using dyelabeled dideoxy
nucleotides and DNA polymerase in an Applied Biosystems 3730XL DNA sequencer
(Applied Biosystems, Inc., Foster City, CA). The consensus sequence for the three
subclones was used for phylogenetic analysis. Sequence alignments were done with the
CLUSTAL X 2.0 program (Larkin et al, 2007). The region corresponding to base pairs
2,287 to 5230 of CIMV genomic RNA, segment RNA 2, complete sequence (GenBan
AB465581.1), and that corresponding to base pairs 2,235 to 5311 of SDV genomic RNA
(RNA2) for polyprotein, complete cds (GenBank AB009959.2) were used as reference for

sequence analysis.

The nucleotide sequences were aligned using Clustal W and pairwise sequence

comparisons, and phylogenetic analysis was performed with MEGA 6 (Tamura et al., 2013).
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Neighborjoining (NJ) trees were constructed according to the maximum-likelihood method
in MEGA 6. A heuristic search employing 1,000 random stepwise addition replicates and all
gaps and missing data were completely deleted. Bootstrap values were based on 1,000

repetitions.

Multiplex PCR. Four primer sets were designed for multiplex PCR using Primer 3
version 0. 4. 0 (http://bioinfo.ut.ee/primer3-0.4.0/primer3/): (1) conserved areas within the
coat protein gene for both CTV and CTLV; (ii) the PP2 gene for polyprotein for the SDV
and CiMV; (i) the actin gene as a positive control. Specific nucleotide regions were
selected in the PP2 gene to design the multiplex PCR primers for simultaneous detection of
SDV and CiMV (Fig 2). Multiplex PCR was performed using Accupower Multiplex PCR
Premix (Bioneer K-2111). The amplifications were performed in a programmable
thermocycler (Perkin—Elmer Cetus thermal cycler, model 480), using an initial denaturation
step of 95°C for 2 min followed by 35 amplification cycles of denaturation at 94°C for 30
sec, annealing at 60°C for 1 min, and extension at 72°C for 2 min, and a final extension at
72°C for 10 min. After PCR, 12 ul of the product was electrophoresed in a 1.0% agarose
gel in 1x TAE buffer for 30 min at 3 V/cm and visualized by ethidium bromide staining.
A 100-bp DNA Ladder (TaKaRa, Cat# 3407A) was used as a molecular weight markers.

Sensitivity of the multiplex PCR. We used CSM-1 isolate co-infected with CiMYV,
CTV and CTLV to assay the detection sensitivity. The cDNA from CSM-1 isolate was
diluted 10, 50, 100, 500 and 1,000 times with DEPC-DW, and then multiplex PCR and
uniplex PCR were performed by procedure described above to simultaneously detect 3

viruses and each of CiMV, CTV and CTLV, respectively.

Survey on orchards. Leaf samples were collected from total of 775 trees in 155
orchards in Jeju Island. Of them, 245 trees in 49 orchards were the ‘Setoka -cultivar, 120
trees in 24 orchards were the ‘kanpei’ cultivar, 135 trees in 27 orchards were the
‘ehimekashi No. 28 cultivar, and 275 trees in 55 orchards were the ‘shiranuhi’ cultivar
(Table 3). The collected samples were assayed using multiplex PCR for detection of SDV/
CiMV, CTLV, and CTV. The RNA extraction and multiplex PCR were performed by

procedure described above.

2. 472%

Uniplex PCR. Twenty-two isolates were assayed for CTV, CTLV, SDV, and CiMV
using uniplex PCR with the primer sets shown in Table 26. CISD and Sadwa primer sets
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were used to detect CIMV. SRNA, SDV, and SDV(2014) primer sets were for SDV, and
RV-FW primer set was for simultaneous detection of SDV and CiMV. Nine of the 22
1solates were detected with CISD, and 19, 12, 4, 9, and 8 isolates were detected with the
Sadwa, SDV, Iwanami, SRNA, and RV-FW primer sets, respectively. SDV/CIMV were
detected with PP2-1 primer sets in all isolates tested. CTV was detected in all isolates
with the CTCpol/ 2 and CTV52/32 primer sets. CTLV was detected in 7 isolates with the
ASGV-dn/up primer set (Table 25).

Sequence comparison of SDV and CiMV isolates. All tested isolates were positive for
SDV by ELISA in a preliminary assay (data not shown). However, the detection level was
different in PCR assay with different primer sets, and SM-20, SM-23, Mya-3, CSM-1,
CSM-2, Dosun, Se-CiMV-1, and Sun-CiMV isolate were not detected in uniplex PCR
with CISD, SRNA, SDV, and RV-FW primer sets based on gene of Japan isolates(Table
27). Therefore, we partially cloned PP2 gene for polyprotein and used it for sequence
comparison of the SDV and CiMV isolates to design more specific and common primer for
SDV and CiMV. The cloned genomes consisted of from 2,931 to 3,063 nt. CiMV and SDV
1solates were distinctively divided into two groups based on phylogenetic analysis and
pairwise sequence comparisons using the sequence of the PP2 gene (Fig. 22). The Korean
CiIMV isolates except for the CSM-5 isolate had 99.1 - 100.09% nucleotide sequence
identity with one another and shared 955 - 96.29 sequence identity with Japanese isolate.
Two Korean isolates of SDV showed 99.3% identity with one another, and 97.1 - 97.7%

sequence identity as compared with Japanese isolate (Table 28).

Specific primer design and multiplex PCR. We designed specific primers for multiplex
PCR to simultaneously detect 4 citrus viruses. The CTV-Po primer set was designed from
a gene amplified with CTCpol/2 primers for CTV, and the CTLV(2013) primer set was
used for CTLV (Table 26). PP2-1 primer set was designed from specific nucleotide regions
in the PP2 gene for simultaneous detection of SDV and CiMV (Fig. 23). RT-PCR assay
using the PP2-1 primer set detected all isolates tested in this study including 19 CiMV
isolates and 2 SDV isolates identified by PP2 gene analysis (Table 26). The actin gene
was amplified with an actin (F/R) primer set as a positive control. Four amplified products
of the expected sizes (412 bp for CTV; 607 bp for CTLV; 835 bp for SDV and CiMV; and
210 bp for actin) were observed in infected samples (Fig. 24). We verified that each of the
PCR products were specifically amplified corresponding the gene of the expected virus by

sequence analysis (data not shown).

Sensitivity of the multiplex PCR. Detection sensitivity of multiplex PCR was compared
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with uniplex PCR for each of CiMV, CTV, and CTLV. CiMV and CTLV were enoughly
detected until 1 : 500 dilution of cDNA and CTV was detected 1 : 50 dilution in multiplex
PCR. CiMV and CTLV were also detected until 1 : 500 dilution and CTV was detected in
1 :10 and 1 : 50 dilution (Fig. 25).

Survey on orchards. SDV or CiMV, and CTV were detected in 35.2% and 72.1% of
775 trees in 155 orchards using multiplex PCR, respectively. Forty-three point seven
percent of 245 ‘Setoka’ cultivar trees in 49 orchards were infected with SDV/CiMV, and
62.9% were infected with CTV. Forty percent and 75.0% of ‘Kanpei' cultivar trees were
infected with SDV/CiMV and CTV, respectively. SDV/CIMV and CTV were found in
326% and 92.7% of trees of the ‘Ehimekashi No. 28 cultivar, respectively. In the
‘Shiranuhi’ cultivar, 26.8% and 69.0% of 275 trees in 55 orchards were infected with
SDV/CiMV and CTV (Table 29, Fig 26). CTLV was not detected in any of the trees
tested.
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Fig. 21. Typical symptoms of citrus viral infection. A: Citrus tristeza virus (CTV) on yuju
(Citrus junos), B: Citrus tatter leaf virus (CTLV) on early satsuma mandarin (Citrus
unshiu ‘Miyagawa Wase'), Satsuma dwarf virus (SDV) on ‘Setoka ((Citrus unshiuxC.

sinensis)*C. reticulate), and Citrus mosaic virus (CiIMV) on very early satsuma mandarin
(Citrus unshiu ‘Miyamoto Wase').

_67_



Sh-1
SM-7
-SM-12
Mya-3
FSM-6
Se-CiMv-3
1}(“4Jung-6ilﬂv-3
Nam-CiMYy
Se-CiMy-1
a0 [Oosun
Ski-21
- SM-5
- SM-20
W -sm-27
a8 [SM—23
CSM-1
100 Sun-CiMy
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Citrus mosaic sadwavirus{Japan izolate)
CSM-5

Satsuma dwart virus(Japan isolate)
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87 L-ge-5DV-2

§.02

CiMy

SDy

Fig. 22. Phylogenetic tree resulting from maximum parsimony analysis of sequences of the

PP2 gene. Bootstrap values are based on 1,000 replicates.

5M 12
Mya-3
SM-6
Se-CiMV3
Jung-CGiMV3
Nam-CiMV
Se-CiMV-1
Dasun

PPZ-1F : 5'-ACATTCGGGUAGCAGCAAGAT - PPZ-1R : 5-TCCY TGAGWGAGAGACCGTGE-2

Fig. 23. Primers used in multiplex PCR to detect Satsuma dwarf virus (SDV) and Citrus

mosaic virus (CiIMV), derived from the PP2 gene.
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«—CTLV
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Fig. 24. Simultaneous detection of citrus viruses using multiplex PCR

M?!{QS M1 23 4 5

M1t 23 4 5 1 2 3 4 5

Fig. 25. Comparison of detection sensitivity between multiplex PCR and uniplex PCR for
each of CIMV, CTV, and CTLV. A: multiplex PCR; B, C and D : uniplex PCR for each
of CiMV, CTLV and CTYV, respectively. Lane M: 100-bp DNA Ladder, lane 1 - 5: 10, 50,
100, 500, and 1,000 times dilution of cDNA from CSM-1 isolate.

LI |

Mm P 1 2 3 4 5 6 7 8 & 10 11 12 13 14 15

Fig. 26. Detection of 4 citrus viruses from ‘Kanpei citrus trees in orchards by multiplex
PCR assay. Lane M: 100-bp DNA Ladder, lane P: positive control, lane 1 - 15! isolates

from ‘Kanpai’ citrus trees.
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3. 1

It was suggested that SDV was distinct from the Comovirus, Fabavirus and Nepovirus
genera, and needed to be separated into a new genus, probably within the family
Comoviridae (Iwanami, et al, 1999). SDV is currently only one species in the genus
Sadwavirus in the family Secoviridae, in the order Picornavirales (International Committee

on Taxonomy of Viruses. http://ictvonline.org/virusTaxonomy.asp).

The all virus isolates used in this study showed positive reaction in ELISA using
monoclonal antibody of SDV in preliminary assay. Nineteen isolates were identified CiMV
and two isolates were SDV by sequence analysis of PP2 gene (Fig. 22). This might be
caused by that CiIMV was serologically related to SDV. This result showed that most
1solates in Jeju Island were CiMV rather than SDV or SDV-related other virus species
though co-infections with SDV and CiMV might be there. The sequence analysis of PP2
gene were not consistent to RT-PCR analysis using Sadwa and SDV(2014_) primer sets
based on gene of Korean as well as Japan isolates (Table 25, Fig 22). This might be
mostly caused by variation in isolates or coinfection. Any primer sets used in this study
did not detect all isolates tested. However, the PP2-1 primer set designed from PP2 gene
of Korean isolates successfully detected all isolates tested in this study including 19 CiMV
and 2 SDV isolates. Therefore, we think the PP2-1 primer set was more effective than
already designed primer sets to detect SDV or CiMV isolates. SDV or CiMV were
differently detected in RT-PCR assay according to each of all primer sets tested for SDV
or CIMV (Table 25). Some isolates didn’t even positively react in any primer sets CISD,
SDV, Iwanami, SRNA and RV-FW designed based on gene of Japan isolates (Table 25).
This might be caused by variation among isolates, and relatively low similarity between
Korean and Japan isolates because the primer sets, CISD, SRNA, SDV and RV-FW were
designed based on gene of Japan isolates. The coat protein of CiMV, NIMV, and HV
shared 77 - 82% amino acid sequence identity with that of SDV (Ito, et al., 2004).
Nucleotide sequence identity of PP2 gene was 704 - 71.1% between SDV and CiMV
isolates in Korea (Table. 28). The Korean isolates of CiMV except CSM-5 isolate had 99.1
- 100.09 nucleotide sequence identity and 955 - 96.29% between Korean isolates and
Japan i1solate. Two Korean isolates of SDV showed 99.3% identity, and 97.1 - 97.7%
among Korean and Japan isolates. Analysis of 1139 nucleotide sequences of 3’-terminal
RNA 1 gene revealed three CiMV variants that differed by up to 5.4% (Ito et al, 2007).

SDV or CiMV were infected in ‘Setoka’, ‘Kanpei’, ‘Ehimekashi No. 28 and ‘Shiranuhi’
cultivar of late maturity citrus by 43.7, 40.0, 32.6 and 26.8%, respectively (Table 29). It
have been reported that total fresh weight of the whole plants and fruit yield in citrus tree

infected with SDV were decreased by approximately 60% and 25 - 459, respectively, as
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compared with healthy plants (Imada, et al., 1980). Therefore, late maturity citrus cultivars
in Jeju might be affected by SDV or CIMV. CTV was highly infected, the infection rates
were 62.9% - 92.7%. However, we did not observe severe symptoms by CTV, and most
of CTV isolates were mild strain in Jeju Island in our preliminary ELISA test with
antiserum for CTV mild strain (data not shown). By these results, we think CTV is not
damage severely to late maturity citrus cultivars tested in this study though infection rate
was very high. Kim et al. (1999) reported CTLV was detected in 9.3% of trees tested and
the infection rate was relatively high in very early satsuma mandarin (Citrus unshiu
‘Twasaki Wase' etc) by ELISA. However, CTLV was not detected at all in this survey.
These results might be caused by that which the trees showing CTLV symptom were
constantly removed and late maturity citrus cultivars were grafted on early satsuma

mandarin rather than very early satsuma mandarin mainly infected with CTLV.

Citrus mosaic sadwavirus (CiMV), Navel orange infectious mottling virus (NIMV),
Natsudaidai dwarf virus (NDV), and Hyugagatsu virus (HV) have been described as
SDV-related viruses (Iwanami 2010, Ito et al., 2004). CSM-5 isolate had approximately
85.5% and 69.0% of nucleotide sequence identity of PP2 gene by isolates of CiMV and
SDV in Korea, respectively. And there was 79.2% of nucleotide sequence identity between
CSM-5 and NDV isolate in Japan. These results suggest that CSM-5 isolate might be

other species of SDV-related viruses.

The all isolates of SDV/CiMV, CTLV and CTV detected by uniplex PCR in tested
1solates were equally verified in multiplex PCR assay developed in this study though some
1solates were more strongly detected in uniplex PCR than multiplex PCR. Detection limit
was not different in multiplex PCR and uniplex PCR assay for each of SDV, CiMV, CTV,
and CTLV. Therefore, this multiplex PCR method may be successfully used for
simultaneously detecting 4 citrus viruses as well as multiple virus infections in the same

plant because it was a simple, reliable, rapid and effective diagnostic method.
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¥ 30. Multiplex real-time PCRell A% Zglolm & ZgH

Hlolg| A | Zajo|n] Wz K 7144

CTV-RT-2-F 5-ggacgttatcgaaaagtttg—3’

CTV CTV-RT-2-F 5 -ttecgttttegttttgtaat-3’
Probe(CTV-2) 5-FAM/ccaataggtcggtagatgeg/lowa Black FQ-3
CTLV-RT-3-F 5-TTGGCTCGTGAATTTCTTCAT-3

CTLV CTLV-RT-3-R 5-CGAAAACCCCTTTRTGTCCT-3
Probe(CTLV-3) 5-Hexa/ATTYGATTTTGCCACYGGTC/Iowa Black FQ-3’
SDVg-RT-1-F 5-GGTGGTTACCAAGCCGTAGA-3

SDV/CiMV | SDVg-RT-1-R 5-CGGGGATCTCGCTATTATCA-3

Probe(SDVg-1-2) | 5-ROX/TGATGTCTCGGAGCCCGTAA/Towa Black RQ-3’

CTLV-RT-3

CTV-RT-1 SDVg-RT-1

9 27 9 ZeolmES o] &% ulolg A~ PCRAEA

719 28 Multiplex real-time PCRell ¢ CTV(3}), SDVg(%) & CTLV($) #74:
CTV/SDVA-E/CTLV

_72_




3 31 CTV/SDVg/CTLVel w3 v A7 PCR A4 A}

Ct
Primer and probe SDVg LY o
CTLV+CTV2+SDV1-2 21.57 259 -
CTLV+CTV2+SDV1-2 27.02 22.19 -
CTLV+CTV2+SDV1-2 27.71 25.58 -
CTLV+CTV2+SDV1-2 21.94 316 -
CTLV+CTV2+SDV1-2 - 28.84 -
CTLV+CTV2+SDV2-1 21.01 25.75 -
CTLV+CTV2+SDV2-1 2544 22.17 -
CTLV+CTV2+SDV2-1 28.44 25.67 -
CTLV+CTV2+SDV2-1 21.76 33.29 -
CTLV+CTV2+SDV2-1 31.54 27.48 -

19 29. Multiplex real-time PCRe| ¢3¢ CTLV, SDVg #A: CTV/SDV

3 32. CTV/SDVAISl Wigh v 4 PCR A4 23

. Ct
Primer and probe

SDVg CTv
CTV2+SDV1-1 23.16 27.88
CTV2+SDV1-1 28.99 30.85
CTV2+SDV1-1 214 2991
CTV2+SDV1-2 23.68 27.65
CTV2+SDV1-2 27.94 30.85
CTV2+SDV1-2 21.57 29.43
CTV2+SDV2-1 18.34 2948
CTV2+SDV2-1 27.82 30.46
CTV2+SDV2-1 21.39 31.38
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AbE A =(STG medium) of# ¢F 2t}

O Solid medium

MS salt mixture (Gibco BRL) 2.5 g, Sucrose 20g, agar 10g/1L

O Solid medium

MS salts 2.5g, sucrose 30g, growth factor 1ml/1L

(o,
(o
o\
o

2

% Growth factor : I-inositol 100mg, thiamine-HCI 0.2mg, pyridoxine-HCl 1mg, nicotine

acid 1mg
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A 872 FFA wlol Xz A

aF oGk

35). o7lell F=AE

Gl oM H

RT-PCR
HE vlolg & 2% (mm) |%7] F7(mm) | (CTV"CO™2 primer)
2015.10.7
ISHIJT -1 340 10 +
ISHIJI -2 960 8.3 +
ISHIJT -3 1040 11 +
ISHIJT -4 650 9.3 +
ISHIJT -5 780 9.1 +
ISHIJT -6 1210 9.2 +
ISHIJT -7 1030 8.3 +
ISHIJT -8 610 10.5 +
ISHIJT -9 650 8.4 +
ISHIJT -10 730 8.2 +
[SHIJT -11 1020 9.5 +
ISHIJT -12 700 8.3 +
CTV-HAHO0 -1 310 o.1 +
CTVA#H0 -2 920 3.7 +
CTV-+#HO0 -3 1000 6.8 +
CTV#10 ~4 680 3.6 +
CTV-+2HO0 -5 820 9.5 +
CTVAH0 -6 970 5 +
CTV-+AHO0 -7 320 9.4 +
CTV#H0 -8 360 0.8 +
CTVAH0 -9 760 3 +
CTV-H#HO0 -10 1010 9.6 +
CTVHAHO0 —-11 900 6.1 +
CTV-HAH0 -12 1000 9.5 +
CTV-HAH0 -13 910 9.5 +
CTVrAH3 -1 970 9.3 +
CTVAH3 -2 970 3 +
CTV-+2H3 -3 720 9.9 +
CTVAH3 —4 330 10.7 +
CTVAAH3 -5 930 9.3 +
CTVH#H3 -6 900 10.1 +
CTVArAH3 -7 790 8.8 +
CTV#H3 -8 320 9 +
CTVAH3 -9 760 8.5 +
CTV-H2H3 -10 1020 9.8 +
CTV-HAH3 ~-11 950 8.6 +
CTV-HAH3 -12 710 9.5 +
CTVHAH3 -13 730 6 +
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11/16 104 = 04 1.3 £ 0.15 89 + 04 1.17 + 0.26
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