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Citrus chlorotic dwarf-associated virus detected from post-entry quarantined citrus from Thailand. Ryuichiro
Kasukabe, Yasutaka Tsutsui” and Yuji Fujiwara® (Yokohama Plant Protection Station, 5-57 Kitanakadori, Naka-
ku, Yokohama 231-0003 Japan. YKobe Plant Protection Station. ?Research Division, Yokohama Plant Protection
Station). Res. Bull. Pl. Prot. Japan. 53: 63-68 (2017).

Abstract: In 1994 and 2007 citrus plants were imported from Thailand and inspected in a post-entry quarantine
facility. The leaf symptoms of these plants resembled those of Citrus chlorotic dwarf disease (CCDD), but could not
be identified because the causal agent of CCDD was unknown. In 2012 Loconsole ef al. found geminivirus from
CCDD-affected citrus trees in Turkey and provisionally named it Citrus chlorotic dwarf-associated virus (CCDaV).
By using their CCDaV primers, CCDaV was detected in citrus trees imported from Thailand. The complete sequence
(3642nt) of CCDaV was determined and was 99.53% (3625/3642) identical with those of Turkish CCDaV (Accession
No. JQ920490). In this study, the correlation between leaf symptom expression and CCDaV detection was confirmed.
CCDaV was detected from seeds of CCDaV infected fruits, but not detected from seedlings from CCDaV infected
seeds. CCDaV was inoculated on indicator plants used for the detection of many citrus diseases and important citrus

varieties in Japan and symptom expression was observed. Since there is no record of CCDaV in Japan, detection of

this virus in post-entry quarantine is very important.
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ORI B 1 4 [ 35 02 3B VT % B BB RS A lC B W T
1994 4 K U8 2007 4R IZEA S AL, BT A OV ARGEIR GRARSE
K OHE) BROONIT2OREGE T A D VXY
(a7 3% ¥ : Citrus hystrix) HIZDOWT, REDFHEARA
LNTELD, FHEICEL L7z LAMAL, MLVIIZBW
Ty AIERITEB 3 2 B2 BB O HF I EDREIR (Citrus
chlorotic dwarf disease (CCDD)) % /R9 # ¥ ¥ % & Citrus
chlorotic dwarf-associated virus (CCDaV) » &I} & L7z 5
(Loconsole et al., 2012) DIEHREZTTIZFZ A S ¥ F Y HH» S
CCDaV O # ik A7z & T A, 1994 4E J O 2007 4E 2 H A &
NT=W )7 D F 2 F D kkH 5 CCDaV il E 7z,

), M S 7z CCDaV 2o TR & N3 % &
12, FAEYOMEEME, HRTEE SN TWS I v FIy~0
WRELTHEL-OTHET %,

bt

MHR RV T

1. SRR

1994 4E R T 2007 4RI & A 2 S B A S NFEEERIE A TR S
W& 7 0 L AR REY BT 2 I35 0D B Bl 28 4 C AR Ak
MENTWZZh Y F UK (373 F 1994 58 A 1R,
2007 4E#i A 3 4 (No.1~No.3)) Z ik L 72 2007 4 i A#k
X Citrus tristeza virus \CEBEEFEL TWiz/z0, [4. 514 L7
by =2 2 AN X BRSO ] DL O T 1E 1994
SEBGARRD A% V72,

2. HEH» 5 OREBOHMY

7Y%V RED S OBB O, CTAB: (Liet al, 2008)
RWEL T o 720 B REIIHET OB 10 i (wh)
@ CTAB #% 5 i (2% CTAB. 2% PVP-40, 100mM Tris-HCl
(pH 8.0). 1.4M NaCl, 20mM EDTA. 0.2% 2-mercaptoethanol)
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A $OSTERLZ, BH 1,600 41 % 2ml 55 2 —
TIZAN, 65C T 15 4 B #k 4, &0 B (14,000rpm, 10
G5y 4T) ZATo 720 BEWT, 2700 FRIVA 650ul DA 72H
LWFa—7CkiFE650ul 2B L. WMLCIRE D B, Eo5
B (15,000rpm. 10 5 4C) #4T-720 99.5% L% / —IL 700
ULDASTZH L WF 2 —TICEE400ul 2B L. BMLLIIEE
I .m0 EE (15,000rpm. 10 43, 4C) %47 - 720 Wik %E
YT, WBEIC 1,500 41 D T0% ¥ ) — b F 2T O A B
(15,000rpm. 10 43 4C) #. WARZ I TR L 72 wi&IC,
L% 100 11 OFEERTHME L7z b 02 BRI & L7,

3. PCRIZICK % DNA DiEig

Polymerase chain reaction (PCR) &, il 75 4 = —1IZ
Loconsole et al. (2012) @ 3202fw Jz O 6rev % ] \» 725 DNA
BB L, B, B9 T TuKaRa EX Tag Hot Start Version
(57754 k), FEF. MR K OIRICD wTid KOD FX
Neo (HFEHFL) & M\ 7z0 BOSREE X WHEFIEIZ 94°TC5 70
(94°C30 >, 54306, 72C30H8) % 301 2 v, 72C7 4%
DGEMTIT 5 720 WIREWIZ 3% O T /1 — A7 )V TERLIKE)
L. FYVoa7av4 FCHE L7,

F720 Y VMRS S DNA HREHEICHIE S iz & & i
WY A0, WEEEEFREMOT7 54— LT
Andersen et al. (1998) O 7 F 4 < — (Gdl }. U Berghd) % Hl
WA Uil 4k C PCR #4757z (Table 1)o

4. ALY b= T2 R & BEERFIOBER

Loconsole ez al. (2012) O7 54 ~v— L ARFETHI LT
74 ~—%M\wTPCR %17 - 7. Big Dye Terminator v1.1
Cycle Sequencing Kit (Thermo Fisher Scientific 1) % H v C
ABI PRISM 310 Genetic Analyzer (Applied Biosystems ) (2
LBWIREN DT AV P =7 LY A% TV, T VADE
TAERCH & AT L 720

5. HrXYDiERE CCDaV & DREE

FHEDS 7 LE Y 1HRIC CCDaV &4 v % v A Z BAE
fliL. 27 A%ICBAR HREROFEB L7232 18 & H T
PCR %12 & ) CCDaV O it % 47w, Bk E L9 HRS O
CCDD JEIR & CCDaV OB % Ji X7z,

6. CCDaV BEEEEDHAE

F—0f4aT 7 LE 2SR EEN 2cm OX R Z £
F72k AR FEED T 7 L E VT 6 BRIZ Roistacher (2009) ik
THEKRET o720 17 AR, ZOBOEEZHRL, 3K
(BEA. B. C) 2SS 7L A%, 59 38 (BkD. E.
F) 12 CCDaV BHMAR % 72, CCDaV BEYAARDOEA 54
HRICBAR L7 RFE2NHE L. FERBE RB R O 4507,
PCR {£I2 & ) CCDaV &G0 A M2 i3k L7z,

7. CCDaV BZEREODEFOHAE
CCDaV &Y R E R MR EN SBEONHETK 3 A D

R H L, PCREIC X ) CCDaV J&S A it 2 F 48 L 72,
72 D OBRELSHE SN T LRIZOWTIE, fifE
RIZ 458 LT PCR 24T - 72,

8. CCDaV BEERENEFHISEBL -BEDOHAE

CCDaV R REN LB ONHMT 2/ &, £F LW O
WREBEEL, 47 HBEJLT 97 H#%IZ PCR EIZ L ) CCDaV %
PeDF A AL 720

9. ACXVEDOKREEMEBARDH > %Y RBADEKRERE

FREERE RSBV TH ¥ FVBIRSET 2 7 4 WV AEDOR
E T 9 % Etrog citron (Citrus medica). Mexican Lime (C.
aurantifolia) . Person’s Special mandarin (C. reticulata). Rough
lemon (C. jambhiri), Rusk Citrange (Poncirus trifoliata x C.
sinensis). Troyer citrange (P trifoliata x C. sinensis). J O°FEPH
TEEINTWS A5 %F (P trifoliata), M3 H ¥ (FE)
(C. unshiu cv. Aoshima) . AHIK  ((C. unshiu x C. sinensis) x C.
Reticulata), &N A 3 (C Iyo cv. Miyauchi). ¥ ¥ 7 ~ (C
517 A (C. aurantium f. Kabusu), ¥4 7 7 ¥ ¥ —
(C. depressa), R #H v (C reticulata), 1 X (% H#H) (C
Junos cv. Tadanisiki) D% 1 AKLL L2 CCDaV BYAA 2 K
WAL, EREBIEL 2,

tankan) |

1. PCRI&EICL B

1994 4E K U 2007 SEIC 7 A S A SNz h v T Y B OW )
T CCDaV O IEF Y 4 X TH 5 444bp DAL E B 72 8
v RASHERR S N ze (Fig1)

2. 54V 7Y b =9 T2 R & BIEEESOER

PCR O¥IEBIH 2 5 A L7 by =2 TV A X D RFT L 72
RO, 1994 4 AR 2> S MR & M7z CCDav o &3 26803
3,642 T& - 72 DNA Data Bank of Japan (DDBJ) T BLAST
WFEAT - 72459, Loconsole ef al. (2012) L7z v
@ CCDaV D HL%] (Accession No. JQ920490) & 3,642 ¥ 3k b
3,625 #fidk (99.53%) #5—F L. ¥ 4 @A ¥ * Y iiH® CCDaV
WG L CTna 2 eI L 72,

3. BAREEEROEREHRIE L CCDaV L NRFE

CCDaV # AL 25 7L O 1 BRO%E 18 K% H
W PCREIZE ) CCDaV DR & AT o 72 R, BRERP &
IERD B % 4 & PCR B PhlZid 58 WAHEY (Fig.2, Table2) 7235
b7z,

4. CCDaV BEREERNHAE

VAR S 67 s, HRIEIMAL (Fig3). CCDaV %
Pl L 72 3 BRI RT TSR L OFIAERD R Sz 61
DR 5 PCR P12 X ) CCDaV @ B th % 17 - 72 & £,
CCDaV % L 72 33 X TOMNEE KO R E
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7 -7z (Fig4)o

5. CCDaV BEEREDEFOHRE

HD ORENSHSN/FT 3R KL O F ORFEOFT 2
KA CCDaV Bt & 72 ). BRE OREDORE T 3 kgL 2 -
7z (Fig5)o D OREDRP LB LNHTOIEAH 5 1L CCDaVv
DR S N o 72h HE 251X DNA OBIRAE S
(Fig.6). COMIREN AW YL TSI AL P Y =7 TV A
Ei7o728 25 CCDaV OFH| & —3 L7z,

6. CCDaV BEERENEFHISEBL-BEDOHEAE

CCDaV BERREDH T OAF LT 7 LE VIR, %3
97 A# % < CCDD OJERIZHN = H > 72 (Fig7)o F3F 44
H#%BR 97 A2 PCR 2L ) CCDaV O % 17 - 7275,
6 MR XTI E %57 (Fig8)o

7. WX VEOREEDRVBEDEEH > XY REBADE

Kt

7Y VHIERET B AV ASOMERY R HADTE A
v F Y RN OEARER O AR, Etrog citron, Rough lemon,
¥ A4 27 ¥ % —. Troyer citrange LUK ¥ 4 ¥ Tld, FrEICH
72 B ARRE IR 23 CHE T b Mkfe 37 % 3 L W IEIR S BL L 72 A%,
Rusk Citrange. # 7 % F. W (FE). AHAK EHNA 3.
& I vy J T AL Mexican Lime Tld, Bk, &I
JERDHN L D OO, KR 2D LIERDVHV 72 b L
W% 72> 725 Parson’s Special mandarin X "L X (£ M) T
. AR LZBIBNTIE S A S VEBRERHE VIR EM L £
NICETZ2ORT, FEALERIEANL 2 72 (Figd,
Table.3) o

%z %

CCDaV . 2012 FFZEMAC S — 27 = 0 H—I12 X BN T
REN, HHE SNz A4 VADD, 72 CCDD DO
JR LR SN T RWA, JEROAFHE L CCDaV &G 11T 5
MRS H B & ENTwb (Loconsole et al., 2012) . 4 [RlD
FAEICBOTHEABEMICL Y CCDaV ICES L7259 7 LEY
W CTid, B HE D CCDD OfEIRE 2 L 23D 5 CCDaVv
DRI ENH, EHRBOEIrSIIRE SN o/ b h
5. CCDaV 75 CCDD DJFJE TdH 5 n] fEEA R < - S 7z,
INLEDZEDPS, AYANVAORETRHME R LEE2R
WA ELPEREEEZ BN,

CCDaViRVzI=vAf VARO1IEEEZZONRTWD
(Loconsole et al., 2012) s BAEF THELI AT 2 I =T A VA
Brow A VA THIAZERT 5 b OIME SN TES T (Brown
et al. 2012), SRIOFAEICB VT HLRBEDS 6 kLR nb o
D, CCDaV &R LI DOPRIFE T A 53 L 7211 T CCDaV &
YT C & TR D 720

H U FVHORERPY L HARTHE SN TV L 8D ¥

N OBEREMICBVTIE, Yo yavIarveRrh v,
AHREZ D RIERAHN S 2 L 925, EINT CCDaV 255
AL7WE. WEEZTIESREITWRESRB SN, T/,
CCDaV iZY~EE2F Y5 3 (Parabemisia myricae) U3
hyaF IV I3 o TS
(Loconsole et al., 2012, Guo et al., 2015), W31 IR FENAF
FELTWR I, ~HEALZEE., FAEOGREZR
WwWEEZ bbb, CCDD %A, HIEFTIPLVIDAT
B o 7275, 2015 E IS PENC BT CCDaV DR A HE S h
72 (Guo et al., 2015), CCDD I MV IIZBWTH Y FVHET
DORDEBELZHED 12T, ZFL—7 7V — Ti& 50% DIL
ERPVOFHEDH Y (Loconsole et al, 2012), FASE~DEA
RERTHEELNETH S,

CCDaV ORGP L EZ Sh b0, BE, H v
U R ROR O AR I 20 S T B sl ks iR A o i Y) 7
FEDSART A NV ADBRAZERIET 2720 LETH 5,
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Table1 Primers used in this study

Target Primer name Primer sequence (5'- -3") Amplicon size (bp) Reference
3202f GTTCTGTGTTTCGACCCGTT
CCDaV w 444 Loconsole et al.,
6rev GGGATTCGCATGGATAGCTCATCCAA 2012
i Gd1 ACGGAGAGTTTGATCCTG
Prokaryotic 165 rRNA 1,500 Andersen et al., 1998
(as Plant DNA control) Berg54  AAAGGAGGTGATCCAGCCGCACCTTC

Fig. 1 Detection of Citrus chlorotic dwarf-associated virus
(CCDaV) by polymerase chain reaction from Thai citrus
(fragment size 444bp).

M: 100 bp ladder marker 1: healthy rough lemon

2, 3, 4: Post-entry quarantined citrus from Thailand in 2007 (No.
1-No. 3)

5: Post-entry quarantined citrus from Thailand in 1994

Table 2 Correlation of leaf symptoms and CCDaV detection

1.2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 H P M

500 bp

1 2 3 4 5 6 7 8 9 10 11 12 13 14

15 16 17 18 H P M

ol W G NN G W B TSR BoU el B W R0 W N U9 B e e 1,500 bp

C

Fig. 2 Correlation of leaf symptoms and CCDaV detection.
(A) Rough lemon 2 months after CCDaV inoculation

Leaves with numbers are corrected for PCR.

(B) Detection of CCDaV

(C) Detection of prokaryotic 16S rRNA as plant DNA control
H: Healthy rough lemon leaf

P: Positive control

M: 100 bp ladder marker

Leaf number
10 11 12 13 14 15 16 17 18 H P

Symptoms - - + + - - - - -
PCR + - + + - - - - -
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Fig. 3 Fruit-grafted rough lemon 5 months after CCDaV
inoculation.

Young rough lemon fruits were grafted to 6 rough lemon seedlings
and D, E, F seedlings inoculated with CCDaV.

Healthy rough lemon fruits were grafted to A, B, C seedlings as
negative control.

A B
e mc e m¢c

C D E F
e m ¢

e m C e m c e m C

— 500 bp

Fig. 4 Detection of CCDaV from rough lemon fruits.
A, B, C, D, E, F: Fruits from seedlings A, B, C, D, E, F
e: Exocarp, m: Mesocarp, ¢: Central column

M: 100 bp ladder marker

A B (o] D E E
12 3 456 7 8 91011121314 151617 18 H P M

Fig. 5 Detection of CCDaV from rough lemon seeds.

A, B, C, D, E, F: Fruits from seedlings A, B, C, D, E, F
1,2,3,4,5,6,7,8,9: Seeds from non-infected fruits

10, 11, 12, 13, 14, 15, 16, 17, 18: Seeds from CCDaV infected
fruits

H: Healthy rough lemon leaf

P: Positive control (rough lemon leaf with CCDD symptom)

M: 100 bp ladder marker

12 3 4 HP M

— 500 bp

Fig. 6 Detection of CCDaV from rough lemon seed coats.

1: Seed coat from healthy seed (from fruit A)

2: Embryo from healthy seed (from fruit A)

3: Seed coat from CCDaV infected seed (from fruit D)

4: Embryo from CCDaV infected seed (from fruit D)

H: Healthy rough lemon seed (Whole seed extracted from fruit A)
P: Positive control (Whole seed extracted from fruit D)

M: 100 bp ladder marker

From CCDaV infected fruits

Healthy

Fig. 7 Seedlings from CCDaV infected fruit seed 9 months after
sprout.

123456 7PM

— 500 bp

Fig. 8 PCR result of seedlings from CCDaV infected fruit seed.
1: Seedling from healthy seed (from fruit A)

2,3, 4,5, 6: Seedlings from CCDaV infected seed (from fruit D)
7: Seedling from CCDaV infected seed (from fruit F)

P: Positive control

M: 100 bp ladder marker
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Table 3 Symptoms of CCDaV infected citrus varieties

Variety Symptoms PCR
Etrog citron (Citrus medica) +++ +
Rough lemon (C. jambhiri) T4+ +
Shiikuwasha (C. depressa) +++ +
Ponkan mandarin (C. reticulata) +4+ +
Troyer citrange (Poncirus trifoliata x C. sinensis) +++ +
Rusk citrange (P, trifoliata x C. sinensis) ++ +
P, trifoliata ++ +
Satsuma mandarin (C. unshiu cv. Aoshima) ++ +
‘Shiranui’ ((C. unshiu X C. sinensis) X C. reticulata) ++ +
C. Iyo cv. Miyauchi ++ +
C. tankan T4 +
C. aurantium f. Kabusu ++ +
Mexican lime (C. aurantifolia) 44 +
Person’s special mandarin (C. reticulata) +
C. junos cv. Tadanisiki +

+++: Strong malformation and chlorosis; sometimes chlorosis remains on mature leaf.
++: Moderate malformation and chlorosis; chlorosis disappears on mature leaf.
+: Chlorosis (often symptomless)

¢l v80e

‘.‘L 1 ‘ »

-y

Fig. 9 Leaf symptoms of CCDaV infected citrus cultivars.
Backlit photographs of CCDaV infected citrus cultivars (A)
Al: Etrog citron

AZ2: Rough lemon

A3: Troyer citrange

A4: C. unshiu cv. Aoshima

A5: ‘Shiranui’ ((C. unshiu X C. sinensis) X C. reticulata)
A6: C. Iyo cv. Miyauchi

AT: C. hystrix

A8: Parsons Special Mandarin

B: Etrog citron

C: Rough lemon

D: Ponkan mandarin (C. reticulata)

*Photo scales are not equal.



