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Progress in study of new Citrus viruses and viroids diseases in China
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neering Research Center, Chongqing 400712, China)

Abstract: Citrus is one of the most popular fruit crops of the world from the equator to 41 degrees of lati-
tude north and south. As a perennial plant, citrus is high value crop which is infected by a big number of
viruses and viroids in the field due to vegetative propagation and grafting. Some of these pathogens cause
severe crop losses and often reduce the productive life of the orchards. The most important cause for the
worldwide spread and accumulation of viruses and viroids has been the international trading of infected
nursery plant material. Subsequently, vector transmission might occasionally play a role in the spreading
of these agents at the local level. In China, citrus was infected by more than 20 virus and viroids diseases,
including Citrus tristeza, Citrus tatter leaf, Citrus satsuma dwarf, and Citrus exocortis etc, which severely
affect its production as well as the quality. During recent years, there has been significant increase in the
citrus production in China, and the citrus production of China stayed stably ca 33 million tonnes, which is
of economical importance to farmers in the southern part. With the development of new detecting tech-
niques, especially the next—generation sequencing, three new citrus virus and three viroids diseases were
identified in China. These diseases are becoming more harmful to citrus production. Progress in studies on
the new citrus virus and viroids diseases was summarized. The results obtained in recent years are as fol-
lowing: (1) Citrus yellow vein clearing virus (CYVCV), a member of genus Mandarivirus, family Alphaflexi-
virtdae, is the causal agent of yellow vein clearing disease. CYVCV was first observed in Ruili, Yunnan
province of China in 2009. Now this virus is widely distributed in China. CYVCV infects most citrus spe-
cies, varieties and hybrids, and lemon (Citrus limon) is most sensitive to CYVCV. CYVCV is transmitted

through vegetative propagation of infected buds, scion or rootstocks, and by mechanical inoculations of
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sap extracts onto herbaceous indicator hosts. CYVCV can also be transmitted by Aphis craccivora and A.
spiraecola from lemon to bean (Phaseolus vulgaris), and from bean to bean. No other transmission ways are
known. Comparison of the whole genome sequences of CYVCYV isolates indicated that there is a very low
level of sequence heterogeneity among CYVCYV isolates of different geographic origins and hosts. (2) Cit-
rus chlorotic dwarf-associated virus (CCDaV), a recently described member of the family Geminiviridae,
is considered the causal agent of citrus chlorotic dwarf disease (CCDD). CCDD is considered to be the
most serious disease of citrus in Turkish, only sweet orange showed some tolerance to the disease. Until re-
cently, CCDD had not been reported to be present in any area outside of Turkey. However, in 2009, the
typical symptoms caused by CCDD were first observed at one Eureka lemon yard in Ruili, Yunnan prov-
ince, and now CCDaV was still restricted in few orchards in China. CCDaV is transmitted through vegeta-
tive propagation of infected buds, scion or rootstocks, and by stem—slash inoculation of sap extracts onto
sensitive citrus species, such as C. macrophylla, rough lemon (C. jambhiri) and sour orange (C. auran-
tium). CCDaV could also be transmitted by the Japanese bayberry whitefly (Parabemisia myricae) effec-
tively. (3) Citrus leaf blotch virus (CLBV), a member of the family Flexiviridae, has a 9 kb single—stranded,
positive—sense genomic RNA encapsidated by a 41 ku coat protein. CLBV dispersal occurs primarily by
propagation of infected buds, but seed transmission at low rates has been detected in at least three citrus
species or hybrids. CLBV was first detected and characterized in a Nagami kumquat (Fortunella margari-
ta) in Spanish, showing bud union crease on Troyer citrange (C. Sinensis X Poncirus.trifoliate). In recent
years, CLBV was fond in Prunus avium . Actinidia chinensis and Citrus in China. (4) Three new viroids
were detected, including Citrus bark cracking viroid (CBCVd), Citrus viroid V (CVd=V), and Citrus viroid V
(CVd=VI). Three new viroids species have been identified in citrus and belong in two genera: Cocadviroid
(CBCVd), and Apscaviroid (CVd-V; CVd-VI), all belonging to the family Pospiviroidae, and they are unen-
capsidated, small, circular, covalently closed, single—stranded RNAs of 246 to 401 nucleotides (nt). Three
new viroids infect most citrus species, varieties, hybrid of genera citrus. They are transmitted through veg-
etative propagation of infected buds, scion or rootstocks, and by knife—cut inoculation of sap extracts onto
sensitive citrus species. 42 samples of 33 cultivars with such viroid symptoms as stunting, bark scaling,
and cracking on P. trifoliata rootstock, were collected from citrus orchards. CBCVd was detected in cv.
Meishan No. 9 (C. sinensis) from Sichuan, cvs. Akemi (C. reticulata) and Nishirokaori (C. reticulata) from
Zhejiang, while CVd-V was detected in cvs. Nishirokaori, Haruka (C. tamuranua), and Kiyomi (C. unshiu X
C. sinensts) from Zhejiang, Hunan and Chongqing, respectively. CVd-VI was detected by RT-PCR in nine
samples (20.9%) collected from four different growth regions (Hunan, Sichuan, Chongqing and Zhejiang).
Selection of resistant cultivars is the most effective way of combating virus and virods diseases of citrus,
but so far after many years of research the success is rather limited. As a result, control strategies are
mainly focused on the production and use of virus—free plant propagative material and control the vectors.
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Table 1 The occurrence and distribution of six new viruses and viruses in China

Zed TP TIPS R AR A M R

Yunnan, Sichuan, Guangxi, Jiangxi, Hunan , Guangdong, Fujian, Guizhou , Chongqing

(EEALES I ] oA
Disease type First occurrence year Distribution
G T 2009

Citrus yellow vein clearing virus

MG RR AR LA 2009

Citrus chlorotic dwarf-associated virus

G BEBA Citrus leaf blotch virus 2017

HAGI B LB 2010
Citrus bark cracking viroid

MHEZIETEV Citrus viroid V 2010
MAGZIGTE VI Citrus viroid VI 2012

2 Yunan

YEVE DI B . =P8 Jiangxi, Sichuan, Hubei, Yunnan
VU] YL LY R R S R

Sichuan, Zhejiang, Jiangxi, Chongqing, Hunan, Yunnan

WL pd R Zhejiang, Yunan, Chongqing

WYL U] i8R FLER Zhejiang, Sichuan, Hunan,Chongqing

1 MR S bk

1988 4F 1 YK AE L KT HH #7488 ( Citrus Limon ) Al
FRA% (C. aurantium) LRI T —FhHr iAo 5, 4R
Pt FL 7= A 1) Ak Tk B E DR A 24 Sy A B Ik
R B TEENEE  HH A (C. medica)
F158 #7445 (C. limonia ) M1 ZFPF7 2 S D Ll g2 5]
FEABLREAR A7 A6 K J 0™ AT R AT 509% 7, 2009 4F:
TR e 2 B BRI ) © 077 v At b W4 81 i 72
FAVAH A B RO AR, Bt I A DU ) 1“2 e DX A ARG
MBI, H AT S os R B 8, bR
pay =N 1YL N Y i I B AW 1 2 L 2
FrE XA AR

A ¥ K 90 S5 R o R PR SG FE R (Alphaflexi-
viridae) , EERAG R B8 )8 (Mandarivirus ) BOAH G 254k
ik Bl %5 # (Citrus yellow wvein clearing wvirus,
CYVCV)", CYVCV R F 223 i 2k, K/ R
(13~14)nm X 685 nm™*, CYVCV &K 42 7 529
G TR L B AY 1E B5E RNA, B 57 .3 st dE 4 6%
X (UTR) #l Poly (A) Z5 45", #4> CYVCV #i bk 5’
UTR 19 55 28 F1 29 (i A% 4 IR 2= th B 2 W 5k (-
CA=") W4 A, i A8 6% 25 0 B oA ] Fp i 5B
CYVCV [WIEHAEH 6 1~ LL ATG/E M I % i+,
FEArBILL TAA FITGA A28 1k 245 1 1 il e e
(ORFs) . H: 1 ORF1 %% 5% 9% 7% () &2 1 B 25 1,
ORF2 ,ORF3 ,ORF4 #7388 2H il — 4> = BE P X Ik,
A3 825 ku 12 ku F1 6.4 ku 0975 5, Hohfign
e 5 B R AU R 1932 S A % . ORFS a5 1

ShFefE . ORF6 5 ORFS F/r &, ifih—1>23 ku
1 A A R 4G 5 2 117

Xt 234~ CYVCV F bR 275 70 M K BL, 1209 75
BRI PRST , HCHE DR 20 AN DR b Sl s R A o o 22 S T
A RER S WA, R AT E B E A H R
CYVCV AR L T #EAA b BRI 2352, IR
CYVCV AT REAFAEA ] AR IR

CYVCV 2F EVuHl) iz, Br el R Y s i k%
Bobh S H A 2 8w DU AR YL 1T (Vigna un-
guiculata) | 3¢ 5. (Phaseolus vulgaris) . 3Rl ( Capsi-
cum annuum) &7 (Chenopodium quinoa ) 5 & A A
Wl AR R AE B %% (Malva sylvestris)  JE%% (So-
lanum nigrum) . % IF (Sinapis arvensis) F FH B F &
(Rananculus arvensis) ALK T CYVCV!™,

CYVCV TEA [ AT it b b 5 2 ) 4R 22 5
5, L DR R RS A FE R WA (C. reticula-
ta x C. sinensis) b BRERICH BEF", MR
Lo RN T CE N v S /NN WAl e E &
I B ACTE R T AR I ¢, (H I R S5 IR A
WK, HXDEE KR . tehh, il (C. para-
disi) IR B (C. grandis) FIFB 5> RIS | T8 5 AH A7
(C. reticulata ) i FHER J5 {UE R IR 2R 90 H 2 50bk
W, A 2R IERI R, ok BT SEIE B,
CYVCV TEA[FZF 3 b R AREAR 22 5 SRk P i
TR o i 3 OCHR

CYVCV B8 i B B A R AR AL F 51
A T3 3 L WF (Aphis craccivora) F155 2825 5 (A. spi-
raecola ) T2 5. 2 ], LU Ko Ayt 128 G [ i A T 15 4%
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I F 20 80 AF AR rb ) 1 e - H R A A
ARERIEAGIR LI Gy 1, Hl, 7 R H A%
FEME P XA oA, © SO A B G T ™
MG T 2 3, 0 2 ol S5 At o S i D
7 509%™, A R I A s K A LR KA T
- HH 1B 2009 75 H E = FE A RN e T 5
Pl BB E ™. H BTG R R A i AT
Z B TR E = F /DB X

FAIIRAS e N 7% ( Olive latent virus , OLV=1) 8§
AR AT RE R 5 LA A7 B S A0 s 11%) 3 2 D PR {HL
BESWFIE R 2 8 [l AE BLHER ORI IRk,
Loconsole S5 ik I B2 I 7 B A B AT ARG AR 2 Ak
3o 099 i A — T R SR i 7, DR LR i 44 Al
15 R 2R KRB 48 A0 IR B ( Citrus chlorotic dwarf-associat-
ed virus,CCDaV), CCDaV F:[K4H %) 3.64 kb, HAG W
A5 BT 19 TAATATTAC JF 41, DA R PR 5 [l S
FP BT 1K e A5 A6 i B A TR B X, CCDaV 2
%4 54> ORFs, Ho b ORF1 4% 14~ 15.3 ku B4
FIRERFA AR T RSFA I V2, ORF2 5 ORF1 #73
A, i 14279 ku 9452 H , ORF3 Al ORF4
A BB S TR A (RS 3 5 A DR,

CCDaV 1] {2 Y& K 22 BONE A b B, Herp LA 2
i ERFE KT (C. jambhirilush ) S5 G2 5 B
JB IR M EA (C. unshiu) FIETREXT CCDaV B4 — &
AIHTPER, BUR ARG CCDaV J5 , BRI ™ &
O s, SO T AEBEARER IR o A, o R s
IRMRE I, 5 [A] 4, FERR I /N2, CCDaV R i 2%
o P AR AR BRI AL HR AN, 3 W] T A A A AL
(Parabemisia myricae) #ATALRE™ ., M T 1 g 5y Bl
T8 AR R A - B AR b iR AR AT T2
a3, PR b R [ ZERHl X AL T I CCDaV AR FIR
KRG, AN, CCDaV 38 ] R i 7] %] 1) 7 28
YSRGS AT RS UGS L™,

3 A B
E ARG 1 BXE 538 95 5 P AE VY BE A 19 82475 (Fortunella

margarita) FAE R S TE HAS GRCHDE 7
BEA S RORA RV 2= A T A A Ak A
i P BRE B & A A Al 2 T AR R, v AR T
Wk (Prunus avium) FVSFHERE (Actinidia chinensis) b Jiti
3G N R A P R 5 140 i ] A
[ =/ U1 PSR A AR 3 DA DU 13200

A7 P BB 0 SR B 2PN HE R ( Betaflex-
wiridae) , MW E)E (Citrivirus ) AR AR G 3¢
B9 25 (Citrus leaf blotch virus, CLBV) , iR T &
A 224K, K/NR 960 nm x 14 nm™, CLBV JEH 4]
h 8 TAT AN KZH TR A LAY IE B 5% RNA, & A 34
ORFs™, Hrfr ORF1 4ifi5 14227 ku 58 HilAHIE M
Z IR, ORF2 4t 14> 40 ku 55955 2 78 41 g ]38
A G FE 1, ORF3 4 i 40.7 ku RS2 8 1™,
CLBV JE A A iy 5° A HAT B BEAL I 12548, 3°
AR EA poly (A)Z55™ i@ 1L 4347 CLBV B R 2544
BURT C 50 R, DL KR A RIPEBE Bk A S
T % Fl b CLBV 35 bk b 52 8 H 2 N (CPG) A B,
CLBV HYFFNBARNT , AL Stk 250

CLBV ] DA% 4 K 22 ZOH A it Ffr | HLv LA
i’ (C. paradisi X Poncirus trifoliata) CURRIS AR LR
(C.sinensis X P.trifoliata) | * &% . WUZEHEG " (C. mi-
tis ) SERTARG R B N AU, CLBY o n] LUg gLt
PEREFIBRAGERE™ ), FFAE IR Z5 A T AR S A AR 0 (Vi
cotiana benthamiana)", CLBV £ K Z KU 7 5 Fh
ORI R AR (AT R A
AL o o Y AL A 32 7 o N (YN )
FEART, AL, CLBV i AT DL SO Al R AR I8 AN
FERGAR Iz R 2L, CLBV Bl i IR A A1
AT DA Bl e 2 9 T B B0 RHE AL #E, 1
S, CLBV b il i Fh 1 e A T4 8 , (AL RERELAIR™,
4 FIREREINE

AR TR TR ARG 1 & B0 T AR A e 880
7 (Citrus bark cracking viroid, CBCVd) M & 2505
V(Citrus viroid V,CVd-V ) FIFHE 2% 55 VI Citrus vi-
roid VI, CVd=V1) 3 R i 54 | i AR Rt 17 %
RN e, HIYJm T D8 B U ML P 2 3 2 Pl
(Pospiviroidae ) i, 517,

CBCVd 557 1988 4R 7 3 [ I A1) 4 Je 2. JH (1
PG 9l B, B 5 78 LS | 4 HH A
SR ALA HGER, FRIE H 2010 4F 5 Y& I CB-
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CVd LK, HATEE P DI T T8 G5 Al
1 245 22> R BN 7 DRI 3 T CBCVd®™, CB-
CVd JF & A SR EE IV, 201 145 [ B 1543 25 2%
2 (ICTV)H4$H 4 4 CBCVd,  CBCVd &M 58T
295 7% )8 (Cocadviroid ) B B B2 ™7, &5 A 284 %
2 , AT FRIR 254 e A5 M 71 % m A% R AT
TERRFE BT, BAT 32 A5 R 8 & (Apscaviroid )
FEA B g AR SF X (CCR) L A Sty B 5F & R oK i
(CCR) FA I SF X (TCR)™, CBCVd 1 V 4514 35k
FITR Z5 K384 80~90 nt 15 CEVd AH[R], H TL 454435k
55 0007 16 25955 B (Hop stunt viroid , HSVA) B9 #7124
PER T 76% , HHEN %2 7L CEV HTHSVd 1
AR, CBCVA 3 ) iz, al iR e RZ 01
Rt S KA o P AR de A BURK, 5 A BT
ELN ) S O DI NI T E S SR S| ST A
W 5 BRI e HE B GRORI R I TR 8 S 55, B
R4 4 , CBCVd 34 1T LU AR Y 4 JK (Benincasa hispi-
da) W A6 (Humulus lupulus) | %5 46 (Chrysanthe-
mum morifolium) . ¥ J\ (Cucumis sativus) | = F¢ ¥
(Datura stramonium ) . P4 £I#ili (Lycopersicon esculen-
tum ) FIFLEFEH (L. peruvianum )™

CVd-V f 5 J& i Serra S5 7E P4 B A (1) FH 47 ik
Zx M Atalantia citroides 173 B H — 8 I 280K 55
HHTCVd-V 25041 T IBE2F JeinsR (bl
MY HAS BT | R HOH AR SR FR
T 2010 4E E IAEWL . 2= 7 AV PRAE b 5 | b ) © 74
ZA M L AR BRI CVd- VR,
CVd-V 93 R RIS TG 8 B 5t , HA 293~294 4
AR, & & GCOKZ 60%)™, F Ak H HAE T #il il
TREEH IR GE A TR H A K Th 68.7% A% H R
FAAERREEC X , A S5 A0 2 Js 8L Y CCR
Iy 4% B8 25 il B 25 28 0 7 BHILEL A9 TCR'™, Serra
SEONR L CVd-V FINIE RSN 5 (Citrus dwarfing
viroid , CDVd) I 1 5 VR 4= G4 1 o B i 3, TE 55 T
CVd-V BB T XU TLAHI . CVd-V %
FIEH) Tz, BB 1R Y R 2 B HE Tl SR S A
BAEZ UG O T A G 52 e R ATE 5 |
BB EEREAL JRTERCR B AR A/ N FE IR A AT 4L
FUREAR, AR &L CVA-V INRIAT

CVd-VI 5 5T 2000 4F % 8L T H A 59 * AR
O™ BIEFTN Lk, A H AR B GE CVd-VIL (AT
AETER VL )1 38 e A R DA X 221

FAZ i A BRI 2 T CVA-VI™, CVd-VIJE#E &
%4 A Citrus viroid original sample (CVd-0S) , [ Fr#if
R EEF R A LUI0CV) L 9 R TR S ol J 0
# N CVd-VI, CVd-VI N3G R0 8 a5,
A 330~331 ML TR, HA S AL R 2 v
AU CCR MITCR™, e4h, ¥ 5 4 Hr 7R, CVd-VI
f) C RN TLZ5 A48, V I TR S5 R 8 43 3] 5 A i Ak 2k
W EE (Citrus dwarfing viroid ,CDVd) SEF MRS 5
(Apple dimple fruit viroid, ADFVd) ,CBCVd il CEVd
(AR RIPE BT 65% , F LHEI CVA-VI AT BB & —Fh
BB RISRTET™, CVd-VI A {24 K ZHU G R
Je F A Fh Homp DUFE C Etrog” B8 I E IR e b BH
5| S Bl 55 B i KR BE AT B il T BRATAE AR
CVA-VIIE ] LUZGEtli§ (Diospyros kaki)™,

HR CDVA 5 CVd-V SR QA G I A |
SECHA L AOSER {02 CVd-V 5 CDVA E A5 ¢ Ari-
zona 861-S—1" F i J5 &1 ™ EER AL, B, 0
HBKIRBE , [ RE 2% Hh B4 80 T BCREAR ™, M4
O BE A=A UM E B A il RE S 2R EEA I JE A
DU AP R ARSHR A O™, BRI B4
Hh MG Z R 27 AR RS BUE R, CEVd 2351
AR G A ™ Y 5 e Ko R Rt R SRR AR L 10
CBCVd 5 CEVd & & {2 YL AR I, W) 25 i AR il
A BRI & A R

5 KEEAR

BT A7 RRE 0T hr s S5V R RAE
‘ Arizona 861-S—1" F & EE G A9 FH T CYVCV |
CCDaV LA S 2 4 77, AR, BT Sl
FRARYHL AT FHF CYVCV BRI,

HL - 3 B B A R A R AR Y VEV
CCDaV Fl CLBV [ 2B, il o i 5 90
FrRiCH AR AASS B & I8 CLBV TEA AR FIAS AE R B AR 22
L R R0 i 7 3 o

FOPEESE S, T CYVCV B I A I 7
FEEIERE A& A B RE A 4105 SR8 (DTBIA ) Fl G Re
AR 4 K 4 A i — 20 Ak T AR DN 20 B, G S
FREZA AR G2 FH (DR A ARG

iR 2 22 £ A B W B T CLBV .CBCVd ,CVd-V
FNCVA=VT AR, Hode /D ARG HE 0.1 mg AYH fE4H
LU I, RABUE T IR pg 47, Galipienso %7
R4 JE CLBV AR s ], & J& 4 1 56 T2 4Ll
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%432 (tissue print hybridization, TPH ) 1 B 55 44 32 1)
IR 5232 £ A (dot=blot hybridization, DBH) , X 2
FAR B TR G T 5 #r e E AU 2 A (C.
paradisi) T4 # (C. fortunella ) %5 Z2FHAH A7 & Fieb 9
CLBV, {H JG 3 46 U 115 RUBL EH 45 (C. sinensis) T 1Y
CLBV,

CYVCV.CCDaV .CLBV ,CVd-V I CVd-VI#E
L T AR Y (RT-) PCR FISEHT ¢ 0 2 7 RT-PCR
A4 8, FH T F DDA o P R R ) o202l Sy
e RGN 1% AR RVRR S 2 AR EEST T CYVCV
(1Y 5 2 RT-PCR A6 I 5 25, H: R 888 500 # RT-
PCR¥E 7/ T 100 %, IHAF, Takao 55 ™ 37 1) £ &
RT-PCR & R BE R CEVA .CVd-1-1SS \HSVd,
CDVd. CVd- VI Fl A 4% 2 9 5 1V (Citrus viroid 1V,
CVdA-IV)6 P , 48 T ARIRCE

XIRE 7 S5 T B % CYVCV BT 1 AH I 10 30 %
SERA SEER Y1 (LAMP) K 5 %5 AR
ZLPCRAX, 70 min PRI AT SE BURN , H 72 8503 38
(RT-)PCR 1Y 1015, i34 4 kL 5 dsDNA 254 B B A
B0, AR Oy 0 11 JEUHL Gl 2o 7E SR B A SYBR
Green I ZEG YL RE, ANTREEHLIK , ke S0 T HL UK B 7 B
FEA SR TE S . EAM, Loconsole 2525l 33 Solexa
WFFF- B E OB T EFE MRS EE CCDaV , Jf
B T ERBENTR TR B — B Rl CYVCV 2751
6 BRI

B TE R B J5c A R T R R B AR O i
Flro b ARG R T O A L, LA
BRI R, PR 3 B 3 B4 S SRS ISR 1
AT 37 BN 7= Mo AGRE |, 8 3 o TOR R R 3%
T Fh =, B O IE O EE A, BELIKT 5 bifi ZEGE A4 )
B AT B AL . IR A BT T A B R
SR FHRAEFEHBERHY B BT CYVCV Al
CCDaV Al i G5 26 26 . G 0F A by BUAE 1A R
M TR | PR AR 5 S0 ) e S B4 . Ak,
KRB A B SRR AT E— R E R LR G

7 B
RT3k AR b % JE R | (7] B 4 BR A
WA R VSIS M B 22 , AR A T MR s 12K

T A DT X e A AR i ™ FE A5 2K
PRI 7 PRI M ARG AEE 4 TR] R 30 5 F 5 R 5 A T A

R IREEIE F RIS R AR TR TR, DL
0 R BH IR LA [R] iz FH R B 0 e 25 A 2R A I
AR A A A TS, DA 3R EA AT BT
RIR TR AR AT 5 B A AR —
SEAE ., DI A PR B 3 I AH AR 7 ol 1 ik e Jre i it
DB HR S
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