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W E. WKW BIRE (Citrus yellow vein clearing virus, CYVCV) J&—Ff IF X HEE RNA i #5o
HIERH S 6 DI ELHECORF), 7 ORF2.ORF3 1 ORF4 41 /%, 1 = 3 PRl %: 81 45 #) (triple gene block,
TGB). LUEH: CYVCV WL 7k [Citrus limon (L.) Burm. £.IRIFRIE RNA AR, R T
CYVCV [f) TGB %K, JFTFJE T o4t 28 (1 34k M SR 23 P45 PR A5 AR W15 S22 W7 s 1k 1 1@ 3L In-Fusion®
BiARMIEE T TGB &L A0 e fr A, 8RN i A A 1o 3 B AN M A 9 e W Al T R AT E
MUEREL . AW B g BREH, CYVCV-TGB HAT L Potexvirus J&75R 7 TGB AR Bk FUFI
S TREE, WS SR AR s AR EAMEEANS S WA e 45 R R, TGBpl @it
AUMEE (B I, TGBp2 Rl TGBp3 TZEwfr TAIMIEE (), /b8 sRE T p . FFs il
78 CYVCV TR EH s shpLIE 38 T efilte
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Bioinformatics and Subcellular Localization on Citrus yellow vein clearing
virus-Triple Gene Block

CUI Tiantian, WANG Yanjiao, LI Zhongan, ZHOU Changyong, and SONG Zhen"

(Citrus Research Institute, Southwest University/Chinese Academy of Agricultural Sciences; National Citrus Engineering
Research Center, Chongging 400712, China)

Abstract: Citrus yellow vein cleansing virus (CYVCV) is a simple positive-sense RNA virus. Its
genome contains six open reading frames (ORFs), among which ORF2, ORF3 and ORF4 constitute a
triple gene block (TGB) . The TGB gene of CYVCV was amplified and cloned by using the total RNA of
infected Eureka lemon [ Citrus limon (L.) Burm. F.]. Bioinformatic analysis of TGB encoded proteins were
carried out with the physicochemical property and molecular characteristics. The TGB gene subcellular
localization vector were constructed through the In-Fusion® technology and transformated to onion
epidermal cells mediated by Agrobacterium tumefaciens. Subcellular localization was then observed under
fluorescence microscope. Bioinformatics analysis results showed that the physicochemical properties and

molecular characteristics of CYVCV-TGB were similar to that of the Potexvirus, and the TGB may
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involved in virus movement in the host. Subcellular localization results showed that TGBp1 was located on
the cell wall (cell membrane), while TGBp2 and TGBp3 were mainly located on the cell wall (cell
membrane), with a small amount located in the cell. These results laid the foundation of revealing the
CYVCV movement mechanism.

Keywords: citrus; Citrus yellow vein clearing virus; bioinformatics analysis; triple gene block;

subcellular localization

MG SALIK G B (Citrus yellow vein clearing virus, CYVCV) =5y STk RS S5 A A7
Flo 25 Tt AR BT R BE0rH (Catara et al., 1988, 1993), B 5 fEENE (Alshami et al., 2003 ).
T HIL (Onelge et al., 2007) ZEHh b A7 4i3E, F1E T 2009 F7E 2w Fi AT L X & (Chen et al.,
2014), BHEJGAETERG. DU YL PGEEHbIIIH & A8, PRI P~ M3l 1 P EE A 2K

MG S ALK IR BE(CYVCV )& o kM0 8 RH Alphaflexiviridae ) BN EE I 5 B2 & ( Mandarivirus )
I« CYVCV KA 5 7529 ML H R I IE SCHSE RNA, & 6 NI EHE (ORF),
ot ORF1 ZWid—F RNA i) RNA 248 (RdRp) FUFTA 5 #I (REP) A 3¢ ({557 45 #4348k ; ORF2.
ORF3 HI ORF4 #Fr Al = HE PRI 45 #) (triple gene block, TGB), 43 #l#ir4 4 TGB1. TGB2. TGB3,
FIN 465 TGBpl. TGBp2. TGBp3 2 [1; ORFS 4l #h7et1; ORF6 Ml ORFS Al EE, Hifid
—Fh 23 kD 1 1E SCHAEE RNA W RAZIR 45 A FI Z Ik (Loconsole et al., 2012).

YR FHR YT TG, SRR IS AR RIERGTFR A S sHE ) i 2L,
94 B AL ) A B AR e s O o (R A R, A AR YA Ll (Carrington et al., 1996;
Nelson, 1998 Hi4)I #E7E 27 - AHP) 44 P 1EAT 40 ff 9] 3 AN P 29 3 i 7 22 L g R 132 3 B 1K o8
% (Lucas & Gilbertson, 1994; Carrington etal., 1996), K, 12458 HEW 7313 Y bk i fe okl
HEEEM . ARY SIS E ERAAAA, 2 H0EDHE 2 S — AN PR s 3l
F13EE (Lough et al., 2000; Waigmann et al., 2007). 1 A5 4E -5 25 4 i — A 30 kD (K85 1
5P 4] RNA 456, TERERS /D T8 IRMNEA—ZRE 518 (Citovsky etal., 1992)
FREME 22 o SR A S — S A S g i 22 AN 1 — i Se S sh AR I IR T RE, WK 4488
1699 25 (Barley stripe mosaic virus, BSMV) (Lim et al., 2008; PN, 2010). 4% X Wi 5 (Potato
virus X, PVX) FIHA 5 TR (Potato mop-top virus, PMTV) (Torrance et al., 2005) %%, 18
BEE A RE SR T i SR IES LS (TGB) 4w (TGBpl. TGBp2. TGBp3) Sk
YEHSEEE g i, 3 MEEPERE 1 AR AR ISR R N s . HA RN A
F HIRE s (Callaway etal., 2001), 41—2E AL L8 00 83 J8 (0 B 03, T B RIS 3l 75 EE Ak e B
gz [ 25 (Krishnamurthy et al., 2003; Bayne etal., 2005; Verchot-Lubicz et al., 2007),
ShoeiR A BN R IR G T, 5 TGBpl IR IR—E A Z 5% (Morozov & Solovyev, 2003); 7
—RRIRE BB PR, RIS LT E AN S, KIRES TGBpl B E &
¥) (Schmitt et al., 1992; XRfTHE &%, 2012). R SWHEiHHEH TGBp2. TGBp3 45y, 1Ll
B AR AR B U N RIS sh B ) 4 22 4b, TGBpl SMMBELAEH, HR—EARS
YIREFALA L, ek RaiZsh. i TGBp2 M TGBp3 1 k4l Bh K7W B 5 RNA (1)
12 5]

AR O A K TA A AL K 9% 2 TGB 4ntd 18 112 50 55 7E U123 (Loconsole et al., 2012)
(R, (S SR /D, X THHE S ALK 73 25 TGB RSEAE 5L 2546 R EL AR F LSRR AN T
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it T TGB HIAH S B, Aol CYVCV-TGB K& K37 70 % 35 5 AN 75 1 TGB HL K]
FEHVHAT RGBT, R IAT 1A 5 B2 T BOs o gw i 1132 2l 2 L AT 25 i N Dh e T, IF
TH I A S R L R GFP Rl T8 1) 40 s A7 8044, 4 G AR AT TR A IRk I ik 2 R DL 5 Al
FoAR, LU TGB & (A 140 M 2 47, hRE—P 98 CYVCV 8 A A/E I HLEE A — e i R Al

QY Vi SRS DARF

1.1 il

PRI T 2016 4F 10 H %2 2017 4F 1 HAEVH B R A S50 BT 18 SR ARG 1P A O 25 P 0o S 30 S 1B AT o
TGS A IR 03 753 1R U i kA A g B R, o [T SRS W A 253 OV R AT s TR ABRZE T H
EIRT AR X B SR AT . KT EEAE BM IM109. RATHEFEAE GV3101 W E b 5t a4 4
FARBRA T W40 M E A7 84K Pex-DG-GFP [ V4 B A A MRS AIF 9T BT e B Hp o0 2 i 2 i J 4

1.2 5|¥git
H4 NCBI 1 CRIE ) CYVCV 4 3L K4 41 (GenBank & 5% 5 4 KP313240), ATl ORF #H!

TGB Fr X W (1) = B S R 1) FF 85 1324, A PrimerPriemer5.0 A& 11514 (3% 1), %2 Invitrogen
W) TREA H) B

%1 TGBZRBEY HERFESIMIIE

Table 1 List of internal primers designed

514 FIFF (57-30 T B Mop IR KRB/ C
Primer Primer sequence Amplicon size Annealing temperature
TGBpl F CGCGGGCCCGGGATCATGGACTTACCTGAGCTC 678 60
R TATGATCAGTGGATCTCAGGAGGAGGTTGTAGAG
TGBp2 F CGCGGGCCCGGGATCATGCCTCTACAACCTCCTCCTGA 327 60
R TATGATCAGTGGATCTCAGGTGTGGGGAATAGGCT
TGBp3 F CGCGGGCCCGGGATCATGCAGTCAATAGATTTACTAATC 183 55
R TATGATCAGTGGATCTTAAACCGGTTTAGCCGG

W FRIZLEY 2 5 Pex-DG-GFP #AK FVE 1) 15 bp.
Note: The underlined part is 15 bp homologous to the Pcx-DG-GFP vector.

1.3 RNA 2B 5 cDNA BY& X
2 18 Trizol W7 Ui B T HREN CYVCV FEJSAEAE RS RNA, BT PHEE I KA RNA 52344k,

43662 1 (Smart Spec™Plus, Bio-Rad, ZE[E) ll5E RNA (K E . {#H] TaKaRa Al
PrimeScript™ RT reagent Kit S % 51871 & & i cDNA.

14 TGBHITBEEMESFENH

PL cDNA Sy REH2 ) T 5251455+ TGBpl. TGBp2. TGBp3 #E47 PCR ¥ 1, s WAK R A 25 ulL:
2% primeSTAR max Premix 12.5 uL, 10 pmol - L™ 5% L R 514144 1 uL, cDNA 2 pL, RNase free H,O
8.5uL. ¥ HB¥H: 94 °C 2min. 94 °C 30s. Bk (TGBpl. TGBp2 & kiliE 4 60 'C, TGBp3
(¥R L 55 °C) 30's, 72 °C 1 min, 30 MEFR; 72 ‘CAEM 5 min. HUEHEEEL 0 UKE IS F DNA
P IR DAT k) e [T H A e Bt o

FIAEL M ProParam Chttp: //www.expasy.org/protparam) 4381 TGB [ EEFI4L 24 5t H
Conserved Domains Chttps: //www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 73785 [/ 57 45 #4355
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H Protscale Chttp: //web.expasv.org/protscale/) 734135 (Hi) /KP%E; I PSORT (https: //psort.hge.jp/.)
TR 40 52 47; H] TMpred Chttp: //www.ch.embnet.oni/software/TMPRED form.html) 43 #7i%5 Jii 25
Rtk ZE P A LEN 70 b S A R i 48 1] MEGAG6.0 (Tamura et al., 2013).

1.5 TP4HRERE A3 R B A AN E LS 47

K H In-Fusion® $7 AR (In-Fusion HD Cloning Kit) 3473V 40 i 5 A7 AR (1 # 7 « 25K Pex-DG-GFP
B BamH 1 FY), HUEY) 5 1) Pex-DG-GFP &4k 2 uL,  FIRREHEDSr) H A Bt (TGBpls
TGBp2. TGBp3) 4 uL, 5xIn-Fusion HD Enzyme 2 uL, RNase free HO #ME 3] 10 uL, 50 ‘C/K¥# 30
min. 5% GFP - JLKNE A £E Ak, 2094 A TGBpl-GFP. TGBp2-GFP. TGBp3-GFP. #1t kK
J AT % BM IM 109, PCR §iiid BHPE v [, J 0 B v Bt HE R A= 2 vl Se G o I 485 SRR FH 4K
- DNAMANG6.0 (Lynnon Biosoft, Quebec, Canada) HEAT/FHLLXT . KMl 5 1EAff 1 ook S E A AR
FFE GV3101 1,

K F AR T A 9 203 B At gk i) T8 3R e A2 J7% (Sun et al., 2007; XIiF#E 25, 2009),
W7 GFP il 8 A 1O AR FF 8 B 0N 81055 6 2R 1 LB WA 952 (20 mg - L' Rif, 50 mg - L™
Kan),200 r - min™, 28 ‘CH& %97 12 ~ 16 ho BSOS B A, H] 280 B0E VR CRIFZ2 MK : 10 mmol - L™
MgCly, 10 mmol - L'MES, 200 pmol - L"As), i ODgoo 7 0.8 ~ 1.0, SEEUHTE. AE KRB R AT
VEA, BRESNIN 3 ~ 4 )25, KBERZEE T 75%4 R 10 min, K5 AL HKVER 3 .
TR )P TV E A BREE, BRSNS RO e IE S (1% v, e (MDD FH ) R T
BUA 1 em® /N Jrse, FEE RN 7 Bal ™, WM W R, Pl TS mis i e L i e m
Wo KRG TE 24 h EVERAN R L E T EEBT, 20 min J5IELK M, RIETER, FT
MS [l AR 7% L, BT 28 'C FRTEIE 24 ~36 h, SRJGE 2 WA W0 €48 11 (1K) 3V 40 g 52 17

2 HiIR 5

2.1 TGB EE Ry 12

PA CYVCV (1) ¢cDNA JHA, 43 A 3 % k514, PCR ¥ 34 TGBpl. TGBp2 F1 TGBp3
B (1. M4 RE Blast 23 B & W PTH 1K H 45417 741 5 KP313240 [F]JEMEHR 98%.

TGBp2

Marker TGBp! Marker ]

Marker

678 bp

—327 bp 183 bp

B 1 PCR i#453| TGBpl. TGBp2 1 TGBp3
Fig. 1 PCR products amplified from TGB
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22 TGB EEMEMEEF N
221 FEIaAT

K CYVCV-TGB ALK FIEAT Blast 7347, M RGUEMH (B 2). CYVCV-TGBpl
G RERHEE (NC003462) FITHELHE X JEE (GU373815) KA—#%; CYVCV-TGBp2 51 &KL
KERTE (FJ456352) FIT44% S Jjiid (AJ863509) % A—#%; CYVCV-TGBp3 5% % S i
(AJ863509) R A—ME[HETAEW#E. HRE S i E T HAarTkami#tE (Carlavirus) 1. 1
et e R I, TGBpl HILAMAAE 75 1 TGBpl P4 [RGB i, Ui W ek Ab ok R b HLA
PR PE, TGBp2 k2, TGBp3 fZ.

CYVCV-TGBpl

66 W AEAE 955 B Hops mosaic virus, BU527979
489|£ MY Potato virus M, BUG04672
52 TRATCHENRIR B Narcissus symptomless virus, NC008266
65 { B & TCIER T Lily symptomless virus, FI456352
20 B2 Cymbidium mosaic virus, U62963
ILABESYEE Potato virus S, AJ863509
CYVCV-TGBpl1
95 RIS E Apple stem pitting virus, NC003462
72 TLAASENSE R Potato virus X, GU373815
W NGEIR T Peanut clump virus, 107269

100 KRELZIAIEH 95 5 Barley stripe mosaic virus, AY789694

47 AR TR Potato mop-top virus, NC003723
85 HA JhERR & Lily symptomless virus, FJ456352
446|£ TABESIN % Potaio virus S, AJ863509
57 CYVCV-TGBp2
TRATCHENRIR B Narcissus symptomless virus, NC008266
95 459; LEABENYR T Potato virus M, EU604672
75

WAy AEAE % 5 Hops mosaic virus, EU527979
ISR Apple stem pitting virus, NC003462
—— e Peanut clump virus, 107269

(] E— LA SRR Potato mop-top Virus, NC003723

RELKPIEMN ¥ Barley stripe mosaic virus, AY789694
36 |: LEABENIR T Potato virus X, GU373815
72 B2 Cymbidium mosaic virus, U62963

CYVCV-TGBp2

CYVCV-TGBp3 97 TRATCHENRIR B Narcissus symptomless virus, NC008266
425|£ TABMIE & Potato virus M, EU604672
7 HA JhERR & Lily symptomless virus, FJ456352
CYVCV-TGBp3
S R DRI R Potato virus S, AT863509
— AN R Potato virus X, GU373815
p | B W AEAE 955 B Hops mosaic virus, BU527979
464': LA SRR Potato mop-top virus, NC003723
W NGEIR T Peanut clump virus, 107269
7 B2 Cymbidium mosaic virus , V62963
E ISR Apple stem pitting virus, NC003462
33 RELKPIIEMN I F Barley stripe mosaic virus, AY789694

2 CYVCV-TGB 5 & ## sy Rtk 54
Fig. 2 Phylogenetic evolutionary analyses of CYVCV-TGB proteins from different plant species
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222 AT ST

A5 EAL I ORI ST R SR B . AHESTH ProParam X CYVCV-TGB #4770 #r, 45
w3 2. TGBpl. TGBp2 Ml TGBp3 & H AT E S H ol ok 42.26. 49.81. 46.33, W E T A%
JEH .

#£2 CYVCV-TGB EEERBLAEEIH
Table 2 Basic physical and chemical properties analysis for CYVCV-TGB

G HIERAL O KD B AR B K FREL SR

Encoded protein Amino acid Mo'lecular ol Unstable parameter Theor.etlcal derivation
number weight half-life

TGBpl 225 25.06 6.49 42.26 >10h

TGBp2 108 12.03 9.81 49.81 >10h

TGBp3 60 6.21 4.87 46.33 >10h

223 FRF LRI

%f CYVCV-TGB [{{# 57 46 Fy s 47 15, TGBp1 7 25 ~ 90 & LRIk IL AL 47— B P-loop-NTPase
super family [FJ{R5F&5HI3K, 76 23 ~ 217 FIERRIEAA — B Viral-helicasel £~ 45 #438; P-loop-NTPase
super family O FEAN R4 FIRZ E R /AZ H R B E AT ATP 454 2 A IR 45 51X, P-loop-NTPase i8] 2
S AR DyfE. Viral-helicasel 3571172 RNA i ielig 5 %, HA RNA fiff el A g /K g il is Ve
TGBp2 1E 4 ~ 99 2 SRR ILACAT — BV iz 8 iR I XX (Plant-vir-prot super family) LR~ 45
F38. TGBp3 71 21 ~ 58 24 KRR FEAH —BL 7 kD 4h5e iR KK (coat super family) fR 57 25438
224 F G KA

CYVCV-TGB {135 (i) AKMEWMESEHE: TGBpl 4 LA HKYE, i A%kt TGBp2
PR K RIBAE T AE 30 ~ 70 SRR AL, SR E g & A At St il , TGBpl F1 TGBp2 /i
TR R K YE 2 0] TGBp3 MIB KRR, HATE 40 ~ 60 2R A R A S6KE, WS ixE
HoA B ES& 8 A K.
22.5 BTN

T g S 1 IS A5 R e R A D REAIE I A EEE I B . CYVCV-TGB H H K5 45
TR ZE 3 TGBpl #4381 b B 5 A4k, Wi Wiz AN 2B EE 1, 10 TGBp2 7 10 ~ 30+ 60 ~
100 ZFEMR AN WAL S — IR IX 3k, TGBp3 7E 8 ~ 30 Z LA — AL I IX 45, Ui & WIS A .
22.6 Lmig AL TR

CYVCV-TGB ()40 i sE A7 i3 3 s, BUr3on i AL T4 e vl stk K/ TGBpl £
BN TR, W ZRidk s TGBp2 24 T4 i, it b TGBp3 3= A7 T4 M it
B s .

%3 CYVCV-TGB ByIL4AHE E L T
Table 3 The subcellular localization prediction for CYVCV-TGB

G A L5t P A 2 NS £ LT
Encoded protein Cytoplasm ER Nucleus Mitochondrion Plasma membrane
TGBpl 10.5 6 1 3.5

TGBp2 2

TGBp3 2 1 3.5

T PR E AT A 0 RErE R

Note: The numbers indicate the possibility of the protein located in the organelle.
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2.3 PYRARERIS 4

T ¥ZE CYVCV-TGB 5 [ 76 AH 9 0 4 M 45 K o (9 20 A A5 00, A4 2 T I ) 3R 0 28044
TGBpl1-GFP. TGBp2-GFP. TGBp3-GFP. % B4R AR B2 Yo it 2R 4 i, A Bh Fakta
PR UG T HRE AN 0040 BERE7E 24 ~ 36 h Ja Bk A brAc, Al 266 BB W
AR L MM A SR O RN RIS, g5 R WE 3 s, BT LA, BAFAH
(DR D M4 GFP AR Yoy e AR S A s, FEA A # A 2R (.98 . RIA 44 TGBpl1-GFP {72 4
R38BT 4t e (AR RS AT Sk s, R IR AL IR g 2 108 07 T4 M B C D |-,
TGBp2-GFP. TGBp3-GFP W/ 52 5L U T4, RKES AL T4 o ke (4l k.

TGBp3-GFP

¥

Bt

5

,
s
4
o

¥t

Fluorescence
HE

Overlap
3 CYVCV-TGB 5 GFP ¥R BRMM T HBERIE
Fig. 3 The transient expression of CYVCV-TGB and GFP in onion cells
N \/\
3 Wik

SRPEST (TGB) J5 U —MUEBCK A BHs s B A KR, H R 12 506 B R FUE
WTHIAH B, HIIREMATE VG . Voinnet 55 (20000 F1 Senshu 45 (2011) HHHFTERW], —L&
BB TGBp1 A2 95 5 YT ERINHI T, 0 1542 A A i 5, 40 s F 30 8 RNA =R TTER D) RE,
fEHANGEZR L, TGBpl 1ENTTERINHFH0H RNA JOBREYE, (PR #1244, Mitra 25 (2003) F1
Krishnamurthy % (2003) [F5TE M, TGBp2 MW/ TRBEMIE s S b FEH, FEERAE—Fg)
IS IB—E A E S WIS H; TGBp3 1 TGBp2 & 4x(E W5t LT AR, (2t ais
.

Potexvirus i 2 s2 B R 1 P 03 2532 B ALK — Fh B R A B . AU i@ R CYVCV-
TGB FAEWE B 220 A KL, CYVCV-TGB 136 (i) /K P B5 45 #3855 PVX-TGB (Krishnamurthy



Cui Tiantian, Wang Yanjiao, Li Zhongan, Zhou Changyong, Song Zhen.
Bioinformatics and subcellular localization on Citrus yellow vein clearing virus-triple gene block.
1586 Acta Horticulturae Sinica, 2017, 44 (8): 1579 - 1588.

et al., 2002; Samuels et al., 2007) AHMLL, ] DHEN CYVCV-TGB K H A7 5 PVX-TGB 1]
REAH A o BEAL B RN &R (1 SRR PE SO AT LA Y, CYVCV-TGB Fl PVX-TGB (W RIJEER 2, HM
H T IRAMEAEEMIE, W CYVCV-TGB 15 FHUHI A SOR N LA — 2 1 25 5o PR SF 45 Rk
T 2R, TGBpl ZIEMRT 41— B P-loop-NTPase super family [ £R 57 45 #35 F1 Viral-helicase 1
TR5F 4514, P-loop-NTPase super family HEA[F41 70 KR A ATP 456 GalLR 451X,
P-loop-NTPase & 1] Z 541 AR Dhfig; Viral-helicasel R 2 RNA fRIEMEXR IR, %K RN RNA
AL e Pl T A T /K A BT 1k M AIE S (Kalinina et al., 2002). Hitr] LA H CYVCV-TGBpl k£ %t
JWEEN) TGBpl KL, & ATP 454G 1X, NiisWidetaes; STHKREEX, EiFaid gl
HEE RNA, JEESY). TGBp2 @R — Btk seiash 8 H KK (Plant-vir-prot super
family) {R5FZ5H90. TGBp3 2R T4 —B 7 kD 47 I KK (coat super family).

W40 e fr 45 R 27 TGBpl1-GFP 2wl 2 (€ A7 T- 40 e e (40 B> b, 1 TGBp2-GFP.
TGBp3-GFP W)/t 52 SCRAL T B Y, K020 40 M B CAn i) o &6 2B 9015 B 2% 0 it TGBpl
AEfg 5 ATP 454, FeAEfeE, TR0 L4 e 7 s TGBpl 2 i ekt 1% 555 H K
SERATT, HENAE I S I 8 1 AT BB G B B, 1E A T-Hfa )i 22 4k . TGBp2-GFP. TGBp3-GFP
)i S A ROIRA TP, A T4 ke (A b . #ED TGBp2-GFP. TGBp3-GFP [
SEWN M B EE kLA e Ar, (U2 B T2 WA B o2 Uil 20 40 M (1) 0 AR g5 4, B LA B A AT
Ko BB ML R, UUKAEFEAVTERFEEE (Carlavirus) 5582 X W8 (Potexvirus) 2
RUPIHRIE CGRUFES, 2015); PR XA RE Potexvirus IWWESY, C&MfixE PVX-TGBpl £ &/
T MulE]E 22 4L, PVX-TGBp2. PVX-TGBp3 2 E A T M 1 A it L (Solovyev et al., 1996; Samuels
etal., 2007; # K %%, 2010), AJIFIEHEN CYVCV-TGB RS54 2 X #id 8 kb, B CYvVev
FEEh T EAN R AN S 5. WAl LR R T Abel 25 (1986) il Beachy %5 (1987) {17714 v [
CYVCV WyFhse i AR, IR R TARRR AL it i #E (CaMV) 35S JHBI+ T, MR HE N
SIS R R NG, 5 S TR T R R A i BE D R AR, E— 2P PR U T

Xf CYVCV-TGB =W B2 W R4 i e AW it 45 1, hidk— DR CYVCV Migsh & A
POt T AR A, AT HE— S IR CYVCV 188 A AR LR AL T — @ MBS LRl . X
MIZ BN ER A BB T AW A T E RN RAIE s R (A FE N, R HOE A A AR, 3t
I RIS R ZHE28) Dhaeissh i A, IEW WA, SRDIREREa) E R S i LA
RE 1L a B e 4 M R 22 Ab R 1, IR BIPU IR . Rk, ARSI 5ARIE ) 8 1 0 B
B PO ARG AR R A EER R L MR, EATERAH T ## CYVCV-TGB R hfe, AREHEE
AE DR AT T, 3 TR 2 AR R IR E, XK A S ST )

References

Abel PP, NelsonR S, De B, Hoffmann N, Rogers S G, Fraley RT, Beachy R N. 1986. Delay of disease development in transgenic plants that
express the Tobacco mosaic virus coat protein gene. Science, 232 (4751): 738 - 743.

Alshami A A A, Ahlawat Y S, Pant R P. 2003. A hitherto unreported yellow vein clearing disease of citrus in India and its viral etiology. Indian
Phytopathology, 56: 422 -427.

Bayne E H, Rakitina D V, Morozov SY, Baulcombe D C. 2005. Cell-to-cell movement of Potato potexvirus X is dependent on suppression of RNA
silencing. Plant Journal for Cell & Molecular Biology, 44: 471 - 482.

Beachy RN, Abel PP, Nelson RS, Rogers S G, Fraley R T. 1987. Transgenic plants that express the coat protein gene of TMV are resistant to
infection by TMV. UCLA Symposia on Molecular and Cellular Biology, 48: 205 - 213.



AERITEL, B, 4b, FRWHE, ROE.
MG BEAL K BRI B2 1K) TGB JE R AW 15 2% 43 Wt B W 41 il 5 437
il 25244), 2017, 44 (8): 1579 - 1588. 1587

Callaway A, Giesman-Cookmeyer D, Gillock ET, SitTL, Lommel S A. 2001. The multifunctional capsid proteins of plant RNA viruses. Annual
Review of Phytopathology, 39: 419.

Carrington J C, Kasschau K D, Mahajan S K, Schaad M C. 1996. Cell-to-cell and long-distance transport of viruses in plants. Plant Cell, 8: (10):
1669 - 1681.

Catara A, Azzaro A, Davino M, Polizzi G. 1988. Virus, viroid and prokaryotic diseases of citrus in Pakistan//Proceedings 6th Conference IOCV.
Rolling Meadows: Riverside: 957 - 962.

Catara A, Azzaro A, Davino M, Polizzi G. 1993. Yellow vein clearing of lemon in Pakistan//Proceedings 12th Conference IOCV. Rolling Meadows:
Riverside: 364 - 367.

ChenHM, LiZA, Wang X F, Zhou'Y, Tang K Z, ZhouCY, Zhao XY, YueJ Q. 2014. First report of Citrus yellow vein clearing virus on lemon
in Yunnan, China. Plant Disease, 98: 1747.

Citovsky V, Wong M L, Shaw AL, Prasad BV, Zambryski P. 1992. Visualization and characterization of Tobacco mosaic virus movement protein
binding to single-stranded nucleic acids. The Plant Cell, 4: 397 - 411.

Deng Yan-fu, Chen Zhi-juan, Cheng Xiao-fei, Zhang Peng-cheng, Hu Feng, Shi Nong-nong. 2012. Cloning and prokaryotic expression of
Cymbidium mosaic virus TGB1 and TGB2 gene. Acta Agriculturae Zhejiangensis, 24 (6): 1045 - 1049. (in Chinese)
AR, BRZWE, FEmedk, SR, §1 R, RAR. 2012, @AAERHREE TGB1 A TGB2 SRR JsUZ &I, TR 2], 24 (6):
1045 - 1049.

Kalinina N O, Rakitina D V, Solovyev A G, Schiemann J, Morozov S'Y. 2002. RNA helicase activity of the plant virus movement proteins encoded
by the first gene of the triple gene block. Virology, 296: 321 - 329.

Krishnamurthy K, Heppler M, Mitra R, Blancaflor E, Payton M, Nelson R S, Verchot-Lubicz J. 2003. The Potato virus X TGBp3 protein associates
with the ER network for virus cell-to-cell movement. Virology, 309: 135.

Krishnamurthy K, Mitra R, Payton M E, Verchot-Lubicz J. 2002. Cell-to-cell movement of the PVX 12K, 8K, or coat proteins may depend on the
host, leaf developmental stage, and the PVX 25K protein. Virology, 300: 269.

Lim H S, Bragg J N, Ganesan U, Lawrence D M, YuJ, Isogai M, Hammond J, Jackson A O. 2008. Triple gene block protein interactions involved
in movement of Barley stripe mosaic virus. Journal of Virology, 82: 4991 - 5006.

Liu Hai-yan, Feng Dong-ru, Liu Bing, He Yan-ming, Wang Hong-bin, Wang Jin-fa. 2009. Studies on subcellular localization of MpASR in onion
epidermal cells mediated by Agrobacterium. Journal of Tropical and Subtropical Botany, 17 (3): 218 - 222. (in Chinese)
HgHE, WA, A e, TR, BRI 2009. RATR A MpASR H FTEVE AR A M 2 LTS, s WA A
AR, 17 (3): 218 - 222.

Loconsole G, Onelge N, Potere O, Giampetruzzi A, Bozan O, Satar S, De Stradis A, Savino V, Yokomi R K, Saponari M. 2012. Identification
and characterization of Citrus yellow vein clearing virus, a putative new member of the genus Mandarivirus. Phytopathology, 102: 1168 - 1175.

Lough TJ, Netzler NE, Emerson SJ, Sutherland P, CarrF, Beck DL, Lucas WJ, Forster R L. 2000. Cell-to-cell movement of potexviruses:
evidence for a ribonucleoprotein complex involving the coat protein and first triple gene block protein. Mol Plant Microbe Interact, 13: 962 -
974.

Lucas W J, Gilbertson R L. 1994. Plasmodesmata in relation to viral movement within leaf tissues. Phytopathology, 32: 387 - 415.

Mitra R, Krishnamurthy K, Blancaflor E, Payton M, Nelson RS, Verchotlubicz J. 2003. The Potato virus X TGBp2 protein association with the
endoplasmic reticulum plays a role in but is not sufficient for viral cell-to-cell movement. Virology, 312: 35 -48.

Morozov S Y, Solovyev A G. 2003. Triple gene block: modular design of a multifunctional machine for plant virus movement. Journal of General
Virology, 84: 1351 - 1366.

Nelson R S. 1998. The Mystery of virus trafficking into, through and out of vascular tissue. Berlin Heidelberg: Springer-Verlag, 59: 476 - 533.

Onelge N, Bozan O, Gok M, Satar S. 2007. Yellow vein clearing of lemons in Turkey//17th Tocv Conference. Rolling Meadows: Riverside:
227 - 228.

Samuels TD, JuHJ, YeCM, Motes C M, Blancaflor EB, Verchotlubicz J. 2007. Subcellular targeting and interactions among the Potato virus
X TGB proteins. Virology, 367: 375 - 389.



Cui Tiantian, Wang Yanjiao, Li Zhongan, Zhou Changyong, Song Zhen.
Bioinformatics and subcellular localization on Citrus yellow vein clearing virus-triple gene block.
1588 Acta Horticulturae Sinica, 2017, 44 (8): 1579 - 1588.

Schmitt C, Balmori E, Jonard G, Richards K E, Guilley H. 1992. In vitro mutagenesis of biologically active transcripts of beet Necrotic yellow vein
virus RNA 2: evidence that a domain of the 75-kDa readthrough protein is important for efficient virus assembly. Proceedings of the National
Academy of Sciences, 89: 5715 -5719.

Senshu H, Yamaji Y, Minato N, Shiraishi T, Maejima K, Hashimoto M, Miura C, Neriya Y, Namba S. 2011. A dual strategy for the suppression
of host antiviral silencing: two distinct suppressors for viral replication and viral movement encoded by Potato virus M. Journal of Virology, 85:
10269 - 10278.

Solovyev A G, Savenkov E I, Agranovsky A A, Morozov S Y. 1996. Comparisons of the genomic cis-elements and coding regions in RNAB
components of the hordeiviruses Barley stripe mosaic virus, Lychnis ringspot virus, and Poa semilatent virus. Virology, 219: 9 - 18.

Sun W, CaoZ, LiY, ZhaoY, Zhang H. 2007. A simple and effective method for protein subcellular localization using Agrobacterium-mediated
transformation of onion epidermal cells. Biologia, 62 (5): 529 - 532.

Sun Xian-chao, Zhao Wen-jun, Qing Ling, Yang Shui-ying. 2010. Comparing and analyzing the triple gene blocks sequence of Barley stripe mosaic
virus China strain. Acta Phytopathologica Sinica, 40 (4): 433 - 437. (in Chinese)

INIUE, BOCE, OB, MUKSE 20100 K AGHEMR R ERR =R F & TGB JFAIR EL i, R0 B4R, 40 (4): 433 - 437.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6: Molecular evolutionary genetics analysis version 6.0. Molecular Biology
and Evolution, 30: 2725 -2729.

Torrance L, Cowan G, HauptS, Gillespie T, Ziegler A, Rush C M. 2005. Role of Potato mop-top virus triple gene block proteins in intracellular
movement and replication//Proceedings of Symposium of the International Working Group on Plant Viruses with Fungal Vectors. Quedinburg,
Germany: Julius kiihn-Institute Federal Research Centre for Cultivated Plants.

Verchot-Lubicz J, Ye C M, Bamunusinghe D. 2007. Molecular biology of potexviruses: recent advances. Journal of General Virology, 88:
1643 - 1655.

Voinnet O, Lederer C, Baulcombe D C. 2000. A viral movement protein prevents spread of the gene silencing signal in Nicotiana benthamiana. Cell,
103: 157 - 167.

Waigmann E, Curin M, Heinlein M. 2007. Tobacco mosaic virus - a model for macromolecular cell-to-cell spread. Plant Cell Monographs, 7 (1):
29 - 62.

Wu Hai-xia. 2015. Cloning, expression and location for TGB gene of Lily symptomless virus[M. D. Dissertation]. Dalian: Dalian University of
Technology. (in Chinese)

FFEE. 2015, EATCAER B TGB BER e ke . 3& BOE Mo i [R50, K. RGER TR

Yan fei, Lu Yu-wen, Zheng Hong-ying, Lin Lin, Chen Jian-ping. 2010. Cell localization of Garlic X virus TGB2 protein and its interaction with a
nucleolus protein//Proceedings of Chinese Society for Plant Pathology. Beijing: China’s Agricultural Science and Technology Press. (in
Chinese)

MK, B, FBLLE, AR BK, BREISE.2010. KR X JREE TGB2 At (R4 E A7 K 5 — AN 4 A A= 0 1 K AR RIS/ o [ A A2
2o sce dent: I EARNERL A BOR T AL



