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TL5FRA ~ TRIEZC ~ BREEE ~ BH<BA < 2011 « JRGYE F3EZ Nerine virus X 5 L MG B3 F4£
Ve E R ARl o HENT - BIEEZETIE 60:89-100 ©

AR M s @ PR EE S I Fr E SRR ORI B 1Bk B SE i
RZE#E (Chenopodium quinoa Willd.) » ¥RHHE 3 K BEPTHA R IES — 3Bk (AL-1)
1 AL-1 [BIHZEHA B S AR PR T Al 3 B FH R MRS (L BREBR S 1 - DABEAE AL-1
L EAEEEEFr Ry MR RIS AR e e B S5 72 St Lo T i b iR
FHQE 7 RMEREIEE - R IR - RETHAERY 508 nm - i Ly 7FE SDS-PAGE
TPk TR R O — R B B HAL (protein subunit) iR » 01 &
58 Ry 25 kDa - #flifbiz AL-1 S FERIER A R AT EME Z Z TP ELISA
(Enzyme-linked immunosorbent assay) + SDS-G &R E (SDS-immunodiffusion test)
Je PG TEREE R E » AT B[R 2 M R TR LR R B SRR R A I - DAZEHLE
Tl AL-1 BN EEC 2 BRI Rt - MBI Te A aRE T 5 [ S i T
WEERERERKRZ RT-PCR ZEIMIEELEE - EFAaRmETL AL-1 itk 2RE
KIfERIE 6577 e EREATHAR (L2 polyA) » & S EHEEELENE (ORF 1-5) 43
HIE 5 EHEREY) - Hrh ORF 2-3 S IEERFY] » HERREREE A
Potexvirus [BiRHE o FLLE GenBank BB $kZ EHA 10 f& potexviruses 2= H: K|
Py AR + AL-1 FEKIfS 2 B ER B I B PP 511328 Nerine virus X (NVX) i FytH
ST FEIEIEEESE 93%LL 1« $1%f AL-1 2 ORF1 [ #5%E (L KIFT 43 BIE% T 65 |+
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BT (Agapanthus africanus L.) X%
B Fefaribt B FEBZFAEAHEY) » 1
FEFAFE » Al Y CIR AT AR A CEE U E
AR ENHE A TR - BRESmEAE N
B o R E ERNE ERTCAMER Nerine
virus X (NVX) i 555 [EEERRR RO (Fuji et
al. 2006) - NVX By Potexvirus @K EZ— * R
FERERIEE Rk - SEETREERT 540 nm (Phillips
& Brunt 1980) e NVX 15 KA faf i e 28 E AT Rk %
REBEES (XTHREFAIE » Nerine sarniensis)
(Hakkaart et al. 1975; Maat 1976) » B8 1F I
W B ] H ARG AL EH 73 (dgapanthus
praecox subsp. orientalis) (Phillips & Brunt
1980) «

HATC S NVX AR F 2R E T
SHELURIRFE S (Phillips & Brunt 1980; Brunt
1995) » FF FHIEI AR Rl (Alliaceae) » FE}
(Amaranthaceae) ~ f7F} (Amaryllidaceae) ~ #53}
(Chenopodiaceae) J #% #F £} (Tetragoniaceae)
£ (Phillips & Brunt 1980) -

BT NVX SR8 DS EE H
IS 75 B AN R DL R I 3E g 5 L R A R
(Phillips & Brunt 1980) » k% 2006 4F H A £
#H Fuji et al FRFAENE F3H Fz NVX 5
HREREREREEFY (Fuji e al. 2006) » A4
TE— 2 WRAE 53 1 ARV 5 R I e AT e 7 B
HAh potexviruses Z 7252 » (G E A IR HEZ
SRR S Bl Bk o AWEFERBIRZ
Flies St W Al PR 15 < B FSE MR Ak - RS E R
EEFTEEC B A NVX 284 - Kiffse
B PUR P57 BER 2 s sl L ~ LIS B4
DA B FLIM & A I B iy o B PR EEAL ~ R
FRRES BB EFF ~ - TR mNT ~ DU
H—M5 | FHER R EER RIS A
RS ISE -

MG E

MERIE - REREEEERE

ARBFFERY 2004 4 H AL R 1R L Mgl
&+ BRIGEE B SRR R U BB i B 1
SEFE PR B PRL » BURZEYIEAY 1 em TE ST/
FHARBE - 23R 50% glycerol IR L LR 1F
J2-20°C » VR RIAIRTEM L - BEREI R FEfe BE
LL0.05 M ZEFBSTHREA (potassium phosphate
buffer, pH 7.5) » DL 1 : 10 (g¢/mL) ELBFIRFEER -
W R vE R R R R R G B R Y 45 #R
(Chenopodium quinoa Willd.) » #] 6 KIBREEH
FEAFALRERYE (local lesion) » FEGHAE 3 X
O EE R S — S Bk AL-1 (R R AT
e e 2 (MR PR - AL-1 Z1 Bk SS
DIt iR bk 2 L e M R 3/ &y (Tetragonia
expensa) LLSCHRFRAYH FHIEAR - BIEmEC
FH -

REMILREFAMIBRE

B AL-1 55 BEVR R B A A5 8E
VERsiALAA R - FI e B2 R s 5 %%
JEE S o TR BRI L - SR
9% (Chen & Chang 1998) - HUHECHILZ
AL-1 SrBERIR AR Y 300 mesh (< Sl
_F» X 2% PTA (phosphotungstic acid) {73
(Hall et al. 1945) » 1F 40,000 %R 2 2EXET
BEfSE% (HITACH H-7000, Tokyo, Japan) T3
TR FERERI RUREBAIERISE » WEETHE 100 7R
Rife » RIRE LR -
2

W2 T AL SR | mL
(1 mg/mL) Bl 1 mL 522 Z{tH| (complete
Frenud's adjuvant) (Sigma, Sigma-ALDRICH,
Inc., St. Louis, USA) Fa/mES » A LERLZ
TR R 7 B LA © BERR—EE S
1 R B R ZES DA 5E 2 2 A A
(incomplete Frenud's adjuvant) (Sigma) BUf% 58



4 ROEH—EBAIGHEITERI » BERERIM » B
T EH 2 SIRERTS: 30-40 mL 2 I3 » A 37°C
IRIGERE 4 /N o U b5 I A S e L
(8000 rpm » 10 53$#) % » HUAVEIR T EERIEIR
-20°C -+ HEIMIE S HEHERZ 75 -

I ;5 4Rl

ELISA (Enzyme-linked immunosorbent
assay) 237 ¢ HX 0.1 g ZFERastifs - DL 3 mL
Z 15 mM TREEENAEE K (sodium carbonate
buffer, pH 9.6) WHETZ1% » IIA EIA [EREA
(100 pL/ well) HETTEMME (coating reaction)
HRHICVEE AL-1 53 BERRDIRS < SRIEEREE
H (IgG) #1T ELISA [ ) Bl < e Az an
B R C#H AL (Chen & Chang 1998) -

SDS- % % & X fE & (SDS-immuno-
diffussion test) : 737 1 g ZAEYHHIBI I ik
MEL 1 mL 2 3% SDS A& ;¢ 1 mL 2 2R &A%
TRUFPESZ)Z) » P DARJE A AT @R - DO IR E
MEREENLIEVK (95-100C) [t 3 7rdi 4
By SDS BRI PTJF (SDS-treated antigens) ;
b BRI BN EGRIEE A - B
3% SDS ¥A bz 1 mL 2 “RFKEAAKLLT 1121
(RERELD) IREITTR - FRRDALIEVK (95-1007C)
F 3 43 o SDS fRELE PR » FFEL AL-1 %
TR BEMR Z PUIMIE HETT SDS- 6928 i il [ Jié
(Purcifull & Batchelor 1977)

PE77EEE D (Western blotting) : 0.1 g
VIR B - DORREZVERY: » A 200 uL i
KESLEETENE (240 mM Tris HCI, pH 6.8, 10%
glycerol, 2% SDS, 4% [B-Mercaptoethanol) - FHY
100 pL ffF W DA S fE R & LDS VA
(Laemmli 1970) » JR =% 31Tk - SDS-PAGE
Tk RHIERSENE PVDF [ (Millipore Co.,
MA, USA) » DL AL-1 53tk < UG 1T %
S JE -

AL-1 2REERBEFHT
HU AL-1 #lifbiess » DB La AR 2
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HVEEZE (QTAamp viral RNA mini kit, Qiagen,
Hilden, Germany) » DLHH{ b5 BAE Fotbihi -
BHIeHFHERES [T OPAS (5-GTGACGTAGG) 3
{7 reverse transcription-polymerase chain reaction
(RT-PCR) [ » Fitff53.2 658 bp DNA i BeA&
SEFF# B GenBank LK FLEFRG R - MEAILL
DNA FrEJ5EIA Potexvirus ORF1 (replicase)
s Vs 21l

MERSFIFILL 658 bp DNA FrEgFTE &
KEW Y RHSE 3 inakst AFORF658-1
5% (5'GAAGTAATCAAAGCCAAGCO) - ififid
& TN i#E5] T Oligo-d (T)4 (5GCGGCCGCT
TTTTTTTTTTTTT) » DAREALIR 35 2 B Fy i
i - #E1 TR 3L ARE .. RT-PCR B4iiE - 76
flin]J#15 2.6 kbp .« DNA FrE¢EY) - K RT-PCR
HYNEFT1S:Z 2.6 kbp & DNA Fr B » #GEHBUE
P4 » ST HEE B8 GenBank _[-.2 Nerine
virus X (Acc. No. AB219105) #x B FH30T » [KI L3
—H | ETTEH . 658 bp DNA FrEZfr
Hl - BUHGT S'Giastat AFORF658-2 5[f (5
TGATATAGCGTCGGGGTGAAAG) - ifi ] H
NVX (Acc. No. AB219105) CLAIfFE ORF1 2
P 3l 8 i NVXORFl-ul 5| F+ (5'CAC
AGCGGGATAAACTGGACCAGATT) - JE H
AFORF658-2/NVXORF1-ul 5| F&TEMG AT §
¥t AL-1 ;2 ORF1 EL[A] i HHi4Y 1.5 kbp &
KA Fr B L 1.5 kbp 48 Fr B EE PSS E T
EFFR - MBS EtET AFORF1-d 5]
T(5' CTTGACGTGTAAGCAGCCTAA C) » if7
fEEF NVX (AB2191055) RE[KIHE 5" 25 AR
 fF & 5l T (NVXS'end, 5'AAA
ACCAACACAACCTAAAACCAAA) » F] H
NVX5'end/AFORF1-d 5| F¥#£{T RT-PCR I
M - P H LR P BT B AL-1 B
[RI#G S 2.3 kbp L FEP) » K RT-PCR fi{SZ
DNA v B BV T8 HELE T -

REABRET AL-1 755 Bk B R RLR
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%< RT-PCR H4iiE ~ S ELE fr - HAfr RT-PCR
heiE SR TR B RIERR 5 ThRE < B AP B
RT-PCR i %] #1 (One-Step RT-PCR Kkit,
Invitrogen, California) - 57 JEHF » fA%F— 50 uL
S EW th 43 B 2 pL RNA ~ 25 pL 2x
Reaction Mix + 1 uL RT/Platinum® Taq HiFi
mix > ;7% 1 uL 2 20 uM AL-c-up J Oligo-d
(T)14 BIFE » PREVEE K FERE (GeneAmp
model 2400, Perkin-Elmer Co., Norwalk, CT)
1T 30 fli] PCR {EER I IE - [ERE Ky SOC R
Bk cDNA 30 433 » 94°C % 1 4348 » 53°C
TG 1 4reE o T2CNRG 2 S0 o e —
BERP NRCRERELERR 6 478 -
RT-PCR H§liE {5 DNA Fr B - #5572 pOSI-T
#iE (GeneMark Com., Taipei , Taiwan)» 3f #E5E
FA Escherichia coli DHS5o f5 3 H - FRDAEREEM:
R EL K EcoRI [R il /% 34 ) &1 i 3 H A5 B
RT-PCR FHAGEYIAHFIAR /N BFE R » 326521
R Al S RIEIT B R P 51150 (ABI
PRISM 377-96 DNA #4143 4712 » Perkin-Elmer,
CA, USA ; JeHFCF i T AT SRR 1 HH
ABI PRISM BioDye Terminator Cycle
sequencing Ready Reaction kit) » FT{5 2 i lE
FIL Vector NTI Suite (InforMax, Inc. Wesconsin,
USA) B9 Ak gg it T2 b LR -
AL-l 2 REEFNBHEHHEMBFR
potexviruses Z EE ¥4

B AL-1 ZREEREE IS ORF 1
(replicase protein) ~ ORF 2 (triple gene block
protein 1) ~ ORF 3 (triple gene block protein 2)
OREF 4 (triple gene block protein 3) ~ ORF 5 (coat
protein) R EFRELIZ S5 » Bl GenBank
BT B AL-1 ERAIRS AR AT 2 10
FTEAN[ERY potexviruses * FFE Nerine virus X
(NVX) ~ Potato virus X (PVX) » Cymbidium
mosaic virus (CymMV) ~ Clover yellow mosaic
virus (CIYMV) ~ Hosta virus X (HVX) ~ Opuntia

oo 2

virus X (OVX) ~» Cactus virus X (CVX) ~ Cassava
common mosaic virus (CsCMV) ~ Bamboo mosaic
virus (BaMV) ~ Foxtail mosaic virus (FOMV) &
TEATERIAHRIRE 2 o BT ELS - DU AL-1 2
AL-1 E—145| FH 255 BRI

A G B B B T SHE PR R AR T 0 B H
AL-1 0Bk < BERIRS 751 - DUETEE ORF 1
(replicase) Jz ORF 5 (coat protein) Z 5 EE
H > oy plaEeat 51 DL 17 HH RS R ik o2
RT-PCR #g#ll - ¥t ORF 1 5[ ¥k
ALORFup/ALORFdw (5' TGT GGCAGGCTTGT
AGAGA /5' GCTTGGCTTTGATTACTT C) » ¥f
JEWE BRG] T ¥ ALCPup/ALCPdw (5'
TCTTCCCGCACAATCCAAAA/ATAGGGTG
CAGAGCTGCTGT)- S ARS Mt FeEt Ak
Z Potexvirus fGHF=5 | 78 Potex 4/Potex 5 (5'
AGCATGGCGCCATCTTGTGACTG/S'CTGAA
GTCACAATGGGTGAAGAA) (Miglino et al.
2005) fER ¥ - KA A2 potexviruses
f$E CVX » BaMV » CymMV ~ PVX DURz AL-1
TEJ A AR LB AN [F G 7 ¥ 1T RT-PCR #g
W SRERBEHANRTE - RT-PCR ZIEIREYS
FEfG T E A/ DL ALORFup/ALORFdw [ JfE
Ry 429 bp~ DL ALCPup/ALCPdw [ JfE2 s 469
bp ~ DL Potex 4/Potex 5 [ JfE# Fy 280 bp

7w &R

RERE « MR EFREMREE

HVEE Py B Sk e B S B B 1 73
TR (I8 1A) - SEF TV TR Y 2222
KEREER > #) 6 RIRMIERIER iRk
{LBERG - W% b BB e n] g ool 52
T EFSEAE R Y 30 RESEREE A L Bk B
AL (8 1B) i€ ELISA fgifll A m R ML e -
FHZRE AL-1 0k < EREE R ([B12A) £ 120 ¢
TERHHAR T - AR 6.5 mg (ZHREE o $1E
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1. J&KH¢ Nerine virus X 55 AL-1 0EERR B TSEAERORTERL © (A) FHRIFERIRIE Fr S B Bk U S BN
05 (B) H TR HAE NVX AL-1 53k 30 REGHPAFTBE B S RRBEER L -

Fig. 1. Symptoms on leaves of African lily infected by AL-1 isolate of Nerine virus X. (A) Symptoms on field
plants; (B) Chlorotic mottle symptom developed at 30days after inoculation.

AL-1 53Rtk ML gk - 1 T3 T REPIER
BIEE TR IR Ry 2 AR IYRE - HREHTEy 508
nm (& 2B) » FFEEEE X BRFEIRE
#J 470-580 nm ;Z #i[# (Brunt 1995) - #lifbfi#E
#& SDS-PAGE #E yk /3t H i 85 1 /i B —
HEEE B ALAHAL (protein subunit) FirigRE -
G EAEFEAT Ry 25 kDa (& 2C) -
0t 5 B4t Bz 1B AR 5 4

R R B TS M e 53 AL-1
BT Bk PUIMTE » 71T ELISA - SDS-#a3%
B S Y I P TR E S N b SR - A
AL-1 Ji 355 Bk 2 DL Pl LAY S Bk
H (IgG) #fT ELISA [JE - mEE[EJHAEZE
B B R Bk 2R S e - (HAB
FHE A A I S 4 78 potexviruses (fUFE
CVX » BaMV » CymMV }; PVX) & Fefii ik
ZIREYURIE (FERARHIR) » LS S ERS
SREAPE STERE R S RAHE ([ 2D) - 1T
SDS- G fZ B FEE MG » AL-1 [y AT Ed
Ml ~ BIHNERDRFHTERZ AL-1

DU LUR FHRST B 38 R 8 A Se BT I S JE -
L I T W 2 A (] T ) R B R
(identical fusion) (f& 3) B/ FH PR R A 4 Bl
AL-1 S3BERREIFOIRHEIAAE » AL-1 ML B
FRERH AU 1 LR SRE o S I S EeAs
HUR AL-1 izl - v ERERRE 15E
TERIR IR TR LR -
EREEZRBSNURBEERERE L EE
i

AL-1 Jriffitk i RS IS 6577
AR (ML poly-A tail) F#Kf GenBank
UG5l HQ166711 » Hrh 5 25 {Ef%H
FEJ5fE R GenBank & mEE83R.2 Potexvirus
AB219105 EL[Klfg 5'THER 25 L E R [+
(NVX5'end) Bl AL-1 Z 5 [T (AFORF1-d)
HE1T RT-PCR [13 - ATfffF & AL-1 SR ALK
BT RS HT R » B & T2 53 1
B E Potexvirus BiR K iEZ ORF 1
(replicase protein, nt 88-4599) - ORF 2 (triple
gene block protein 1, nt 4635-5321) ~ ORF 3
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2. AL-1 3350 MR BT ~ AL 3 PR MU B VB BB VKT © (A) BERREAE 2R A AR 2 SRS
(B) AL-1 7Btk WAL BRI 78 T PSR EE 5 (C) AL-1 Sy 7Y SDA-PAGE ZFEIKMT - JAHRE
FES 2T Ry 25 kDa s (D) P57 AL-1 ML © SRBHpHH RS e FH R B S i r i i 5
LUAL-1 $UME T TRIE T - M+ B VB AEHE S T8 5 V 0 AL-1 Slifbfis s 5 L : AL-1 M EERRIERG . Z53E 83T 5
D : BH FSEBEHRLR 5 1 1 CVX (Cactus virus X) ; 2 : BaMV (Bamboo mosaic virus) ; 3 : CymMV (Cymbidium mosaic
virus) ; 4 1 PVX (Potato virus X) ; Ha : R E 7SEZEHB -

Fig. 2. Bioassay, TEM observation, electrophoresis and immuno analysis of Nerine virus X isolate AL-1 by Western
blotting. (A) Local lesions shown on the leaf of Chenopodium quinoa developed by the inoculation of AL-1; (B)
Morphology of a purified virus particle; (C) SDS-PAGE analysis of the purified AL-1 particles showing the subunit
of viral coat protein; (D) Western blotting analysis using AL-1 antiserum; purified virus sample of AL-1 (lane V),
AL-1-infected C. quinoa leaf tissue (lane L), AL-1-infected African lily tissue (lane D), and different potexviruses
including Cactus virus X (lane 1), Bamboo mosaic virus (lane 2), Cymbidium mosaic virus (lane 3) and Potato virus
X (lane 4) and preparation of healthy African lily (lane Ha). Lane M, protein markers.

(triple gene block protein 2, nt 5302-5658) ~ ORF
4 (triple gene block protein 3, nt 5438-5797) &
OREF 5 (coat protein, nt 5787-6446) °

AL-1 2 2 R R ALK 8 Bl H Rl 285 % L
Potexvirus fRppLEEHFEER. » B H A Fuji ef al.
A 2006 253K 2 Nerine virus X (GenBank Acc.
No. AB21910) ftHifr » 2R EI R 2 IR
5 15 98.9% (3% 1) o fE—Eil GenBank {2 §%
Z 10 F& potexviruses f1FE NVX (AB219105)
BaMV (D26017) » CIYMV (NC_001753) »

CsCMV (U23414) ~ CymMYV (EF125178) ~ CVX
(AF308158) + FoMV (EF630359) + HVX
(AJ620114)~ OVX (AY366209) » PVX (M95516)
ZETT ORF 1 & ORF 5 ZAH[EI LSS - f5 5L EA
NGRS AR - AL-1 B NVX
AL I g AH R R v 93% LA L 5 {H
EfL LA 9 #d potexvirues Z FEZHEIAHIFEI LY ORF
1 B 37.6-43.0% ~ ORF 2 5 20.0-30.7% ~ ORF 3
By 29.6-42.4% ~ ORF 4 J3 7.4-21.3% ~ ORF 5 J
15.6—38.0%
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‘ AL-vir%

3. SDS-SEIEHERUE AT AL-1 s BEPR B BTN L SRE - thaITIA AL-1 HUIME (Ab-AL) » JEE
ATy RIMAKE SDS JRER#R.Z AL-1 #i{LHK# (AL-virus) » I FSERERHL (AL-p) » AL-1 BREEZE TR
BPERRS (Tt » AL-1 JRREERLZ RO EE (AL-L.L) RAERZERAIRPUR (H) - AL-1 FUiEEK{Z AL-1
EE ~ T T3E0R R ~ [RIRZERR AR R AL-1 KA T A E AR 5 7 A2 R o S BT S E -

Fig. 3. Sodium dodecyl sulfate (SDS)-immunodiffusion test of the antiserum against AL-1 isolate of Nerine virus X.
The central well was filled with the antiserum against AL-1 (Ab-AL). The peripheral wells were filled with
SDS-treated antigens including purified AL-1 virion (AL-virus), field diseased leaf tissues of African lily (AL-p),

AL-1-infected Tetrogonia leaf tissues (Tt), AL-1-induced local lesion tissue of Chenopodium quinoa (AL-L.L), and
tissue of healthy African lily (H).

& 1. {7 AL-1 PEEPRELEL AN [F] potexviruses [RIFERLIKIREM 5 {HIEEE2EAE (Open reading frame) |2
FPHUGIATLERA -

Table 1. Sequence analysis and comparison on the five different open reading frame (ORF) of Nerine virus X isolate
AL-1 and other potexviruses.

Percent identity *

Nucleotide Amino acid
Potexvirus¥  Accessionno. ORF1 ORF2 ORF3 ORF4 ORF5(CP) ORF1 ORF2 ORF3 ORF4 ORF5(CP)
NVX AB219105 98.7 99.0 99.7 99.7 99.1 98.5 93.0 100.0 99.2 95.9
BaMV D26017 51.1 46.8 52.1 22.7 43.7 37.6 23.5 37.9 8.3 20.1
CIYMV NC_001753 529 433 52.5 27.5 51.6 40.2 25.7 424 11.6 34.1
CsCMV U23414 52.9 46.9 473 40.1 49.5 40.9 27.4 33.1 16.5 323
CymMV EF125178 52.3 45.9 49.7 38.2 52.6 41.3 20.0 322 21.3 36.7
CVX AF308158 54.2 504 474 28.5 49.1 41.2 30.3 352 10.7 29.3
FoMV EF630359 50.7  49.6 47.9 22.1 41.5 383 28.5 29.6 7.4 15.6
HVX AJ620114 53.5 49.5 48.8 31.1 49.0 39.5 26.9 34.4 15.7 324
(0)%:¢ AY366209 547 484 43.8 24.2 49.6 41.1 30.7 32.8 10.7 30.9
PVX M95516 54.2 47.0 49.7 31.9 50.7 43.0 22.2 32.8 8.3 38.0

“ Values were obtained using the analysis program of Vector NTI Suite (InforMax, Inc., Wesconsin, USA).

Y Potexviruses including Nerine virus X (NVX), Bamboo mosaic virus (BaMV), Clover yellow mosaic virus (CIYMV), Cassava
common mosaic virus (CsCMV), Cymbidium mosaic virus (CymMV), Cactus virus X (CVX), Foxtail mosaic virus (FOMV),
Hosta virus X (HVX), Opuntia virus X (OVX), and Potato virus X (PVX).
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AL-1 ;2 ORF2-3 ~ ORF 3-4 fiz #%l&F7fH
OEHES B » By Potexvirus YR#EL R
— » fik triple gene block (TGB) - 3ff H JaHFi &
Alphaflexiviridae FHRFHIESREERE (Abou
Haidar & Gellaty 1999) - FIRZIEFFZ 1537 ELETRS
REl AL-1 25 FRAGBERETERR Potexvirus
HIREZ— » BB NVX S NIES TRk
RT-PCR E— 4401 5| 7 2 5% 51 ELFE A

AIFEEEE AL-1 7] Bl Potexvirus fiH =5 |
T-¥} Potex 4/Potex 5 [ZJE » EWIA/ING 280 bp

oo 2

sk aR a5 [+ 2] B — P g H
AL-1 I8 Fr B FEY) » JEAS B TR A/ MHIELZ
DNA FrEyZEY) » L ALORFup/ALORFdw S
i ORF1 147429 bp 4R EB: (18] 4B) » 1f
LI ALCPup/ALCPdw 3l H, CP -4 469 bp 2.
Bl B - 1 AL-1 b ss ~ AL-1 HREE R
RS VAR - DU SRR EE o B
PEFL A RR I AL-1 A B2 AR B
9% AEHE T H [FEAEL CVX ~ BaMV » CymMV
LUKz PVX 5 4 FEAS[E]Y potexviruses i 5EZ 1%

WS e ([E 4C) » BRURIL —#HS5 [ BT E
T3 EAE NVX 5.2 Mgl -

KBEFr B (I8 4A) B AL-1 FLXIHGESE ORF
1 (replicase protein) [\ 5z ORF 5 (coat protein)

bp M V D L 1 2 3 4 5

1000

Ha Hq

500
280
100 Potexd/Potex5

429

ALORFup/ALORFdw

459

ALCPup/ALCPdw

4. AES T EHEIT R R S RS E (RT-PCR) AR T3 Nerine virus X e L UK HTHER ©
M : 100 bp DNA fZ#EAZ 5 V @ AL-1 fifbfi§s5 5 D+ B FEMERIRIEREM 5 L @ AL-1 Bk Yy s 25558
BF 5 1 : CVX (Cactus virus X) ; 2 : BaMV (Bamboo mosaic virus) ; 3 : CymMV (Cymbidium mosaic virus) ; 4 :
PVX (Potato virus X) ; Ha : {@fFH T HIEMHFR s Hq : EREEEZEIEH -

Fig.4. Amplification result of reverse-transcription polymerase chain reaction (RT-PCR) by the use of three sets of
primer for the detection of Nerine virus X (NVX) and several other potexviruses. A 280 bp DNA product was
consistently amplified by potexvirus-specific degenerated primers (Potex 4/ Potex 5) from AL-1 and four different
potexviruses including CVX, BaMV, CymMYV, and PVX. Amplicons of 429 bp and 469 bp were obtained by two
NVX specific primer pairs of ALORFup/ALORFdw and ALCPup/ALCPdw, respectively. Lane M, 100-bp ladder
DNA molecular markers; lane V, purified virus particles of AL-1; Lane 2, field collected African lily tissue infected
by AL-1; Lane 3, AL-1-induced local lesion tissue of Chenopodium quinoa; Lane 1, 2, 3, and 4, four different
potexviruses of CVX, BaMV, CymMYV and PVX, respectively. Lane Ha and Hq, the healthy controls of African lily
and C. quinoa leaves, respectively.
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Serological and Molecular Identification of Nerine virus X Infecting
African Lily (Agapanthus africanus L.) and Development of its

Detection Techniques'
Fen-Lang Chiang**, An-Chin Chang>*, Ying-Huey Cheng?, and Chin-Chih Chen?®

Abstract

Chiang, F. L., C. A. Chang, Y. H. Cheng and C. C. Chen. 2010. Serological and molecular identification of Nerine
virus X infecting african lily (Agapanthus africanus L.) and development of its detection techniques. J. Taiwan Agric.
Res. 60:89-100.

African lily (Agapanthus africanus L.), native in South-Africa, is currently a popular bulbous floral
crop in Taiwan and many other countries. An African lily exhibiting foliar chlorotic strip and mottle
symptom was collected from Mai-Fung nursery of Taiwan University in 2005. A virus isolate,
designated as AL-1, was obtained from this plant by establishing a single lesion isolate in Chenopodium
quinoa Willd. Back inoculation of AL-1 onto seedlings of African lilies confirmed that AL-1 was able
to induce chlorotic mottle symptom which was similar to what was observed in the field. Virions of
AL-1 were successfully purified from the inoculated tissue of C. quinoa by differential and equilibrium
centrifugation in cesium sulfate. Elongated virus particles estimated at 508 nm in length were observed
from the purified sample under an electron microscope. By SDS-PAGE, molecular weight of AL-1’s
coat protein was determined as 25 kDa. An antiserum against purified AL-1 virions was prepared in
rabbit and shown to react strongly and specifically with its homologous antigens prepared from diseased
samples of field-collected or inoculated ones in enzyme-linked immunosorbent assay (ELISA),
SDS-immunodiffusion, and western blotting tests.  Full-length genome of AL-1 was revealed by
RT-PCR amplification with random primer and several primer pairs designed in this study according to
those closely related virus sequences in the GenBank. Genome of AL-1 was found to compose 6577
nucleotides, excluding the poly (A) tails, in which five open reading frames (ORF) encoding presumably
replicase (ORF 1), triple gene blocks (ORF 2—4) and coat protein (ORF 5) were located. This genome
structure was equivalent to that of Potexvirus and most resembled to Nerine virus X (NVX) (Acc. No.
AB219105) in the GenBank. The percent identities of nucleotide and amino acid sequences of the
full-length genomes between AL-1 and NVX were 98 and 93%, respectively, indicating they were
isolates of the same virus. A primer pair for specific detection of AL-1 was designed and shown to be
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useful in routine RT-PCR test. Our results revealed that AL-1 was an isolate of NVX based on the
biological and serological characterizations and the molecular analysis of the full-length genomic
sequences. To our knowledgement, it’s the first report of NVX occurrence in Taiwan.

Key words: African lily, Agapanthus africanus, Virus disease, Nerine virus X, Polyclonal antiserum,
Full-length genome, RT-PCR.



