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PR ~ SRIFZE ~ TTEFRE © 2016 o HOKERFCAT /T 8EZ Nerine latent virus Z fUFER R 342
VIEHETE - BERIEIIYE 65(2):194-206 -

W ok 2 BL9m 82 KIRAE (Haemanthus multiflorus Martyn) 4k 3£ R+ & ¥R B 48 5 & 3L (Chenopodium
quinoa Willd.) 3 K 7% h 3L By 30 s B 9% 4 » A 3 R B — s 25 5 B E AT 1 18 2 Btk (HM4) « 4% & % HM4
Z KRHRAE R AR AE 15 2 A 3 g 4 dk Wl K- B £ 4 9% 5 #77% (indirect enzyme-linked immunesorbent
assay; indirect ELISA) & & 77 R 257k ¥ » 34 7T #iL €42 Nerine latent virus (NeLV) £ 165 37 5 84k (NeLV-LY56)
Z A il A B RORE o AR %8k - T A Bk 45 R & (reverse transcription-polymerase chain reaction; RT-PCR)
J& ) NeLV-up/Oligo-d(T),, 51 F# » T3 g th HM4 KRB B 358 & 1S kbp X R B B AFHEETILA
Fidh & NeLV 2 2k E #%& & (coat protein; CP) &% & F A B & & (cysteine-rich protein; CRP) Z #7# 42 4k
(open reading frame) ° s HM4 R H 4t 6 182 74 B K362 Carlavirus B 7% 3 5 AR A% B2 A 71 > $2 GenBank
E &A% NeLV (Acc. no. JQ395044) 4T 247 tb ¥t » & R I8 T F 5 & 5 715085 & & 4 B2 Al JL B A )
J& (identity) 34 ¥T 3£ 96-99% * #E% HM4 B H 4t 6 18 E 58 A 7 3 % NeLV © 5§ sk 7 18 K3k 76 NeLV i# 78 #k 51
R B £ % 3% (Lycoris aurea) ~ INBER (Hippeastrum hybridum Hort.) & 7KAh (Narcissus spp.) Z NeLV 4 #f#k
Z CP F 7] #4748 % 5 #7 (phylogenetic analyses) * # 3Lt % 5 7134 B B NeLV #f 41 > dy KIRAE o 34k Bl & A&
1A%y % - i Ll i F 2 RBER - THZ - MK ERET » B KHIE EPT itz HM4 A1 iE 5
3% NeLV Z % B » ARBRFHEE » A1 HIE NeLV 276 % 35 5 Btk Z 37 f2 7% 7% indirect ELISA & % % £
FER S AR Al o TR A KA » BB A5 IRPEIL AR F R B F £ % NeLV B2tk o HA
&R A F HM4A %8 5 21 B 231 2 5] T3 (NeLVS552u/NeLV552d) #4T RT-PCR #:#] X &340 45 - RBF 250
2006-2014 5H1 B A indirect ELISA i%3A & 6 B3k KRG F 4 #4635 FH0 2 NeLV B % & [ S s %)
x 100%)] * & R 51 & KIKIE 18.4% ~ &85 3% 32% ~ INFETL 79% A KA 13.3% » HEPZE 2 NeLV 45 & 4
HFHRBIIEE - B 2R TAMPEBTER A RTHREET KIS NeLV X RKRF £ -

RAEER © KERICTHN ~ RECHEREAEE « A « RT-PCR AR « SH& 1 -

BEREN cBtE2ZBEORELEEZ Y

RIS i b o K ERAE (Haemanthus multiflorus Mar-
ikt (Amaryllidaceae) TYIEE % tyn) > # 4% Blood lily > FIZ4L4EEL ~ I H &

EEE90 B 1200 /L B A BEE BMEKIC - RERBRIEN - BamPhKERTE
KALE ~ IUHEALIE - WREL B R /B B (Haemanthus spp.) ZERIRAEAF > B R Z
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JE [ BAARAETT « B ATEISNE K RTEZ 3%
AU > FEEHFEF 2005 LR KK
fe L2 E N RERBERE > GEsliEs
8 i DR 1802 6 RS L% 3 (Capsicum chlo-
rosis virus; CaCV) (Chen et al. 2009) 5 5|#E
AL EEBE 2 N U 5 (Cucumber mosaic
virus) (Chen & Chiang 2015) ° Nerine latent
virus (NeLV) B Betaflexiviridae ¥} ~ Carla-
virus J& Z iR #E » WEBAN B REIR 0 KNG
660-665 nm ° NeLV &5 X4 At (Nerine
spp.) EREEEIBIEEE - 1972 FEHIEXESH
A fH Maat (1978) HETT Hpm s ME g2 2
HE o WRELEZENGmE (Amaryllida-
ceae) Z4NRE Firn/@IEY) (Nerine spp.) » HEH
TR N B E (Maat et al. 1978; Derks
& Maat 1995) - CLEd 2 RAF L EEA
et HYEE E KA % B E & 0 Eucharis
grandiflora) (Jayasinghe & Dijkstra 1979) -
Il # 1€ (Hippeastrum spp.) (Brolman-Hupkes
1975; Wylie & Jones 2012) Fz /KAl (Narcissus
spp.) (Wylie & Jones 2012) % - BN & {60
#% (Lycoris aurea) (Chen et al. 2004; Chen et
al. 2005) ~ IIHEAE fe #E 1K A B35 8 €
i E %4 (Chen er al. 2005) » . NeLV Ef5
B E T T35 R -

Carlavirus J& 2 [i% 5 35 0] &8 B 1% b {23 75
77 AR HAth 27 £ (King et al. 2012) » H
Potao virus S (PVS) ~ Potato virus M (PVM)
K2 Potato latent virus (PoLV) 4 & 2 a] 2€
WF & (Myzus persicae) PLIE 7k 481 77 =0 (H 15
(MacKinnon 1974; Brattey et al. 2002) » K&
i 9 H Al o) A TR 2 40 8% (Hakkaart et al.
1975) o [fif NeLV TJ & 5 ~ St 2 E S (0
TEER ST ) H1% - n{E R NeLV a3 L HME
K41 (Derks & Maat 1995) o

NeLV Z#Z & P52 2010 a8 £ EE
Bl % (E B0 AR ERHE (NCBI GenBank) »
Z 8% FF 5% (accession no.) £ 5 HM 119498 -
HM119495 ~ HM119496 Kz HM119497 - #& >
& {H ¥ % 7E NeLV Z 5 & b A B 2 K%
A A1 38 BEAZ R 77+ 8 2 B o0 i > 15 DL
1978 F-1% A [F 2 F i A we BHEY) b A o7 B
$E B Carlavirus &R 3 2 5y S LI (Wylie

& Jones 2012) o 40 » DA{E A% (05 52 K 3
F K2 i A% B Y T A B NeLV 2 #H [E 9% 5
#Y Hippeastrum latent virus (HLV) (Maat et al.
1978) » 1% B IZ L e 511 76 LRSS W & R 58 &
FEEZ%H (Wylie & Jones 2012) 5 54} »
2006 FF FE] KFEEE (Chen et al. 2006) 7K
I E45y 8 1S 2 Carlavirus 57 8tk > K& BF
NeLV % 751 16 At 23 Bl 48 R 1 A LR -
TR B 3 77 % B Fr 51 2 18 5 M e 8
@ %4 By Narcissus symptomless virus (NSV) »
S B E 5% NelV 885 L8 5L
Wiz - JMEER & NeLV #Y 77 Bk (Wylie & Jones
2012) ©

EEHEFE NN 2004 FHIR > HEBEA LM
ERIRTEAr &t ams by et 1 B Car-
lavirus B3 > BlEF GenBank | 25 8%
IR E eI LL Y o i R B E %
F o O R B R ERR R
Witk > B dr44 By Lycoris virus T ( f§fg LVT)
(Chen et al. 2004) « LVT 4 8 £ -LY56 (Gen-
Bank Acc. no. JX880023) (Chen ef al. 2004) >
41 GenBank 2 NeLV & H P4 LL¥ % -
INGEE By NeLV 73 @tk 2 — « & fE A% NeLV
SRR Z W BN RE4Y 617 nm > ¥EH 7
TRAEFEL]32.7 kDa - KE = CRHFH R
J&E LY 56 sy Btk &L s Rk 2 2 o hile - I
2 T FE F P 38 2 T e i M BAEE E (Chen et
al. 2004; Chen et al. 2005) « i 4} » NeLV
WM PETEY 232 (Chenopodium quinoa Willd.)
R IVBCEDE > R IR TR R BRI E
% NeLV it~ # & fiki% -

AW TR KERIEEER Eordd 1
TEE N Calavirus |& 2 &R E > IR ELE
fea 7% NeLV-LY 56 73 ft ik 2 Hi % (Chen et
al. 2004; Chen et al. 2005) A] EALERE - %
SR o B K ERTERY R 2 B B AR L
BT ~ R AL ITEL B R o S E H AR NeLV
Z T BERE o ARB UL B HESY B 3 7T DUEE
indirect ELISA J it B % =~ H — 1 5[ T H 0
RT-PCR T 17 G The H fe s o - HHREIER & 38
B NeLV B R £ N e Am - EESE - K
L FOK BRAEFE AR ETT -
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MK E

REHRR - BERRE

RHFFETY 2006 4 EREEAL N F I 2 1T
b2 g B 2 st B A b 20T i [ Fi A 2 K BRAE AR
PRER #ETTRE 2 ol E - B A
#r NeLV-LY 56 %% % 77 BE MR DLITLE A TR EZ
R ETRERR - FERB I KER
48%% 1 g L 10 mL = 0.05 M (pH 7.5) W% 5%
%% & )% (potassium phosphate buffer) Fff JE [
KR > DA A R Y 2282 (Chenopo-
dium quinoa Willd.) BER » 4910 d B E4S =
L/ ERHBE 5 TS 3 KDL AR
TR — 7T BERE (5% HM4) » i 5 AR 98 % 11
R 2 R ME T BERR - 2006-2014 A HARE B
BEOKERAE ~ &ftamn ~ AT RoKAItEREER
FRRT T 2 mEsE TR WRATE 2R
WA VIRE 1 ecm IE G/ NHEIR - RAER
50% (v/v) glycerol 775 % Hilli ({72 -20C T >
Ry R EACRFRF L -
MINER = A D T

I 32 38 il 00 7% W P S (enzymie-linked
immunesorbent assay; ELISA) : A2 A
indirect ELISA JE#1{T NeLV A K BR{E 5z HoAthr
A e EIE S amT ~ IUETE oKz 8
TE R g IR E > DLEEE NeLV NI EIEAH B2
SR -

Indirect ELISA J£ 752 18 DUAE M7 iy 25 2
7T (Chang et al. 1988; Chen et al. 2013) » X
[ FEZBRANT © (1) o5 4H &5 78 B ST - HUHT
R 0.1 g =R JIA 3 mL 2 15 mM iR fi% #
%% 1 )% (sodium carbonate buffer, pH 9.6) &
& 0 HUAH @OR0R N 96 fL ELISA 2 & £ o
(100 pL LY B2 HEE > BN 37C4E
464 h (B 4CHR®) A& LA 1x PBST (137
mM NacCl, 1.5 mM KH,PO,, | mM Na,HPO,,
pH 7.4, 0.05% Tween 20) 7% 3 X 5 (2) Bz
HIEH 2 PLia S E © DL NeLV-LY56 gy i
EIKE R (1gG) = 1,000 77 & K FEK > /A
A& R EFLSF (100 uL L") » § 25CE R E
34 h (B 4CHRTE) > Z1& 2L 1x PBST % 3
K5 (3) EZRHIAEIE - i ATHRE 6,000%

rere

]

65% H521

2t M b B TG % R4S L LR 1gG (AP-
conjugate goat anti-rabbit immunoglobulin,
Jackson, West Grove, PA, USA) » 100 puL £
B 25CZERMAMNNE 3-4 h 3 FHLL 1x PBST
MERIE 3 K (4) BENIE  IIARER
1 mg mL™" 2 i Mk RGBS % 22528 (p-nitrophe-
nyl phosphate, p-NPP) (Amresco, Solon Ind.,
Ohio, USA) » 150 uL L' fZ € 30-40 min >
PLELISA F51{H & (PTI max micro plate reader,
Molecular Devices, Sunnyvale, CA, USA) =&
HUR & 405 nm T Z B W{E - B st E KRR
fERERBOLE 2 5%  FEMMREREZE
S

P4 /5 2 2L ¥ (western blotting test) : /&
WFEER I 7E 7 SR BEVE#ETT NeLV i K ERTE fE s
S B2 B pE 7 MUB R E » S st ¥ A0
Fwr ~ IS FoKAL Z M 4H 48 7 DARHTE 77 20
AT - DLURERE NeLV Z 88/ -

BT BRI T ¢ HL0.1 g PR EEAHER - DL
R R A B > A 200 pL 7 K b i 3
& (240 mM Tris-HCI, pH 6.8; 10% glycerol,
2% SDS, 4% B-mercaptoethanol) & &35 4] >
HU 100 pL WHER A ERGTE 2 LDS /5K (250
mM Tris-HCI > & 2% (w/v) SDS » 4% (w/v) 2-
mercaptoethanol 5z 10 % (w/v) sucrose (Laem-
mli 1970) &5 1& » LUK 3 min - L& 5
‘AT -20C2 IR  IRHR 1% 2 B in &K SDS-
PAGE & k1% » HUFE 86 1 H #05 j* PVDF &
(Millipore Co., MA, USA) » 7 {%EiNeLV-LY56
74 5 DUAG HE AT L% S & - K PVDF J (K 2
& BRI AR RE 1,000x 2 NeLV-LY56 1gG
FIHTRA R (1 mg mL™) ~ 7% 6,000% 2 AP-
conjugate LIFEHREEREL T - FNEMR
TRIE 1 h> PRI LL 1x TBST 2% 2
K (2 10 min) - 541 A BCIP/NBT £
& (Alkaline phosphatase substrate kit, Bio-
Rad, Hercules, CA) (Blake et al. 1984) [ &
Z o MRHER R B R (R T R i 2 KR

REREREEFY < EIEHEE R D
S $5% - 55 5 g 8 85 [ FE (reverse tran-

scription-polymerase chain reaction; RT-
PCR) A5l B 358 ] B NeLV-LY 56 #7145 & /&
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1E R FE 2 K BRIEFE R 4 &8 - #E 1T 3 FE s 35 1
E ORI 2 7 B iR DL B8 0E B E e e
ETHRAT (1) BREYES e 8%
ik AR ELEY LB E A
#I4H (Plant Total RNA mini kit, Viogene, Viogene-
BioTek Corparation, Taipei, Taiwan) 7 f5 7/~ #E
THHAEY 2 EZ X RNA) ZZHL: (2)
RT-PCR M fE % F E% > DATE Y4 & RNA Fyfil
R o FI A 51 % NeLVup (5°-ACCCTTCTACT-
TAATCGTGTCTTTG-3") il Oligo-d(T),, » #1T
RT-PCR [ZJE - Ffli v 15K 3" nixbs 5 B
KINGT 1.5 kbp 2 Mg ZEY) - RT-PCR J5 DLpg
(L EEIPEE RT-PCR {40 (Faith Technology
Co. Ltd., Taichung, Taiwan) #E T & » K JE
EIRELL2 uL RNA ~ 5 uL 2 5x RT reaction
buffer ~ 0.5 uL 2 RT enzyme mix ~ 15.5 pL
<~ nuclease free water 2 2% 1 uL 2 10 pM
Sl % R EVEER K FE & (Biometra T3000
Thermocycler, Germany) H 1T o & FERE B
S50°CT T 8% E 30 min » FFLL 94CT &
P 1 min > 50CTEEA 50 s> 72CFE4A 2 min
Fo VETR » (T 30 (B ER - m ik — (20 B
PL72°CH & 6 min  [ZEAS SR LL 1.2% &k
H2 (SeaKem, Agarose, Cambrex Bio Science
Rockland, Inc., Rockland, ME, USA) #k {7 47
e

B IR P BOE T R e 1 40 -
i RT-PCR H1iE {5~ 1.5 kbp DNA J5 EZE0E
* pGEM"®-T Easy #;#% |- (Promega, Madison,
WI, USA) » FHA Y E. coli DHSa 15 ¥ &1 >
Al #E 77 H B B8 DNA 2 4li{k > FIH EcoRI[R
FIBE RV EER B S A TR R AR B2 5
TR ARG E A E (HIREIRNEE
RAE - gE&GILH) » LEEIZEEF&T
MHEZEREFY] > B 2 551 2L Vector NTI
Suite (InforMax, Inc., Bethesda, MD, USA) #x
BE 1Ty AL o I 82 GenBank R E B3k~
NeLV yiH B 7 7 T E O BRI Z Lk
o AREERER KERTE HM4 73 EERRSN » 558t
H A2k H 6 flil K BKAE Carlavirus 5 5 4H 4%
57 5 47 B (HM15 - HM94W6 ~ HMO3w1 ~
HMO03w2 ~ HM03T2 ~ HMO03T5) # {7 H 3 I

KNG 1.5 kbp #%1 J7 Be 2 BV B TE 7 o7 A

K44 K ERAE NeLV 43 Bt ik B HL At 5 BHws
AT HERR B B AR EL B - AR B D R AU
e = By E K ER T (HM4 ~ HM15 ~ HM94W6 -
HMO03wl ~ HM03w2 ~ HMO03T2 ~ HMO03T5) -
STEFE (LYS6 ~ LYL39 ~ LY7 ~ LY9) - 70
& (ALGC6 ~ ALWF36 « ALHL14) - % /K i
(Nar86 ~ Nar87) Z NeLV 43 B ¥ > K Gen-
Bank b L& §% 2 NeLV R Al #E{TLL ¥ - 55LL
6 By Carlavirus |& 2 LEEAE EBE 7 (Hipe-
astrum latent virus; HLV) & Narcissus com-
mon latent virus (NCLV) {E B ¥fia 0 fr 2 yh &
(outgroup) - £t ¥ CP &5 =~ fie BBk
HIHEFTE % H(E M7 (phylogenetic analysis) »
ST ¢ % Tomimura ef al. (2003) frag 3
#7775 84T « BB P35 L CLUSTAL X ver-
sion 1.8 (Thompson et al. 1997) F¥&5r#71% »
T F| F PAUP 4.0 f2 = (Swofford 1998) i
1T NJ (neighbor-joining) 4% & BRM % (boot-
strap resampling method) (Felsenstein 1985;
Thompson et al. 1997) {E47#7 » H 1 bootstrap
values J5H1 2 EE 1,000 HUEFrat & 2 &5
R S 2 HGELBH D TreeView 12 #~
(Page 1996) -

NeLV #8857 H < HE— Mkl : 2L HM4
FEAREDKIRAE Tk 2 B P 5 R BAR - Bt —
2H 51 7 % NeLV552u/NeLLV552d (5°-ACGTCCT-
GCATTGAAGCCTAT-3/5-AGTTGCCTATG
TGTGGCGTTA-3) LL#ETT RT-PCR gl - %
M A KERIE ~ &fEam - IEEFEFIKA
ZEWAEER - DLEOKERTE ~ &fCaw ~ IUEAE
PR 7 BB - RT-PCR J7 AR E R EFE
Fe 4l B Pl » YR AL o] 3B i HY R/ 552 bp 2
e R ER - RIESEF DL 1.2% BB T
e

R
BB R R
B NeLV-LY 56 i 86 2 4 IE S i 2 S B
BB KERIEIEF K MIEERN 2% (C
quinoa) ¥4 > #910 d EAERER ERHFH
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PEEL o 5{BE b 25 T B NeLV-LY 56 i A K JE
ZOKIRIERE > ERENERER Y ES
J5 BN BT B K2 E o L AE 058 {2 2 B 1T B NeLV-
LY56 fiife A R IE 2 e EH R AL TE 2 B i
FINVEBHEEGER o RG4S R b
#J7% indirect ELISA 7 4 1F 7 JEEH (455
KHR) ©

DIvE 77 2B AT 2 SR EUR > K
KICBWER REEBZER TR TEL
32.7 kDa J& £ FH 81 NeLV-LY56 i &£ F K7
JEZ &R (B 1) EEAmamRFE R
FESIEER ~ IIETE R AL 7y Bk 2 [ S
R - AR EFERH S RLN 32.7 kDa g £
HHBE A — 2 E0E K ERT > MRE
% X FRFE 4G > 32.7 kDa 5 (9 {5745 i i il
&> BEMAEHEMS FEREZEABRTEE
(@ 1) > HERR 38E A R 2 STk
WG - KRBT KRIEFE A RHE i i
581 NeLV-LY 56 fifig & 4= 1E S e > I e s
indirect ELISA 4~ IERJE » BRI E R
PR EAFRFEA 2~ NeLV 2y etk > 891 )E

BesH 2

KNBKTE D Bk < SRR B R EER S DT

1R OK BRAE HM4 53 B i » DL NeLVup/Oli-
go-d(T),, 5| F ¥ 17 H 3" Im % B 1 Bt 2 RT-
PCR 141E S &% » TYEE K317 o A B S — TR G
B4 1.5 kbp 2 #%BE 7 Br (A5 ARHIR) - 485
TEELE P s REURE R E 1,560 [@f% g OF
fIHE 3 I 2 poly A) - HM4 [t B¢l GenBank
BB 8 2 KAl 7 B #& NeLV-Marijiniup 5
(Acc. No. JQ395044) 7 1% W Fe Hi 5 1 AH [
FEIEEE 97% DA b (1) « H - ¥ E HM4
L REHED ZEEZHE (open reading frame
of coat protein, CP ORF) 7 891 {f#Z & » TH
fli TR EE 297 (AN © HIE "B & FEHRE
& [, (cysteine-rich protein; CRP) F75 405
E% B BE » TRAG TGRS 135 (EReERE - b
At 37 Ui 1,560 {18 1% 5 Bz 77 7 EE B 45 R - BUR
HM4 81 NeLV 4 Carlavirus J& 5 FE 2 i & ©
&~ HM4 #% 8 Fr 51| 2.5 8% 7> GenBank &}
[EE > FE9k ks KC505177 -

H#E — 25 1 B NeLV-LY 56 i #5 2 42 IE [
ZARETERIRZ W E TR BIETEEE K
BRAE ~ &ftars ~ UEfERAKNMIE » BEHE 3
If# 1.5 kbp K/NZ K% B8 7 B E > W07 i

Blood lily Golden spider lily H-CK Amaryllis Narcissus H-CK
kDa M 4 T2 LL 7 56 LL Hm Hy M GC WF LL 86 87 Ha Hg Hn
43 e
- g - -
26 -
17 e

1. DAPGJ)5BEBEE K Nerine latent virus (NeLV)-LY 56 $ &4 R K BRI K HA A FRRHE R 2 dad 4 -

fTM: EEHE S TEEE 3518 HDKETE (blood lily » 1T 4 K T2 > 4371 K HM4 k& HMO3T2) ~ 7t
(golden spider lily » 1T 7 K 56 » 43 H R LY7 & LY56) ~ JIHESE (amaryllis » 17 GC K WF » 43 Hll 5 ALGC6 K
ALWEF36) : {7 LL » HM4 ~ LY56 K ALWF36 2 Z5#2 B pTAR 4% 7KL 4R 4% (narcissus > 17 86 Kz 87 > 47l
Fs Nar86 J Nar87) ; {E#4H&, (H-CK) ELFEKIKIE (7 Hm) ~ 040w (Hy) ~ JIHEAE (Ha) ~ 2552 (Hq) KoKAl
(Hn) »

Fig. 1. Western blotting for the detection of Nerine latent virus (NeLV)-infected tissues of Amaryllidaceae orna-
mental hosts, including blood lily, golden spider lily, amaryllis and narcissus, using the antiserum against NeLV-
LY56. Lane M: protein marker; lanes 4 & T2, HM4 and HMO03T?2 isolates of diseased bloody lily; lanes 7 & 56, LY7
and LY 56 isolates of diseased golden spider lily; lanes GC & WF, ALGC6 and ALWF36 isolates of diseased amaryl-
lis; lanes 86 & 87, Nar86 and Nar87 isolates of diseased narcissus; lane LL, local lesions on Chenopodium quinoa
generated by respective diseased host tissues of HM4, LY 56, and ALWF36, respectively. Lanes Hm, Hy, Ha, Hq, and
Hn, healthy control (H-CK) of blood lily, golden spider lily, amaryllis, C. quinoa, and narcissus, respectively.
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J& CP k. CRP Z %75 - s EH CP 2%
W Jo B B B Fr 51189 81 NeLV (JQ395044) 7z 5|
96-99% ZAHE & (% 1) - [l CRP X EHE &
B R FE I HE 97-100% Z FHEIRE (GEEAH
) e LA [E 57 HERREL CP 751 2 GenBank
BTt HRR L

NeLV DBtk SBIERATR D AT

o3 A bR BT 52 B K ERTE % 4 T o wr 7
fEFTFATIETT Z NeLV 2Btk 2 CP ARl 751
BUR > BT A KERTE /T BEbR Z CP Y N I 2F 6
A% el =y Asparagine (N) - S50 H A 57 PR
Z Lysine (K) » BAHBFE (& 2) © SN

1. KERAE Nerine latent virus (NeLV) T BEPRELEAN ER] NeLV 55 2 Mk B AL Fr 5 | AH R FEER L -
Table 1. Comparison of the identities of nucleotide and amino acid sequences of the coat protein (CP) of Nerine
latent virus (NeLV) isolated from blood lily with those of other known NeLV isolates available in GenBank.

% identity of CP*

Isolate” Acc. no. nt aa

Marijiniup 5 JQ395044 100.0 100.0
HM4 KC505177 97.0 98.7
HM15 KC505178 96.4 98.3
HM94W6 KM396456 96.5 98.3
HMO3W1 KM396457 96.7 98.7
HMO03W2 KM396458 96.9 99.0
HMO03T2 KM396459 97.0 99.0
HMO3T5 KM396460 96.7 99.0
LY56 JX880023 98.5 99.3
LY39 JX913805 98.3 99.3
LY7 1X901048 98.3 99.3
LY9 1X978442 97.5 98.7
ALGC6 JX848395 97.9 98.0
ALWF36 JX848394 96.9 99.3
ALHL14 JX880024 97.1 98.0
Nar86 1X524884 98.9 99.0
Nar87 JX524885 98.9 99.0
Marijiniup 4 1Q395043 77.9 77.9
Hangzhou-2005 AM182569 98.2 99.3
IVT80054 HM119498 99.2 100.0
Ext07 HM119497 97.5 97.6
191191 HM119495 98.0 97.3
281299 HM119496 99.1 99.7
HLV DQ098905 49.3 389
HLV NC_011540 49.3 389
NCLV AJ311375 52.1 383

“ Percent identities (%) of the respective nucleotide (nt) and amino acid (aa) sequences were analyzed by the Vector NTI Suite (In-
forMax, Inc., Bethesda, MD). All of the nucleotides (nts) of NeLVs coding for coat protein and cycteine-rich protein are 891 and

405 nts, respectively.

” The sequences of NeLV: Marijiniup 5 isolate was used for leader comparison. Isolates collected from blood lily were HM4, HM15,
HM94W6, HM03W 1, HM03W2, HM03T2, and HMO03T5; from Golden spider lily were LY56, LY39, LY7, and LY9; from ama-
ryllis were ALGC6, ALWF36, and ALHL14; from narcissus were Nar86 and Nar87 in this study. Two Carlavirus isolates of Hip-
peastrum latent virus (HLV) and one Narcissus common latent virus (NCLV) available in GenBank were used for comparison.
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HHPDKERTE T Bk 2 56 13 {ERE B BRI Ky As-
paragine (N) » [ B2 I tir 73 B £ K 26 5 Serine
() thAmZER - E—HI5 - 22 EHeftam
JrEERR (LY39 & LYS56) J 1 {41 HE £E 77 e
(ALGCO6) » {EILALE T BOKIRAE 53 Btk A
tH[E] 2 Asparagine ([& 2) > 84/~ LY39 ~ LY56
Fo ALGC63 % Bk 3R T 43 i He A7 16 261
& (& 3) -

65% H521

ALWF36 k2 ALHL14) Al 53 A d M 3T 2 B 4H
> HEEE AP R (E ABEAE S ik (191191 Rz
Marijiniup 4) Al AN [E 2 BE4HAE (& 3) -
BAE AR Z Sy BEdk - HE&G Ao
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Fig. 2. Alignment of the amino acid sequences of different Nerine latent virus (NeLV) isolates and two other carla-
viruses. Fifty-seven amino acids (aas) in the N-terminal region of coat proteins of 23 NeLV isolates were compared.
Isolates collected from blood lily were HM4, HM03W2, HMO03T5, HM03T2, HM03W1, HM15, and HM94W6; from
golden spider lily were LY39, LY56, LYY, and LY7; from amaryllis were ALGC6, ALWF36, and ALHL14; from
narcissus were Nar86 and Nar87 in this study. The 6th and 13th aas of blood lily isolates were both Asparagines (N).
Two isolates of Hippeastrum latent virus (*) and one Narcissus common latent virus (**) available in GenBank were
used for comparison.
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Fig. 3. A phylogram derived from the analysis of genetic distances based on the amino acid sequences of the coat
proteins of 23 isolates of Nerine latent virus (NeLV) and two carlavirus isolates. The tree was constructed using the
neighbour-joining (NJ) algorithm with the bootstrap resampling method (1,000 random resamplings), using PAUP 4.0.
Numbers at each node indicate the percentages of bootstrap samples. Horizontal branch length is drawn according to
the scale bar indicating 5 substitutions per 1000 amino acid positions. Isolates collected from blood lily were HM4,
HM15, HM94W6, HM03W 1, HM03W2, HM03T2, and HMO3TS5; from golden spider lily were LY56, LY39, LY7,
and LY9; from amaryllis were ALGC6, ALWF36, and ALHL14; from narcissus were Nar86 and Nar87 in this study.
Sequences of Hippeastrum latent virus (HLV) and Narcissus common latent virus (NCLV) isolates were from Gen-

Bank and used as outgroup elements.
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Fig. 4. Reverse-transcription polymerase chain reaction (RT-PCR) detection of Nerine latent virus (NeLV)-infected
tissues of Amaryllidaceae ornamental hosts including blood lily, golden spider lily, amaryllis and narcissus. Lane M:
molecular marker; lanes 4 & T2, HM4 and HMO03T2 isolates of diseased bloody lily; lanes 7 & 56, LY7 and LY56
isolates of diseased lycoris; lanes GC & WF, ALGC6 and ALWF36 isolates of diseased amaryllis; lanes 86 & 87,
Nar86 and Nar87 isolates of diseased narcissus; lane LL, local lesions on Chenopodium quinoa generated by respec-
tive diseased host tissues of HM4, LY56, and ALWF36. Lanes Hm, Hy, Ha, Hn, and Hq, healthy control (H-CK) of
blood lily, golden spider lily, amaryllis, narcissus and C. quinoa, respectively; lane D, diseased tissues of bloody lily.

The predicted sizes of DNA fragments amplified from NeLV-infected tissue were 552 bp by NeLV552u/NeL.V552d
primer pair.

2% 2. DLindirect ELISA ¥ H Nerine latent virus /> KEKIE R AR B AT RHETT 2 284 -
Table 2. Survey of the occurrences of Nerine latent virus on blood lily and other Amaryllidaceae ornamental hosts
detected by indirect ELISA”.

Host Detection rate (%) No. samples No. positive detected samples”
Blood lily 18.4 49 9
(Haemanthus multiflorus Martyn)
Golden spider lily 32.0 106 34
(Lycoris aurea Herb.)
Amaryllis 79.0 115 91
(Hippeastrum hybridum Hort.)
Narcissus 133 45 6
(Narcissus spp.)

“Indirect ELISA was conducted using the antiserum against Nerine latent virus (NeLV)-LY56. Immunoglobulins of the tested anti-
sera were diluted 1/1000 to react with antigens in a dilution of 1/30. The absorbance readings (A s,,,) Were taken 40 min after addi-
tion of enzyme substrate solution. The absorbance values are an average of two replicate wells.

¥ Detection rate (%) was determined by [(No. positive detected samples/No. total samples) x 100%].

* Positive detected samples were determined by those ELISA reactivities higher than two times of the healthy control (As,.,)-
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Serological and Molecular Identification of
Nerine latent virus Infecting Blood Lily
(Haemanthus multiflorus Martyn)

Chin-Chih Chen"’, Chin-An Chang™’, and Fen-Lang Chiang’

Abstract

Chen, C. C., C. A. Chang, and F. L. Chiang. 2016. Serological and molecular identification
of Nerine latent virus infecting blood lily (Haemanthus multiflorus Martyn). J. Taiwan
Agric. Res. 65(2):194-206.

A virus isolate (HM4), obtained from a symptomless blood lily (Haemanthus multiflorus
Martyn) plant, was established on Chenopodium quinoa Willd. by three successive single lesion re-
isolation and inoculation. The original blood lily plant and inoculated C. quinoa leaf tissues of HM4
were reacted strongly with the antibody against the LY56 isolate of Narine latent virus (NeLV) from
golden spider lily in indirect ELISA and western blotting. A 1.5-kbp DNA fragment was amplified
by RT-PCR from HM4-infected blood lily and C. quinoa tissues using a primer pair specific to the 3-
end of genomic sequences of NeLV. Sequence analyses revealed that the amplicon comprises 1,560
nucleotides spanning the entire open reading frame of coat protein (CP) and the complete cysteine-
rich protein region of NeLV. Comparison of nucleotide and amino acid sequences indicated that the
CP of HM4 shares 96-99% identities with those of the other six blood lily isolates and the known
NeLV isolates documented in the GenBank. Results indicated that HM4 and the other six blood lily
isolates are the isolates of NeLV. In phylogenetic analysis, these blood lily isolates and those NeLVs
from golden spider lily (Lycoris aurea), amaryllis (Hippeastrum hybridum Hort.) and narcissus (Nar-
cissus spp.) were grouped in the same clade evidently differing from that of Hippeastrum latent virus
(HLV) and Narcissus common latent virus (NCLV). Phylogenetic analysis indicated that the blood lily
isolates are grouped in the same sub-clade. Our studies also confirmed that all the NeLV isolates from
blood lily, golden spider lily, amaryllis and narcissus can be detected by the same antiserum against
NeLV-LY56 in indirect ELISA and western blotting. Moreover, a 552-bp DNA fragment can be ampli-
fied from all these NeLV isolates in RT-PCR using the primers designed from the genomic sequence
of HM4. Field surveys were conducted during 2006-2014 by indirect ELISA and showed 18.4, 32,
79, and 13.3% of the incidences of NeLV in blood lilies, golden spider lilies, amaryllis and narcissus,
respectively, in Taiwan. Based on the serological and molecular evidences, NeLV naturally infecting
blood lilies without showing discernible symptoms is first reported.

Key words: Blood lily (Haemanthus multiflorus Martyn), Nerine latent virus (NeLV), Serological
detection, RT-PCR detection, Phylogenetic analysis.
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