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AHF R E 0 g K E & (Sandersonia aurantiaca Hook) ¥ i — #& Potyvirus By 7% # » & ¥ % & (coat
protein; CP) B 5 7] - #7 » #ERI 73 B 7 5% B M 52 % 80 3 (Gloriosa stripe mosaic virus; GSMV) & B * &
FHiAk X 3K CB ° CB & &tk A R 3885k - F. & B4k 45 R JE (reverse transcription-polymerase chain reaction; RT-PCR)
Fl AL 37 9 X polyA ALHE 0 RS ARG TH A EmEA LR R BRI R
9455 B ¥R - AN AAHBAREKRESG X 9,156 847 ¥ 88 (& 3,052 @ A 8R) - A A 7] &8 kst
GenBank 3t 343 & 4k > 9% & EF427894 o #J& CB 2 itk < CP A 798 1H 4% H Bk » T $23% h 266 18 e I BL o
Aot Rt EHEE AR KA S (B &) (Gloriosa spp.) % % %1 Z F-4F 5] 518 GSMV 4tk 09 CP 4 ¥ 82 A
7] 3t ¥ & 4k GenBank JAF A3 0 LR A BIEE 649 CB4 (KT764122) #» CB18 (KT764123) 5 & & X
X B A 0 GL2 (KT764120) » GL3 (KT764124) F= GL4 (KT764121) = Fi H o etk L Bl 4 BB 4k 2 KI5 B &
GSMV 4k (EU042761) F » CP R A B 5 7148 Bl LA 86.5-94.0% * 3 7 GSMV sk B ° oy 24 Bl 14
w0 R A 3MEEEE S GSMV 4 df bk B A A48 2009 5 #F o 1R4E CB-CP M ¥ B /4 7133 3 @3] T4 (L%
31 F o %1 & GSMV715u » GSMV660u & GSMV500u > % B4 B F #% 5] T GSMVd) » ¥4 GSMV660u/GSMVd
A GSMV500u/GSMVd W 248 5] F# > A RT-PCR T TR A h ¥R T oM KB T4 LX GSMV; &
GSMV715u/GSMVd £ T A 2] & & & GSMV » 3 &R K E 62 GSMV Al & Fal B Basgie ks - b3l
FHT R EHEE A GSMV 485 Ml o 4% CB-CP 2 & & 4% i B2 22 74 70 & B 82 pET28b |k - A5
Escherichia coli strain Rosetta (DE3) 5 £ NF X R ARG Ak HFAE > TEXH 3.6 kDaZmE Rk REY
WALt o 8 R KIRIEM AT HE CB-CP Z % Liiky - %4 indirect enzyme-linked immunosorbent assay (ELISA)
FadG oy BEEF 0 L CB % LB TR R4/ (CB-CP 2 3&G) &4 RJE - &T Rk gEE &5 K
BAHZ GSMV Bk ask - GSMV & Xk L3 AN KBTS mEask 2ATEaS ELERER - Aot
RIEEGE TR GSMV 2REBBRERH - A RITEMZ GSMV 5| FH A % Tl H oAt g
BE SR A EER > TRAKEH GSMV X A TR -

RASEE - B EE - MRS E - 2REMKIERY] - RT-PCR M ~ ZIThids -

=1i] J Christmas bells o JRENEEIE » AP Fy
HIEMNEELRER BREa B8

IS H 4G (Sandersonia aurantiaca Hook) B BRI R T EEAEEED ) B
AAEEE - PEERE - B G A HIRNBEZEE WENEEAZEERE -
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BRI CEc sk fl B E B H & 2 W E i &
AR SR T (Cucumber mosaic virus; CMV) »
5[ REAE MR AL R BE /S H R BE S 12 (stunt and
necrotic streak) (Shiota & Uematsu 1998) » =
BHGRXKEEHE (X4EE) o8 EFEER
H&H (Liliaceae) » {HKIE# 1Y) APG IV
2yHE7% (Angiosperm Phylogeny Group) @ —3#%
RN 2 BlGR G 2 EHE RO
(Colchicaceae) (https://zh.wikipedia.org/wiki/
Colchicaceae) ; fH H I K [E 5 608 7 73 BT
KIGEHEREEEHEREREER -

5 PR &UR 5 [Gloriosa stripe mosaic
virus, GSMV; B &5 3 57 S8 22 B2 (Interna-
tional Committee on Taxonomy of Viruses;
ICTV) code: 00.057.0.01.026] % & %1 Poty-
virus JBIR BN E - IR HEE XN 1974 FHE
EE % (Koenig & Lesemann 1974) i KIEE &
(3 B) L (Gloriosa rothschildiana) Fit %
Z & E (Pham et al. 2011) F1ZEE] (Mollov
et al. 2017) LEX B H & E#IRAE GSMV -
Mollov et al. (2017) %3 GSMV 5[#EXEH &
(Gloriosa superba ‘Rothschildiana’) £ &
i SR = AL R BE - 1ff Wang et al. (2007) ¥y
H K H EREUFE S (Glory lily mosaic vi-
rus; GLMV; GenBank EU250360) AY95 35 77 B
& » &8 Pham et al. (2011) & HRHEEELF
Fl oy i Eb 45 SRR - GLMV JE& it GSMV
WELKE  —HRMEEREE - BRDKEE S
(Gloriosa spp.) FEESEAVFEHEH 3 fl (Araki
et al. 1985) > 1 & CMV ~ Gloriosa fleck virus
(GIFV) #1 GSMV -« ffif GSMV 1 CMV &= i
BIKIEEE ERERILEREE -

T A ¢ 8 ICTV (https://talk.ictvonline.
org) FTAARHY Potyvirus &5 55 73 BURLE : po-
tyvirus 95 55 2 BB By R 450K » i 3 REAL K/NEY
680-900 nm ; HFH 4 T =4y 30-47 kDa iV &
HEAME  HERB I HS T8RN 9.7 kb
HYEEHE RNA (positive sense sSRNA) Fr4H K -
Potyvirus [& 7 52 H AR EE B A —(fEE
28K (open reading frame; ORF) » EHEL[RFIH
RS & il — 15 43 7 814 340-368 kDa Y K& A
(polyprotein) » £ H1 ¥ 5 A & Fr & B HY & 1 B

rere

]

67 % 531

BETEOBEHGR S EREA N2 EHE
Y > AFE P1-Pro (protein 1 protease) ~ HC-Pro
(helper component protease) ~ P3 (protein 3) »
6kl (6-kDa peptide 1) ~ CI (cytoplasmic inclu-
sion) ~6k2 (6-kDa peptide 2) ~NIa-Pro (nuclear
inclusion A protease) ~ NIb (nuclear inclusion
B) 1 CP (coat protein) °

Potyvirus & 55 o7 B8 b 7] H1 9% 35 58 R &Y
BB L RE M - B RG R AR 77+
B MRS 7 1 8 € Z 5 ICTV ¥R Potyvirus &
BT (species) 7S E - EEIRE : (1)
SR B HIZ T BEAE R /N 76% ~ B B
Be/INS 82% % 5 (2) BRI E & 0 @I
HEMHEE > A PLIEE /NG 58% » 1A HiAth
B HI/N Y 74-78% + (3) CP (A% H e 4 [ FE
INFA T6-T7% ~ F BLBE /NFY 80% 5 (Adams et
al. 2005) - [LAN » Potyvirus J&JK 55 . 0] {15 H
3’ I JEE R & (3 -noncoding region; 3°-NCR)
ZEBFPYIEEY - RS 80% M [F & &
€ By 18 [5 fE 1Y potyvirus J% 35 (Frenkel et al.
1989) -

EEHE /G BN EIKRIT > BN E
FLERRE IR E VAT » DHACASE BRI
EUCEAR I E AR st A
EXEE G AR R T o RS A
ZFERE R AR R E R TR 5 TR B BN A
BRI METHRNEEERES - Ak E %
DUAE Tl A - 317 o] i B AR BK A4 1 17 oy ALY
ZWEEE > AONEEITTE ERMAEE A
JE - AW LU =R G K A > 79
Al AL 73+ 7€ e B MU0 B e 75 8 7 GSMV
#EPEREE L - WD E EHERE
HI e REKIEER » % H BB AN 7
oA > DAESRH By Potyvirus J&H) GSMV 5
#E S MR EES R ARG REFHE CP i
FPURE - DABLEE T bR GSMV Y% TThihE
ET AR E S H G KK EE G GSMV 77
PR Y S 8 8% -7 & B # 5 [ JE (reverse tran-
scription-polymerase chain reaction; RT-PCR)
RS FH% - AR ERLCHEHERE
& Bttt GSMV » el H 2 & EREHZ
% F7 51 % 7 1 8 8% 74 GenBank % - ELHF 8L
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% TETUBRIELS | TH R E e
ELRREN -

MBS

MRIZRER T

AP FE B T 40 7 A A9 = 6 & ERAR
TR 3 2 B R 454, > 7 RT-PCR 1 » AJE
Potyvirus & f& §f =\ 5|+ % HRP-5/0ligo-dT
(5’ATGATHGARKCNTGGGG3’/5°GCGGC-
CGCTTTTTTTTTTTTTT3) (Pappu et al. 1998;
Chen et al. 2006) [ JE (T 235 E 4L B B2 E
PIRVEE R SH A TR - R AR B IR
JERY IR EE R IZER 50% (viv) BT (REF
2 -20°C N Bt EEER T -

B E Gk AR 2005 F71 2008 Rt
W IRTF » FRTEMREE R 2 BB MR AUER B
BUEUR © 55202015 FEREZ K IEH S MELER
alBe o PR EAREE B R R AUEHE L IR -
RE 3 ImiEE B 2 18IS ~ SEIEEEERR
vaxiil

Ktz 2 HE - BREEREE ROKIE
HEWsE R > 25 2L RT-PCR JE#ETH
3 Itk b B Wi o BETE R E LB B B
TTREBERF 2T - DLAUS A ERE 7 Bk 2
CP 771 - BRAZ SERR RN -

FEE RT-PCR ¥ : U 0.1 g Z3ZEER -
AR R E 5% - RIBHENHEY 28
1% B 4l (b 508 45 (RNeasy Plant Mini Kit, Qia-
gen, Hilden, Germany) 225§ - # {7 51EY)
B (RNA) ZZH] » DAL g2
RNA Ryt8itfg - (i F oS4 i Potyvirus J& ¥ 55 1%
fi# 3° U (3°-terminal region) %9 1.3 kbp 2 f§ {
5 [F ¥} HRP-5/0ligo-dT,,, (Pappu et al. 1998;
Chen et al. 2006) #Ef7E L EE RT-PCR [ JE -

RT-PCR { #% %] 4H (Invitrogen Co., Carls-
bad, CA, USA) Z B J7 » A& — 25 L B
sy HIA0 A1 uL 2 4= 8 RNA ~ 12.5 uL 7 2x
Reaction Mix ~ 0.5 pL 2 SuperScript III RT-/Plat-
inum Taq Mix ~ %% 1 uL 22 10 pM RIS
19 uL 2 DEPC-treated water * FiA RS
H A% REVEER K EEE (T3000 Thermocycler,

Biometra, Géttingen, Germany) H#E{T » 3% E &
JERZFF By + S0°C T #£1T7 #E $% 30 min ~ 94°CE
PE 1 min 5 Z 12 #E1T 30 {ifl PCR fEIRSZIE © 94°C
SEME 1 min ~ S2°CFBRE 1 min 30 s~ 72CF
FE 2 min o ER—EERY 2CRENREER
By 6 min o 7 JESE DL 1.2% &k (SeaKem
Agarose, Cambrex Bio Science Rockland, Inc.,
Rockland, ME, USA) #EfT 737 HIGE45 5 -

Bl BORTE R A B 910434+ 48 5]
T HRP-S/OligO-dT(M) > RT-PCR 7 [ 1 i
i TR AS 1.3 kbp HYIZBE R B » 55> pGEM-T
Easy Vector Systems (Promaga, Madison, WI,
USA) ##8 I - G &H LR E R AT (in-
sert sequence) BEVEMRIASILIE E P A E] (BHRRAE
YIRHCEIR AT B8 EILH)  LEEIXIEE
Fr@ED TRy TR B E 7
Sy 87 A& B 41 LA Vector NTI Suite (InforMax,
Inc., Bethesda, MD, USA) 47T #kfa #1757 47
17 B ZE B [ R A YR H & ER HLs (National Cen-
ter for Biotechnology Information; NCBI) £&[R &
F}E (GenBank) B 53k GSMV K1 Potyvirus &
W2 CP LT RE AR B g Fp 51 » DA 3'-NCR
FRA AL TR AT

MEREALEREXBFIEIERE
52

#2005 FEFTULEERY = E H &5 CB 7Tk
Bk DUHSERAH ST i AL & 8% B8 Ry 2
41 Poty2/Oligo-dT,,, (5°GCGGGATCCGTNT-
GYGTNGAYGAYTTTYAAYAA3’/5°GCGGC-
CGCTTTTTTTTTTTTTT3) 5| g 2
e 3 Im&y 2.0 kbp 1% 1 B CURIFF 91 R RS HiE
B GenBank & - 7 HEYIRHE YL 4SS -
H R Potyvirus [& B¢ B Chilli veinal mottle virus
(CVMV) (NC 005778 f1 AB012221) HIRZHE
FUFHPLS ferer (BEEFEEE By 2005-2006 AFHAR]
HAH GSMV FIIZEEFPH A ) » T5%e2l CVMV
CHZEREARBRSEER  XNitTeE
EREREAKHRTY 255 DLRT-
PCR ERLEAIES [F4 > 7R [E F BT CB 73
ke REME TS 2 EEEE (8 1A) < AT
a2 5| T4 &R 5" CBwS CB1761d »
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CB1590u/CB4139d - CB3816u/CB7016d -
CB6824u/CB7721d ~ Poty2u/Oligo-d(T),, > % 5|
T2 FPAIFEAIE 1B - B0 BR RT-PCR B4 2 25
LB B 5°’CBu/SCB1761d A 45°CHEFTAP »
HAth &5 [+ 2 R ERE Ry 50-52°C -

BT CB ARG S ImZ BB R B 92
% CB1590u/CB4139d 5| F- ¥ Fr i ifig 44 > 2.5
kbp % 7 BEPA1 ([E 1A) BLERF GenBank [E.

BT H3W

HHeREARNBGZEH B LK ER
6] 5| F4H G iR Fr s < Bk 7 B > HEER TOPO
TA-PCR I #;# |- (Invitrogen Co., Carlsbad, CA,
USA) » KR & B E R B Z APy EE-E
PRE 3 {E - BT ERER 2 - WEZ S Ik
BT A BRET S fF =05 [+ 5'CBu 751
FrbaiE 2 21 [fiZEEE -

NE GSMV D &R CP i 2BixRA R DT

B ik E RS Z 3 1 Potyvirus BIRHEIX
HFEE 5] 0 43 BB CVMV (NC_005778) ~ Plum
pox virus (PPV) (NC001445) F1 Turnip mosaic vi-
rus (TUMV) (AB252131) 5 DL 3 fEp35AY 5' I
Fealaseat & ff =5 [+ 5'CBw/5'CB1761d » 4%k
G S Fy 45°C N #E 1T B0 B RT-PCR B41iE » 7H
fliBGiE HH 2 A% | B R/ NG 1.76 kbp ©

ARHFFELA RT-PCR % > 53 R E B EHERDK
VA E & B2 Potyvirus &/ 2 57 BERR > B145 CB
Je HoAth 2 8B K H & o B PR (CB4 1 CBIS) »
FI 3 8K I8 &5 & 77 Bk (GL2 ~ GL3 1 GL4)
BA Potyvirus & 5 1Y i 0f =X 5| F ¥} HRP 5/0li-
go-dT , HETTH 37 Ii&Y 1.3 kbp 2 #4 ik 1 Pt -

( 5 NCR 6k1 6k2 3'NCR
e P1 | HCPro| P3 ] cP |[ vde Nl N | cP |an
1 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
| | | | | | | | | |
SCBY 176kbp §OBI76M PO 20kbp @D
CBBSE‘: 0.9 kbp 28_7721(1
I
CB3816u 3.2 kbp CB7016d
B1 B41
CB1590u 2.5 kbp CB4139d

(B) 5'CBu: 5-AARYATWMAARCWMMMMAMRA-3’
5'CB1761d: 5~ AgATTCACCTTCCAA-3’
CB1590u: 5-TACCATgCAAAAAQgTTCTT-3’
CB4139d: 5-CCKCCKggYgTKgCWgANACYTT-3
CB3816u: 5'-ACgTgACgggAgAgTgTTgTTA-3’
CB7016d: 5-CCTTTgACAACATgCTTCgT-3’
CB6824u: 5-TRCCRAARGAYKTYCC-3’
CB7721d:5-CggATTTggAgTACTgCATTTAAT-3
Poty2u: 5-gCgggATCCgTNTgYgTNgAYgAYTTTYAAYAA-3’
Oligo-d(T)14: 5-GCGGCCGC(T)14-3

1. GSMV &REERRAG 7 Y iE B SR -

Fig. 1. The strategy for determination of the complete genomic nucleotide sequence of the Gloriosa stripe mosaic
virus CB isolate (GSMV-CB). (A) Schematic representation of the genetic structure of GSMV-CB and the overlapped
cDNA fragments amplified from reverse-transcription polymerase chain reaction (RT-PCR) by the primers. Black
bars represent length of amplified DNA fragments. (B) Sequences of the primers used in RT-PCR.
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B HITE CP &I 2 i EF e A BB e 51 - DAR
3°-NCR #% %181 GenBank _EFr& %> K [HE
A F AR GSMV 3Rk » DL Vector NTI Suite
IS AT R FIAHIRIEE (% identity) 73477 5 55
HEATH 4 BF (% 70 17 (phylogenetic analysis) » LA
CVMV (NC_005778) 1 TuMV (AB252131) ff £
SNEE (outgroup) ¢ {45 Tomimura et al. (2003) fiff
LAV TTEHETT o FTA P15 LA CLUSTAL X
version 1.8 (Thompson et al. 1997) ##&3f71%
FFIF PAUP 4.0 #22( » LA Neighbor-Joining (NJ)
T A EERE R R (585 > 16455 Bootstrap resam-
pling method (BRM) ;% (Felsenstein 1985; Thomp-
son et al. 1997) SFAti A&t BEHVARETEEEE
GSMV RIS |54t 52 5T BRI

k¥ CB 7@tk CP % H g7 yla%at 3 4H
SIF% > 7 A1E 3 FEAE LFS |+ GSMV715u
(5’TGTGGATGCTGGTGTTCT3’) ~ GSMV660u
(5"CAG GCC CACAGGCACA3’) Hl GSMV500u
(5’GCCAAACCAAGATCGA3Z’) #& it 3= [5 T Jif
GSMVd (5’TTCCTGTGTTCCTACCTT3’) 5[+~ »
HUE R 5 &G E SRR » b Ee2EX%
BEU R AR T T B 2D B RT-PCR [ZJE - [ZTERRI:
By 50°C N #E{T R 8#5% 30 min ~ 94°CEEE 2 min ;
Z 1% #ET 30 {i&l PCR {EERSZJE : 94 C M40 s
S2CTIE 40 s ~ T2CT A 40 s » el —{E7E
W2 NCEEGRELERF 6 min o [ ELSSE L
1.2% 8 7k 38 f2 (SeaKem Agarose, Cambrex Bio
Science Rockland, Inc., Rockland, ME, USA) #:1T
SIS R -

B4 [ AT iR o 2 AR R B Y TR AS
2y B & GSMV715u/GSMVd £ 715 bp ~ GSM-
V660u/GSMVd £ 660 bp F1 GSMV500u/GSMVd
Ky 500 bp » (RIFTEME 2 YRS &4 FH 2
5 7 e A TR R
CB DBtttk CP RIRR Z It ie & &

4% CB 3 Iiix Bk Fe 51 € Fp &6 5% - 3at vl
g2 RY CP £ HEE P2 5]+ % CBCPEu
(5’GTTTATCATATGTCTGGGTCTAGTGTG-
GATGCT3’ ; #HEK433E By Ndel Y)fir) F1 CBCPEd
(5’CTCATATAATACTACTAACACACTCGAGT-
CACAA3’ ; H|®EEE 4R & Fy Xhol UIi) - LU= &

B4 CBIER4HE 2 & RNA B - 218 il
RT-PCR [ JEfRM: » PAES [F% » 1A S2C NG
1 min 30's  #7F 30 {f PCR {EE2HEIE -

7B IE AT 1% 2 CB CP #% % F B LA Ndel F1
Xhol V) # > BY $2 Y [F] £ & Ndel 1 Xhol V] &
~Z pET28b(+) == #% (Novagen, Inc., Madison, WI,
USA) » ifi B I 55 Escherichia coli strain Rosetta
(DE3)  ##AI Pk DL M9 B & FL i > 2L | mg
mL" 22 IPTG (isopropyl-p-D-thiogalactopyrano-
side) sEEE H'E 2 FI (Li et al. 1998) - FFE
B EL 5,900% g S EE Ly 10 min 1% JUEY) DL
0.5 M Tris-EDTA (pH 8.0) £& @& AR5 - it
LT e E R B S PN R SRR R UK (sodi-
um dodecyl sulfate polyacrylamide gel electropho-
resis; SDS-PAGE) 77 #fr » FF48 75 J7 & BhE DA
& Potyvirus JEETUHIAS (Agdia, Inc., Elkhart, IN,
USA) g3 CB CP fiiif 2 RH -

#E— 5 e E A 3R CB CP Z BEFE fR i
TRERBED ZFHEB4LL (Li ef al. 1998) -
Wratifb > FEE ARG R 1 mg mL" DU R BT
JF o AR B AR EYRHCE IR AT (BRE
G8) EITEE— 1 H#HE 4 wk (VR
SILA Bt 25 TThiAe -
milBEEEA DT

e - A P P S EE (indlirect en-
zyme-linked immunosorbent assay; ELISA) @ 4
S LTI E#ET Y (Clark & Adams 1977,
Chang et al. 1988) » [/ indirect ELISA j£#E{T -
H 0.1 g 232 kg m4HEs > DL 3 mL 2 15 mM i
1% 8/ 4% @))% (sodium carbonate buffer, pH 9.6) #f}
JE 5)1% 0 il A 96 £l ELISA K JERZ N » ik
a2 £ (100 ul/ £L) & 2 [HEHE - B 37C

VB 3-4 h #E 1T 7 B K2 JE (coating reaction) »
SR 1% DL 1x PBST (Phosphate buffered saline with
Tween-20) 45 {##% (137 mM NaCl,1.5 mM KH,PO,,
1 mM Na,HPO,, 0.05% Tween 20, pH 7.4) 3¢ 3
R s ORI A#RE Z W EhiRes - EE
25°CREmAA S E 2-3 h s @{& LA 1x PBST &K
A3 B CHEE 6,000x Z LIFHTR
X Pi 48 (goat anti-rabbit immunoglobin, Jackson,
West Grove, PA, USA) (100 pL/ fL) » B 25T
ZERFARE 2-3 h s & DL 1x PBST DK
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4 % 0 FERL 150 pL/ AL RGN ARE Ky
1 mg mL" 7 @RS EE Z A S (p-NPP) (Am-
resco, Solon Ind., Solon, OH, USA) #1{T £ )7
JlE o RZFE 30 min 1% > L ELISA 3E{E & (PTI max
microplate reader, Molecular Devices, Sunnyvale,
CA, USA) FEHUK & 405 nm N Z WU {E - ik
S 3R m R RS - BB (E R 2
B2 FEER BOLEH - FEE R EE -

PG RER L HL 0.1 g 2R 2 44 0 B
7215 mL i EEOEN - IIARREEIESE
B0 A 200 uL 5 fh iR B O R A (Chen & Chiang
2017) < 7 fii A 200 pL 7 LDS 3% % (Laemmli
1970) J&4) - /K H 2 3-5 min > L1 5,900% g
HeCo S min (B EIFRETEIK T © BRHER
%L 4% SDS-PAGE 1% » HUEREHUE 1 B R &
ZJ# (polyvinylidene difluoride; PVDF) & (Milli-
pore Co., Burlington, MA, USA) » FFEL<7 H| > %
BURGHEITIUE -

CB ZEEERREEESNNETS
Rtk 18

EREOEEEHAMHEEE G - FRE
HEER 53 AlILL indirect ELISA K75 77 8B H
81 CB L otiife 1T ME - FRAZSEAIATAL - 7°
indirect ELISA JEH » A5 B 158 F HAthfE potyvi-
rus S AR R AR AR AE TR B (R 1) - DAEHAS
KEML TS 2 ol E—E -

EEES

EIEEE CB DEti KEREREME
RS DT

AW FRLERE & CB BRER d{bz®
BB KA - 6 BL Poty2/Oligo-dT ,,, 5[
¥ #E{T RT-PCR » JRE K I3 A o 5 B T A ()
MHFF G472 kbp 4Bk 7 B > KEBEFEBLTE Jy 1R T
TEH —E##ERE (ORF) » fy—fEA A Poty-
virus ARG 3" I E B R B - i
—F L CB nEtR & REKBR Y Z B E
FraE R A BRET 5 Ui H A HF =51 5°CBu
FPolpdli G e 2 21 [ERHRER - FLAR(S 9,455
(BB - ©%#7 GenBank HUf5% # 7 5%
5 EF427894 -

BT H3W

# 1. EIEEE Gloriosa stripe mosaic virus (GSMV)
% TC PRSI T 192 B 2R 465 00 Y IR B 02 o A AR [
Potyvirus [R5 2 SR -

Table 1. Reactions of polyclonal antibody against
Gloriosa stripe mosaic virus (GSMV) with different

potyviruses in indirect enzyme-linked immunosorbent
assay (ELISA).

Antigen” ELISA reading (A sm)”
GSMV-CB 2.40
GSMV-CB4 225
GSMV-CBI18 3.26
GSMV-GL1 0.56
GSMV-GL2 3.49
GSMV-GL3 3.12
GSMV-GL4 1.15
TuMV 1.96
BICMV 0.09
BYMV 0.15
CLLV 0.13
DsMV 0.08
KoMV 0.09
LiMV 0.28
PVY 0.08
ZYMV 0.32
D-CK 3.07
2H-CK 0.20

* Antigens of GSMV-CB isolates obtained from diseased
Christmas bells tissues and GSMV-GL isolates from diseased
gloriosa. Different Potyvirus isolates including Turnip mosaic
virus (TuMV), Black cowpea mosaic (BICMV), Bean yellow
mosaic virus (BYMV), Calla lily latent virus (CLLV), Da-
sheen mosaic virus (DsMV), Konjac mosaic virus (KoMV),
Lily mottle virus (LiMV), Potato virus Y (PVY), and Zuc-
chini yellow mosaic virus (ZYMV) were used. The bacterial
expressed protein (D-CK) was used as positive control and
healthy Christmas bells tissues (H-CK) was used as negative
control antigens.

* The absorbance values (A,s,,) are an average of two replicate
wells. Those reactivities lower than two times of the healthy
control (2H-CK) are considered as negative reactions.

I RRSHY 9,455 (% Elg 7512 CB 57
BEMRELRAS 4SS HESHETH 5 IndFiEE
& (5°-NCR) %9 111 {[& #% £ & F1 3°-NCR [ 188
EZEE B —(EREQEEEME  E0E
HHEBME B E M (nucleotide) AUG triplet »
FH 9,156 (% g B IEE £ — RS 3,052 &
BRI RE N - HIEREThREE O 2R I&
& (% E e/ e B lg) 77l B - P1&EH (843/281) »
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HC-Pro & (1,371/457) ~ P3 & (1,041/347) ~

6k1 ZE [ (153/51) ~ CI 2 [ (1,929/643) - 6k2 T
H (159/53) ~ NIa-VPg & H (570/190) ~ Nla-Pro Z&
[ (726/242) ~NIbZE [ (1,566/522) ~CPEE[] (798/266) *
PRI - ¥ CP A 798 {ElfZ H L - FIEERH 266
(el Bl > TRASH > T 847/% 29.3 kDa » CP i
I B S 6-8 {Ef AL Ky DAG triplet » J5 Poty-
virus J& I # P HIT s E R 2 77 T-581% (Atreya et
al. 1991) -

{5 Potyvirus J& T s B lE 514 (Ward
et al. 1992; Adams et al. 2005) BR4HATHZ it
7 GSMV-CB 77 i R B (R S ¥ FE RV 25 O o7 i B
AL HE (protease recognition site) » 43 Hll&E ¢ Pl
protease £ LRQY/S ~HC-Pro protease £ YRVG/G;
Nla protease 3 P3/6k1 ~ 6k1/CIP Jz CIP/6k2 7 #ft
S 443 7B VGHQ/D ~ VGHQ/S F VRHQ/S -
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JA 6k2/VPg ~ VPg/NIa ~ NIa/NIb & NIb/CP -7 ¥
Sfrak43 51k VQHQ/G ~ VGHE/A ~ VECQ/A 2
VYHQ/S - L#itgt ¥ CB 7y BRI ESNAG 1A 4s
B RS Potyvirus [BIR SR ME -
@ GSMV DBtk Z CP #EEFII DT
AW9EZ B EH &5 0 HEk (CB ~ CB4
F1CB18) » H Bl GenBank bl &8k 2 KIEH G
(GSMV, EU042761; Pham et al. 2011) f] CP#%
Wil M0 2 Ak B P 51 AE 5] 152 93 71l By 94.5-95.5% Al
91.4-94.0% = [ (2 2) » T 3'-NCR & 55
HHIE) 2 Ky 87.7-88.2% 17T H FH TR 2 1Y 3 {lE K
W B T BERR (FU5% GL2 ~ GL3 H1 GL4) »
HAI GSMV (EU042761) CP I H R AIZ AR 75|
> M [ & By 82.6-84.0% 71 86.5-89.8% =7 il ; T
3*-NCR #Z H B 5 IHH [ Ky 82.4-85.0% (%% 2)

#F2. KIEEE Gloriosa stripe mosaic virus (GSMV) Pham 43 EERREBLELA .41 GSMV 55 2 B E A %% 3°

Vit R 6 e S A [F RE LA

Table 2. Comparison of the identities of nucleic acid sequences of the coat protein (CP) and 3’-noncoding region
(3’-NCR) of the Gloriosa stripe mosaic virus (GSMV) Pham isolate from gloriosa with those of other known GSMV

isolates available in GenBank.

% identity of”

Source” Acc. no. CP-nt CP-aa 3’-NCR
Gloriosa-Pham EU042761 100.0 100.0 100.0
Christmas bells CB EF427894 94.5 91.4 87.7
Christmas bells CB4 KT764122 95.5 94.0 88.2
Christmas bells CB18 KT764123 95.5 93.6 88.2
Gloriosa GL2 KT764120 82.7 87.2 824
Gloriosa GL3 KT764124 84.0 89.8 85.0
Gloriosa GL4 KT764121 82.6 86.5 82.9
Gloriosa MD1 KT602853 93.6 90.6 N
Gloriosa MD2 KT602854 92.1 89.8 N
Gloriosa MD3 KT602855 82.5 86.5 N
Gloriosa-Tw* EU250360 82.8 87.6 81.8
CVMV” NC_005778 60.3 60.6 38.5
PPV NC_001445 54.8 51.7 42.6
TuMV AB252131 57.0 54.5 41.3

“ Percent identities (%) of the respective nucleotide (nt) and amino acid (aa) sequences were analyzed by the Vector NTI Suite (In-
forMax, Inc., Bethesda, MD, USA). N, there is no available nucleotide sequences of 3’-noncoding region (3’-NCR) in GenBank.

” The sequence of GSMYV isolate (EU042761, Pham ef al. 2011) was used for leader comparison. Isolates collected from Christmas
bells were CB, CB4 and CB18; from gloriosa were GL2, GL3 and GL4 in this study; MD1-MD3 were gloriosa isolates reported

by Mollov et al. (2017).

* The Glory lily mosaic virus (synonym to GSMV) collected from gloriosa was submitted directly to GenBank by Wang et al. (2007).
“Three Potyvirus isolates, Chili veinal mottle virus (CVMV), Plum pox virus (PPV), and Turnip mosaic virus (TuMV) available in

GenBank were used for comparison.
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B35 DA CB JyB k71 Ry 1T 2 Ay
M RIEAHREZ EREaRKEE S DUk
GSMV (EU042761) 7y @tk 2 CP fig £l Fr 5
1 3’-NCR & H B 7748 [E 53 il 91.0% A
85.0% LL_E (&5 HRARHIR) © H Potyvirus J& ¥ 5
2R T ERRAE » IEEE A R
HUR > AHEFTESR 2 BB E GG E &R
F BRI & Potyvirus [ GSMV (& -

KRR HEEE S EE & BT 2 W
FHZEPY > HEE SR GenBank HUfF 7 5% 77
Al B =TS H & CB (EF427894) ~CB4 (KT764122) ~
CBI8 (KT764123) ; X4 & GL2 (KT764120)
GL3 (KT764124) J GL4 (KT764121) - ffii A BF 5%
ZERHANKEE &7 CP AR 3SR
91% » FIFEH CP &It T[] s il 1k AaoH
[t W 2 AR GSMV 2 5[+ # » FER X RT-
PCR #@ il 5EitR GSMV J5%5 -

AE GSMV D BEfR CP X8I RATR DT

HAM MR Z AR EEE SN KEEE
GSMV 7r itk » DLE 2 RE CP Z AT
BT B UG R R 0 - B E R A BELL
(alignment) &5 IR EUR (B 2) - AGHZEHY 3 (8=
W H G Bk (CB ~ CB4 H1 CB18) Hilfif B 22 %
SRAVKIEE & 7 BERR (EF042761) (Pham et al.
2011) i » £ CP R ALBAAEIASE 20 ~ 22~ 42~
61 191 Ay f A BETE S (A — A - (i B K
Y &R A E o AR E B 2 AR R
¥ KEEEH S GSMV 7r#RE 57 [l By Seri-
ne’™ (S) ~S*™" ~ Alanine*™ (A) ~Glutamate®™ (E)
Leucine”™ (L) » FLELAE /3K IE EH & GSMV 43
¥ERE B Glycine™" (G) ~ A™™ ~ Threonine™™ (T) ~
Glutamine®™ (Q) ~ 8" ifi 5 T 22 £ (I 2) -

TE 8 % oy ey st R B | DL CVMV A
TuMV URSMNHEEE T » B E S FRKIEEERK
TRHIRE S HERRIE B s GSMV 73 Bf - ZAMAE
It GSMV BiBE » #E—20 AT SR A 5THY 3 {1
EXEE G R B R AR A B E &0
Hetk (EF042761) 2 KU BRAEHAT - BB [E —
HALTER © MBI ZEH KB E & 0 BERk (GL2,
GL3, GL4) fir A R EEAL B (& 3) -

rere

]

67 % 531

EEAS GSMVE— 15| ¥ K RT-
PCR #&38|

A 45 CB 23 B R AY CP % H B FE 51
Fra% sty 3 4B pE S 738 (S F53 5l B
GSMV715u ~ GSMV660u 52 GSMV500u » #£ it
$£ [ T GSMVA 5[ 1) » j* RT-PCR [ fE >
GSMV660u/GSMVd fi1 GSMV500u/GSMVd AY4H
& A EERIEEEEERKEEE LY
GSMV - %[ B ES Y17 T8 43 5 B 660 bp Fl
500 bp ([& 4) ; 15[ % GSMV715u/GSMVd &
A ARHIE R & GSMV 23tk >~ 715 bp %%
FESEED) - K IEE & GSMV 43 Bk HIl 4 78
HAMY 715 bp 7 Rl - BEA A /N 100 bp
B YRR — R (B 4)  ERE
BHHEE R  ALEFET > GSMVT150/GSMVd
51T E RN BB E AFKIATE & GSMV 2
SR M AOH o

=IEEE GSMV-CB DBtk CP RIRR
HIZomis 2 iR 3

EWHG CB @tk CP REL&ED (BEP-
CB) » ETEfSE&H 287 (E i BB ARl & 1 &
H (CB CP #Y N Ui 4M il A pET28b 3 3 & 45 1Y
21 {[ f# A W% ) > 1> SDS-PAGE & Jk 43 #ft H o]
L BEPCB i &M ERRER 2 0 TFELR 316
kDa - BLTHEE T B &A% H CB Bk A
FeIf pET28b FILEAG A (& 5A) » IAFEJT
HELE D T Potyvirus &K B B DS
(monoclonal antibody) ] B BEPCB 3 & H &
AR E (8 SB) » B At~ BEPCB R
EHBE Potyvirus w2 PuEEE © DL BEPCB
RIEA MU 2 LT - FTEHE[E
JRAYBEPCB IR & H 2 31.6 kDa 4= 1E 7 JE (&
5C) -

#E—0 K GSMV-CB % T fs L= H &
DK E & E GSMV FEHAH AT R S e
HERTATRMSRE CP 7y F & frdk (49 29.3 kDa) &
AR E - AT RN AEER T F B A /N 29.3 kDa
Y8R H R EE AR (1 6) - GSMV-CB % T Hifg il
RO R ARG B & Y R 4H 48 5 I8 0 e
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Fig. 2. Alignment of the amino acid sequences of coat proteins of different Gloriosa stripe mosaic virus (GSMV)
isolates. The coat protein regions of 11 GSMV isolates from Christmas bells and gloriosa were compared. Isolates
collected from Christmas bells were CB, CB4, and CB18; from gloriosa were GL2, GL3, and GL4 in this study;
MD1-MD3 were gloriosa isolates reported by Mollov et al. (2017). Tw was the Glory lily mosaic virus (synonym to
GSMV) collected from gloriosa and submitted directly to GenBank by Wang et al. (2007). The different amino acids
at20™ 22™ 42" 61* and 91* among isolates of Christmas bells and Gloria were shown.
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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 11 isolates of Gloriosa stripe mosaic virus (GSMV). The tree was constructed using the neighbour-join-
ing (NJ) algorithm with the bootstrap resampling method (1,000 random resamplings), using PAUP 4.0. Horizontal
branch length is drawn according to the scale bar indicating 50 substitutions per 1,000 amino acid positions per site.

Isolates collected from Christmas bells were CB, CB4,

and CB18; from gloriosa were GL2, GL3, and GL4 in this

study; MD1-MD3 were gloriosa isolates reported by Mollov et al. (2017). Tw was the Glory lily mosaic virus (syn-
onym to GSMV) collected from gloriosa and submitted directly to GenBank by Wang et al. (2007). Sequences of
Chilli veinal mottle virus (CVMV) and Turnip mosaic virus (TuMV) isolates were used as outgroup elements.
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iRy GSMV fe i A f 7 TE IR AL 4h > DLE Ry
DURFT 8 2 ot hihs » TR T SRUA A
I TE IR B8 B & fDKIE H & GSMV REE
AH&ARROH (] 6)

7 indirect ELISA 7 FEfh » CB 2% JT i B

AEENEE > BEPCB £HE 0K EE S 7
3.0 RIERFEEE  HEEETGEKEEE
T A0S 2 sE(E S B IE S EE > /1Y 0.56-3.49
i (1) - ZAIf » CB ZIrHife indirect ELISA
H AT TuMV A S 1.0 Z IR FEEE (£
1) H#E—H P BB AR RS R L2 T hife
g8l TuMV /Y CP RHFE 4= TR FE » By ATk
738 AR/NBL GSMV-CB {iffl& 77 ([& 6) < Fufih
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4. GSMV 5[F4H¥HA Gloriosa stripe mosaic virus (GSMV) AR [E]EF E 2557 8RR 2 88 I MAGH] - FIFH 3 45
5 FH SO ek - T Sl SH B (RT-PCR) HE (T2 i S HDKIE H & GSMV SRRk i s ts i 7 Thecll -

L (A) GSMV715u/GSMVd ~ (B) GSMV660u/GSMVd 1 (C) GSMV500u/GSMVd =41 5 [T ¥ 8E HH 2 i/
B RN - TS 53Ry 715 bp ~ 660 bp 1500 bp © 17 M : 100 bp DNA FEAEAEE - 1T CB ~ CB4 /1 CB18 :

EEEH & GSMV 2 EERR 17 G2~ G3~ G4 1 KJEH & GSMV FERAHAS - 17 He : (BEFEEEHSHE 17
Hg © {@#EDKE E S -

Fig. 4. The efficiencies of designed primer pairs for distinguishing the Gloriosa stripe mosaic virus (GSMV) iso-
lates in reverse-transcription polymerase chain reaction (RT-PCR). Three primer sets were used for reaction with
GSM V-infected Christmas bells and gloriosa. Lane M: 100-bp ladder DNA molecular marker; The predict amplified
DNA fragments by three primer pairs were 715 bp by (A) GSMV715u/GSMVd, 660 bp by (B) GSMV660u/GSMVd,
and 500 bp by (C) GSMV500u/GSMVd, respectively. Lane M: 100-bp ladder DNA molecular marker; lanes CB,
CB4 and CB18: GSMV-CB isolates of Christmas bells; lanes G2, G3, and G4: GSMYV isolates of gloriosas; lane He:
healthy Christmas bells; and lane Hg: healthy gloriosa.
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5. JERAYIE KEFIRMN Gloriosa stripe mosaic virus (GSMV) CB 73 #ifkgl & 1432 & H 2 SDS-PAGE &
VKR PTT SR E AT o (A) GSMV-CB @il & ERIREH (31.6 kDa) .2 SDS-PAGE & H'E#HIK(E - =2 MEEAnor
I8 (B) Agdia /3152 Potyvirus BB (C) HBLZ GSMV-CB % 7CH ML (776 7 BBBL AT 17 M
EHET TR 17 pET © YIEFRIZ pET28b(+) EH CRWHHEHEN) ¢ {7 BEP  YIEFRR ZAHY
EH ;{7 eBEP : f{LI& 2 MERIAHHHHES

Fig. 5. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting assays of
the bacterial-expressed coat protein (CP) of Gloriosa stripe mosaic virus (GSMV)-CB. (A) A 31.6-kDa bacterial-ex-
pressed fusion protein of GSMV-CB was observed in the SDS-PAGE assay. The tested samples were reacted with (B)
the purchased monoclonal antibody of Potyvirus from Agdia, and (C) the polyclonal antibody of GSMV-CB prepared
in this study. Lane M: protein markers; lane pET: IPTG-induced bacterial cell lysate containing the expression vec-
tor pET28b(+) without GSMV-CP insert; lane BEP: IPTG-induced bacterial cell lysate containing pET28b(+) with
GSMV-CP insert; and lane eBEP: the purified bacterial-expressed GSMV-CP.
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PAPG 75 2 BEARER Gloriosa stripe mosaic virus (GSMV) CB Z tiifata il = 16 B S HIOE H & Z R eEst

Ao ATM: EHE T B 17 BEP : YiF%RH 2 CB#HEN ; 17 CB ~ CB4 Ml CBI8 : EfEH & GSMV
FEPR4HER 5 17 G2 ~ G3 1 G4 © XNEE & GSMV Mgl © 17 He * f@#FE/E S 17 Heg : @EOEEE -

Fig. 6. Western blotting for the detection of Gloriosa stripe mosaic virus (GSMV)-infected tissues of Christmas
bells and gloriosa, using the antiserum against the polyclonal antibody of GSMV-CB. Lane M: protein marker; lane
BEP, IPTG-induced bacterial cell lysate containing pET28b(+) with GSMV-CP insert; lanes CB, CB4 and CB18:
isolates of diseased Christmas bells; lanes G2, G3 and G4: isolates of diseased gloriosa; and lanes He and Hg: healthy

tissues of Christmas bells and gloriosa.

REURHB Y CB Zychifaht bl i s ta i
dr o H R R I ER SR GSMV o (H e
TuMV ELIFH—PELJE -

HE]

KRG TS DI o7 T A A 2 gk
HE 2GR B RHEREG Fat GSMV - i
RFERALAR A GSMV 1984 W ERERE
W H & GSMV-CB £ &EMEE T E S8 0 56
R E 2 ST i Re B T B P GSMV AYARH -
B HGREEER T AL CMV 5t
HARHE 2 e &5 SR s Bt AdE T SRR R P8k
FEPKIEEEG LAY GSMV -

THEE Ryl € Potyvirus BN R TTA
~— (Moghal & Francki 1976) » Ml 5 2 Thi i
PAMUE B Z A IEH— A4S R (Shepard et
al. 1974; Shukla et al. 1989; Jordan & Hammond
1991) « BR T DAME 2 53 iRy 7 b - S 2k
BBy LR BiRkE - Al RERRE
TE T 1 fE 1Y $% 08 45 5 (Ward er al. 1992; Adams
2005; Gibbs & Oshima 2010) °
AHFZELOKIGE S GSMV (EU042761) (Pham

et al. 2011) Ky EFr{iiHy CP R R BEAHE 04
HELURWZERY 3 B K I E & o7 Bk DL & Gen-
Bank FEVEERHYA FEDKIEH & ZKIFRY GSMV 73
FERRAE [E]E /A 86.5-90.6% [ + {H3E DLACHT
FEE R H & GSMV-CB i F - FIEAM K IEH
BT E S SR 91% ($ERAHR) ©
It UEEE & MR R B K G H & GSMV
bbbt 2 BLHfE > SR o) A e A R i A [ 8 )
LA E GSMV [} & -
AHEFEREARESEG S OKER S L
S RER GSMV Bk - B3 CP 7
FIER » Wi B 2R 2 GSMV I ik ]
HE 1% DL EEEEE - B CP &I
Mt B (58 HAth &8 2 LY GenBank 5
§% 27 KA H & i 8U% 7 GLMV (GenBank Acc.
no. EU250360) > && GSMV % & (Pham et al.
2011) = FE4M > FHAWZEHY GSMV CP 14 7717
55 > FBNEEE G KEN GSMV # 4k %
AR - ARMEDK G H & BERE B GSMV HY
RESTEE > #EH] GSMV B RE R [F 3 T 23K 5 sk
IR AE R A= R I B
B (A = B R A > R EE 7 H A potyvirus
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7% (Ohshima et al. 2002; Tomimura et al. 2003;
Gibbs & Ohshima 2010) °

i BL e 71 EL ¥ (alignment) &5 &R
KEEEE G N GSMV 4 HfE P B far 5l 22 7 3¢
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i H M - EEDKEE SR S B
Bl ik A 22.2% (4/18) HIZEREFTEL © Potyvi-
rus JEE CP HY N Ui Ry 5 52 [ S YIS (Shukla
& Ward 1989) » & i b & st st 5 | 71 2 2] &
5y [EIRE R Y R B 7 Bk 248 A R
i i potyvirus ¥% 3 B 72 (Langeveld et al. 1991;
Colinet et al. 1994) -

Potyvirus J& ¥ 3 CP BV N Ui =5 5 5 i &
s HCREELEE e B TR R R RS 2 8 RIS -
CP N il FERBE PR BB RE > BIRHER
— PRI E S (epitopes) FTAE (Shukla ef al.
1988, 1989) - fHE L ITHIRRH AN IS R AR
JEF A S HIEFRE RS - JIREREN R EE
i 2 T B e B o PR 35 40 B B PR 1T
Fg  HEGURMERR S (Shukla ef al. 1988) -
TEHUERE CP BT8R 2 i -
BAG5HEHF € R BN IER — M R4S
5 (Shepard et al. 1974; Shukla et al. 1989) o ZAHf
5T /PR AR R ELHY GSMV & & & CP AR El
NREEHED > mEKBEEREHLER A8
FEAREATENE CP &ERmESEAE
EY) > UFRIRE A KPR R EE AN %
JLhie » ¥ GSMV R EA RS - A
BE fo M E H At 7 35 00 TuMV © Ky fi# )t Potyvirus
BRHEL TR E RAIERE R AR
A B (Jordan & Hammond 1991) =
& CP N Uy IR ST R b i S 0 m] 1) <« e
(9478 (Shukla et al. 1989; Bhat et al. 1999) -

ZoLhisefE "HURE-piRe ) AYEE > R
Fehp Ml A —ERE—ME (Astier et al. 2007) » {H
g R R BRI EER—7+
YA B3 JF R 2L (antigenic determinants) T
IR — M K7 E AV 45 5 (Souiri et al. 2014) 5 ifj
HHRPURR R BN EE— R AP e A
RIAT AL & B —A 5 A #5001 (van den Heuvel
et al. 1990; Wu et al. 2014) - 2R » FE2EHEE
b yETEE AR (Liv et al. 2015) 80 TThife
(Shukla & Ward 1989) ¥R [ElEEHYIE S — s
IR » TEFEE oK HE R R RER T -
AW P 8L HH 2 GSMV-CB % 77 51 i HL A 55
JE Potyvirus @R (A1 TuMV) HYIEE— g
R IRt A R EAL Potyvirus R #HEHY
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BT MEER A TR 2 B e MIEA -
HEER R AT E S - AIFRA 5 2 5KJ5AY poty-
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AR5 B 8444 . GSMV-CB % 7T Ji S A g
TERET > ARHHRE EEE ERKEH
SRS > GSMV > 2R 2 45 B
HEAME S 8 Z EE IR - AL AT AR B 2
GEMER A SR T 2 s CP B EIZY# AR (Larsen
et al. 1996) » BT RE NP AH AR T2 AR T E1E
HErE R e I HY 2R (E A (Hiebert & McDon-
ald 1973; Bhatnagar et al. 2007) - [i:7& CP Z4fig3H
% 1F Potyvirus & 4 5 @ TuMV (Hiebert & Mc-
Donald 1973) ; Carlavirus & %735 8.15 Kalanchoe
latent virus (Hearon 1984; Dinesen et al. 2009) -
Red clover vein mosaic virus (Larsen et al. 1996) F1
Nerine latent virus (Chen et al. 2016) » DK Tobac-
co rattle virus (Mayo & Cooper 1973) 5541 FR
% o

R FE T8 2 B E & GSMV HLils
AIE T indirect ELISA FIPE J7 S2BE A% A
Tl > BE A RO RIS R 3 o HHBR 3 o7 B
FRIVIZ I P 5 EORERI g R 5 A o] A8 s I S5 9
B2 E LIRS - BRI E &
HEIOKIEE S GSMV 1Y 384 B e 5 4= BEfY
e g 8 BTSSP AR 22 I 075 o
TEBEEEZ TRERE
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Molecular and Serological Identification of Gloriosa
stripe mosaic virus on Christmas Bells (Sandersonia
aurantiaca Hook)

Chin-Chih Chen"", Fen-Lang Chiang’, and Chun-Huey Huang’

Abstract

Chen, C. C., F. L. Chiang, and C. H. Huang. 2018. Molecular and serological identification
of Gloriosa stripe mosaic virus on Christmas bells (Sandersonia aurantiaca Hook). J.
Taiwan Agric. Res. 67(3):229-246.

A Potyvirus virus (isolate code CB) was detected from an imported bulb of Christmas bells
(Sandersonia aurantiaca Hook), and further identified as the Gloriosa stripe mosaic virus (GSMV)
based on the sequences of the coat protein (CP) coding region. The full-length genome sequence of
CB was determined, revealing that the CB genome is 9,455 nucleotides (nt) long (accession number
EF427894), encoding a polyprotein with 3,052 amino acids (aa). The fragment of 798 nt is coding
for 266 aa of the CB CP. Moreover, the CP nt sequences of another five virus isolates, namely CB4
(KT764122) and CB18 (KT764123) from Christmas bells, and GL2 (KT764120), GL3 (KT764124),
and GL4 (KT764121) from gloriosa, were also determined and shared 86.5-94.0% aa identities with
that of the known GSMV-CP (EU042761) in GenBank, indicating that they are also GSMV isolates.
The phylogenetic analysis indicated that the CB, CB4, and CB18 from Christmas bells are closely re-
lated. Three primers sets (upstream primers: GSMV7150u, GSMV660u and GSMV500u, and a com-
mon downstream primer: GSMVd) were designed from the CB-CP sequence for detection of GSMV.
The primer pairs GSMV660u/GSMVd and GSMV500u/GSMVd were useful to amplify the expected
amplicons from all of GSMYV isolates from Christmas bells and gloriosa in reverse transcription-poly-
merase chain reaction (RT-PCR). The primer pair GSMV715u/GSMVd can amplify the expected 715-
bp fragment only from the GSMV isolates of Christmas bells, and is useful for distinguishing those
GSMV isolates of Christmas bells from gloriosa’s. The full-length nucleotides of the CB-CP were
constructed to the expression vector pET28b, and transformed into Escherichia coli strain Rosetta
(DE3) for induction of the overexpressed viral protein. Polyclonal antiserum against the CB-CP, pre-
pared by immunizing the bacterial expressed fusion protein into a rabbit, positively reacted with the
GSMV-CP in the virus-infected Christmas bells and gloriosa tissues in indirect enzyme-linked immu-
nosorbent assay (ELISA) and western blotting. In this report, GSMV was first found on Christmas
bells, and its full-length genome sequence was first completed. The prepared GSMV primer pairs and
polyclonal antiserum are helpful to strengthen our ability in GSMV inspection.

Key words: Christmas bells (Sandersonia aurantiaca Hook), Gloriosa stripe mosaic virus (GSMV),
Full-length sequence, RT-PCR detection, Polyclonal antibody.
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