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NI (Canna spp.) B—FNEELE Y ENEREREE
B o PR SR NERRGUREELIZERE (Chenopodium quinoa)
HEATEADE S - S — TR S AN R 4 R 750-830 nmAYARIR
iEE 0 WL CA-FT o ErE « 22 B ECRTE (LR f555°C »
it f R R 107 > 24°C FIEME T 4EFRE LR > -80°C FRITTERTES
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B E (SDS-agar gel double diffusion test) [ AEER [EE TR
FEAN » S5 rl B G S AL iRAUR 5 (Bean yellow mosaic virus,
BYMV) B —VEZJE « ISt ¥ Poryvirus & 55 8 0 A
Nz 5| T3 T ek 2 GG @ (RT-PCR) » EANEH
e 1R S0 T B 25 B P AR Y B8 i ] Y R 49 1 263 8 4% i
(nucleotide, nt) ZAZ&EY) » HEINCBI GenBank T &#T 2
HI12{EBYMV AL % » S5 E A h B A 35 NPT 2
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mosaic virus” - B EESE T E(EREUKT (Bean yellow mosaic
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B— ~ EANERGE T =B AUFRTE (Bean yellow mosaic virus, BYMV)
BER BRAUR T (A) L ELIREUREE NE TR BYMV-
CA-FT) #5828 R 2 el s B0 {8 (B) -

Fig. 1. Mosaic symptom of a leaf of Canna spp. infected by Bean yellow
mosaic virus (BYMV) (A). The chlorotic local lesions on a leaf of
Chenopodium quinoa mechanically inoculated by CA-FT isolate of
(BYMV) (B).

5f250.01 M pH 70848 4% &% (phosphate buffer) fFEERHIE -
TR FETE Y EL U S M B 2 2232 (Chenopodium quinoa) T
Lo REER BRI E OIS 0 BN R LTI
R B & TR S S M R B T BERCA-FT » fR{F
J2-80°C T E R TR IE 2 B -

& EENAIGR

U 5 7 BERCA-FTH BT 228 (Chenopodiaceae)
fitiF}l (Solanaceae) ~ Eif}(Amaranthaceae) ~ TRl (Fabaceae) ~
JEfERE (Convolvulaceae) ~ +FAEFF (Crucuferae) ~ #H i Fl
(Cucurbitaceae) ZE17RI8TEMEEEY) - ER24°C ~ 127N
B2/ NFFRREE TN EEEIE W H - WECERREERIIBIY - ##
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HURTCA-FTIR Bk < Frir 825 eE - DISEHHSTEE20.01
MBERE G2 R (pH7.0)WHEERG TR - 483,000 rpm#f 025788 - HY
FRER - S RIETECR R EE (thermal inactivation point) JHI
SRR R R E B30 ~ 40 ~ 45505560 ~65~70~75~80
90 ~ 99°C ~ M ##FERE (dilution end point) Ay 1065 Z5F#FE By 1 0ff
FEFFREEE (10'~107) ~ 5 EAui 0 o3 B E 7 24°C 208
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Hformvarili LB AR 2§14 (copper grid) b o &£2 %M NE #l
(uranyl acetate) Zetaf% » LB EFREMEE (Hitachi, H-7500)
BEZURBENIPRE - EHU R A BIEA B EREURE A
NEJREE - CA-FTIR B R F2 Pt S (224 DS %
JKZE& (glutaraldehyde) Fl11 %2 V9 L8 (osminum tetraoxide)
EITHT - REE » HIL—RVIAEREZ S 100 %W
Fiil (acetone) #ETTHR /K K Spurr's resinfl B o Fi| IR H ) 5 14
(Reichert-Jung Ultracut-E) DABEHE T (glass knife) VI © 53 A1 LATE
%50 (uranyl acetate) FAERENESY (lead citrate) HETHEE AL
B E B RN TS AU AR T Btz EZL 4Rl
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DARERECA-FTIR 3 70 BiEbR 2 B8 I Ry &0 LAF ) - AT
ZHFES 2 A IMLME S T AR 3 2 AL - EUEEER 100 52
ZERLFEPLNN 2% & Extracrion buffer ( 0.25 % Na,SO5) » LI+
MEFTHE > TR S I AR B EEE &S (chloroform) P
Ffbb% (CCL) REMRARE 10 478 -~ LU 5,000 rpm B0y 3578
(Hitachi R14A rotor) & =J@&) g » W HL LJEik > DL 8,000
rpm By 1547§% (Hitachi R14A rotor) BY_FJE&1100.2 M NaCl
K. 6 % PEG, 2 % Triton » & 4°C MEERFEFE /NEF 5 BRERE
ELL 10,000 rpm By 10 2388 BUEIURY) » MIA SRR S
B AU B 4% (R 70 o7 B0 - T 4°C MRERSERE 309788 5 #2
FERIZREL 8,000 rpmiE Ly 10534# (Hitachi R14A rotor) HY )&
W& 0 L 32,000 rpm B 90478 (Hitachi RP 70T rotor) » VLB
A 6 mIBlIEE %% D 7o 53 0% 5 R LA 5 ml 38.69%6 2 il 8
(Cs,80,) #&4E A PETHELETRES » BL 39,000 rpmEE = 2Bl
16 /\EF (Hitachi RPS 40T rotor) 1% » Aife 2 H BV Réti bz
E 0 2R HEHE HREUCRE FEILET WA & 2 i 4% R
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SryEyEEEE (Hitachi U-2001 spectrophotometer) JHIEE £ 320
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R FERE" - B ml (1.5 mg/m) 4k RHE
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EZWFEMAFEEZ R5E2{EH (Freund's incomplete adjuvant,
SIGMA) 753 A% » ERRTRIERN —R > FifedOEH UK - Fr
R RIMAEE R FEFE2/NEF - DA3,000 rpmife 310578 (Hitachi
R20A2 rotor) » Si&E B EIIST & 2 il - IR
#A-80°C o DAERIE S IUBSE (ring test) SHIEHUALEHAYIIE > BT
MUFLLZ0.85% = A MK ES% HIMIE2E R VIR 22048
£ WM PR BIERT 2 IEE R M17F (preimmunized normal serum)
TE R IR G A A O CIURYIERIE SR m R - DLAE B
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g YOWIER R 2 BB A M EELE S %ﬁ“tﬁiﬂ@fe}
> LL100 CoatrKE 3% » BT 4811057 S {4
SDS-PAGEEE K 57 #1T
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T fis e [ AL S ME (SDS- agar gel double diffusion test)™: fit
%1 0.8% Noble agar > EEHIA 0.5% Sodium dodecyl sulfate :
(SDS) Kz 1% NaN, » HL 10 ml EIAER 9 em Z MBI -
BEE % FTFLERFTIL » HFLEKEL 5 mm > BEFLRTEERER 3.5
mm ° 7 &R E NERSUREE ~ 185 N TBEZ CA-FT 47
Bk ERRTE > 3 RIB/K R 396 SDSIARIAL 2 12 1 (w/ v/ v)
HIELEIIILARTEE % - By 100°C B KRS 35788 » B2 K8
105788 - FRILSERC S > S RIE AR IE P > DUEIT PR
RESHE 167N 5 EA S DU S Bm P B 4R 570382 BYMVEL
I HEAT R FE > AR g AH B RS 2 (i B 22 B 5 - PE i iEE R e
(western blotting) A 5858 (1 48SDS-PAGEE Jk 7 Efe 1% - HY
THEES > {#Bio-Rad mini electroblot cell#EE » BL100REFHEE
/NG > (EES b & S P PVDF 4R [ - HUHPVDF
SRAER - JRIEHN10 ml ZTBST bufferPy & 5FE10004% 51754
Z ST BERRBLINCE T FE > FFRA10 ml TBST bufferfRfE6000£% 1Y
UIPEPLAR (goat anti-rabbit) #EFT WA IE » H':'?%:*UﬁHAP kit
(Bio-Rad AP conjugate substrate kit) €5y 2 EFEBEITE -
i DR A 8%k B2 KT FEAE 5. -
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REEEFER 5 EHRE (reverse-transcription polymerase
chain reaction, RT-PCR) E#5E [EK 2 E FEDHT

FIHOne-step RT-PCRIEFTH & H B A 2 BEFE » o3 B HLEE

DEZERNTE - 5 A EEIAURTE - EETERE R 2 4H%80.2 ¢

R REE P Ry - DAY 4 ERNA LA (Qlagen
Kit, GmbH, Germany) ZEH{ 4 & HIRNA ° DLET ¥ Potyvirus/E i
BB ¥ > NS [FPotl (5-AGC TGG ATC CTT TTT
TTT TTT TTT-3") k& _EF51FHRPS (5'-ATG ATH GAR KCN
TGG GGG-3)" » E##3#E{TOne-step RT-PCRIZFE - FZJER] >
P25 WRIERBE T RIAL ul & RNA - 12.5 ul 5x
Reaction buffer ~ 1 ul Potl ~ 1 ul HRPS ~ 1 ul RT-Taq mix #18.5 ul
HY “RZEEK - FONRER - REEEES (T3 Therocycler
Biometra) S o SZIERRIR R 5650°C /30538 ~ 94°C /253§ AT
{ERTIBER Z 1% » LA94°C/30%D ~ 50°C/40F) ~ 68 C/253§#HETT3S
{EPCRIGER ; A2 IRNT2 C/5or88 » AT HEMEER - DIZEF R
R BT IR 2 RT-PCR EY)#EATHEE » FFH R pCR I -
TOPO#; A% (Invitrogen Co., Carlsbad, CA ° H{ 4.5 ul 2 ¢cDNA /&
YA 0.5 uldkag (ELEEaf Ry S ol B=0R T 5 LUk
& i (ligation) 2 & » BIAUKA T 35768 - FAIA 50 ul
TOPO 10F competent cells(E. coli strain TOPO 10F,Invitrogen
Crop.,Carlsbad,CA,USA) » BNKAT 15478% - &R 42°C 4%
ASFhH#E/THER (transformation) » KA 543488 » h1 250 ul LB jips
AR 3T CHRE 17N\ 1& - HU 100 ul competent cell(E. coli
strain TOPO 10F) » B0 2% X-gel 30 ul > 100 mM IPTG 30 ul »
2R & kanamycin LB $5EAH > A 3TCHEE 16/NF - Xk
Fell 2 78 R B A3 i » 28 —4H 5 [ R FPrimer extension /7=
=11 R R ) s f e - I ToR S Sanger et al. (1977)"7 2 EEHY
FEMNERL S 4% 1 )77 (dideoxy chain termination) » JEFFTfiiise
Z BETE IR AR BH IR AR RGN B TILEF R PP S 20 AT © SR P
B &R L Vector NTI Suite (InoforMax, INC. Wesconsin, USA) #E
oy ATELE > FFEANCBIAE L £ EHIpoty viruses P35 IS - 45
AR ER B R & O BRI T R PP 51 ~ B BRI Py 51 F3 R i
JEEEEE (3'-NCR) MYz £ M » W6 #E—H 5 EH LM 2 E
FE .
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FBE o A AR RN EAEL - RS THY750-830 nm 2 fi
(B =) - CA-FT oMtk =R BLBEAH S U R VA E R B T
22 W RLE|Z R AN S A e S o BRI N Bk

Bail ~ 8P - EURE PEEEEER (pinwheel) K32
TAEEAER Y] A AR AR E T & EEE AR (pinwhee) FHHGIR (12)
Wes (E=) -

AR 6“‘
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Fig. 2. Electron micrographs of negatively stained virus particles extracted

from canna leaf with mosaic symptom (A) and the purified virus

particles prepared from infected leaves of Chenopodium quinoa (B).

AEZ M LERRMEZ $E

ERHEPTHEMEI0R L4 AR - NEEBIZE
T REB R BRI E RN « DL T (Hitachi U-2001
spectrophotometer) IR H &1L A G IF 2 87 320 nm %220
nm RSN SRS - SR R M E S » HA L E258 nm
AminfE238 nm + A JA FRE BT » Ag/Ape Ho{E B51.24 « B
potyviruses 2~ {48 (extinction coefficient) =2.4 5 & EAZH4E
B L R B52.6 mg/ml > 100 gftf s> ZEEEEH Ay
Bz abFEFEEL 1.2 mg - DA(LFEE BPUR > 2R
% > HEREYRE 2 DS DR R Uk A TR I (E
M > S5 RBURPURS T T2 102445 -

=~ EEEALREUR TN 5 AR IRAUR S R 45 Bl iEE
PR EREE o (A)FE NIRRT 2 B (p1) FOHHGIR
(la) &S 5 (B & Oyl Ry 2 LA REEE 1 2 BELR BSR4 AR
HIEELR (p1) &R 5 (D)RETZEEETE R 4 -

Fig. 3. Ultrathin section electron micrographs of Bean yellow mosaic virus
(BYMV) isolated from canna infected Chenopdium quinoa leaf.
(A) pinwheels (pi); laminated aggregates (la) in cytoplasm. (B)
Distorted and transfigured grana and lamella in the chloroplast(ch).(C)
pinwheels 5 (pi) in cytoplasm (D) Chloroplast of healthy C. quinoa .
Bar=640 nm.
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Fig. 4. The determination of molecular weight of viral coat proteins of
Bean yellow mosaic virus (BYMV) isolated from canna by SDS-
polyacrylamide gel electrophoresis ( SDS-PAGE) . Lane M, Protein
markers; lane 1, Bean yellow mosaic virus (BYMYV) isolate on the
inoculated leaf of C. quinoa. ; lane 2, healthy C. quinoa. ; lane 3,
healthy canna.
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CA-FTH% 5 £¢SDS-PAGEE X it LR & - Bz
EE MY > SEAAHEFHERSFE4 532 kDa () -

M52 R E

AT 84t = PUILE BLEER (e 5 N B 7T i 2 CA-FT 3 BEIR 2
EEREPHRE TR - HAREAEROUEEBRITREE T
K~ A LEERER (EJEDUR - TEHIR) - (RS2RS0T
I TIE RS A E o 16/NF % 2 5 SR BN o AR SR s
2 BB BCA-FT 7 BEMR 22 BB TR 10 ~ R AR
RAEER RIESIETUR - B E2BEDRIERE ; HELfRFaERE
BN R AR IE (B 1) © SBYMVLMLIEEL -t 5 FE
e SRR BRSO IE - RR 2R B8l 2 BYMV
PUMLE (4R57038) BACA-FT /ML & E L& S E (B X) -
P TIE [ eSS SR 2 AL 5 - ERE BRI BEAR Ak 1 Bl
HHEE AR AUR B S MR S AT L H 3L CA-FT4y
HERRBLIMOE R BYMVELIUE R FE » W LLAP substrate kit #1752
> 4ERBETAI LT - CA-FT OBk 22 BBl R 22 A
BOUATE - BBl p 05 3% AR B IERHE - 7232
kDa 2 H & O ERRTY (B 1) -

7~ 35 NEE il 5 s AL R G0 7 43 Bl PR B0 07 B 3 e [B1R 0
i SRR R S T - (1) BN i S E AL AUR T )
HERREEDEASRE - () (BFREEEE - (3) EAESHE Y T ELHRAL
RHE T ERA LIRS - (4~ 5) HREEANERQEER - (6) 248
K~ (D) FEAFEBEZ T S i GO 5 BRI -

Fig. 5. The serological reaction of the produced antiserum against Bean
yellow mosaic virus (BYMV) isolated .from canna reacted with the
homologous antigen in double immunodiffusion . (1) Bean yellow
mosaic virus (BYMV) isolated inoculated leaf of C. quinoa.; (2)
Healthy C. quinoa; (3) The purified Bean yellow mosaic virus
(BYMYV) isolated; (4 ~ 5) The field mosaic canna leaf; (6) Dist H20;
(7) Bean yellow mosaic virus (BYMV) antiserum to virus isolated
from canna.

Vol. 60 No. 2, 2018 27

JiE o (DCA-FT/rHERRBEBEZEEE ~ (2)FE NFE ik 2 S T #HBRAL
SR T EERAER S ~ Q)EEFT038 Bean yellow mosaic virusiE
I~ (4)EERFT038 Bean yellow mosaic virusHifilig ~ (9FEAE
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Fig. 6. The serological reaction of the produced antiserum against BYMV

virus .isolate reacted with the homologous antigen in double

immunodiffusion . (1)Bean yellow mosaic virus (BYMV) isolate

inoculated leaf of C. quinoa.; (2) The purified Bean yellow mosaic
virus (BYMV) isolated from canna; (3) No.038 Bean yellow mosaic
virus; (4) No.038 antiserum to Bean yellow mosaic virus; (5)
antiserum to Bean yellow mosaic virus (BYMYV) isolate from Canna;
(6) Dist H,0.

RIS ESHRFE (reverse-transcription polymerase
chain reaction, RT-PCR) ER#HEHERZ EF AT

FIH Poruvirus &7 5 8 B B K 2 B [T 5THRPS/
Potl » 7 AT BEBE 2B E - HH IS N B iR SUR SE BT 28
BHEH 2 2 ERNA > #{TRT-PCR - KIESGE BRI EFER
Gh o BT E AL - 2 R HRBIRAUR R B THIREY
1300 bpZ #ZHe Yy ([B/\) - DNAF EREE38E 58 R i B8 251 47
otz » LS 2 RE1203ZEEE (nucleotide, nt) Z FFH1 -
LA ITEE % 3B E I FE VIR & Potuvirus |85 553 i 5 R i 2 it
IR HSUREEFF 53 Bl &246 ntZ AL AN &R (nucleotide
inclusion b, NIb) £:R 7 3B 53 FP 41 » 822 nt R EHHEH (coat
protein, CP) EEREL—{E171 nt 2 3'UHIFEEEE (3' non-coding
region, 3'-NCR) » H & A% T B ¥ ER R 25 108 n) 7 A2 355 Ml
il o ISR E N FEREUH BRCA-FTZ HRPS-pot | BEFE R AL
WG R 7 1% > ZENCBIAERS F Bl N/ 85 7> GenBank 2 Al
124 B A 0T 2 BYMVAEEI T E L P HILL S SR H
B 7 51| B o B A e 2 55 A Aoy BB YM VA 93 % 2 AH ]
JE R - BEEREFEFIRIE93% 2 AHEUE - 3w IEiEERE (3'-
NCR) AIIE95% ~ AHEE (F—)
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Bt~ EANES Y E TSROSO B RIS (A) BRI
52038 Bean yellow mosaic virusPilili (B) 2 P HEERIE - 1T
M - BEELEEE 5 171 0 [@FEEERR 172 EAFE S T bk
BUR T HEREEENTE S 173 EAEEEZ E T H iR AUN 5
STEERRAEIEE 174 0 (BEISEANE S 175 & 6 0 HEISE NEHREL

Fig. 7. Western blotting assay of Bean yellow mosaic virus. isolate from
canna with antiserum to Bean yellow mosaic virus (BYMV) isolated
from canna (A) and No. 038 antiserum to Bean yellow mosaic virus
(B). Lane M, Protein marker ; lane 1, healthy C. quinoa; lane 2, CA-
FT isolate inoculated leaf of C. quinoa; lane 3, The purified CA-FT
virus 5 laned4, healthy canna; lane 5 & 6, field mosaic canna leaf.

& &

AHITEH 2GR 2 R ARERER Loyt —E
RIELF750-830 nmHYR&NIFE - R BEHRRERER
55°C ~ MFRRERE Ry 107 ~ 200 (24°C) NIEMERTERAIR
RH(-80C) AIERFFOIEH - WIHEMEE Z SR BICTV LA A
ZBYMVYERME R & LREFEH A 2R - #HEHATREH A
FE RO BEEIRREHERSE > R E A AR F 2 &
R o BITCA-FTR IR Z 2 L8R - M 7R 68T M EY) -
CA-FTHERERVAZEEEE - 4158 RO B3R RHE Y B il R M 1k
PEES - WORSIARGEREE - BURHF ZHEIFF % > HEAUR
T B [ 7 RS A 1 DA B0 2 52 N R AR T U
fEHE -

bp

2000

1500
« 1300

1000

&l /\ ~ FIF$ fEpotyviruses 2 B S [F%f (HRPS/ Potl) #EfT3 E 510
AU 5 -5 NFE ST BERRRT-PCRAT T » B4iE 1491300 bp.2 DNA
EEY 0 A7M 0 BEEEDNAKESD 5 171 FBEEEERSE 5 172 - HfE
FENEMREUREE -

Fig. 8. One step reverse-transcription polymerase chain reaction(RT-PCR)
using a pair of potyviruses-specific degenerate primer (HRP5/ Potl)
to react with Bean yellow mosaic virus. isolate from canna a predict
1300-bp DNA product was amplified. Lane M, DNA markers; lane 1.
Bean yellow mosaic virus isolate from canna isolate inoculated leaf
of C. quinoa; lane2, mosaic leaf of canna collected from field.

Fo— -~ HEAE DB R S ALIREUA T (Bean yellow mosaic virus ,
BYMV)HLE, 52 BYMV# R [ KRy H1IAH [F) S 2 B

TABLE 1. Comparison of nucleotide and amino acid sequence identities of
the CP gene of Bean yellow mosaic virus (BYMV) isolated from canna to that
of some BYMYV isolates.

IBYMV Identity (%)
(Accession. Source Cp 3-NCR
NO.) country host nt aa nt
DQ060521 China Canna 93 93 95
EF592168 China Canna 94 94 94
EF592169 China Canna 93 93 93
EU144223 USA Lupin 85 90 94
AY845012 India Vanilla 85 88 94
AY845011 India Vanilla 85 88 94
X63358 Netherlands - 85 89 94
AB079782 Japan Gentiana plant 85 90 94
AB079886 Japan - 85 89 93
AJ311371 China Vegetable 85 89 93
AB097090 Japan Gentiana plant 85 90 94
AB097089 Japan Gentiana plant 85 89 94

Edwardson$z & potyviruses/& E 27 L& - GE H4AME TR 2
FREEA (pinwheels) ~ F8liR (scrolls) FSHARR (laminated
aggregates) FRIRMIEN B8 - "I{E 2B E 2 BEMRIE
O i A B e DL B R 52 9 IR 7 25 B BT R T T 4
WA ANERASUIR - B R P Z S Edwardsonsy
A Hsubdivisions THYEEAR (pinwheel) FSHMGA (laminated



aggregates) W& /S » AR IEE NECA-FIRHE - TEH
potyviruses ° i& S MEE B Bilpotyviruses & Ea A AR MR MEAR 7P
R EIPRE » BAREYRE I AR S s - e AT FT 77 i
Z CA-FTHs 3 FE@PotyviridacRHE 5 2 il B2 — -

S T UL TE i i pl A T AH AR PR AT R i BT RE
SRS R TE BEFIEESL - R &L BPEE
TR > ot LA B A 2 SRR 7 828 bl 98 7 X DL B
EYCETER 2 BT » EMmHEEEENE R EREEL
R EUFR U Ry b - AT BT 2 RS R o %
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ABSTRACT
Lo, Y.-C, Chen, T.-H.", Chang, C. A., and Tzeng, J. 2018.

Characterization of an isolate of Bean yellow mosaic virus
associated with canna mosaic in Taiwan. J. Plant Med. 60(2): 23-30.
“Corresoponding author, T.-H. Chen, E-mail: thchen@mail.npust.

edu.tw

Canna (Canna spp.) is an annual ornamental plant. A
filamentous virus of about 750-830 nm in particle size, was
successfully isolated from mosaic canna plant by mechanical
inoculation in Pingtung, and was temporarily named as CA-FT. The
thermal inactivation point was 55°C, dilution end point was 10 and
the longevity in vitro was 1 day at 24°C and more than 6 month at
-800C .The host range test indicated that CA-FT is a virus with very
narrow host range and only infected 3 out of 68 species of plants
tested. Inclusion bodies of pinwheel and Laminated aggregates,
an indication of typical potyvirus infection, were found in cells of
infected Chenopodium quinoa and canna. SDS-PAGE showed the
virus coat protein contains a subunit with relative molecular weight
of about 32 kDa. An antiserum with a titer of 1024 was prepared by
immunizing a white rabbit with the purified virions. The antiserum
produced can be effectively applied to detect studied virus . The
antiserum produced reacted strongly with homologous antigen and
with Bean yellow mosaic virus (BYMV), indicating the serological
relatedness between the studied canna virus and BYMV. A cDNA
fragment, consists of partial NIb, full CP, and 3'NCR of the virus,
was amplified with RT-PCR and was cloned. The sequence of the
1263-nt ¢cDNA fragment was found to be corresponding to a canna-
infecting BYMYV isolate in China. The sequence identities of the CP
gene and the 3'-non coding regions (3'-NCR) of both viruses were

93% and 95%, respectively, while that of CP amino acid sequence

was 93%. Based on these results, the virus CA-FT isolated from
canna with mosaic symptom should be a strain of BYMV. This is a

new record of BYMV infecting canna in Taiwan.
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