
(Iridaceae) (Iris) 

(8)

Iris mild mosaic virus (IMMV) (4) Iris severe mosaic virus

(ISMV) (5) Ornithogalum mosaic virus (OrMV) (13)

Ornithogalum virus 2 (OV-2) (13) Narcissus latent virus

(NLV) (3) Potyvirus Tospovirus
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ELISA (Enzyme-linked

immunosorbent assay) Potyvirus 

Potyvirus HRP 5/Oligo dT -

(Reverse transcription-polymerase chain reaction, RT-PCR) 1.3-kb 

JI 2 JI2 GenBank 

(Butterfly flower mosaic virus BFMV AM774001) 

(identities) 99.6% JI2 

RT-PCR pET28b (+) E. coli

Rosetta (DE3) 29.5 kDa 

JI2 ( 162) ELISA (Western

blotting) SDS (Sodium dodecyl sulfate immunodiffusion) 

JI2 JI-up/JI-dw RT-PCR 

BFMV JI2 



Potyvirus 

JI2 

JI2 

JI2 

( )

Potyviurs (Agdia

Inc. Elkhart, Indiana, USA.) ELISA (Enzyme-

linked immunosorbent assay) 

50% (v/v) 

-20

0.05 M 

(Chenopodium quinoa)

(Chenopodium amaranticolor) (Nicotiana

benthamiana) 7 10 

ELISA

- (Reverse

transcription-polymerase chain reaction, RT-

PCR) 

0.1 

RNeasy Plant Mini

Kit (Qiagen, Hilden, Germany) RNA 

Potyvirus 3 1.3 kb 

HRP5/Oligo dT (7) RNA 

RT-PCR 

RT-PCR (Genemark Co.,

Taichung, Taiwan) 50 l 

RNA/2 l 5x PCR buffer/5 l enhancer

buffer/5 l RNase/23 l Reverse transcription

polymerase/1U 20 M HRP5 Oligo dT /

2.5 l (GeneAmp model 2400,

Perkin-Elmer Co., Norwalk, CT) 

50 30 94 1 

28 PCR 94 1 

52 1 72 2 

72 6 1.2%

(SeaKem Agarose, Cambrex Bio Science

Rockland, Inc., Rockland, ME USA) 

RT-PCR 1.3 kbp DNA 

TOPO-PCR (Invitrogen Co., Carlsbad,

CA) (7)

Vector NTI Suite (InforMax, Inc. Wesconsin, USA) 

GenBank Potyvirus 

JI2 

JI2 

(coat protein CP) 

JI2CP-u/JI2CP-d [5'-AAGCACTGTACT

CCATGGGAACGCAAGTTGACG ( NcoI 

) /5 '-AAAGATAGACCTCGAGTTACTGGCGAA

CACC-3', ( XhoI ) ]

RNA RT-PCR 

JI2CP-u/JI2CP-d 50

25 PCR 828 bp 

JI2 NcoI XhoI

NcoI XhoI pET28b (+)
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Fig. 1. The yellowing and mosaic symptom occurred in
the young leaves of iris.



(Novagen, Inc. Madison, WI, USA) E.

coli strain Rosetta (DE3) M9 (11)

1 mg/ml IPTG (isopropyl- -D-

thiogalactopyranoside) 

8000 rpm 10 pH 8.0 

Tris-EDTA SDS-PAGE

(sodium dodecyl sulfate-polyacrylamide gel

electrophoresis) Potyvirus

JI2 

(7,11)

1 mg 

30-40 ml 

ELISA (Enzyme-linked immunosorbent

assay) SDS- (Sodium dodecyl

sulfate immunodiffusion) 

1. ELISA

(6) 0.1 g 

3 ml 15 mM (sodium

carbonate buffer, pH 9.6) 96 EIA

37 4 

(coating reaction) 1x PBST 

JI2 

(#162) 25 4 

1x PBST 6000 

(Goat anti-Rabbit immunoglobin,

Jackson, West Grove, PA) , 100 l / 25

4 1x PBST 

150 l / 1mg/ml 

(p-NPP, Amresco, Solon Ind., Ohio, USA) 

30 ELISA (PTI

max micro plate reader, Molecular Devices, Sunnyvale,

CA) 405 nm 

2 

#162

Potyvirus

( )

2. SDS-

3%

SDS (1:1:1) 

3 SDS #162

SDS- (12) JI2

3% SDS 

(1:1) 

(Western blotting) 

0.1 g 200

l (50 mM Tris-HCl, 10 mM KCl, 10 mM

MgCl2, 1mM EDTA, 20% glycerol, 2% SDS, 3% -

Mercaptoethanol) 100 l 

LDS (10) SDS-PAGE 

PVDF (Millipore Co., MA, USA)

Agdia Potyvirus #162 

JI2 (#162) 

JI2

(#162) ELISA SDS-

#162 

RNA 

(Qiagen, Hilden, Germany ) RNA

Potyvirus HRP5/Oligo dT 

Potyvirus ( ) 

JI2

JI2 

( 820 bp) JI-up, 5'-

TGA AGC ACT GTA CTT CCA 3' /JI-dw, 5'- GGT TCT

TAC TGG CGA ACA -3' ELISA 

JI2 RT-PCR

OrMV

(Ornithogalum mosaic virus) 

( )

ELISA 

Potyviurs

Potyvirus 
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HRP 5/Oligo dT 

RT-PCR

1.3 kb 

(open reading frame)

Potyvirus 3' 

JI2 ( GenBank GQ240300)

JI2 (coat protein, CP) 792 

264 29.0

kDa JI2 NIb (Nucleous inclusion b) CP 

LYFQ/G N 5

Potyvirus CP N 

DAG triplet JI2 

JI2 GenBank 

Potyvirus Butterfly flower mosaic virus

(AM774001) (8)

99.6% ( )
(1, 2)

JI2 

JI2CP-u/JI2CP-d JI2 

JI2 (JI-CP) 

pET28b (+) E. coli strain Rosetta

(DE3) IPTG 

29.5 kDa ( A)

Agdia 

Potyvirus ( B) JI2-CP 

(#162) SDS-

JI-CP IPTG 

pET28b ( JI-CP) 

JI2-CP 

( )

JI2 (#162) 

potyviruses

#162 ELISA 

#162 

Potyvirus ELISA #162 

Potyvirus 

( ) #162 

JI2 

( )

RT-PCR BFMV

JI2 JI-up/JI-dw 

JI2 

820 bp 

Ornithogalum mosaic virus

(OrMV) ( )

BFMV 

18 4 2009220

JI-2 
GenBank Potyvirus

Table 1. Percent identities of the nucleotide and amino
acid sequences of the coat protein region of Butterfly
flower mosaic virus JI-2 isolate to other potyviruses
available in GenBank

Virus isolates 1 Percent identity of CP region 2

Acc. No nt aa

JI-2 GQ240300 100.0 100.0
BFMV AM774001 99.6 99.6
BCMV Z17203 63.8 61.7
IMMV DQ436918 57.9 59.7
ISMV AF034839 56.9 54.3
OrMV AU994106 60.0 60.2
PVY AF525081 62.3 62.9
SMV AJ628754 58.3 58.3
SPFMV EF015398 51.5 50.5
SuMV AF465545 71.0 74.1
TEV DQ871309 70.6 76.1
TuMV AB076526 58.5 55.2
ZYMV AB127936 62.0 60.7
1 The sequences in the regions of coat proteins of different

potyvirus isolates used in this study were obtained from
GenBank including Butterfly flower mosaic virus (BFMV),
Bean common mosaic virus (BCMV), Iris mild mosaic virus
(IMMV), Iris severe mosaic virus (ISMV), Ornithogalum
mosaic virus (OrMV), Potato virus Y (PVY), Soybean
mosaic virus (SMV), Sunflower mosaic virus (SuMV), Sweet
potato feathery mottle virus (SPFMV), Tobacco etch virus
(TEV), and Turnip mosaic virus (TuMV), and Zucchini
yellow mosaic virus (ZYMV).

2 Sequences analysis was conducted by use of the program of
Vector NTI Suite (InforMax, Inc., Wisconsin).
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JI2 
(A) SDS-PAGE 

(B) M, 
1 pET28b (b) ( JI2

) 2 JI2 3
JI2 

Fig. 2. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and western blotting assay of
the bacterial expressed coat protein (CP) of JI2 isolate. (A)
SDS-PAGE of the 29.5 kDa bacterial expressed JI CP
(arrowed) ; (B) The bacterial expressed JI2 CP was
reacted with the 200x-diluted antiserum against Potyvirus-
specific monoclonal antibody purchased from Agdia Co.
Lane M, protein markers; lane 1, IPTG-induced bacteria
lysate containing expression vector pET28b (+) without
JI2 CP insert; lane 2, IPTG-induced bacteria lysate
containing pET28b (+) with JI2 CP insert; lane 3, purified
bacterial expressed JI2 CP.

(Butterfly
flower mosaic virus) JI-2 SDS 

Bep JI2 
pET pET28b (b) ( JI2 

) D1 D2 H1 
H2
Fig. 3. Sodium dodecyl sulfate (SDS)-immunodiffusion
test of the antiserum against bacterial expressed coat
protein of Butterfly flower mosaic virus JI2 CP. The
central well was filled with antiserum against antiserum
#162 (As). The peripheral wells were filled with SDS-
treated antigens including Bep, the IPTG-induced bacterial
lysate containing pET28b (+) with JI2 CP insert; pET, the
IPTG-induced bacteria lysate containing pET28b (+)
without JI2 CP insert; D1 and D2, virus-infected iris
tissues; H1, the healthy tissues of iris.

JI-2 M
CP JI2 D1 D2 D3 H

Fig. 4. Western blotting test of antiserum against bacterial expressed coat protein of the bacterial expressed JI2 CP and the
virus-infected iris tissues imported from Japanese. Samples were reacted to the 1000x-diluted antiserum against JI2 CP
(#162). Lane M, protein marker; lane CP, the purified lysate of bacteria expressed JI2 CP; lane D1, D2, D3, virus-infected
iris tissues; lane H, healthy tissue of iris. 



JI2 

GenBank Butterfly flower mosaic virus

(AM774001) (8)

99.6% 

JI2 Potyvirus

Butterfly flower mosaic virus (BFMV)

BFMV Potyvirus 2008

720-

770nm 29 kDa (8)

Chen

et al. 

Potyvirus 

BFMV 

JI2 NIb CP NIa

protease LYFQ/G 264 

29 kDa

JI-up/JI-dw 

JI2 

SDS-

18 4 2009222

JI-up/JI-dw 
- M

1, 2 BFMV 
3 OrMV H
Fig.5. Agarose gel electrophoresis of DNA products
amplified from reverse-transcription polymerase chain
reaction (RT-PCR) of the Butterfly flower mosaic virus JI2
isolate by the JI-up/JI-dw primer pair. Lane M, molecular
marker; lane 1, 2, BFMV-infected irises JI2 and JI3
isolates ; lane 3, OrMV-infected tissues; lane H, the
healthy control. The RNA templates of iris JI2 and JI3
purified from the total RNA of diseased tissues, were all
reacted to the primer pair JI2-up/JI2-dw and generated 820
bp DNA products, respectively.

JI-2 
ELISA Potyvirus 

Table 2. Effecicy of the virus reaction by the polyclonal
antibody against Butterfly flower mosaic virus JI-2 to
different potyviruses in enzyme-linked immunosorbent
assay

ELISA reading 2

Antigens 1

30x
Iris1 1.096
Iris 2 1.046
Iris 3 0.908
Iris 4 0.706
Iris 5 1.326
BCMV 0.017
BlCMV 0.097
BYMV 0.012
CVMV 0.123
DsMV 0.013
LiMV 0.024
LPV 0.011
LyMMV 0.058
MVbMV 0.072
OrMV 0.027
PaMV 0.035
PCV 0.011
PRSV 0.070
PSbMV 0.071
PStV 0.021
PtVY 0.029
PVY 0.066
SMV 0.073
TMMV 0.071
TuMV 0.040
ZaMV 0.053
JI2-CP 2.359
Diseased control 1.012
Healthy control threshold 0.222
1 Different BFMV-infected iris tissues (iris 1-5) and several

potyviruses storaged in laboratory were used in test. 
2 The absorbance values were an average of two replicate

wells. Samples with ELISA readings lower than the healthy
control threshold were considered undetectable by ELISA.
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ABSTRACT

Chiang, F. L. 1, Chen, C. C. 1, 3, Chang, C. A. 2, and Cheng, Y. H. 1 2009. Identification of the potyvirus

causing mosaic symptom on iris and the preparation of the virus polyclonal antiserum by immunizing

bacterial expressed viral coat protein. Plant Pathol. Bull. 18: 217-224. (1 Division of Plant Pathology,

Agricultural Research Institute, Wufeng, Taichung; 2 Graduate Institute of Biochemical Science and

Technology, Chaoyang University of Technology, Wufeng, Taichung; 3 Corresponding author, E-mail:

chinzue@tari.gov.tw; Fax: +886-4-2330-2803)

Iris (Iris japonica), native in Japan and Mainland Chain, is a bulb floral crop imported to

Taiwan. Several iris plants exhibited yellowing mosaic symptoms on the leaves emerging from the

bulbs were recently observed. The infected leaves exhibiting symptom was positively reacted to the

Potyvirus-specific monoclonal antibody (Agdia Inc.) in enzyme-linked immunosorbent assay

(ELISA). A predicted 1.3 kb DNA fragment was amplified from the symptomatic leave tissues by use

of reverse-transcriptase polymerase chain reaction (RT-PCR), with the use of potyvirus-degenerate

primers. An isolate (JI2) was cloned and sequenced from the RT-PCR amplicons and compared to

those of other plant viruses available in the GenBank. The percentage identities of the nucleotide and

amino acid sequences of the full-length coat protein (CP) gene of JI2 were both higher than 99.6%

comparing to the Butterfly flower mosaic virus (BFMV, GenBank Acc. AM774001). It indicated that

JI2 isolate is probably a strain of BFMV. The full-length of JI2-CP gene was subsequently amplified

and constructed into the expression vector pET28b (+), then transformed into E. coli Rosetta (DE3)

cells. An expected 29.5-kDa overexpressed fusion protein was purified and used as an immunogen to

prepare polyclonal antiserum. The designed JI-up/JI-dw primer pair was applied in the detection of

BFMV in iris tissues by RT-PCR. The prepared antiserum (As-JI2) was proved to be useful in ELISA,

western blotting and SDS-immunodiffusion tests for the detection of BFMV in virus-infected iris

samples. The As-JI2 was suitable to be applied on the BFMV detection for the imported iris bulbs. 

Key words: Iris japonica, Butterfly flower mosaic potyvirus, bacteria expressed coat protein, RT-

PCR, polyclonal antibody


