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Anthracnose of Pitaya (Hylocereus spp.) Caused by
Colletotrichum spp., A New Postharvest Disease in Taiwan

Chu-Ping Lin', Pao-Jen Ann’, Hung-Chang Huang™*, Jay-Ting Chang’, and Jyh-Nong Tsai®"

Abstract

Lin, C. P, P. J. Ann, H. C. Huang, T. T. Chang, and J. N. Tsai. 2017. Anthracnose of pitaya
(Hylocereus spp.) caused by Colletotrichum spp., a new postharvest disease in Taiwan. J.
Taiwan Agric. Res. 66(3):171-183.

Pitaya (Hylocereus undatus, H. polyrhizus, and H. costaricensis) has been widely planted as
a fruit crop in Taiwan in the past three decades. Field survey in pitaya orchards during 2009 to 2013
showed that anthracnose of pitaya caused by Colletotrichum spp. was one of the major postharvest
diseases in Taiwan. Disease symptoms encompassed brown colored sunken spots with or without
water-soaked necrosis on the harvested fruits skin after storing at room temperature for 5-10 d, which
apparently shortening the marketable period and reducing the price of the harvested fruits. Based on
morphological characteristics and ITS region sequences, at least three species of Colletotrichum iso-
lated from diseased fruits of pitaya collected from orchards in Taiwan were identified, including C.
truncatum and 2 species within each respective C. gloeosporioides and C. boninense species complex,
with isolation frequencies of 21.8, 73.4, and 4.8%, respectively, during 2009 to 2013. However, to
precisely discriminate the Collectotrichum species within each respective C. gloeosporioides and C.
boninense species complex, further multi-locus phylogenetic analyses are mandatory in the future.
This is the first report of anthracnose caused by Colletotrichum spp. as an important postharvest dis-

ease of pitaya in Taiwan.

Key words: Hylocereus spp., Postharvest disease, Anthracnose, Colletotrichum spp.

INTRODUCTION

Pitaya [Hylocereus undatus (Haworth)
Britton & Rose, H. polyrhizus (Weber) Britt.
& Rose, and H. costaricensis (F.A.C. Weber)
Britton & Rose], also known as dragon fruit,
has become an economically important fruit
crop, and has been widely cultivated in Taiwan
in the past three decades (Liu & Liu 2015).
The period for fruit production of pitaya was
mainly in the summer months (Jun. to Sep.),

with average temperature 28-32°C. According
to our observation, severe economic losses
could occurr during storage, transportation,
and marketing of harvested pitaya fruits which
were under room temperature (RT, 24-327C)
and high humidity, conditions conducive to the
development of postharvest diseases.

A postharvest disease with light brown le-
sions on pitaya fruits caused by Bipolaris cac-
tivora (Petr.) Alcorn was previously reported
in Taiwan by Wang & Lin (2005). However,
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symptoms on some specimens of pitaya fruits
collected in 2009 in the pitaya production or-
chards in Taiwan were different from the pre-
viously reported postharvest disease of pitaya
caused by B. cactivora (Wang & Lin 2005).
Further disease survey in this paper revealed
that anthracnose was frequently found on har-
vested fruits of pitaya stored at room tempera-
ture in Taiwan.

The objective of this study was to report
anthracnose as a new postharvest disease of
pitaya in Taiwan, based on disease survey, iso-
lation and identification of the causal organ-
isms, conducting pathogenicity tests to fulfill
Kock’s postulates, examining of morphologi-
cal traits and rDNA ITS sequences blasting
and preliminary phylogenetic analysis.

MATERIALS AND METHODS

Field survey on postharvest diseases of
pitaya

Field surveys on postharvest diseases of
pitaya, H. undatus, H. polyrhizus, and H. cos-
taricensis, were conducted from 2009 to 2013.
During the experimental period, there were
12 pitaya orchards in total in the major pitaya
production areas in Taiwan, including two or-
chards in each county of Changhua, Hualien,
Nantou, and Pingtung, and one orchard in each
county of Chiayi, Taichung, Tainan, and Yilan.
Thirty freshly harvested fruits of pitaya with-
out visible lesions were collected from each
orchard and stored at room temperature (RT)
for 5 to 15 days during fruit production period
(Jun. to Sep.). Fruits showing symptoms of
brown colored sunken spots were recorded,
followed by isolation and identification of the
disease causal agents.

Isolation and maintenance of the disease
causal agents

Tissues (0.5 cm x 0.5 cm x 0.2 cm; L x
W x H) were excised from lesions of diseased
pitaya fruits, and immersed in 0.5% (v/v) Na-
OCI for 30 s, then overlaid on potato dextrose
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agar (PDA; Difco Co., USA) in Petri dishes, 1
diseased tissue/dish. The plates were incubated
for 3 d at 22-24°C under 12 h/12 h light/dark
period. Once the hyphae emerged from tissues
and spread onto agar media, small agar blocks
containing hyphal tips were cut and transferred
onto PDA media. By colony features on agar
media and conidial morphology under micros-
copy, the fungi isolates preliminarily identified
as Colletotrichum spp were further purified by
single-spore isolation technique to establish
axenic culture. A total of 124 single spore iso-
lates of Colletotrichum spp. were obtained and
cultured on PDA at 22-24C under 12 h/12 h
light/dark period for 7 d. Agar plugs (0.5 cm x
0.5cm x 0.2 cm; L x W x H) containing myce-
lial mats were excised from the edge of 5-day-
old colony on PDA in Petri dishes, and im-
mersed in mineral oil (Sigma-Aldrich., USA)
in plastic tubes (7-10 plugs/tube), sealed with
parafilm™, and kept at 22-24°C for long-term
storage. For each working culture preparation,
one mycelial plug of each isolate was retrieved
from one long-term storage vial, subcultured
on PDA plate, and incubated at 22-24°C under
12 h/12 h light/dark period for 7 d.

Morphology and growth of Colletotrichum
spp.

To study the effects of temperature on
growth of Colletotrichum isolates F211117,
F211178, and F210016, agar blocks (0.5 cm x
0.5 cm x 0.2 cm; L x W x H) containing my-
celial mats were cut from the colony edge of
5-day-old PDA cultures in Petri dishes and
inoculated on fresh PDA Petri dishes center, 1
block/dish. The dishes were sealed with para-
film™ and incubated differently at 4 to 40°C
with 4°C intervals in dark. Colony diameter of
each dish was measured daily for a period of
7 d. Growth rate (mm/day) of each colony was
calculated by: (colony diameter of the 7™ day
— colony diameter of the 1* day)/6 days. Exper-
iments were repeated twice, each isolate with
three replicates at each temperature.

For conidial propagation, the 3 Colle-
totrichum isolates were grown on PDA in Petri
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dishes at 22-24°C under 12 h/12 h light/dark
period. After incubation for 7 d, conidia were
harvested by washing the colony with steril-
ized double distilled water (ddH,0), 15 mL/
dish. To study conidia and appressoria morpho-
logical characteristics of the Collectotrichum
species, the conidia were suspended in 0.5%
V8 juice (Campbell Co., USA), pipetted onto
glass slide, 20 pL/slide, then superposed on
wet tissue in a Petri dish sealed with para-
film™, and incubated at 24°C in dark for 20 h
or 60 h. Totally, 100 conidia and 100 appresso-
ria were randomly selected and examined for
color, size, shape and length/width (L/W) ratio
under a compound light microscope (Olympus
BX40).

rDNA ITS blasting and phylogentic
analysis

Mycelial mats of Colletotrichum isolates
F211117, F211178, and F210016, were collect-
ed from 5-day-old PDA cultures and used for
extraction of DNA, using Genomic DNA Puri-
fication Kit (GeneMark Technology Co., Tai-
wan) according to the manufacturer’s protocol.
The primers ITS5/ITS4 for internal transcribed
spacer (ITS; White et al. 1990) were used for
polymerase chain reaction (PCR) under the
recommended PCR conditions. The PCR am-
plicons were sequenced in both directions by
the Seeing Bioscience Co., Taipei, Taiwan.
DNA sequences were assembled by Vector NTI
software v. 10.0 (InforMax Inc., USA). The se-
quences were uploaded to GenBank and NCBI
BLAST database (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) to blast the best hit. Multiple
sequence alignment based on ITS sequences
was performed initially by Clustal Omega. A
distance tree generated by the neighbour-join-
ing (NJ) algorithm estimated by bootstrapping
with 1,000 replicates was built by MEGA v.7.0
(Kumar et al. 2016).

Pathogenicity test

To prove the pathogenicity of the 3 Col-
letotrichum isolates, F211117, F211178, and
F210016, Koch’s postulates tests were con-

ducted using freshly harvested fruits of H. un-
datus. In brief, twenty days prior to harvesting,
the fruits selected for pathogenicity tests were
covered individually with paper bags mainly
to prevent latent infection by Collectotrichum
pathogens during fruit growing stage in the
orchard. Conidia were collected from 7-day-
old PDA cultures in Petri dishes by washing
the colonies with sterilized ddH,0. The co-
nidial suspension was filtered through 8-layer
sterilized gauze, and adjusted concentration
to 1 x 10° conidia/mL using sterilized ddH,0.
For each isolate, cotton mats, about 1 ¢cm in
diameter, were soaked in conidial suspension
as inoculums. Two pitaya fruits of each set
were respectively inoculated two sites with
or without wounding. Twenty wounded spots
were created by puncturing the fruit skin about
I mm in depth with a bundle of 10-insect dis-
secting needles. Each site was covered with
one cotton mat mentioned above which ab-
sorbed the conidial suspension. Instead, cotton
mats soaked with sterilized ddH,O was served
as control. The inoculated fruits were placed in
a plastic box moisture chamber (32 cm x 20.5
cm x 10 em, L x W x H) bottom overlaid with
moist paper towel, 2 fruits in a chamber. The
chamber were covered with lid for maintaining
high relative humidity (> 95%), and incubat-
ed at RT for 4 to 6 d, thereafter examined the
presence of lesions on each fruit. Lesion show-
ing anthracnose symptoms on each inoculation
site were excised for pathogen reisolation by
the methods described previously. Disease
incidence (DI) was calculated by the formula:
DI (%) = (No. of infected sites)/(Total No. of
inoculated sites) x 100 (%). The inoculation
tests were repeated two times.

RESULTS

Disease survey and symptoms on
pitaya fruits in storage

The survey results from 2009 to 2013
showed that anthracnose disease was the most
important postharvest disease of pitaya in
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Taiwan. Survey the total 360 fruits, collected
from 12 different orchards and stored at RT,
73.1% of the fruit samples showed symptoms
of anthracnose. Symptoms first appeared on
cutting sites or scales of pitaya fruits stored
at RT for 5 to 10 days. Light brown colored,
water-soaked sunken spots were formed on the
surface of diseased fruits, producing of grayish
to pinkish spore masses on some of the lesions
under humid conditions (Fig. 1). Lesions on
fruits often expanded and coalesced, causing
fruit scales withering and fruits watery and
softening. Beside the typical symptoms men-
tioned above (Fig. 1A), some diseased fruits
produced black microsclerotia, setae and acer-
vuli (Fig. 1B), and some showed light to dark
brown lesions (Fig. 1C).

Isolation and preliminary identification
of the fungi isolates

In addition to the 12 orchards investigated
during the field survey in 2009 to 2013, pitaya
fruits from other orchards and market showed
anthracnose symptoms were also selected for
isolation of causal agents. A total of 124 fun-
gal isolates were isolated from pitaya fruits
and established pure cultures by single-spore
isolation technique. All the 124 isolates were
identified as Colletotrichum spp. according to
the colony features on PDA media and conid-

Fig. 1.
en, and severe water-soaking caused by Colletotrichum gloeosporioides isolate F211117 (A), C. truncatum isolate
F211178 caused symptoms of black spot and formed microsclerotia in the inoculation site (B), and C. boninense
F210016 caused symptoms of light to dark brown lesions with mild water-soaking (C). Pitaya fruits were inoculated,
using conidial suspension (1 x 10° conidia mL™) of respective isolates, and incubated at RT for 4 to 6 d.

Hoots 3

ial morphology. Three major types of conidia
were found among these Colletotrichum iso-
lates (Table 1). Isolates belonging to conidial
type 1 produced straight cylindrical shaped
conidia, average L/W ratio > 2.5 and < 3.5;
isolates belonging to conidial type 2 produced
long falcate conidia, average L/W ratio > 6.5
and < 7.5; isolates belonging to conidial type
3 produced straight cylindrical shaped conidia,
average L/W ratio > 1.5 and < 2.5, which were
shorter and wider than those of conidial type 1
in general. Of the 124 single-spore isolates of
Colletotrichum from pitaya fruits, the isolation
frequencies of conidial types 1, 2, and 3 were
73.4,21.8 and 4.8%, respectively (Table 1).

Colonial and microscopic characteristics
of Colletotrichum isolates

Three Colletotrichum isolates, F211117,
F211178, and F210016, belonging to conidial
types 1, 2 and 3, respectively, were select-
ed for subsequent studies. The three isolates
grown on PDA at RT for 7 days showed dif-
ferences in colonial morphology. Colonies of
isolate F211117 were greyish white to dark
grey, formed aerial mycelia initially (Fig. 2A),
later produced massive orange color conidia.
Colonies of isolate F211178 were greyish to
greenish white, cottony to floccose (Fig. 2B).
Colonies of isolate F210016 were smooth and

Symptoms of anthracnose on pitaya fruits (Hylocereus undatus). Beside typical symptoms of brown, sunk-
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Table 1. Conidial types and morphological characteristics of Colletotrichum isolates from diseased fruits of pitaya in

Taiwan, 2009-2013".

Conidial type No. of isolate Ratio (%)

Character of conidia”

1 91 73.4
2 27 21.8
3 6 4.8
Total 124 100.0

Straight and cylindrical, > 2.5 and < 3.5 in avg. L/W ratio
Falcate, > 6.5 and < 7.5 in avg. L/W ratio
Straight and cylindrical, < 1.5 and < 2.5 in avg. L/W ratio

“ Pitaya fruits were collected from orchards in the major pitaya-producing counties in Taiwan. Fruits developed anthracnose symp-
toms during the period of storage at room temperature (RT) for 1-15 d were used for isolation of Colletotrichum.
¥ Conidia were harvested from 7-day-old PDA cultures under 12 h/12 h photoperiod at 22-24°C .

flat, white to salmon (Fig. 2C)

Morphological features of conidia pro-
duced on 7-day-old PDA cultures and ap-
pressoria produced in 0.5% V8 juice were
compared. In isolate F211117, conidia were
hyaline, aseptate, straight or cylindrical,
round apex, truncate base, (14.9) 12.5-17.8
x (5.2)-3.6—-7 pm [(avg.) min.—max., length
x width), and (2.9) 2.1-4.5 (L/W) (Fig. 3A).
Appressoria were sepia to light brown, oval or
globular, (7.8) 4.8-9.8 x (6.3) 5.1-8.4 um (Fig.
3B). In isolate F211178, conidia were longer
than those of conidial type 1 and type 3, (24.7)
19.5-30 x (3.8) 2.5-5 um and (6.5) 4.5-11.5
(L/W), and the conidial shape were crescent
with abrupt apex and truncate base (Fig. 3C).
Appressoria were smooth, oval, at first 20 h,
(7.7) 5.7-10.2 x (5.4) 4.7-6.7 um (Fig. 3D),
at 60 h, some of the appressoria turned into
clavate to irregular, in groups or dense clusters
(Fig. 3G). In isolate F210016, conidia were
straight, cylindrical with round apex and base
(Fig. 3E), (14.2) 12.5-17.5 x (6.1) 5.0-7.5
pm, and (2.4) 1.6-3.5 (L/W). Appressoria
were oval or irregular, and (10.2) 6.0-22.3 x
(8.1) 4.7-16.7 um (Fig. 3F). Furthermore, iso-
late F211178 produced setae on PDA cultures
as well as on lesions of diseased fruits with
abrupt tip (Fig. 3H). However, setae were ab-
sent in the isolates F211117 and F210016.

Temperatures that affect the hyphal
growth rate varied with these three anthracnose
pathogens (Fig. 4). The range of minimum and
maximum temperatures for hyphal growth were
4-8 and 36-40C, respectively, with optimum

Fig. 2. Top and reverse colony features of Colle-
totrichum gloeosporioides isolate F211117 (A), C.
truncatum isolate F211178 (B), and C. boninense iso-
late F210016 (C). The cultures were grown on PDA at
22-24°C under 12 h/12 h light/dark period for 7 to 9 d.
Distinct differences in colony color and texture among
the three Colletotrichum species were noted. (Left row
= top view; Right row = bottom view)
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Conidia (A, C, E), appressoria (B, D, F, G), and setae (H) of Colletotrichum gloeosporioides isolate F211117

(A, B), C. truncatum isolate F211178 (C, D, G, H), and C. boninense isolate F210016 (E, F). The cultures were grown
on PDA for 7 d for formation of conidia, and subsequently submerged in 0.5% V8 juice for 20 h (D, E, F) for forma-
tion of appressoria. Some of the apporessoria of C. truncatum isolate F211178 turned into different shapes at 60 h (G).
Differences in morphology of conidia and shape of appressoria among the three Colletotrichum species were noted.
Setae of C. truncatum isolate F211178 (H) present, whereas were absent for the isolates F211117 and F210016, cul-
tured on PDA at 22-24°C under 12 h/12 h light/dark period for 14 d. (Bar = 10 um)

temperature of 28-32°C (Fig. 4).

Based on the morphological characteris-
tics, including size and shape of conidia and
appressoria (Figs. 2 and 3, Table 1) and capac-
ity of setae formation (Fig. 2G), also compared
with the description and circumscription of
previous literatures, the Colletotrichum isolates
F211117, F211178 and F210016 were identi-
fied as C. gloeosporioides (Sutton 1992; Weir
et al. 2012), C. truncatum (Damm et al. 2009;
Guo et al. 2014), and C. boninense (Moriwaki
et al. 2003; Damm ez al. 2012), respectively.

Blasting rDNA ITS sequences of the
Colletotrichum isolates

The rDNA ITS regions of the three Colle-
totrichum isolates, F211117 (conidial type 1),

F211178 (conidial type 2) and F210016 (co-
nidial type 3), were sequenced and deposited
in NCBI GenBank, with accession numbers:
KM881568-KX197406 (Table 1). Blast the
GenBank database with the uploading ITS re-
gion sequences of isolates F211117, F211178
and F210016, query revealed the best hits of
99.8, 100 and 100% identity to those annotated
ITS regions of C. gloeosporioides (Penz.) Penz.
& Sacc., C. truncatum (Schwein.) Andrus &
W.D. Moore, and C. boninense Moriwaki, Toy.
Sato & Tsukib, respectively (Table 2).
Additionally, ITS regions of other Colle-
totrichum isolates were also sequenced (Table
2). The other 11 isolates belonging to conidial
type 1 showed 99.0-99.8% identity to iso-
lates F211117 (conidial type 1). Again, these
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Fig. 4. Effect of temperatures on colony growth rate of Colletotrichum gloeosporioides isolate F211117, C. truncatum

isolate F211178, and C. boninense isolate F210016. Colony growth rate was measured daily on PDA cultures for 7 d.

Table 2. Comparison of ITS region sequences and blast results of Colletotrichum isolates belonging to different co-

nidial types.
Identity to ref. seq., Best hit accession no.”,
Isolate GenBank accession no. respectively (%) Geographic origin identity (%)
Conidial type 1, C. gloeosporioides
F211117 KM881568, 598 bp As ref. seq. of type | Taichung AY266389.1, 99.8
F211156 KX197384, 599 bp 99.0 Hualien EU552111.1, 100
F210004 KX197385, 599 bp 99.2 Nantou AY266373.1, 100
F210042 KX197386, 599 bp 99.3 Nantou KT966505.1, 99.8
F210052 KX197387, 599 bp 99.3 Nantou KT390195.1, 100
F210008 KX197388, 598 bp 99.8 Nantou AY266389.1, 100
F210035 KX197389, 598 bp 99.8 Nantou AY266389.1, 100
F210332 KX197390, 598 bp 99.8 Hualien AY266389.1, 100
F210203 KX197391, 598 bp 99.7 Taichung AY266389.1,99.8
F210024 KX197392, 598 bp 99.5 Taichung AY266378.1, 100
F210199 KX197393, 598 bp 99.5 Taichung AY266378.1, 100
F210235 KX197394, 598 bp 99.5 Taichung AY266378.1, 100
Conidial type 2, C. truncatum
F211178 KM881567, 604 bp As ref. seq. of type 2 Pingtung AY266370.1, 100
F211109 KX197395, 604 bp 99.8 Taichung AY266372.1, 100
F211113 KX197396, 604 bp 99.8 Taichung AY266372.1, 100
F212206 KX197397, 604 bp 99.8 Taichung AY266372.1, 100
F210115 KX197398, 604 bp 100.0 Taichung AY266370.1, 100
F211165 KX197399, 604 bp 100.0 Nantou AY266370.1, 100
F212051 KX197400, 604 bp 100.0 Nantou AY266370.1, 100
F213095 KX197401, 604 bp 100.0 Nantou AY266370.1, 100
F213119 KX197402, 604 bp 100.0 Changhua AY266370.1, 100
F213132 KX197403, 604 bp 100.0 Nantou AY266370.1, 100
F213202 KX197404, 604 bp 100.0 Nantou AY266370.1, 100
Conidial type 3, C. boninense
F210016 KM881566, 618 bp As ref. seq. of type 3 Taichung JX258728.1, 100
F212054 KX197405, 617 bp 99.7 Nantou JX258728.1, 99.7
F212102 KX197406, 618 bp 100.0 Taichung JX258728.1, 100

“ The best hit accession numbers of GenBank listed in conidial types 1, 2, and 3 were annotated as ITS region sequences of Colletot-
richum gloeosporioides, C. trunctum, and C. boninense, respectively.
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sequences also showed best hit to those ITS
regions annotated C. gloeosporioides individ-
ually. On the other hand, totally 10 isolates
belonging to conidial type 2, and totally 2 iso-
lates of conidial type 3, exhibited 99.8—-100%
and 99.7-100% identity to isolates F211178
(conidial type 2) and F210016 (conidial type
3), respectively. Coincidentally, the sequences
of these isolates belonging to conidial types 2
and 3 were all hit the annotated C. truncatum
and C. boninense in the GenBank, respec-
tively. Preliminary phylogenetic analysis of
the rDNA ITS region sequences of F211117
(conidial type 1), F211178 (conidial type 2)
and F210016 (conidial type 3) and other ITS

5

66 % 531

sequences of allied Collectotrichum species
retrieved from GenBank database by maximum
parsimony further confirmed the relatedness
and identity of the Colletotrichum anthracnose
pathogens isolated from dragon fruits in Tai-
wan (Fig. 5).

Pathogenicity of Colletotrichum isolates

Inoculation tests showed that all the three
Colletotrichum isolates, F211117 (C. gloe-
iosporoides), F211178 (C. truncatum), and
F210016 (C. boninense), from pitaya fruits
were pathogenic to fruits of pitaya variety H.
undatus (Table 3). Inoculated fruits showed up
lesions after incubation at RT for 4 to 5 d. In
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Fig. 5. A neighbour-joining tree based on the rDNA ITS region sequences, showing the phylogenetic relationships of

F211117 (conidial type 1), F211178 (conidial type 2) and F21
accession number of each sequence was indicated after allied

0016 (conidial type 3) to other Colletotrichum species. The
Collectotrichum species and Fusarium oxysporum.
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contrast to unwounding, wounding treatment
substantially increased susceptibility of pita-
ya fruits to the three Colletotrichum isolates
(Table 3). The range of disease incidences of
unwounded pitaya fruits were 25.0, 75.0 and
12.5% for the isolates F211117, F211178,
and F210016, respectively, whereas 100% on
wounded fruits for all the three isolates. The
symptoms on inoculated pitaya fruits were
identical to the symptoms on naturally infect-
ed pitaya fruits collected from orchards and
stored at RT. The pathogenicity of the three
isolates to pitaya variety H. polyrhizus was
similar to those on pitaya variety H. undatus
(data not shown).

DISCUSSION

Survey of pitaya fruits during 2009 to
2013 reveals that anthracnose caused by Col-
letotrichum spp. is one of the most important
postharvest diseases of pitaya in Taiwan. Mor-
phological characteristics, molecular features
and phylogentic analysis, and pathogenicity
tests further confirmed the identity of the three
causal Colletotrichum species: C. gloeospo-
rioides, C. truncatum, and C. boninense as
causal organisms. This is the first report of
pitaya fruit rot disease caused by three Colle-
totrichum spp. via Kock postulates in Taiwan.

Blasting all of the rDNA ITS region se-
quences of conidial type 1 on GenBank data-
base showed the best hit to C. gloeosporioides,
with identity ranging from 99.0% to 99.8%
(Table 2). The identity derived from ITS se-

quences concurred with the morphological
characteristics of the Collectotrichum species
with type 1 conidia (Figs. 1A and 1B). Hence,
in a broad sense based on genetics and biology,
the Collectotrichum isolates F211117 isolated
from dragon fruit rot in Taiwan matches the
circumscription of C. gloeosporioides (Sutton
1992; Masyahit et al. 2009; Weir et al. 2012).
Actually this specie is heterogenous in nature
in terms of variation in features of colony,
conidia, setae, appresorium and host specific-
ity, etc. Thus, Sutton (1992) further separated
6 formae speciales of physiological taxa and
one variety with Glomerella teleomorph of C.
gloeosporioides from C. gloeosporioide spe-
cies complex; Weir et al. (2012) documented
even more forma specials of it. Furthermore,
to resolve the limitation using only ITS rDNA
marker to distinguish C. gloeosporioides iso-
lates collected worldwide in the past 50 years,
by using multigenes’ sequences: actin (ACT),
calmoludin (CAL), chitin synthase-1 (CHS-1),
glyceraldehydes-3-phosphate dehydrogenase
(GAPDH), internal transcribed spacers (ITS),
glutamine synthase (GS), manganese super-
oxide dismutase-2 (SOD-2) and beta-tubulin
(TUB2), conducted phylogenetic analysis
with Bayesian Inferernce methods, Weir et al.
(2012) accepted 22 species plus one subspecies
within the C. gloeosporioides complex. In sim-
ilar status, contrast to traditional C. gloeospo-
rioides, C. boninense was erected by Moriwaki
et al. (2003) based on the morphological and
molecular characterization of Collectotrichum
isolated from six plant species in Pacific Cost

Table 3. Pathogenicity of isolates of Colletotrichum spp. on fruits of Hylocereus undatus’.

Disease incidence (%)"

Species Isolate Unwounded Wounded
C. gloeosporioides F211117 25.0+25.0 100+ 0
C. truncatum F211178 75.0+25.0 100+ 0
C. boninense F210016 12.5+12.5 100+ 0
Control (ddH,0) - 0.0+0.0 0+0

* Colletotrichum isolates, F211178, F211117, and F210016, representing conidial types 1, 2, and 3, respectively, were used for inoc-
ulation tests on wounded and unwounded fruits of pitaya variety Hylocereus undatus. The experiment was conducted 2 times.
* Disease incidence (%) = (No. of infected sites)/(Total No. of inoculated sites) x 100%, values are mean =+ standard error.
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of Japan. Its conidia are characterized by with
basal hilum and peripheral thickening at the tip
of conidiogenous cell. However, the marked
deviation among collected isolates were re-
vealed by rDNA ITS phylogenetic analysis,
also implicating composite of species complex.
A multi-locus phylogenetic study conducted by
Damm et al. (2012) using 7 genes: ITS, ACT,
TUB2, CHS-1, GAPDH, HIS-3 (histoine-3)
and calmodulin (CAL), with maximum parsi-
mony and maximum likelihood methodologies,
of the 86 isolates and other strains which pre-
viously recognized as C. boninense actually
comprised of 18 clades. These clades were
accepted as individual species and totally 17
species were included in the C. boninense spe-
cies complex (Damm er al. 2012). Likewise,
Collectotrichum species with curved conidia
and dark setae were grouped in the C. dema-
tium complex in general. Damm et al. (2009)
performed a comprehensive exploration to de-
termine the phylogenetic affiliation of the 97
isolates, including C. dematium, C. lineola, C.
truncatum and other Collectorrichum species
with curved conidia, using multilocus genes:
ITS, ACT, TUB2, CHS-1, GAPDH, HIS-3. As
a result, 20 clades resolved, four new species
described: C. anthrisci, C. liriopes, C. rusci
and C. verruculosum; two new combinations
C. spaethianum and C. tofieldiae were made,
and C. truncatum was epitypified; C. capsici
was sanctioned as basionym of C. truncatum.
In this paper, we considered Colletotrichum
isolates F211117 and F210016, including other
isolates possessing cylindrical conidial types
1 and 3 as C. gloeosporioides and C. bonin-
ense, whereas Colletotrichum isolates F211118
possessing curved conidial type 2 as C. trun-
catum listed in Table 2, respectively. However,
multi-locus phylogenetic analysis would be
useful for further discrimination of species
identity within populations of the 124 isolates
(Cai et al. 2009; Damm et al. 2009; Prihastu-
ti et al. 2009; Damm ef al. 2012; Weir et al.
2012).

Fruit anthracnose of Hylocereus spp.
caused by Colletotrichum spp. was reported in

oot 3

several countries, including C. gloeosporioides
in Malaysia (Masyahit ef al. 2009) and Brazil
(Takahashi et al. 2008), and C. truncatum in
China (Guo et al. 2014). This study demon-
strates that, in addition to C. gloeosporioides
and C. truncatum reported in other countries
and in Taiwan in this study, C. boninense is
also recognized as a causal agent of fruit an-
thracnose of pitaya in Taiwan (Tables 1 and
2). Among the three Colletotrichum species,
C. gloeosporioides is the most predominant
and important postharvest pathogen of pitaya
in Taiwan, followed by C. truncatum, and C.
boninense.

The results of artificial inoculation tests
indicate that wounding is a conducive factor
for infection of C. gloeosporioides, C. trunca-
tum, or C. boninense on pitaya fruits (Table 3).
This explains why symptoms of pitaya anthrac-
nose are frequently observed at the cutting
sites of fruit stem or scales of pitaya fruits.
It is of paramount importance to develop ef-
fective methods for protection of pitaya fruits
from injury before and after harvest.

Colletotrichun gloeosporioides is a patho-
gen with wide host range including numerous
economically important crops (Freeman et al.
1998; Perfect et al. 1999). Preliminary inoc-
ulation tests showed that C. gloeosporioides
isolated from diseased fruits of pitaya also
caused anthracnose on fruits of papaya (Carica
papaya) and leaves of Chinese cabbage (Bras-
sica rapa chinensis) and sweet pepper (Capsi-
cum annuum) (Lin et al. unpublished data). On
the other hand, C. gloeosporioides from dis-
eased fruits of papaya, avocado (Persea amer-
icana), or grapes (Vitis vinifera) could cause
symptoms of anthracnose on pitaya fruits by
artificial inoculation (Lin et a/. unpublished
data). These results suggest that isolates of C.
gloeosporioides from pitaya fruits and fruits of
other crops are lack of host specificity.

The optimal temperature range for hyphal
growth of Colletotrichum spp. from pitaya fruits
is 28-32°C (Fig. 4) which is similar to the tem-
perature range for favorable infection of pitaya
fruits in the orchards in Taiwan. Thus, severe
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losses in marketable fruits may occur if pitaya
fruits are produced at the temperature 28-32°C
in the orchard and stored at room temperature
(28-327C) after harvest. Since low temperature
(below 8°C) is unfavorable for hyphal growth of
Colletotrichum spp. (Fig. 4), it is recommend-
ed to store pitaya fruits at cooler temperatures
(below 8C) to minimize losses of harvested
fruits during storage and transit period. As Col-
letotrichum spp. are known as latent infection
pathogens (Baker et al. 1940; Cerkauskas 1988;
Perfect et al. 1999), infection of pitaya fruits
by the Collectotrichum pathogens may have
already occurred in the field but quiescent and
remained symptomless at harvest. The symp-
toms of anthracnose could develop rapidly if
the infected fruits are stored at high tempera-
ture (28-327C) and high humidity. Therefore,
in addition to storing harvested fruits of pitaya
at cooler temperature (below 8°C), practice for
protection of pitaya fruits from infection of
Colletotrichum spp. in the field such as bagging
of young fruits or application of chemical fun-
gicides at right time period may be effective in
preventing pitaya fruits from infection by an-
thracnose pathogens.
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& RN FEUE 3-4 mm &2 ZFEE < B 16
SOHER ZACE LS EHEAE S IO - KN+
BHEZEEANEL > 1A 2 mL 2 B5 55 & AR
7 (Gamborg et al. 1968) 77l 13% JE ffE (B5-
13) $2&E%B DL 37 um JE49IEE - EEERIATE
B mIEENE > B IEEY 8 mL R UL A L
o 3 TR ERE L E L EE R
25 mL > JRATHAZE 4C Z B L 100x g B
Ly 6 min > K EIERBFRE DA 10 mL B5-13
RS EA  EE LA OEIE 2 R &g
A 10 mL NLN = 1/2 NLN E##&[ /5 (Nitsch &
Nitsch 1967) > R0 13% fFkE > i fz g EL (b
T f&7H NLN-13 ¢ 1/2 NLN-13) £ 5 8U{E &%
& o B 10 pL f0% 8 DA ERE T Bas 1 #8088 T
SFEUNETE MR HER M RIRR '
B - 0 A% & 22 1/2 NLN-13 = NLN-13
mER BRIEEAREEEE4 <100
{E/NEF - HLS mL BFRMA B 6 cm 533&
M > S MAEHTA 0.1 mL 3E MR » S5 MR
B BB Ry 1 g iEMERREL 0.5 g agarose (Sigma
type IX) 7> 100 mL 7K Hfalf 45 55 B R B 1% 6
Fi o 5% 3% I DA parafilm™ Jj1 £} % B 7 32°C &
mAHREE1-3d% BECEEPHE
B2 2 wk o FHIEGRENBZE 34.3 pmol m™ s™!
JEHETR 0 DL 60 rpm B ZE ' HF 4R AL
MM S 2T ER TR (e R -

(B EEM RS R IE

T EEH/ R B R (2 MSB2 [ElRaET &
B (HEA) sV EREQNEEREER
BN 25CHRETREE ) SR/ NRRABERIE
A EHK9 em BEEDL > 2 BIE R 25C = 4C
BEERAET L3 RS dIR/KER » Z&[ER
BN MSB2 sE s B P i o S/ NI B B
fEY MSB2 5588 A BN 4C BIFREEE 1 -3
B 5 d &5 E 2SCRIRIBIE MG - IEASH
BEKEI cmFEMANS 25 mL MSB2 &4 -
MSB2 Fr &AL 4 Al By MS ELARESSH (Murashige
& Skoog 1962) ~ 20 g L™ &l ~ 9 g L' Y Bac-
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to agar 7 712.0 mg L' zeatin ~2.0 mg L™ 6-
75 FH B R I ¥ (N6-benzyladenine, BA) K7 0.1
mg L™ 15t Z,F% (Indole-3-acetic acid, IAA) ©
M B#AE 10 {E/NE > B —pE B S48 10 I -
AT AR RS AS ST MSB2 BE R AL R |
wk 1% BRERELERMEH 2 MS &
A 3 wk o FRETTHIEF R -
LB EEIT R

P ROE / NMERRZ 55 1 R BAAEELY 1
cm’ > I A CyStain UV Precise P Kit (Partec,
Germany) 0.2 mL ZXHUR #R - DLTT R RF4H &%
VIRE % B0 0.8 mL L EUR 12 188 » IR AT
B 3 min {& > PURZHAEEE (Ploidy Analyzer,
Partec, Germany) fHISy thf8 7 (HHg1E - F—
R B 2 R B8 ke 2 4 i R
2,500 {F -

EES

WESEELEF 2/ +LL 4 x 10
mL™ /N TR B Y NLN-13 8538 > D
RCHEHE 1 dBERREPHERE2 Wk B

T 1. FEF FEER MET P s & -

oot 3

EEAEEREE 2 vk RRABERER > R
VAR - SHFIERF At E BRI ERH
R FE 2 SR M B [F] - B L2 /M T3
FRFEAHE - STEF, A 3EAARE - DL B
& B-45, PR 5.43 ER &m0 HX R Tk
f BR1210, J A KR&k, - 72 mERE
ERE > AR TRAEEE ) K TRAFE3 N -

WE "BEREG, Bkt  TE
5 A B 3.0-3.9 mm Kz 4.0-5.0 mm » /N g
FLL4 x 10° mL JEAEHEE Y NLN-13 580 -
WY 32C B 1 d > REFEEERAFE 2 o -
HUEEE R E 3.0-3.9 mm Z/NET > P
JE153 7.0 BE/I > MELE 4-5.0 mm fEEREZ
INET o PR 171 BR/I0 > W b B R Y
R BEE (P <0.01) -

TER K&k, L4 x 10" mL™ 8 A
NLN-13 858K > [LE 32 CREE 12 K 3 d
HIRFE B ENR 3 Fin - BEKRE F
3 Tl e R RS ] P 5 2 PSS RE B A 8.3-11.4/
MZfE - BL2 d B Em - H5mE A=
FAGABCE - WS FE/NMETRE 4 wkik o
HEITER | RAEMBEHE - HE TR E80

Table 1. Effect of broccoli F, hybrid on microspore embryogenesis”.

Cultivar’ No. petri dish with embryo/total petri dish Total embryo  Embryo/petri dish
Chinglong B-45 13/14 76 5.43
Singflow BR1210 5/51 5 0.10
Known-you

Tender Green (SK:4%) 2/60 5 0.08
Known-you Ching Hua (&%) 0/5 0 0.00
Known-you Ching Hua No. 3 (GE#E 3 §%) 0/5 0 0.00

“ Microspores were inoculated with 4 x 10* microspores mL".
¥ Chinglong (B#/), Singflow (i), Known-you (F2 /7).

#*2. HILE BARG MEAFERELE O METHIEFE 28 -

Table 2. Effect of microspores taken from flower buds in various lengths on embryo induction of broccoli ‘Known-

you Tender Green’”.

Bud length (mm) Total petri dish Embryos/petri dish
3.0-3.9 7.0+£39b"
4.0-5.0 17.1+135a

“ Microspores were inoculated with 4 x 10* microspores mL" in the NLN-13 medium and treated at 32°C for 1 d.
* Means with different letters in the same column are significantly different (P <0.01) by LSD test.
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HE& 1 wkErgREZ > BRERL ZIMEHLES
2QPE - FER 3 PRURBERB R | RER
B 32C B 2 d FHis o 5 2 REMEAILL
FePE 3 d s BEREMEZ EREFERK
RS IR E R 2 2 RAR AR A B

DL TR B-45, 1T NLN BEIEURNE (28
KAE) DUk 32°CIRE R B (1~ 2 ke 3 d)
HEZE@RNTHE  GROKRIFR - BHE
B e e BRI DL 2 3 T 4R L R B
B S A EE - 6 (Hg B P Ll4 8 NLN 8
BARE 32CIEHE | d 15 6.9 fb/IRk& @ &
& R B NLN BB AR & 32C /e 3 dfY
3.1RR/I > HERSEHAIA R 4.2-6.4 BR/ILZ ] -
RS Z IR L4 53 B RS 4 mm (%897
% 4-6 mm Z[) BN 4 mm (ZE IR 2-3.9
mm 2 i) WS FHETE » fEAM (4-6 mm) J5
o BEEL - R B W TS R

% 3.

SAEE - EREMZ TR R 5 2
o R4 E NLN B E Al & 32 C KR
1 dJ&15 5.5 fR/ML & = 0 H &R % 4H & Bk NLN
BrEERCS 32CHliEM 3 d 2 1.4 JE/MERAh
BRI KRS/ 3.0-3.6 IR/MLZ [ 5 E/)
WE (2-3.9 mm) JiH > BPEA ~ = iE B
DLRe W R 1 58 B /NI B e B s R R
FRI2 NINEEAERKEES3R2CEH3d 2 2.8
AR/ o o HeR S pRHEAH G 1.2-1.9/11
ZfH e

DL TEE & B-75, /N B2 & X 1/2 NLN-
13K 32CHEE 2 d> HWIHFERE3 M
1S 665 E# it - & M FHRE & 21.5 [ (&
BEARER) - LA 5 2 FEERARR A 1T 2
I 2 M KSUR S $H &5l > lRHER 2 IR
&H BA J¢ zeatin 7 [EREF IS B E AP H
B2E 1wk FHEMN MS BEAREREPIEE 3

LLU32CIRMEREFIER A RS, MET A EREHIAFAE 2 -

Table 3. Effect of microspore culture at 32°C with various duration on embryo induction of broccoli ‘Known-you

Tender Green’ .

32°C (d)  No. petri dish with embryo/total petri dishe ~ Embryo/petri dish 1" Embryo/petri dish® 2™ Emgryo/petri dish’
1 11/16 83+1l.l1a 58+80a 26+3.7a
2 12/14 114+9.6a 88+85a 26+2.6a
3 12/13 93+99a 59+78a 34+41a

* Microspore were inoculated with 4 x 10* microspores mL™ in the NLN-13
¥ 1™ and 2" embryos were collected separately after 4-wk and 5-wk culturing, respectively.

% 4.

BB R R R H A A ES TR B-4S | METIRE R -

Table 4. Effect of NLN salt strength in combination with various duration at 32°C on embryo induction of broccoli

‘Chinglong B-45’ microspores.

Medium 327C (d) Embryo/petri dish Big embryo/petri dish” Small embryo/petri dish”
% NLN-13 1 5.1 +5.0ab* 33+29ab 1.8+£2.5ab

¥, NLN-13 2 42+4.7 ab 3.0+£3.5ab 1.2+1.6b

¥, NLN-13 3 6.4+4.5ab 3.6+33ab 28+22a
NLN-13 1 69+23a 55+30a 1.4+14ab
NLN-13 2 5.0+£2.0ab 3.1+1.5ab 1.9+1.4ab
NLN-13 3 3.1+£24b 14+22b 1.7+ 1.3 ab
Medium NS NS NS

Duration of 32°C NS NS NS

Medium x Duration of 32°C NS * NS

“ Length of big embryos = 4-6 mm
* Length of small embryos = 2-3.9 mm

* Means with different letters in the same column are significantly different (P < 0.05) by LSD test.

" significant at P < 0.05
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wk R Bl R (R 5) - GEREUR - REE
il B 2 B B4l P B M 2R R (E 1.7% 5 V)
PR A BN RIES > BMFERES R
18.3% : i T IEIHE BN DUB AR _EAE 25C M
17 1-3 d B KmH > Z1% S IR T E 2
IR 3 EHUKEFE LR K 1 d ERER
B fE o P REE 46.7% - HIY 25CF
RiRoKiEE 1d (3 505 d) SR E LK
EHEPOERREURD 5 4CRR TR TR
ARHR K B - &5 R BURBE & i K R BOE 0
AR R 2T > B 1-5 d FEYHEF
FERANEE > IR 35.0-48.3%
ZE 5 ERER 4CEOREREE B4R KEH
it (E#NEEE LR PHEMM R
18.3-25.0% . f »

i B B-75, NMETREEEE B AR ZIE
R HUHEE R DO =X 4T AR R A O A G 1 AR
8o GEIRANE 1 TR o 83RO 23 £ 0 Hop
A 8RR B S 34.8% 4tk 2 (55
60.9% > 1 Ffk 4 (5585 4.3% -

ER ]

TEIAEMEVH N TEE BHX

5.

oot 3

FA LA MHE £ E R 7 &5 (Lichter
1982) » SRR Z /M TR E R T E )
BT % ¥ fhfE (Ferrie & Caswell 2011) -
6] Ry 22 25 T Y B C R B AR - FAE3 /N
TR R #R e (Takahata & Keller 1991) o
RABUBETEFILEF, Bk FIAME
6] By BB R AR R B F, F R/ NME T8
ZE > RAERMEZERZRE > &SGRt

70

Percentage (%)

2C
Ploidy level

1 DUREARAE RIS E3E TR B-75, /M
TRAEERZ R RIS

Fig. 1. Ploidy level and its percentage from micro-
spores derived plants of broccoli ‘Chinglong B-75" as
determined by flow cytometry.

4C

FALH "B B-75, TEEHIIRLURME - Bl KRBl e il 2F 2 58 -

Table 5. Effect of desiccation in combination with temperature treatments on shoot germination of cotyledonary
embryos derived from microspore of broccoli ‘Chinglong B-75".

Treatment No. embryo Shoot germination (%)
25C 60 1.7+4.1¢
25°C cutting cotyledon 60 18.3+£17.2 cde
257 filter dry 1d 60 46.7+£225a
25°C filter dry 3d 60 16.7+408 ¢
25°C filter dry 5d 60 6.7+16.3 de
4°C filter dry 1d 60 35.0+10.5 abc
4°C filter dry 3d 60 36.7+19.7 ab
4°C filter dry 5d 60 483+ 11.7a
4C 1d 60 20.0 £ 6.3 bed
4C 3d 60 18.3 +£16.0 cde
4C 5d 60 25.0+18.7 be

“ Embryos were first cultured on MSB2 medium for 1-wk followed by 4-wk culturing on a hormone-free MS medium. MSB2 me-
dium- MS basal salts supplemented with 20 g L sucrose, 2.0 mg L, BA, 2.0 mg L™ zeatin, 0.1 mg L' IAA, and 9.0 g L' Bacto

agar.

’ Means with different letters in the same column are significantly different (P < 0.015) by LSD test.
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TEAE A A4 R A R BAE S ok > BLDUHE
BEEGGET N TREE SEEZKER
— o [H[E— M EE AR FEREEGG T TA L
ARER B IE » 7RI e S T S fRAE A EIHR A T
ELIE R e AR 2 IR PR - SRR A
R R A NE TR IR 2 BERAT -
BT TR EETTRSEE > REEN3
{0 B85y A Fe AR 4 ~ BRES B R AR DH Y
ELfl o Hep > FERFENRT - B (1) #
SE R AR R A RIREE © — SR B/
faFREEE L i/ DB ERZER - AILAE
i R A AR AN ZE M (Da Silva
Dias 2001) « ft4h - eGR4 RAVIRER > 0
B FEOEm ¥ MU E(E > ¥
RN E M N T2 S EH R KR
B o (RS P R R IR RIS 22 I R > &
SRR (R LR R - SR R4
B EEARERNERRETTRERE =R » 8
SUINETF DAHE R TR E - RS E
AEHAREAIARE - A T RE A ML 2N T
HIFRIE > ERERENER - 4£6F 1 F&F,
INETF IR I R BIRHE AR > £ 1
BB, K TBRIBE 3, ZfCE SR -
HE R B OV N B E AR o R BLEEZA D
FHIE R FE A - (0 H i B SR/ D - B
HAIESE S A 24 ~ M/ANIR S > MV T
20 ngEEfCEE AT LA MHE -
FERT Q) /NITHERE - —KE A
B G E R R RO N T BRI AR
BIEE > BNV NI TR SRR O E
s TEE TR EEBERIE L EES
EERIA/N ~ e B R AL L E S MBI
ARAE R BV HEAE » Hp DB R R HIE
Fy/NAT 3B IEERER A - B+ FIERE
ERER OIS - SR HE /N5
B B ZfEE R/NKRZ IR 2.5-4.0 mm 2
> ARl KE R 3.0-4.0 mm £ 8 2 6% >
EES R T Y &R B AN (KR
3.5 mm) - H/NEFHERRELMAEREZ#
R (BERRT) - WL BITREEERE L
a5 0 BCE RS EUE R/ANE £ 4.0-5.0
mm - {£5% 2 FEUR - HIEE BA R /MM
TH EEE 4.0-5.0 mm {L# > #5HE 3.0-3.9

mm & 8§ 7 {EEFR S 2 ERE - FonetEHE
Al e A 0 AL SNBSS T B
ZHBAER - A HINEF R SRS
BENTEINE—O5E - ARIAMERESL
EREANRE ZRRE/NEE RS E
IR 2 FE8E i E Y&/ N F IR a2 %
FF&E (Pratap et al. 2009) - AERE C3ME
BRI 24 CIROR 2 B R E R A RZERAT - M
W ZREN/IMEERFER S - WEARA
ZACEINEER -

BN Q) /MBS - HERRE
ik BR A PR i (R Y 4R RER SR BLAC 2R (LAY IR
5o DR EIRESE Z/NMIT - EFE/NMT
HETHREEHERE T > QIR T — SRR R
B AEAESEFEAR 5% 5 S m 1
BEE  MERE~ SRERgCELRERS
G E RS (microtubule) By 7347 » FEIEH IR
BT ERANNAENERREEEZ T &
| A K/ N R RS AR o 2 KR A R T
¥ % (Simmonds & Keller 1999) - —fi§Z£E
BHEY N FREERE EHNSEEER S
Ui (heat shock) » Jff f& 2 5% ¥ — SL fE BRI 48 [
JE SR fn i A 0 o 2 R > R 2R — i
B 30-35C - FREEERT 1-3 d > 2R AR
25C B4 (Ferrie 2003) « fE# 3 1 TR K R4t
DA32C R 1-3 d HIREAE 2 o 2= B A
= AR 2 d REEE I SRS 0 7
FEMRE LA (FEHAR) - HEE
—RHE M ERBERK > BHEEERE
R Y 2 AR B o BN TEREE 3 d
4H S TR HLAEBR B R B 2 d AH D 0 HEITE R
EOREMEERE 1 dE 2 dARENEEE > H
PRI IR ZE 3 d 0 {2 RIREIE INHV &SR
RE > F7 i e FR R T 48 = T e 48 R A FE
BT - (ERIGERKE N "TBRERE
INEFIRE R £ BN iE A S (=
S i K B W] DA/ A EE AR

FERT@GERE EEBEYEE
By FE2E W B 8 Nitsch & Nitsch
(1967) BEMAREC J7 » 074 0 e 2 I 400 %% i e P
(I-glutamin) ~ % B B (1-serine) Y NLN ji§ 2
BEA o RENEREAE 8-17% » pH {HAE 5.8-6.6
o ERZEERE R 13%  pH{E & 6.1
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B 6.2 - NLN-13 &8 A 2l NI F B &
HANSEERER ) HEEB PN EERE R
7 NLN EERUR R R MR S A A [F Y R e
(Custers 2003) - Da Silva Dias (2001) L 10 f&
FAEEHETHE > 5 32.5CIEM 1 d R H
2 d FyfE > HFEH 1/2 NLN $f2 — 26 5 K & b
MR 2E NLN A HEEZ R - £+ 44
"B B-45, DI E K FEE NLN-13 it & 32C
FRPE 1-3 d ETTER TR - BAGRERE
i 3 IR - R H AT R SR R B/ L 2 s B
REE > HERBRRANESHKE » FHRAEK
R 7T » 3538 R B v O o BRI R P 58 IR FH 3
KEEwEEHE - D28 NLNEEAR G
32CHEH 1 d 815 5.5 IR/ @ EIE& SR
FRIRIFMI 2 3 d > AILL I/2NLN S5 8 R A S
Z/NRE > BURRER RS A I R S R R
¥ IS PEL BRI 2 B Y s R/ )N
H/NEF 3 5 m KA IR EL S IR (somatic
embryo) & & EEE L &KBEETZAE ~ OLBAE -
BEMRREER A TERR > NMIFTEEE
TEMR - HORRSEEEREEREEE
R IR BRI RN e B 2 fE ik -
EEN—REEEA SRR /M
FHBMARZIE » BENA 24 KM 5
BEP e A/ NEEERFRE - —KiS
INEFHETE 3 wk 1% AR BN O] LB &S TE 3 1
HIRI IR R M I B R EEHA AR B A 2 [ R
Z BSE{MS 1 E AR - DIHEM (B. oler-
acea) Ryl - BEREEK TN % B RERIELRLE
35-70% =2 [ (Babbar et al. 2004) - B&FE JR AT
FedimE A g0 ABA (abscisic acid) ~ &
fiR7K ~ ROR (4C) PARORIN/D & 4 & 5 8 2k
FEE A E 2 EER (Hansen 2000) © {5 5 444t
11 fE R AR S SR IR BRGS AR - UIRR 25 -
B K~ ROR B A B e s BR AT 2 3 > Horp DL
Ht /K e B Hh 2P AR R i - DURE &
R K R B ARE - BEZR 25°CORE TREZK 1 d H
AR 46.7% o BT 25CORE T LR AR 7K
a1 d Bl E RS RS 5 iDL 4CROR
FCERKEHE 1-5 d BRI R 212 -
BUR 4CECREC & M /K ps 3 B A 88 E 2 i 2F
(R HERLR » HIZERAF 35.0-48.3% 2R &y
—f ¥ B. oleracea T H 7 THIH -

rere

]

66 % 531

INMEF BRI PR AR Z L
FEAERBREE A A2 TH - FH/NEFIZK
ZHEME  Biwm FEREER - EER EH/NME
THRIBMARZ HEEKERS —EtE R OREE
2B > B RSN M — R e B8 e
Bl RITB - R H R S IREREE
H5 I AT O = (fusion) » 58 B RE AE RCA]
BRIyt g% > 210 (Aionesei et al. 2005) - LIS
A HHHNME TR TEEEGRESES
BAERMEZ 2 (58 (DH) fEkk » RIELAEA/NE
MEREERIR - BGEIER LERFEE—F
Hii e B EE - 228 M ERERETE
RN FZEAT - G5 (1) MR EARE -~ (2)
INETFHIEE SR - 3) BBV IR -
Takahata & Keller (1991) {# & (L3 /N T
HERGHEEHFEER EPAEEHES0%
S Bz > {2 Farnham (1998) {#F 6 &5 1L
FonfdE o SEH 53-56% 52 2 ik 0 R
%2 ‘Marathon’ fnfd » 2 fSHGEEAR %2 78% -
Da Silva Dias (2003) 2 F (L3 /N0 1% % -
HpEAMBINZ 2 fERaEh2RFy 43-88% » i &
52 BRI RE N 60% ML EE M E BTG
BRI - Aslball TBE B-75, INET5S
BIESZ 23 PR/ 1T R 40 M Aol - 2
R RS #60.9% R ABEEE
34.8% K 4 fZEE > 4.3% » o TBEE B-75, £
IR EE R A RS B A %S 0 DH
TEMRIEZGEE E 60% » WA FFZFEBIROKIIZE R
HEITEEHEE StER 2 FESETEE 0 B
NEEE® EZFIH -

5| Rk
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Development of Microspore Embryogenesis and
Plant Regeneration of Brassica oleracea var. italica

Chi-Ni Hsia"", Uei-Chern Chen’, Chin-Yi Tsao’, and Yi-Mei Chou®

Abstract

Hsia, C. N., U. C. Chen, C. Y. Tsao, and Y. M. Chou. 2017. Development of microspore
embryogenesis and plant regeneration of Brassica oleracea var. italica. J. Taiwan Agric.
Res. 66(3):184-192.

Brassica oleracea var. italica is an important vegetable in the world with rich nutrition for
human health. The objective of this study was to establish a microspore culture system using elite
broccoli F, hybrids from Taiwan to produce doubled-haploid (DH) lines for breeding purpose. Micro-
spores taken from 5 commercial F, hybrids were surveyed for embryogenesis. Microspores were inoc-
ulated with 4 x 10* microspores/mL into NLN-13 medium in combination with a heat shock treatment
at 32°C for 1 d before moving to 25°C for culturing. Embryo induction was found derived from 3 out
of 5 cultivars, among them ‘Chinglong B-45’ had the highest embryogenesis rate. However, two cul-
tivars were found without any embryogenesis. Microspores of ‘Known-you Tender green’ were taken
from two different bud lengths for embryogenesis. A higher embryo induction rate (17.1 embryos/
petri dish) was obtained from 4.0-5.0 mm length of bud than that of from 3.0-3.9 mm length of bud
(7.0 embryos/petri dish). An experiment using two culture media in combination with three durations
at 32°C was conducted using ‘Chinglong B-45’. Among six treatments, NLN medium with 1-d cul-
turing at 32°C had the highest embryogenesis with 6.9 embryos/petri dish. Various stress treatments
were conducted using cotyledonary embryos derived from ‘Chinglong B-75’ to improve germination.
Treated embryos were precultured on the hormone containing medium for 1-week followed by 4 wk
culturing on a hormone-free medium for shoot germination. A low shoot germination rate of 1.7%
was obtained from the control which was without any stress treatment. In contrast, shoot germination
rate of 46.7% and 48.3% were obtained from filter paper dry treatments at either 25°C for 1 d or at 4C
for 5 d, respectively. Ploidy levels were analyzed using flow cytometry for a total of 23 microspores
derived plants of ‘Chinglong B-75’. Rates of 34.8% and 60.9% were obtained for haploid and diploid,
respectively. A high DH production rate of 60% derived from the microspore culture would facilitate
breeding program in practice.

Key words: Broccoli, Embryogenesis, Doubled haploid.
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FE CBI10 Htk3s &b K

#E (rice bran) Z I (4% RBCB10) #47 #] % 5% 3£ 7 9% 14 Foll46 M4k 4 4 A& KR RME - RAIRARIENE R

ST E P2 RBCBI0 # &bkt k%

ORI HIRA 0.5% (W) K 1% (w/v) 2 RBCBI0 % R &5 %
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RBCBI10 Z R 5 A& H HANE - =T MK R 9% o9 TR 9% L 1K 26.7% 5 Mo H 4245 0.5% (w/v) RBCB10 7w R
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PooREREFRERARZIAR

RASEER - NAEHE - Lasmenia sp. ~ THIZEEH ~ K

IS

fEPIN 4 (endophytes) » H Al )2 %
TZEBR EVBEEELENEEEREA
EYIREN > WEBENEYEST > B Agsit
ZF E Y E AR (Petrini 1991) < H
AT AN A B E 0 RS EEYRE N ZE £ R R 2
“RAHEY)  (REF EHEYA ZEHE IR EE
=g 7 i FL Bl 8 (Strobel & Daisy 2003) o
NEHRWNT EEZ » (REAREYEIRAEY)
NS A - Bl EAEE TEYHEBER
HEY)  Hrh a2 b REEY 2 NE
EH (Strobel 2002; Tejesvi et al. 2007) o HEE
ENLEEFERNBE ZERIN - TFEKER
JEF| 2 > Proenga Barros & Rodrigues-Filho
(2005) 5ttt » H=EBRHE [Murraya panicu-

lata (L.) Jack] Ft57 8 N 4R B Eupenicilli-
um sp. 1] EA BRESERREE Z Alantryphenone »
Alantrypinene J; Alantryleunone %5 4 ¥ (i -
FEAN » B EEES B A (Cinnamomum zey-
lanicum J. Presl) J A4y BRI N4 B Musco-
dor albus Worapong, Strobel & W.M. Hess >
I ] AR SR 4 B RS I B AR R S R Y
HERE > BEB I Z MAYE LA (myco-
fumugation) (Strobel ef al. 2001) -
RBTHREEZ B G 2014 FRER
FH > GEEMEHEDZRY - Grt ke
EE Mg E - BARIE BT sk HhEFHM
ZWREA 10 EEREM - 3 MAE M - 6 EKE
K 1 fE4gE: (Wang 1995; Hsu et al. 2002) - £
> B Fusarium oxysporum f. sp. lycopersici
(Sacc.) Snyder & Hansen ff 5] #E > & i 25
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7 (Fusarium wilt of tomato) Ayl 3 B[R &
HF s ZWRERLEERERE > RNEnsE
BURCPRFT S O EE S EARR(L - MirEEb
F 4B R Ag{k (Huang et al. 2012) < HA[508

EZE AR o HANGEAEE LR - Wit 578

H Al % DUGG 2B B HUR M A% W =
MR AP 2 ol RS L3 & AR B
TR EMZERFENEZE - B (1) fE
PURBHE G EFEER Q) TS )
PERE N A AR B 0 B DAL 2 SR B A TS X
038 ¢ (4) HRAE L BB 4 ¢ (5)
58 A HEEREAE & i 0 ] BLK RS T dm A
(Sun & Huang 1996; Huang et al. 2012) » 555
EVIBTaTIE - HEFZMITiaH 0 Penicillium
oxalicum ~ Trichoderma sp. ~ B IR & K Pseu-
domonas sp. E75 (KA ZE I8R5
(De Cal et al. 1999; Srivastava et al. 2010) ©
MEHREL S EBREHENER 3

%= B Y R 2 LB R EE R T R MR T
% WtsHRE#EpaReaE 2 BT ExR
REEZRE - JERWNAERERE R HIBRINYIE
A= RRHEYIFEHEMZE B 2 HEED
KGR E A Ho (2011) 2 & o i ¥t il i
BN B5 2 =B R EEE Y T (Citrus
medica L. var. sarcodactylis Swingle) FEJH4EE
B ERR(CR By CB10 2 Lasmenia sp. N
AEFEEENZEARK - LRI RCFE
CB10 EHRH GBI RAY 9 EEYRIE B R
BRI E - HAEMHIEREE - EhH Fu-
sarium oxysporum HH BT 7 £ RHNHIRER -
AKWge BWY B (1) M &t Lasmenia sp. CB10
EIRIN R [EREEEE T ¥ F ooxysporum f. sp. ly-
copersici [ P Foll146 Z fIHIER 5 (2) 73 H17R
& Lasmenia sp. CB10 Bk 2 A 5% B E ¥
fiERZFE Q) tHERERET » AS
Lasmenia sp. CB10 EiEFE A E R aEMZE
JA9A (Fusarium wilt of tomato) 7 X5 »

MFERTE
PHRENEPAIKIR
Pk B B AR CB10 B Ho (2011) H &

rere

]
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T B RGN > P EEEE Y T
AL TERR T o7 8 < N A E A Lasmenia sp.
H R LR B Y % AR R B R A SR M oy T2 B
EEEREME - BWE (10 g soil, 1 g agar, 100
mL dH,0) ¥ £ K5 EREHEIE NS (potato sucrose
agar, PSA) AR EABRI A - 7 25 CEkE
R BHERRERGTREETJEREN -

A 5% P it 5K 2 50 ZE B W B (Fusarium
oxysporum f. sp. lycopersici) FytRAFH> 1 B A
PHYEFERERENEE Y F2HERES
HHR  EERUSE Foll46 » BRI ERES
EfEIEAE (potato dextrose agar; PDA) R} 5%
BHEF R 28CHEERRERAEMEELIE 12 h
HEITHERETdREH -
BINZ AR FR TR

¥ 2 R 7 d 2 Foll46 Efk&LL 9 mL
ZIE KRR T o AR A LK
EDEEEE (121, 15 1b, 20 min) JE BT #H LR
WhEzEEL (Wh+ @ JHEZR 1 K =200 : 100 : 30) (w
Cwov) o BREE (25-28C) THEE -
AR HEDHEREGHELRS  ENEE%
HEER - BE 2 wk 1% 0 RFEH UG A0 AAE
[E 35 1E (49300 g) FHSLLAAEET (20 mesh, 0.840
mm) A ES 2 2R R A 2 115 A
RFE A 10-20 mL fi & /K HORH - L
' wk RiETTIRHZ - [2Rz1e 2R & - DAY
W AE oy e (RT-04, Taiwan) JEREGEH] - /&
& BBy N TR R R TRy - S5
k2 FhZE P E (Foll46) 138 DL SR 7K
E A HE (quintozene peptone agar; PCNB)
SRR E B B & U7 A E L EEE & (Nash er
al. 1962) -

BN EEEIEE Lasmenia sp. CB10
BREENZE BAREERERIVIIHEI
=S

788 HY 3% 28 R (oat grain) ~ /)N 28 i (wheat
grain) ~ SK# (rice bran) ~ T (soybean meal)
2 Wi fH (sesame meal) K K25 ALK& (mush-
room sawdust) 5 F JIEAEE > bl 5L e
B HR (£ 0.1 em) 1% > FEEL 40 g 7 [EREAL
EEPHEICHEEEMmS » WA 16 mL i
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FHK K HEEEE 40%) > DlErh s BRI EZ
AA e B 25 CMIEYEREE 7 d 2 Lasmenia sp.
CB10 Efk > DI 8 mm 2 TFL2% » tJHUE
FHIBG ZHGEE > W8 [EFEGEBIALES
EREEE Z B CAH A IR » BN 25C
WEyerzE 28 d BB EEWFEA -

DIAE Ry 8 mm Z FTFLESIY PSA Sl
DR A ER %  FREEERE R E M -
LS & CB10 Bk 2 A [F B E A - 1
25CHIEREE 3 d 1% > DIMEEREENZE
JERE (Foll46) T T (1 x 10* spores
mL") B CB10 Hik > #3% & E - Ll CB10
EREEZ B PSA 22 8 mm & 4% (B F B ¥ 13
4 0 Y 25 CaR IR RE R 5 d IR ECERIBIRE K] -
R 3 ER -

WINARELEHI RBCB10 H&EMMERZ &

28

i

o BALEE RER » SR OREREYE 2 Las-
menia sp. CB10 @& » A 8 fin H #1613 i =
SR B Folld6 B PEAE R ZRBUR - I & &R
Ep e DURME (rice bran, RB) & CB10 2 B2 K
'H s & CB10 Eik 2 K f5 RBCBIO -
B AT R L TT % RBCB10 2L 0.5% £ 1%
(w/v) Z BB 53 R &8 S0 = B E 2 R
f%+ (BVB Substrate, The Netherlands) H* »
WK EEEREG  EREENE - BB/
WEKAL 120 rpm #HH 3 d ZHBNE T (B
7301 &%) By & RBCB10 2 /X (8
cm x 16 cm) H - JAfEfE 7 d 12 BRAGEIEEHE PR
ERE - WENFNERER % (leaf number)
EAPES (plant height) » &SN 1 20 > L&
3wk glBE L 0.5% B 1% (w/v) BBl 2 RB
3 BRI &S = B 2 R e - BRI i
B EE 2 e TAE BB IR - Aalbnfg s
HESRK BEAEI K-

' RBCB10 il LIEA B IMEARE
2R

AT H A B A4S R > S E DL 0.5% B0 1.0%
(w/v) ELBE & RBCB10 1% » B 1 2 JE i
T EbE: B E N REFEERE > WEE
sAEE L 0.5% (w/v) LR & RBCB10 « & 100

g & Foll46 & £k (5 x 10° propagules g soil)
ZIR S HEE 8 em x 12 em (Y PP #'E ¥E
RN BHEL0.5% (w/iv) BBl RBCB10 fiil A
‘ARG - ARBLUES 0.5% (w/v) RB B
KBGEEZRK LIEREIRSE - BERAF
BNEM (24-28C) > 7 d BT RS RN
Foll46 FtkZE & » LA 7 d RfElE - HHE
6 X - FRFHELIHAUE 10 g )REFREEZJER L
NN 90 mL Z R K - B EEER - #
17 10x Z IR AL 2 i 22 PCNB ~f4R > 5-7 d
BITHEEBYUE MRS RE R ENE
HREZEE
LEERN[E] RBCB10 BRSPS e & NE
AR R

AalEptbag 2 i H 7 X BB F
ZHARZUE E1LEBIURES 0.5% (w/v)
RBCBI0 i 55 B i /18 > % fi il 1 e {7
T2 RBCBI0 ZJE ik & » /7 #57E 21 d &
BERNNE S R4S cm S B ENERBFEE
(Fol146) i+ (5 x 10’ propagules g soil) 2
BT o s DUER TOREE 0.5% (w/v)
RB B8 BLJE [+ A (50 {01 72 0 38 A B 38R
e FERBENEE 25-350) BiET7d1&
PRI Z W BERE - BER7 dEZE 12
KPR TR - GEM S BHER > FEEI K-

E2fE AR B RBCB10 LL0.5% (w/v)
LL B E 2 B & Foll46 & fii Z R E (5 x 10°
propagules/g soil) Z it HETTH SRR
TEER TS em BOBEBRE > KEH 23R
HEZ BT BHENRZ BB - sl
Je B TR #E 0.5% (w/v) LhfI 2~ RB BLJE f% +
RAEAIIEE BB IR - SR EFRE
(25-35C) " #1E 7 d 1R BAGEIZE ST F RN
HEMWR7dBEZE 1R BT R - GEH3
B GEE3IK-

AT B 7 A0 2 TR IR ARy By 0-3
B 0GR B MER F(LZEH S 1 4k <50% 2
HERHEAR 248 > 50% 28R #E k3 4k
EtkE(LFER - BT - MR TIIIAKGEE
FEIRE (disease severity) :
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Disease severity (%) =
O0xny+1xn +2xn,+3xn,
N x3

n, - ny = ZEEHRAVIERE - N = EHEPRE -

x 100

TR
AEEBIEE CB10 B EMNE
B E i RANHIER
CB10 BRI B S I3 A0 8 K

B Z R EUR » DOKIE (rice bran) 554 CB10
[ PR T 15 B 47 2 MR AR - A B2 CB10 B
PRz R MR A 5 B E A B AV FI R 2 1.5
cm > TfH (soybean) X - HIFEIE 1.2 cm ([F

1) ST > LUZRIH (sesame meal) A2 b
KJE (mushroom sawdust) {F AE/E & CB10
FME  HEMEERE L& ZIHIRER AN E
NI {E 7 3 Ry 0.4 cm B2 0.3 cm -

AWINRELLHI RBCB10 H&EMER
s

=

PERES

BL0.5% B2 1% (w/v) bl 2 RBCB10 j&

1.8

EBVER TR  BBEIETREA - BEEE
HIGESFER B FE A EE 21 d & 0 2L0.5%
B 1% (w/v) EEFIZ ok (RB) JE& 2 JE ik + 8l
RININZ $HIRAH bR - MR 2 BEA R
FHERH B MR 0.5% 2 1.0% (w/v)
tb B 2 RBCB10 2 JJE f& 4= » RIl o] 3% fin 2 7ii 8
RZER & Hf PURE 1% (w/iv) il
RBCBI0 &G REHE (R 1) - Hikm &R
BUr > DURR 93 BEE 0.5% B 1% (w/v)
EL B 2 RBCB10 B0 2 JJE f& 4= 35 Al bk

Ay A By 1245 13.2 B 12.8 om > B
o REREFIRE 0.5% 50 1% (w/v) LEA

Z RB» HHE 7R A 10.5 cm B2 8.0 cm > 8
7~ RB ¥t 2 4 RAMGIET > MEUEE 1%
(w/v) RB ZJJE % + 52 B 3 i 4 v A2 % i BH
(E&1-

RBCB10 ¥ TIEAENE
WER

4 RBCB10 1, 0.5% (wiv) LL{IEE &7 Fol146
R % o AE RS I Foll46 ik R &
b &REFFES ?ﬁ% 21 X » Foll46 ES‘E’$£
i 5 x 10° propagules g soil F#EZ 1.6 x 10°
propagules g soil » 55 42 KHIT#EZE 8.4 x 10°
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1. Lasmenia sp. CB10 EE#REFE A EIEE B HANHIEIIZ BRE (Foll46) 2 2% -

Fig. 1.

Efficacy of Lasmenia sp. CB10 cultured on different substrates on inhibiting the mycelium growth of Fusar-

ium oxysporum f. sp. lycopersici Fol146. Means with the same letter are not significantly different at P < 0.05 accord-

ing to LsD test.
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F 1. BREGRE TR EEEFNE S K (rice bran, RB) BiI%E Lasmenia sp. CB10 Etk 2 i (RBCB10) ¥
piliaey s 7
Table 1. Effect of soil mixed with different ratios of rice bran (RB) and RB grew by Lasmenia sp. CB10 on the
growth of tomato in the greenhouse.
Leaf number Plant height (cm)

Treatment 7 14 21 7 14 21

0.5% RB’ 1.5 2.1 2.6 be 4.9 8.6 10.5b"

1% RB 1.3 1.8 24c¢ 3.6 4.7 8.0c

0.5% RBCB10" 2.0 2.3 29b 4.9 9.5 124 a

1% RBCB10 1.9 1.9 34a 4.7 6.2 132 a

CK (soil) 1.8 2.0 2.7bc 53 8.7 12.8 a

* The day after treatment.
¥ Rice bran.

* Means followed by the same letter(s) in the column are not significantly different at P < 0.05 according to LSD test.

¥ Lasmenia sp. CB10 grown on rice bran for 28 d.

soil ;

propagules g T IR A AR R B R
NINEE Z Foll46 i+ - )3’\ 42 RAT553 1

4E FF F 3 x 103 propagules g
soil ([E 2)- 45 HF/EH >
RBCBI10 1% » ELA (R 32 | & i

propagules g’

JEREEHIRUR -

N[E RBCB10 MRS\ EHFIIE AR

Ual=pVES

ISR 2 0.5% (w/v) RBCB10 3R 5 - fE
REBHNEZ TR ZERER

"soil 12 x 10°

gl
E =L

PR 49

K> BL0.5% (w/v) RBCBI0 /& i & i A48
R o FRIRIE R 66.2% » T AN JE %
TEBLRES 0.5% (w/v) RB Z ek THYFERE -
S3Hl By 88.9% B 77.8% » 45 HURE S 0.5% (w/v)
RBCBI10 B HH/IME Z R A A R R EEE
YRR » R 1 AT 26.7% ([ 3 A) -

55K RBCBI10 L 0.5% (w/v) Lb i & 2 8l
BB TRS - BHEERE 23 REEY
Fhishm 2 73 @RISR TEE 49 d
% » HRERE R 55.6% 5 M EL 0.5% (w/v) ELpl
JBE RB Z g B BUR R I e R E 2 ek £

4.5
4
% 351 L a
[(e)
E‘Tw 3t . b
c > ¢
L8 251
c >
sg 27
© 9
548 15}
=1 —= Fol
0% 1}
S —i— Fol + RB
05 | —e—Fol + RBCB10
0 7 14 21 28 35 42
Time (d)
B2 EfkSRA 0.5% (wiv) RECBIO /BN (S H b A2 IR (Fol 146) IRRER 2 B8 -
Fig. 2. Effect of 0.5% (w/v) RBCB10 mixed with infested soil on the population of Fusarium oxysporum f. sp. lyco-

persici Fol146. Means with the same letter are not significantly different at P < 0.05 according to LsD teg.
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T 7 il By 96.3% B 100.0% > f5 H DL H ##
SEE 0.5% (w/v) ELfl RBCB10 7 g5 > 7R B
HIREFHRESFEZNR > BHERRZERE
AJFEAEK 40.7% ([& 3 B) -

S

B Lasmenia sp. CB10 FFREFE AN [E A

o A R i 2 R B R R AR R AR R
R BURFOR BB A E 4 R Y CB10
th o BEINZEERE ZESRERBEAEIFIH

R BN RZEAEEE Z IHIR R &
REE - HNAH R 2 S AT AR
REZILHIRE > mikEZVEEFIAE S22
EMEYIERIES (Ripa et al. 2009) o SRiRBLIH
MEEEEEYE  MRXZEBERER SR
EY)E (Huang & Peng 2008) ; E[E/E friyhi
EELBITTAE B2 2 CB10 E R PLEDE Y E 57
WEE S Z R

PORZEBET » ELEIR A FEEF 2
RBCBI0 B EFEEMEMERES - &3R5
th > JBE &G 1% (w/v) RBCB10 ZJEfR 1 » BERE
WhnFEmSEZER S HARERE L R

M 0.5% 5% 1.0% (w/v) 2 RBCB10 ¥k if 4
HERE > B CB10 B 4 E M EAE R

rere

]
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Khan et al. (2007) ©&¥5H > K38 2 ki
BAEITRBERFTEL Y 5E - SRHLE
ARBEFAFEEYEZMGREENERNE
ZF o HEM 1% (w/v) Ll ok RS 1188 s mT AE
Rk > B4 e SEEYE  EigEFHFmm
TR 2 262 5 W80 1% (w/v) RBCB10 »
HA K BE T B 2 #: CB10 BE#RFT R - %
EREFBMEFRERZATPE - #R0.5%
(w/v) BBl 2 KRR T RE A T 38 p 38 s - (EA
e plE D BEYEN LIEERET
HNBEHMIRTEREERNHE - AL £%
AR HH el e A B e RE LR » A 0.5% (wiv)
RBCB10 #58 Fy /2 #EFTHE MR AE I B i 926
SEEME BB A LR -

SREGEET o ELECRE RBCB10 ZJii 7
B FHZE RO EBR - ERERURS
RBCBI10 ZJEfR LM AEEH N E 2 I35 5
RBCBI10 H #2277 B i e 4% 3
FE R 2 RIS - (AR L
2R E - R G RBCB10 2B+
MREHENE  BAHEE CBI0 HikkiTHE
BNEMLERE - EHRNREEZF CBI0
HEBERXEEBNERNIESE EREER)
HE I R By 8 Al AR £ 2 o7 P k% 5| CB10

e —
(RERR - K2 > FURI 1% (wiv) LRlZok  BPR - iRk CB10 B PREERER T 2 A fR IS Y 380U
Mg R msE A REE - TTEREREN - AR : H CBI0 Bk AR&EE - EEEEE N
100 a

—~ 90} —o—soil q | =& soil a

X 4| =RB a | =+RB b

> 70l —--RBCB10 a —e-RBCB10 a A

z ——Fol a [~ Fol b

0 S0F , Re-Fd b | ——RB-Fd p

[} 50 | RBCB10-Fol | == RBCB10-Fol a ab,

D g4l 2

@ b

% 30 | b b,

S 20 b i y

= 10} a c | b

8 orm SN !

7 14 21 28 35 42 49 7 14 21 28 35 42 49
Temperature (C)

3. CHEMRE MR 0.5% (w/v) RBCB10 HY 5 A HPaEIIZ AR 28R - (A) 2L RBCBI0 {F R E
8 ; (B) RBCB10 EAEBR AL e «
Fig. 3.  Efficacy of 0.5% (w/v) RBCB10 with different treating way on control of Fusarium wilt in the greenhouse.

(A) RBCB10 mixed with peat moss as seedbed soil; (B) seedlings planted on infested soil amended with 0.5% (w/v)
RBCB10. Means with the same letter are not significantly different at P < 0.05 according to LsD teg.
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Z R SR R HREE - B Larena er al. (2003)
is o ¥ Penicillium oxalicum &N & b
MAa i H > w18 P ooxalicum WHEH RN B
/8 B AR AR E’Jﬁ?ﬁ?i HEMZE
MR EFFEMERIPT AR > 280 CB10 FERA]
NEHE > ATRER CB10 Bk (H 7 B B fB -1
BT 2R EaER e AR -

7% RBCB10 H #F Bl s LR & ¥ 13
FhZE AR E 2 % T - BURK RBCB10
E%/d\\ﬂﬂﬁ/\ﬂz fe b 20 A7 CB10 Ffk

AR AR S EREE N E BN E AR - fH
ﬁA*fL/ﬂ?ﬁ; ST Rm— ENERHE » HE—
22 A [E R AR R B R & CB10 B Tﬁi

IR E BB > HIEYE 257 mlBE
&5 ° Vinale ef al. (2009) M 5'3[5]5;:[
By R B L [E SR I - vl DA B b =
RBEY Z /T « RUFRFIEZEE] Kok
Jrﬁﬁ\ Bt 2 R W EPEN RS
B T R E Tﬁﬁ]mﬂﬂ*ﬁ‘{ﬁ > |]
)ﬂz%ifﬁqj%%* TR AR > BEL
%%Mkﬂr 4 R E R - Tu et al (1992) 7%
e BB ACE S TR 1 8 PR R
HIAE R - K A4S 8 > R HEER CB10
FH PRI A T EHp ER > RBCB10 DLE #5R
jmji_t/ﬁ: NEEEMERFRE . LED > &

N7 AR E 2 £ & > #EMLER
975 i B RN AL A AR %?Jﬁﬂ&ﬁﬁ“*ﬁrr
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Screening the Culture Substrates for Endophytic Fungi,
Lasmenia sp. CB10, and Evaluation of Its Effect on
Control of Tomato Fusarium Wilt

Pei-Hsin Lo', Wen-Chuan Chung®, and Wen-Hsin Chung””*

Abstract

Lo, P. H., W. C. Chung, and W. H. Chung. 2017. Screening the culture substrates for
endophytic fungi, Lasmenia sp. CB10, and evaluation of its effect on control of tomato
fusarium wilt. J. Taiwan Agric. Res. 66(3):193-201.

The endophytic fungi Lasmenia sp. CB10 was isolated from medicinal plant, fingered citron
(Citrus medica var. sarcodactylis). The screening test indicated that CB10 grew in rice bran (RBCB10)
showed highly efficacy on inhibiting the mycelium growth of Fusarium oxysporum f. sp. lycopersici
(Fol146). Moreover, peat moss mixed with 0.5% or 1% (w/v) RBCB10 did not promote the growth
of tomato seedlings significantly. The control efficacy demonstrated that the infested soil of Foll46
mixed with 0.5% (w/v) RBCB10 could decrease the population of Fol146. Compared with different
application method of RBCB10, the peat moss mixed with 0.5% (w/v) RBCB10 used as seedbed soil
then the tomato seedlings were transplanted into infested soil of Fol146 could decrease 26.7% disease
severity of tomato Fusarium wilt. On the other hand, the infested soil of Fol146 mixed with 0.5% (w/
v) RBCB10 directly could decrease the disease severity by 40.7%. The results suggested that field soil
mixed with RBCB10 directly might be suitable for delaying the severity of tomato Fusarium wilt un-
der field condition.
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Cymbidium ringspot virus ¥4k S RN < 207 e L HE
PRAH Y T

e

Bt ~ T8 © 2017 © Cymbidium ringspot virus 78 R MU foRl A 2 @ R HIER - &
S ELSETHZE 66(3):202-218 <
Cymbidium ringspot virus (CymRSV) & H A B A ZmH > B EA NS KA B EZIBF L Lk -

AT ST R B AT H AR B Rt T A RUSK A A 0 AR AN AR B B - BRIk & 0 AR
CymRSV #5%& & (coat protein; CP) Z 4 ¥ B /- 7]3% 5t 2 405 F# - J& A5 R ik- 3 & Béh 45 R &% (reverse
transcription-polymerase chain reaction; RT-PCR) ° CyRcpu/CyRepd 5] -F# 7T 3813 i £ CymRSV-CP A FH 2k
B sk 7 R 4 1370 bp 2 F B0 CyRw/CyRd 51 F #7738 18 h CymRSV-CP & B S ¥ & £ 540 bp Z A
0 7 RT-PCR ¥ 35 7T S 2 #8 ] 77 & 2 CymRSV RNA A2 4 R &% (DSMZ i 5%) > Ao T2 4845
ZAZER Y E 4 - CyRu/CyRd 51 T #7 60CHR &M /Z T » # RT-PCR ik ¥ T £ — i b CymRSV « 5 4b » 4
# CymRSV-CP 3k F 7 71 3% 5t 4 #5531 F (CyR-FIP/CyR-BIP/CyR-F3/CyR-B3) » vA R ¥ & - 17 18 53X A% 8% 38 h& ik
(reverse transcription Loop-mediated isothermal amplification; RT-LAMP) » T 7* 65 CIZ A% F# 1 h K& P &
DIREHRH FAZR Y T EEBEABREHFRIELER - TR — I CymRSV X AZHEH B > BH G#
RT-PCR #) 25 4 2 EHJE o & S nlikH @ » AATIRE A% CymRSV 2 R E$HE G A & » B4
# pET28b &R BLIAY » # Escherichia coli (Rosetta) %u ] f7 £ P #47& G KRB > HEF 5 T &4 41.8 kDa Z akd
M & BL%& G (BEP189) » H.¥T ¥ 2 & B 4 7 & = CymRSV % 7TinBd & A E R & ; vA BEP189 % & /R P %
2 % Ty (CymRSV#189) # Ml K -#% % i 4 § 72 R R & (indirect enzyme-linked immunosorbent assay;
indirect ELISA) & 7 7 2 ¥k % (western blotting) K& ¥ » 34 T# L FRZ Rk & AE T E 2 CymRSV %
TEAR AR AR S A A ERJE A2 AL R IL A MO R 9 LB IE R A A ERE 0 AR X 5 TR T R
J&E A CymRSV 2 & — M4 % 9% xR 48 5] o K#F 52 8 R B 45 RT-LAMP %7 CymRSV X 4 B2 e bz vA 4 B 3
SeE AT o AT R R A A K AE L ¥ CymRSV B8l 2 RT-PCR #47 > H A # = % T4uil T H 2 s
%] CymRSV -

FA%EEE - CymRSV ~ MM  RT-PCR &Ml ~ SOE- DRI AL B IE I8 -

'ﬁ‘fj% 1963 £ 1 5% B g & 2 B (Cymbidium spp.)
EWEE Rtk R E A S G REL (chlo-
rostic ring-mottle) > ¥ Bl Cymbidium mosaic
Tombusviridae F} ~ FEHtite %% 558 (Tombus- virus (CymMV) e L R B o R R A R

Cymbidium ringspot virus (CymRSV) & 7»

virus) (ERALE 75 0 F AL RNA 288 89288 (Hollings & Stone 1963) o JHfs 245 18 5 »
AOTRGEH kDa HHERANIBE  EEEEHRME - BES0 e
€ 30 nm (Fauquet et al. 2005) - (s E Y /KERE - 1 fEfE 1 3% 50aa 450 8% (Hollings

WREHE 2016 29 H 12 H ; #<HEH - 20164 11 H 14 H -
TEEER ¢ chinzue@tari.gov.tw
‘Bl BT YR E RS - 88 5T e
PEZGEEAEB YR - 58 S -
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et al. 1977) - CymRSV ¥ i & £ j* E A FHY)
b ERpE SR L EEEZ - HAT
RAEBON S A i - 508 iR
LB ERE - R EA M T EER RS
(strain) » HE TR 2 AL E & (white clover,
Trifolium repens) (Hollings et al. 1977) =
% (Cymbidium spp.) (Hollings & Stone 1963,
1977) > w48 ehy 27 F P2 0 R i 0% B JE 0 BL )
Al © CymRSV E1E 1963 > B b #7885 1% -
2000 4 A A P A B 4G | 42 % B (Elliott et
al. 1996; Siegmann et al. 1998; Freitas-Astua
et al. 1999) - HEWE KA T EIEERM M H
CEEERNAEEE - 0 EERRE TR
EERE RN —ERERHRERS B
TEEEA B ZBE - RILA O ZEN5EEH
CymRSV 2 B&HI > DUFH #3284

B P b H A0 8k o] R BIAE 0 3 M
% 30 f& (Zettler et al. 1990; Zheng et al. 2011b) »
H th CymMV B Odontoglossum ringspot virus
(ORSV) fERAE LG w4 » o] R B fC Ay s
BE% HECEESEANTER/{ERE
(Zettler et al. 1990; Wong et al. 1994; Khentry
et al. 2006) - BB HE A REAHTZHER
¥& Capsicum chlorosis virus (CaCV) (Zheng et
al. 2008b) ~ Carnation mottle virus (CarMV)
(Zheng et al. 2011a, 2011b) ~ Cucumber mosa-
ic virus (CMV) ~ CymMV ~ ORSV (Chang et
al. 1999) K Phalaenopsis chlorotic spot virus
(PhCSV) (Zheng et al. 2008a) » H th PhCSV
1 Basella rugose mosaic virus (BaRMV) B
[E]fE 54 (Huang & Chang 2006; Zheng et al.
2011b) » [ % L 0] 8L % Bl A& 2 Potyvirus &
7§ 3 47 16 T (Zheng et al. 2008a) » H
CRFCEZEMIEY ST EECUENETH
<~ Bean yellow mosaic virus (BYMV) ~ Jg{ Z%
K 2R} 2 Dasheen mosaic virus (DsMV) -
J& 4+ FAE B AE A 2 Turnip mosaic virus
(TuMV) » KA {EE0% 5 2 BarMV (Huang
& Chang 2006; Zheng et al. 2011b) °

R B PR R fE TR e (BR) A 504
A I RERERE EE (BR) 17 94 [ P 1 = 4 1 J
b G H R T 2 OO E R 0 9
T R B DR E B 5 IIENG, 2 o o 0T 20 B P

fi] 22 i S SR 5 TE i 5 Z A % (Khentry e al.
2006) °

ZHREBEREZBEIERSAERBZER
(Zettler et al. 1990) > {H B {C 5 % % K > 1F
B g in R B 2R B SUEHREER
K5 &% 2 A (Tanaka et al. 1997; Koh et al.
2014) - F5#5 H oM J7 0% o DUBFA B St AT 70 4 BE
HHEHEE R B AN EE W - 25
1A 5 95 A A T B 4 I T (6 9 35 2 A Rl
(Tanaka et al. 1997; Hu & Wong 1998; Eun
et al. 1999; Chang et al. 2003; Lee & Chang
2008) - H. 1 % 22 i 45 i U T S B VA (en-
zyme-linked immunesorbent assay; indirect
ELISA) AR EBRE » E#AF KA FiE
AR RERELZ &ty CEEEERREY
9% 35 M HI 20 B IR 5 2 1% % (Lommel et al.
1982) » B¢ & A i Tl A6 9 55 %% 42 o & DL R
T B A A 0 E 1S T B (Arunasalam &
Pearson 1989; Hu et al. 1993; Vejaratpimol
1998; Grisoni et al. 2004; Khentry et al. 2006;
Lee & Chang 2008; Liu ef al. 2013) ©

Ve A g R R g 2 2% R B FE ] - ERIE
fETHR S e I UG B IERERE - 1 ¥R BT
WEZ AN S-S TS L (Re-
verse transcription-polymerase chain reaction,
RT-PCR) Z JEFC RalaF % & (Ryu et al.
1995; Chung et al. 1996; Chang et al. 1999;
Zhou et al. 2004; Lee & Chang 2006; Yamane
et al. 2008) - A JE ] > 4H 85 55 & <~ - B b I e
PRI E 7 35 < BJH (Choi et al. 2010) 5 R
R 5 2 W b M A TR e S B 4% B TS
%€ (multiplex) RT-PCR (Lee & Chang 2006;
Ali et al. 2014; Kim & Choi 2015) ~ 7 8 §%-
188 B2 k% 1% 1 iE £ (reverse transcription
loop-mediated isothermal amplification; RT-
LAMP) (Lee et al. 2011; Tsai et al. 2016) FIE
i&# RT-PCR (Eun et al. 2000) &5 -

BN (Chang et al. 2005) B¢ IHET 2%
Tombusvirus J&H— V5[ T % > 0] s e [E
&R 2 Tomato bushy stunt virus (TBSV) K
Cucumber necrosis virus (CNV)  CymRSV £y
Tombusvirus &G » H AT BN A % A4 T
FE AT EYLFERE RS - RIR(LE
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i 2 B Ve i 1 B T e e 2 B M AE
F LR # S > AW 5E st # CymRSV i 3% H
a2l i he U - BRERXER TR A 51
B R et I 2w S i > DI E £
T > s bR Z AR & -

M7 E

CymRSV IEE8E i1 HIZRR

Cymbidium ringspot virus (CymRSV) £
BISME A FE - HABNEAR AL REZ
AL 8% o RBFZE 2 CymRSV #% % 1F ¥ 13
IHIZKE (1) EE T E CymRSV RNA # o (78
DSMZ i im) 5 (2) Zest il R A VIR i
MARAE (516 - 88) BITEAREGHR
pUCS7 E#E I (pUCS7-CyRCP) » HE&H £
E# S (coat protein, CP) 2 1140 {EiZH 1%
(nucleotide, nt) f7 51 DL K 2 f& R il B D) iz (5"
It Neol ~ 3' Ui 2 Sacl YIir) - &kl {2
CymRSV F #1855 £ 7 % 2 CymRSV &
H (T8 DSMZ k=6 Agdia /2 5] Hikn) °

[ & $%- 5 b5 B8 3 & & (Reverse
transcription-polymerase chain reaction,
RT-PCR) RIS |54

A B ae st RT-PCR i I 5% > J5
SECLHRNEBBEREYREER T L
(National Center for Biotechnology Informa-
tion; NCBI) #& [N &l B8 (GenBank) Fff % #f
2~ CymRSV & % (AY500885 ~ NC003532 K
X15511) fMEALE¥ 73 #1% » Beat 2 4H5 154 -
H—rigiE e &5 CP AW K E & H /W% ik
e % Z 5] T %f CyRepu/CyRepd (5'TCGTCT-
GGATAGATGGGAGAT 3'/5'AACATT CACT-
GTCAGCTTGTT 3') - B4 | F% 7E {5 4Y 1370
bp: % — B F ¥ CyRu/CyRd (5' CGGTGG-
CRATMTCTAGRAT 3'5' GAAGGTWACTGT-
GTAGTGGA 3') Ryffci5 CP &R & frakat <
fEfF s[4 ATEHE & BT A4 540 bp -

RT-PCR 1T BEAI N © (1) =2 M5 sl
YI4E & 2 Bl 2 il - AR RIE R SE(LE
Ytz Bt 2 HUEUEI 4 (Plant Total RNA mini

rere

]
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Kit, Viogene, Viogene-BioTek Corparation,
Taipei, Taiwan) 7 B - #E/T B 2 &
RNA 7 ZZH{ 5 (2) RT-PCR W fE % B 7 B: » DA
M & DSMZ-CymRSV RNA = fd ¥ 4= & RNA
Bt R > KA CyRepu/CyRepd 3 CyRu/CyRd
157 Al S EE T T S E -

RT-PCR J3 DA 3£ AL B 20 B RT-PCR &7l
20 (GeneMark Co. Ltd., Taichung, Taiwan) ff{
Fo [ FERAT - NARESTE Ry 25 nL Z ) EE
REA TR EHE 1 pL RNA ~ 5 pl 7 5x
RT Reaction buffer ~ 5 uL 7 5x Enhancer buf-
fer ~ 0.5 pL 7 RT Enzyme mix ~ 0.1 uL RNase
Block ~ 11.4 pL 2z Nuclease free water ~ 10
uM ZZ AR ES T 1 pl o REVIEER S E
(Biometra T3000 Thermocycler, Germany) i
AT o FEMRME R SOCT #E 17 S 8% [ JE 30
min > FELL 94C &M 50 s » AR 2 Lg%
LR TT PCR LB » BRIFAIT : 94CT &
150 s> 60C T & 50 s> 72°C F %4 2 min
Ry—1EE > LT 30 EIEER - Fig—EER
LL72°CHE A 6 min o [ZJESS R DL 1.2% &k
H2 (SeaKem, Agarose, Cambrex Bio Science
Rockland, Inc., Rockland, ME, USA) # T 47
M HIFEEE S -

A 55 L CyRu/CyRd 5[5 ¥ BLH A 2
TR 9 MR HEEE > 1Y 60CH
EOm S N A#ETT RT-PCR [LJESF - BEH 2R #HEK
RSO AR = 2 R &% - BEETE
Cymbidium mosaic virus (CymMV) ~ Odonto-
glossum ringspot virus (ORSV) K1 Capsicum
chlorosis virus (CaCV) ; ¥ 85 2 Cucum-
ber mosaic virus (CMV) ~ Dasheen mosaic vi-
rus (DSMV) #1 Turnip mosaic virus (TuMV) ~
BETY% > Carnation mottle virus (CarMV) ~ 3%
%% 7 Basella rugose mosaic virus (BaRMV) »
§[F 7 Bean yellow mosaic virus (BYMV) e

2 85 §% - IRDR IR A2 % B B 1R A (Reverse

transcription Loop-mediated isothermal

amplification, RT-LAMP) &35 |5#E5%5
LI¥$[E CymRSV-CP . H W 51| Bofbife - 4%
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1% H A EIKEN A 5 2 5| F$ 3% 51 (LAMP
primer designing software PrimerExplorer, EIK-
EN Chemical Co. Ltd. Tokyo, Japan) #:{7 1] &
FA RT-LAMP [ JE 2 5[4t 4 {5 » 53571 s
CyR-FIP (5' GCCCAGCGTTAGCTGA
ACCAGTCCTTCTACGAACCGCAACCG
3") ~ CyR-BIP (5' TGTGGCTACCACAGC-
CACGACGCCCTTTGCACCATTGAGAC 3" ~
CyR-F3 (5' ACAAACGCAGTGGGTGACTT
3" A CyR-B3 (5' GCGTTACTCCCGTGAAG
GTT 3") - H{ DSMZ-CymRSV RNA =% 57 JH 15
i Z & B RN 0 {RI% T & RT-LAMP
= 76 40 6 4+ (RNA Amplification Kit, EIKEN
Chemical Co. Ltd. Tokyo, Japan) #17 [ J& >
SR HEE (4225 uL) & | uL BRI -
% 2 uL 2 40 pmol FIP }z BIP 5] ~ £ 0.25
uL 2 5 pmol F3 Fz B3 5] -~ 12.5 pL 2 2x
Reaction mix » 1 pL 7 Enzyme mix ~ 1 pL 2
Fluorescent dye J 5 uL 2 Nuclease free wa-
er s SZTEFGRAFTY 65C T HfE 60 min 12 » FF&L
95 C&# 1L JE 2 min » [ZJESEF DL 1.5% Bk
I (SeaKem Agarose, Cambrex Bio Science
Rockland, Inc., USA) #E{To T H &S E » A
DLE A 22 ki 2 AR LAFIRE - ER
HERENE R IERIE » a0 DU L OAE
HIEREEFOOIURE -

AR5 DU 4 fro | F4HEL e a2
HoAth 9 MR fCR RS - 7Y 65 CREGIRIE T #E
17 RT-LAMP [ JiE -

RT-PCR i RT-LAMP 2 & 8| BURE LE R

Y7 > DSMZ-CymRSV RNA [F$fHE 5,
DA B KT 5x R VIR 1% - B (AR R
B2 W 1 L i By 18R 0 57 Bl L RT-PCR
J& RT-LAMP 7 &l 5| 38 & 2 (& {4 A1 7 A B 184
i B H 1] 7 A SR
CymRSV $HEHEE - Bl e MtEERIR
RZTERE

LL#E A & & &% CymRSV-CP # I 7 51 2
pUCS57-CyRCP Af8t - ¥ E AL DL Neol/Sacl
IRFTEGEE 2 V) E% > & CymRSV-CP AN EEH
7> LRV R B 22 D) 031 [o] Wie 2 e B KRG pET28b

(+) (Novagen, Inc. Madison, WI, USA) I -
JE 15— BEAE P& pETCyRCP > 3 H/H B AU
A Escherichia coli strain Rosetta (DE3) 15 =
WN#ETT CymRSV-CP 2 £H « EAIRKLL MO £
R (Li et al. 1998) A 37TCTIB&EZ2-3 h
% fn A1 mg mL"' 2 IPTG (isopropyl-p-D-
thiogalactopyranoside) 3522 (/B # R (Chen
et al. 2002) - 4% 4 h 2 IPTG 3% & 8% % 1% -
HUBE & L 5.9% g B HE L 10 min - HUEICR
1 LL 0.5 M Tris-EDTA (pH 8.0) 2~ 4% f& /R /&
fif 5 =) o i #E 1T SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) 25
ko DyMRIWEAZ D& - BERHWEEATE
i R/NEY 41.8 kDa REE H Z BIEAKEIT R
BB RFED - Kbz REEER
Wi ks 1 mg mL" DR PR - WA B KR AE
VIR AR A E (*JE%H? 88 EfTRRE
I DL % T

B CymRSV-CP Z T ZiZiE Al
RS

® R % % P 15 Z CymRSV % 7T #i #%
(#189) 4li{b H 2 y& Bk & 5 (Immunoglobulin;
IgG) % > # 1T indirect ELISA F 75 J7 22 8L %
(western blotting) » i &1 [ & i & (Agdia F1
DSMZ) CymRSV 2 Jr i #8 b 5 1F 5 I8 i
TR SR > DAsT AL B #2 CymRSV#189 $i G
ZHRME

A5 55 55 DL CymRSV#189 $ifiG Bl L4l 2
& FA O T I AT P B AR 0 Y b A A
e AR A R AT ROFE » DAREAR BEHL AR B R
CymRSV 7 B — 1 A HI R 5 < A8 BR o2 9% A Ml
EZVERERAT

Indirect ELISA ¥ @ KA B LI
FeE A #EST (Clark & Adams 1977; Chen et al.
2013) » RZFEZERAT ¢ (1) R4 ERE R S TE
HUFriEEE R 0.1 g S > 1A 3 mL 2 15 mM
fi% B% $iy 4% 7% /% (sodium carbonate buffer, pH
9.6) R & HUAH &R R IR 96 FL ELISA 2
FEfZH (100 pL 7L > FFHES 2 (HEE > BER
3TCHERF 4 h (HACER) + A1&LL 1x PBST
(137 mM NaCl, 1.5 mM KH,PO,, | mM Na,H-
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PO,, pH 7.4, 0.05% Tween 20) Jf% 3 20 : (2)
Bz s 5 < DRGSR IE © DLE B2 CymRSV
#189 RIERKEH (1gG) H 1,000 MifE S fEHR -
RN S IEFLH (100 L £L7Y) » 4 25CREM
[ 3-4 h (B 4CIRH) » Z1&LL 1x PBST f
W3 W HESITHRR RIS IR R
HIH#ETT 2 ¢ (3) BLRUAG A HE © A E MR
6,000 7 fi 14 B3kt I Tl 8% 22 7 45 LI =F B e 1gG
(AP-conjugate goat anti-rabbit immunoglobu-
lin, Jackson, West Grove, PA, USA) > 100 pL
L' B 25CZ ERAE L IE 34 h s FLL1x
PBST i 3 K+ (4) 2EOKIE - JIAR
&k 1 mg mL”" 2 @R MEREEREGRE 2 AE (p-Ni-
trophenyl phosphate, p-NPP) (Amresco, Solon
Ind., Ohio, USA) » 150 pL L' » K JE 40-50
min » L ELISA 8 {8 % (PTI max micro plate
reader, Molecular Devices, Sunnyvale, CA,
USA) FHHAUK & 405 nm F ZIRUT(E - £ dnD
EERRY 2 BIEFEER SOCES - HE gl
i # 2 IERJE -
Pe 5 ARG HU O g MR A B Y 1.5

mL B OEN > IMAREEEE > 1A
200 pL dissociation buffer (240 mM Tris HCI,
pH 6.8, 10% glycerol, 2% SDS, 4% B-Mercap-
toethanol) JE 4] » F 0 A 200 uL > LDS /5%
(Laemmli 1970) JE& 1% » 1A BOUK i 24 3-5

in> LL5.9% g @0 5 min (REVEE EIFRME
{TE8 Uk s #r - HUBE Kk 58 Z SDS-PAGE f2 % -
f#E 7 PVDF B (Millipore Co., MA, USA) -
f 1 5 % CymRSV#189 % jT i #a sy B fifg
HELT R SE -
BRMME CymRSV ZieiEAliE
o LLER

I B AE A AR R 2 B EU U5
(Phalaenopsis spp.) ~ LT (Oncidium spp.) ~
/N AE W (Cymbidium spp.) K 58 T8 RE
T (Cattleya spp.) % 4 T K [6] B 1C & 0 £
a0 o3 Al B E BT S CymRSV#189 Ml Wy fé
i & P 8% (Agdia f1 DSMZ H fh) K& JE >
i # indirect ELISA H B Agdia % JT ¥ £5
HELIEREZBICE D BHUAETT ERE

oot 3

HI =k H B CymRSV#189 ~ CymRSV-Agdia fl
CymRSV-DSMZ $i48 7 K& ; i L CyRu/CyRd
5| F ¥ #E1{T RT-PCR JI5 > 2 S EEHM
540 bp ZIXEEEYI R B - DUERE R IEiANEZ
T HIGE S

fER
RT-PCR #:8l

AW FE R 7] & CymRSV-CP A K & &
B R W U BB oy % Bk 2 & S k5T 2 51 T
(CyRepu/CyRepd) » LL R 3t ¥ CP % B = Or &
BT 2 5[5 ¥ (CyRu/CyRd) » j* RT-PCR %
25 ] B D d R # T & DSMZ-CymRSV RNA
ZIEAEE I f'WEﬂEHZ%% YT ED A E
1,370 bp ([& 1A) Bl 540 bp (. 1B) Z#%1% R
B i’]@ifgﬁﬂzjid\*ﬁﬁ — I BRIE I
W | B E e oy i 1% 5@% CymRSV 2 % i
FeAldmeR (SR AR HIR) © 5521 CyRu/CyRd 5
- 3 B LA S 2 T DR 6 2 LA 9 TN
%N 60CH AR N2 RT-PCR [ fEH - 15
K B CymMV ~ ORSV - CaCV ~ CMV -~ Car-
MoV ~» BarMV ~» TuMV » BYMV K DsMV 2
T EE AR E A2 ST (8] 2A) -

RT-LAMP & RT-PCR A2 i@ HIBURELL
B

52 L RT-LAMP g 13 - $+%f CymRSV-
CP 1% [ & §5& Fit 3% 51 £ CyR-FIP ~ CyR-BIP
CyR-F3 J; CyR-B3 5| F-48 » AT > 65 CIA 5 66
fFINREL W% ITETIHEEXE T T
R R E - Bk 3 A7 T B DSMZ-CymRSV
RNA IF $f 08 i o] RS IE ZY) (B 3A L) »
DLE A T #122 8] CymRSV 2 IF ¥} 18 & 5 &
YeFFR LR (T o T B S U 4 e
[ (& 3A F) « ¥R LL Sx R 5k~ DS-
MZ-CymRSV RNA F ¥t 5 > DL CyRu/CyRd
5% #E1T RT-PCR Ml - AT H LR FE 57
Z % (1& 3B) > 1fif DL RT-LAMP & R 2 £ Hl
EFRRE 50 2 # e (8 3C) o 45 3 8w ¥
F> CymRSV 2 #% it ] - DL RT-LAMP £ FH
= 14 RT-PCR 1 I 25 [ BHUE - AHI5E S
DL RT-LAMP 5| F4HEL BN E #r & ~ 9 TR (E
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1. CymRSV 5|7 ##E1T S H5% - G HG AN E (RT-PCR) Z 8K ST HTEER © (A) LA CyRepu/CyRepd 5
THHETT 1,370 bp £ RIEHE O I ZHE ¢ (B) LL CyRuw/CyRd 5|7 ¥ #E{T CymRSV #5& H BN =~ 540
bp %8s 7 B 3 E - 17 M : 100 bp DNA fFLERE 5 1T Dz @ 117 DSMZ-CymRSV RNA 4 & ; 17 pCy :
pUCS7-CyRCP f24E 5 5 17 H © (R RI4A 4 -

Fig. 1. Amplification results of reverse transcription-polymerase chain reaction (RT-PCR) for the detection of
Cymbidium ringspot virus (CymRSV). (A) An expected 1,370-bp DNA fragment was amplified from the commercial
DSMZ-CymRSV RNA by the CyRcpu/CyRepd primer pair; (B) A 540-bp DNA fragment was amplified from the
DSMZ-CymRSV RNA and artificial synthesized nucleotide fragment coding for viral coat protein (pUC57-CyRCP)
by the CyRu/CyRd primer pair. Lane M, 100-bp ladder DNA molecular marker; lane Dz, the commercial DS-
MZ-CymRSV RNA; lane pCy, the pUCS57-CyRCP positive control; and lane H, the total RNA of the healthy orchid
tissue.

% 5 B & CymMV » ORSV ~ CaCV ~ CMV -~ ] [E]Ji 2 41.8 kDa 37 & 1 7 4 1E K ES
CarMV ~ BaRMV » TuMV » BYMV & DsMV 8l 8~ CymRSV-DSMZ IF %f B2 54 4 7 {&
RS2 BRI ETRIE  HERCIERE 2R ES T & 41 kDa E 4 EKJE ([& 4B)
(EERALR)  BURILSI T4 AR AE  H Agdia ([& 4C) & DSMZ ([& 4D) Ry f& i

EZ CymRSV J5#H - B 7 CymRSV Z it i g th g v] B 9y ¥ & &Y
R . 41.8 kD BEP189 HE i
CymRSV REEMRE S TTMEG S 2 RREHEEENE

IEER N R ELE R BN > A9 2 CymRSV-
& BEP189 % B (1 7 {f £ CymRSV 4 % 1§
AT ZE 8 ¥ CymRSV-CP 4 E s H ZIEHESS > B HBHFEPEHEH 7T
Bt Fir € JH 2 pETCyRCP EEfH £k > X E. coli  HiBE (#189) » W] 5 Th FE F A PH 5 S8 B A 1T
Rosetta (DE3) 8 F N H IPTGFHEEKE > CymRSV ZHHl -
B & M % 3 %E [ (BEP189) » i SDS-PAGE ifii 7 indirect ELISA Z JE 1 » DSMZ K
Tkt A B BEPISO RIMEH 24 T8 Agdia Biffi i &€ 2 CymRSV % T Hi B i %
K& Fs41.8 kDa - BIFHAE(EMAR H AT IREH BEP189 K FE(E 43 Hl K 0.49 F2 0.50 >
A CymRSV-CP 7 pET28b £ HL & i it A ([E ¥ Ry IE I FEREE 5 1 #189 Piag Bl [E] R 2 £
4A) - i BEP189 R & H K Pu AT # f =~ EH ~ DSMZ kK Agdia 2 Bt i & 1< fE
Zoehifie (#189) ATE HEEAY > B ¥Hi8 52 ELISA REET B IE R EE > FI9E
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2. HBZ5[FH R L THRGE CymRSV 7 H—ME AR - (A) FIFH CyRw/CyRd 5[ FH7A R iEs%- 5
MR FE (RT-PCR) HEf TR [Ep 5 2 1% 73 F-3080 < 77 M 1 100 bp DNA B © {7 Dz © i DSMZ-
CymRSV RNA fF24E, 5 (B) PHI7 2285 A 04T » A2 RIEEmEE CymRSV#189 Hig S - 17 M : & HE /7 T 21508
{7 Dz : 18 CymRSV-DSMZ & HIE#E 5 3 1T C @ Cymbidium mosaic virus (CymMV) ; 17 O @ Odontoglossum
ringspot virus (ORSV) ; 17 Ca : Capsicum chlorosis virus (CaCV) ; 17 Cm : Cucumber mosaic virus (CMV) ; 1T
Co : Carnation mottle virus (CarMV) ; {7 Ba © Basella rugose mosaic virus (BaRMV) ; 1T T : Turnip mosaic virus
(TuMV) ; 17 By : Bean yellow mosaic virus (BYMV) : 1T Ds : Dasheen mosaic virus (DsMV) ; {7 H : {iEJ it
FE4HSS - H79EFTTE £ CymRSV-CP -

Fig. 2. The efficiencies of designed primers and prepared polyclonal antibody on detecting CymRSV specifically. (A)
Reverse-transcription polymerase chain reaction (RT-PCR) detection of the different viruses by the CymRSV primer
pair-CyRu/CyRd. Lane M, 100-bp ladder DNA molecular marker; lane Dz, the commercial DSMZ-CymRSV RNA;
(B) Western blotting assay, the tested samples were reacted with the CymRSV#189 antibody. Lane M, protein mark-
ers; lane Dz, the commercial CymRSV-DSMZ protein; lane C, Cymbidium mosaic virus (CymMV); lane O, Odonto-
glossum ringspot virus (ORSV); lane Ca, Capsicum chlorosis virus (CaCV); lane Cm, Cucumber mosaic virus (CMV);
lane Co, Carnation mottle virus (CarMV); lane Ba, Basella rugose mosaic virus (BaRMV); lane T, Turnip mosaic
virus (TuMV); lane By, Bean yellow mosaic virus (BYMV); lane Ds, Dasheen mosaic virus (DsMV); and lane H, the
healthy tissue of orchid. The CymRSV-CP is indicated by an arrow.

SyREy 2.31 ~ 2.75 K 2.40 ¢ BRMME CymRSV ZitiiEtaRIRET
Rt RERNWERERN T B EEIHR

B > CymRSV#189 by #% ] &1 H | JF 5i & B2 1 indirect ELISA 3£ 4 # 7 [ %t
CymRSV-BEP189 R EH IR &R g 5 g oyt s 17 CymRSV 2 B I8 #3125
CymRSV Ji 5 & 1 i iz £ IE A IE  pbah o B, D #1> CymRSV#189 £ & DSMZ il
CymRSV#189 GBS Al O M FE B 08 pgqia gifmi 2 % 0 i RN LB - 45
CymMV ~ ORSV - CaCV ~ CMV -~ CarMoV - HEEE T > 7 indirect ELISA B 3Hl Agdia %
BarMV ~ TuMV ~ BYMV 5 DsMV 52 5 ERE 55 s a7 o 1F Ji e 80 00 0 2 0 2 BT TE AR
i S U Y indirect ELISA RIEFEEITE 4 FRr @ (8 1) » HhasE 7 (85
0.03-0.10 Z ] ¥R &R IEME - HFPEJ52 5~ ELISA S{E A7 0.39-0.59 2 [ » 12 f#
BOEP WA CymMV SEHAN 9 2B HE B EMER 0.24-0.79 2R 0 9 B/ ML
ETERFE (B 2B) - LEERBETEMCHEST  EHELIENR 0.24-0.83 21 > 6 (EE @
el E > g8l CymRSV#189 HiEE RN indirect RERE LSS E AN 0.94-1.31 218+ ZRif » #189
ELISA P57 2B AME eI EF - B 1 DSMZ 277 b 8 (% B 11 B B AT S e 2R TE R
F¥# CymRSV fl #—P FEFE(E - 81 Ll 2R S R e R e -
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DUR #5%- RORIR AL B R % (RT-LAMP) J S8 8% -5 S B S S E (RT-PCR) ¥$4@ Ml CymRSV 2

BUREELRT - (A) RT-LAMP [ERJEE Z Bk HTEY) (L) M BRNERAE R BEIUR (T) - T M 100
bp DNA A4, : 17 Dz ¢ i DSMZ-CymRSV RNA fAEN, © 17 H ¢ (EETEIERISHE, - (B) 2L CyRu/CyRd
51 %> RT-PCR gl - Tig HI 17372 5 £% 2 DSMZ-CymRSV RNA #5248, ; FFAFTHE Ky 540 bp > %
WEZEY) - (C) LA CyR-FIP/CyR-BIP/CyR-F3/CyR-B3 5| F-4H11/* RT-LAMP {5k b » ml kg Hl S fe 5° % >
DSMZ-CymRSV RNA {25, o {7 M 1 100 bp DNA fZAE (i -

Fig. 3. Comparison of the reverse transcription loop-mediated isothermal amplification (RT-LAMP) and re-
verse-transcription polymerase chain reaction (RT-PCR) on the sensitivity for detecting CymRSV. (A) The amplicon
of RT-LAMP was analyzed by agarose gel electrophoresis (upper panel) and the amplification result of fluorescent
with white precipitate was observed by naked eyes (lower panel). Lane M, 100-bp ladder DNA molecular marker;
lane Dz, the commercial DSMZ-CymRSV RNA; and lane H, the healthy tissue of orchid. (B) The 5* dilution of
the commercial positive control of DSMZ-CymRSV RNA was detected by CyRu/CyRd primers in RT-PCR. The

expected 540-bp amplicons are indicated by an arrow. (C) The 5° dilution of the commercial positive control of DS-
MZ-CymRSV RNA was detected by CyR-FIP/CyR-BIP/CyR-F3/CyR-B3 primer set in RT-LAMP. Lane M, 100-bp

ladder DNA molecular marker.

Ll DL Agdia $U 88 i Y IE R E S 0 M —
AP 7 S BA MR G5 SRR 0 #189 ~ DSMZ
1 Agdia % % JC 5 #8 9 S8 4% S 2 00 38 16 4% &
~Z CymRSV J# 5 & 1453 T &% (41 kDa) > {H
Agdia ZTTH S I 48 81 [t 4 FERBE EE R
K& 24-25 kDa g HIFE— ML (B 5) > It
S8 e — 4 DL CyRu/CyRd 5| 7 ¥f #E /T RT-
PCR Al » 6 A HY 3R 540 bp 2 %k R BRI AT
(1) > #/REY indirect ELISA G yEfg il
H Agdia i FTte i 2 IEREE - TiE R
[ FE -

SE
AT ST BB N R 3£ 2 KR
CymRSV Frft 82 RT-PCR fa il H 5[ 1% > LL
J¢ RT-LAMP 5[ 5435 ] H—{ffz H; CymRSV
LAt - BRZ ZIehife CymRSV#189 » HELTH

B2 A IE IR T g thiig - BUn]
R E TS indirect-ELISA K 7Y J7 22 Bl A Wi 8
TP i A B 1T CymRSV 2 B — kgl -
FAEETE ¥ w32 2 M0 > DL indirect-ELISA
FEC& RT-PCR JAE; RT-LAMP 7 i B i 7€ >
AR I 2 T E Y IR

AW FE et 2 CyRu/CyRd 5] F¥%f > 2
60°C I & 38 FE RN #EFT RT-PCR » ilfi o B 7L
9% 3 CymMV F1 ORSV & 4: |7 JiE » i Bl <
kb B0 AT R 2 M 3 B RE CaCV -
CMV - CarMoV ~ BarMV ~ TuMV ~ BYMV }
DsMV Ji H L ik A A TE (B 2A) » #R DA
RT-PCR AT A %Mt CymRSV « ZARH5E ¢t
CymRSV #1722 RT-PCR j% » A] H— Mg H
CymRSV » By & 15 Bl 25 IE FH A B fE 6 fm B ik
WHEZ BEHRRE -

AWCE A RT-LAMP J* CymRSV fg ] »
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4. JEFIAIEIARRILY CymRSV R RFE [ SDS-PAGE ik 75 /7 BB - (A) CymRSV
Rl E MR (41.8 kDa) 2 SDS-PAGE 2 FE 8K E - 2 HIkEfn oy 58l H B2 CymRSV#189 Zithifs (B) ~
Agdia 4'F] (C) &z DSMZ (D) iz CymRSV ZIThifa T )7 SR E T - T M« EEE T8 5 17
pET : {2 pET28b(+) & (R AHHHEN) » {7 BEP : MIERMZIHHHEN 5 17 eBEP © 41k
R AMEFIRAVRHHEN © 17 Dz © T8 CymRSV- DSMZ & HFAE i - HidHATTE fy CymRSV-CP RIREH -
Fig. 4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting assays of the
bacterial-expressed coat protein (CP) of CymRSV. (A) A 41.8-kDa bacterial-expressed fusion protein of CymRSV-CP
was observed in the SDS-PAGE assay. The polyclonal antibody #189 prepared in this study (B), and the purchased
polyclonal antibodies from Agdia (C) and DSMZ (D) were used to react with the bacterial-expressed CymRSV-CP.
Lane M, protein markers; lane pET, IPTG-induced bacterial cell lysate containing the expression vector pET28b(+)
without CymRSV-CP insert; lane BEP, IPTG-induced bacterial cell lysate containing pET28b(+) with CymRSV-CP
insert; lane eBEP, the purified bacterial-expressed CymRSV-CP; and lane Dz, the commercial CymRSV-DSMZ pro-
tein. The target proteins are indicated by arrows.

oA & 1 RT-PCR % 25 % 2 RS » o #& it
fE & % CymRSV Z & H3 % - LAMP & &
LAY 2000 420 H AW > J9F]F Bst DNA
polymerase > £ 65°C /2 A MY R B3 N {7
Z e - AT 95CHY = R i B DL A% BE S i
DNA A o &1 % 6 @& DL 4 55| T 51T
eI > 7T 3 DNA B p B 8T8 3 B
FRAURE S - A6 RE I R R ER R (pyrophosphate)
T2 JE 75 0 H Y S 8 T 12 RS D A /K Y B B T
B mMELANRT RyE EREG > HEK
JfE 4% B (Notomi er al. 2000) » =t 0] $5 it 4% 3¢

B A 058 FIEE - $1 ¥ RNA B > TRA R
TR — ZOEAT BELP B RT-LAMP 541 52 & -
TH & ey T I B — TR SR {6 40 e A B 448 i 2 B
il > HEHE BB HEALES PCRIAE
= BEE I NIR A S EAS R  EE TR
ERksOR > R AEE BAVE TR 2 A% I iR L
il AFERCE W Lm0 A
% R BE Vi A R R i S PE 4 2 H (Savan
et al. 2005; Huang et al. 2010, 2014; Fukuta
et al. 2013; Przewodowska et al. 2015; Tasi et
al. 2016) - LAMP = RT-LAMP J& R i 15 ¥
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B 5. DAPETT SRR E TR EIRI{ERE M2 CymRSV < BIIEERE (A) ~ SO0E (B) ~ /INEERT (C) FIZZTERENERT (D)
E 32 MIkE S 791 indirect ELISA fg i i1 CymRSV-Agdia S 42 IE S EF - 73 Al 8L 5 8L 2 CymRSV#189
5775?)1%“ i CymRSV % tHifg (DSMZ F; Agdia A E] HiL ) HEATRIE - {T M EHES T2 1T
BEP : 4732 CymRSV-CP ; {7 Dz : i85 CymRSV-DSMZ &4 ; 17 H © {REFITEAHAR - SivEFTE
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Fig. 5. Western blotting assays for detection of CymRSV from different orchids. The samples of Phalaenopsis (A),
Oncidium (B), Cymbidium (C) and Cattleya (D) positively reacted to CymRSV-Agdia antibody in indirect ELISA
were further tested in western blotting assay using the polyclonal antibody #189 prepared in this study and two
commercial antibodies purchased from the DSMZ and Agdia companies. Lane M, protein markers; lane BEP, the
IPTG-induced bacterial cell lysates containing the expressed CymRSV CP; lane Dz, the commercial CymRSV-DS-
MZ protein; lane 1 -6, the different tested samples; and lane H, the healthy tissue of orchid. The expected CymRSV-
CP is indicated by arrows.

DNA = RNAJFHF AR ERHE A HCHEFS  bunchy top virus (BBTV) (Peng et al. 2012)
B xh 2 B » E$5H Potato virus Y (PVY) (Nie Plum pox virus (Varga & James 2006) ~ Melon
2005; Zhao et al. 2012) ~ Cucumber mosaic yellow spot virus (Kuwabara & Sakai 2008) -
virus (CMV) (Zhao et al. 2012) ~ Tomato spot- Chrysanthemum virus B (Fukuta et al. 2005) ~
ted wilt virus (Fukuta et al. 2004) ~ Banana Japanese yam mosaic virus (Fukuta et al.
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1. DIEBATHE CymRSV ZIorHifa i fiE - B2k e R b R A AR TRl B E 2 bR -
Table 1. Comparison of the results for detecting CymRSV from different orchids in indirect enzyme-linked immu-
nosorbent assay (indirect ELISA) using the self-produced and commercial polyclonal antibodies.

ELISA reading (A s,,)°

Orchid sample #189 DSMZz Agdia RT-PCR”
Phalaenopsis 1 0.03 0.01 0.45 -
Phalaenopsis 2 0.03 0.01 0.51 -
Phalaenopsis 3 0.02 0.01 0.42 -
Phalaenopsis 4 0.04 0.02 0.49 -
Phalaenopsis 5 0.02 0.01 0.49 -
Phalaenopsis 6 0.04 0.02 0.59 -
Phalaenopsis 7 0.03 0.01 0.39 -
D-CK* 2.76 2.92 2.73 +
2 H-CK 0.13 0.05 0.29 -
Oncidium 1 0.08 0.07 0.37 -
Oncidium 2 0.08 0.04 0.27 -
Oncidium 3 0.10 0.06 0.29 -
Oncidium 4 0.06 0.06 0.26 -
Oncidium 5 0.06 0.06 0.52 -
Oncidium 6 0.08 0.06 0.41 -
Oncidium 7 0.09 0.07 0.25 -
Oncidium 8 0.07 0.05 0.42 -
Oncidium 9 0.11 0.07 0.24 -
Oncidium 10 0.06 0.06 0.25 -
Oncidium 11 0.06 0.04 0.66 -
Oncidium 12 0.03 0.01 0.79 -
D-CK 3.81 3.92 2.52 +
2 H-CK 0.22 0.17 0.23 -
Cymbidium 1 0.05 0.02 0.34 -
Cymbidium 2 0.06 0.04 0.24 -
Cymbidium 3 0.05 0.03 0.24 -
Cymbidium 4 0.05 0.02 0.24 -
Cymbidium 5 0.06 0.03 0.39 -
Cymbidium 6 0.05 0.02 0.83 -
Cymbidium 7 0.05 0.02 0.51 -
Cymbidium 8 0.08 0.02 0.41 -
Cymbidium 9 0.05 0.03 0.36 -
D-CK 2.34 2.77 2.51 +
2 H-CK 0.10 0.08 0.20 -
Cattleya 1 0.09 0.03 0.94 -
Cattleya 2 0.08 0.03 1.15 -
Cattleya 3 0.08 0.02 1.23 -
Cattleya 4 0.07 0.03 1.27 -
Cattleya 5 0.10 0.03 1.31 -
Cattleya 6 0.08 0.02 1.11 -
D-CK 3.08 3.45 3.27 +
2 H-CK 0.14 0.06 0.79 -

“ The polyclonal antisera to CymRSV prepared in this study (#189), andpurchased from DSMZ and Agdia companies were used for
comparison. The ELISA readings higher than two times of the healthy control’s (2H-CK) were determined as positive results.

Y RT-PCR was conducted by the CymRSV primer pair CyRu/CyRd. +, A 540-bp DNA fragment was amplified; -, no predicts were
produced.

*D-CK: the ELISA-positive control of CymRSV purchased from DSMZ.
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2003) ~ Potato leafroll virus (Ahmadi et al.
2013) ~ Wheat yellow mosaic virus (Zhang et
al. 2011) ~ Peach latent mosaic viroid (Bou-
bourakas et al. 2009) ZFE#+FE L. - BALE
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MR T 2 gl - B BURLE & i RT-
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AR ATHEBN I 3~ B B2 B e 7 -

RT-PCR 7% H 4 /& 1> ELISA #g Ml B &L &
ZAERE > TR R R - TR E L
ol E A 3 % B & BLE T E Bl (Wong et al.
1994; Jeong et al. 2001) ; #AT » ELISA # H
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W NMEEE R RN SRS EE
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Elliott et al. (1996) DL ELISA /% K i &
CymRSV % JtHife (Agdia iz ft) $+ ¥R
[] Tl {6978 95 #E 1T ELISA 58 i g M V% 7 i 18 I
e S H s 2 ELISAEEER & PR
2 REfREE IR BE R IR R EEE A HE
GRS HEE— S DI EE A A
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AR RS R Z AR 20 2 fE T
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TE Bl Ag Al -
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Bz 5|7 ¥Hic & RT-PCR Mg 0E A E R iR R 5
ZHEOERE  FHMAERAED R
1 Ty bt 9 5 B T Al B0 B G DL IR B 55 2
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CLLV) (Chen et al. 2006) ~ F B & B il 5 #7 41
W& (Plantago asiatica mosaic virus; PIAMV)
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Development and Application of the Molecular and
Serological Detection Methods for
Cymbidium ringspot virus

Chin-Chih Chen"" and Fen-Lang Chiang’

Abstract

Chen, C. C. and F. L. Chiang. 2017. Development and application of the molecular
and serological detection methods for Cymbidium ringspot virus. J. Taiwan Agric. Res.
66(3):202-218.

Cymbidium ringspot virus (CymRSV) is recorded in foreign countries, but not found in Tai-
wan. The molecular and serological detection reagents for the inspection of CymRSV on orchids
were developed in this study. In molecular detection, two primer pairs for reverse transcription-poly-
merase chain reaction (RT-PCR) were designed based on the nucleotide sequences of CymRSV
coat protein (CP). The primer pair CyRcpu/CyRcepd was designed for amplifying the full-length CP
gene and its flanking borders. The primer pair CyRu/CyRd was used to amplify the conserved re-
gion of the CymRSV-CP gene. In RT-PCR, the expected 1370-bp and 540-bp DNA fragments were
amplified by the primer pairs CyRcpu/CyRepd and CyRu/CyRd, respectively, from the commercial
DSMZ-CymRSV RNA. The annealing temperature under the 60°C, the primer pair CyRu/CyRd was
used to specifically detect CymRSV in RT-PCR. A set of four primers (CyR-FIP/CyR-BIP/CyR-F3/
CyR-B3) was successfully used to amplify CymRSV RNA under 65°C for 1 h in reverse transcription
loop-mediated isothermal amplification (RT-LAMP), and the results were able to be determined by
naked eye observation. RT-LAMP with a specificity for CymRSV detection and has a 25-time higher
sensitivity than RT-PCR assay. In serological detection, the predicted 41.8 kDa of the bacterial ex-
pressed fusion protein (BEP189) was positively reacted to two commercial CymRSV antibodies. The
CymRSV antiserum (#189) was prepared from the rabbit immunized with the bacterial-expressed
CymRSV-CP. In the detections of CymRSV by the ways of indirect enzyme-linked immunosorbent
assay (indirect ELISA) and western blotting, the prepared antibody #189 specifically reacted with
its expressed CP as well as with the commercial controls of CymRSYV, but not reacted to the healthy
orchid tissues and other 9 viruses on orchids. This is the first report to develop the RT-LAMP method
for detecting CymRSV and to apply the RT-PCR assay for inspecting CymRSV on orchids. Moreover,
the prepared polyclonal antibody against CymRSV is efficient to differentiate CymRSV from other 9
tested orchid viruses.

Key words: Cymbidium ringspot virus (CymRSV), Serological detection, RT-PCR detection, RT-
LAMP.
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i SRR O 139 SRR 1 2 9% - HRIERTRE
i 10% (Huang & Chu 2009) -

REB R SRS R EE T A AR
EEEER A 4.2 (AHEE > BEETE
8.25% 2B R > SIS N RERAN 2 HE IR
FE7 (Chang 2003) * Yu & Sun (1977) #1%5
B TEEEERBE AT EEBL
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HIES 645 (EE R > Bl 5[ EBEER
% o Chang (2003) f5 i > FHPHERMKE D
AR HiERFHEIT TN L EERS_RE
YR ER > o3 4H A P 2 978 B AR AL 33 R AT R R
R HERBEEHZE RS TS E R
973 e T S PR (RS o ER g LE A E E R -
Lin et al. (2016) Wf7E45MH - RN EHINES
—(EE R > RN LIEREARET —F
TK G TEAE BE

AR TIEEEEKEERR 2 B VAE
AW B THRRE IEEEHILRE 2R E
RO [EE M - BB B E 8 (E g
HEATHIE  ASCHRIRME Fusarium fujikuroi 3
TEEEE 7 A (TR - FRAR B B 1 3 B )
HAMERTEE ZHE T IH IR E %
HIATREZRTE » DAME B BLRE e R 2% -

MRS E

EE TIE

BN EE M - RFE SR 2 T T
b SBe IR 8 E > LIEIREMEL - T
B FAEAEANFR 1 o E B T o B
B 38 (AL BRI S A M
ML Bk 2 & 23% 0 Ikl & & 48% 0 Wbl
SR 2% BELT) BEHEM - E (KT
SEERHRE RS AR IEERE L > B &8 3%
PR & & 24% 0 Wk & & 73% > BhEE L)
& 1 E 3% ERPE T SRS L

rere
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WHEA AR L W E AR S R &L 3 E
BB 4188 o REARE R 1 Ry B R A s S ATy
BEVE LI - REALGR CARSEAY U I T2 - B
HAEHME I REBRSEMORELTE k&
e T A B @AY e 2 - B U BRI S R
EPiE L R EN U ERARI A PR L0
K EEI GBI AL R A I -
TIEIREIEE DT

PR Loafisln 10 > T E R E
% Bz - FERE -~ BE 0 T S HEEEE
BfE+EpHE (BT - ECH (EEY) -
B - ARE - AR - B 8 85 8-
o~ 6d - 8 - PRELE) o 13 pH {HEL EC HY
MERERKLEEZEILL 1 DI EHE
% (Suntex SP-701) 7 88 & & H| & % (Denver
Instrument Model 20) fg > o 88 #h DURr
53 Mr % (Beckman Coulter LS 13 320) 434f ©
H % E DL A B ik 70 17 % (Elementar vario
MAX C) HIE & MERAREEE - AE
ESLH 2M KCl 2 L B3 i (Astoria
Analyzer Series 300) M| E o & 145 - #7
$5 - BE > 8~ &h - 8 - $% - 8 DL Mehlich-3
method (Mehlich 1984) #hH{1% - DUELFERE &
BEAE M (Inductively coupled plasma spec-
trometry, ICP, HORIBA Jobin Yvon ULTIMA
2C) HI7E -

AR E R EEEE S HETE
KIEFERIRE (Fusarium fujikuroi) B

K1 TERERE -
Table 1. Soil sampling sites.
Coordinate

No. Sampling site N E Cover plant
1 Fangyuan, Changhua 23°56°55” 120°21°38” Rice

2 Chutang, Changhua 23°51°24” 120°25°41” Sweet potato
3 Wanluan, Pingtung 22°35°57” 120°35°13” Weed

4 Erlin, Changhua 23°53°44” 120°23°18” Rice

5 Fenyuan, Changhua 24°00°36” 120°39°35” Weed

6 Chiali, Tainan 23°10°49” 120°12°00” Rice

7 Hemei, Changhua 24°06°47” 120°30°42” Rice

8 Siansi, Changhua 24°07°32” 120°26°25” Rice
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FURSIEYIR 2 A HE MR =74 (F%E
SR ILOL) » HUR R E B AR &R 1/2 PDA 558
B B (/2 PDA BEEEFC 740N ¢ 1000 mL £y
afi K 415 100 g Potato » 10 g Dextrose » 15 g
Agar) > R 25CHEBRAGHOLIRER & 12 h i8]
14 dfg fEHBEIFHIA 10 mL #EEK - BL
W B RS EIE R A b RIS o W B R AR
o 7 BAUPER 2 |- HERK - UREK
MiRE 10x 1% » IRHL 1 mL &R 07E M ERET Bias
(hemocytometer) [ » FEEA & | &t BUKAEGE
RWEZ 8 -
KIS miE

KRBT fn il TE i 139 5%, 0 BITIEX
IREEZEGSHEERENRSGR 1975 F5
R #45 EL Y RE i o 242 H H I 1 HTE
130 d > 2 #(F 108 d - EE{EE R & HLE
g - HEKREE R R RR i -

AlER IR

REZRBLEFME x> £ 8
T GEIESH4EEFHES (1) H
Bl o KRR B T S A R KEE &
R > B KR - E B LUREIN B RKR
2 d HFEENETFRLOGRE 2
WA B EFENEFEETEA 50 gzt
A B BB RS & (B 110 mL) 1« DUR
& B K R 2 07 = B B R AR AR ] -
(2) HETHE - EAKEE T L EEREE > #
TE 7AW 1 SO ALFE T LA 100 mL BEFRA >
MAREEELE  FHETFTR2REAERRT
95 R R FE B 4.5 x 10° spores mL™”' > JZ) 1
h % EIRSCEIHERZ B TR -
ferz 1 d> IRAERFAEAN25CHEEEETd-
HUH ST > DUREIAYEARKRTE 2 d > 5T
HIFR o BENRREZF - 3) MIRER : £
HMT#FBEERREE BEFEOT &
FLUREIN B ARKZK 2 d o SRR AR
RS > 2 L h o HHERE R 4.5 x 10°
spores mL™" » HYHHfE T-HF 1 - (4) TP E
1£50 g N6 mL EIR > WIRERE f5 4.5
x 10° spores mL™" » - 18 B35 JH i B R 7T 40 R
B EIARIE AT o i > REPREEE 2R

& B 5.4 x 10° spores g soil o 7K FfE T 45 i
BTN D TR Ry T o bl 4 fR
W BB B ANEE S0 galln i
EEFREL 2 B 10 hoKREE T SEEA
47 -
AEEER AT

£ 8 skl LIEH M B E A 4 (B E
WIRFEEE > REEaAn=Ed AR
il R\ 1 T 5 B 2 PR T RE & /KRR AR R e

FES a4 EESE SEEBEENTE S

& L3l 4 (EHEREEEE  §—EEE 1
& BRI RERT 2 EERET (RCBD) -
BEEHEETERS

FEAGETFEEIIEEEEE 1R
Modified Hoagland 2 &% » & 7 20 mL » &
HKEERMTEEE - EKEEE 14 digE
ITHERFE > 35 dBETKIEEEH
BHERFIE TR » PSR B /K
ERELAR 2 GEEE > KRG B AR o3 B AE
SOCHEFEH » 2 d R FEHLEZEE - 15 B /KRS R
R EFER WL > R BEE
ZEEMMA > MEREREZ KEEET > £
KIGHEE LA EnNEGE B L5
T R EEGZ AT
S i 1% 188 Ty 3 K B (Chang 2003) = 7KFSfE
RIRIE T 2 HIE B R bR S R B A KR &
W ARG RS JET -

HEEHEMEEKGIERMEEME
Re&&

FEFS B KEERFEEGERZE
2 EAESEERET ST ZRE R0
1,000 mg kg ~ 2,000 mg kg™ ~ 3,000 mg kg™
4,000 mg kg ~ 5,000 mg kg > LL CaCO, (i
(BB /N 5] EP 4 —4R) FyadgE < HL 100 mL 2%
BET/KIA 250 mL SRR > il 1.2 g 85 E 4
%) f# (Potato dextrose broth, BD Co., USA) >
oA BT 75 Y CaCoO, 34 22 > 18 7L A 1% >
H & A% 2 pH1E < fin 1.5 g Agar (BD Co.,
USA) 1% » DL J& $a 56 405 O 0 B B 38
o 121°C 0 1.2 kg em™ Ji 5 20 min « B 4 52
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BES 2 S0-60CHR 7 2E £ EHK 9 om BE &ML
tio gl 15 mL > U2 0 A - BEKREER
B AR R i SN B AR BB BRI DU
BIEHURFEVEF - BUESERIET R - FiE
H 6 EHMW - FBRMIARER - ARERE
26 CRIERE 8 d > MEWEHEE - RRE
HREEAER  SEETEER -

FEMEERHKEERREEGERZE
2 ErEWeERET  WEkr ORERE 0
5 mg kg ~ 25 mg kg ~ 125 mg kg ~ 250 mg
kg~ 500 mg kg » DLW > (Na,B,O, + 10H,0)
(Bt TALE MR~ =) EP 4 —&)) Ryad 2 - HL 100
mL 25 KA A 250 mL gEfR et > 1.2 g
= #5 2 % &} (Potato dextrose broth, BD Co.,
USA) - fil A B 78 SV B 0D 54 2 - 15 775
& WEARZ pH{E - 11 1.5 g Agar (BD Co.,
USA) 1% » DIl J@sasa R E O AR
121°C » 1.2 kg cm™ J{ & 20 min - H{ {528 &
U2 & S0-60CHf 7 A £ E AR 9 em BH A
9 15 mL - 5% > A - BEEKIEERFE
4 RiANE Z WA BUR DR - DURE T 8ob
HURRE /D AR B I - FEH 6
EE - BEMDABER O MARERES
260CHEEEEID NEWREREERRREH
RERHER SR EK -
MERAME DT

JKAEGE R S T R B+ s H (b P T A
BEME AT - ERGEAMARME o TG REE - &
KIS R SE R IR LM B R R E
SRAHRE o AHRBAME M7 PTAE Excel s B R E B
B& 1T (Lu et al. 2006) - Excel £ "& L4y
e #REREL T THEBIGEL AVETE - EARRAE
MHRRR B BT B - AT DUE i AL
BB AETT - MHEAGRE () HYBEE T 5
AIFIFE ¢ #7E (Yu 1981; Lu ef al. 2006) » A5
LU

7]

7 > L, n-2)
N n—2

o n RS ((a/2, n = 2) By o BHEK

It =

rere

]
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BHTEHHESEN - 2SR (BEFE - 1R
EHIEE > BRI A Excel Y TINV R > Hig
= & T INV (probability, degree freedom) »
probability [ ## FE A (E (HAs 5 e B /K
B 0.05  HEEE B A 0.05 BIH] » R AFEER
PL2) > 1 degree freedom 2 HHE - Excel A
48 BHE S B 7 FR e 8oy Al fy ABS Je SQRT -
BRI R (R 8L (r) BLEEARE (n) 5 A
AKX P EHE BENEAE - & WEM
EAREERE » ERMEEFEEENE
4R FHRE - A2 I Excel ) CORREL p#
FPEKRIE T R T M AL E 2 R R B
(r) » 1FEIAERA G B2 - FIAH B (L Excel
{9 TINV pi#  B i e i B RN E R EESE
B E BV EHNE KA R SE R BRI
SEUHE BB MEFEAESHER - K
2 AR R E R EGAERN  (HEERE
W B RHE (IR A e B A T A FTRE
HA =L ERIRA R (Lu e al. 2006) -
BRIRETE DT

R HKREH A B & E R ROKERE &IW
FEEEE FERMENNER - &FIH SAS
EHEGE o IR e #E 1T 8 J7 73 A (analysis
of variance; ANOVA) » ZEEHQEHZE (P <
0.05) » HIFFIH &/ NEEVEZ R (least signif-
icant difference; LSD) JHIEs DL L & R B S
Bz ZR M -

e BN B

ERREREEHNEGERERZFE

KEEFHERERFIECRFAENR
20 R 2 ARl KRS S RAE 8 i L
Z 3T N R S A AR (P>
5%) » SR B 95-100% o

FEZKREERMSE TR ITH - F556 L LA
AR AT T 2L R = (18%) » B
(P < 5%) PEREMEAE AR B £ 38 J I eH 2 3 (i
G o HAM 3 EEBESETHRE 0-5% « f£77
i ch o 3 (18 9 i P L Y TR A P A R
Fo JLURE 0-2% - EEFE BT - DUKE
F A T 2L TR (29%) > BELHE
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3 (E PR v o HAM 3 (E R B IR T By 0-8% ©
TE kA g > 3 e 9 1 3 A ¥ 4 ) e
EER FFTRE0-10% - f£5E +5d
DURRH S T 2 R (66%) @ #
F LA 3 {8 pE 3 S o T I B B T AR AR AR
(20%) B 11 (12%) Wi 2 SE T I E L
A (0%) 15 - fEER ] > DURIRE#
MR 2R T RS (20%) » BZE L HEAM 3
&R H sy - HoAtr 3 {HEEHIIE T R 0-5% - 11
FIELEF - DR EFEEEE T 2R TR
= (45%) > BAELLEAM 3 (@R s - HAil 3 {H
FRIHIE T 2Ry 0-11% - FE4RPE 3B > DUFIR
FEFEEEE 2R T RE S (23%) - EELH
it 3 (EpEHE = > HAM 3 EEBIE T H F 0-2% -
FH DL R&E SR TTH > KRR E i E e T
2T R » AL 8 Eallg s » Er#
FpRHESE T RAILUFE 118 (66%) fxm 0 M%E
TR (45%) » B LEE = (29%) - bl
GREUR - BKEE T2 ERKIRERZ 0 I
AREEGHFEEGE SN TEF > BEoTgEFEK
FifERP %4 o Chang (2003) e - fafd
e (E R Y TR AR TR
KB « ARG EE FELEARRT -

IKAEHE MR GEEZ Y EAE F5 90 ~ TTIE ~ ZhkEd
4 (E g > 3 (82 B R B Y IR A A
WEEER (P> 5%)  EEE 8 > DI
BN R A T 2 K IaE R Y E
(123 mg plant™) » [E¥HHA4H (160 mg plant™) /b
23% > HoAthn 2 {1842 1 o P B 34 R 4 R e B
B fFSETEP > HEEEEEET 2 KR
TEPREEZYIE (52 mg plant™) /) FLEIELH
(112 mg plant™) 7> 54% » 11 9 J5 B 332 fd A% BE
TR KREMERYERZYIE (83 mg plant™) JRLLES
HEaH /D 26% 975 i R R AT - 3 B R AH R
B KB Rz E i 2 R - IEFIE L
Zwrp o R EAAE T 2 KSR E
/N (53 mg plant™) » EREFHE4H (78 mg plant™)
D 32% » FAth 2 (il 45 R i B B B A I i
FE o RGP LD REEFEEEE T 2K
TETE MR AERZ Y E BN (75 mg plant™) » DL i
4H (94 mg plant™) /b 20% » HiAth 2 {ERFE R HE
B HRAH Rl A A -

DL E&ERTTH > BT HFE T EE SRR
HAERNES  BKEERZFELLIRER
HE IR EREEE A - EEERAE T
PHERETERBANEET 74 EBREFEAR
B AU ] 2 B T o fR$E Chang (2003) #5
o B R BT R B RN
H 42 (HE - FBERTE 8.25% ZERH -
S U5 A AR RR A 2 95 B T B -

s TIEIBLITE DT

S FIEE EEE R 3 HEHS
58 BN K & B ELAE H AT 2 44% >
Wi 158 2 pH {E & Ry il iE - 53 5 s 7.6 B
7.5 L IERARELLLRE (5.0%) 0 HA
R A 2K (38 mg kg) > HTRERNA R
g5 E EErE (6,067 mg kg™ FEREEA M
B LI - B EIEE R BE
B Ry iR A R E L S L pH(E R 4.5
“HREE pH E R 7.6 0 WEAHZE 3.1 unit >
IS S B E (3,117 mg kg') » {2
HAR MR & EHRK 39 mg kg) o 7FE -8
B(EH 18 RE S B E SR S+
MpH{EAS] EELEPHER TS WH
FH7E 2.4 unit - FEH HEAENMES S E R 1928
mg kg 0 i EHIEAE RS S BEHE (994
mg kg') o FEHT\EMUAYRIFE LIRS &8
ERET AR R B B RVE A BRI S R A IEA
REREL > IELEAHRESE (2.8%) #
Fla s 21%) ShErih g > G LER
WE SRR SRRk 1.6% #110% -

KiGTERMIECRE TIEIB(LITE 2 1
o] e

AKAEGE R SE C R e IR BB 2 AH R
Mo traiZ 4 > HR 4 /A KEERFIET
RE+EpHE -ECH Wi &E - AE
GE ARUEEE - AAMHEE - AN
MHEE - AR aE  AAMSESE
ARM#EEE  ARMHEEE  AREEE
B AREse R EA NS EZHE %
B4 B B -0.712 ~ -0.543 ~ -0.166 ~ -0.117 ~
-0.276 ~0.180 ~0.191 +-0.685 +-0.399 ~0.297 ~
-0.665 ~ -0.618 ~ -0.271 ~ -0.797 - {E Excel #
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Table 2. The influence of pathogen inoculation of bakanae disease on the rice growth.

Inoculation  Germination — Mortality rate  Shoot dry weight ~Root dry weight Dry weight of whole plant

Sampling site  treatment rate (%) (%) (mg plant™) (mg plant™) (mg plant™)
Fangyuan Control” 100+ 0A" 0+0A 48 £ 10 25+7 73+ 17A
Soil” 100+£0A 5+6A 41+ 11 23+6 64+17A
Radicle® 100+£0A 0+0A 43 +4 24+1 67+4A
seed” 98+5A 18+5B 38+6 19+3 57+8A
Chutang Control 100£0A 0+0A 63+5 33+5 96 +10 A
Soil 100£0A 0+0A 56+9 35+8 91+17A
Radicle 98+5A 2+5A 56+9 28 +8 84+ 16 A
seed 98+5A 2+£5A 47+ 11 24+7 71+ 18A
Wanluan Control 100£0A 0+0A 110+2 50+7 160+ 6 A
Soil 100+£0A S5+6A 103 +4 51+8 15411 A
Radicle 98 +5A 8+5A 93+9 46 +7 139+ 14 AB
seed 98+5A 29+12B 86+ 15 37+9 123 +£24B
Erlin Control 100+ 0A 0+0A 69 +4 35+3 103+6A
Soil 100+£0A 0+0A 69 + 15 25+8 94 +£23 A
Radicle 100+0A S+6A 65+19 27+12 91+30A
seed 100+0A 10£8A 62+3 21 +4 82+6A
Fenyuan Control 98 +5A 0+0A 78 £5 34+7 112+ 10A
Soil 100+£0A 12+5B 77 +8 28+5 106 =11 A
Radicle 100+ 0A 20+8B 61 +8 22+4 83+ 12B
seed 95+6A 66+£4C 41+£13 11+4 52+13C
Chiali Control 98+5A 0+0A 56+ 10 23+3 79+9 A
Soil 100+ 0A 0+0A 53+12 25+6 78 £ 18 A
Radicle 100£0A 5+6AB 52+7 25+4 77+ 10 A
seed 100£0A 20+14B 50+8 21+4 T1+7A
Hemei Control 100+£0A 0+0A 52+3 26+4 T8+TA
Soil 100+£0A 2+5A 60+ 10 28 +4 88+ 14 A
Radicle 98+5A 11+9A 55+5 23+3 77+8A
seed 100£0A 45+10B 38+12 14+3 53+14B
Siansi Control 95+10A 0+0A 60 + 1 34+7 94+7A
Soil 100£0A 2+5A 59+3 27+2 86+4A
Radicle 100£0A 2+£5A 58+4 31+4 89+6A
seed 98 +5A 23+11B 52+5 23+5 75+8B

“ Control: non-inoculation of pathogen.

¥ Soil: pathogen inoculated in soil.

* Radicle: pathogen inoculated after radicle emergence.

“Seed: pathogen inoculated before seed submerged.

" Means within each column in the same sampling site followed by the same letter(s) are not significantly different at 5% level by
Fisher’s protected LSD test.

fe P AN B EETEL cRENENEN  FUE > ot pH E - AR - WEES
WESHE > R4 A > R pH E - HIEH BIBUKREERMAL CRA B - M AR
BEH B2 (RENENEARE AGEEREE  SBFRREMHE - A18 pH
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H - $5EY & EfE  KBERKRIETR
A& - Lin er al. (2016) ¥ & pHEHY
T3 B LAY KREE R B S B -
Graham (1983) #&fa i 85 7] R EME YR E
(A Pythium ~ Sclerotinia ~ Botrytis 1 Fusarium)
FUFER R - Graham & Webb (1991) #&EHEH -
W o] FEASAE 098 £ [0 Plasmodiophora brassicae
(Woron.) ~ Fusarium solani (Mart.) (Sacc.) -
Verticillium albo-atrum (Reinke & Berth) »
Tobacco mosaic virus ~ Tomato yellow leaf curl
virus] BB » AR G R BT AW 7248
FAHML - £E Lin et al. (2016) BFEHfEH - 7K
e RFEE A pH BV EE FEREF
138 pH EA B2 EHIGFKEERKELER Z
- o M5 ELE 2 & o] B HUKREE R WS
2R BRI - AT —E K
et e BB S B KREERFR FE S E &
a7 =

HEEHMESEYKGERBEEME
ResE
RESSRNEHKEERFEEGERE S
PERBERNOFS > BHERS PR KRN
§52 ¥R 4H pH B £ 5.0 £ 0.1 » HOKRETERIR
FESES R 3.3 cm £ 0.1 cm ;5 [fizAlIES 1,000
mg kg 7% 0 BEEEFIR pHEIES B 7.4 +
0.1 WHEREKFERFERGER (P <
5%) » HEH A 4.9 cm £ 0.2 cm 5 fER155
2,000 mg kg™ % - BEEIIE R pH (HIEE B
7.5+ 0.1 HAKFEERBEESER (7.4 cm +

x5 AESGNMIEHEEEREEGERZZE

0.2 cm) » FEELLE IEA KR 0$5 1,000 mg kg™
PRI (ER N5 3,000 mg kg™ ~4,000 mg kg
F2 5,000 mg kg {3 {H i B B ELA R
pHEMWRFEET76+0.0K7.7+00-~77+0.1"
HABERFEESAKCKT 73 cm +
03cm~7.1ecm+03cm % 72cm=+04cm-e
It 3 B 3 2 KRS A 0 B B 4 B BRI S
2,000 mg kg R AN B B (P > 5%) o
P b Al sE a4 B R R 5 1,000-5,000
mg kg FIEEE R KEERFHEG AR -
Lin et al. (2016) W5T#5 - KFEERKE
16 pH {H 6.5-8.0 (R EE F  HA4 HREE
(P<5%) tEfE pH{E 5.0 ZHIRH K - KL
1 7R 0 85 1,000-5,000 mg kg f o A fif 5% %
Bz pHERS R 7.4-7.7 » L&EREA A
ZEERHEY)G
AEWANEH KEERFEESEE

BB R R 60 HFE 6 A NIR
IOl 08 4H pH {E Fy 5.0 + 0.0 » HOKFEER
FHEEGAK 4.1 cm £ 0.4 cm 5 (7778000
5 mg kg 8125 mg kg™ f& > BEEAATR  pH
BB s54+01862+00 {HE
pr 2 KR ERIEFEE S RE (5015 4.4 cm
+03cmEL47 cm+ 0.1 cm) Bl ¥ B 4H (4.1
cm + 0.4 cm) EEHEEZR (P> 5%) 5 R
B 125 ~ 250 K7 500 mg kg™ (Y = a3 > e A
B pH B B 7.9 +0.0>8.1+0.0>82 =+
0.0 » HOKFEfE RINE H & BT £ 5.6 cm +
0.lcm+64cm+02cm>54cm+0.2cm =
R 2 KA E RN E H 4 REHEELHEH R

Table 5. The influence of calcium amendment on the hyphal growth of rice bakanae disease pathogen.

Ca amendment (mg kg™)

pH of growth medium

Colony diameter” (cm)

0 5.0+0.1
1,000 7.4+0.1
2,000 7.5+0.1
3,000 7.6 £0.0
4,000 7.7+0.0
5,000 7.7+0.1

33+£0.1a
49+02b
74+02c¢
73+03¢
7.1+03¢
72+04c¢

“ The pathogen of rice bakanae disease was cultured at 26°C for 8 d in growth chamber.
’ Means within the same column followed by the same letter(s) are not significantly different at 5% level by Fisher’s protected LSD

test. Mean =+ standard error (n = 6).
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Table 6. The influence of boron amendment on the hyphal growth of rice bakanae disease pathogen.

AR EE RS R e 227

B amendment (mg kg™)

pH of growth medium

Colony diameter” (cm)

0 5.0+0.0

5 54+0.1
25 6.2+0.0
125 79+0.0
250 8.1+£0.0
500 82+0.0

41+044a
44+03a
47+0.1a
56+0.1b
64+02c¢
54+02b

“ The pathogen of rice bakanae disease was cultured at 26°C for 9 d in growth chamber.
’ Means within the same column followed by the same letter(s) are not significantly different at 5% level by Fisher’s protected LSD

test. Mean =+ standard error. (n = 6).

(P < 5%)  H FAtasE S ol > 55 A TR s
b 125-500 mg kg™ ™ BEE (g 4 K FE 1 R R
[EfS P sE =

HHR 5 813 6 ol &l SR A RIS
e e EKEERIFE 2 A& HHER 4 F
AR KRGE RIRIE R B A WSS & & Ml
CEEHEFEHEEAMHN - ERHES 285K
W& ESaER  KREERREIE TR K
SRR T I Ry S B B S R E 2 4 &
11 72 %5 FH H At [ BE A A% A1 B (2 1 - 7T BEAY i
R : $5aigs 8 pH E > & HEMEY
fH > Guo (1985) W5t$5H 3 7E = pH & N4
Bl BT 4 1R B R (K pHL (B %6 > Alabouvette
(1986) Bt 5% fi5 Hi #0195 1 328 w] P AR AE 1) 4 4= 1
W E 2 B EAZ SR Y DI A& 5
F oo HA o PHEMAEEMAERZONETLE H
I8 &5 77 422 il 15 970 98 = Ml Z i 98 40 © Dordas
(2008) R » #501E R 7 2 BB I iR
AR () SETEEYARENEEY > &
§H TR = R e s pONE LR B 002 R > R HES [
7 I Y AR (Marschner 1995) 5 (2) 572 H
4l B B ¢ 43 calcium polygalacturonates [
HEILE - BT RERER - grnEY
IR R » RFEE AREERERE  EEE
%P o Zhang et al. (2014) HEfEH - §5
HEFEEYREENE i EAEN A
A 7EFE P AR B A B R R A A R R RS (B
{if (second messenger) » £ il B 1] A< B2 g 1L
Yz Al o HAEE N HY S BE RS — A AR R R
KEag  HEREEARE A8 NS EE
TR ARTET: o A R AE 2 HIE Y09 S

Z W5t > Dordas (2008) 45t - 0 ¥ 7% 4
M BER RS SRR e 1 B A A & o [FIE ]
DAREARAE Y7 IR B Fris i (5 & - BRRHIRA
HRTERBAR  HZ2B THEHETEARM :
(1) B O] 42 71 AR BE RS S R A8 E BLRE TS - 1%
AT AR B 58 (Marschner 1995; Brown et
al. 2002) ; (2) WHAEAHAEREHY 2 ZE M ~ 1BE M
B If] 8 (Marschner 1995; Brown et al. 2002;
Dordas & Brown 2005) - (3) HiEAE M E L&)
RAREZH#H AR (Blevins & Lukaszewski
1998; Brown et al. 2002) - 75 1 5 P $E S 1
TEFERIKIRE RIWE 2 2 #E  TIEAEY
Mz S B MR E - B E Y 4 2 o
T RCES R A2+ B SE AR 0 A R 1 [ 1 s Ji
WAREFEZI > EFE—RET -

AXABERET  EEFHRILAES
PR EE R LIEF - AR KEfERm %
4 o 15/ (EeER B KREERFIETFLL
AL E LIRS (66%) » HRBEALM
FISESE T3 (45%) @ 55 = Fo e s i B S 40 1 13
(29%) > BV By B AL RA AR TG 40 1 18 (23%) -
It o BRSSO I b E A&
DR R AR B3 A B -

AT B R A g R AT R b
ISt 7T B PE et TR BB A - I
AR 7 2 T IRE R RSB T (R 2
R ENTIE R KR T > (EAF 2 DUE
FIHETT -
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The Influence of Soil Physical and Chemical Properties

on the Development of Bakanae Disease of Rice

Su-Chen Lin"", Chun-Yu Zheng’, Chao-Yi Wang”, Chi-Yu Chen’, and Wei-Lun Lin*

Abstract

Lin, S. C., C. Y. Zheng, C. Y. Wang, C. Y. Chen, and W. L. Lin. 2017. The influence of soil
physical and chemical properties on the development of bakanae disease of rice. J. Taiwan
Agric. Res. 66(3):219-229.

In recent years, bakanae disease of rice caused by Fusarium fujikuroi Nirenberg seems get-
ting worse and widespread in Taiwan. In order to explore the influence of soil physical and chemical
properties on the disease occurrence, 3 inoculation methods in 8 soil samples were conducted in
greenhouse at Taiwan Agricultural Research Institute. The 8 soil samples were collected respectively
from (1) Fenyuan, Changhua county, (2) Wanluan, Pingtung county, (3) Hemei, Changhua county, (4)
Siansi, Changhua county, (5) Chutang, Changhua county, (6) Erlin, Changhua county, (7) Fangyuan,
Changhua county, and (8) Chiali, Tainan county. The tested rice cultivar was ‘Kaohsiung 139’. There
were three pathogen inoculation treatments: (1) seed inoculation, rice seeds were submerged in spore
suspension before soaked in water for producing radicals; (2) radical inoculation, the germinating
seeds with radicals were submerged in spore suspension before planting; (3) soil inoculation, soils
were directly mixed with spore suspension . The inoculation densities respectively were 4.5 x 10°
spores mL™", 4.5 x 10° spores mL"', and 5.4 x 10’ spores g soil. Thirty five days after planting, plant
growth and mortality of rice were surveyed. The results indicated that rice seed inoculation treatment,
if compared with the other two treatments, showed the highest mortality rate and the lowest plant dry
weight. Among the 8 testing soil samples, the highest mortality rate was found in Fenyuan 66%, fol-
lowed by Hemei 45%, Wanluan 29%, and Siansi 23%. In addition, the mortality rates of seed inocu-
lation in 8 soil samples showed a significantly negative linear correlation (P < 0.05) between soil pH,
available calcium and boron, respectively. As to the other soil physical and chemical properties, they
did not show any significant linear correlation (P > 0.05). The highest mortality rates in both radical
inoculation and soil inoculation treatments were 20% and 12%, respectively, in Fenyuan soil; howev-
er, the mortality rates in the other 7 testing soil samples showed no significant difference if compared
with control. In this experiment, the results suggested that high occurrence potential of bakanae dis-
ease may be precautious especially if the rice seeds were infested with Fusarium fujikuroi in the pre-
vious 4 soil sampling sites (Fenyuan, Hemei, Wanluan, and Siansi) or any location with similar soil
physical and chemical properties.

Key words: Bakanae disease of rice, Fusarium fujikuroi, Soil properties.
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K ra IR AL ORRE (ZYMV) 78 TR 1S B 1 RF It
okl

MERE

BOTEY HSRET KA R4S

HE
BEITER ~ 25855 « MRFRILE - FEES - 2017 © SRETIGHILIRAUF S (ZYMV) &R T H%
HYRHE R AR - &I RIS 66(3):230-239 -

Yo & M o0 #r (bioassay) © P4k B4 8Y %92 547 (indirect ELISA) ~ ¥ 77 £ 7f & (western blot) A R 4%
B BB R JE (RT-PCR) Fin & 7 ik X AL » AP KA T 42 d R R i 80% 5 (ZYMV) 0942
AR AR P SRR R AL oA R EAA SRR T ERBRERGERTE -
VAR 1 AE T A AROR] AR AR RNAAZ 0 b | B RAETRIEA ZYMV Mt 5 2A “Seedhealth” 2 X3+ E
o HAR HE % 047 £ 0.46%  HF ELISA M RFE ¢ 42 1% 48 RT-PCR AR R - BAZERE T ZYMV 8975 /£ » Mk
## /- H RT-PCR & 49 » & — FaE TR & R 5 20l b F H BRI B3 AE T - RARA TREARERABR - R
T EINAETF > BT O AR SRR Z ARG - ZYMV BAE SN » 3R 04055 & 48 09 R F 9148 T 24 ELISA
IR ZYMV AR BUS % S A8 o) JE s bk R 4R - AT F TRF 26% WA ZYMV » T #8154
%o REMAETHEZYMV RS - BAERKRREZIRF RE > RERA - ARARRTESH
ZYMV ot AR R TFRANLRAOR T RAR S RE > @F 8K WEA L TEEA WRETFTRESR
HZYMV o 5 B 10CKAEEA 1 yr b8 EEA ®RAET > 75H 60% TH it ZYMV » @ th 5 35 B4Rl
TR RSO -

RABEE | ARERRHDRAR © IR AU PR - B

BRERYR S - SRR E R =L A &
R ZEH  REURE T2 - H4tkz
G A OABACAS R - EHEEE R ZYMV 4L
T T B I B 11 (Lecoq et al. 1981; Nameth
et al. 1985; Greber et al. 1987; Provvidenti &
Robinson 1987; Gleason & Provvidenti 1990;
Robinson et al. 1993; Wong et al. 1994) - {H

IS
% INE L ER UK (Zucchini yellow mo-
saic virus, ZYMV) 1£ 1981 &~ 2E (Lecoq et al.
1981) B35k F (Lisa ef al. 1981) FS 42300
it 0 PR R BRI AH WL 3T - 1985 &
BT ZYMV 2 53 BB TE H e (Hseu et al.

1985) © ZYMV J& }i* Potyviridae F} 2 Potyvirus
J& - R &R B AL > R B R B SR 1T
&k DLIE K @M 7 1 > 7T RS 2 T R
EY) > 2 1980 FREH N ~ )0 ~ &0~ %4
J > BE N~ BR8N R 38 A i 3 3R B

10 AF A T 57 7 O & T TS AR 9 2% <F- 30 7] 3%
B ZYMV BB T - Hb R 07 1Y (3
PRI PR E S T LAY AR

1990 XAy s &5 > BN T/ A 18.9%
N ZYMV (Davis & Mizuki 1986) » Greber et

R HHEE - 2016 4210 H 26 H 5 #F2HHEA 1 2016 &£ 11 H 24 H -

TEEES ¢ tcde@tari.gov.tw
'BZgREBEYREEmERE - 68 adh -

‘RETgREARBTEYFEANRE - 28 ahi -

EEEEABATHEYFEANETEE - 88 a5 -
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al. (1988) 1% H Cucurbita pepo L. FH 1% 1y
ZYMV f& f# 2% » Al-Musa (1989) 358 ZYMV
8% 2% 1Y Ranunculus sardous Crantz 7 f& 1 fif
RHWNELETH 1.3% W H ZYMV - fL4h
Schrijnwerkers et al. (1991) & &F C. pepo T
995 R BT e SR Y R T F B DL B T RROH
ZYMV - H 5 35 & FE R SR 5 EiER )
ZYMV {2 T 4 {1 5 %= (Desbiez & Lecoq
1997) > {HZYMV Al R R ZE LR E F > 1B
5E Y B4 F £ PR B R IR Lecoq et al.
(2003) FEH - &KX Fimag 0 ZYMV 7] &L+
#1751y fﬁ%ﬁ‘ﬁzﬁﬁéﬂ #¢ %E # (Fletcher et
al. 2000; Riedle-Bauer et al. 2002; Tobias &
Palkovics 2003; Muller et al. 2006; Coutts,
et al. 2011; Simmons, et al. 2011; Lestari &
Nurhayati 2014; Sevik & Balkaya 2015)
Simmons et al. (2011) 8 ZYMV £85I (C.
pepo sub. texana) EFEF{EHIETEE (seed to
seedling transmission) AV IH £ > (R [K ZYMV
EfR 4t £ fEIE (embryonic infection) o F#lt 37
R R VTRV s - i ZYMV &0 fd T {F ZL Ay B
RIEFTER - RIL - TERNEEFEH R
B ZYMV 89t (52 B o ASUHELEE
HY AR o B ik 2 T ol B » TS ZYMV
FE T EREAVER M o B DU T R A R
AL NEE T+ ZYMV 0955 -

ML
ZYMV g HI T3 T\ EEER

LLZYMV 27 PR (31B0S) 1F B 5L
5 > B EEI N (Cucurbita maxima Duch)
RS, o T EHBRBUR IR EER - DLA
KB A B > 42107~ 107~ 107~ 107
107~ 10 £ 5IFiRE % - & MRS T U N el -

HY)53 47 (bioassay) : LISEE 0.1 M w4z
4 8% (KPB buffer) Bl & 5MiREHI AR AR R & %
R - IR 2% (Chenopodium
quinoa Willd.) F£f » 3£ 6 £ (6 EHE » BRHL T
Jitgaeat ) o HEZERE R IR =N o
GEIZZ 710 d & H 5 E0% BEAY B - bR
ST EARENNREZEE  hEER

FY 975 4H 48 95 35 M AR B 14 (dilution end point;
DEP) JHE -

Ik bi s % 9% 4> 7 (Enzyme linked im-
munosorbent assay, ELISA) @ 7 & & i FH
ZYMV Z Tl B 5 mil 8 5 %= A 80 O 7
(Hseu 1985) » & Bk H (immunoglobulin G;
1gG) #ifb K EGIHHLAS S 77 i (ELISA) J{yEE
Clark & Adams (1977) By 72 o Bl _E 3l 251
B ZYMV 588 - DAZE & coating buffer JE &
% > 48[ #%% (indirect) ELISA (Lommel et al.
1982) #1758 - F DL ELISA 3 (A #% (Mul-
tiskan Ascent, Thermo, Finland) JH|E# f7 £ /<
B AE 405 nm Z R UTE (Aggs) © — AOHIEER

mmfy ELISA GE{H % M B & IR AY 2 % - 8
HE BIERIE (BiRsERH) -

V5 /5 &5 (western blot) : {¥#2 Towbin
et al. (1979) HYJ77% » B L FIMRER ZYMV fg
B DL & A 1% SDS #Y 12% polyacrylamide #
{THE#E &K (SDS-PAGE) 1% » B #E I A
EREN - KEEEERN 0.45 um B (L B4 AR
(nitrocellulose paper) F » FHEL ZYMV Hif8 &
J& » 2% 0 A DLl 1 Wk B BB AR E 2 LU iR R
JEEKER (Sigma A8233) » RIFERFH LIAA ni-
tro-blue tetrazolium chloride (NBT) J 5-bro-
mo-4-chloro-3'-indolyphosphate p-toluidine
salt (BCIP) Jn A2 £ -

I $% BA iff SE 84 X ME (reverse tran-
scription polymerase chain reaction; RT-
PCR) : % 51| # ¥ (9 £t 5 #7 F} DL Plant Total
RNA Extraction Miniprep System (Viogene,
CA, USA) #1748 RNA 2 ZEH 4L > FIH
MMLYV reverse transcriptase (50 U puL, Starta-
gene) &k 1st strand ¢cDNA » FIHH 5] 1
¥ 1 ZYMV-CP-5 (5-GGTTCATGTCCCAC-
CAAGC-3) Fr ZYMV-CP-3’(5’-ATGTCGAG-
TATCACATTTCC-3) Hii§ NIb/CP 2 B (Yak-
oubi et al. 2008) HETT S HE 55 T 5 Bl 1 55 S &
(RT-PCR) % ZYMV © 43 BIH{ 1 uL RNA -

2 uL 0.5PC 5] F % 15 uL DEPC-DW > fi1 A
AccuPower RT/PCR Premix tube (Bioneer,
Korea) §E &4 0 8 R FER B MultiGene
TC-9600 Thermo Cycler (Labnet, Edison, NJ,
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US) T hEiE R e - [ EORE R s 2 70C
5 min % 10C 10 min (for denature) ; 42°C 60
min 2 95C 10 min (for RT) ; 95C 30 s ; 50C
308 72C 60 s » 330 {E{EER > HB—({EEE
th 2C T &8 & 10 min o [ZELEE DL 1.2% HE 5
EEIKHETT o3 T > THI RIS 605 bp Y DNA ZEY) -

[N¥EFES ZYMV R HIEERRR

FERE I (Group testing) £RAR @ &R{E ML
5 E B A 5 A (submitted sample) /D 1,000
Firfd+ o slERREEEEE A (working sample) 77
AIVE L Ep iR ARPE RS HURE - FRHL 690 HifE+#E1T
FERGOIEE © DU 1A (10 48) ~ 3 iz (10 2H) ~ 5 iz
(10 %H) ~ 10 K (10 &H) ~ 100 Fir (5 4H) Sy
140 % 1 & f2 #S (Specimen) » & JCHIE 45 {1
g -

fEEAta e s « DK (=
RERESHETINE
e RO Ry sl Ag -

R 7k - DAE B ZYMV $ 05 i 8
R R BRE A B TR 8% ELISA » 55—
{ill ELISA fit & 8% 417 45 {Efn#g i1 - 1F & 5 i
HHETHR > NGRS HSER - DL RT-
PCR (Yakoubi et al. 2008) sl i 4S5 -

B RS SRR b - B R R AR &
BE4H T ZYMV IE R FERY{# %5 - DL Seedhealth
#22( (Chiang et al. 2007) J5 5 Hi 1% B g A o
ZYMV e 47 3#% (proportion) » Wi& T
o[ {Z#El@ N (confidence interval) o

i Hi 3 (Incidence) @ DL gl Y A Y
BT 5 (seed-carried) AV 77K -

HiZF 558 (Growing-out test) : {5 fH 1
E%ﬁé@ﬁ’\ farh s HIFREGIBHIEIZ 1

C RERE | HARE R - HUE R4S

ZF 1 hfET)
/X/@I%ﬁ%i@& ’ Hy

?’Eﬁ ELISA fi Ml - /\é*%{%/ﬁhw“%%«ﬁ¥
B (R (seed to seedling) AYEE

MIE ST ZYMV e tE R E 6

2015 5 4 H i ta 5 25 B 2 (8 4t 9% (seed
lots) : 9894C-AN K 9894C-AO (] 7 L ff T &%
1000 i > A1 A b 2 A v A AU AR B A2 P HE AT
ZYMV ZigHl -

oot 3

FAMIESF ZYMV Ryt

LU ELISA fEife i €88 (Cucumis sativus
L) ET2EHAE ZYMV » G EE "5Hak
(‘Shiou-leu’) ~ "¢, (‘Wen-shiow’) ~ 'fa[55
(‘A-shiow) ~ ‘F-1786> ~ &, (‘Sin-jaw’) ~ "
& (‘Vantage’) ~ 4k 5%, (‘Bountiful No.2) »
"HEH (‘Fa-yen’) ~ K JEl#e, (‘Feng-yen) % -
HY bt £ s P R FORZE > BB RESE 1
HARZENRFHA - DL ZYMV 5 1 % 12 R A R
TERE | HAE  GELERE 6 BE - it
AEYEN R = o AR E
PR AT LA ELISA ﬁﬁﬁﬁ}ﬂ*ﬁﬁt?%%wﬁéﬂ
& - WESL ZYMV LBl g

5‘7&%%@@%??5’]%[’\@%%%% L
ELISA fg i SREVTE /A ZYMV BYEE = >
SNT7 fiAE ) 4 i e R R B TS 2 R B AR L 4B 8% Y 1
5y Sy Rkl B T2 IR E 15 d > FFRA
ZAERKOZ T 2 d (R 1T RREE 7y Bl 2 ik U Y
F7 R K7 & PR ERRR FLAH A, - 43 BilAg ] o

W R T SBENER T AT EH
/Hiﬁg"qj HEEHEIZE | mo - [FIFFECERIEE

AR EERREE | ARG - HUIR % AYTE Kz

%HR?@E’J%%Q% 1 AR EERR 73 BEAH B TR
Ml -

FAIESH ZYMV B8]

2013 £ 5 H &M ER R ER - %
RAVEIN (Citrullus vulgaris Schrad. ex Eckkl. &
Zeyh) "% A (‘Tien-Mei-Zen’) fz B3 A
(‘Dark Belle’) FYME KRS ZYMV » ER AR E
FREERR RS ~ IR - B ANRA - R
Je R RS A 45 DL ELISA ol » 3975 ZYMV
R R - JRELE T IAE KRBT A
HIFET > 43 B LA ELISA #7797 33 4600 - gk
B 10CKFERF 13 mo > F{THLH LA
ELISA #{TR MM - WWEBRERET - %
TR T A ER T > HABHEIZ 1
mo > [E R TR W EIREE 1 AR
Gl - HURE AR A7 - RERYEAFEEEE 1 #
RIEI Y FEHB R THRFRM -
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LS

mEtwilJ3ALLER

ZYMV £ 10"~ 107-107~ 10"~ 107 -
10° ZFIFRIR R EFT D AT ~ T B AR T
BRESN - BT 2EE KR E T G
P Bt e A 2 G R LB E 1 - TR EN
DEP 2 10" 15T T » KBSk 5 A 8 &
f& (RT-PCR) (Y I B HLE B 10> DLE By
G i T S A P O B A A A SONAE 107
WREM RS AR ELISA HI & 107 - AL
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Fig. 1.

Comparisons of sensitivities for detection of ZYMV by RT-PCR, western blot, ELISA and bioassay.
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Fig. 2. Confirmation of ELISA-positive specimens
(9894C-AN-5-5 and9894C-AN-100-5) and negative
specimen (9894C-AN-3-2) by RT-PCR. A 605 bp frag-
ment was yielded by the PCR.
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Fig. 3.

Inoculation assay on different cultivars of cucumber (Cucumis sativus L.). Following inoculation with

ZYMYV, no symptom was observed and no virus was detected on upper leaves of cucumber cv. ‘Fa-yen’ (A); as com-
pared to the systemically developing symptoms shown on cucumber cv. ‘A-shiou’ (B).
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Fig. 4. Comparative frequency of indirect ELISA values (A,ys) of seeds derived from ZYMV-infected watermelon

cv. ‘Dark Belle’.
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Fig. 5. Comparative frequency of indirect ELISA values (A,(;) of seeds derived from ZYM V-infected watermelon

cv. ‘Tien-Mei-Ren’.
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Seed Transmissibility and Detection of
Zucchini yellow mosaic virus in Cucurbits

Ting-Chin Deng"", Chin-Hui Tsai’, Yi-Ting Lin’, and Chien-Ming Chou’

Abstract

Deng, T. C., C. H. Tsai, Y. T. Lin, and C. M. Chou. 2017. Seed transmissibility and detection
of Zucchini yellow mosaic virus in cucurbits. J. Taiwan Agric. Res. 66(3):230—-239.

Zucchini yellow mosaic virus (ZYMV) had been comparatively detected by bioassay, indirect
enzyme-linked immunosorbent assay (ELISA), western blot, and reverse transcription-PCR (RT-PCR).
Accordingly, a standard operating procedure for detection of ZYMV carried by cucurbit seeds was
set. The procedure includes sampling technique and statistical analysis mode for group test, specimen
preparation for testing, acceptable methods for ZYMYV detection, and formal expression of tested
results. To practice the procedure, a seed lot of Cucurbit sp. for quarantine test was tested by ELISA
and the proportion of positive was 0.47 + 0.46% calculated by ‘Seedhealth’ program. ZYMYV involved
in these positively detected specimens were confirmed by the analysis of RT-PCR and the nucleotide
sequencing of RT-PCR products. However, no seedlings from the same seed lot were infected by
ZYMV when tested by growing-out test. All tested seeds collected from 9 local commercial cucumber
cultivars were detected to be completely negative. Plants of various cucumber cultivars were inoculat-
ed with ZYMYV, no virus was detected in fruit or seed derived from some resistant cultivars; whereas,
ZYMV-infected fruits were harvested from symptomatic plants of susceptible cultivars. The incidence
of ZYMV on fresh seeds in infected fruits was estimated to be 26%; even so, the virus became unde-
tectable after dry preservation of the seeds for 15 d. The distribution of ZYMYV on fruit of watermelon
was observed, and the virus was found in fresh pedicle, fruit base, fruit peel, outer pulp, inner pulp
and innermost pulp. Immature seeds contained more virus than that of mature seeds. Regularly, it’s
easier to detect ZYMYV in seeds of watermelon cv. ‘Tien-Mei-Zen’ than that of ‘Dark Belle’. The virus
was still detectable in 60% of the ‘Tien-Mei-Zen’ seeds stored at 10°C for 1 yr, but the seed transmis-
sion rate detected by growing out test was kept 0.

Key words: Standard operating procedure, Virus indexing, Cucumber, Watermelon, Pumpkin.
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EAUH PDA AR AL - 7 25CIRUR A RAE
BRI R fFRINEGEER - DLEE 0.7
cm £ FLa8 F & M B SR 0 PR SNE T - BUE
TR 51 By PR -
IBERER D

15 8RB 73 BA Leatham (1983) 4 R Y &
4R R B B U7 Ry AR B HETT (B 2  Leatham
BN BS AT E 25 g D-glucose, 2.5 g
L-glutamic acid ~ 4 g D-glucuronic acid ~2 g
KH,PO, ~ 2 g MgSO, - 7H,0 ~ 10 mL mineral
solution ~ 1 mL trace element solution ~ 1 mL
vitamin solution Jz 0.1 mL salicylic acid solu-
tion * &1 BC J7 &5 & X+ & 20 g Dextrose
(Choneye Pure Chemicals, Taipei, Taiwan) ~
1.5 g Asparagine (Hayashi Pure Chemical Ind.,
Ltd., Osaka, Japan) ~ 2 g KH,PO, (Choneye
Pure Chemicals, Taipei, Taiwan) ~ 2 g MgSO, -
7H,0O (Hayashi Pure Chemical Ind., Ltd., Osa-
ka, Japan) ~ 10 mL mineral solution ~ 1 mL

trace element solution ~ 1 mL vitamin solution
%2 0.1 mL salicylic acid solution (%2 1) °

PGR Z NN IEEE &

R AR EDRERINAA (1
6 mg L")~ 2,4-D (16 mgL") & BA (0.2~
1.5 mg L) » DUSE R 0 T o] 46 & 58 6 70 F By
IR o B & BRI 2 B IR 7 BIHL 25 mL JF A
250 mL ##EEH > DI (121CK 1.2
atm) JEE 20 min 1% JRE N EERE S 24 -
H#AERRKO0.7 cmHYEFHEAIE > KHEETE2 di% »
IR EC M 18 h > Y5 E 10 pmol m™ s >
e R By 40 W O 18 (FL30D/29, China elec-
tric MFG. Co., Taipei, Taiwan) Y CIEIREE T
TR RE R 25C - LR &3 d
A ESERE  RERKETERE -
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Table 1. Modified composition of Leatham liquid medium.

oot 3

Chemical Content/L in stock Content/L in medium
Dextrose 200¢g
Asparagine 15¢g
KH,PO, 20¢g
MgSO, - TH,0 20g
Mineral solution 10 mL

CaCl, - 2H,0 3.67¢g

MgSO, - 7H,0 439¢g

ZnSO, - TH,0 220g
Trace element solution 1 mL

Fe(NH,),(SO,), - 6H,0 141g

CuSO, - 6H,0 0.784 g

CoCl, - 6H,0 0.081¢g

Na,MoO, - 2H,0 0.051¢g

NiCl, - 6H,0 0.081¢g

SnCl, - 2H,0 0.038 g

HCl 2mL
Vitamin solution 1 mL

Myo-inositol lg

Thiamine-HCl lg

Pyridoxine-HCl 0.1g

Nicotinic acid 0.1g

Sodium pantothenate 0.1g

p-Aminobenzoic acid 0.1g

Riboflavin 0.1g

Biotin 0.03¢g

Folic acid 0.0lg

Cyanocobalamin 0.01g
Salicylic acid solution 0.1 mL

Salicylic acid” 10g

“ Salisylic acid is pre-dissolved in 95% ethanol before dissolved in water.

ST DT

AT BR H 52 & & R & (Completely
randomized design ; CRD) #{7:lE - FEH
4 B FEE4EARR - ABEIELL SAS #1
S 1T 77 9 M7 (analysis of variance; ANO-
VA) » DLz /N3 7= B 57 8T (least significant
difference test; LSD test) 3 #7A[E R H E 2 &
HHEEZR (P<0.05) -

fER
PGR EEHIBEEEMERIVEE
NAA - 2,4-D % BA i 5l ¥ B 4 5 45 25 B
BB (B 1) - B3 d 7% 0 6 mg
L NAA FESEBBEHHI B 4 B o A
MR 21 do B%EERTESS om s BT
PSP (7.0 om) - BEfE6 d % > 1.5 mg L
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BA R I HE R EFHGEENER - 28
9 dig  FH&EREES.D cm > BIHAMFREH
HEREAR RREFGERNBEZFET
Fifdg 21 d> H&AEREZE 7.8 cm - R A 1
16 mg L™ 2,4-D (YpEFRA - i3 2 (EIEME EHE
HEGERIVH R MIAEZE R - FFETIHE
%21 d> R4 RIVHCRE 1.5 mg L' BA &
HUAHMAT - AR EEE 7.7 em } 7.5 cm © [
Ak i 1 mg L' NAA 5 0.2 mg L™ BA #5
G REIHBERZE > FEER 21 d> EHE
RN E IR - DL R4S RN - HiH 1.5
mg L' BA ~ 1 8,6 mg L™ 2,4-D jARs& R &
A S R AR -
PGR BIEHBEFEREENNEE

PGR B 2 4 A B AN 2 B - 7
% 6 d BB HEIREER  HIREAYI9E
A 12 EEE fF6mg L' 24-D K 1 mg L
NAA YRR gEBAE (R R AR - F
PR EE 25 i > 49 2 AV R - EIEE
RIS 9 d F 12 d thi B BEE (P < 0.05) -
EHEISdR18d% I mg L' 2,4-D & 1
mg L™ NAA & H AE {1 4 5 Ik 2F e 80 R 5 By

B MERE21d7% 0 Ml lmg L' 2,4-DAY
R HE R R A > I 236 ] > 49K 2.6
R (RS 5 1 mg L' NAA R B4 A (2 #E
WERER > SEEHE 191 8 - #ifE 21 d 1% >
WIBAE I 91.8 (B F A AR - 20 0 1.5
mg L' BA JRH4H 5 58.4 (> BR 1.5
mg L' BA $fFIEA A HIHIER » M 0.2 mg
L' BA R4 A E 22 - hItIFeER
NI 2,4-D B NAA (1~ 6 mg L) o] {fg #E J7U &
AR PRl 1 mg L 2,4-D H9{E B B e -
PGR BIEHEEST ERZENEE
HiE 6 dik > FBEZRETERINEE
WIHAFE 1 mg L' 2,4-D 2 0.2 5 1.5 mg L' BA
PR TS AR S (P <0.05) 0 FEE
BEREOBEI > FEEMHARM THERLE
MATEZR (£3) - FAFLERYETHES
BB BA R  THEE S 4 BEEE
4 > FHEIE 21 d 1% > BLIRAE (3.0 (@) Eb
B AR EBH B A R o B 2,4-D R E R
6—-15 d IHART » FERZEAEHRNES  H
1 mg L 2,4-D R E4A{F 405 18 d 1% » T H
B g B 21 d 1B T E B ES AR BTE S

Mycelium length (cm)
[&)]

~- Control

> 1mgL'24-D

- 6mgL'24-D

-~ 1 mg L' NAA

-4 6 mg L' NAA

- 0.2mgL"'BA

= 1.5mg L"BA

NAA: a-naphthaleneacetic
acid

2,4-D:2 ,4-Dichlorophenoxy
acetic acid

BA: 6-Benzylaminopurine

12 15 18 21 24

Days after inoculation

1. EVERBEIFEESEEGE R E -
Fig. 1.

Effects of plant growth regulators in liquid media on mycelium growth of Pleurotus ostreatus.
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Table 2. Effect of plant growth regulators (PGRs) in liquid media on primordia number of Pleurotus ostreatus”.

Average number of primordia

PGR’ Day 6 Day 9 Day 12 Day 15 Day 18 Day 21
Control 12.1b* 273 ¢ 299 ¢ 45.5d 65.5 de 91.8¢
2,4-D

ImgL’ 16.4b 35.0bc 50.5 ab 1346 a 1643 a 2355a

6mg L’ 25.1a 512a 61.8a 85.0 be 108.5 be 164.4b
NAA

ImgL" 25.0a 42.5 ab 63.6a 1292 a 133.7 ab 190.7 b

6mg L 135b 30.0 be 49.7 ab 113.0 ab 103.0 be 168.5b
BA

02mgL" 12.6 b 34.6 be 40.4 be 65.1cd 90.0 cd 1162 ¢

1.5mgL" 11.6b 253 ¢ 27.7¢ 32.3d 483 ¢ 58.4d
LSD 7.1 15.1 18.4 39.3 31.3 27.5

“ Each treatment had 4 replications with 4 flasks per replication.
YPGR : NAA :o-naphthaleneacetic acid; 2,4-D:2,4-Dichlorophenoxyacetic acid; 2,4-D) ; BA 6-Benzylaminopurine.
* The same letters within column are not significantly different at 5% by least significant difference (LSD) test.

X3, YL RBEGEE PSS T ERER B -

Table 3. Effect of plant growth regulators (PGRs) in liquid media on fruit body number of Pleurotus ostreatus”.

Average number of fruit body

PGR” Day 6 Day 9 Day 12 Day 15 Day 18 Day 21
Control 0.3 be* 1.0c 1.2 bc 1.6b 2.2 ab 3.0 be
2,4-D

ImgL" 1.0a 1.0c 1.0 cd 1.4be 2.3 ab 5.1a

6mgL" 02c¢ 03d 02d 0.6 ¢ 19b 26¢c
NAA

lmgL" 0.8 ab 1.8 ab 1.5 abc 2.1 ab 2.8 ab 4.1 ab

6mgL’ 0.7 abc 1.1 be 1.9 ab 2.6a 2.4 ab 3.4 be
BA

02mgL" l.la 19a 22a 2.7a 30a 3.0 be

1.5mgL" 13a 1.7 ab 1.9 ab 1.9 ab 2.7 ab 3.1be
LSD 0.6 0.7 0.9 0.9 1.1 1.5

“ Each treatment had 4 replications with 4 flasks per replication.
Y PGR : NAA :a-naphthaleneacetic acid; 2,4-D:2,4-Dichlorophenoxyacetic acid; 2,4-D) ; BA 6-Benzylaminopurine.
* The same letters within column are not significantly different at 5% by least significant difference (LSD) test.

[ > (LR 6 mg L' 2,4-D IAIA  BEERE T AEEEFES S LR 2.4-D,
HITERBENRS THRA 26 KM NAA B BA SHE¥E E G (Plant Growth

PR B L AR E A 5 - Regulators; PGR) WARs#R T » Pt Ho it
s B R R TR A A
e W o HISELE BT 0 & [ 41 Leatham

BTG LL Leatham (1983) S#RAVE GEK  (1983) & &K fa i B BC U7 th 8 1Y A BT FE Y
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IS 4E RS S ] 248 0 T PGR WIEHEHE 44 R
FFERBEAEESE  HARREN 3 [
B HH R 5 45 ¥R 5] PGR Y85 R A
[E] o i AW FE R » 15 P AR R 2 mg
kg' BA AR S 4L S 71% 0 BEIE R HEEH
HHEE S 4l RS S MBL nE (Ciou er al. 2001) © £
AN E. (Agaricus Blaze) HYRAGH Bul T -
RH020-50 mg L' BA ILLEHEESERE -
Hibl 35 mg L R & EEREFIRA -
HuaMtRaEnEaa88a8EEZE (Guo
et al. 2007) - Wang et al. (2009) DL KBk ZE 4k
(Stropharia rugoso-annulata) #1777 & W
i WASEDRIN BA FE P A I N B 4R 6 B B i
ERELAVAE S - TAREZEARN 0.2 mg L BA #f
ISR SRR AR R R T E RS A
EWE M 1.5 mg L' BA W[ {2EFHGKER
EARFAE ST ERR % 4E » HEOARREE
BEEEERAR - FRFAHAEREBREZES
12 BT 3 RS B B R AR T T ARG R TG R 8
R R R Z BRI LOHE - TR AR R 2=
BRRBREECgrERBER TS
TEAR KA s B R AR

BEREIE RERRNIERIESEFHEY)
HER ERBHEEHMERE S - oS
ARZFE > GREVREES ° U Lentinus sa-
Jjor-caju {EZ B EENE &R (pH 7.5) Fik%Z
B 18 30CRIERRAT » B2 BRI TE
0.18 mg TAA AYEH (Yurekli et al. 2003) » 28
TNERZRIEEVERHEAREZSFEEN
KT o AstBgiRM2,4-D (1~ 6 mg L) JEH A
FEEHEGEREE 1 mg L 2,4-D 1 [HBF {2
BIEFEESER  FEFEETFEREE M
EREHY 2,4-D (6 mg L) Il #6725 B 4
LB - BERIIES 2,4-D A2 ER
MENE%E R - EEAEEENERRER
Fr7= 5 > 1 mg L' 2,4-D 6] {& #E Lentinus sub-
nudus (Berk) ME %4 & » B Schizophyllum
commune (Fr. ex Fr.) B KR EF A EE
B 10 mg L™ 2,4-D (Jonathan & Fasidi 2001) -
AWFRER | mg L' NAA HE %4 RETFH
BB e > HoDMEEFREPR -
6 mg L' NAA R B ARG MH H 4L R > =
A REREVE B rERE4ERREEY

2 - RN 3-15 mg L' NAA RFEERFERR T -
AEEREE G EIN S HEER - D
5.0 mg L' NAA JE ¥ 192 h #% > 41 % i &
BT 0.86 g L @ B 56% (Guo et al.
2009) - £ JEMIE (Pleurotus citrinopileatus)
TS BB A PRI 0.2 mg L' NAA » BHE (i
FEHSRE R > M1E 0.3 mg L' NAA JEIH4H o
A B KRN S B E & > R0 1.5 mg L 5[0k
TH& (Indole butyric acid, IBA) FEH 7 FH 4458
B 4 25 I 7E 2 0 2 B i K & (Huang et al.
2006) o DAZREL BRI R AE Ry 70 B ASE T4
SYRUMEF 10 F2 15 mg kg NAA - A5 3 {H
4 Y E & R DRI RS (Wang et al. 2000) -
R0 8 mg kg NAA AIENE T - IS EX
fif] f6 4 (Pleurotus tuber-regium) & &= (Chen
2004) - B ZRH FF 2 AT A WEFUER ) NAA $f 5
G TERPEAREFH - HARSBRM 1
56 mg L' NAA (45586 R E > HE 0 0] A 8
BB - NAA RIS St 22 519 H
i  Yan & Liou (2000) 22 58 =02 E NAA 1]
AN ERENA K « £ NAA BRI
R EE > B NAA ERRE
A ge H IR HIE 9046 45 4 RAYELS (Chen
2004) -

G BAEE R > AR 2B HERE R
A1 mg L 2,4-D ARG &R T - HERBIH
H&atRE  REEARBUR FERELH
HEZRENIER > T 2,4-DReREEKER
B S S RS T i B R 0 4k Ik A B A RS A
HHGHE—TBHERS - BN TERFEYE
FEREEE TESEEEE  FEEEEN
BB BNV E S H e 4 T BRI E
4= (Magae et al. 2005; Berne et al. 2008) - H
Al B A A AR ZE B S B o AR A E 1]
REEEY) > gmBEREZHERERNE
B BRI ER o A FEY)ERHFHEH
TEIE ~ B8 RORPOR A% -t 75 2 AR ke
F o REY A& & ETHIE 46 2 B ARSI
SRS o BEAMEYI A REAETEIHATE
LEZWIEREYAE Y4 RFEER T
WUAR E R a2 SR AR D8 IR
KA R E AR E R 2 e AR b AT DL
ER T & R i A B I By H AY -
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Effects of Plant Growth Regulators on the Mycelia
Growth and Fruit Body Formation of Pleurotus
ostreatus in Liquid Medium

Sian-Yi Ciou', Yi-Zhen Zhao’, Ya-Han Chang’, Chin-Hsiung Hung’’, and Li-Ru Chen*
g

Abstract

Ciou, S. Y., Y. Z. Zhao, Y. H. Chang, C. H. Hung, and L. R. Chen. 2017. Effects of plant
growth regulators on the mycelia growth and fruit body formation of Pleurotus ostreatus in
liquid medium. J. Taiwan Agric. Res. 66(3):240-247.

The experiments were conducted to study the effects of plant growth regulators on the growth
of mycelia and the formation of primordia and fruiting body of Pleurotus ostreatus cultured in liquid
medium. The mycelia of P, ostreatus were inoculated in culture medium containing 1 mg L™ or 6 mg L
o-naphthaleneacetic acid (NAA), 2,4-Dichlorophenoxyacetic acid (2,4-D), or 0.2 mg L™ or 1.5 mg L'
6-Benzylaminopurine (BA) at 25°C without shaking. The results showed that the growth of mycelia in
liquid medium containing 1.5 mg L' BA or 1, 6 mg L™ 2,4-D attained 7.5-7.8 cm after inoculation for
21 d. However, the treatment of 6 mg L™ NAA inhibited the growth of mycelia. Twenty-one days after
inoculation, treatment of 1 mg L' 2,4-D significantly induced the formation of primordia and fruit-
ing bodies (P < 0.05) with an avg. of 235.5 and 5.2, respectively. The application of 1.5 mg L' BA
significantly reduced the number of primordia to the lowest (58.4 in avg.), and 6 mg L™ 2,4-D treat-
ment inhibited the formation of fruit bodies (2.6 in avg.). Study indicated that application of 1 mg L™
2,4-D in liquid medium can significantly enhance the growth of mycelia and the formation of primor-
dia and fruit body of P. ostreatus. The scale-up experiments based on this study will be conducted for
optimizing the commercial production of P, ostreatus in the future.

Key words: Fruit body formation, Liquid culture, Plant growth regulator, Pleurotus ostreatus.
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KB RIFIE A > F 9B B R LA A KR BB e iR R B A AP Bk RAY

G S A 0 AR ALK, T BF R s B SR EE R o AR AR SR G B P9 $RIE AR HMR ROl 0y BRI BAIR S F
B R AT E T | EAAMKEREOAREI R RALBAESARE ETIHFERL ZRERR - 4
b0 SRR (OsNRAMPI) E 3535 B JE o o) R AR ZE - AR B M4 BAVS M AE 3 R A 48 RVE R AL - o
K O ARG LG AR B 5 RO E L3R P A X R4 o FEX 0 AR THBE R F AR - AT
B (2006-2011) FTEH "6 FPAL 105%, 2GR EHRFA T BB EH AW 2014 F5F 1 HIEMLE > ZF B
WA KSR RATAF IO RAGHT SR & 0 2015 B 1 AR R G AR R AT BLHGRAE 0 T oAl i3 9e 2 6 P AL 10 3%
qCdT7 A AR R AR REA - TG FAL 10 58, A S/EARMARE - A2 K08 T Feén RAAR T 42.2% 0 ek 2%
IRAAG 5 AE By 35 45 KRR 09 B 3 © 465 > RRERIE A o F 9 B B SR s 2L R Bl AL R IE AR 1R o EAH
WPBIBBR T ERTME TIAWE  LENDAEFTRRAAGELERRD LA LR —IAL I -

RRREE | IREREE - MRS - THREMEAEEE ~ FURE ~ 47 THEBAEIRS »
2= SRECEE U R 5 A I A
o 1 ISR B A - TEE
BTSSR SRS R i LA

B O BT URRAMER R A A
RIENBVE - EOEANRRELHS X g fHenyEeBoBRE LUk

PUUERRSREZE - TERBREE q@pET  Mysn R e ss st s RmEY
1982 EHEZEFHETLRESARHETMN  BHE o, 2Flp=Re FEET -

2016 423 H 31 H il > ¥ F 2,639 % (4375 FEEE M2 FARERME ek
ha) MUY NS By S X HIGUE (https:/ FTHESBREES > HFSEEEEE 0.4
sgw.cpa.gov.tw/public/) « (KB HIERIM FKS  mgkg! o ifiERR B & AEY BT AR

LrEHA - 2016 4211 H 4 H - B2 HIE 2016 £ 12 H 12 H -
TiEEEE - dhwu@tari.gov.tw
PREEHANEARSER -
eGP EY AR - G G -
‘B EEsBEELEURTEER - &8 G
By ERABRATEDARITIEE c 68 6 -
BEgRERBATEE CEAERTE - 88 6 -
BB EYHEREE - 88 i -
‘BB ERBATEE LEUMEERUE - &8 A -
TEZgBRERBRATEDANIEE - &8 60 -
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HA A R B E e B IR 2 - & FE
Yy B IR A 2.5 mg kg~ BRI
ErsSmgkg' HRTIHBHEEZEHY
b AL SRR EREAE BT
GEE TR > F40E - THEKIREERK
TRV » EREEREES - Li5
FUE > BEeBTRAEIEHKRMEE RE R
FRAENEANE - HHEHREYFES LR
& (Lin et al. 2012) »
KIEHENEZREY 2 — BERSEH
Al 25 B A H - RKIBEEE 2015 F 45T
FoRE B R B N B A L O LARE RS Ry 1 B B o
o HE P RIREmTE TS Al 10 58 1F 2015
FEVIENREEmEIfER 44 HE
1980 4 fn fd a 44 1% & 2 30 yr 35 Ry RlAG £ %2
FhemidE > BERENET - E(CHEEMKE
i & (http://kiscrop.tari.gov.tw/kiscrop/index.
aspx) ° fE@EH LW AB B LEHES
J& Y RAERE JJEE RS & (Uraguchi & Fujiwara
2012; Jha & Bohra 2016) » 5 1 Guo et al.
(2007) K Romkens et al. (2009) Y55 #4545
o EOEAT ORI T R A B R AR AR ) TH
B T IR TR BN RUAELE B - 67 95
FEREMEN SR R S 1 - BUERR
ERFEEHIEEZ BH - Al A R A
mm e A] BEE AR SRR Y BB = HET % -
TEPRTRENR TN RER AR > &
TR (1) R 2R H T SRR MRS (L B U
(2) RE BN HY 25 d BLiE i - (3) P ACEIf R R
AR o R /KRR I -
A B RNV A e T KIS SRR D
frhsga g0 KREEFERAZ - KE-
% fiI & Jk (Uraguchi et al. 2009; Uraguchi &
Fujiwara 2012, 2013) - [i§ & /K fg & R 48 € Fp
BT HGEE HARNEYER
JeE b o AR ER S M B AR ) M 2 5 I 5T 4
B KIER ZEE DM ERE T E#A
R (HIO % e e L 9E s (o] &8 qCd7
(Norton et al. 2010) ~ ¢gGCd7 (Ishikawa et al.
2010) ~ gCdT7 (Tezuka et al. 2010; Miyadate
et al. 2011) ~ gCdp7 (Abe et al. 2011) FHEEH
JBE FE 4 35 1 T (i A /KA ER 7 Ry ie i s |

7[5 — L 5 o 7 ) PR 422 il 38 0 B Rk PR B S e
i > $ZHE B 0sZIP§ (05070232800, Ramesh
et al. 2003) ~ OsHMA3 (050720232900, Ueno
et al. 2009, 2010; Miyadate et al. 2011) ~
OsNRAMPS5 (0Os07g0257200, Ishikawa et al.
2012; Ishimaru et al. 2012) Bl OsNRAMP1
(0s07g0258400, Takahashi et al. 2011) ZEEL[A
PR e AN - RS T SR E SR
BipE Ry HE A -

1F Ueno et al. (2009, 2010) 52t » FH
fll#% ‘Anjana Dhan (An) B fH # ‘Nipponbare’
(9 52 F2 B > OE (i B 5 ME /= 2 85.6%
FFFEENER QTL - EEAFME M L OsH-
MA3FERN - 55— @ > 7F Miyadate et al. (2011)
Bl Tezuka et al. (2010) AIF A = 87 B ARG
‘Cho-Ko-Koku (CKK) Hif# f ‘Akita 63> 17
55— oy B EE > AF bt & s e fir B —
qCdT7 TG BN » #E — 2 38 T 3% BL R e N
OsHMA3 FERF A EIEE S - % CKK I
HATERERE o R 7 A8 T EehR T
% 153 bp » JREEEGRE 51 M AREE R > 4
Bz B AN R fERE T AE o H AR ThAE
AL AR B AR b > R (E R TN & el
FAEAR SRR AN - T B F R E
oo SRR AR KRR SR S AR
R ABERI IR EH - RS
‘Nipponbare® BLfillf% ‘IR24’ FRAHHY OsHMA3
S R R B SR LA “Akita 63" —F > H9(EE
7 NET ERAEEE 153 bp K HEE -

BE1% - #£ Takahashi et al. (2011) W52 >
HESR EIBEAL Y qCdT7 EREENEN - HELH]
Wit OsHMA3 FR{EFHIE 1.5 Mb ] OsNARMPI
BRI S — B AL A - 5% B R F AR BT 4 AR
R b SRl T W W B R EE AR AR EE T
&7 406 bp YK BeIPRE R - H SR
ZEFFERVAIAS L fE ‘Habataki’ » RGk = 5% &
B (15 B IR R B i 2 T W B 2 T 8 (ERER 2R
Mimf# ‘Nipponbare’ [N 7 B &R IR R
ER SR AR o 1T ) 88 2R AR MR AR A
‘Habataki’ » Al (Rl &L R B 81~ & S5 72 A 406 bp
HYR 7 BB 52 » (o5 L PRI 3R 2 & T R Uit
B8R E— 0 S T AL L fE ‘Habataki”
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BT S 7E Sasanishiki’ 1F OsHMA3 BRI
Hll{% ‘Nipponbare’ AU {7 Z R EHENR -
A ‘An’ B ‘CKK® (8% = REE B ER - #
A oy MU AE A AT B IR DIRERY OsHMA3
BN OsNRAMP1 B[R EE I - RIIFEFE ‘Nip-
ponbare’ ~ ‘Sasanishiki’ &z ‘Tsukinohikari’ ¥5/&
JAEERIR B AR - M AlfS i TE ‘Habataki® ~
‘Jarjan’ ~ ‘Anjana Dhan’ Jz ‘Cho-Ko-Koku f4
SRR BB AR N B B A JRE AE Al e e
MAAREEGEER - MR FERET
SRS b gCdT7 B FE R OsHMA3 J R Bl
OsNRAMP E: R H 55 %2 5 2 88 2 F8 K W i o
fE BESKREBERMEEATFEEAIRNEHSE
o]t

SEMEEEAEEDAMERE HhTEE £
AR RS R E R E N IR B KA ERE A
o ARSCWFSE A S B TR 88 R AR DI RE 1
ot 0 HESREIAN S AEAY A R 0 RS T
BHBNEI S SRS - RS S 7RI EAS b qCdT7
BERERVEHEHEKERZE "GP 10 5%, o -
A28 BT YA RS B R R R I R
BHE - ik BT RIS o HERE
in 2 B FE G BN S AR R AR T B R
HY R RAIMEEE IR 28 o RIS
PR IR R iR ok -

MR EEE

AlEEM R

T 2014 258 1 HIEN 6 R i B & 2 17
HiiEZgREARBMmRBHES 18 @2
roid o H AP EE BN FZ A i 14 (SRR
2{ERIRELL R 2 B H AK RS 26k 6
mE Lg%, - TAEH19258, - "B 1458, - TH
Al 10 5%, ~ TEHRIKE 2 5%, (e 139 9%, -
‘B2, - TBEIE, - B30, - A
165, - "BE8HE, - 'BEE3I, - A
Ak, -~ TBREEI - BRI 6
B 67 5%, ~ ‘Nipponbare’ [z ‘Habataki’ » %18
TREREE o 12y B BN AT 25 7 AH AR UER -
BB B2 2R R - (1% 8RR AR R
Thee Mk iEstan st Bl H IR R AR A -

rere

]

66 % 531

EE [Pl 10 5% BAR

M A AT EIRF 9T (2006-2011 ) ELEEHHY
"Bl 10 58, JL RSB RIEEE 0 KRR
MRS e 2 5% Ry RR U - AU e Al 10 5%
Tl AR o A1) R AR (B SRS R [F R g o S
SRIEMRE TS0l 10 8 AVEEEET £
BB R R OGRS
R EIA & &I T (BCF, 2 BC,F,
R (RS RERTESBERR R
(Wu ef al. 2013a) - ARFFE1E 2014 F£55 1 HH
TEE R ARG 7 R R B E
Wz (#TCS10.7_3) Yy Bl T & im R AE
FEEEE FCERE B2, - BRER
TR B G RIREE © BT 96 JHFE T 52
REB % EITRE LB AR A
o BRHEE 7T R e EE REER B
10 5%, BEEERE  HEEZERTRS
HE(LIERE - R iR+ » dE T —HAME
EFEEEM (B -

2006 11 TK2 x TCS10
e
20071 F, x TCS10
l #TCS10.1, #TCS10.2, ...,
201011 ®BC,F, #TCS10.12
!
20111 ®BC,F, #TCS10.7_1, #TCS10.7_2,
#TCS10.7_3
!
20141 1 selscted BC,F,,
#TCS10.7_3 1
(TCS10-qCdT7)
2014 11 Seed Propagation
20151 Field trials
201511 Data collection
1. HERDTEHBESCESR B 2 5%, 57 5%

Fetufs LHY gCdT7 F BREA TE TRl 10 5F ) 2 35t
BHitEHE -

Fig. 1. The breeding scheme of introgression of
qCdT7 locus and different segment lengths of chromo-
some 7 from ‘Taikeng 2’ to ‘Taichung Sen 10’ by mark-
er-assisted backcross selection.
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B 1R ERER B DT

A B DA R 5 R AR R U T RE 1 AR
B R EH B SUB AT R OsNRAMPI FERFE 5°UTR
&I _F 406 bp Ay InDel 274 (Takahashi et al.
2011) » KRR N ERIE (The Rice An-
notation Project Database, RAP-DB) T & f#
6 OSNRAMP1 F: R EE b Fitémt% OsNRAMPI 7
51 (0s07g0258400) 55 4 35 B B 5% A= W 5 i
iR h0y (National Center for Biotechnology
Information, NCBI) » &% AR TEE 7 (FI
% >~ BAC [5 %1 (AP014963) » [ A BioEdit
4% B L 58 (Ibis Biosciences, Carlsbad, CA)
TTFPFIHETILE 1% » #EH 5[ FE%ET e Primer
Premier 5 (Premier Biosoft International, Palo
Alto, CA) 35T E—M5[F NRAMPI (% 1) -

K 1. BRI RHREERE E DL OsHMAS

EEEELL 2015 FERLESAIECLBIBET -

S8t OsHMA3 FRREE > Ueno ef al. (2010)
K Miyadate et al. (2011) #E{THEZEN » {HH
T HBERYESEAEES R S RO A T
FAMEIGES - A f& B8 RM21263 1 CAT-E Fif#E
TREH— BHARE S MM 2 BEE A%
MEEmEe 2 A o il Kumagai et al. (2014) B Yan
et al. (2016) WL > OsHMA3 FREN
Fit 4R 5 0 e s B C R 28 51 (e B e i B
SR EZFIIGEN > B 7 AT LA
% 153 bp i » #5M1 Yan ef al. (2016) WZE R
{ A N B A 5 [F R7mf1 B2 R7 #E(TE Fr H IR
ilERine

I B i 77 S [BI1E 22 T 75 InDel A58 - RIl&
% Wu et al. (2013b) £FK4H InDel E4H » i
A2 8077 £ PEBE I i o 08 4 SSR AR ZE 07 BE T

HGISEE OSNARMPI THAEHESE 2 LIRS - 1

Table 1. The genotype of Taiwan current cultivars, which listed by the percentage of cultivation area, for the link-
age makers of OsHMA3 and the functional marker of OsNARMP1 locus related cadmium accumulation.
OsHMA3 OsNARMP1
locus locus
Variety Abbrev. Subspecies RM21263* 153 bp” CdT-E* NARMP1
Tainan 11 TNI11 Jjaponica A + A A
Taichung 192 TC192 Jjaponica A + A
Taikeng 14 TK14 Japonica A + A A
Taichung Sen 10 TCS10 indica B + B B
Taichung Sen waxy 2 TCSW2 indica B + B B
Kaohsiung 139 KH139 Jjaponica A + A A
Taikeng 2 TK2 Jjaponica A + A A
Taikeng 9 TK9 Jjaponica A + A A
Taitung 30 TT30 Jjaponica A + A A
Taikeng 16 TK16 Japonica A + A A
Taikeng 8 TKS8 Japonica A + A A
Taitung 33 TT33 Japonica A + A A
Taikeng 4 TK4 Japonica A + A A
Taikeng waxy 3 TKW3 Japonica A + A A
Tainung 71 TNG71 Japonica A + A A
Tainung 67 TNG67 Japonica A + A A
Nipponbare (low check) Japonica A + A A
Habataki (high check) indica B + B B

“ The genotypes A and B indicated the amplicom size of RM21263 marker for ‘Nipponbare’ and ‘Habataki’, respectively.
¥ The positive sign indicated the complete sequence of 153 bp at the exon 7 of OsHMA3 gene.
* The genotypes A and B indicated the amplicom size of CdT-E marker for ‘Nipponbare’ and ‘Habataki’, respectively.
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BT BB R B ARSE - R
A "Gl 10 5%, B TBRE 2 5 SRR
A7 Ky {5 2o BUMEAR SEAE 2 A R4 AR 39 &) 70 A
T 5 2 B R ARSE A ] BLAST B H 5]+
F7> 51] ¥4 [ 2 FFr J& PACs/BACs 5% IRGSP (In-
ternational Rice Genome Sequencing Project)
build 5 il By EL[E 5 7 & - K IRGSP 4k
Build 5 Fi/AM A% 4 fig | PACs/BACs B FER
Nipponbare/Kasalath 35 {5 [& % & [l (Harushi-
ma et al. 1998; IRGSP 2005) - ¥ fff 2% AU 1
TR HY B (i REEHA B (B RO B - (e
i 73 FAEE [E F] RE A I (P - AR A
HEH - BEEREEREE - AIDERE
HS TR A i A2 PR A & 2 B o EE R AR
H &0 st R R HA & M 2 R
Zat RS R R - WIS S
AN B SVE 45 S G AN AL Bl46 T IR (R L
1 8¢ 0.5 #fT4ET -

B FLIRI4H DNA ZEE( 41 Wu et al. (2013b)
P il ; PCR HYSZFERFR Ky 94°C 2 min : 94T
30 s~ 50C ~ 55°CEk 60°C (fAh &0 A AL M
SAEE) 205~ 72C 30 s TEHIBEYER 2 X
94°C 20 s ~ 55C (50°CH 60C) 155 ~72C 20 s >
fE3R 30 X (WA [E I TSy R R A [E]
R IE SR 2 KAEER) ¢ 72°C 3 min © SOPELER
%L ACIRTFIE EY) - PCR EEYIMEITE K
Wl Rt =R L2 EIKIhER - (EEE KR
BB B 9 Ui 2 A BV T > M AR 0.5x TBE BBk 4%
BRI IEEE > 226 cm x 26 cm Z 3% Aga-
rose I (Amresco, USA) EEE 2L 350 V (15 V/
em) HE(T KT -
FHRE R S

TSR AT RE M 70 IR S B 0] S SR - 22E
BEER BB AR 2 T Ead
i B ot et v ek e AR T B At YA - 58t
HRlEET TR RRERE O - SelislER
GESREUR > AEIE R 1-4 mg kg o MR
VA Z WG IS S - 3t & e sl i
ERAHABHE - 2RE A BCH SRR
FERIFE 78 ‘Habataki® ~ (K47 BREMERELE &
BET1SR, R TE Al 10 57, RREER e
M2 5% Bt R e Al 10 5% ¢CdT7 & 5

rere

]

66 % 531

s (%) 0 W AE & N DAEEREIFE 2 17 2 Pk (0.56
m x 0.36 m) YT IEREEH L TR LIE
ks > B EIE e MO B
- B EE B R 1T e B R R Y 52 B F o Tt
RERNE T A 4 BRSNS RBERIERSE
)EH o

FH R BT — B E AR - &2
rfE 3-4 L o DRt B A SR
Ep IS - B AT 20 1% - BRETTIEFHEY -
FTHREE 0.28 m x 0.18 m - 7F BE Rt B 1B 1T
FoBZ o BN AR T DU RAE E AR ERAE
F AT 1-2 d > DLEHE 39 98 SRR (fi
B> 12% N GEERKGARAE S
Hti 3 200 kg ha™ ;25 2 ZCAE G F A L& 1
wk EI/KFEEGERR) » DLE BERT % (R > 21% N)
Bt 200 kg ha™ : 55 3 XAt A fE Rl 1% 34
wk (BIZKFE 7 B2 HH) » DL AR #% H & 200 kg
ha' s 55 4 JORTEAR o HE AR R 4T 8 wk
&S5 > DL AR 39 9518 & ALK & 200 kg
ha' > &%F 132 kg ha! (V& Z -

TIREEREEESE 0

N E N R W = = o o Y i ol [ M N
HUER S em ~ 15 em FAF o A 5 4 J
§z o DIRBUE AR R 6 - 48 0.5 mm &4 - &
FREZF BB RET - (18 1 TR S I i i
F o A B8R o3 AT (R BR MUK W B £ ACOB LA #E
T dmEAL > P e IR DLRUE RS & AL
% (Ultima 2C, Horiba Jobin Yvon, Irvine, CA,
USA) HIESRRE - fif220[E Romkens et al. (
2009) B o 112 i Z A HE RS m A i A
HATHUE - BERE ~ H B3 eEs - ok ey
i AT b Se DB KA 7 &5
L 18 AR i DA 25 PR BG BT Y - S B I BE S > FE LA
LTS » BABFE DL 70CHEEZ 2 R S g
H - BHEBE LSO - BEE % IRERE
BEATE L% (Agilent 7500C, Santa Clara, CA,
USA) HIEHRE » Hoffi2/raE (Rom-
kens et al. 2009) £l ©

TBESEEREKIRRIGRET]

15 L Bk FH W& 6905 4 W) K %5 HF 8 R B VK 1T
A NI R BRI EE LAK R8s,
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o o) R (LA O A o FHI ] R R P B B2
THELARBEEER > Qe b5
TTEL M ST BB - B8 B NS T
AR EE 3RS (Cd,,py) ) BLHEC TEREEEL T 118
PR (Cd,,,) ) HYEL{E » B A W1 U8 46 15 B
(bio concentration factor, BCF) :

BCF = Cd / Cd

sample soil

oA 2 AE Y)Y R W RE 7 (Zhang et al. 2014;
Lin et al. 2015) » DAL T2 88 & dn A [ 45T
tRE
EEREE

5 R A 22 5l i 2 E 1 L g Y G Y IR ER
B e A E Rk B & XHL 6
tRi A E B IR EES 8 L 40CHZ
f 2 13% EKE 14 3 & Bk 4R B8 B B
REZE - EBBNERE ST (num-
ber of spikelets per panicle) ~ G FHE (pani-
cle number) ~ & & 3 (fertility percentage) &
THLE (1000-grain weight) % & i fl LAFH & 2R
BB S YA BT ECEE RO T EUAR B AIAE 70°C
Htez 2 NE% - FEEEEGYE - M ERER
8 (harvest index) HIl 73 Al HU £ BLAR 4R KL 28 B
eikEZE (RI4EM B B E 8 2 R0 ZLE
-

RVRRIRET DT

BB R T e DL R GRE RS Y Tag-
ricolae; EH#ETT% 7557 MT (analysis of vari-
ance; ANOVA) & i€ » % 8 [N 15 72 B % /K 4
% » B/ NEEEE NS (least signif-
icance difference; LSD) ¥ i F ] iy 2= 2
BEFIEEN - T HERREZEM e
RIfEF R st #EES iy "geoR, ~ Mattice; k2

NatticeExtra, B » HIERAR B & R B ¥ &1

573 AT T A T ) R R S A A 1 e B AR
B A TEORIME > i & A Tevelplot, &} %
BB AT ] -

HE R ELET
AL T A RO P B R R A

W KR OsNRAMPI ER 75 > BiTH % H—
MHEIhgEEIESE > A DL ‘Nipponbare’ B ‘Habat-
aki’ 77 pIfE BK - S8R R EIRGE - 73 iTE
N & B i fl OsNRAMPI 38 EFEH R A « 3%
HIHAEMES [ T-HRi% OsNRAMPI #:[R 5’UTR HY
F s 0 ARHL ATG 7ij-1473 FE-1068 i~ 406 bp
KR B MHBR 2 RE - K58 RS E Y RN
652 bp > =87 RIEALAE I &y 246 bp ([8 2) - M
B 13 T AR G - B 67 5%
5 81 ‘Nipponbare’ 7 A 1 [F] K #7 & & OsN-
RAMPI $HEFLRA > MRIFE & 5 Al 10 5%
B TS TRl 2 5% RIS 8% 2 g fE Habat-
aki® WYRERIRI—E o BURE] A RS L AR R R

RE I R B E (A - A ZE 2
FlifEsnfE (TCS10, TCSW2) YR ERHEZE IR
SmEREEA (R -

£ Guo et al. (2007) Ei

Romkens et al. (2009)

B 2. /KRG OsNRAMPI FERFIA3HT » THEE MR SE
NRAMP1 #H % H K 5°UTR (&5 B 406 bp % HjE -

RElE R R s BRI RN - Het P

HAER E 3 7l By ‘Habataki’ ~ ‘Nipponbare’ ~ & &
71 514‘1 ~ TEHREE 2 5%, TE RN 1058 ~ TERE 2 58

B Sh 2B Al 10 58 qCdT7 ©

Fig. 2. The electrophoresis result of functional marker
NRAMPI illustrating PCR products with tolerant and
sensitive alleles at OsNRAMPI locus (m-gel marker:
100 bp ladder). Lanes denote 1. ‘Habataki’, 2. ‘Nip-
ponbare’, 3. ‘“Taihung 71°, 4. ‘Taichung Sen waxy 2’, 5.
‘Taichung Sen 10°, 6. ‘Taikeng 2’, and 7. TCS10-¢C-
dT7, respectively.
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HIBH 7% o SR B A FRS S AR A 8 B AR ML R
FmfE e HEF S > HpaaET 'S0 5t
LM T RGO A SRR E ¢CdTT
BEET 4 {EMERER (E3) » HETHEA
FlIG St e = BRI T B OsNRAMP1 F: R f#
BHonEEER - Wit ARBELEE
# TEHARl10 9%, 57 SRR L gCdT7
R _EHY4HRE - B R KR R R RE SR
ES > [E7% DL NRAMPI #2551 By iz AL R T Ae
MEREE
#— 5 8 qCdT7 BN BN 7l i 7 &
OsHMA3 H R RN EHEER - BRIk
AR EPAFEROE 2 eI A B - (RIB AT AW 92 8
o0 RS S TE OsHMA3 BB FR R4 8 1A B
I e 6 - 0 o R A R B 0 o i T oy
Fl17RE5 i R 1) K O 8l 1y 1 (S A 38 2 B Y

o

oot 3

I BT TEHRl 10 5F ) FEAR E UL (Os-
NARMPI) ZEREEHEERE ] (OsHMA3) 197
SR RAEFR RAEAVRE ST - RS b 2 (A
HE RS 2 RIAE mAE > oDl OsHMA3 B

DRI 5% B g A = (RM2163 ~ CAT-E) HEr

PN

HMAHAMER (R D LA HBER G
2 9%, BEiE TGP 10 5%, » IRMERNAD -
PR T B R o (H1E OsHMA3 5 7
WEAT I 153 bp GhARENEFER » Br 6
2 5% FREfGMTES S Nipponbare’ 7575 18
G B EERA > FERFTHER B2, B e
Al 10 5%, - OsHMA3 £ K B A [ 38 H 40
A o PLASSRAOERIRS IR24 > BAFERS SR A
FHIE OsHMA3 (K R REEHEE A —2 (Miyadate
etal 2011) -

SANIMER TE Rl 10 5% (KRR BEE A

-
Q
& 3e S 0
S & 3383 I &, I 8 3 58 238 2c
= o ~ K ~ T S WX = = ~ < ~ K ~ N~
a S B8 8 S%L%48 3 8 = 83 323
Marker name © ¥ x & zOoOdOocrx @ Z @ @
/ |- \ )
CH7 | [ |
Genetic interval (cM) | | | I | | |
0 20 40 60 80 100 120 140
QTL R CdT7
Gene* A OsZIP8, 7.37 Mb
A\ OsHMA3, 7.38 Mb
M\ OsNRAMPS, 8.82 Mb
A\ OsNRAMP1, 8.93 Mb
Tcs107. 1 (O . C T 1 [ [ 1 1
Testo7 2 (C T THNEN | | | I [ [ [ |
Tcs107.3 (T THE | [ [ 1 [T
TCS107 3 1 (T T | [ [ 1 [ D
(TCS10-gCdT7)
— ||
Homozygous Homozygous Heterozygous
TCS10 TK2

3.
qCdT7 N 4 (f#7 R FAHRENIVALE. -
Fig. 3.

[ TSl 10 5%, 5 7 SRR R BREIR A B AR (Wu er al. 2013a) - WEHEYI] QTL FRAE

Graphical genotypes of ‘TCS10’ stepped aligned inbred recombinant lines on chromosome 7 (Wu et al.

2013a), and illustrated the relationship among four known genes and major locus ¢CdT7.

“Locus ID and its reference: OsZIP8, Os07g0232800 (Ramesh et al.

2003); OsHMA3, 0s07g0232900 (Ueno et al. 2009, 2010; Mi-

yadate et al. 2011); OsNRAMPS5, Os07g0257200 (Ishikawa et al. 2012; Ishimaru et al. 2012); OsNRAMP1, Os07g0258400 (Taka-

hashi et al. 2011).
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LZWESEE > /B AFEE 7R AEEY
ZARBEBERARAEHER MAEEHRA
#TCS10.7_3 #Y7&E 5 = A H 139 {E iR B35
1015 ¢cM {9 InDel & 5t (Wu e al. 2003) it
TEERBESN - SREREEE &Pl
10 5%, » BHEREEERER 94.11% - DIE 7 984
e 13 & InDel Bl SSR 12 2 & & 4 155 H#A
#TCS10.7_3 47 B 1% & A 4 & B i o8 94 % -
57 528 RIS A6 13 {# InDel B2 SSR 4%
it ERARAL SR EENE 20 MR HAME MR 0 HAER
EEEE R TGPl 10 58, BEHEKE - 5
EEEMb R B2,  HREEGKAES
CHESHUAERE > 43R Ey 21 ~ 31 8122 % o [ $tF
#TCS10.7_3 |7 BB #1210 56 8 R i A T [21{E
By TRl 10 5%, o FRES oy BRI 1R AT BEE Y
0 R ITEE 2 EREE T HRLACREE L
40 cM & B TERE2 5%, AR B &R
R 96.46% (& 2) -
KRR G o S B A b B
HITHMEE > A EEREES R SR
PSSR RAERE ST - 1 &l L IRFREE
B SHAM AR TERUERIEE £ 0.56 m x
0.36 m ST FELL 3 2 ~ 3£ 51 (HHUEE T »

A HIZIATE LIRS R A PR S e 1.07-
2.85 mg kg {RFIENE > SIEMRING A LR
JEZS A BT BETIHE,
‘Habataki’ ~ & o fill 10 58,  T&f# 2 48, 61
Bl 10 5% qCdT7 By 3R FH 8RS - 25
F52.03~1.71 ~2.48 ~ 2.48 DI} 2.85 mg kg™ ;
1% B 1 FH & B R i T B AR Bh Y - R RS AT
TERG VR4 53 (BCF) ZRIEREA (1 4) -
% B o S U 6 Bk o (LERAR I
B ORIV REE o IR BCF >
BER T & AR/ NEEYERSERE &
R BN IR 4 (#5017 BCF 1£ & [ fl [ 22 8
EEHR (p<0.05) WF2 FRH L Hig
/NPT E (LSD) £ 0.7116 » BCF iz
B A % [ T RS SR A A R AR T Rl 10 55
B ‘Habataki’ » BCF {H 3% 4.0234 £14.0478 >
RBIRIPIRRCR "B T1 5%, (2.9924) ~ 24t
BTG 2 5%, (2.6685) DIRFRmAR 6
il 10 5% ¢CdT7 5 (2.2242) « A] KIAUFE H7 oo
Z HBlaE S Rl 10 5%, Y BCF {H 2 51 8
AR Frim A BRI TR ] 44.7% -
B2 BCF {f tL & DL fl 5 ‘Habataki® % %
0.9215 Ky o I A28 T P Al 10 5%, X

n

e

I

Cd concentration in paddy soil

(o]
o

[2]
o

Plant Spacing (cm)

200 400
Row Spacing (cm)

4. JEEEE 2015 55 1 IESRRAEAAE - Ho LB L =ARE S1{E TR RS E LB R (B 71

9%, ~ 250 =8 ‘Habataki’ ~ B/ 5K [H Pl 10 57,

il 10 5% qCdT7 FSXanfEIERLE -

CELEER BT 2 5t DURELER vk B

Fig. 4. Spatial distribution of cadmium concentration (mg kg'') in the Haoli paddy field. Samples of surface soil
were collected at 51 sites in the first cropping season of 2015, and different marker symbols indicated by solid tri-
angles, hollow circles, hollow triangles, solid squares, solid circles and solid diamond were applied to soil samples,
‘TNG771’, ‘Habataki’, “TCS10°, “TK2’ and “TCS10-¢CdT7’ individuals, respectively.
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"SRl 10 58, BESk BRE & 0.67 = 0.16 mg
k'~ TERE29E) Mok EREERIE 0.28 £ 0.03
mg kg o FEM R E BN I HIEBEERET
S G Al 10 58 gCdT7 (1t ok B 1% & (&
B 0.44 + 0.09 mg kg > ©#E T&FAl 10 5§
B oK R T % 34.3% o {0 BT 5 i ok BCF
{8 (0.1540) HII 8 (% 7 & Al 10 5%, Y
BCF {H (0.2667)  BET#7 5t S A9 Ui bk T R
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42.2% > BE AR KR RERE - LRI
rnfE TRl 10 5%, FRAREF 0 U o

H AT AE 5 T B S i SRS o A
BTG ERE F gCdT7 EERFERIH E R 2
RG> AT BT R i 28 BT dm Za Mg oK AT 87 2
R o ([EARBAT AT IRALE 7RG he
b qCar7 EEHEE R g5 3 4 (5 B8R
WUy ~ B AR DI RE VAN - Hoot OsZIPS
(Ramesh et al. 2003) B OsNRAMP5 (Ishikawa
et al. 2012; Ishimaru et al. 2012) (& EEHEE
72 TR B N R 0 5 R o e S L DD BE 0 [T Os-
NRAMPS F: R b #)38 {8 88 AL 2 e R A 22
BEPEE > EERERER PR
% OsNRAMPS %5 i HEUOKRE 4 & B E
B HEERAL > H Tezuka ef al. (2010) Hi Mi-
yadate et al. (2011) W52 IR HERR OsZIPS &
qCdT7 F:R N Fa12e 87 R R R B A FE AN -
M Eaft 2 BRAESREAE AL ~ MR Y B 2R
R AR R > (AT E— D FEHE R i
RNA K S MERLAE L m & EAYDIREMNE -

HEREEE b &2l R0 6 % - #
Ttk - EERKEER - EHELHE - REIUE
Fr BB IR R E iR E - SHEERES
A R EEE R (P <0.05) » BUR&EH
BN E 2W S E AV E AR o
CRENAS: B AE LS RNy - Rl qaEL
A TE AL 10 58, AH{G 0 1E 2015 FE—H
fElE BB HA B EMEIREE F - WEINE L

"Bl 10 5%, qCaT7 b B AR BLE At S A E S AE S B Ar_E SRR VIR (R BIARET b - BoRUcER

Comparisons of bio concentration factor among ‘TCS10’-¢CdT7, its parents and other two cultivars in four

biomass components. Data were collected in the first cropping season in 2015.

Bio concentration factor

Variety/Line Subspecies Root Shoot Brown rice Husk
Habataki indica 4.0478 a” 0.9215a 0.3706 a 0.0969 a
TNG71 Jjaponica 2.9924 b 0.3637 d 0.1251 ¢ 0.0738 ab
TK2 Japonica 2.6685 be 0.3931d 0.1124 ¢ 0.0721 ab
TCS10 indica 4.0234 a 0.6212 be 0.2667 b 0.0913 a
TCS10-¢CdT7 indica 22242 ¢ 0.4667 cd 0.1540 ¢ 0.0562 b
LSD s 0.7116 0.1548 0.0488 0.0282

“ Values are expressed as the mean of six plants and means within each column followed by the same letter(s) are not significantly

different at 5% level by Fisher's protected LSD test.
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FESYBERY ~ Fo B AR B B 45 7 oy A HR A
PR » U PARERS > HENRLANE
R HREK (36.6 g) T > Hirim AHIESEE
(BN SBHZ /2 PRFZEE) P2 0.51 > Biif 451
"Gl 10 5], ULTERE % 0.48 AHELER Y 4.2%

3.
I 2015 458 1 HAPE -

(EREBRE AR > 1% 3 HiE S -

Ak B G B PR MR IR T RIRE 1R
BHVIRTTR BRAE T 2 Rt - W B ARG
HEAERERS AR T EBEEE
e R Mg RS Ay A E RS - BRRARE
ET B SRR B B dn R AR
BAE R (F R M R i & BIR M — TR MRS
It > B R RAEER TG EFERER SR
Tt OREE(EH - IR B P e 5% J i fE 3R
B e ER -

"Gl 10 5% ) qCdT7 i BUH A H AN i S AR E B - R R BRIt i - &

Table 3. Comparisons of plant height, biomass dry weight and yield components among ‘TCS10’-gCdT7, its par-
ents and other two cultivars. Data was collected in the first cropping season in 2015.

Plant height Panicle Spikelets/ Fertility 1000-grain ~ Shoot dry Root dry Harvest
Variety/Line (cm) number panicle (%) weight (g)  weight (g)  weight (g) index
Habataki 96.0 b* 13.8 ab 1533 a 88.4 ab 2330¢ 34.8 bc 9.6 ab 0.56a
TNG71 983 b 15.7a 78.6b 81.0¢ 25.48 ab 313c¢ 6.6c 0.45c¢
TK2 1122 a 158 a 920b 920a 24.63 b 46.5a 10.6 a 042c¢
TCS10 109.7 a 11.8 ab 139.6 a 88.9 ab 26.18 a 43.8 ab 7.7 be 0.48 be
TCS10-gCdT7 107.7 a 11.0b 156.6 a 86.3b 26.16 a 36.6 abe 6.6c 0.52 ab
LSD, s 5.19 4.1 26.7 5.1 0.87 11.0 2.5 0.06

“ Values are expressed as the mean of six plants and means within each column followed by the same letter(s) are not significantly

different at 5% level by Fisher's protected LSD test.

Taikeng 2
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Fig. 5.
(‘TCS10%). Bar is 10 cm.

Comparison of morphological characteristics between novel line (TCS10-¢CdT7) and recurrent parent
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A Novel Indica Rice Breeding Line Selection with Low
Cadmium Accumulation Level by Functional Markers
Assisted Backcross Strategy

Pi-Jen Wu", Yu-Wen Lin**, Charng-Pei Li’, Chien-Hui Syu’, Woei-Shyuan Jwo’, Hsing-Mu Yen’,
Horng-Yuh Guo®, Ming-Hsin Lai’, and Dong-Hong Wu*"

Abstract

Wu, P. J., Y. W. Lin, C. P. Li, C. H. Syu, W. S. Jwo, H. M. Yen, H. Y. Guo, M. H. Lai,
and D. H. Wu. 2017. A novel Indica rice breeding line selection with low cadmium
accumulation level by functional markers assisted backcross strategy. J. Taiwan Agric. Res.
66(3):248-260.

The goal of this study was to improve the genetic uptake factor in indica rice cultivars through
introgression of a japonica DNA segment that limits Cd accumulation. Our strategy was to screen the
genetic potential of Cd uptake in Taiwan cultivars using a functional marker, to develop a novel indi-
ca line by marker-assisted selection, and then to evaluate the genetic improvement of the target breed-
ing line under field conditions. Genotyping with the functional marker of OsNRAMPI showed that
the current Taiwan indica cultivars possessed a high accumulation allele that was consistent with the
phenotype of the Cd accumulation trend between Taiwan indica and japonica cultivars. Subsequently,
we selected advanced backcross inbred lines (BC,F,) from a chromosome 7 segment substitution line
population that was derived from the cross between ‘Taichung Sen 10 (TCS10)’ and ‘Taikeng 2’ based
on previous studies (2006-2011). An indica line, TCS10-¢gCdT7, that limits Cd accumulation was
developed in the first cropping season of 2014 and possessed 96% genetic background similarity com-
pared with the recurrent parent “TCS10’. In the first cropping season of 2015, this new breeding line
exhibited the highly similar morphological characteristics compared with the indica variety “TCS10’,
but had a Cd bio concentration factor in brown rice that was 44.4% less than that in the “TCS10’ par-
ent. In summary, this study was conducted in a field environment and improved one of Taiwan’s pop-
ular indica cultivars using a marker-assisted backcross approach. The newly developed lines in this
study would have the potential to contribute greatly to the future cultivation of rice production and
increase the food safety within the Taiwan rice industry.

Key words: Cadmium accumulation, Field trial, Functional marker, /ndica rice, Marker assisted
backcross selection.
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1. EREMSHERESYMRAELE -
Table 1. The blood biochemistry value of Sprague Dawley rats.
Rats with different treatments”
Plasma parameter X0 Al A2
AST (UL™)
wk 0 121.5 £ 11.9 ab” 1250+ 11.4a 103.3+£5.5b
wk 16 72.0+2.1b 92.1+43a 81.4+9.5ab
ALT (ULY)
wk 0 51.5+22a 50.5+2.2ab 463+22Db
wk 16 488+22Db 544 +3.1ab 37.1+25¢
Cholesterol (mg dL™)
wk 0 743+18¢ 86.3+04b 96.3+3.4a
wk 16 68.6+2.4a 753+3.8a 71.1+2.7a
Triglyceride (mg dL™)
wk 0 358+1.9d 52.0+2.7b 60.5+2.1a
wk 16 33.8+32a 36.0+2.0a 26.7+2.1b
HDL-C (mg dL™)
wk 0 23.8+0.5a 21.8+03b 23.8+0.6a
wk 16 292+ 1.6ab 30.1+1.6a 26.7+0.9 ab
LDL-C (mg dL™)
wk 0 63+05a 50+02b 65+03a
wk 16 48+04b 6.1 +£0.8 ab 5.1+0.3ab
VLDL (mg dL™)
wk 0 443+00c¢ 59.5+£0.0b 66.0+0.1a
wk 16 34.6+0.0b 39.0+0.1a 393+0.1a
Ca (mgdL™)
wk 0 8.1+0.1b 89+03a 63+03c¢c
wk 16 94+02a 8.9+0.3ab 18.8+0.2b

“ X0: sham-operated rat fed on chow diet; Al: OVX rat fed on chow diet supplemented with 1.25 g kg BW AP; and A2: OVX rat

fed on chow diet supplemented with 0.5 g kg”' BW APE.

¥ Values are presented as mean = SEM., Values shared with different superscripted letter(s) are significant differences from each

group (P < 0.05).

AR E R (P > 0.05) 3 A2 4HAY =B Hhls
JEE 26.71 mg AL B E (R A X0~ A1 4H (P <
0.05) - g B 4H Y A (K %% [ B [&] i (VLDL-C)
R Y 59.5-66.0 mg AL R [# % 39.0-39.3
mg dL" - $ERER > BHERE TEER KK
AREZEHY) > 0 LIAREE OVX K EHYIM
RIMAEAGE - FFDhREfE AR aTAd - kg A2 4HHY
AST {EHi 103.25 L FR#Z 81.43 uL' : ALT
HH46.25 uL! FEZE37.14 L' HEREE
REZEY AT LA R E OVX K ERHY# X 1H
-

MHEVIRZ&EVR - WE 1 K&E 2
Fiis > TEUEE % > X0 4H 69.5% B A2 45
62.1% MEFE AR (P> 0.05) » MEE T Al
4H 54.3% (P < 0.05) » [ b i i P 0ol % 1
(bone-specific alkaline phosphatase; BAP) &
EHARGE /TR ENE - a0E 3 Fr
7 > X0 4H 4.0 pmol L™ £ A2 4H 2.65 pmol L™
gt L2 (P> 0.05) HEEZ SR AL
1.75 pmol L™ (P < 0.05) ~ &fi& 4fi A0 il K+
(osteoprotegerin; OPG) JEE4IE 4 Fion » A2
4 fn 4% &1 OPG J& ¥ 0.27 pmol L' 8 & & 1A
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1. AERHEZ SD REFHBUIA -

Fig. 1. Bone histology sections under H&E stain with different treatments. X0: sham rat + chow diet; Al: ovx rat +

1.25 gkg' BW AP; A2: ovx rat + 0.5 g kg”' BW APE.
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2. FERHEZ SD KEREEHE -

Fig. 2. Bone density of rats with different treatments.
Values are means with SEM represented by vertical bar.
Values shared with different superscripted letters are
significant differences from each group (P < 0.05). XO0:
sham-operated rat fed on chow diet; Al: OVX rat fed
on chow diet supplemented with 1.25 g kg BW AP;
A2: OVX rat fed on chow diet supplemented with 0.5 g
kg' BW APE.
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Fig. 3. Plasma bone-specific alkaline phosphatase
concentration of rats with different treatments. SD:
Sprague-Dawley rat. Values are means with SEM rep-
resented by vertical bar, Values shared with different
superscripted letters are significant differences from
each group (P < 0.05). ALP : Alkaline Phosphatase;
X0: sham-operated rat fed on chow diet; Al: OVX rat
fed on chow diet supplemented with 1.25 g kg BW AP;
and A2: OVX rat fed on chow diet supplemented with
0.5 gkg' BW APE.
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Fig. 4. Plasma osteoprotegerin concentration of dif-
ferent groups. Values are means with SEM represented
by vertical bar., Values shared with different super-
scripted letters are significant differences from each
group (P < 0.05). X0: sham-operated rat fed on chow
diet; Al: OVX rat fed on chow diet supplemented with
1.25 g kg' BW AP; and A2: OVX rat fed on chow diet
supplemented with 0.5 g kg BW APE.
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Inhibition on Osteoclasts Activity of
Auricularia polytricha Extracts

Shu-Hui Yang"’, Hui-Ting Yang®, and Hung-Chun Liu’

Abstract

Yang, S. H., H. T. Yang, and H. C. Liu. 2017. Inhibition on osteoclasts activity of
Auricularia polytricha extracts. J. Taiwan Agric. Res. 66(3):261-265.

This study investigated the effect of bone metabolism and mechanism of feeding Auricular-
ia polytricha fruiting body powder (AP) or extract (APE) on ovariectomized (OVX) rats. Female
Sprague Dawley rats were divided into 3 groups, sham operated group fed on chow diet (V0), OVX
fed on AP (A1) group or OVX fed on APE (A2) group. AP treatment effectively improved blood lipid
values, but not significantly affected the bone metabolism. The blood biochemistry values and bone
density of APE treatment can be improved to near sham operated group. APE treatment significantly
increased osteoprotegerin concentration and calcium concentration of plasma on ovariectomized rats.

Key words: Auricularia polytricha powder, Auricularia polytricha extracts, Ovariectomy, Bone den-
sity, Bone-specific alkaline phosphatase, Osteoprotegerin.
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