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Review Article

Cadmium Stress in Rice: Influence of Silicon

Ching Huei Kao"”"

Abstract

Kao, C. H. 2018. Cadmium stress in rice: Influence of silicon. J. Taiwan Agric. Res.

67(1):1-8.

Rice plants grown in Cd-contaminated soils are facing concerns of human health and food
safety. To reduce the uptake of Cd by rice plants from the soil, several strategies have been adopted
for management of Cd-contaminated soil. Silicon (Si) is an element that is agronomically essential for
rice growth. To minimize the negative effect of Cd, application of Si fertilizers has been used as one
of strategies to reduce Cd accumulation in and toxicity of rice plants. In this review, we briefly discuss
the mechanisms of Si-reduced Cd levels in rice plants.

Key words: Cadmium stress, Silicon, Rice.

INTRODUCTION

Cadmium (Cd) is a heavy metal that is
toxic to humans and plants. This metal enters
the environment mainly from industrial pro-
cess, application of phosphate fertilizers and
sewage sludges. In Taiwan, inappropriate dis-
posal of industrial waste has given rise to the
widespread Cd contamination in rice paddy by
irrigated water. Due to the unregulated disman-
tling of electronic and electric waste (E-waste),
some agricultural soils in southeast China have
become severely contaminated with high levels
of Cd (Fu et al. 2008). Thus, the disposal of E-waste
is also becoming a serious environmental prob-
lem. Cd can be readily taken up by rice roots
and translocated to shoot and then to grains
(Song et al. 2015). Cd enters into the food
chain through rice consumption and causes
toxicities to humans (Aziz et al. 2015). It has
been estimated that rice consumers ingest
about half or more of their daily Cd intake
from rice (Iwao 1977). Thus, rice plants grown
in Cd-contaminated soils are facing problems

of human health and food safety.

To reduce the uptake of Cd by rice plants
from the soil, several strategies have been
adopted for management of Cd-contaminated
soil (Rizwan et al. 2016). One of which is the
application of silicone (Si) fertilizers. Si is an
element that is capable of enhancing multiple
(biotic and abiotic) stresses (Ma 2004; Liang
et al. 2007; Wu et al. 2013; Meharg & Meharg
2015; Lin et al. 2017). Various studies have
shown that Si is able to enhance the heavy
metal (including Cd) stress tolerance (Ma
2004; Liang et al. 2007; Wu et al. 2013; Lin et
al. 2017). In this review, we discuss the possi-
ble mechanisms of Si-mediated alleviation of
Cd damage in rice plants.

SILICON IS BENEFICIAL FOR
PLANT GROWTH

Silicon is the second most abundant el-
ement in soil and readily absorbed by plants.
For this reason, plants contain an appreciable
amount of Si, ranging from 0.1% to 15% dry
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weight (Epstein 1994; Ma & Yamaji 2006; Fa-
rooq & Dietz 2015). Monocot plants such as
rice, maize, wheat and barley are considered
as Si-accumulating plants because of their
very high contents of Si (10-15%). In contrast,
most dicot plants accumulate less than 0.5%
Si in dry weight (Farooq & Dietz 2015). The
amount of Si that is able to be accumulated
in rice plants is several-fold more than mac-
ronutrients such as nitrogen, phosphorus, and
potassium (Yamaji et al. 2015). Si is known to
be required for normal cell growth and imparts
structural benefits to diatoms (Farooq & Dietz
2015). Up to now, Si is still not considered as
an essential element. However, several pieces
of evidence support the conclusion that Si is
beneficial for plant growth and development,
and regarded Si as an element that is “quasi-es-
sential” (Epstein 1999). In a subsequent review
article, Epstein (2009) considered Si as an
inorganic secondary nutrient, which is analo-
gous to organic secondary metabolite. For rice
growth, Si has been considered as an essential
element agronomically in 1976 (Lian 1976). Si
is routinely applied to rice in Asian countries
such as Japan and Korea to enhance high and
sustainable crop yield.

SILICON UPTAKE AND
TRANSPORT IN RICE PLANTS

Weathering of silicate-containing minerals
is the major source of Si for plants. The min-
eral breakdown releases soluble silicic acid
(H,Si10,) into the soil solution (Malhotra et al.
2016). H,SiO, in the soil solution is then taken
up by plant roots as an uncharged monomer-
ic molecule below pH 9 (Takahashi & Hino
1978). He et al. (2013, 2015) used suspended
rice single cells to investigate the localization
of Si and demonstrated that Si is present in
cell wall as a hemicellulose-bound form of Si.

Basically, passive and active are two
mechanisms of Si uptake by higher plants (Ma
et al. 2004; Mitani & Ma 2005). Passive uptake
of Si takes place along transpiration stream.

Most dicots absorb Si passively. Active Si
uptake usually occurs in rice plants. Howev-
er, Liang et al. (2006) reported that both ac-
tive and passive mechanisms are operating in
rice plants. Ma et al. (2002) isolated the first
known rice mutant that is defective in active
Si uptake. Using this mutant, they cloned the
low silicon rice 1 (Lsil) gene (Ma et al. 2006),
which encodes a membrane protein similar to
water channel proteins (aquaporins). Suppres-
sion of Lsil expression resulted in reduced sil-
icon uptake. Lsi/ functions as an influx trans-
porter in rice plants. In a subsequent paper, Ma
et al. (2007) reported the identification of /ow
silicon rice 2 (Lsi2). The protein encoded by
this gene is localized, like Lsil, on the plasma
membrane. In contrast to Lsi/, Lsi2 functions
as a silicon efflux transporter. Based on the
results of mathematical modeling study, Ma &
Yamaji (2015) concluded that the cooperation
of Lsil and Lsi2 in rice permits effective tran-
scellular transport of the Si in rice.

Rice plants show genotypic difference in
Si accumulation. Japonica rice varieties usually
have a higher Si concentration than indica rice
varieties (Deren et al. 1992). Ma et al. (2007)
compared the difference between the japoni-
ca variety and the indica variety in Si uptake.
They found that the difference in the Si accu-
mulation results from the difference in abun-
dance of in Lsil and Lsi2 transporter in rice
roots. After transmembrane transport via Lsi/
and Lsi2 into the stele, Si is translocated to the
shoot by transpiration flow through the xylem
(Mitani et al. 2005). Lsi6 is now known as a
transporter responsible for the transport of Si
out of the xylem (xylem unloading) and sub-
sequently affects the distribution of Si in rice
shoots (Yamaji et al. 2008).

SILICON REDUCES CADMIUM
TOXICITY OF RICE PLANTS
Okuda &Takahashi (1962) demonstrated

that Mn toxicity in rice plants was alleviated
by exogenous addition of Si. The discovery
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that Si-alleviated Mn toxicity in turn led to the
finding that this role of Si can also be applied
to other metal ions, such as Cd. Wang et al.
(2000) were the first to report that application
of Si significantly prevents the uptake of Cd
into rice cells. In a pot experiment, Ping et al.
(2008) found that addition of calcium silicate,
a Si fertilizer, enhances the yield and decreases
the Cd content in straw and grain of rice plants
grown in a soil that was contaminated with Cd.
Fly ash and steel slag, Si-rich amendments,
are low cost industrial by-products. The re-
sults from a pot experiment by Gu et al. (2011)
clearly showed that the application of fly ash
and steel stag decreases the phytoavailability
of Cd and further suppressed Cd uptake by
rice. Recently, Ji et al. (2017) investigated
the effect of different types of Si-rich soil
amendments (slag, ground slag, and diatoma-
ceous earth) and fertilizers on the distribution
of soluble and insoluble forms of Cd in the
rice plants grown on long-term cultivated
paddy soil contaminated with Cd in China.
They demonstrated that the Si-rich materials
increase rice biomass and reduce the total leaf
Cd. Si fertilizers used in the application were
mainly applied into soil directly. Liu et al.
(2009) conducted an experiment to investigate
the effect of foliar application of two types of
impurity-free SiO, solution on Cd toxicity in
rice. They found that the total accumulation of
Cd in rice grains decreased with the foliar ap-
plication of Si solution. Similarly, Wang et al.
(2015) also reported foliar application with na-
no-Si alleviated Cd toxicity in rice seedlings.
Nwugo & Huerta (2008) investigated the
effect of Si nutrition on low-level Cd toxic-
ity symptoms in rice seedlings. Their results
showed that low-level Cd treatment generally
inhibited growth. Application of Si signifi-
cantly reduced root- and leaf-Cd content and
alleviated low-level Cd-induced inhibition of
growth. Most nutrient studies on the interaction
between Si and Cd are short term. Zhang et
al. (2008) conducted a long-term experiment,
in which rice was grown for 105 d and harvest-

ed at four different growth stages to measure
biomass accumulation and Cd uptake and dis-
tribution in shoots and roots. The results from
their experiments concluded that Si enhances
plant growth and decreases Cd accumulation
in shoots. Despite evidence of the role of Si in
the mitigation of Cd toxicity in rice plants at
the whole-plant level (Shi ef al. 2005; Tripathi
et al. 2012; Srivastava et al. 2015), involve-
ment of Si in inhibiting Cd uptake at the sin-
gle-cell level of rice has been reported (Liu ef
al. 2013; Ma et al. 2015).

MECHANISMS OF SILICON-
INHIBITED CADMIUM UPTAKE
IN RICE PLANTS

It is now clear that the effect of Si appli-
cation on reducing Cd toxicity of rice plants is
related to the reduction on Cd uptake. Si could
decrease Cd uptake in rice through mechanisms
occurring at both soil and plant levels.

The interaction between Si and Cd occurs
in the soil is an indirect effect (Ji et al. 2017).
It has been shown that soil pH is a predomi-
nant factor which limits Cd uptake (Takjima &
Katsumi 1973; Ping et al. 2008). Application
of Si-rich substances was reported to increase
the soil pH (Takijima & Katsumi 1973; Ping et
al. 2008; Gu et al. 2011; Ji et al. 2017). These
results suggest that increase in pH may lead
the reduction of Cd bioavailability in the soil.

Liu et al. (2009) reported that foliar ap-
plication of Si reduced Cd concentration in
rice grains, suggesting that Si alleviates Cd
accumulation in rice grains may be related to
the Cd sequestration in shoot cell walls. Using
rice single cells, Ma et al. (2015) demonstrat-
ed that the interaction of Si with Cd occurs
in the cell walls via a [Si-hemicelluloses] Cd
co-complexation. Gu et al. (2011) also found
that Cd translocation from stem to leaf of rice
was dramatically inhibited by adding Si-rich
amendments. They found that the increase of
Si concentration may form complex with Cd in
stem.



Shi et al. (2005) investigated the effect of Si
on the distribution of Cd in rice seedlings and
proposed that Si partially physically blocks
the apoplast bypass flow across the rice roots,
and restrains the apoplastic transport of Cd.
More recently, Ma et al. (2016) reported that
Si-modified cell walls inhibited Cd uptake un-
der short-term Cd stress, whereas the compart-
mentation of Cd into vacuoles under long-term
Cd stress is the possible mechanism reducing
Cd uptake.

In Cd-treated rice plants, about 50 pro-
teins were significantly regulated by the pres-
ence of Si (Nwugo & Huerta 2008), suggesting
that Si-enhanced Cd tolerance of rice might
be associated with the synthesis of relevant
proteins. The natural resistance-associated
macrophage proteins (Nramps) are metal-ion
transporters (Nevo & Nelson 2006). OsNramp5
is known to mediate Cd transport in rice plants
(Sasaki et al. 2012). Low cadmium (LCD) is
a gene related to Cd accumulation (Shimo et
al. 2011). The heavy metal ATPases (HMAs),
also known as the P,;-ATPases, are localized
mainly in vacuole of rice toots. Based on the
available data, it appears that, when treated
with Si, the expression of OsLsil and OsLsi2,
genes responsible for Si transport (Ma et al.
2006, 2007), is highly up-regulated in rice, re-
sulting in down-regulated OsLCD, OsNRamp35,
OsHMA2, and OsHMA3 under Cd stress (Kim
et al. 2014; Lin et al. 2017).

CONCLUSIONS AND
PERSPECTIVES

Rice plants grown in Cd-contaminated
soils are facing problems of human health and
food safety. In this review, we clearly show
that application of Si-rich substances is able
to mitigate the Cd stress of rice plants. Si nu-
trition and management in rice have received
great attention in Japan. Compared with ja-
ponica rice, research information concerning
Si nutrition in indica rice is less adequate. The
reports on Si nutrition of rice suggest that high
Si rice is better adapted to Cd stress. It is now

well established that the difference in the Si
accumulation results from the difference in
abundance of Lsil and Lsi2 transporters in rice
roots. Screening and genetic analysis of rice
germplasm for high Si content will be the aid
in the acceleration of breeding of rice that is
higher in Si status.

Rice is a known Si accumulator. Due to
continuous culture of high-yielding rice cul-
tivars with intensive cultivation practices, es-
pecially if farmers are not replacing the Si re-
moved by rice plants, the soil used in growing
rice plants may contain an inadequate supply
of Si. The challenge of how to effectively sus-
tain Si levels in the soil appears to be of prime
importance in future research.

In Taiwan, stress physiology of Cd has
been extensively studied using ‘Taichung Na-
tive 1, an indica cultivar in our laboratory.
Unfortunately, the importance of Si-rich sub-
stances in mitigating Cd stress has been over-
looked and poorly understood. Based on the
present discussion, we strongly suggest that
future work here in Taiwan to be focused on
large-scale and long-term well-designed-field
trials. Such results are certainly helpful for
obtaining information regarding the feasibility
of Si application for mitigation of Cd stress in
rice plants.
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Abstract

Cheng, E. Y., Z. H. Wang, Y. B. Huang, M. Y. Chiang, H. Y. Lu, D. H. Wu, C. M. Yang, and
C. C. Nien. 2018. The genetic interaction on the quantitative traits of prescutellar bristles in
melon fly, Bactrccera (Zeugodacus) cucurbitae (Coquillett). J. Taiwan Agric. Res. 67(1):9—
15.

The genetics of prescutellar bristles (prsc) in the melon fly, Bactrocera (Zeugodacus) cucurbi-
tae (Coquillett) is polygenic with a quantitative trait of 1 to 20 prsc or more. The field population is
polymorphic in regard of prsc and harbors 95% 2prsc phenotype (the major wild type) and 5% 4prsc
phenotype (the minor wild type). Several laboratory strains with different numbers of prsc were estab-
lished for genetic study. When the 2prsc (2P) strain crosses with other phenotypes, instead of blending
into the continuous prsc traits, the 2prsc phenotype (2PHT) frequency surged in the F, progeny. The
reappearing of the parental phenotype in F, progeny is unusual in a quantitative genetic event, and
is examined by comparing the 2P strain and the multiple prsc (MB) strain in two serial step-up phe-
notype crosses. All six 2P serial crosses resulted in the 2PHT surge, demonstrating that the 2P strain
is the genetic source of the surge. The surge only happened in the F, progeny at 22.5% + 4.0% but
not in the F, progeny. For the MB strain, the serial crosses with other phenotypes showed no trace of
phenotypic surge, and the results of all five MB serial crosses followed the quantitative genetic prin-
ciple in continuous traits accordingly. The comparative study suggests that the quantitative genetics
of prsc can be modified by other genetic factors, although the 2PHT surge mechanism still remains to
be investigated. In population genetics, the 2PHT surge is considered to be a contributing factor in the
dominance of 2PHT as the major wild type in the field population.

Key words: Quantitative genetics, Prescutellar bristles, Bactrocera (Zeugodacus) cucurbitae, Mo-
no-phenotype surge.

INTRODUCTION

Research Article

The insect specimen identification is es-
sential in both the agricultural pest control
program and the international trade quarantine.
For the taxonomy of economic important fruit

fly of Tephritidae family, the notal bristles are
important morphological characters (White &
Elson-Harris 1992; Drew & Hancock 1994),
with special attention that certain species are
polymorphic in either the number or the loca-
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tion of bristles (White 2001). The melon fly,
Bactrocera (Zeugodacus) cucurbitae (Coquil-
lett) is polymorphic in regard of prescutellar
bristle (prsc) with 95% 2prsc-phenotype (2PHT)
and 5% 4prsc-phenotype (4PHT) in field
(Cheng et al. 2014). This prsc polymorphism
has not been investigated in both genetics and
developmental biology. In other dipterans spe-
cies, for examples, the variation of bristles in
Drosophila melanogaster and several cyclor-
rapha dipterans, including Ceratitis capitata
(Mediterranean fruit fly) have been well stud-
ied for the interest of both quantitative genet-
ics (Mackay 1995) and developmental biology
(Ghysen & Dambly-Chaudiére 1988; Simpson
et al. 1999; Simpson & Marcellini 2006). In
particular, the achaete-scute regulation on the
notum of Drosophila has been related to the
evolution of thorax development in dipterans
(Alonso & Cabrera 1988; Garcia-Garcia et al.
1999; Wulbeck & Simpson 2000; Pistillo et
al. 2002; Skaer et al. 2002). There are limit-
ed knowledge on prsc morphology of melon
fly, and as a part of fruit fly control program,
Taiwan Agricultural Research Institute (TARI)
started investigating the possible cause of prsc
polymorphism. The genetic analysis has con-
firmed the prsc polymorphism is a polygenic
nature or a quantitative genetic controlled
(Cheng et al. 2014). However, it is noticed
that there is an unusual frequency surge of
2PHT in the F, progeny of the 2P strain (the
wild type) cross with other phenotypes. The
unusual increase of a single phenotype fre-
quency not only disrupts the continuous prsc

FHoerw 1

trait but also signaling the possibility of ge-
netic interaction in quantitative genetics. The
extra 2PHT progeny produced in this surge
may also contribute to the field dominance
of 2PHT in population genetics. The current
study is tried to confirm the event, estimate
the frequency, and locate its genetic source.

MATERIALS AND METHODS

Insect rearing

The melon fly rearing, phenotype sep-
aration and the definition of notum bristles
following White & Elson-Harris (1992) were
the same as described in the previous report
(Cheng et al. 2014). The prsc phenotype char-
acters of strains are described as follows: (1)
the 2prsc phenotype (2P) strain: the mean = 2.0
+ 0.2 prsc and ranged 1-5 (Fig. 1A); (2) the
4prsc phenotype (4P) strain: the mean = 4.0 +
0.4 prsc and ranged 1-8 (Fig. 1B); and (3) the
multiple prsc (MB) strain: the mean = 12.3 +
2.0 prsc and ranged 8-19 (Fig. 1C).

The comparative study of the continuous
prsc traits in 2P and MB strains

The occurrence of 2PHT surge is compared
in two series of step-up phenotype crosses. (1)
The 2PHT is chosen as the representing pheno-
type of the 2P strain to cross with the 4, 6 and
8PHT of 4P strain, and the 10, 12 and 14PHT
of MB strain. (2) The 12PHT is chosen as the
representing phenotype of the MB strain to
cross with the 4, 6 and 8PHT of 4P strain, and
the 10 and 12PHT of MB strain. Each cross

Fig. 1.

The comparison of prsc. (A) the 2PHT of the 2P strain; (B) the 4PHT of the 4P strain; (C) the 12PHT of the
MB strain. PHT: prsc-phenotype.
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contains 4—6 replicates with males and females
from both parental phenotypes alternatively to
average out the possible variables, even it has
been determined that prsc genetics is not sex
related (Cheng et al. 2014). The F, offspring
was self-crossed for the F, generation. Due to
the spread out quantitative trait, on average of
1,000 F, and 2,000 F, offspring were inspected
for their prsc PFDs (phenotype frequency dis-
tribution).

RESULTS AND DISCUSSION

The purpose of this study is to clarify the
unexpected finding of the 2prsc phenotype
surge in our previous quantitative genetic re-
port of the prescutellar bristle in melon fly
(Cheng et al. 2014). The 2P strain, the major

wild type, was compared to an artificially
selected MB strain in two serial crosses with
step-up phenotypes. The PFDs of both F, and
F, progeny were presented in Figs. 2 and 3 for
2P and MB serial crosses, respectively. The
quantitative genetic nature of prsc traits has
been demonstrated in progeny of both serial
crosses, as all PFDs are continuously distrib-
uted (Emerson & East 1913; Russell 2005;
Griffiths et al. 2008), except the 2PHT surge
which appeared in the F, progeny of all six
2P serial crosses. The test results confirmed
that the previous observation of the parental
2P-phenotype reappeared in F, at a signifi-
cant frequency is not accidental (Cheng et al.
2014). When comparing the 2P serial result to
the continuous PFD prsc trait of MB series, the
on and off of the 2PHT surge indicates that the
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2P strain is the genetic source of the surge. In
quantitative genetics, the cross of two different
strains resulted in an intermediate trait in fol-
lowing generations, and the MB serial crosses
follow this principle accordingly while the 2P
serial crosses were not. The reappearing fre-
quency of 2PHT in progeny of both 2P and MB
serial crosses were compared in Tables 1 and 2,
and the results indicated that the MB strain did
not produce 2PHT in its progeny and can serve
as the blank control in the cross test, hence by

grouping the three 2P x MB crosses, i.e., 2 x
10, 2 x 12 and 2 x 14 (total 13 replicates). It
is possible to obtain the reappearing frequency
of 2PHT in F, progeny at 22.5% + 4.0% with
almost no 2PHT appeared at the frequency of
1.7% + 1.6% in the F, generation.

The 2PHT trait of 2P strain has blended
with the prsc trait of MB strain in the F, prog-
eny but then surged in the F, progeny, suggest-
ing that the prsc quantitative genetics has been
modified by other genetic mechanism or that

Table 1. The 2-prescutellar bristle phenotype frequencies (%) of F, and F, progeny in 2P-serial crosses, with the pa-

rental strains indicated.

2PHT frequency (%)

Phenotype (parental strains) F, F,

2PHT (2P) x 4PHT (4P) 26.8 45.1
2PHT (2P) x 6PHT (4P) 12.5 31.9
2PHT (2P) x 8PHT (4P) 49 21.8
2PHT (2P) x 10PHT (MB) 0.9 242
2PHT (2P) x 12PHT (MB) 0.5 15.6
2PHT (2P) x 14PHT (MB) 1.3 22.8
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Table 2. The 2-prescutellar bristle phenotype frequencies (%) of F, and F, progenies in MB-serial crosses, with the

parental strains indicated.

2PHT frequency (%)
Phenotype (parental strains) F, F,
12PHT (MB) x 4PHT (4P) 0.2 0.1
12PHT (MB) x 6PHT (4P) 0.0 0.0
12PHT (MB) x 8PHT (4P) 0.0 0.0
12PHT (MB) x 10PHT (MB) 0.0 0.0
12PHT (MB) x 12PHT (MB) 0.0 0.0

the genetic interaction was involved, and the
responsible factors are only being carried in
the 2P strain but not in the MB strain. The 2P
strain only harbors a portion of the polygenic
prsc traits and why this portion can be activat-
ed and overrides the expression of other phe-
notypes remains unknown. The expression of
2PHT surge only in the F,, not in the F, prog-
eny, coincides with the Mendelian segregation
expression of a recessive gene, and can serve
as a study lead in future. The 2PHT/F, fre-
quency of 2P x MB cross is measured at 22.5%
+ 4.0% in contrast to the theoretical 25% re-
cessive homozygotes expression, and is worth
to be noticed. The 2PHT is only a portion of
prsc polygenic traits, and the mono-phenotype
surge in a continuous trait suggests that other
factor is involved.

In related subjects, the extra amount of
2PHT produced by the surge mechanism can
actually be a contributing factor in population
genetics for the dominance of 2PHT in field
population. Besides, there is an interesting
example in a closely related species, i.e., the
oriental fruit fly, Bactrocera dorsalis (Hendel),
which has fixed 2prsc morphology. It then
raises the question as to why the 2PHT surge is
just an intermediate step in the prsc evolution
in Tephritidae.

CONCLUSIONS

The study has concluded: (1) The pres-
cutellar bristles of melon fly is quantitative ge-
netic controlled, but the phenotype expression
in field population is deviated from the contin-

uous trait, particular the dominance of 2PHT at
95%. It implies that other mechanism involve-
ment is possible; (2) The genetic source of
2-phenotype surge is 2P strain; (3) The 2PHT
surge expressed only in F, progeny with 22.5%
+ 4.0% frequency; (4) The F, progeny of 2P
strain cross is not affected by the 2PHT surge;
and (5) The 2PHT surge may be a contributing
factor for 2PHT to be the major wild type in
the polymorphic population of melon fly.
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HIEEGIRERE RIIEE RGNS - LERAETE
RIS G IR BT - ) B 680 T 38 3R 4 8 TR 4H 4%
fe b - A7 B H BB AR (R E (B 1) - 2L
R B W < MR AT 4P BUH A SET » ROk
TE4R18 o &CUTHURT RE Ry Me i 2 2 hitE iR S B
JEAHSR LS R B 2 - IR EMF LA

BY) ORI E W o R HER AT RE B A R PR -
FH A TE 15 0 36 i S B0 2 B8 BT 4H 4% H 3R B S 39H
Z BRI > Py DUME— 20 HERIR% 7 7T BE FH B IR
JEIR R A P ik o &8 EBANSRRE R P A -
Pseudomonas [ P47 % M4 B 7 5 | 42 2 B 12
JEL 9% 12 © 40 Pseudomonas viridiflava (Aysan et
al. 2004) ~ Pseudomonas cichorii (Testen et al.
2015) ~ Pseudomonas mediterranea (Moura et al.
2005) ~ Pseudomonas marginalis (Bella & Catara
2010) ~ Pseudomonas corrugata (Moura et
al. 2005; Molan & Ibrahim 2007) DL & Pseu-
domonas fluorescens (Saygili et al. 2004) Z o

Ry Tl B0 A P 3 A2 H9 78 it FR 978 R 2 9 iR
AR R F R s
FE# AL (nutrient agar) JyEEH 1k = AT 4
LA E DO SHEIT AR R R B - 1[5
HAREABEERIE  BRZERSEY
R AN E (Lelliott & Stead 1987) - HH Y% H

R H B 22016 ££ 10 H 20 H 5 #EZ HE 2 2017 8 H 30 H -

TEEEF ¢ thhung@ntu.edu.tw

' REOREABITEYREEDETES - 88 AP -
PEZgRERBIEYREAR R S RAR - 28 G-

‘REgBRERBTEYFEARRE - 28 G-

'EIILEE AR YR E M AR AR - 68 LT -
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1. HEEHOEEERER 2R - REAR RO R ITRE (A) § B RS R E ST HE 0
BYH (B) ~ (B) 5 &l R AU R i R RAREHE LR BEE A (C) ~ (D) »
Fig. 1. Symptoms of pith necrosis of tomato in the field. Diseased plant chlorosis and decline (A); section of stem

displayed vascular browning and pith necrosis symptoms (B), (E); and longitudinal dark brown lesions on stem and
side-shoot (C), (D).

£ King’s BHARIE T HLATOE - HESGRAEM B
BECERITRAEMEIGEERNHEER .

e e e . . B AT ey @ﬁ%;ﬁ
P. viridiflava (Tsai et al. 2016) ~ FEJEIFEH
P. carotovorum subsp. carotovorum (Hseu et REERENFRHEREERN R KK
al. 2003) K 515K & Ralstonia solanacearum 8 20 AR LI E R B R (8 1) UTHUE 7
(Hsu et al. 2002) R [E] » BIR AL E AT #E K FHAHER DL 1% KAWL 8 (NaOCl) S5 30 s 7
HAEEA R RS S - RIL > Abfgekts  TREVESE - B3 REEAELR - K
IR 2R -~ REE R R BN R G ETT  HHSUI . MAEEREEKZELETER
Tat o IR R Pa2E - DU Al ER - 5 RS HE 3R 5 HUAH B 07 DA



ST

43 77 B IE B B B E E (nutrient agar) (Difco
Laboratories; Becton, Dickinson and Company,
France) ‘Al b o 2 1% R % 55 & BLUAE 28CE
AR E 2-3 d o AR R R 0 BRECH R B
—EEUEG T BB EERREEATR
3 KDL - DA R -
TRIR MG

mEABUL S 2B HEE K%
ToPNO1 ~ ToPNO2 k2 ToPNO3 3 3 43 BERRE By
R ER - R FAEY R GLE BARET
mafl o U PRAEAE Y A6k - EHEPR S 4 60
cm > BETTREEG S - HEREERRE A
Fofs 3 EMREIGRIEREEEREEERA B
PR 28CEIRFEREE 1 d 1&g @ F& AV E DR
BKRRE - SR IR RO - ML e el
% (spectrophotometer, Bausch & Lomb, USA)
B 4B R R OR o R H S B R U E
(A600) %5 0.3 (49 10° cfu mL™) F FyBefE -
BERE 704 o 1 SR O 47 R T BV A R R TR AT
TANKED - H A HEN T BAEZ R 1 (E/NME
OIS ER LA - R HERE 2 R - B— il Btk
PEfE 3 MR AOME ML - DI R K Z BR R Ky
W - #ER > BHEGRE LEVHBRRE
48 h» Z 1 RIRMIELE » A 28CHEYIER
B ZERREEREY - fERER 2%
DIV S 1Y R 4H 48 oy BE AT BT~ B S0 4 B
SRV HEIE
Biolog identification system & EHHE

B E 1R ToPNO1 ~ ToPNO2 Kz ToPNO3 L),
Biolog i & %4t 70 A - B S ks 3 Bl k&l
URFEER AT 5.7% BUG™ agar (Biolog Universal
Growth Agar, Biolog Inc., CA, USA) iy » 2
BIMEAE 30CE AR & 16-24 h > H DI
PR U B B 7% R B R & TF-A BEfER
(Biolog Inc., CA, USA) » IiEZE & A - DL
W 590 nm 2 & EEt (Turbidity, Biolog Inc.,
USA) FH B R R Z M B R JE 2 90-98% T
(turbidity) » JRJE B 58 plo 1% - W HUAH B A
A 96 7.2 Biolog GEN II |7 fEf% (Biolog
Inc., CA, USA) 1 - (i FL B 7H 100 pL - fF
PR R R ER B E 25-35 h > DS

rere

]

67% H11H

38 > P 558 {E L Biolog MicroLog™ 3 ver.
5.2.2 &% K Biolog GEN Il &FLE (2.6.1 i)
ELE A DA e el A

FIEBEEERFITAE

27 Schaad et al. (2001) f; Catara et al.
(2002) Frat 772 - K Bt 3 BEE R T T 5
AR SBREE 2 X - HBHEE
BFEE R E (Gram reaction) ~ ¥ & HEF]
M50 (BAb/ 2B 5 O/F test) ~ £ King’s B
BEA bEAENAEZIVIE - FE D (levan)
AR ~ ELBEZ (oxidase test) HIE ~ 8
EHE G (potato soft rot) ~ KE =k — /KRS
(arginine dihydrolase) | - F 548 &M 2 fE
(tobacoo hypersensitivity reaction) JHJz ~ BAfE
(gelatin) ALAE JIHIE < 3TCT 2 4 B
¥} mannitol ~ benzoate ~ cellobiose -~ sorbitol -
trehalose ~ sucrose ~ D-arabinose ~ L-rham-
nose ~ histamine * meso-tartrat ~ 2-ketogluco-

nate FYFIFHAE S » DU E Ll B iR o0 JE st A -
ITS D3 E

BEEE L% 57 2 ToPNOL ~ ToPNO2 » 3iff
TETER M LG [ HE S BRI P. mediterranea
(DSM 16733) 2z P. corrugata (DSM7228) 4
&% > 275 Wang et al. (1993) Z & 5k
ZFEUTENS B Ei% - TR » ok
R EREGRE R EREEE > FHERED
% > DU o 8ok BUE — 4 i 3 7% IR
NG R EAE 20 L Z fEE K - 1A 0.4 N
NaOH 20 pL #FHEZE A5 - 5E 10 min
% BEAA 1 M Tris-HCI 40 pL )& &15 4 0 08
SR E D KRR 10x BT 4 I Z
KX FE (polymerase chain reaction; PCR) f&fR -
PCR DL4HER 168-23S %G B A A 2 N
fE$% % (internal transcribed spacer; ITS) 5]
T D21/D22 #: {74 1§ (Manceau & Horvais
1997) » PCR [Z JEAE 20 pL HYR G YI#ETT > &
K FEY)HY T8 By 1x PCR buffer ~ 1.5 mM HY
MgCl, ~ 0.25 mM #Y ANTP » 5]F-%% 2.5 pmol >
Taq DNA polymersase 0.8 units » il A 2 uL
AR - TR B3R I JE S5 (GeneAmp PCR Sys-
tem 2400) AETT » PCROBFEMEERMRME © SLLL



At B A

94°C#7T 2 min 7% T 2L 94°Ci#717 1 min » 60C
#1T 1 min > 72°CH#4T 1 min 3£ 36 cycles 5 &
% 72°CHEAT 2 min - HgiE{% 2 DNA EY DL 1.4%
B BB T K EE XD ERRESL
T~ DNA |5 B - fit 5 2 PCR E¥) 2L TOP-
fast PCR cloning kit (GeneMark, Taichung,
Taiwan) #E{T DNA 7 B ZE JH - 28 JH 1% K 77
 DNA EEJH 7 B A9 4 B 1 AR A 17 38 L R b
HUEHG - B fl L 2 B #8 7 DL PCR K &k 77
i 30 Ho 7 A THIH DNA | B2 1% » ZHERR
4R A PR /A 5] (Mission Biotech, Taipei,
Taiwan) #fT DNA JEf7 > Fiifs DNA FHI&R
FHLLNCBI (National Center for Biotechnology
Information) A& &R EELES
BE-115|53HEE

Ry DR AP 77 B 2 9 IR A B A >
AP o B 2 5 B Bk ToPNOT ~ ToPNO2
ToPNO3 L K ¥t BB £k P. mediterranea (DSM
16733) ~ P. corrugata (DSM7228) ~ P. viridi-
flava (TPNO2 » LRI 5 &8 55— EH HndE 3 H
W) (Tsai et al. 2016) » &E4ilEEE > DL AT
fli 5 )1 A ZEHUZ B, © 275 Catara et al. (2000,
2002) At » 5y BILL P mediterranea B—"4:5|
F (PCI1 B1PC12) DLF. P. corrugata H—145]
+ (PC5/1 81 PC52) #t bt 2 i & B ik K
B MR HETT PCR » PCR fRAFIS B LA T
% VIR &R 4 20 pLo RS ¢ 1x
PCR buffer ~ 1.5 mM #Y MgCl, ~ 0.25 mM
dNTP > 5]F%% 1.25 pmol » Tag DNA polymer-
sase 0.4 units DL Kz 2 pL 54k  Jf FE 5 IR R {4
W * bl 94CHEST S min 12 5 F DL 94CHEST
1 min > 62°C#E77 1 min > 72°C# {7 30 s 3 30
cycles ; 1% 72°C#1T 5 min - HIE% 2~ DNA
ZEYILL 1.4% agarose HEITE KT > WEZE
FELETEIA Y DNA B -
S| RS2 TDRIE

HEH ToPNO1 & ToPNO2 73 gk » #E{TEE
PRz 1k sl B o et U7 04 DUIB 4R 1B R R HOE
(paper disc diffusion method) (Adaskaveg &
Hine 1985) JIGAHtak i Pk & HE T B EERI(E A
[ERIE Z Bzt o s Bpae i SR HUE V) g

Tt B P AR A B 2L 10 fE AT
SIS > T 0 R P A [ DA P S B B A 1 2 [
PRI R B » Wi —20 BTN 2 %R e
TR ER - MBAEERITESE - BREAEHAER
7 gHVUER {2 (streptomycin + tetracycline >
10.0% SP > Bim% BiiZEE > £2HAH)  #
{812 (streptomycin » 12.5% SL » P2 BHE %
% - KiHET) ~ ZHEZE (kaugamycin > 2.0%
WP Bt BE A ER(ET) S EHEER
Z @R bHi (copper hydroxide » 53.8% WG >
Mm% BN TE) S mERA
1k # (copper oxychloride » 85.0% WP » & fn
PR 0 FUAE]) ~ ZITHiEEHE (tribasic
copper sulfate »27.12% SC » P 44 Bl = 1 o
HEALTAT) &SR 2 8658
(mancozeb > 80.0% WP » @i a4l o
KALL) ; R E SR % (R % (thiophan-
ate methyl + streptomycin » 68.8% WP - & &k
PR ER - AT 25 (kasugamycin
+ copper oxychloride » 81.3% WP » p§ 44 B
SRR EE - ARMET) RH M BT Z BOR
% (oxolinic acid » 20.0% WP » B B& 2 -
BB E) -

BRI AT ¢ SR A B s E
o EETEEEE 10° ofu mL! > IEHY 0.1 mL 4]
FHBFRINA 6 mL 2 0.8% /KIEHE (water agar)
HORGHE  BRKEEESETEESEAF
Wb R Rl SRR A FRER - o
B HY 0.12 mL i A B4R 13 mm HY )8 4% Bl %
(Whatman International Ltd., UK) 1 » &
HERFRAERNELFCHE LM KERE
ZEBEERENR L I DUM AR K 2 RAK
Bl E REIAE - FRHE 3 HE - ZR~KEE
B B 28C TN ERfMEEE 48 hig
M 2 & BEBIAE A DR T B A AR B A/
DICHIE S5

E SRR
RIS
1 3 RHEEE % ToPNOI ~ ToPNO2 £z ToPNO3 >
DI A B P MO AT 28 A



20 BB

HE 14 d 1% - SEREE bREER RZ AR B0
SRR I AT 2 (A (R R 3R A8 T R R
AR AR 0 e LR V) 52 - SR ANE1E
PR e s 4B B SRS IE > FERRBUR R 2 4B RS
b (B 2A) > I B AR ZE 80 2 BE a4 4% 3R 1E &
BUEE (1 2B ~ 2C) > S HE AT RREAERE -
FrE B BT EE IR R 4R 18 > 2-3 mo
‘IEGERBHR AR RERE > WRERE
18 PR E K BRI AR AR (L - 1
PETEAE PR35 B 0T 2 SR 4H @z ] 0 e
ME - ZAE SR T R A AR
SERRRHE AR - 5 H Ao B 2 M Ry
ZIRIEH e

Biolog identification system #&7E

LA Biolog # /& % 4 & b it 3 PRt sl
k> BElE PREE & 1E Biolog GEN NI fZ R DA
HIE HE R 2R A RBP4 B 1 - 581k
Y FE 2 DL R EHIEE 1% ~ S8 {E &€ Biolog Mi-
croLog™ 3 ver. 5.2.2 245 i K BRI EL ¥
bL 6 &5 5% 2R {1t 5 B & ToPNO1 ~ ToPNO02 &
ToPNO3 J&}Y Pseudomonas corrugata » fA{LUE
53 H B 0.674 ~ 0.697 2 0.674 » KN LT
EEFE 0.5 -

Pseudomonas corrugata Tz 5-HH Scarlett et
al. (1978) Frrffit » B2 o RaFE R 2 W IR &
ZE O 2R B - W ek A E AR L

o

2. ALEEHOA THAE BRI IANE 1R 2IRATREL - FiaHE 14 d & - IR RREEIRGO R EE
FAHS IS LAIRE (A) © EEEEDIR HIRBEIRE R (B) © BEEYEMEHCKE (C) -

Fig. 2.

Symptoms of the tomato plants (cv. ‘Hong Fan’) after inoculation with the isolated bacteria. Tomato side

shoot showing longitudinal brown external lesion and vascular browning in 14 days after inoculation (A); pith necro-
sis symptom observed in the stem after inoculation (B); and close-up of the pith necrosis symptom (C).
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M ZFYE¥E P corrugata 53 By 2 B (Sutra ef al.
1997) » Hrp 1 BEAE 2002 4 17 Ry id - an
4B P. mediterranea (Catara et al. 2002) o 4R
ifi 48 & Biolog GEN Il &Rt (2.6.1 ) N i
FHEETL P mediterranea I E R} > H L F
UL TE By P. corrugata © UL EREL P
corrugata FHL > BT FF#E 1T H A AY £ 3 4
(balla Sz B oy i - #E— e B PRI 73
HHfr
FIEECHE

T L itk ToPNO1 ~ ToPNO2 ~ K2 ToPNO3 >
HETAEMA YRR ABRER2 X &5
FHIE » 3 fhat RS By S R IC B2 14 (Gram nega-
tive) ; LE(L A HEENE - TEERra iR

1. HAORERIENE 2 AR -
Table 1.

BIFETE Rk ) 78 King's B g A&~
FEAEEE ) BEEESEFE (crystal violet
pectate; CVP) Sl ERFARTZRIMIRE 5 7T AR R
1% (levan) 5 H &AL (oxidase) ; EFE &L /K
fi#li§ (arginine dihydrolase) 5 78 {£ F§ $% E 4H &%
AR RN BHEA R v EE S
B RIE (tobacoo hypersensitivity) 5 7 & {EAA
(gelatin) ; A {F 37°C F A& » 7] A mannitol ~
trehalose ~ sucrose ~ meso-tartrate ~ D-arabinose -
histamine J 2-ketogluconate » “~§EFI ] benzoate
cellobiose ~ sorbitol 7 L-rhamnose » 41F% 1 Fiw~ ©

P. mediterranea A& P. corrugata 7 —F¥ »
LML Ry i (Catara et al. 2002) » fE{EA
ARS8 TENERE P med-
iterranea 1] PLF| F§ meso-tartrate ~ histamine

Physiological and biochemical analysis on tomato pith necrosis pathogen.

Character

ToPNO1-03 strain

Pseudomonas mediterranea”

Gram reaction

O/F test

Fluorescent pigment on KB
Levan

Oxidase

Pectolytic activity
Arginine dihydrolase
Tobacco hypersensitivity reaction
Gelatin hydrolysis
Growth at 37°C
Utilization of:
2-ketogluconate
Mannitol

Benzoate

Cellobiose

Sorbitol

Trehalose

Sucrose
Meso-tartrate
D-arabinose
L-rhamnose

Histamine

Gy G
0} O
+ —
+ +
+ +
+ \%
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

“ Data are from: Schaad et al. (2001); Catara et al. (2002).

"G (-): gram negative; O: oxidative; F: fermentation; +: postive; — negative; V: between 21-79% of strains positive.
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2-ketogluconate * P. corrugata RIIfEEF|H - A&
TR 5 e 2 974 Ji 4 B 400 7E #F meso-tartrate
histamine J% 2-ketogluconate ¥5 =] DLF] F »
IE AL R A B AR AL MR EL P mediterranea 85
RPEAT - AMtE R R 2 H A A A RRER
%808 Catara et al. (2002) frilt 2 P. mediter-
ranea ERMHE - HIEE A GRFEE (levan)
REJTRIA AT A [E] » B 3B B AR LA 1 B R AR AT
AR PAETER - HESRRETEE
=R I H A [5 /& 7Y Pseudomonas &
BV R A R T B 22 5 > 40 P viridiflava
K P. savastanoi (Gonzalez et al. 2003; Marchi
et al. 2005) -

ITS B3I DT

BWETERT B EE B P mediterranea 50 &
P corrugata > L5 £k ToOPNO1 ~ ToPNO02 DL K
IR E R P mediterranea (DSM16733) ~ P. cor-
rugata (DSM7228) 2 1% » DI4HE internal tran-
scribed spacer (ITS) 5[+ ¥%f D21/D22 #: 47 PCR
PEMEAE SR o H AT HENE Y —4Y 550 bp Z DNA |
F% o Ith DNA R BR 8088 JE 8tk - Rl ik
% 751 ToPNO1 B ToPNO2 {57t Fr 51148 [7] &
£ 100% (DL ToPNO1 A {X. %= I {# GenBank -
NCBI accession number KX832047) » #% 4|
& NCBI AN &R EHE 2 HTELE 45 R - fEElE R
ToPNO1 L P. corrugata strain (NCBI accession

BT HI1

number D87087.1) FE¥IAH[E] &2 97% » B P
Ty WAREL P, corrugata = JERHDL < TR EL
[F Pk ToPNO1 Jp 51 B2 ¥ SRR PR EL ¥ 45 51 » BL P,
corrugata (DSM7228) FEAIHEIEETR B 97% » 2R
MEL P mediterranea (DSM16733) Fe%IfH[E] &
2 100% © (NIt > HHITS FRFl o al &l Firor i
FNEREL P mediterranea 5 By 5T ©
BE—-115|5EE

Ry e — D WER P 77 B Z E K By P mediter-
ranea &, & P. corrugata > LA P mediterranea 7.
E M5 7% PCl/1 B1PC1/2 » DL K P corru-
gata B — V£ 5| F PC5/1 €1 PC5/2 #t 17 PCR 1%
Mg o PCR ZEYIESE K 714558 » P mediterranea
B — M 5[ PC5/1 81 PCS/2 ] ¥ 3 fit & & Pk
ToPNO1 ~ ToPNO2 & ToPNO03 K $HHEE fk P med-
iterranea (DSM 16733) #41iE H 45 600 bp DNA
Y M B ER P corrugata (DSM 7228) K P.
viridiflava (TPN02) 4 3% g 4 7H # ~ PCR &
Y1 (I8 3A) » DL P. corrugata H—M1:5]F PC5/1
Ed PC52 » AIEHHIRERR P corrugata (DSM
7228) HEMEH4Y 1,100 bp DNA F B » 3 5l
1k ToPNO1-03 5z P mediterranea (DSM 16733) J¢
P viridiflava i #3815 4 PCR &%) (& 3B) - 4
R 57 8 2 B By P mediterranea > T3E P
corrugata » JNIEEETAFAEZ P viridiflava -

(B) M 1 2 3 4 5 6 7

1100 bp jgmme

3. DLPCR Fif#EEHB s IZIHE&E © Pseudomonas mediterranea B —E5|F ¥ PC1/1 1 PC1/2 2 PCR
WAE 45 5 (A) 5 Pseudomonas corrugata 85— 5[ % PC5/1 #1 PC5/2 2 PCR ¥ g 45 £ (B) » 17 M : 100 bp
marker ; 77 1t Pseudomonas mediterranea (DSM16733) ; 1T 2 : Pseudomonas corrugata (DSM7228) ; 17 3 :

Pseudomonas viridiflava (TPNO2) ; 174 © Es&7H DNA (5 2 & 5E ; 77 5-7 : FFAOBESUER E (ToPN01-03) ©
Fig. 3. Identification of tomato pith necrosis pathogen by polymerase chain reaction (PCR). PCR amplification
with Pseudomonas mediterranea specific primer pair PC1/land PC1/2 (A); PCR amplification with Pseudomonas
corrugata specific primer pair PC5/1 €1 PC5/2 (B). Lane M: 100 bp DNA marker; lane 1: DNA from Pseudomonas

mediterranea (DSM16733); lane 2: DNA from Pseudomonas corrugata (DSM7228); lane 3: Pseudomonas viridiflava
(TPNO2); lane 4: no template control; and lanes 5—7: DNA from tomato pith necrosis pathogen (ToPN0O1-03).
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By

S| RS2 IERITE s L BT EE 2R AV A P ELAE (BT B U &K

) B 13 mm) » SUBRTEN 2 % SR bl
BB BACE © BRI LAE B ;
POBMIEISES IERRELNE VR gy ymnns . BeRIIRZE2- 5

T B BETE 3 FE A [ERE T Bt sl E % ToPNO1 Epst HLEE R > 5 4 FEGEM O ¥ 2 B AR
Ko ToPNO2 fYHIHIRG SR - 2 d i EWSEERIAE RANHIE > R B E - #HUEEE - %

2. (HEEERIEA FDRE S EIOBERHE PR ToPNO1 K ToPN02 2 A4 RAIHIER -

Table 2. Growth inhibition of Pseudomonas mediterranea ToPNO1 and ToPNO2 by various agrochemicals in differ-
ent concentrations.

Inhibition zone (mm in diam.)

Chemical Dilution fold ToPNO1 ToPNO02
Streptomycin (12.5% SL) 500 3.30+0.06 a" 347+0.03a
1,000 1.83+£0.03d 1.97+0.07d
2,000 0f 0Og
Streptomycin + Tetracycline (10% SP) 500 2.67+0.09b 2.77+0.03b
1,000 023+0.12¢ 0.43+0.19¢
2,000 of 0g
Thiophanate methyl + Streptomycin (68.8% WP) 500 320+0.12a 3.40+0.06 a
1,000 2.00+£0.10 ¢ 2.17+0.19¢
2,000 0.17+0.03 e 0.23+0.03 f
Kasugamycin (2.0% WP) 125 0f Og
250 of 0g
500 of 0Og
Kasugamycin + Copper oxychloride (81.3% WP) 500 2.10+£0.06 ¢ 223+0.03¢
1,000 of Og
2,000 of 0Og
Copper oxychloride (63.02% WP) 200 0f Og
400 0f Og
800 0f Og
Copper hydroxide (61.4% WP) 750 (153 Og
1,500 0f Og
3,000 0f Og
Tribasic copper sulfate (27.12% SC) 250 0f Og
500 0f Og
1,000 0f Og
Oxolinic (20% WP) 500 0f Og
1,000 0f Og
2,000 0f 0Og
Mancozeb (80.0% WP) 250 of Og
500 0f 0g
1,000 0f 0Og
LSD 0.12 0.15

“Mean =+ standard error (n = 3). Means within each column followed by the same letter(s) are not significantly different at 5% level
by LSD test.
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REERE > REGH - Hek o EER GG R
W - kR ALl - SELE - =i
i 5 ~ $F S0 T R R 8RR bR R A AR ORI R Y R
FETT > % 2 (i 50 B R A SR o ST R
INDASETE 500x K 2 (REEME R 500x &
K I B B By 3.20-3.47 mm 0 I pE
PUIR M Z R RE 500 - I B B R Ry 2.67-2.77
mm > FHER EEHE 500x K 5 (7§ Z
T 1,000x » fIHIE E & B 2.00-2.23 mm © 1
M4 HEIERERVER G - H 35
SERJR AR EL AR E (P n Rk (AR R
) N2 A ERE AT > o5 R
ZHRE 1,000x ~ Z (REEEZ MR 1,000x J #
PURR I 1,000x - Hoof DL Z 5 R 1,000
K5 (R ZE R 1,000x BT £ HEIEE
£ 1.83-2.17 mm 8 > BBA ST IR BE
1,000 2T A AVHTEIE 0.23-0.43 mm - 2R
R AE AR 3 Fl A [F VR T B s B ik
Y dme e AR HI I BURSIRIER ERE LF 2
(EERD=33 T I Er SR e S e

H P. mediterranea 1t P. corrugata 7 —F#
WL R ¥ iE % (Catara et al. 2002) » H i i fi
P. mediterranea S 75 58 5 2 SCRKE R AT {2
= o {HE[ e LY P corrugata BIFFSEEH 0 P
corrugata ¥} 51 7 B = it 52 & (Alippi et al.
2003) - FEARERH B - IREFEZRBAELR
KRB o - §EIEHIE] P mediterranea
ERAERIRRANE > EEHHNTZE4E R
B HAARE ha B EAERE > BNTAA
FHRRAAVEERI e E R Pl 2% » KA TOEST
P. mediterranea ZET| 5 - C¥) 0 EREt 4 7
g u] 52 B R AR HIAT R o IRl R

BEVIGHIEMTES - % 4 MEER ORE - /£
& GBI amt S e 18 s sl bRy - o]

F Ry FH R SRR A R kB R 2% -

+=A

=T
2011 FEAE F2 AL RR 76 Ao Rk 5% H & 8 3R E oy
FhtEAR IR O RGBT - R AR
HIR RIS CRREL > VIR SR EE H1E
bR REENEE » Hom B R AT S 2 F ke
BLJEJAN (Scarlett et al. 1978; Trantas et al. 2015)

rere

]

67% H11H

FHAL o 8% 3 &R [ROA RIRE D s 41 1 P s |
L > S ARE FH T 3 iR ik DA R S B i B % 2
FE RS 3R SR ) R BTSRRI TR Ry
FEhigEEER (pith necrosis) °

5 hi B8 I K T ] FH %6 78 Pseudomonas
B RS S R - & BT AN P, viridiflava
RN B i R BB IFE A (Tsai et al. 2016) »
T BN R B S T AR A B I A
o HUBRE K AEIE b B RJERH B
FENFHZRNEEE - BoR Poviridiflava JE
CAEGBEILE (Hseu et al. 2015) « ZA1 » AR
TERAERAFT 8 4 2 BAREE R - KEEM 7
BRI E - SEEBE L P viridiflava
RIE o 2 L Biolog # 7E 2 &R MG & Y Pseu-
domonas corrugata > A1 P. corrugata F-Hi0]
& 457 By 2 Bf (Catara et al. 2000) » Hof 1 BE{RIR
A A AR R M B AR I e 71 Y 72 SR T M TR R
T8 P mediterranea (Catara et al. 2002) » 2§
7 Biolog # & 2 ERHE (2.6.1 ki) > & f& P.
mediterranea Bt} » R HE— ML W E 2
A B AR ~ ITS K FE 750 53 i R B — 5|
TEOHE > 2T A A b B 7 a5
953 P mediterranea WCHENT o [NIL » AR T
PEIE R R 8 By P mediterranea » [N
P. corrugata > JNIEEET 24 P viridiflava -

P. mediterranea i f] B2 47 EE EH V5 E
% MEAF - AR - IS 2 A REEHA
Y i fe 5L (Catara et al. 2002) » 7 1%5%
[ FE G AE - HH (Basim et al. 2005) ~ #]%&
(Moura et al. 2005) ~ 25 (Rodrigues et al. 2010)
WIfRAE (Alippi & Lépez 2010) 258 (Xu et al.
2013; Searcy et al. 2016) K 75hE (Trantas et al.
2015) SE[E 52 1 B 1 25 2 Al 2 R B IR
AMZELEE BN ARAEEEMNVERE >
P. mediterranea SRR BUER - £ EEM

P. mediterranea F-HAE Y P. corrugata > {it
BN HARYEFZE S 0 HH P corrugata 5[ RERYZE A
BEIRIEN W E R R 5-10% > (HA
ZEFE AL ] 8 H#8 50% (Trantas et al. 2015) o
MFETNEBREEERE AN (Georgia) FijE
FEhi 4 E &= P mediterranea [ 22 W) & HiifE
PR WM ECSE 57 51 10% F2 15% (Searcy et
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al. 2016) - HEHMASE > 53 7I#F P corrugata
Fe P. mediterranea $3% f& 3 jio e bk 1% - W TR
FE R E SN ERL > S BHRE G
BT 0 A5 B R 19% K 20% Y7 818 4%
(Moura et al. 2005) - Rt > BZFREZE4EE
TERE > TIREIE R FEABEIRL - BB AT
BT AR ERERERE > AFHERY
WK e L2016 FEREFE G A 4R 5K
BoRZ 2 H-FIRE R 16.4C » EFE R
27 B 17 1908 E By 29.4°C (Central Weather
Bureau 2016) - FHAWHSEHE L » P. corrugata 1]
FEIFEALF 15CHY 18 (Ryder & Bird 1993) - {H
i i P. mediterranea W70 5B - AR
P. mediterranea ¥1 P. corrugata ¥810L - [ b
& B4 ZRR E B P mediterranea [ 7]
BEMEAK > W H AL P mediterranea H
AR TA £ 3TCMRAT AR
BURZEL G ERE TS - RN P
mediterranea £ & &L R A RE 5

EEFBEN L A EEARE R > It
T B ] &% EE /MG B B tE ik 0 N LA
EHAHE - FTREKHE R E G O AR EE
Fe o 54 B S5 H P mediterranea W] 5%
E> 118 (Moura et al. 2012) } P. corrugata
BAFAEME T (Zutra 1989) » RELAEARKHIFT A
FEXEES THNHE - B3R E TR
i REFBRRERR - BEERIRR W EEE - K
I3 FH 5 [ ZKOREBE B (S8 F R i i il S F i - 7
g6 o ARYSEEANEEL 4 Eiim
ERREZEER > EATBREREN - 5
BHE IR ERAEE R - 2R EA R
F& R Ry i — 20 L & R el B sl T8 5
Az HHS% -

5| FA SRR
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Occurrence of Pith Necrosis of Tomato Caused by
Pseudomonas mediterranea in Taiwan

Chia-Hsin Tsai', Pao-Jen Ann’, Yun-Sheng Lu', Shu-Ling Hwang’, and Ting-Hsuan Hung""

Abstract

Tsai, C. H., P. J. Ann, Y. S. Lu, S. L. Hwang, and T. H. Hung. 2018. Occurrence of pith
necrosis of tomato caused by Pseudomonas mediterranea in Taiwan. J. Taiwan Agric. Res.
67(1):16-27.

In 2011 some chlorosis and declined tomato plants were noticed in a field located in Changhua
County. Diseased plants had longitudinal dark brown lesions on the stems. Section of the diseased
stem showed vascular brown discoloration and pith necrosis symptoms. The yellowish bacteria were
isolated from the necrotic stem tissues of tomato on nutrient agar. The isolated bacteria were con-
firmed as a disease pathogen by Koch’s postulates test. The bacteria were identified as Pseudomonas
mediterranea based on Biolog identification system, physiological and chemical tests, internal tran-
scribed spacer (ITS) sequence analysis, and specific primer pairs in polymerase chain reaction. This is
the first report of P. medietrranea causing tomato pith necrosis disease in Taiwan. On screening 10 ag-
rochemicals, streptomycin and thiophanate methyl + streptomycin diluted 500-fold showed the most
effective inhibition on pathogen growth.

Key words: Tomato, Pith necrosis, Pseudomonas medietrranea, Agrochemical screening.
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BRE! wmAE? OwELS ks’

"E
JBEREE - ghyiE ~ FhEH ~ HGEHT - PREZR ~ SBokdis - 2018 « Fl|H 18 B /K is &
e S B B 1 o VBRSO 67(1):28-43 ¢
ARBF R A 5 A2 CWYO81126 43142 “TNGS82’ » “TCS17° 4% » 2 s R A& X F, B XA B 4 5-6 3

#3124 200 mM NaCl /2R BT B - #3830 » S REIA 2 WS F, it B Lat B s uy - dfe i W 156 9
T E o BT CWY981126 X B AF M ¥T At 4 2 3 Z A Ak B 42 ] Z AR BE K i —F A CWY 981126 &K
Wi Fou A HY15 &#@H 0 &3 RE 50 B EAG T M HYIS F > & &= R RiE 7 sz 5 E#
AR 3 42 200 mM NaCl Z87% B 4 3R 20 o Hhi it B 55 40 3-5 a9 R /AR - A TARMRE AT H T dliph &
# o B RHEBBCFE, » BCF, 9 8 F 531 5 78.34% & 94.37% @ &b % el 3oy itk w48 % o @ BCF,
XA E AT RA TR 0 R BUA 183 1B & Bl R BLAT F RAt B o 3 — 5 2w M ek i SR A
183 18 & 2 £ B HA > & REIAGHZAE BN 2,280-7294 kg ha' > JE b B 5 & B 2718 BCF, & A it
ITEERE  ERTFEI A AR AMBFAE T IAKREH HYLS - iy LR > BaTH 05 TR @)
TR Iyt B A T B E B At B R A FAF X ARG A o Bk ARREFE-F
TR GEFRBEE RSB oR A B AL £ ERIEA A o

RASRER © o7 T AR ~ MR~ e - KR -

THEHIEE 533t (Hossain 1994) » #E—F 151
BRGHEZE L0 - EEVFREETREA
K e i B PR AU AH BB 5T -

B P& FE K i 22 (International Rice Research
Institute; IRRT) b F2 25 3 > 7K Hed i 60 2 {2 s 0

I
JK¥E (Oryza sativa L.) T2 MR EENE
BIEMZ— fHEANBENEEESNVEENS
BARIE - FralEs e B RIE % 2 K
T & - 15 1970 ARty - (B AKREE

BH TR 2 BNEE > KEEE
HIFR T (AR A R = 28000 » 5 N OB E5Fr
GG o FHETAE 2030 FERFRFEEF] 80 & 0 K
FAAE B VR BE TN 50% J5 Al e N EE e iy 7R
>K (Khush & Brar 2002; Khush 2005) - ZA1ff »
H A CTEIBG AN - (E15— e ff(F Lot I T
¥ RJEFE R B KA ER 4 E

PLE M (additive) F1EH M (dominance) {E FH#Z
By B8 B (Gregorio & Senadhira 1993; Lee 1995) -
Gregorio & Senadhira (1993) £ 9 {EH A2 T
%% (diallel analysis) 2347 H &30 » # - E5HI Na'/
K EL3A BNt S 2 EIER - #H Ll
HRBHEER ZA0MEER - HEMEERINEE - i)
It 2 TR FH 39 o 2 B id B e 2R B A 22

R H 2017 425 1 H - 2 HE 2017 4£ 6 19 H -

T iEEES - wuypei@dns.caes.gov.tw

'REORERABTEEEERRS TR AEEA -

| BT K LR - B8 B -

‘REOEEABMESLEARSTEELADE - 58

‘BN ERANRRERLAELE - 68 EHT -
THIGERREER LN - 28 6L -

‘BREZEREARTEERERARSTRELRRFES -

&8 BHE -

EE -

L B -
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i {& Na' /K™ kb= A #8 8 M (over-dominance)
ER - HAEZEWREY - B8 2 BT
BE NP EEREREZE (Moeljopawiro &
Ikehashi 1981; Mishra et al. 1990; Akbar et al.
2008) < pEAh - HH/KAEIMS B AE BB R 1550 0 &2
BKEMT M 2 AR E A E % E it
PEEBLUKAEES 1 R d8 E/Y Saltol QTL & B
HEVIRG - B55 1 (8Lt A B O 58 Bs e
Y SKCI JRALR I EEER N - FHELEEUR - IR
A1 S B2 i B 4 AR AE R HY QTLs £7 4 »
H. 3 ¥ 7 AF 7 I B 1 /K A i (Gregorio
1997; Bonilla et al. 2002; Ren et al. 2005) °
ERREEKEEENTERHER T2
— IR RN A 3,400 & A BE/KAEEL 800 &
INEEAEIREERE » T 173 BVFEEREE iR & 2 6h /K 3R
8% (Huke & Huke 1997) « THSHEER
JEEABIZI RiFEBLE BRI m
RERRENE - RRGERBKATERL 18 5
ELIE AN 7K RS JRE (Bernier et al. 2008)  Levitt
(1980) K tE V) 8 FE 5z 5 BR B3 2 # il o0 Ry it B2
M (drought avoidance) ~ fif 54 (drought tol-
erance) PrFM: (drought resistance) 3 f& » B
S R EEYERE L FHEREHKRE
T HEREER SHSBENERE RS
B o KEE R KSR Z + 28U fERFEE
BHANERERYE  WEKTHRZ RS
it SRS IR T 22 5 - TE/KAERY B B A R I
el 7 A /R Y - W B A T 7 A ol R
o AR E B R e R i o fEGR
7K ER B A e iy Bl 58 /K R AR T A R Pl A R B
BE  MAKMEAETEERIAR > AL R4
AR EE 'R T BB D » fefe DB SRy
FOMEE MR E R HERENE RN (Guan ef al.
2010) < ZAMi RAE Y & RCHY 2 S B AT & 4%
18 R R M 21 R 25 BE R PR > BRI
A ZMEHEZRA/ER (Ashraf 2010) -
It i R EY) B TR R EAIARH H R EE A
it FPERYRI - 0 HZ 2 i B R B RS A it
MRS - EHER 2B E KRR R
B (% » FH e B 08 B 5 e P A 2 7 B R i
T JETif 545 (Salekdeh er al. 2009) « HH AT
EMGZRERNZEDE » HUEEEENHEE

TEMHEEEN  EAFRKERERERENA S
HARS VR & MR BRI ETAL U704 » A
It T REA SR T S S K TS e 1 Al
R RE Y] H AR E Y RRAS N FPERY R -
AFERENEA K E S AKRET TR
AL - TR BT E A LR B R R R A AR
it (Collard & Mackill 2008) » H[135 i 43 1
T iEH ) & T8 (marker-assisted selection; MAS) H]
4 AR D BRI 2 BRI TR
gf e B ER - HHFEERAE - fAE - A0 1%
FEEH AR - (AAKESEAEEE -
T 401 BE R 2 1) 22 18 18 B MR 2 B2 A (QTLs)
HEMIER —ERKEm AT EREATEE
s o BATFIH MAS (IECREHE % 0 540
HRERE Y ‘Azucena’ b3 ELAY 4 {1 B[t 2 FH A
HJ QTLs > F]F MAS 75 4812 2 (B Bk 1E
IR64 » FHREEE IR64 it 14 (Courtois &
Lafitte 2003) - MAS Fx T 7] #5875 A H
BEMEIRAYFERR » TN RE 25 (B BL X (QTLs) e
E—ESER - BE A S EGUEERE
ZEAEE DR R E R onfd - fEIEAEY) M
571 o IRRT A S5 H T % QTL subl 2
77 T 10 > K subl QTL [B]5Z FI B[ /& k5% e
‘Swarna’ » [F]HF | I IR 2 S Y 77 + BRI A 1T &
BN HE N AINEERT T EE RS
fhfE (‘mega’ varieties) (Neeraja et al. 2007) °
Huyen et al. (2012) K Vu et al. (2012) #55H
Saltol QTL Yk [lif & imi e ‘FL478” Bl i g (B R
‘L fE ‘AS996° Bl ‘Bacthom 7’ #EfTRER > FI FH
53T I 5128 B R Saltol QTL 2 A F1] ‘AS996°
J¢ ‘Bacthom 7" H1 » 7F BC,F, I 18 (& 5 5t [ 1€
ST E E 100% < Luo & Yin (2013) [FEEFIF
It 7775 » KR B ER sdl - T EER
SublA ~ HiRAEVRER Pi9 KoK RgHt B FE At
B Xa2l ~ Xa27 B AE| B &K ES -
IRRI #Y & 18 52 K KRB BT B BE A i 2 [A] Xad
Xa5 k& Xa2l [F] B H A 5] TR64 » | Ty e
PUE BERG P ARG HE =) TR64™ ) BE Ay o 71 14k
(Toenniessen et al. 2003) - EH At » /R A P 18
Fedx (Suh ef al. 2013) ~ fifF (Cattivelli et al.
2008) ~ F4&E M (Luo et al. 2014) R 2k &k
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(Shi ez al. 2008) 5 2 M AR Y 77 + A 18k 86 B
HEE -

B A MAS & F 7 7K 8 1 S 25 i e
Hsu et al. (2012) FAH 3 {ERIFE & 3 (&R R
MR > B 1,167 {#4r FAE > HmE K
TR NG 2 S EE R 1525.8 cM > ST
1.31 cM - &5 R TH 736 {#l 5 F LI AE 6 {H
oAl PRI 2L RN > H o RIfE S AR A 730
oy IR E B A ST E 2.09 cM - H
2By AR 2 B ECAEE S 0 ATl
gL TR EEEEEMF A H
B ZE BRSNS FEEEE > gk
AR 7K e i TR o )~ R R R E i B 45 T &
RETEA M - AL N FEBEE
Ry EEHE > Kuo et al. (2013) DAREAYAE N B i Z
SM61 R ERVE @ it SR EEEEZNER
A 8 TRO4 Byt A28 275 48 5] 58 75 =R
SM61 7 [iif & #5522 IR64  {F 4857 T F sk
BB R 1% 0 &5 L3 3R ST12 ~ ST18 J ST59
%53 {E M A2 M E MR E N E RO SMo1
i A28 IR64° > B SM61 7 it B 45 M 2. 22
A CIR64 > B3 B s i B AR A 8
% © Wen et al. (2016) HNEF]K: Saltol QTL &
A TKY ot > gIhER S B8 R 8 M 2 f RS O]
% s Lin et al. (2014) DURIE AG T 5 o fl
‘HY 15 BERUE > M&EEEREEME TKY &
i W > B EIAT AE HY 1S 2 2
%% TKY > &5 48 DT22 A EAIEE -
DT38 f1 DT56 Il B = Fa & & » 3 {# fn H 45
RS 5,000 kg ha! DLE o HILER 0 &
#EZ3 R M AT EEAHKRE TN ZEE
fif S ERIEFA o X Kuo et al. (2015) IR
ST AEE Y T 0 B CHY 1S 2 2 E S
ZEAEE R ZH CNYI11303 » 45 R B H
DT73 ~ DT85 K DT86 % 3 {i&l 5 /& H.iiif F 14 &
RZim# o BT B — B NER 28 RIS
Gb o I ARINBREEF F 43 F 1R T R BRI Y
B LB A 0 4 Lien ef al. (2016) ¥ ‘HY1S
f L A I S0 AR 2 e A8 R I A
CWY981126 1 » # il LD1 ~ LD7 ~ LD8
LD10 % 4 {&f & 2 Mt B8R I AT > IR
B AMEEES - EE W IE R

rere

]

67% H11H

J Tt S5 1 B ST E T &L £ o Yap et al. (2016)
APt A EE Al RIAE oL %2 IRBB66 (Xa4 + xa5 +
Xa7 + xal3 + Xa2l) {F BsHiim BN E R
7 8 5y T AR R B B A B AR bR A R
A TNG82 « i DL % B PCR i {iir 2 17 Hij 5= &
o HigF Dy FAEmE TR REN O BUnE
S AR % 8 PCR AT AL - o] E AR
IRBB66 i fit A EA RN E A 5818 B 1Y
FEAE R RS TNG82 - Wkt > KiEHe s 7 03
MORPUE - AT GERIEEA T EMRK 2
B

FEEY R 3 A RIS B OATEON - AME
BB KRS BIZ AN [F R A 5 oy fe iz 5
BAvEA: -t > BT HES K REEETTAN
MIRER > WEP S ESEKET S B
REEBKEKERRERELENEERE -
BBt AW gE Y A A RE T B G H CWY 98
1126 Ry R > DORIAETT 5 HY 15 Fyifi 42
o B 3 W EIATK CWY 981126 7 i Bl 14 5 A
HY15 th o GBI FE > ST 8 o
SRR o HEILLY TR 2 B R B
[P R T 0 L i R R AT HE AR > B AR A
75 Tt 8 B i A R R S A

MRS E

FlEE A

AR CWYO81126 2 — Wk E 1Y fn &
(Kuo et al. 2015) » 2L “TNG67 4% 48 & L §/
(NaN,) 3% 8 2 &K dn % CNY911303 f& 1
M B4R 100 mM EMS 5K EfTaREE > I
DIsE 205 FF @ E AL HB 0 M, A&
o5 2 in Z ML BAE R A 150 mM NaCl 3% #
Tt EEPEER 2 > MM EHERTE 2 w4
CWY981126 » | F A i Z M R I B 5 1
ERUEA o 11 HY1S HI BB 5 i 24>
flfEmiE - R AR ER 2 s A -

MEEER S

T T T W R R AT > DA R A
(benomyl) k& 1,000x R HFEHET 1 d0
BHEFEN0CERFERERETES 1 d
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Fig. 1. The backcross breeding scheme for transfering
the salt-tolerant trait to ‘HY 15’ by marker-assisted se-
lection (MAS), with details of the treatment of 200 mM
NaCl solution and markers used for background selec-

tion. The numbers of plants selected in each generation
are indicated in parentheses.
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Fig. 2. The frequence distribution of salt-tolerance in 259 F, individuals derived from CWY981126/TNGS82’ after
200 mM NacCl treatment and one day water recovery. Arrows indicate the mean of salt-tolerance score for two par-

ents.
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Fig. 3. The frequence distribution of salt-tolerance in 257 F, individuals derived from CWY981126/TCS17” after
200 mM NacCl treatment and one day water recovery. Arrows indicate the mean of salt-tolerance score for two par-

ents.
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HHERE - S 8 FR[EIAT & Ay B R BRI AE
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G BURFIE 8 R B B KT IR FITA
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RAFHI 24 £k BC/F, fH R B “HY 15 Y75 {EHAH (X
FESMIA 65.1-98.2% 2 [l (32 2) » 4447 78.34% -
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rere
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67% H11H

BCF, BLHY15 [0]32 > 155 BC,F, T o
BC,F, X : B 55].2 BC,F, i1 E &
B B9 i B e B A A - BRI B R B (R Y 44
PREETT HY 1S B 5B At AHkEL 2
s Ak % 2013 48 2 HA(F [F IS AEAE P R - (H
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HEATEIRZ o [RIL - 2014 4 1 H/EEF] A 560 67
Z BC,F, f& ¥ EAE R R A M R R > i
BC,F, fl 78 /D 4% PhisE 4 BRAF0E Z 1Mt B
PRIGAE Z R - bt BCF, AAMKRE#D > Ty
AHELT 57 TR AT B S > T E A 4 PR
BC,F, Bl ‘HY 15 #E{T [ 51 /%5 BCSF, - -

>N

F 1. CWY981126 B ‘HY 15 WA B2 B3Ik~ = -
Table 1. The number of polymorphic markers between CWY981126 and ‘HY 15’ lines.

Genetic marker

Backcross generation Chromosome SSR STS Indel Subtotal
BC/F, 1 5 0 2 7
2 6 0 1 7
3 3 1 1 5
4 1 1 3 5
5 5 0 0 5
6 2 0 3 5
7 3 0 0 3
8 3 0 1 4
9 1 1 1 3
10 3 0 1 4
11 2 0 1 3
12 5 0 0 5
Total 39 3 14 56
BC,F, 1 6 0 1 7
2 2 0 4 6
3 5 0 1 6
4 1 0 4 5
5 1 2 1 4
6 3 1 0 4
7 3 1 1 5
8 0 1 3 4
9 0 2 2 4
10 2 0 1 3
11 3 1 1 5
12 4 0 1 5
Total 30 8 20 58
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Fig. 4. The polymorphic markers used for background selection of indica-type gene pyramiding population. 56
markers among all markers were applied to BC,F, background selection (pentacle), and 58 markers among all mark-
ers were applied to BC,F, background selection (round). The prefixes RM indicates SSR markers, C, R, S or E indi-
cates STS markers, and CH, STS, SLS or RI indicates indel markers.
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Table 2. The genome composition of BC,F, by 56 polymorphic markers used for marker-assisted selection (MAS).
Individual® A (%) B (%) H(%)" -(%)" RPG recovered (%) Total (cM)  Recombinant' H-segment'
HY15 0 100.0 0.0 0 100.00 638.9 0 0
32 0 96.4 3.6 0 98.20 638.9 1 1
27 0 76.8 23.2 0 88.40 638.9 14 7
8 0 74.9 25.1 0 87.45 638.9 15 8
17 0 74.9 25.1 0 87.45 638.9 16 8
25 0 71.7 28.3 0 85.85 638.9 16 8
9 0 69.4 30.6 0 84.70 638.9 13 7
10 0 68.6 31.4 0 84.30 638.9 15 8
24 0 64.8 35.2 0 82.40 638.9 16 8
7 0 59.3 40.7 0 79.65 638.9 13 7
29 0 57.3 42.7 0 78.65 638.9 14 7
12 0 56.3 43.7 0 78.15 638.9 20 10
4 0 52.6 47.4 0 76.30 638.9 11 6
22 0 50.7 49.3 0 75.35 638.9 11 6
15 0 48.9 51.1 0 74.45 638.9 12 6
5 0 48.6 51.4 0 74.30 638.9 14 7
21 0 48.5 459 5.7 71.45 638.9 15 7
0 48.1 51.9 0 74.05 638.9 11 6
2 0 47.2 52.8 0 73.60 638.9 19 10
16 0 46.4 53.6 0 73.20 638.9 14 7
28 0 45.5 54.5 0 72.75 638.9 17 9
13 0 43.6 56.4 0 71.80 638.9 17 9
26 0 429 57.1 0 71.45 638.9 17 9
31 0 423 57.7 0 71.15 638.9 11 6
1 0 30.2 69.8 0 65.10 638.9 13 7
CWY981126 100 0 0 0 0 638.9 0 0

“ Arrangement by the percent of RPG (recurrent parent genome) recovered.

¥ The percent of CWY981126 genome.

* The percent of HY 15 genome.

“The percent of heterozygote.

" The percent of missing data.

“ The frequency of cross-over happened in chromosome segment.
 Amount of heterozygote in all markers.
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Fig. 5. Graph of GGT 2.0 analysis of RPG recovery
of indica-type gene pyramiding population using mark-
er-assisted backcrossing.
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Fig. 6. The grain yield of 183 rice stress-tolerant lines
under upland cultivation at 2nd crop season in 2015.
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Table 3. The genome composition of BC;F, by 58 polymorphic markers used for marker-assisted selection (MAS).

Individual® A (%) B (%) H(%)" -(%)" RPG recovered (%) Total (cM)  Recombinant' H-segment'
HY15 0 100.0 0.0 0 100.0 1,439 0 0
27 0 98.0 2.0 0 99.0 1,439 2 1
13 0 96.3 3.7 0 98.2 1,439 2 1
40 0 96.1 3.9 0 98.1 1,439 2 1
31 0 95.8 4.2 0 97.9 1,439 4 2
12 0 95.2 4.8 0 97.6 1,439 3 2
45 0 95.2 4.8 0 97.6 1,439 5 3
11 0 92.8 7.2 0 96.4 1,439 8 4
35 0 92.8 7.2 0 96.4 1,439 5 3
43 0 91.7 8.3 0 95.9 1,439 4 2
32 0 91.3 8.7 0 95.7 1,439 5 3
21 0 91.2 7.9 0.9 95.2 1,439 6 3
22 0 91.0 9.0 0 95.5 1,439 3 2
24 0 90.1 9.9 0 95.1 1,439 7 4
4 0 89.4 10.6 0 94.7 1,439 5 3
28 0 88.1 11.9 0 94.1 1,439 7 4
25 0 88.0 10.0 2 93.0 1,439 11 5
29 0 88.0 12.0 0 94.0 1,439 4 2
16 0 87.8 12.2 0 93.9 1,439 10 5
44 0 87.5 12.5 0 93.8 1,439 7 4
5 0 87.2 12.8 0 93.6 1,439 6 3
20 0 86.9 13.1 0 93.5 1,439 5 3
3 0 86.7 133 0 93.4 1,439 7 4
17 0 84.6 15.4 0 92.3 1,439 9 5
6 0 84.4 15.6 0 92.2 1,439 7 4
7 0 84.3 15.7 0 92.2 1,439 6 3
15 0 83.6 16.4 0 91.8 1,439 10 5
26 0 83.0 17.0 0 91.5 1,439 8 4
23 0 82.2 17.8 0 91.1 1,439 6 3
9 0 80.2 19.8 0 90.1 1,439 13 7
41 0 75.5 24.5 0 87.8 1,439 13 7
CWY9811266 100 0 0 0 0 1,439 0 0

“ Arrangement by the percent of RPG (recurrent parent genome) recovered.
¥ The percent of CWY981126 genome.

* The percent of HY 15 genome.

“The percent of heterozygote.

" The percent of missing data.

" The frequency of cross-over happened in chromosome segment.
 Amount of heterozygote in all markers.

Mt B8R RIS R T & Re o Am (18 2 ~ [8 3) > B 4R[ifE8, 5 f# ‘Pokkali’ ~ ‘Nona Bokra® J ‘Kararata’
CWY981126 Z B it Z AR T &S RERNEE  AIMEHEEEESXCEFRARE - —#&ins > |
B M E 2 HEmAER BEEER > BE  PMELEE SRS &S T R I S i R i s
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4. 2015 2 BfF HY1S J 27 (Eiit F i A HEZ e F 2R ER -
Table 4. The grain yield of ‘HY'15 and 27 drought-tolerant rice lines in yield trial under water deficient condition at

the second cropping season of 2015.

Line/variety Grain yield (kg ha')  Grain yield index (%)  Line/variety Grain yield (kg ha')  Grain yield index (%)
LS1 4,280 76.2 LS17 5,496 97.9
LS2 4,747 84.6 LS18 4,521 80.5
LS3 5,474 97.5 LS20 7,516 133.9
Ls4 4,415 78.7 LS22 4,674 83.3
LS5 5,261 93.7 LS23 4,791 85.4
LS7 5,475 97.5 LS24 4,319 76.9
LS8 5,802 103.4 LS25 4,662 83.0
LS9 5,029 89.6 LS30 7,780 138.6
LS10 5,034 89.7 LS32 4,175 74.4
LSI1 5,464 97.3 LS33 4,806 85.6
LS12 6,420 114.4 LS35 4,857 86.5
LS13 5,821 103.7 LS37 4,769 85.0
LS15 5,489 97.8 LS38 5,391 96.0
LS16 5,770 102.8 HY15 5,613 100.0

BTk - B2 B T B A A R EE R > 2L
{50 425 S 5 470 M 0 v 1 20 JB R B B MR Y 20 B IR
IR IEHIE R (Gong ef al. 1999; Prasad et al.
2000; Koyama et al. 2001; Lin et al. 2004) o
iM£:M@ LLien et al. (2016) 455E24FH -CWY981126
o5 EO AR CNY911303 JE £y B 77 BURLM: % 2K
E o AT 2 i B on F (5 EMS 35 & i
BIRE Mm% AHE 2 ERE
(EEFEER G 2 DBERZEE - FH -
CWY981126 7 fiif & %5 14 By 2 3 B: IR A #22 il
2B EB 0 JER AR A THIIAS R o X
CWY981126 Z B 7y 52 MR R & &y 2 A P
PEH] - £ MAS HRS BRI AR 5 - HIL#E
EE R MAS SRUEFIA -

D FIEE RN S N S < AFEES
CWY981126 it B4 P DL 3 R [E] 58 & A
fif £ A HY1S > i 5E2 f AE BCF, Bl BC,F,
2 (At R UG T B 1T B R
EEEER R EREZ BCF, K2
FREREAZE  REmREKEDL 8 25
B AR o L > AU AOREST 73 7 IR B 2
SOEH 0 BE R RERRAR T oy T AR R B B U
#R > 28 BC\F, 1 BC;F, Wi { tH (X 3 {3 [2] 1€

KRG LA EIER SR F 78.34% I
94.37% > BEURCHEEHEmIEFEBER - T
H i 30 #k BCSF, [BI58 1% 77 R i A A Y
ARG RER (£ 3) 0 B BAHAH 13 fRil
‘HY 15 i iE FE AL 2 E] 95% DL b > 8
& E O EE] 99% > &R BCF, tHEHE 7
BR&FEET HY1S AEEHg S -

Shinada et al. (2013) F]FH# K E QTLs
mn i Eikei88224 1A [iif (& fm el Suisei #E 1T
FERC » WGT B A E QTLs #i& 2 152 #% F,
HETHHERAE - HEEREH QTL B H
2 A R A W R A A2 M o Lin et al. (2014)
FSHAE ‘HY 15 81 TKY 1947 T ss B & i
f2rt > H BC,F, ~ BC,F, » BC,F, & BC,F, (%
i[O /8255 B B 86.2 ~91.6 ~ 94.5 }7 93.0% >
B2 A4S SART < 1 Kuo ef al. (2013) {E57
TRk s B B KA 2 B et » £ BCF,
BC,F, J BC,F, tH{{[o] 18 i 27 & (H 55 St
Sy R B 75.0 ~ 89.0 ~ 96.4% > = A E] 3 2 Bl E
BEEER - B2 R FRERE > REFERT]
RE & A 9% BC,F, (RUR #EAT 7 AR 8 57 5= 258
o oy TR B B R s A T oy S P
B

it 5 ot B B G SE R BUR > #EH (O]
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LA AT B B 2 i & 0 AR EEE Y
R4 LS8 ~ LS12 ~ LS13 ~ LS16 ~ LS20
FILS30 %5 6 fn A E R HBUKEHE R T » H
TR E = AE 5,800 kg ha' DIE > BEE S HEES
T2 E AR EE - JOH LS20 J LS30 { it
2GR 7,500 kg ha'' DL I > BERIEATE
TR R R DAL i B 1 o 5 OR A e AR T
FHEE S EE RN BCF;s 204 - Wik > $#it
LR 2 KR B T > RRE A ] DA
A A i A e et (X R A 1 5 AT
A R T I B M BERS K 25 R 2 SRR
Fa e RIL o AH5eAE F o AR A7 /KA i
ZEWIEKIEEESEFH -

GREIDL BSEREUR o A O TR B 8
PerT (s [a] 52 1% 2 18 {8 S PRl [ 48 51 2 8
HYRRR > H[a5g HFE B B 5 20 S A 258 > e
fRT EIRBAREA 2 BEMER - J0H BCF,
AR B E HA#E 200 mM NaCl 87K 73 2 5
PRI H AR S E RS HE H R DGR /K 20 5 2
T ECIR AT 52 14 G 58 40 h e O 7 58 o AT
BEM: - FROREE TERAEIR HY 1S Z it 2R
S N 2 EUA T S MY S B BRI M > BTl
BEE N2 EIFEYM SR 2 K& « K
A3 L L A T 4R A DA G SO AR > B
BEHEAEEYE N EEEEREE > EEL
FZIN AR B FE R M B BB Y - THIR AR
a4 AORT aniE (% o R AR R BRI AL N IR
BREB/KENREMNH > KENFREREERER
AENEE > AR HZ2HETREHGEHHZ
HIFESK - B EE AL -t R 7 R > £ 3t 1]
HIRRTHIRE R T as -

HEMAS BEERINRZMEES - LH
EFE M SSR o FIEMETR  FARERS
TUMEHYRENS J7 e E B OB 2 FIEB L EER
[ ZZ 1% A o SRR B S5 8 AT 47 2R DAR B R 2 7K A5
FEAT AT MAS 23 > 35 MAS ERUIRIBE & &
WAG AR TR > BER R 2 /D FE#ETT 2 BC,
5 BC, X » At EIxe e R 2 2 R4
SRS A LA R 2 BAERRAY ot Kuo
et al. (2013) K Lin et al. (2014) MAS 455 0]
PISSIENEE - H MAS 53748 3 RF 4 R[EAL
GRUERHECEEEENERL A - A

rere

]

67% H11H

Lien et al. (2016) ~ Wen et al. (2016) K Yap et
al. (2016) & MAS f{#[5]%2 2 2t » H 5 5h %
BE DR HAREARE TR - HEEL A E
B R RS R By R A A 2 A R
FIE CRBRER) » BUREFETSE 3 REY[HE
ACHRAE JTREA RS MAS R -

BEKRG Ry 1 4F 2 HAMERYARES FE T
1£ MAS [B[%2 32 2 BC, ~ BC, ~ BC, & BC,F,
FHERIETRIR B R BN TR R
WLAE - R il @ RBAEK RSB RT 2 A - 20t
RENEFSE R EI5E « BRI > FERFRE ~ AT &R
& RPRE R & AW R BC, K BC,
FHAREFETOAR - BT BRI DR D &
HUBEREN S FEBETE RO - 21
BC,F, } BCF, AU DIB S 8 5 1Y 77 0
AT B b5 Y BT S BE 4R > Wk MAS #E {5
REFTERIN B AR ARERIE 2R MER
DR 3=PIN- SR E i RS TE S
A AR oy IR R SRR i (a1 AT
BT - O EHER AR - AR R TR
R UER B E R s - Atk - {BHEENE
R EE PR - WA = B F[EE R %
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T TR R SRR - W R R
mmEZ BRI -

5| B SRk

Akbar, M., G. S. Khush, and D. Hillerislambers. 2008.
Genetics of salt tolerance in rice. p.399-409. in:
Proceedings of the International Rice Genetics
Symposium. May 27-31, 1985. Manila, Philippines.
International Rice Research Institute, Laguna, Phil-
ippines.

Ashraf, M. 2010. Inducing drought tolerance in plants:
Recent advances. Biotechnol. Adv. 28:169-183.

Bernier, J., G. N. Atlin, R. Serraj, A. Kumar, and D.
Spaner. 2008. Breeding upland rice for drought re-
sistance. J. Sci. Food Agric. 88:927-939.

Bonilla, P. S., J. Dvorak, D. J. Mackill, K. Deal, and G.
Gregorio. 2002. RFLP and SSLP mapping of salin-
ity tolerance genes in chromosome 1 of rice (Oryza
sativa L.) using recombinant inbred lines. Philipp.
Agric. Sci. 85:64-74.



53T AR B KR R DR 41

Cattivelli, L., F. Rizza, F. W. Badeck, E. Mazzucotelli, A.
M. Mastrangelo, E. Francia, C. Mar¢, A. Tondelli,
and A. M. Stanca. 2008. Drought tolerance im-
provement in crop plants: An integrated view from
breeding to genomics. Field Crop. Res. 105:1-14.

Collard, B. C. Y. and D. J. Mackill. 2008. Marker-assisted
selection: An approach for precision plant breeding
in the twenty-first century. Phil. Trans. R. Soc. B
363:557-572.

Courtois, B. and R. Lafitte. 2003. Using marker-aided
selection for a specific drought-tolerance trait.
p.84-89. in: Breeding Rice for Drought-Prone
Environments. (Fischer, K. S., R. Lafitte, S. Fukai,
G. Altin, and B. Hardy, eds.) International Rice Re-
search Institute. Manila, Philippines. 98 pp.

Gregorio, G. B. 1997. Tagging salinity tolerant genes in
rice using amplified fragment length polymorphism
(AFLP). Ph.D. Dissertation, University of the Phil-
ippines, Laguna, Philippines. 118 pp.

Gregorio, G. B. and D. Senadhira. 1993. Genetic analysis
of salinity tolerance in rice (Oryza sativa L.). Theor.
Appl. Genet. 86:333-338.

Gong, J., P. He, Q. Qian, L. Shen, L. Zhu, and S. Chen.
1999. Identification of salt-tolerance QTL in rice
(Oryza sativa L.). Chin. Sci. Bull. 44:68-71.

Guan, Y. S., R. Serraj, S. H. Liu, J. L. Xu, J. Ali, W. S.
Wang, E. Venus, L. H. Zhu, and Z. K. Li. 2010. Si-
multaneously improving yield under drought stress
and non-stress conditions: A case study of rice (Ory-
za sativa L.). J. Exp. Bot. 61:4145-4156.

Hossain, M. 1994. Rice-wheat production system in East-
ern India and Bangladesh: Recent developments and
economic constraints. p.97-111. in: Sustainability
of Rice-Wheat Production Systems in Asia. (Paroda,
R. S., R. B. Singh, and T. Woodhead, eds.) Regional
Office for Asia and the Pacific, Food and Agricul-
tural Organization. Bangkok, Thailand. 209 pp.

Hsu, J. H., Y. R. Lin, C. W. Kuo, and Y. P. Wu. 2012.
Establishing the platform of polymorphic markers
for rice. Crop Environ. Bioinform. 9:137-159. (in
Chinese with English abstract)

Huke, R. E. and E. H. Huke. 1997. Rice Area by Type of
Culture: South, Southeast, and East Asia. Internation-
al Rice Research Institute. Manila, Philippines. 59 pp.

Huyen, L. T. N., L. M. Cuc, A. M. Ismail, and L. H. Ham.
2012. Introgression the salinity tolerance QTLs
Saltol into AS996, the elite rice variety of Vietnam.
Amer. J. Plant Sci. 3:981-987.

International Rice Genome Sequencing Project. 2005.
The map-based sequence of the rice genome. Nature
436:793-800.

Jwo, W. S. 2007. Physiological Characterizations of Salt
Tolerance at Germination and Seedling Stages in
Rice (Oryza sativa L.) Tainung 67 mutants. Master
Thesis, Master Programs of Life Sciences, National
Chung Hsing University. Taichung, Taiwan. 122 pp.
(in Chinese with English abstract)

Khush, G. S. 2005. What it will take to feed 5.0 billion
rice consumers in 2030. Plant Mol. Biol. 59:1-6.

Khush, G. S. and D. S. Brar. 2002. Biotechnology for
rice breeding: Progress and impact. p.41-58. in:
Proceedings of the 20th Session of the International
Rice Commission: Sustainable Rice Production
for Food Security. July 23-26, 2002. Bangkok,
Thailand. Food and Agriculture Organization of the
United Nations, Rome, Italy.

Kikuchi, K., Y. Niwa, T. Yamaguchi, H. Sunohara, H.
Hirano, and M. Umeda. 1998. A rapid and easy-han-
dling procedure for isolation of DNA from rice, Ara-
bidopsis and tobacco. Plant Biotechnol. 15:45-48.

Koyama, M. L., A. Levesley, R. M. D. Koebner, T. J.
Flowers, and A. R. Yeo. 2001. Quantitative trait loci
for component physiological traits determining salt
tolerance in rice. Plant Physiol. 125:406-422.

Kuo, C. W., N. H. Wen, S. C. Kuo, Y. R. Lin, and Y. P.
Wu. 2015. The introgression of Saltol QTLs into
salt tolerant line CWY981126 to increase its salinity
tolerance by using marker-assisted selection. Crop
Environ. Bioinform. 12:198-217. (in Chinese with
English abstract)

Kuo, S. C., 2012. The Inheritance and Marker-Assisted
Selection of Salt Tolerance in Rice (Oryza sativa L.).
Master Thesis, Department of Agronomy, National
Chiayi University. Chiayi, Taiwan. 72 pp. (in Chi-
nese with English abstract)

Kuo, S. C., C. W. Kuo, Y. R. Lin, and Y. P. Wu. 2013.
Marker-assisted selection of salt tolerance in rice
(Oryza sativa L.). J. Taiwan Agric. Res. 62:137—
156. (in Chinese with English abstract)

Lee, K. S. 1995. Variability and genetics of salt tolerance
in japonica rice (Oryza sativa L.). Ph.D. Disserta-
tion, University of the Philippines. Laguna, Philip-
pines. 112 pp.

Levitt, J. 1980. Response of Plants to Environmental
Stresses: Water, Radiation, Salt and Other Stresses.
Academic Press. New York. 607 pp.

Lien, I. C., C. W. Kuo, S. C. Kuo, Y. R. Lin, and Y. P. Wu.
2016. Increasing drought tolerance in a salt-toler-
ance japonica rice cultivar using marker-assisted
selection. J. Taiwan Agric. Res. 65:154-172. (in
Chinese with English abstract)

Lin, H. X., M. Z. Zhu, M. Yano, J. P. Gao, Z. W. Liang, W.
A. Su, X. H. Hu, Z. H. Ren, and D.Y. Chao. 2004.



42 Ei 2= S0

QTLs for Na” and K" uptake of the shoots and roots
controlling rice salt tolerance. Theor. Appl. Genet.
108:253-260.

Lin, K. H., C. W. Kuo, Y. C. Hsu, Y. R. Lin, and Y. P.
Wu. 2014. Increasing drought tolerance of rice cul-
tivar ‘TK9’ using marker-assisted selection. Crop
Environ. Bioinform. 11:177-194. (in Chinese with
English abstract)

Luo, Y., S. Zakaria, B. Basyah, T. Ma, Z. Li, J. Yang, and
Z.Yin. 2014. Marker-assisted breeding of Indonesia
local rice variety Siputeh for semi-dwarf phenotype,
good grain quality and disease resistance to bacteri-
al blight. Rice 7:33.

Luo, Y. and Z. Yin. 2013. Marker-assisted breeding of
Thai fragrance rice for semi-dwarf phenotype, sub-
mergence tolerance and disease resistance to rice
blast and bacterial blight. Mol. Breed. 32:709-721.

Mishra, B., M. Akbar, and D. V. Seshu. 1990. Genetic
studies on salinity tolerance in rice towards better
productivity in salt-affected soils. p. 1-25. in: Pro-
ceedings of the Papers Presented at the Rice Re-
search Seminar. July 12, 1990. Makati, Philippines.
International Rice Research Institute, Los Banos,
Philippines.

Moeljopawiro, S. and H. Ikehashi. 1981. Inheritance of
salt tolerance in rice. Euphytica 30:291-300.

Neeraja, C. N., R. Maghirang-Rodriguez, A. Pamplona,
S. Heuer, B. C. Y. Collard, E. M. Septiningsih, G.
Vergara, D. Sanchez, K. Xu, A. M. Ismail, and D.
J. Mackill. 2007. A marker-assisted backcross ap-
proach for developing submergence-tolerant rice
cultivars. Theor. Appl. Genet. 115:767-776.

Prasad, S. R., P. G. Bagali, S. Hittalmani, and H. E.
Shashidhar. 2000. Molecular mapping of quanti-
tative trait loci associated with seedling tolerance
to salt stress in rice (Oryza sativa L.). Curr. Sci.
78:162—-164.

Ren, Z. H., J. P. Gao, L. G. Li, X. L. Cai, W. Huang, D.
Y. Chao, M. Z. Zhu, Z. Y. Wang, S. Luan, and H.
X. Lin. 2005. A rice quantitative trait locus for salt
tolerance encodes a sodium transporter. Nat. Genet.
37:1141-1146.

Salekdeh, G. H., M. Reynolds, J. Bennett, and J. Boyer.
2009. Conceptual framework for drought pheno-
typing during molecular breeding. Trends Plant Sci.
14:488-496.

Shen, Y. J., H. Jiang, J. P. Jin, Z. B. Zhang, B. Xi, Y. Y.
He, G. Wang, C. Wang, L. Qian, X. Li, Q. B. Yu, H. J.

67% H11H

Liu, D. H. Chen, J. H. Gao, H. Huang, T. L. Shi, and
Z. N. Yang. 2004. Development of genome-wide
DNA polymorphism database for map-based clon-
ing of rice genes. Plant Physiol. 135:1198-1205.

Shi, W., Y. Yang, S. Chen, and M. Xu. 2008. Discovery
of a new fragrance allele and the development of
functional markers for the breeding of fragrant rice
varieties. Mol. Breed. 22:185-192.

Shinada, H., N. Iwata, T. Sato, and K. Fujino. 2013. QTL
pyramiding for improving of cold tolerance at fertil-
ization stage in rice. Breed. Sci. 63:483—488.

Singh, R. B, R. S. N. Pillai, and H. Kumar. 1981. Induced
translocations in safflower. Crop Sci. 21:811-815.

Suh, J. P, J. U. Jeung, T. H. Noh, Y. C. Cho, S. H. Park,
H. S. Park, M. S. Shin, C. K. Kim, and K. K. Jena.
2013. Development of breeding lines with three
pyramided resistance genes that confer broad-spec-
trum bacterial blight resistance and their molecular
analysis in rice. Rice 6:5.

Toenniessen, G. H., J. C. O’Toole, and J. DeVries. 2003.
Advances in plant biotechnology and its adoption
in developing countries. Curr. Opin. Plant Biol.
6:191-198.

Vu, H. T. T., D. D. Le, A. M. Ismail, and H. H. Le. 2012.
Marker assisted backcrossing (MABC) for im-
proved salinity tolerance in rice (Oryza sativa L.) to
cope with climate change in Vietnam. Aus. J. Crop
Sci. 6:1649-1654.

Wen, N. H., C. W. Kuo, S. C. Kuo, Y. R. Lin, and Y. P.
Wu. 2016. The introgression of Saltol QTL into
‘TK9’ to increasing the salinity tolerance by using
marker-assisted selection. J. Taiwan Agric. Res.
65:328-347. (in Chinese with English abstract)

Yap, R., Y. C. Hsu, Y. P. Wu, Y. R. Lin, and C. W. Kuo.
2016. Multiplex PCR genotyping for five bacterial
blight resistance genes applied to marker-assist-
ed selection in rice (Oryza sativa). Plant Breed.
135:309-317.

Yen, C. C. and J. H. Lin. 2011. Screening, inheritance and
linkage marker analyses of salt tolerance in mutated
scented japonica rice (Oryza sativa L.). Plant Prod.
Sci. 14:260-269.

Yoshida, S. 1976. Routine procedures for growing rice
plants in culture solution. p.61-66. in: Laboratory
Manual for Physiological Studies of Rice. (Yoshida,
S., D. A. Forno, J. H. Cook, and K. A. Gomez, eds.)
International Rice Research Institute. Manilla, Phil-
ippines. 83 pp.



53T AR B KR R DR 43

The Pyramiding of Drought and Salt Tolerance of
New Rice Lines Using Marker-Assisted Selection

Dah-Jing Liao', Chieh-Wei Kuo’, Su-Chen Kuo’, I-Chun Lien®, Yann-Rong Lin’, and Yong-Pei Wu®"

Abstract

Liao, D. J., C. W. Kuo, S. C. Kuo, I. C. Lien, Y. R. Lin, and Y. P. Wu. 2018. The pyramiding
of drought and salt tolerance of new rice lines using marker-assisted selection. J. Taiwan
Agric. Res. 67(1):28-43.

The salt tolerence of rice accession, CWY981126, was inherited from two complementary
genes, revealed by the two F, segregation populations of CWY981126 x “TNG82’ and CWY981126 x
‘TCS17°, for which the segregation ratio of 9 (salt sensitive) : 7 (salt tolerance) was detected in the F,
progenies treated with 200 mM NaCl at 5-6th leaf seedling stage. In the following, salt tolerant char-
acteristic was transfered from CWY981126 to the drought tolerant variety, ‘HY 15°, by marker-assisted
backcrossing selection (MAB) for three generations. In the MAB breeding, CWY981126 and ‘HY'15’
were used as the donor parent and recurrent parent, respectively. In each backcross genernation, prog-
enies exhibiting salt tolerence with scale 3—5 were selected first after 200 mM NaCl treatment, and
then were selected by marker-assisted selection for background selection. The genome recovery rates
of BC,F, and BC,F, were 78.34% and 93.37%, respctivley, which were higher than theoretical recov-
ery rates of traditional backcrosses. The BC,F; generation was evaluated for drought tolerenace, indi-
cating that 183 lines exhibited drought-tolerant characteristics. Consequently, these 183 linese were
evaluated for yield potential in the field under water deficient condition. The yields were ranged from
2,280 kg ha' to 7,294 kg ha™'. A total of 6 out of 27 BC,F; lines exhibited higher yields than the recur-
rent parent ‘HY 15 after yield test. As a result, these new indica accessions possessing both drought
and salt tolerance bred by MAB may be applied to cultivate in water-deficient and saline fields in the
future in Taiwan and other countries.

Key words: Marker-assisted selection, Drought tolerance, Salt tolerance, Rice.
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Amani et al. 2015) o 4B ITHEAAE FL LTI No.1-Pink Lady’) ~ "4 fifi; (‘Red Lion’) &
MEBEEE T DRGNS SERGE . @22 (Blossom Peacock)) Ryt » BRI
At EER R R R 5 MR s e HADEME (Chen e al. 2017) - 247 > 1R ETH]

& A PRI 48 - IR A B I 5 A R RIS AU RE - B — S
IIETE BT A ER ~ T - SR SR A IS 1 A R R RS K 90k -
s EE A H DI R B ARE HIAIHSERE - EEAE (Cyrtanthus clavatus

ERHE] - 2017457 H3 H s #2HE 201748 HOH -
TEEUER ¢ hsia@tari.gov.tw
'R AR A ETRE - &8 A .

PR gBERRATEYETHYRE - 58 a0 -
‘EZgBERABRATEETATES - 68 a0 -
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B C. spiralis) 43T H R RBIRE BB HE &
[ B8 1% AT 8GN B < E E (Moran et al.
2003) - Shen & Yu (2011) 45 4 » g fE s 5
H B JLHE fE4H 5% i 42 % © De Bruyn (1997)
AfE KRR E T Z S E 2 A REK
7= o JHEAE ¥ <X T8 (Hippeastrum x chmielii)
(Ilczuk et al. 2005) BLE =5 J5 i (X 4485 1l KAL)
(Leucojum aestivum) (Ptak 2014) AYHF 2 45 5
HEUR - RERREE ZHERE A4 (tempo-
rary immersion system; TIS) Ji& ¥ A] 34 Jj14H 5%
e o HIEAREHESE S 2 BRFER -

2 v Z (paclobutrazol; PBZ) B IEItEY)
THI > A 4H 8RR RAVEEYE » 1F &S] R
HMFh 2% (gibberellic acid; GA) &k » ik
KAEEYHE LR AR S S EFNRE G - H
EHERE AR U » &AREE T FERE
ZRENER  AAHEGETHS - B2'ER
FAC4E R - EE2mE B EHEEFEDRE » A
PBZ B A HIHI4HAE BB R i & 2 DORE - H
AR B R (Rademacher 2000; Yadav
et al. 2005) - fEY)4HIE L4 vl (R RSB A RN
HI5E > 40 PBZ ~ flurprimidol ~ chlorocholine
chloride (CCC) ~ ancimidol (A-Rest) FLAHIE]
HERAER - WHEIR YIRS - FREE@
i E S Y (Chen et al. 2005; Ilczuk et al.
2005; Thakur et al. 2006; Sultana et al. 2010;
Zheng et al. 2012; Ptak 2014) - K[ » A58
DAIEACAE BT B Ry DR - FI AR AR & 1 T
Ry AR WIS B B R (R-EEEE)
PAR AR BRI PBZ 1 5 2 > #5 DUE #E
B A R B RME S - HAREFR Bt SR AR A BR
A B nfE A R 2 F

MEE TS E

EYMREIAOR ~ IBEERRRIEERGF

AKHFZE FIF Chen et al. (2017) E17 2
HICEMLE AR 1 SE-AIhEA - B
LM, REGTE TEZ R AT
Al - AR RN A 6% M - 1 mg L
7K FH ELPRIE S (6-benzylaminopurine; BA) fit &
0.1 5,0.2 mg L' 2% (a-naphthalene acetic

acid; NAA) 2 MS (Murashige & Skoog 1962)
E RS AR AL > EIRRREF A 9 g L7
73 (Difco Bacto-agar) A > 41521 0.1-1 N NaOH
B¢ HCL i/ pH {88 55 5.7 £ 0.1 » JR AR HE & &
AR > HpHEHF A S2£01 H
FIFH 121°C ~ 1.05 kg cm™ J§ i 20 min 7% /2 4l
) - [ R BLK R 5 B 19 2 R S T A RE R R
N4 20 mL 2% 5 >~ 125-mL = /i (Erlen-
meyer flask) #1755 5 [EREHEEEN 26C
£2°C~ M 14 h~ ¢ 58 & 38 ymol m™ s
(FL40D-EX/38, China Electric Co., Taiwan)
IR  RAEE B A E P EDR SRR
BL10 pmol m? s IR K TR R 2 28
(Orbital Shaker, SK-302AB, Sun Kuan Co.,
Taiwan) LA 100 rpm ZEETIRZR & -

MPE RIS E M EAIERE REER
L EE

AL "G R 158, HEEVIRE 28
AR (B 5 mmER) ZHBEHE (BEK
&)5 mm) {ERREERE > o DURRESE RERE &
REITE PR E 8 wk i KFT{S 4 52k
By RIEF AR . E SRR ETE
PEERET & 8 wk > FFEEAR 2B T
EHREE EH(ER>Tm) EREERE -
RE (R&E > 1 em) RERERE - REEHRHA
AFEE > FEEEMES E5E > fLEE 20 (

Bt tlEmEREZIE IS
=

FIFAEVIFRIR 2B R Fili (B 1 5 mm
HR) AL G, B e A #iE (B
849 10 mm) 7E R3St > DIEH 6% FEfE - 1
mg L' BA -~ 0.2 mg L' NAA & MS K A Bl fg
TE R A BEE B A - PBZ B fa i A pEsr g A
NIE 23% PBZ /KRG i B8] (14748 - /&
WEERGERAE > 2/F) BT - 5B
oy B 3EE oy B — REH 050100 K
200 mg L' PBZ A EAE | S 2
E7H 02550 K 75 mg L' PBZ 7 G RE KR
B o B2 8 wk B 12 wk 1&g A 4H 5% B 2
HHR B (EE>1om) HEEE  BKX
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ERERRH (RE>1cm):; #B=2H0-5"
10 % 20 mg L' PBZ 2 FEBERS R E » A0 7R A0 2%
SEEE  E AR TR AL 0 B 8 wk B E
MR B RER N (EE > 1 om) -
RER -HREAGERE HE>1cm) - K
AR A 3 R > FEEE 3 (EhEE > LB
Fe O [l iz o

AVBREETANIEST D AT

AT PR H 52 & & K X & (completely
randomized design; CRD) #7758 Ep o =8B Py
5 &k} 48 SAS Enterprise Guide 7.1 (SAS In-
stitute Inc., USA) EHELG S5 Hr ik ia it ﬁﬁ

3 Hr (analysis of variance; ANOVA) » 75 iz B
[ 72 FREAE (P < 0.05) - AIDLR/ N 72 F ik
JMEs (least significant difference test; LSD) Lk
S R E R

ES
M RIS B I e IR mE REHR

Z%ﬁ%
AR B8 198 iy ERY
5mm) EENREAH 0.1 mg L' BABI0.l mg L

NAA 7 REEECEHE MS 55 E Kb 8 wk 1% 0 45
R B TSR S A] 2 11 mm - [
] R 5545 P A5 40 5 85 <2 7 mm (BREART) -
1% R BLEE — P R B P S A 5 56 - 70 il 5
TR IR B R - A &E 8 wk
gk SRR K - BRI R R 2
- ER RS HEE SR E-E RS
P FE > 5 4 B AR AR R AT W e P T e R

1. WSS

BT HI1

ER (R -

ExmEEelEEaEtREZRIE
2

AKHrFET PBZ & 3 4EE & E - s\
—FEH 0-200 mg L' PBZ g Bl 7 45 S8~
il R B KA S Y 100 mg L PBZ (i
T N E 4 wk FBHIRELEER
# 8 wk IR EELMET (ERARS) - 58
F% PBZ JEFE By 0-75 mg L™ EfT5ER — 2 451
BUR 0 TELEN SEEA R & PBZ 2 HIRAH IR
R 4 wk I > SRR ARGHIGEIR S
BEREZR S wkFC A AT E B EREY
CHEHEERE 2 EEHER (B 1) TE
Z 2 WEBREUWNEE ERERY) - thi
HEAH A 8 wk 8112 wk 2 45 R Bw - 4, B
B2 R AR 12 wk F 2 T & BUR SR
i @E?ﬂ%ﬁﬁé - BEENETNREEHE
fRIERSEERNEL (£2) -

WL, B e R BEER 0-75 mg L
PBZ [E{F3EEEE 12 wk HT » H4H ﬁ**%%ﬁurﬁt
HEER R ARG ZEREETMNS
"G, SRS PR AR 12 wk B Zﬂiﬁ
1 B B 5 5 A X P A B I 41 7 i Al i
EREE M TTEZAE) BE 0-50 mg
L' PBZ {R{FHEEE 12 wk I » BERFE SR
A EA IR AH > SB[ 75 mg L
PBZ ji B #EH B E @ 4E 5 4L 0 75 mg L
PBZ R 7 BB KA B IR4H B 25 mg L
PBZ jE ¥ - {HE1 50 mg L™ 3 7 i ff S B
AR (F2) o WM, BEEAE S0 75 mg L
PBZ &3 ~ fREEE % 1 B84 > 1 25 mg L

Gk 15t it RESRIEE -

Table 1. Effect of two-stage culture on in vitro bulblet growth and rooting of H. hybridum ‘Tainung No.1-Pink La-
dy™.
Bulb diameter Bulblet FW Leaf number Leaf length Root number Root length
Culture procedure (mm) (g) (No.) (cm) (No.) (cm)
Solid-solid 8.6+0.5a" 1.3+02b 1.8402b 9.8+04b 74+06b 124+09a
Liquid-solid 90+£02a 22+0.1a 25+0.1a 17.7+1.0a 99+04a 114+03a

“ Explants were cultured in liquid or solid MS medium containing 1 mg L™ BA and 0.1 mg L NAA in combination with 6% sucrose
for 8 wk of culture, and followed by a solid MS medium with same components for another 8 wk of culture. Each treatment had 4

replications, and 5 explants were used in each replication.

” Means in the same column followed by different letter(s) are significantly different at the 5% level by LSD test.
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1. ESRBIEAC CUA, A A RS
R H A RBEIR R - (1)~ )~ G) & (4) BIFENEH 1 mg L' BA - 02 mg L' NAA & 6% JiEHE -
AR O ~ 25 ~ 50 F 75 mg L (2573 MS JRAERF AL - Bars =5 cm

o (A)~ (B) K (C) 775l Rkt 4 wk ~ 8 wk Jz 12 wk

Fig. 1. In vitro bulblets growth and rooting of Hippeastrum hybridum ‘Red Lion’. Explants were cultured in MS lig-
uid medium containing 1 mg L' BA, 0.2 mg L' NAA and 6% sucrose with additional 0 (1), 25 (2), 50 (3), and 75 (4)
mg L™ paclobutrazol, respectively, for 4 (A), 8 (B) and 12 (C) wk of culture. Bars = 5 cm.

PBZ iz B | LS IR A ] N0 e B 2 22 5 280D
TREZE, ABEAERIR RERZ PBZA
HEVEER > HIRERBEE 2 Heéf PBZ g
HL - i H PBZ R iy Z AR Bk i) (R 2) -

HF R RE RS B 8 wk 2 4H IS B9 39 B B
A bEEEE R > NEtslER =R 2%
EEhR 2 EREREE T HEEE PBZIRE R
0-20 mg L™ (49 0-15.7 uM) #EATEER - WiifF

BB IR Ry 8 wk o GEREEUR AU, 4R
2 Mk B AT £ i P 4 B R A o i e
ZR o A TR HEEERBEENR
I4ER - 5 mg L™ (49 3.9 uM) PBZ i # fif
ESRAE R B IR4AEL 20 mg L (49 15.7 uM)
PBZ &R » {HEL 10 mg L' (49 7.8 uM) PBZ j&
BN AEHE S (R 3) - LM, Bl TTEZ A
% 0-20 mg L' PBZ (i {F R 8 wk % -
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F 2. ERZRIIFRAERS AR GO, B T R R RS S -

Table 2. Effect of paclobutrazol in liquid medium on in vitro bulblet growth and rooting of H. hybridum ‘Red Lion’
and ‘Blossom Peacock™.

PBZ Bulb diameter (mm)  Leaf number (No.) Leaf length (cm) Leaf width (mm) Root number (No.)
(mgL') 8wk 12 wk 8 wk 12 wk 8 wk 12 wk 8 wk 12 wk 8 wk 12 wk
‘Red Lion’

0 12+0.1a"1.0+0a 20+0.0a22+08a 158+02ab 174+23a 66+1.1a 64+10a 46+£19b 50+22b
25 12+0.1a 1.0+0a 22+02a26+04a 154+0.1b 161+02a 7.7+03a 6.8+04a 7.1+20ab 92+13ab
50 12+00a 1.0+0a 19+0.1a24+03a 160+£06ab 17.7+1.0a 7.7+06a 7.0+07a 7.6+0.7ab11.3+04a
75 13+0.1a 1.0+0a 2.1+0.la26+02a 162+05a 174+0.6a 7.1+02a 7.1+£02a 10.6+0.6a 11.8£03a

‘Blossom Peacock’

0 14+00a 14+00a 28+0.1a22+0.1a 81+£05a 159+1.0a 80+£00c 80+£00c 41+10a 69+0.6a
25 1.5+0.1a 1.5+0.1a 2.6+03a23+05a 80+12a 150+04a 98+£04b 9.6+£08b 32+18ab 4.0+1.6b
50 15+01a 15+01a24+03a24+03a 81+19a 147+13a 103+0.6ab 100+£0.0ab 19+1.6ab 3.6+02b
75 1.5+0.0a 1.6+0.0a 2.1+03a21+03a 48+22b 73+6.0b 10.7£0.7a 10.7+0.7a 1.0£07b 1.0+£0.7¢c

* Explants were cultured in MS liquid medium containing 1 mg L BA, 0.2 mg L"' NAA and 6% sucrose with various concentrations
of PBZ for 8 and 12 wk of culture under 100 rpm rotatory shaking condition. Each treatment had 3 replications, and 3 explants
were used in each replication.

¥ Means in the same column followed by different letter(s) are significantly different at the 5% level by LSD test.

R R SR (R 3) - A, PBZ ¥ ; [L4N > 5 mg L' PBZ R Y 18
/&\1%@25@6@&@5&0720 mg L' PBZ{&HET » 7B HEH RV IR R R B IRAE B 20
HESHR R AR E] 100% » T H4H R 1 Bk mg L' PBZ & » [fj¥1 10 mg L' PBZ j2H
HREREBERS (H2) - LM, %Eiﬁ P R 2 (R 3) -
HEREEREES R 2 M mEEER - A

i F%?EZ&EJ i %< 1F 5-10 mg L' PBZ;;%I@ Eﬁﬁ
T 48 2 AR 2 B 4HEL 20 mg L WEEE AN MEEHEENER

3. ERZRIINEREEEAEAC G, B e R A REBIR R

Table 3. Effect of paclobutrazol in solid medium on in vitro bulblet growth and rooting of H. hybridum ‘Red Lion’
and ‘Blossom Peacock”™.

PBZ (mg L") Bulb diameter (mm)  Leaf number (No.) Leaf length (cm) Root number (No.) Root length (cm)
‘Red Lion’

0 9.8+04a 13+03a 11.8+15a 149+18a 85+0.6a
5 97+03a 2.1+02a 128+ 1.7a 120+03a 89+0.6a
10 99+0.7a 2.1+08a 11.9+£22a 13.0+1.7a 85+0.8a
20 10.1+09a 1.9+04a 13.6+20a 128+3.0a 9.0+02a
‘Blossom Peacock’
0 103+02b 20+£0.0a 129+1.0a 11.3+£05b 9.4+05b
5 114+£02a 20+£0.0a 11.0+1.6a 134+0.6a 120+04a
10 10.9+0.1 ab 20+£02a 135+1.0a 14.6+0.7a 11.0+0.5 ab
20 10.5+03 b 1.8+0.1a 124+09a 114+£0.7b 9.8+03b

“ Explants were cultured in MS solid medium containing 1 mg L' BA, 0.2 mg L NAA and 6% sucrose with various concentrations
of PBZ for 8 wk of culture. Each treatment had 3 replications, and 3 explants were used in each replication.
* Means in the same column followed by different letter(s) are significantly different at the 5% level by LSD test.
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2. ETEREIHAC KM, B e B A A REEHR A . (A) 1 (B) 47 Bl B AIFEAE &l e T
Z2 &, o (PO)~ (P1)~ (P2) F (P3) AHEFEINEA 1 mg L'"BA-~02 mg L' NAA -~ 6% TR K 2% SRR 0 7
SYRIRIT0 ~ 5~ 10 2 20 mg L (173257 MS [EEERZEE: - Bars=5cm o

Fig. 2. In vitro bulblets growth and rooting of Hippeastrum hybrldum ‘Red L10n (A) and ‘Blossom Peacock’ (B).
Explants were cultured in MS solid medium containing 1 mg L BA, 0.2 mg L NAA, 6% sucrose and 2% active
charcoal with additional 0 (P0), 5 (P1), 10 (P2), and 20 (P3) mg L' paclobutrazol for 8 wk of culture. Bars = 5 cm.

B1 4% i fif & (Llczuk er al. 2005; Shen & Yu — HPNEREMRHESGUIBRER ATl - (LA
2011) - A WS KRR E ZETEdE SER UARERESNRET S I R-E
i A RARDLEZE (De Bruyn 1997) - EFfL4H BB S ATHNEARSER  HEEHE -

B R AR R — BRI 1R P B [E AR Y ERMRESEE S E-E RS EE
A e L EEE N (Mordn et al. 2003) - Ptak B (& 1) [NIL - B EHCEN 7 Z AT AW FEAY4S
(2014) FEH TISE B AL AR EE T 7 #EA  RAEABL - AT > 408 ABsiEsr e
HE AREEN AR K@ibﬂﬁiéﬁﬁp%ﬂ\ PBZ ZfR{F M EEE 2 8 wk IR - H /3 4H IS T
HAER - AN ZEEEREUS > B—RRRA  HEAHEURBES(EHESE (3 1) 5 itih -

MRARE R HI A E] 100% é?TFéZ%? AMAEREE WA TR B TTE R MRS 8-12
FER A 5 HIRSEAE RS ERARS)  H wkIHEHRERE zﬂﬂZ%&Fﬁ' Wi (&2)-
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R > AW R I FEAR 3 i R RE I B (R
BN EARREFEANEEE 8 wk -

[ ES#H (Gladiolus hybridus) WF5% 45 5 8
7~ PBZ pR e llIAI4H RS 5 55 5 1Y 4 & (Nagaraju
et al. 2002) - Zheng et al. (2012) 55 EIE
& (Lilium Oriental hybrids ‘Sorbonne’) F 5% &5
Enai B » A RANHIE (CCC 81 PBZ) A
/D B B L T S A R AR R o Yadav
et al. (2005) Z 3¥&m &5 - PBZ A H K
DEHEEEINER - EEREZEANE -
SR » & 5 (Hemerocallis spp.) HY 72 45 B
A#E R PBZEAREZEHNEE R YR
(Chen et al. 2005) - Ptak (2014) HyRFZE4E B4t
fEH  PBZuigmE R R EHARENERE
)% o Tlezuk et al. (2005) AL FEFEACTEY
BT 4s R A4St > flurprimidol =] 3§ fi 4H % &5
ZEY HEBGNFHHEER - BE Lilium
longiflorum) Y PBZ W22 & B~ & RBE
By 1.7 uM R TR ETE R (VA& (H7E 3.4-8.5
uM R T AIZ R A EHE - AMERE S E
17 uM 5 Al 3R A RANHIRY 455 (Thakur et
al. 2006) - &i& LAAT A4S RBIR > £ &
MHEIHER EREAYEEZEE  EER A
EEA BIMA R E AR E - AHTTEE R E
R TEIHR SEEEAE 0-75 mg L' PBZ (R {EHE
212 wk B 4 2 B R BEETIE S REMHA
ISR 2 W i R TR @
HAF0-50 mg L' PBZ (G N 12 wkiF »
AR EG 7 BE R AT 5 i TH AH B AR A Rt e A

75 JRIMAE 75 mg L7 PBZ (R4 BRI E
R > BURER £&%F PBZ {IH (% 2)

PRI > {EF (K PBZ JBFE (5-20 mg L) #&i#EfT
B 0 BN AA R 2 EEEE R AV HISUR A
FHEE (£ 3) - B - ABHFZEEHLE R H
IR &5 5 - JRENER S PBZ R S & il
BRAR HEEPBZEFHIAPEIER 4
& AMAHZAARE T PBZ EFREER
4 RAVRR

HE (L. longiflorum) 4H 5% H Y70 45 51
H{R > PBZ m] g #E H AR % & & Bl 57 5 4 0
(Thakur et al. 2006) - PBZ n]$¢ = B & HE4H I
Y 35 AR R B H A7 )6 %2 (Ptak 2014) < Chen
et al. (2005) AEEHIFFREE RIGH - PBZ

rere

]

67% H11H

G A g B 2 IREUEAR & - Yadav er
al. (2005) Ays¥am 545 > PBZ A HIHIE
- REMRKEMRE » DU R S HIAE 85
FRAHYHR = ZAT0 » Nagaraju et al. (2002) fff
FL4E AT > PBZ G BB 4 H R
ANAERMBIR G/ NVER - XKIEHEE
(Gloriosa rothschildiana) &9 Hff 22 45 5 8w >
PBZ B flurprimidol jiz ¥ # R & 52 B4HRE I HY
R H B A (8 2 AR IR B AR S AT SR
[ B & AR & > H 52 flurprimidol JE &
25 mg L BE RIS IHI 4 E R 24 & (Kozak
2002) © Ilczuk et al. (2005) FAPLGEAEHES TR
W 7e4E R H o flurprimidol 2 [ 88 5K RE 5%
BTHNERERAZECET A —2 > [ERE
B2 T BUNEERBESIR R V&R HE
AR B AR B ER R 2 FIE 4 - KB
AT AT EERER - ERIGIEEERE &
s gREYEE - SfE - SRR
P B RSN [E o T AR S AV &S R o AT
FLES RN - ELAL B e B B E R
25-75 mg L' PBZ JR¥E 7 SEAR A HE ARET o] 22 5]
100% (ERIARFN) » {272 400, Hsm ke
F| PBZ {2 - AT "T1EZ 2, AlHBMEZ
FHNHIEE SR (% 2) B ELEL AHER T
B R S Y PBZ EEEEN 2 » 1
ARE A R R AR 0 2= BATE R A4S R -

Shen & Yu (2011) A AUFE(EAH S5 & EFam
HEte o RN EARIHIEIYE AR
ZE MR TR RN HIE R o YA
W 2E S SR AE R PBZ 2 RAE RS B IR IE T
HFFE R E SRS (B 1) Kt
% BB RN 2% JE M 2 [E Rk T
AT - AR R E U AU E T A
FelRaE s 2 L g (@ 2) -

St PBZ R R HIE I A e B (R -
BRE - W5 ZERIME > BET (Nagaraju
et al. 2002) ~ X & H & (Kozak 2002) ~ H &
(Thakur et al. 2006) K 5 = H # (Ptak 2014)
WH7e4E R9EUR - PBZ AN FRENE
(YRR = Chen et al. (2005) R EFEMZEH A
DIGESR > 4H B ERZ EE B 0 32 B B i Y
o I fERE R EM RS RE R > &F flur-
primidol 7 7§ 58 3% 8 ] {2 4 4H 5% @ G fif 5
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7y B fn (Ilczuk et al. 2005) ; CCC (500 ppm)
55 (2 2 A HE (E 4H B2 0 2 6 =5 00 i iy 38R
(Sultana et al. 2010) - Zheng et al. (2012) FAB
ﬁﬁ”EAE@%ﬁéﬁ%ﬁ‘zﬁ%%f— » CCC H i Bs

il S AF B AV U B 0 {2 PBZ R B AR A
{i o RIfgess R8N - WM, B FEZAE
fils e k22 A 25-75 mg L' PBZ &% 8 B¢ 12
wk i %*E@T%F@fiﬁﬂ L BR 4H 2 [
EE AR RN T 2 PBZ R B i

HE RN RHRCR - &2 KU AR IS4
B TR U T W S A A R/ N 4

B (£ 2) o 4N TELME, 7F 50-75 mg L PBZ
T 8 A B R B AR B I (£ 2) > H
5-75 mg L' PBZ ¥ fif %€ Al fiE b K (09305 (=
2 ~$23) o 1fifE S mg L' PBZ ffE > 12 &

HEse > BURBAEOE A ~ IRECE IR RE R
’J &R (R 3) 0 WL PBZ H Y LA, BT

B2 2, HEE 2 mEBERLA —2 0 HEER
B BE f2 WY i A PBZ (Y1t A2 1 A (5] Pt i ik
AR -

AWM AIEL "aR 198 ~ 4L
K TR, Z,T“Zﬂiﬁ** fEFTEE - =OR(E
LB A R BERAY Tk - sl RES

I 7R 6 1 5] SR B W P B s 7 =K
EARE BE 1 A RS Bk
W R E (50-75 mg L ) (% 39.2-58.7 uM)
PBZ fR B O] {2 TALM , 4HEZEEEAE © T
K2 (5 mg L) (49 3.9 uM) PBZ & ¥ HIl
R TR AR E SRR K REUE
B&*EP“PEI’\]Z*% o WS 1% SEHERE b s B
PS4 B e T I Est B - WS BB AR
{[RYiiS R N PP

I:I'L‘a‘llg‘j

AR SR R AT AP 72 0 22 RS
R > FroLHE -

5| FSZRA
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Effects of Two-Stage Culture and Paclobutrazol on
In Vitro Bulblet Growth and Rooting of
Hippeastrum hybridum

Uei-Chern Chen', Tzu-Ying Wu’, Jhin-Yi Tsao', and Chi-Ni Hsia>"

Abstract

Chen, U. C., T. Y. Wu, J. Y. Tsao, and C. N. Hsia. 2018. Effects of two-stage culture and
paclobutrazol on in vitro bulblet growth and rooting of Hippeastrum hybridum. J. Taiwan
Agric. Res. 67(1):44-53.

An improved method for in vitro bulblet growth and rooting of Hippeastrum hybridum was
established in this study. /n vitro bulblets of Hippeastrum hybridum ‘Tainung No. 1°, ‘Red Lion’, and
‘Blossom Peacock’ were used as materials to conduct the liquid-solid or solid-solid two-stage culture,
and additional paclobutrazol was added into culture medium to enhance growth and rooting of in vitro
Amaryllis bulblets. In vitro bulbs (5 mm diameter) of ‘Tainung No. 1” were cultured in liquid or solid
MS medium containing 1 mg L"' BA and 0.1 mg L NAA for 8 wk of culture before transferring to a
solid MS medium with the same components for another 8 wk of culture. The results showed that lig-
uid-solid culture was superior to solid-solid culture on fresh weight of bulblets, leaf number, leaf length,
and root number. /n vitro bulblets of ‘Red Lion” and ‘Blossom Peacock’ showed severe browning or
death after 8 wk of culture on the control medium. Therefore, it is suggested that the subculture inter-
val should not exceed 8 wks. The root number of ‘Red Lion’ bulblets by 50—75 mg L' PBZ treatment
was found significantly higher than that of control. No significant difference among PBZ treatments
was found. However, root numbers of ‘Blossom Peacock’ were reduced treated with 25-75 mg L™
PBZ concentrations. Leaf with shorter and wider shape was observed in 75 mg L PBZ treatment.
However, a lower concentration of 5 mg L' PBZ was found beneficially to bulb diameter, root num-
ber and root length.

Key words: Amaryllis, Liquid-solid culture, Plant growth retardant, PP333.
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20121 TCS17 x Zenith
i
201211 F, x TCS17
20131 32 15101F1
3 selected BC,F,
v v
201311 23 BC,F, of 60 BC,F, of
# FA125 line # FA124 line
| }
1 selected BC,F, x TCS17 1 selected BC,F, x TCS17
# FA125 1-3 (85%) # FA124 5-2 (90%)
2014 1 10 BC,F, of 24 BC,F, of
# FA125 1-3 line # FA1 24l5-2 line
® 2 selected BC,F, ® 2 selected BC,F,
# FA200 1-7 line (90%) # FA199 1-3 line (95%)
# FA200 1-8 line (92%) # FA199 3-5 line (96%)
201411 I |
94 BC,F, of 94 BC,F, of

#FA199 1-3 line

5 selected BC;F,

# CNY1042052 line (94%), # CNY1042058 line (93%), # CNY 1042059 line (96%
# CNY1042053 line (92%), # CNY1042057 line (96%), # CNY 1042060 line (92%
# CNY1042054 line (95%), # CNY1042061 line (93%), # CNY 1042062 line (96%
# CNY1042055 line (95%), # CNY1042063 line (93%), # CNY 1042064 line (98%

#FA199 3-5 line

9 selected BC;F,

# CNY1042056 line (94%), # CNY1042065 line (94%),

1.
ZHEEFMZE o AREBIEIERI N RO -
Fig. 1.

> TEBIE A AR Zenith’ #AHY Pia B2 Piz BREE ERIPUIE allele 7 BRELA T& Al 17 5,

The breeding scheme of introgression by introgressing two blast-related loci (Pia and Piz) from ‘Zenith” into

‘Taichung Sen 17’ through marker-assisted backcross selection. The number within the bracket was the background

recovery rate.

solution, Epicenter Co., USA) » ¥ R&BEEL 5
min (3,355 g) = DL PCR [Z JFE{# (Veriti, Applied
Biosystems Co., USA) 1F 65°C N jI#h 6 min » 5%
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KA > 208 Wu et al. (2013) FiTik -
TEEVR Piz EREEE R DT

Hii A 3C R (Tacconi et al. 2010) B 5| Piz
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s s & BL4EHE (nucleotide binding site;
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S & Piz AR 2MNETEBNEDE
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bp ~ 808 bp ~ 836 bp ~ 692 bp % & [ #E 1T &
Fro & 1 FphIPi R R A 3.4 kb o KfifE
— S HER R AR Piz BB R P A AT
EHEFPYIZELE > 1 Liu et al. (2011) FH5E
> EEE Zenith’ (Piz) ~ ‘Fukunishiki’ (Piz) ~
‘C101A51° (Pi2) ~ “75-1-127 (Pi9) ~ ‘Toride’
(Piz-1) 55 14 {8l i fd 2 565 2 SN FIZ H R P 51
2,280 bp » @ BioEdit v.7.2.6 (Hall 1999) 4
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B 2. AERERTE TR Al 17 5% B Zenith® A Z B G5 81 ([ InDel B 29 {# SSR REZEE » ifij 5 AL iE {8

LB AIRI AR 7 505 I?F?@Jﬁﬁi %Y PACS/BACs » ¥ HAFR A BEER 4 22 IRGSP 44k EFR# PACs/
BACs 1£ Nipponbare/Kasalath 7 {# &z (Harushlma et al. 1998) - ZEEFTESTHILA RD B RM X3 InDel L

B SSRATEGE - AR LR AR Ry A S AT -

SRl

Fig. 2. The linkage map of 81 InDel and 29 SSR polymorphic markers between ‘TCS17” and ‘Zenith’. All markers
were assigned to the linkage map of ‘Nipponbare’/‘Kasalath’ (Harushima et a/. 1998) based on the primer sequences
of markers by blasting against PACs/BACs, which were integrated to the linkage map of IRGSP website. The prefixes
RD and RM indicate InDel and SSR markers, respectively. The marker symbols indicated by stars were applied to
foreground selection.

EEHGLE A J7 5 ¥ 7 &L fE Nipponbare’ (LOC_
Os06g17900) ~ 3t Liu et al. (2011) i 14
{ElmfE 751 ~ Su et al. (2015) FrEETE HIHY Pi50
F[H (Pi50 NBS4 1, GenBank: KP985761) LI
J¢ Deng et al. (2017) Ff ZE55 HY Y Pigm & A
(PigmR, GenBank' KU904633) Y & H B fr
F1 (760 a.a.) > #ETFPHILLE - Hep o EEF

Zenith R [EAEFFF] > LA Zenith’ (Chiayi) fI
SRR AE N WA HEAGES R (3.3.3
W) H “phangorn”™ £ - DLITT & # £ 5
(Jones et al. 1992) =B/ W& H'E 50 K HY
BG 5B  HIUTAAEEEE (neighbor-joining
method) & #8457 BL IR R 7 SEARRR IR B (un-

rooted phylogenetic tree) ©
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F 1. AERALAENRY Piz LAE |- NBS-LRR Bl £ 2 3.4 kb (9EF5]T -
Table 1. List of primers used for the amplification of 3.4 kb nucleotide binding site-leucine-rich repeat (NBS-LRR)

region of Piz locus.

Primer Forward primer (5°-3)

Reverse primer (5-3”)

Interval
Amplicon positionz Reference

Pi9 1 ATCAGTCACAAAATAGACTGTCATG  AGAGCTGTCTTGCCTAAACCAC 741 334~ Imametal.
405 (2016)
Pi9 2 GATGGGTGGTTTAGGCAAGACAG CGACATCCTTAGTCGTCATC 836 380-  Imametal.

Pi9 3 TCGTCTAGTAGGTAGATGGATAGCAG TACCTTCACACCGAATGATTCAG 808

1215 (2016)

1,145— Imam et al.
1,952 (2016)

Pi9 4 AAACTTTGAACATGCCGAG CTTTTCCAACAGGGGTGA 836 1,690-
2,528

Pi9 5 ATGGTCCTTTATCTTTATCGG AGCCCTGCCCTATCTGTT 692 2,391-
3,082

“ The first nucleotide of the 2nd exon of the reference genome is defined as +1 (‘Nipponbare’, LOC _Os06g17900).

BRREHINKERED R ERXRERE
ET5A

FERR 17 5% | B <Zenith’ 2 BC,F, & BC,F,
[0 52 1% & > AE 2015-2016 55 1 #A{F & 15 1?
5y pir 5 H =00 | (88 120°28°037E - 425
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CNY1042061 | I I | [ | | ) CJC IO 17
CNY1042062 | I 1] || | | O] C O C O e
CNY1042063 | I I | [ | [ | C I C ] O
CNY1042064 | I | [ | | | | ) C 1 C /4
CNY1042065 | I[ 11 ] [ ] [ ] CJC 10 COmJC—d
[1 Homozygous TCS17 |l Homozygous Zenith  [] Heterozygous
3. Z[EfE Gl 17 5% SEEEA P RERRE IS R B AR - A BOEBRE 2 EBRS R

KEVELEEN "BPA17 58, - Zenith’ DU SVELE SRR - BERIE B EEEIVEERE -
Fig. 3. Graphical representation of genotypes for “TCS17” backcross lines at each generation. White, black and gray
blocks indicate the homozygous ‘TCS17°, homozygous ‘Zenith’ and heterozygous genotype, respectively. The number

was the distance of genetic interval.

‘Panda’ Fit 77 HY &L 14 alleles B EL A 15 {1 b fe
HIHLIE alleles 1774 Rk fE 2 B (FE8%) - 55
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RN BERE R 3 fdEL 5 FHEA A o
AR R IR E B el 0 fF FEhan 3
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(Chiayi) ~ ‘Mars’ DA Jz ‘Mercury’ 17 7 46 ff 75 5
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F % 58 4= — £ > ‘Azucena’ HI 81 <75-1-127
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Sequencing amplicon Pi9_1 Pig_2 Pi9_3 pig_a" Pi9_5'
Position (nucleotide/amino acid) 1/20 133/64 2412/824
57 96 2805 |

Nipponbare
116 5364 P 2952
75-1-127 (Pi9) I}
116 3837 | 2952
C101A51 (Pi2)
116 3838 A 2952 |
Gumei4 (Pigm) -
116 3852 i 2952 1128 31
Toride (Piz-t A
L 760 a. a. L“—_\_
-_-_-_-_-_____________-———-_k kS
Amino acid position ~ 74 141 203 209 218 284 321 384 427 483 484 556 557 583 760
Nipponbare Q N V I E K H K R D R P S H R
Nova Q N V I E K H K R D R P S H R
Mowanggu Q N \Y | E K H K R D R P S H R
Panda H I I I E K H K R D R P S H R
75-1-127 (Pi9) Q I I I E K Q@ K R D R L R V R
Azucena Q I I I E K Q@ Q@ R D R L R V R
Gumei2 Q N V I E K Q K R D R P s H R
Gumei4 (Pigm) Q N V I E K Q K R D R P S H R
NIL-e1 (Pi50) Q N V I E K Q K R D R P s H R
Fukumishiki H I I I E K Q@ K R D R L R P G
Mercury H I I I E K Q@ K R D R L R P G
Mars H I I I E K Q K R D R L R P G
Bengal H I I I E K Q@ K R D R L R P G
Lafitte H I I I E K Q K R D R L R P G
C101A51 (Pi2) Q N V I E K H K R D R P S H R
Toride (Piz-t) Q N V I E K H K R D R P S H s
Zenith H I I I E K Q K R D R L R P G
Zenith (Chiayi) H I v I E K H K R D R L R P G
TCS17 Q N VvV F D N H T C G - P S H s

4. SEBIAR Pz ARE 2 /METEME LV EAEFIER > BERERZ 15 EER U RS%E
i fE ‘Nipponbare® 81 16 {[# i A € 7 b Fl 1Y B FZL Be 4H BY 0 2% 50 fE Nipponbare’ 1Y Piz FL R 1) By LOC
Os06g17900 > Tfij Pi2 ~ Pi9 ¥ Piz-t FeRFF5#92% Liu et al. (2011) ~ Pi50 P52 H Su et al. (2015) ~ Pigm ¥
SiA E Deng et al. (2017) -

Fig. 4. The multiple protein sequence alignment of Piz from ‘TCS17” and ‘Zenith’ (Chiayi), exhibited polymor-
phism at the 15 different amino acid positions with ‘Nipponbare’ and other 16 varieties from previous publications.
Gene sequences and its references: Piz of ‘Nipponbare’, LOC Os06g17900; Pi50 (Su et al. 2015); Pigm (Deng et al.
2017); Pi2, Pi9 and Piz-t (Liu et al. 2011).

GBI WESBFIR  MEEE  BRERN 1440 &5 CNY1042057 2
EAEFYIMEE S [EFARZR (Zhou er al. 18 (Higl) » HI Ky CNY 1042056 2 2 4) (L
2006) - HERAYE > TSRl 1758, WawE ) Hi 12 (E5REAZ BIENKES R 445
SIEE—CAPURERN B - (P HLER) < 2016 4F 2 M F 4o 1 1-6 41
et A s T e {5 CNY 1042061 2 1 4% (Bidh) > HX B
BC.F; MR BV IS RASHA < R R CNY 1042056 K CNY 1042057 =2 2 4% (k) ;
ARABEE I 14 ED A Zenith A 22 B CNY1042063 2 6 4% (P RIS > XS
Pia 5 Piz S[FIFFFEE 2 EHURERZFEE B CNY1042060 K CNY 1042062 =2 5 4% (TP
& BCSF, & > 1£2015 2 2016 5255 1 HA7ES 4)) -
EERE B 2 MR SRR 0 209 2 PR © Bl Kb "a Al 17 5%, B AP ARHE
"Bl 17 5%, 1E 2 2 BIERERERE S MAVRERBAERE TR E > i Sg
44 EFHATIE - BCF; fh&A 2015 2 il 17 5%, 1 2 B RERME G Tk 440



3 TETR G AN 17 SRS EYRE AR 63

‘4
%//.(
&% 3
s p% @é‘&.
% 7 G Taichung sen 17
S
WS
9
&
NIL-e1 (Pig50)
Gumei4 (Pigm)
Nipponbare
Nova Toride (Piz-t)
Mowanggu 5173 (Pi2)
—0.005 Panda

5. WA "Bl 17 9%, Bl Zenith® (Chiayi) {F
Piz BeREE 2 SMNEF & R B YR B8 e B I 2T B
17 {EFTAE i A SR IR -

Fig. 5. Phylogenetic tree of the 2nd exon of Piz pro-

tein sequences of ‘TCS17,” ‘Zenith’ (Chiayi), and other
17 varieties from previous publications.

H {2 A Zenith’ #Y Piz allele 7 % HEH 5
BE ~ (0118 %549 2 95-98% - 1F 2015 4 fE i &
B35 Fs 4 4f (FHLER) - 2016 R HLE 4-5 4] -
g 4.2 g (R Pugk) ~ A8 4 g (k)
QEEGEERBIE R IR (4.140) - M{ESH
A “Zenith’ #Y Pia allele 7 i & H4H 3 # ~ [
1EHRIGEE 94-96% » 2015 FFERERHFER T 1-4
4 (-t hiah) ~ B 2.3 4 (i) ~ g 2
P (HLR) 0 2016 F R EiE 2-4 4% ~ F15 2.7
S GLER) ~ B2 &) (AR 0 2 EEGER
HBRPa (2.5 4%) - &% » FERFEH Zenith’
1 Pia 81 Piz allele 7 Fi % 4LF 6 #F ~ E{E X
YEE 92-94% » 2015 FFFERFELRIT By 4 4 (f
HLAR) > 2016 FREHHELE 1-6 4 (Hi-HEER) -
g A g (R HLER) ~ AR 4 (PR ¢
QEBGERBBN PR 4.048) - HILHE
T BAF TEH Rl 17 58, 1Y Piz allele B2 Ze-
nith’ Y Pia allele 7 B4 & (CNY 1042052
CNY 1042056 ~ CNY1042057) » gEEL iR 4
FEEMHES -

F2. WEE "G BIREEERZ Pia B Piz ERBIEE ~ B FIRIER BTN BERER 2 R R E -
Table 2. Reaction of 14 BC3F3 lines derived from ‘TCS17’ in blast screening trials conducted in 2015 and 2016.

Resistance gene

Disease severity”

BC;F; line Pia locus Piz locus Background recovery rate 2015 2016 Mean
CNY 1042054 AA BB 95% 4 4 4.0
CNY 1042055 AA BB 95% 4 4 4.0
CNY 1042059 AA BB 96% 4 4 4.0
CNY 1042062 AA BB 96% 4 5 4.5
CNY 1042064 AA BB 98% 4 4 4.0
CNY 1042052 BB AA 94% 4 4 4.0
CNY 1042056 BB AA 94% 2 2 2.0
CNY 1042057 BB AA 96% 1 2 1.5
CNY1042053 BB BB 92% 4 4 4.0
CNY1042058 BB BB 93% 4 4 4.0
CNY1042060 BB BB 92% 4 5 4.5
CNY1042061 BB BB 93% 4 1 2.5
CNY1042063 BB BB 93% 4 6 5.0
CNY1042065 BB BB 94% 4 4 4.0
TCS17 AA AA - 4 4 4.0
Zenith BB BB - 4 5 4.5

“ The severity score was evaluated based on a 0-9 scale developed by International Rice Research Institute (IRRI).
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BC:F; mREEBNBERRENEIEE
SR

AedEs 14 il BC,F, fn 0 £ 2016 55 1
HAfE Z BN TR B R B R R 3 Py
7R B ANOVA 73 M &8 FEER - 8 it 2B
HEEEREBES > AR ANNEREEE
Ko 4 ESERR "GHRR1T 5 2 FE AL
T T 7 o] oA 2 B 7 /KB (P = 0.0959) -
A (e Rl 17 9% 2 B A E E Ry 5,720
kg ha'' > EEISEE 100% @ ¥ B RS A B AT
Tl T 2 & R R IR BO R i o Hoep o
B 5 By it % CNY 1042052 7 5,390 kg ha' &
94.2% » HI k% CNY1042057 22 5,280 kg
ha' } 92.3% > 5 1K B 5 2 CNY 1042064 >~
2,530 kg ha'' }r 44.2% - fFE B EZE T
e PR R 8.7 % BRI A 1
BOE A 12.3-6.7 37 > 3275 CNY 1042052
E 10 ff 5 Z = R A B 0 CNY 1042064 55 4
{8 A e B R — R R B
Fo 117.0 0 > BB kbt % 2 — TR B 7 7
116.2-70.1 i > SR R © i 2
S E R Ry 81.2% 0 T A i R Z R E R

BT HI1

A 83.7-56.1% > {£H i % CNY 1042057 & i
AR AR T RE R 319 g0 HTE

(i B Z TRLE P35t 32.5-25.4 g BH
% CNY 1042062 145 32.5 g /= 7 o 258 -
TS — R REXR - TREREE
ZAHB TSR > AR 4 FoR - HERIRE R
B g B 2 MR 3 Ry 0.68 2 0.76 » I U H
EIEARRE - — RO - B B A 2 A R (A
SRR E R -

a1Em

HGKEIUREE L » HEAEER
EBEF AL ZEFHUR mERZ
HMEAES TR BEE hERXEE
B (Witcombe & Virk 2001) » HEREE M= &
HEIENEAYE - LEHAIGEHNHERE
Byt KREmTE "B 84 5% Rl > K miE
B 2002 FFEEACHES F HRI% > DIEE 205 AT
BEE 0 Y2010 i E € Ed %4 0 Bkt
FEHF 9 £ (Chen et al. 2011) « FF 4y T &2k
WO AT B A o WK R AL R SR W IR R
& MEAEYIWI A A4 RS BB ol e A H AR

3. Aullp 14 @ "Bl 17 5t BB ER R EBHKER -

Table 3. The yield performance and yield related components of the 14 backcross lines derived from ‘TCS17” were

compared with the recurrent parent “TCS17°.

Spikelet fertility ~ 1000-grain weight Grain yield Yield ratio
BC,F, line Panicle number  Spikelets/Panicle (2) (kg ha™) (%)
CNY 1042054 73+2.1 95.1+17.6 63.8 +8.1 29.1+2.1 2,786.7 +832.9 48.7
CNY 1042055 9.7+2.1 70.1+7.7 69.4 +£4.6 292+1.0 3,006.7 + 672.1 52.6
CNY 1042059 7.7+3.8 97.2+20.5 79.5+4.9 31.2+0.6 4,363.3 £3,183.0 76.3
CNY 1042062 7.7+2.1 107.3 +12.7 73.1£5.8 325+£23 4,290.0 +1,296.9 75.0
CNY 1042064 6.7+£23 116.2+7.6 56.1£8.8 254413 2,530.0 +1,268.6 44.2
CNY 1042052 123+ 1.5 92.0+6.3 71.8 +£4.2 30.3+0.3 5,390.0 +291.0 94.2
CNY1042056 93+3.5 98.9+13.3 76.1 £10.6 275423 4,070.0 + 1,008.2 71.2
CNY1042057 10.7+2.5 99.1+£12.0 83.7+£6.0 272412 5,280.0 + 1,488.1 92.3
CNY 1042053 11.7+£23 83.3+6.5 69.4+3.5 273+0.7 4,033.3 £854.4 70.5
CNY1042058 9.7+1.2 1123+ 16.4 68.7+8.5 258+0.8 4,253.3 +£1,039.7 74.4
CNY 1042060 10.7+1.2 97.2+74 745 +4.7 289+2.7 4,876.7+519.8 85.3
CNY 1042061 9.0+ 1.7 90.5+14.8 732+1.2 290.1+22 3,813.3 +961.1 66.7
CNY 1042063 9.0+£3.5 84.5+9.0 70.0+£4.9 30.0£1.0 3,446.7 £ 1,112.8 60.3
CNY 1042065 103+1.2 95.9 +10.1 73.2+52 287+1.3 4,546.7 £458.0 79.5
TCS17 87+1.2 117.0 £ 14.9 81.2+6.7 319+£1.2 5,720.0 + 687.0 100.0
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x4, Aplp 14 "Bl 17 5t BT AR - — R R R R TR E B B AHR A

Table 4. The correlation analysis between grain yield and yield components of the 14 backcross lines.

Item Correlation coefficient P-value
Panicle number 0.68 0.0069
Spikelet per panicle 0.09 0.7661
Spikelet fertility 0.76 0.0015
1,000-grains weight 0.21 0.4757

BERZ M - G5 5 EAE o ARFTLL 3
il > FIR 7 FEEsEEi B B E 14 (87 A b A
Pia J Piz > B 5EER R 92-98% 2
BC,F, @ EEEL G A& R HEENRE
T AR BEZ T - AERERRE L - [
BUARE BCF, B RERIIEZE 32 1
A SRR FIERS 3 RE RS &4 BCSF,
Hin R 2 P H 5 AR 5 94.4% (18 = 1Y 2
awfE 93.8% o (AL - ARARFELE [BIAZH)HA A7
FEHR AR IERERE » N E AR e MR SR AR
e HE R R © JRA BhRRE I & R[5
ST 4 50 8 (Collard et al. 2005) - {EEfF
R b Bl &M Ny FEEEEHE (140 R’
@ EE RS E B 10 oM DUTR) » FI o] e a4
#i SRS R E - A s B AR REE
o E2AE BC, [0 AR A] 2 2 THEIHY H AR
(Frisch et al. 1999; Collard & Mackill 2008) -
AN BB T SR R 5 H B e A A Y
Pl on % 0 ZE00E A& (R H AR e 5 PkiE
LB RIS - (EERRGUME S EE S
FE AT B REE =] DUSE A EE - ARCETTHiME
TR SOt AR -

TEENR Piz BB /KAEES 6 e i
Bl &) 10 Mb JiZ » 3% g 25 BEVE H 6 {5 FE 2L
% BiME alleles Pi2 ~ Pi9 ~ Piz-t ~ Piz ~ Pi50 %
Pigm > H 1 Pi2 ~ Pi9 ~ Pi50 F; Pigm 35 #% 5%
RETEEVR B A BRI - T A A
YRR (% > fEDUR RV B E B E A E A E
{8 (Jiang et al. 2012; Tian et al. 2016) - =1
B &7 NBS-LRR (YA A » £ _EAH{M
fEfE (Deng ef al. 2017) o ARCEHZL 19 &5
BAED - RS ISR - £ E
Pi~ EVMEER B LRSS 519 81757 SRR
BB E & - [FJ@ Nipponbare’ & 4 {& Jgl i i

fERE B H A AR P R R A — B B -
BEAN B LRR & > AfRI{ESS 556-583 5%
5 703716 SRR R E @ - AT 3 &
B S FEEfEAY - LW R (FE—EHELAS
BE — I HE I B BV ~ Pi2 ~ Pi9 ~ Piz ~ Piz-t
Pi50 (Pigm) k¢ "& 9l 17 5%, Hitk allele »
RAE A iR R ] 1 3% & e at A N
BH—MEEEE -

HE FEESHRPEERSHETES
‘Fukunishiki’ ~ ‘Zenith’ & ‘Mercury’ 55 7 {EZJE
Hh ‘Fukunishiki’ & #] 7l %2 IRBLz-Fu E Piz
BERBIREER - TR A Piz BRHY Zenith I
Ed ‘Bengal® ~ ‘Lafitte’ [57 51| 58 & — B » BN #%
EREEmEE AR EERE - HoERE
— MRS S B R 25 L fE ‘Nipponbare” »
Pi2 ~ Pi9 Bl Piz-¢ i 1% allele ¢ 51| 3% &1 0] & F1|
M (R B — 25 RV A B R 8 Al R AR
AKEF o TTRERRAFHTFADLIE allele BRI EE A K
REG » MERGRAEEERE - 52 > #t
B B R BUR AR BRE R A S
Fi /0 % SNP #5538 4 75 12 1€ #E 5 H allele LA
B BREEANCARA T ETEL BTN
HH T HEGTH AR E P -

ARABRE MR "Gl 17 9%, HEEE
Piz FERIHY Zenith [E] @ i 4R - &8 Piz &
REE &Y 76% (IEHEF (760 a.a.) FF
HILb® > 23 BRI 17 9%, LR AN Piz
HU% allele BART ABFZE (Liu et al. 2011; Su et
al. 2015; Deng et al. 2017) Fios 16 (&5 & L
Y E iR alleles (Piz, Pi2, Pi9, Piz-t, Pi50,
Pigm) 1E[E 5 #REHAE FEHBEHEE - Bl—
BE - BEZR BRI 17 5%, B/ Piz allele L%
K FEHEF2TEB P17 5%, B
B NHBEERL AT AR Zenith B
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Pia allele [~ (CNY 1042052, 56, 57, 53, 58, 60,
61, 63, 65) » Hth1 3 {7 2% Piz (TCS17)
allele B152 41 6 {[# Piz (Zenith) allele & HYHT M
B o BIUR Piz (TCS17) allele B A & F iM%
S B Piz (TCS17) allele Eil Pia (Zenith) 31
G A[A alleles el K HHUHERLH & » IER
Z "B 1T7 5%, BHY Piz allele BT iR %7 58
Pl fEERE 2 — -

ARETELRVEEEAS T HTEM > &
A ER B Zenith’ (1Y Pia BN EL T& Al 17 95
Y Piz BRI E 41 & E — B0 - H[OS R & AR
elmAE R P IR BRT 2P BREA%E
DiEtERER 2 P iuniE IR RFPUE - K
RFF LS R DU AR ERAY SRES | - 3R E R
M ERGUEER - alE 8 E % eiiiEdE
FHPPMEREES ;SRR ES R
HEEGES HETIEHE SN S AR 0 208
EHRRRFEEBERARERENASEES
EFERAR > RS SERPUERREE
DEGIHEEEEZ - RS AR A R
o ABIIMEEHERHERESANAIEEES
it G ERREABSHEER > IR
EANEZRLGER Z — -

EHmAEERNE L FEGARZFEHEE
fir IR E & 8 B2 S 3Y - (HARSR & 7 o0 i
HoRRERR B E 2R FRAEERE 7 m A

rere

]
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DU bR e 8 fh 51 B & 2 2 HUBE 3R 22 RO
o RAAE AT hnfl a4 2 E B EE Bt Balk
B 10 B R B A T 2 = 7 A ST Y
JEE o B 14 {638 oh 20 E 8RR R
5 BT it B Y B L EL R P 2K A B AT Y
GERBUR > FBOIR T R B E B R BE R -
EHRY TRE BCF, mAERNEERNT HIE
BRI E R o BRI TSRl 17 5%, FEE
TR S (Lin 1984) » SRACHKSEH L
FHNFIEE T EE > R R ERERE - A7
B b R ERE T -

SRESE T AT BGE, fti 2 DL CNY1042057
FERRIR R IE e EE BRI Rl - BEZRE R R
e A o (E TR R R R T R o B
7K 7 B AR - HIH R R oy BE DA AR 7Y 0
Ko TRAREfEETEmAREREZ RK -

AHFAT B bR E A gt E (102 2
F]-14.1.4-2-C3 ~ 103 ER[-14.1.2-2-C5 [ 104
BF-14.2.2-2-C4) EBIEE > RERBITE
RSB AT ATEE I - BUREEERE
F{CZ B B R R - e KR ok
B T (E VI 4H B T B i B LSO TR B & B i
BT tR DASE R 3L > BB I — PR RHL -
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Appendix The multiple protein sequence alignment of both parents and 17 reference varieties for the interval (760 a.a.) of the 2nd exon at Piz locus.
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Study on Development of Indica Breeding Lines
Introgressed Blast Gene for Pia and Piz Loci through
Marker-Assisted Backcross Approach

Dah-Jing Liao', Pei-Chen Wu’, and Dong-Hong Wu™"

Abstract

Liao, D. J., P. C. Wu, and D. H. Wu. 2018. Study on development of indica breeding lines
introgressed blast gene for Pia and Piz loci through marker-assisted backcross approach. J.
Taiwan Agric. Res. 67(1):54-72.

Rice blast is one of severe diseases in Taiwan resulting in the loss of grain yield and quality.
In this study, novel breeding lines with a single or two blast resistant genes (R gene) were developed
by incorporating blast resistance genes (Pia and Piz) from a japonica donor ‘Zenith’ into elite indica
cultivar ‘Taichung Sen 17° (‘TCS17’) based on marker-assisted backcrossing (MABC) strategy. The
foreground selection was conducted for the blast resistant genes (Pia and Piz) during the period from
BC,F, to BC,F,. The background selection, containing 77 InDel and 25 SSR markers, was executed
from BC,F, to BC,F, generations. In the first cropping season of 2015, 14 breeding lines with a single
or two R genes were selected with a high background recovery rate (> 92%). Based on the results of
blast screening trials in 2015 and 2016, breeding lines CNY 1042052, CNY 1042056 and CNY 1042057
with the Pia gene of ‘“Zenith’ allele and the Piz gene of ‘TCS17’ allele showed lower severity scale (4,
2 and 1.5, respectively). The sequencing result of both parents in the Piz locus exhibited that ‘TCS17’
has a novel Piz allele. In the yield trial, the grain yield of all novel breeding lines were lower than
the recurrent parent ‘TCS17.” Among 14 lines, the best performance of grain yield was CNY 1042052
(5,390 kg ha™) and the second highest was CN'Y 1042057 (5,280 kg ha). Based on the evaluation of
disease resistance and yield performance, the novel breeding line CNY 1042057 possessed the best
yield potential and strongest resistance. The correlation analysis between grain yield and yield com-
ponents of the 14 backcross lines suggested that the limiting factors were panicle number and spikelet
fertility. In future, the cultivation strategy (irrigation or fertilizer application) will focus on the control
of panicle numbers to increase the grain yield of the novel resistant lines.

Key words: Oryza sativa L., Blast disease, Marker assisted backcross, Disease resistant gene.
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1. HEEH B R IR A [FURIE N-G-F % A) HEE R 52 PS5 [Isopropyl-N (3-chorophenyl) Carbamate;
CIPC] B HIRMRAT 20/ TR < S5 S SR s

Table 1. The rates of sprouting and decaying of sweet potato roots stored at room temperature with leaves sprayed
with sprouting inhibitor, Isopropyl-N (3-chorophenyl) (CIPC), at two weeks before harvest.

CIPC conc. Storage Storage time (d)
(mgL")  performance 0 7 14 21 28 35 42

0 A(g) 700.7 £71.8 674.7+170.6 659.9 +168.8 651.0 £ 147.3 639.6 = 165.9 631.1 +164.1 616.3 +163.5
S (%) 0.0+0.0 0.0+0.0 26.7+1.3 533+1.2 80.0+1.2 80.0+1.2 100.0+0.0
R (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

50 A(g) 675.9+957 657.8+115.5 638.9+87.9 630.7+87.3 6233+863 616.6+858 605.8+85.6
S (%) 0.0+0.0 0.0+0.0 26.7+0.2 733+ 1.1 86.7+£1.2 86.7+1.2  100.0+0.0
R (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

200 A(g) 771.4+£26.7 742.4+123.0 728.0+121.4 719.1 £120.6 708.4 £ 119.1 696.8 +118.0 663.2 +118.3
S (%) 0.0+0.0 0.0+0.0 26.7+0.2 733+ 1.1 86.7+£1.2 86.7+1.2 100.0+0.0
R (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

“ A: weight of stored root; S: sprouting rate; D: decaying rate.
¥ Mean + SD.
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2. HEEM CEERGES EDRE N-G- S35 A 2 (Isopropyl-N (3-chorophenyl) Carbamate; CIPC] #f
EBURAE 15°C R 90% AR T Z SRR KR = -

Table 2. The rates of sprouting and decaying of sweet potato roots stored in 15°C and 90% RH with leaves sprin-
kled with sprouting- inhibitor, Isopropyl-N (3-chorophenyl) (CIPC), at two weeks before harvest.

CIPC conc. Storage Storage time (days)
(mgL")  performance 0 7 14 21 28 35 42
0 A(g)” 355.9+47.0° 346.5+45.6 341.0+£45.6 336.5+455 332.1+458 327.9+45.72 32324455
S (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
R (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
50 A(g) 4335+748 4183+70.5 4129+69.9 406.8+69.0 400.0+68.6 3943+67.9 388.1+67.4
S (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0 0.0+0.0
R (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
200 A(g) 35654817 342.8+79.0 336.6+77.3 331.1£763 32534752 320.1+74.0 314.0+73.0
S (%) 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
R (%) 0.0+0.0 0.0+£0.0 0.0+£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+£0.0
“ A: weight of stored root; S: sprouting rate; D: decaying rate.
*Mean + SD.
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Fig. 1. Sprouting rates for the storage roots of sweet potato immersed in sprouting inhibitor, Isopropyl-N (3-choro-
phenyl) (CIPC), and then stored in room temperature (A), (B) and 15°C , 90% RH (C), (D), respectively.
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Fig. 2. Decaying rates for the storage roots of sweet potato immersed in sprouting inhibitor, Isopropyl-N (3-choro-
phenyl) (CIPC), and then stored at room temperature (A), (B) and 15°C, 90% RH (C), (D), respectively.
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Fig. 3. Sprouting rates for the storage roots of sweet potato exposed to Co60, and then stored at room temperature (A),
(B) and 15°C, 90% RH (C), (D).
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Fig. 4. Decaying rates for the storage roots of sweet potato exposed to Co60, and then stored at room temperature (A),
(B) and 15°C, 90% RH (C), (D).
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Effects of Treatments of Sprouting Inhibitor CIPC and
Co060 on Sprouting and Decaying Rates of the
Storage Roots of Sweet Potato

Che-Lun Huang', Min-QI Xu’, Shu-Fang Lo’, and Yung-Chang Lai*’

Abstract

Huang, C. L., M. Q. Xi, S. F. Lo, and Y. C. Lai. 2018. Effects of treatments of sprouting
inhibitor CIPC and Co60 on sprouting and decaying rates of the storage roots of sweet
potato. J. Taiwan Agric. Res. 67(1):73-81.

Three experimental treatments on sprouting and decaying rates of the storages of sweet potato
were studied in this research, including spraying sprouting inhibitor Isopropyl-N (3-chorophenyl)
(CIPC) to the leaves at two weeks before harvest, dipping storage roots in CIPC solutions after har-
vest, and exposure of storage roots to different intensities of Co60 after harvest. The treated roots
were stored at room temperature or 15°C, 90% RH for 6 wk before investigating their sprouting and
decaying rates. Results showed that the sprouting inhibitor CIPC spraying on the leaves of storage
roots would not inhibit the sprouting of sweet potato. However, the sprouting of the storage roots
stored at 15°C and 90% RH were inhibited substantially. The storage roots produced from a healthy
field management practice showed little disease and insect infections, and the rates of disease-infected
roots were lower during storage. For storage roots exposed to 500 GY of Co60, the sprouting rate was
zero for “TNG 57 stored at room temperature for 30 d as well as for ‘TNG 66 stored at room tem-
perature for 60 d, and the sprouting rate was 10% for both cultivars stored for 90 d. Overall, treatment
of 500 GY of Co60 effectively inhibited the sprouting of storage roots of sweet potato, and storage
time may be extended up to 90 d.

Key words: Sweet potato, Sprout inhibitor, CIPC, Co60 exposure, Storage.
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P & % 96.55% % 90.23% ; A Fw XmE F —IERE IR B AR AR (R) L & 4 95.98% &
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oAl () fekm Ko B KA A B o HAE Hom 2 BUE BT S ABA B RA B IR REA
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XA R W 14T KRk R MR - RS F AR o B b REAT - A RAE (R) AR W XA
I 20 4 8 R LR — B+ ARG IR R R B A -

RAHEER) © /KR - REEMR - REEVRIRE o

gis 2 TE R SR

KGR ENREERR AT g Tl Magnaporthe grisea F3l S
PEp RORAIDRE A A R ER e R ERRCHRRRLR - S
i o A T R o EVEEEE  KIRMELE T A R B i A T
B Tk R B b o e PETERRELR © R T R R R 5
LB B RGE CIEE ) » kR AR - MR ERE D R
EHEREIERSEST  EiEsrEE  OEEZ BRIV - DU Z
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SR AR EEED > HiRAESE  EOWELRET - B REEREEEE R
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EREEREE TS - R WEEESGE  EE BRI SESERS R
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PrgpkiAs /b » WEREN R B LS - s ERHE
A E B BB T (B TR E R
JE 0 R IUR mE 2 B EET E PR AR E
A BER AT B o o5 [ P R BR A L B A A
29 - HEREEEEHERERRLEGRE
—E o BN RESERNASEETAMEECE -

KPR [ 2 e B R B I 25 B ER
G o 7 [ P B R AR B/ N 7 A AR e T 25 8
6] — i (F) 75 [E 4 8 50 7F 7R T 6E X
G YRR F B SR AR E SR —5 -
B RER R 4 5 - FRIEEE A B1F
FERK AN SE KRB RIFERIREE S
M BTSSR A EENRITREENR -
B GEREVRRITELHAERIAVAER M - B
AW e R M AUREAE 25 1 HAMRREE 2 BIE R 5
TR o RIS AE A1 R Ay P78 S B A = R B A
TIFEAEZ (Chen 1990) « &2k » LS IR B
e 7 S TE Y HAAF 2 JE R B A — 2L (Chen et al.
2004) » 37 2 Rl 3 25 R AU RS R 9 B Y B 7 2
JEFR IR 5K —2) (Liao & Chen 2011) - 55
EYVURBEEER L ol (R) ZERARRE
I ST 2 A5 AT AF Ry s A AR AR AR B Ay S A4S
B IEIEE B EER » — KW AE

FI{THY (Chen et al. 2006) - ¢ £/ A[{EF Tl
i 2GR ACIE R B U i S Y 2% (Chen
1990; Chen et al. 2004) -

A BB (AR 2009-2014 5t 6 4F 12 {51
fE > HEE 9 [ERFEER S BRI 22
K (B > ERERESRIA BT
T A o3 Fir) A [ 2 RE B fe E 45 R Al — s B
ST o DU — 25 A R A 12 T /KRS T A i
i (R BRREERTTEE Z B B L s
DATE Ry fR e RE(E LR B R B R AR B E B SR
g2 2%

MFERTTE
ZHUKEmIE (R)

AWFFEUERS 2009-2014 S HH [ HH 2 5t
BRFrEA AR S By > DURBEE ~ &5 - a8 5/
Sl fLEREREE I HRELARGES
mniE (%) BiEEEES R - SREELR
Al B & e B2 RE il 2 2 50K il
(F) - JEaF 1,195 [EETHEER (& 1) -
fEERRERRE

ST (F) § 2009-2014 S A

1. 2009-2014 FE2hfEEVREIRE 2 KiEmTE (F) BE -
Table 1. The number of rice varieties/lines tested for rice blast test in Chiayi, Taiwan in 2009-2014.

2009 2010 2012 2013 2014
Breeding agency”  Jap” Ind Jap Ind Jap Ind Jap Ind Jap Ind Jap Ind
TARI 24 0 24 0 25 0 33 0 34 0 37 0
CAES 24 2 23 2 19 2 23 6 22 10 14 20
TYDARES 23 0 21 0 22 0 22 0 19 0 21
MLDARES 6 0 8 0 6 0 8 0 8 0 8 0
TCDARES 17 19 17 19 17 19 19 20 16 19 21 23
TNDARES 25 0 23 0 23 0 27 0 22 0 25 3
KHDARES 17 3 15 3 19 3 24 0 21 0 22 1
HLDARES 16 0 17 0 15 15 0 17 0 19
TTDARES 12 0 13 0 13 13 0 11 0 16
Total 164 24 161 24 159 24 184 26 170 29 183 47

“ TARI: Taiwan Agricultural Research Institute; CAES: Chiayi Agricultural Experiment Station; TYDARES: Taoyuan District Ag-
ricultural Research and Extension Station; MLDARES: Miaoli District Agricultural Research and Extension Station; TCDARES:
Taichung District Agricultural Research and Extension Station; TNDARES: Tainan District Agricultural Research and Extension
Station; KHDARES: Kaohsiung District Agricultural Research and Extension Station; HLDARES: Hualien District Agricultural
Research and Extension Station; TTDARES: Taitung District Agricultural Research and Extension Station.

¥ Jap: japonica rice; Ind: indica rice.
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MEAFAES24E HeHsaE R 2
51.32% + 55 2 HAME fe o R TE R 36 sy fi gl L ofr
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2 49.27% > FEIR S ER I R RN ~ BN LA R
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2009-2014 FE#IRALTE (2 70 57 K ‘Lomello” fEA57 FTAE B [l 2 RV ta e G54 -

Table 2. Evaluation of rice varieties ‘Tainung 70” and ‘Lomello’ for resistance to leaf and panicle blast in the paddy

and the upland nurseries in 2009-2014.

Tainung 70 Lomello
Paddy nursery Upland nursery Paddy nursery Upland nursery

Year LB* PB Ist crop season  2nd crop season LB PB Ist crop season  2nd crop season
2009 MR’ MR R R S HS HS HS

2010 R R R R HS HS HS HS

2011 R R MR R S HS HS HS

2012 R R R R MS HS HS HS

2013 R MR MR S S HS S

2014 R MR MR R MS S MS HS

“LB: leaf blast; PB: panicle blast.

* R: resistant; MR: moderate resistant; MS: moderate susceptible; S: susceptible; HS: highly susceptible.
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W SR (B RIFEE 118 SEEEE
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P =075 [P o S 207 PR 07 S P o B4l 2 PR 8
BE NS HARE - 4451 2009-2014 F-fF
RIRE Sl (F) 1E7K =R S H =07 1 R
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5. JKREELTE (B BN TEREEYR RAEREE P o S 2 PLES -
3‘3})}‘3 5. Comparison of rice varieties/lines for resistance to leaf blast and panicle blast in the paddy nursery, 2009—
No. of entries in japonica rice No. of entries in indica rice
Panicle blast Panicle blast
Year Leaf blast Resistant Susceptible P value Resistant Susceptible P value
2009 Resistant 74 35 <0.0001 22 1 1.0000
Susceptible 1 52 0 1
2010 Resistant 69 17 0.000407 20 3 0.2482
Susceptible 1 74 0 1
2011 Resistant 75 26 <0.0001 21 2 0.4795
Susceptible 0 58 0 1
2012 Resistant 94 32 <0.0001 25 0
Susceptible 1 57 0 1
2013 Resistant 71 22 <0.0001 27 1 1.0000
Susceptible 0 77 0 1
2014 Resistant 56 95 <0.0001 42 4 0.1336
Susceptible 1 31 0 1

“ The proportion of resistance to leaf blast and panicle blast was analyzed by McNemar test.
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Table 6. Comparison of rice varieties/lines for resistance to leaf blast between the paddy and upland nurseries in

2009-2014".
No. of entries in japonica rice No. of entries in indica rice
Upland nursery Upland nursery
Year Paddy nursery Resistant Susceptible P value Resistant Susceptible P value
2009 Resistant 79 30 <0.0001 23 0
Susceptible 2 53 0 1
2010 Resistant 70 16 0.0006850 23 0
Susceptible 1 74 0 1
2011 Resistant 79 22 0.0008561 23 0
Susceptible 4 54 0 1
2012 Resistant 95 31 <0.0001 25 0
Susceptible 1 57 0 1
2013 Resistant 64 29 <0.0001 28 0
Susceptible 2 74 0 1
2014 Resistant 98 53 <0.0001 45 1 1.0000
Susceptible 1 31 0 1

“ The proportion of resistance to leaf blast between the paddy and upland nurseries was analyzed by McNemar test.
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Table 7. Comparison of rice varieties/lines for resistance to leaf blast between the first and the second crop seasons

in 2009-2014".

No. of entries in japonica rice

No. of entries in indica rice

2nd crop season

2nd crop season

Year Ist crop season Resistant Susceptible P value Resistant Susceptible P value
2009 Resistant 80 1 0.005546 23 0
Susceptible 12 71 0 1
2010 Resistant 62 9 1.000000 23 0
Susceptible 8 82 0 1
2011 Resistant 64 19 <0.0001 23 0
Susceptible 0 76 0 1
2012 Resistant 94 2 0.005960 25 0
Susceptible 14 74 0 1
2013 Resistant 62 4 0.546500 28 0
Susceptible 7 96 0 1
2014 Resistant 93 6 1.000000 45 0 1.0000
Susceptible 7 77 1 1
“ The proportion of resistance to leaf blast between first and second crop seasons was analyzed by McNemar test.
BB R G #3173 > SHE2HS  PNEEATEEORE  Ha8 S RERRY

HfE > 99.43%

e

[ B 28 25 — - R A AR /KRB R A o 45 2R
UL MERIRGHT A R (B PURERURELRU
TR HI S - £ 1990-2002 £ i B
B Aot (R PUIEEHUR MR R BUR L
V35 Ky 83.4% B 60.6% (Chen et al. 2004) >
2003-2008 45k 7 By 58.8% E 42.9% (Liao &
Chen 2011) > 2009-2014 F=HI|[=]F £y 65.2% £
43.4% [R 3 Ryt iidmntE () BE
In¥atesT "] - K JERERURE JUR LR
R 1997 22 99.0% fyfr il > 2 L2 & 91
TRELR B = IR A 88 85% > 2006 F 2007 7
TRELAR{E 45.0% B2 42.5% - FEREER PR EE R
R 1990 F£.7 81.4% Kyies » ERIFAHET
EAESS > 2014 F R EAE 31.1% 15 IHT o i
(F) PURELRBD YRR > mTRELER &8 DA
KRR Z DU A B e B BT
DA TP 97 [ o A (BT D B 2 3 N Y P
JEWAE (Chen et al. 2004) o Jy fif L35 < /KA

EEBATEEIHIT A B RT4E R 2 KR HEB)/NAH
1A 2012 4 B IRRI 5| #E 75 S [6] B — 4 9 A A
Z ‘LTH 81 ‘CO39 i & %5 =Y IRBL Z51H] 5]
it % (Tsunematsu et al. 2000; Kobayashi et al.
2007) - Aoy HEIC G B A AERED
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T B S S FE Y AR BRI = E S R BV R
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et al. (2005) FI| FHJ K 2495 e il LA TR A 7E
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B UHEEERERE SIS ZHE (Chien
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Field Evaluation of Blast for Rice Varieties (Lines)
Developed from 2009 to 2014 in Taiwan

Szu-Yi Chou' and Dah-Jing Liao""

Abstract

Chou, S. Y. and D. J. Liao. 2018. Field evaluation of blast for rice varieties (lines)
developed from 2009 to 2014 in Taiwan. J. Taiwan Agric. Res. 67(1):82-93.

The present study was to analyze the changing trends of blast resistance and its relationship
among rice cultivars/lines developed in 2009-2014. The information can be provided as a reference
for breeders in planning breeding strategy in the future. The experimental materials included 1,195
rice cultivars/lines provided by the local 9 agricultural experimental agencies, and were examined for
their responses to both leaf and panicle blast in the upland and the paddy nurseries located at Chiayi
Agricultural Experimental Station of Taiwan Agricultural Research Institute. A susceptible cultivar
‘Lomello’ and a resistant cultivar “TNG70’ were used for reference checks, and were found stable to
the responses of blast during the period of experiment, indicating that the conditions of nursery and
results of examination were stale and reliable. There were 1,021 cultivars/lines of japonica type rice
included in the experiment, and the ratio of expressing resistance to leaf and panicle blast in the paddy
nursery were 65.23% and 43.39%, respectively. In the upland nursery, the ratio of expressing resis-
tance to leaf blast in the first and the second cropping season were 48.58% and 49.27%, respectively.
The other 174 cultivars/lines of indica type rice were also examined for their resistance performance
to blast. It showed that ratio of expressing resistance to leaf and panicle blast in the paddy nursery
were 96.55% and 90.23%, respectively. In the upland nursery, the ratio of expressing resistance to leaf
blast in the first and the second cropping season were 95.98% and 96.55%, respectively. By further
analyzing the experimental results, it showed that some cultivars/lines of japonica type rice varied in
the responses to leaf and panicle blast. Among the cultivars/lines, about 22% were resistance to leaf
blast while were infected by panicle blast. These cultivars/lines required further studied in the ad-
vanced field examination for their resistance to panicle blast. Since the susceptibility of a cultivar/line
to blast will be more serious in upland nursey than in paddy condition, we suggest that upland nursery
can be used for selection of blast resistance in the early stage of a breeding program so as to improve
breeding efficiency. Results also showed that japonica type rice cultivars/lines perform differently in
the upland nursery between the first and the second cropping seasons, while indica type rice cultivars/
line have a consistent performance in both crop seasons.

Key words: Rice, Blast, Disease nursery.
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41 e B i i e 41 BELAE [0 4R AL T (Yuan et al.
2003) - [EFH2E AR AEEFEREGEEA
AYUERE ST (Lee et al. 1999) #b » A AT AL
& 4 )& & A 0§ (matrix metalloproteinases) °
EAPUMAE AR 5 A= R HT B A st iR s AL S 30 A
(Suh et al. 2006) -

FIFEFRIREEE (Agrobacterium rhizogenes)
HEIE B B~ BAR IR (hairy root) - RE A Z 5
HAERRER > SR ERMER  BEASARN
ARFEEEE TR E R Z(ES - BARRHA
RO dipaEE: > BT BERENR S BR
“RREHYEERS 2 ER - BALIEE(LTT
ARBAEESEEZEY XA A7
(Flores et al. 1999; Guillon et al. 2006; Ono
& Tian 2011; Zhou et al. 2011) - & F= 1Y B 3¢
BEMNSEREEAEESNSE 2B > 1
FH 78 B B AR Ay BLRN SR 5 1B 2R iR & &
HifY 7 & (Chen et al. 2008, 2010; Chan et al.
2012) - pE4h - FIF 2 88 LRI & Z /A
VI & B8 B A 3RS 2 — (Dhawan & Lava-
nia 1996) - 4 {548 (4N) EjRIRZH (LT ERER
%) BIE 2 £33 (2N) HEg - £ XA #H Y=
BHHARSZHEL  fI4EEFEELF
BEZWNELE Urtemisia annua) H AN &2
EEZEEE TS N AN 6 £ (De Jesus-Gon-
zalez & Weathers 2003) » {H 18 & W} 50 3 & (&
DL 4 {& 4N TR 2 fF R &5 B ERE
ARAR 7 25 9T LRV AH R sm G - Berkov
et al. (2003) #| B 2N Kk 4N & [¢ 28 (Datura
stramonium) TEIEZEF - DIEBIEIREE ET
AT HIEE] 2N K AN Z BARRAG fnDAEL# -
ERERTESHRERERET  LANREAR
Z Bigilig (hyocyamine) 7 & iy o AWFFTRE
FHATEAEE BT S Z 12 AN fR 2 BF (Hsia et al.
2013) > AH3: 103 {f 4N AR £ DL 48 2 b iy
B HSETE ORISR > MEMNSHaENERE
W E 2 AN R oo M &K B e 5 = B R AN AR
A4 REEZXRHY 2B LR G
REf A H AN IR A E B e 20 E & R Ig e
AT

MEET A
ERRAIH

2N BRI B LAFF 2 (Salvia miltiorrhiza)
R CHEEREE RI601 L ETL R
H1 i 8 2 HR % (Lin 2006) » 4N fR Za 8 fy bl
2N AR Z & FH R K AL 22 8 B A DA A X 4 e e
02 103 {E 4N f £ (Hsia et al. 2013) °

ERSIEEETE 4N 1RR
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B aayar e T BRIE R E A - B
TR By 4N-16 578 30 5% 7 R 22 DL R AE Ry 3
WA 2NIR Z > 2 HIREEE 6810 K 12
wk 1% » & HUEE 3 B T BLE RS S B E 2 5
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SRS EEE (mgg') + FI2E 1 &8 (mgg') +
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domized design; CRD) - BB AT {5 & KH4L SAS
Enterprise Guide 7.1 (SAS Institute Inc. 2014)
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A B ERIEEEE 4N B3R
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FToRAE L FEEEHE  ANRAF £
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4N R % 3 fh a2 E I E DR 73 46 7 =
KR E3 - FAEBEITH  ANRARAEE
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Mean distributions from 103 lines of 4N hairy roots of S. miltiorrhiza on biomass (A), content of cryptotan-

shinone (B), tanshinone I (C), tanshinone IIA (D), total tanshinone (E), and production of tanshinones (F) after three

consecutive cultures on the solid medium.

7.0

&#Tan |IA mTan | ®Crypto

6.0

Tanshinone content (mg L)

2N 4N
Ploidy

2. [EHEHTEZ 2N J 103 {E 4N EiRfR AT ETT
S EL#E

Fig. 2. Tanshinone compositions of 2N and 103 lines
of 4N hairy roots of S. miltiorrhiza cultured on the solid

medium. Tan I: tanshinone I, Tan IIA: tanshinone ITA
and Crypto: cryptotanshinone.
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Fig. 3. Mean distributions from 32 lines of 4N hairy roots of S. miltiorrhiza on biomass (A), content of cryptotan-
shinone (B), tanshinone I (C), tanshinone IIA (D), total tanshinones (E), and production of tanshinone (F) after three

consecutive cultures on the liquid medium.
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Fig. 4. Time course for 2N (CK) and 4N hairy root lines (line16 and 30) of S. miltiorrhiza on biomass (A), content
of cryptotanshinone (B), tanshinone I (C), tanshinone IIA (D), total tanshinone (E), and production of tanshinone (F).
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Fig. 5. Root growth of 2N and 4N hairy root lines of S. miltiorrhiza at various culture times. Upper row: 8-wk-cul-
ture, lower row: 12-wk-culture. 2N (A), (D), 4N-16 (B), (E), and 4N-30 (C), (F).
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B LL GG A0 o BEoh - 828 AN AR R B 2 48 FH &
fleESHERS  FrBEZLEEELER
INRABBERZEY  EHEEEE K INE
27 67.2% o
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Pavlov et al. (2009b) 5 » S EIR 2 HY
B e i A A HLAE R R W A B T 2 S0
EHEZE AT 20 o fE—EAE 2N &
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TS E M 2 EAREN ERIE KPS E 8 E
EWiEE o FilEANTI S 2N 2 EAMRE
BEEGENREL CEEAEHEESZZER]
(Chen et al. 2008, 2010; Chan ef al. 2012) » {H
HY AN BAR R R R A S R L A I IE AR
= R DL 2N R AR B REER R 4N
REREEHE LA -
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Screening on Tanshinone Production and Time Course
Culture of Tetraploidy Hairy Roots of
Salvia miltiorrhiza

Chi-Ni Hsia', Chin-Yi Tsao’, Tzu-Ying Wu’, and Uei-Chern Chen*"

Abstract

Hisa, C. N., C. Y. Tsao, T. Y. Wu, and U. C. Chen. 2018. Screening on tanshinone
production and time course culture of tetraploidy hairy roots of Salvia miltiorrhiza. J.
Taiwan Agric. Res. 67(1):94-105.

Salvia miltiorrhiza Bunge, a perennial herb of Labiataec Family, has been used to cure cardiol-
ogy disease in traditional Chinese medicine for long history. Polyploidy hairy roots containing higher
concentration of secondary metabolites than its diploidy are considered as better explants for in vitro
production of valuable secondary metabolites. The objective of this study was to establish a selection
strategy on tanshinone production of tetraploidy hairy root lines (4N lines) which were induced from
the diploid hairy root line (2N line) by colchicine treatment. Three consecutive cultures in solid me-
dium were first conducted on 103 lines of 4N. Among them, 32 lines with the highest tanshinone pro-
duction were selected for another 3 consecutive liquid medium culture. Meanwhile, two 4N lines and
the 2N line were used to conduct the time course culture in liquid medium for 12 wk span. Screening
results from solid cultures showed that the average biomass of 103 lines of 4N was only counted
67.2% of the 2N line. However, average total tanshinone contents and productivity of 4N lines were
counted 4.66 times and 3.29 times higher than that of the 2N line, respectively. Composition ratios of
cryptotanshinone, tanshinone I, and tanshinone IIA contents on 4N lines and 2N line were compared.
It was found ratio of cryptotanshinone increasing the most in contrast decreasing ratios of tanshinone I
and tanshinone ITA. The ten best lines of 4N selected from solid medium on production of tanshinones
were found having only 2 lines remaining in the best ten after liquid medium selection. In order not to
miss elite lines, lower selection strength was recommended in the stage of solid culture on 4N lines.
Results of time course culture showed that lagging growth of 4N lines than that of 2N line. Moreover,
two 4N lines had slightly different growth rates. The highest tanshinone contents were found after 8
wk of culture on 4N lines which was much earlier than that of 12 wk of culture on 2N line. In conclu-
sion, although 4N lines have lower biomass than that of the 2N line, 4N lines have higher tanshinone
contents and shorter culture period on tanshinone accumulation which would provide better efficacy
on tanshinone production than that of 2N lines. It is thought that selection of elite 4N lines will pro-
vide a good foundation for in vitro production secondary metabolites.

Key words: Salvia miltiorrhiza Bunge, Hairy root, Polyploidy, Tanshinone, /n vitro culture.
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