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Abstract
of growth and development in response to abiotic stresses
such as drought, salinity, heat and cold at the early seedling
stage. The tolerance to heat stress in plants has been
genetically modulated by the overexpression of heat shock
transcription factor genes or proteins. In addition to a high
temperature-tolerance that has also been altered by elevating
levels of osmolytes, increasing levels of cell detoxification

Rice (Oryza sativa) cultivars show an impairment

enzymes and through altering membrane fluidity. To examine
the heat tolerance in transgenic rice plants, three OsOPT10
overexpressing lines were characterized through a physiological
analysis, which examined factors such as the electrolyte
leakage (EL), soluble sugar and proline contents. We further
functionally characterized the OsOPT10 gene and found
that heat induced the expression of OsOPTI0 and P5CS
gene related proline biosynthesis. It has been suggested that
the expression of OsOPT10 led to elevated heat tolerance in
transgenic lines.
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Al717] Qe LB 20 ot Hat Al s
(Lichtentaler 1995; bray 1997), AF 5 A E & A 9] &3}(Kishor et
al. 1995) 5 Al A Yol o3t 71 &= S48k &5
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ZAEY A} L e o AEY Ao T E Y=
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od5ke 5l Ao 2 &el A ¢l th(Delauney and Verma 1993;
Pollard and Wyn Jones, 1979). | A &38H&] AE G| Aof o §F 7F
o] 7120 & proline @]o]| &= FQ 52 2 A sugar alcohols
glycinebetaine 5 ©] X 11 % v} Q) th(Csonkaand Hanson, 1991).
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EAE WA 2 W Alis Aol A OsOPTI0 -7 A
selst7] 910 A akE 9oz RE A oDNA
o] 358 3= 2 5 E] 2 9] 9} 1= 9] 9 A %} OsOPTI0 -7

o] 5§ m2fo] o] o] §510] PCR 24 & a5}

=3t Zro] Zefo]m & A|4}5}o]358-Fw (5°-TTCGCAA

GACCCTTCCTCTA-3")2} OsOPT10-Rv (5’- TCAGGAAGAA

CTGCAGCCT-3%) 95°Cof| A 583} pre-denaturation A| 7] &,

95°Cof| Al 30%7t denaturation, 55°Co]| 4] 307} annealing,

72°Cof| A 157} extension I} -2 30 cyclesd} $1 .0 1, uf-=|af

O 2 72°Cof| A 1057} extensionS A A|3}o] AT &=

o AR single copy o] 5 18}7] 9]5}o]Tag-Man

probe real-time PCR £-4]-& <=8 5} % t}. =53 3+ DNA 30

ngo]) 2 x brilliant IT QPCR master mix(Roche, Switzerland) 10 pl,

20 x Tublin (reporter VIC, Quancher TAMRA) 1 pl, 20 x Nos

(reporter FAM, Quancher none) 1 ul& PCR tubeo]] 35HE-0 2 4

91.0.0), 94 T 252 7155 homo A% %4 112441 DNA

£ o] 83T, £4 tl22S 5119 DNAS AHE 313,

u1-2-oh-9- Stepone' real-time PCR system (Life technologies,

USA)717]& ©]-&3}] Tag-Man PCR& =343} ¢l 0.1, Hh-5-

Z 7L 95°Co|| A 1057} pre-denaturation A] 7] 3, 95°Co| A]

152 7} denaturation, 60°Co]| A 1571 annealing © 2 40 cycle-S

Real-time PCR 24

A& A A 7FPCR A E L €] 3, SYBR® Green Realtime PCR
Master Mix (Toyobo, JAPAN)$} Light Cycler (Bio-Rad CFX96 ™
real-time PCR detection system) 7] 7] & A}-&-3}93 ). OsOPT10
(Fw: 5- TCAAGGAGCATGTGCTCATCA -3’, Rv: 5- TCAGG
AAGAACTGCAGCCT -3") Zefo|uw] 2 o] £3to] gRT-PCR
et

gRT-PCR W3- Z AL 95°Co]| A 357} pre-denaturation A]
33t & 95°Co| A 10%7F denaturation, 55°Co)| Al 20x7}
annealing, 72°CoJ| 4| 3027} extensiond} 1L, scanningd}+= T} A4
£ 503] WHE-5}9 © o, PCR AHE 9] melting curve 412 65 ~
95°Cof 4] 0.5°CH 5x7F Al 3§53t

POl 12 AEHA MEM HH

FHAAS W 2 EZ(WT) 5 AW (0ryza sativa cv Dongjin)
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ZZ}£- 1/2MS + phosphinotricin (2 ppm) B ] 2}1/2 MS 124 Hf
A of| Zk2} 2] 45F o] 28°Co v 270 Aol A 1097 A=
ANZ T AES FAASA LG N2 FETS EG LR 04
2,28~ 30°C2] 2 A(16417E BBAIZE & 7)ol 4 3871
742 A% B 8E E (10,5 % 10.5 x 11 em) B 2070 1] & 34k
o] E|=% o] 5L}, 4°C L AEHAS 7] 9
af], A= B HE T 50%, =50 42°C, 16417t T/ 8AI 7t &F
7ol A 1447 1o A ASA| ZA T

Mol 2l +Z(Electrolyte leakage) 53

A &A1) Q0.1 g& Smm 74 0 2 ZebA 10mle] S/
7| 50 ml tubeo]] QLT 32°C2 A SE 7104 24 F
] 2] & Multi-range EC meter (Hanna instru ments, Romania) &
A& F4 k=, o] &) &7 gko] ECy o]t} o] $- autoclave
22027 AL A19F A 2kl thA] Af2o] E gl o, ghd
B ECmeter= 2| 5 34 5}o] EC b2 € 3tk -8 2 ECy
W EGE ELES Aokl AEH A A g A A2 1Y+ 5
A 29l ELi3} EL, S =74 8] 18} th(Dionisio-Sese and
Tobita 1998).

7t8 o &2ZSoluble sugar content) &4
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Ao, FH7] DA 1L AEH A 293}
sl o, & o FHFL 9 SAPH S o] 2510 3
A3} T} Al 9F-2 9% (v/v) phenol-2 A5} 53 T
Aol i o 2 RE Fabd 9 0.1 g3} Bt
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(2F 500 )2 A 2 & micro-tubeo]] &7 & &, H
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E7F 531 485 nmof| A &3 = E spectrophotometer Optizen
Series (Model 2120UV) 2 =45} 3i .
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Fig. 1 Confirmation of the OsOPTI0 transgenic rice lines. (A), PCR amplification of OsOPTI10 transgene by 35S forward and
OsOPTI10 reverse specific primers transgenic rice lines. (B), expression of the OsOPTI0 gene in transgenic plants by RT-PCR
analysis. WT, wild type Dongjin; OsOPTI0 transgenic lines (1, 2, 4, 5, 7, 8 and 16). (C), copy number assay of transgenic rice

using TagMan PCR analysis
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Fig. 2 The responses of the OsOPTI0 transgenic plants and WT
plant to heat stress. (A), the photograph of rice seedlings kept
at 42°C for 2 weeks. (B), electrolyte leakage after heat treatment
for 10 days and (C), soluble sugar contents after heat treatment
for 2 days in OsOPTI0 overexpressing lines and WT
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Fig. 3 Expression of the wild type Dongjin and OsOPTI0 transgenic plants by qRT-PCR after heat stress for 6 and 24 h
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Fig. 4 The effects of heat stress on the contents of proline in
the wild type Dongjin and OsOPTI0 transgenic seedlings. (A),
proline level of transgenic rice seedling overexpressing OsOPT10
and WT plant after receiving a heat treatment for 2 days. (B),
expression of proline (P5CS) in WT and OsOPTI0 transgenic
lines by real-time PCR
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REEEERELETER R AP
dhalo] 71 —‘_ET/\J%AU%EOPE} A, OsOPTI0
3% S °]-§-5fof AL A 2ol w2 A A
&3haL, ’:i‘?ﬂf% ]%—4 e 5SS 2482
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