8358 W2
2016 4¢3 H

ook

Journal of Huazhong Agricultural University

X ¥ ¥ M Vol. 35 No. 2

Mar. 2016,1~9

AEEBENEEEOSLCLIMN S BEhREE

F& oL

P RERFEDEHEZXRBREELH T, KX 430070

TEE W KRS e LR B A F AL SR KRR X IR B Bt MK FR IR S R B Bk T 1 42
IR S LR OsLCL3 il i 52 i 58 it PCR RS 3 73K 3h GUS iz 45 35k IR 5% Ak K F8 19 O i i HeTh e, %
OsLCL3 #ATRIEE AR, KW EJE T DUF761 # 5 % , 35 4 X A48 M5 /93 50 3 AP 50 35 4T T R G o
BF 530 3t KRG B A MR i 32 3% R 45, W1 46 0 A OsLCL3 28 (4 58 0 F 40 N A% A 40 M 5 vh . 76 /K G op ol it 38 36
OsLCL3 e [H , X 5 & DR A 00 47 K 30 e a0 A 31, 2% BB 2 6 7K OsLCL3 W MR A6 AR IR 300 14 e 5 3R Bl 25 1K
F 5 A K RRAR R 36 5 R T 2 IR AT AR Y A7 6 % I R T 4R AU RAE MR . 45 SRR, OsLCL3 T fE#E K

XA I ) B 2 e 2 AR
XER KA BB RIE; R RIRE;
FESES S5l XERARIRED A

KA 2 TR T A R A HL B IR SR
BB VEY) , At BB N DU
T RS FEA R EZ — . K
AL S FEA A K8 B AL, 7 BE 2 B
117 HL 2 76 2 T 4052 ) 7 e 1l el 0B 2, XF /K R 3 L™
HfaE ., BE ST EYF AW KR, 73R
C4 R Re L R A 2 F B, EAEok, E it
It ke PR 34 A28 oF 13 R KRS ) IR TR T 52 1 2 46 3% 28 B
B, B RTKRE B A AN D A IR 5 T RE R B
Yo ok IR T RS AR T RE
HH.

TE5E 5 N ¥ J7 1l . CBF/DREB %% 5% 8 455 W) 4% 15
JRRE G U Y 35 N e OB AR . B R A
OsDREB1A #1 OsDREB 1B R 14 /i 7k % % 16 14
Mif 22 1k . B F A MYB 2556 5 N 7t AE 42 5 /K A
A VR T A7 M, i OsMYB25 #l CMYB19) 4, K
)RR S S R A AR KRS KGR R & 4R ) BE
W K 35 OsISAPS™ Fl ZFP1825 1] L4 w5 /K
R &y B XA 3R /0 i A2 M. WRKY 2856 56 7
OsWREK Y 45" Fl OsWRK Y761 1, 78 7K & % I% 1. 114
i N R SCHEMEVE . OB K3k SNAC2Y

Weke B W . 2015-03-18
LA TH - IR AR Y A B R H K& T (20132X08009-003-002)

IS R # 3 OsLCL3; DUF761
XERS

1000-2421(2016>02-0001-09

OsNAC6" 4 NAC Je 5 55 7t ] D)4 = /K A8 X
TR B 52 P . 53 A 845 5L P 5% S B microRNA
W 7E K A AR I v R A D R L B R 38 miR31961
AT L v KRS X AV T ) it A2 1

FoHSER EMNES 5 WEA HE
MAPK ., CIPK #l CDPK % 1,2 5 7K F X I i 38
BomgoR, B o E ik OsMAPKSM Ml Os-
MKKG6DD"™ 0] L 7 1 199 42 755 /K A % A% 15 1 1 52
PE. BRI N A CIPK 2R3 a1 OsCIPK 03" 4
FE 7K FE I IR 9 35 17 e T AR . B AR Y 2R
Hi% i CDPK 253 H 41 OsCDPK 7" fil OsCD-
PR 13" IF [a] 8 4 A8 Bk AR 1 B pk . i 30 238 1Y)
— G-E AR5 HE T COLD1M REME W T M A
XA B8 T 527 1 B A6 A ) 3 NP P 4 A
YERT,

PR & A2 W A BRI R e 52 v i R T
K FE R TAR IR P EZAE . BiERATESR
bl OsAOX1a"" .G E H W B OsRANTYY ¥ il
H'" #32 TTHLEBE R BE OVP1) HE 30 B R 18 &
B Os TP ST %8 3 R n] L 4 vy 7K R o A0 L A9 Tt
ZE. MR E3 2 RiEREM OsHOS1™ b R 3 i

A WF ST AL WFSOT I KRB A FAE 2%, E-mail: hjp2008(@ webmail. hzau. edu. cn
WAEMEE . BESLAR, T, # %, W7 . KRS F B Fi. E-mail: lizhongx@mail. hzau. edu. cn



2 LSRN S AN S S 14 55 35 %

X AT R 36 ) — Uk

Shy B 7K e o7 IR 1 43 F ML S B R K Rk
AR P BT  ABIE 58 AR R AIG R 15 5 2 35 1% v Bk ik
T1AZARERIE SRR OsLCL3, 8 i 52 i) 2
PCR FlJs 8 F 9K 8l GUS 4t B PR % Ak K R 19 7 1k
B uF H )88
1 #MRERZE
1.1  OsLCL3 kiR

RS R R R I SENEY P LIS E S
AR A B A B ik — 2 v B K RS PG TR A A G S A
2 T AE BT 9 25 8 X 172 4y K R WA 0 Tl ot 6 6 o
177 Vo 0T Ve PR 5, N R B 5 A Bl s A, BIOR
JRKE 37 B BE VBE 87-304 A7 1 SR RIS SR AL Bl IS
HBE3X 5 M HUR dFP B 4 0y H RLKRE & A IRAT109,
BIPK 632290 97 A1 9311 FEAT T # I IR o 361 i 3
RE N A S O A KRR E T 4 CRA T
s AR 24 by 73 BIAE 0.6 F 24 h HRORE ] AL
fymetrix GeneChip Rice Genome Array XL |9 />
s AU T Ak BT R G R AT 4 S R 4 3R E Ay
B S F AL 57 381 ANHRERAL, Hirp 1 347 MRS 4
RFAFERIE 1 260 N EA, 54 168 MREH 4L
BRI 48 564 NFEFAR, AWK H bR
B OsLCL3 & IZots B i 1K T 28 38 135 45 SR v Pk vk

1.2 OsLCL3IEBEEZERDH

7 TIGR ( http://rice. plantbiology. msu.
edu/) fl NCBIChttp://www. ncbi. nlm. nih. gov/)
ONFEEE T OsLCLS & 11 91 28 47 A L 1
F 53 (Blast) , 8 & H 6 5 8 1 ¥ 5, A B
ClustalX (version 1. 83) fll Genedoc X} OsLLCL3 X
HIF I A kAT 2 )7 51 LX) 3 MrBayes 3. 0
AR,

1.3 OsLCLs Fikig& 5 #

OsLCL3 7K A2 7 00 ) 2 28 38 B4l > 11 7K A
FER GBI PE (CREP) ™, 35 UK A b R K 63 42
EFEBPE 32 MRS EHS R E
FIBAF T IO B 8 )5 ] Cluster 3. 0 (73 J2 5
L.

g TARSE OsLCL3 He PR X 308 55 388 1 ol iz, 5
A WU B KR B R AR 11 SEATARR (4 °C) | iR
(42 °CO) RN BT AT T 5K A 31, 43 551 7 Ak 2]

B ALFESS 0.5.1.3.6 h Al 12 h BURE, 37 B A Wi &
R EARE, Hh R M RNA, 05 5 cDNA, i
Actinl (1LOC_0Os03g50885) fE kM2 3K, F| FHAH
X E B ORI H bR M X K s &
A
14 HEYEEERMRRS

B OsLCL3 3 W & & % 5 (LOC _
0s03g19070) L 2 cDNA 75 [ 4% 5 (AK061293) %
Z A EE 1.8 kb BT, 43 25 OsLCL3 3 K 1)
Ja dhF P 5, 50 % B2 3 GUS ik # k& DX2181
(A CAMBIA 723 FF {5 FH A9 280K ok 3 1l o . 24K &5
GUS #4531 . 18 5] OsLCL3 J& 3 1 5K ) 4 45 5t
GUS £ A8k OsLCL3P-DX2181-GUS(J5 3
% —1 5 K OsLCL3P-GUS) , IR AT A 3 10545 1k
D7 iR ALK R SRR AR 11, A5 3 55 5 R R Rk
[7] 85 S 2 A8 U8 R B DX2181 25 % 14 5 4k K
A AR 11 AR A IR 7R IR R I R E
OsLCL3% H B cDNA 52 B % 5 (AK061293) , AR
I8 25 % N B9 81 43 B OsLCL3 4 K cDNA, I
ERE IR pCAMBIALI301UCGEJE T CAM-
BIA A #] . i Ubiquitin J& 2 F 9K 8h) . 5% 16 K 55 &
Pl 26 11,45 3] OsLCL3 % X8 i 26 35 19 5% 3L A
K .
1.5 GUS LbEgFEHIMIE

Xf Ak 22 35 Bk OsLCL3P-DX2181 f 25 # &
DX2181 Y % 3 5] PH P 48 bk 1547 4 °C IR T A 22, B
ACERRT O h AARFR 24 h AR S . GUS & H 48 &
GUS L il 1 W 2 2 7% SCHRRL 27 13517
1.6 BRIEMBIEELEFBESENE

FHSCE 9 6 5 5 PCR A 5 2 K I OsLCL3
DR K 110 B 35 DR R R o o R O 5 S BH 2 A
TR 0 A HOAE B L BB T /N ZO A L R A R AR K 3 4
i - i R AN OR Y E 1 I SIER L B UE 29 K 7 N RN
B, MR 4 d R IEW &0 TR,
WL I 58 T A8 MR 09 A7 15 32, [R) i 78 1 38 17 A B 3a
A8 hJ& HCAE K R I R I A i R A A R, B
BeAE T 5 S BEOCHk [ 27 04T .
1.7 TFZHARE L

P 1 OsLCL3 % 4 K cDNA, #5 # 5] 8 &
HBT-sGFP fil p2YGW?7 -, 43 51T 3' il & GFP
5" d @l A YFP, #4 # il & 2% 38 8 ik HBT-Os-
LCL3-sGFP #l p2YGW7-YFP-OsLCL3, J§ QIA-
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Fig.1 Analysis of OsLCL3 homologous sequences
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A:OsLCL3 e H R 3 N ) 2 A B4 2048 B Rk #30 Expression pattern of OsLCL3 during the entire life
cycle of rice; B:OsLCL3 KL IR) U5 44 R AE AR #4140 (T1.T2.T11.T15,T18,T22,T25.T30 Ml T32) i fiy %
ik 15 518 Expression signals of the OsLCL3 in representative tissues (T1,T2,T11,T15,T18,T22,T25, T30
and T32). sk B /KRR 63 #2351 8088 5 (CREP) L& A H1 Cluster 3. 0 44 i, The expression data
of the OsLCLs in Minghui 63 was extracted from the CREP database Chttp://crep. ncpgr. cn/crep-cgi/home.
pD). Figure A was generated by the software Cluster 3. 0. T1: 0% BEA @45 Calli of selective stage; T2:15S
15 d By A fi Calli of 15 days after induction; T3:484% 15 d B @{j Calli of 15 days after subculture; T4 : 431k
5 dJa AL Calli of 5 days after regeneration; T5:i2F 72 h i FP T Seeds of 72 h after imbibition; T6 ; i % 37
T &% 48 h IR 2E Plumule of 48 h after emergence under darkness; T7: %5835 F & % 48 h YRR Radicle of
48 h after emergence under darkness; T8: Y6135 F & 2F 48 h (Y 2f Plumule of 48 h after emergence under
light; T9: 6855 F & 2 48 h lYEAR Radicle of 48 h after emergence under light; T10: & % 3 d B9 18 25 F R AR
Plumule and radicle of 3 days after germination; T11: =M% /KA1 Leaf and root at three-leaf stage; T12: ¥
Ay BERT WA AR AU MR Root of seedling with 2 tillers; T13: Wi 4 BE B W] 48 Bk 1Y) 2 Bud of seedling with 2 tillers;
T14 : IR AR FL A W i 1 B Leaf at secondary-branch primordium differentiation stage; T15: — YR A 4 Ji
F L A 144 Sheath at secondary-branch primordium differentiation stage; T16; — YA A% 5 55 44k 1 1) 4
# Young panicle at secondary-branch primordium differentiation stage; T17 . M &5 F1 i &5 J5 5L 43 4k 9 (9 4 Bl
Young panicle at pistil and stamen primordium differentiation stage; T18: £ ¥ £ 41 it i 7 ml AT 9 2 F5 Young
panicle at pollen-mother cell formation stage; T19:4~5 cm 2 ¥ Leaf of rice with 4-5 cm young panicle;
T20:4~5 cm ZHHFEHI AU 45 Sheath of rice with 4-5 cm young panicle; T21:4~5 cm 2L () ## Panicle of rice
with 4-5 cm young panicle; T22:3li## a1 5 d () &M Flag leaf at 5 days before heading; T23. 4l F A7 5 d Y%
Stem at 5 days before heading; T24 ;MM Y 4L F Panicle at heading stage; T25: W] Y25 Stem at heading
stage; T26:FFAEHT 1 d Fi5¢ Hull at 1 day before flowering; T27: FF4EHT 1 d FYMERS Stamen at 1 day before
flowering; T28:4%Z#})5 3 d HJ/NEE Spikelet at 3 days after pollination; T29:#Z# )5 7 d B F. Endosperm at
7 days after pollination; T30:fiE /5 14 d B8 Flag leaf at 14 days after heading; T31:4Z# )5 14 d WIRFL
Endosperm at 14 days after pollination; T32:## & 21 d I IfFL Endosperm at 21 days after pollination.

B2 OslCL3 REFEBEEREEKBEEALAMBE FARIEL

Fig.2 Expression profiles of OsLCL 3 in major tissues and organs of rice
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A:OsLCL3 A1 OsLCL11 FEAR L L 5 700 i il A BT A [ 16 [ 53 B9 #H X % 15 B The relative expression of OsLCL3 il
OsLCL11 at different time points under low temperature stress,drought stress and high temperature stress. B:OsLCL3
FERTE 4 °C AL BER A [ B[] 5 A9 A0 X 22 385 i The relative expression level of OsLCL3 at different time points under 4 °C.
C:OsLCL3 Jash TR s 25 P GUS H I 7E 4 “CIiia T BRI P GUS activity of the OsLCL3P-GUS transgenic rice
under 4 ‘C stress. OsLCL3-12,0sLCL3-14,0sLCL3-17,0sLCL3-22,0sL.CL3-30:OsLCL3P-DX2181 # 4k h 48 11 15 E] 1)
5 A 37 5 B R K R A Bk Five independent positive lines of transgenic Zhonghua 11 containing OsLCL3P-DX2181;
DX2181:DX2181 2= iR L h 46 11 /E A X B % & Transgenic Zhonghua 11 of empty DX2181 as a control. * * ;-5
BRWEFW B E P /T 0.01 Significant difference at P < 0, 01 by r-test.

B3 OsLCL3 BEREHH

Fig.3 Expression analysis of OsLCL 3 under stress treatments

A.D.G.1:OsLCL3-sGFP [y %€ fii Localization of OsLCL3-sGFP; B: ECFP-OsGHD (B A1 & M) i & i Localization
of ECFP-OsGHD?7 (a known nuclear protein); C: A fil B X #3784 Merged image of A,B and bright field; E: mRFP-
OsSCAMPT (.50 40 i 5 2 ) B9 52 £ Localization of mREP-OsSCAMPI1 (a known cell membrane protein) ; F:D fl E
W 37 i) il & Merged image of D, E and bright field; H:G 530 fl & Merged image of G and bright field; J:1 5371
fill & Merged image of 1 and bright field.

4 OsLCL3 EHH I A 7E L
Fig.4 Subcellular localization of OsLCL3 protein
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Isolating and characterizing one low-temperature-responsive
gene OsLCL3 in rice

HUANG Jianping XIONG Lizhong

National Key Laboratory of Crop Genetic Im provement , Huazhong Agricultural University ,
Wuhan 430070,China

Abstract

cold stress and further improve its tolerance to cold stress,a cold-responsive gene OsLCL3 was screened

To better understand the molecular mechanism of rice (Oryza sativa L.) in response to

from cold stress expression profiles of rice gene chips. OsLCL3 was confirmed to be induced by low tem-
perature (4 °C) strongly with real-time fluorescent quantitative PCR and the expression of GUS reporter
gene expression in stable transgenic rice driven by the promoter of OsLCL3. Homologous protein se-
quence analysis showed that OsLLCL3 and its homologous proteins belong to DUF761 super family. Phy-
logenetic analysis of part members of this family including four homologs in rice genome was conducted.
Subcellular localization analysis of OsLLCL3 in rice protoplast showed that it was localized in nucleus and
cytoplasm. Transgenic rice lines with over-expressing OsLCL3 were obtained and three of them were
tested for low temperature stress tolerance. Results showed that the electrical conductivity of overex-
pression lines under the low temperature stress was significantly lower than that of wild type plants. The
survival rate of overexpression lines was significantly higher than that of wild type plants. These results
indicate that OsLCL3 may play an important role in low temperature response in rice.
Keywords rice; abiotic stress; low temperature; gene expression profiles; gene chip; transgene;
OsLCL3; DUF761
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