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(HTTLARMOR S Mol 5 AW BR B, @7 A 311300)
WE: [ B8 ] st EAE Eucalyptus grandis P 45 F #94& 8 0 5 & B EgrCIN1 (Eucgr.B02882) 5 %) B 3 & ik 45 AR HE 4T 47,
FIREF L EMYIKEB R P LEGE, AFGTEMAELRTR, [ k] ANRAEREZLEFRTESW EgrCINI AR |
B8 55 M AR A 2 B F L e XA A S 8 R\ S8R E F PCR (RT-qPCR) # R 541 EgrCINI £ B 4 R Bl 447
B 4°CARREE, FF. 300 mmol-L"' & 444 (NaCl), 100 pmol-L™' BL 3% B (ABA) #= 100 pmol-L™' X # 8 ¥V &%
(MeJA) 432 F HLkvet i P o9 Rk 4548 ; @3t EgrCIN1::GFP # KBt 45408 3£ Nicotiana tabacum #47 L4 f 745 FH
# CaMV35S & 3T R 3h 6918 £ A BARF R 4L By IF Arabidopsis thaliana, #*4F 3 MERR bR G, R B#IT-6C
&2 . 0.5 pmol- L'ABA i35 438 | 57 EgrCIN] FAKB Mt ve 5w £ B0 hdk, [ 4R ) EgrCINl 2 B4 P 4A 4
EB, RAENET, RASEEMN, BHTAEH A 5EEm AR R R U, ZAREEFrT R PAA RA,
AR RERL; Arth PREARZIRBAERZRAGES; B, TF. S8/ ABA FEAWERRFLAEF T AP
EgrCIN| ¢ &8, R maZ G ifrt &P, Mt T EgrCING i Ak 3R WAk R MR AT 4R 3, sF SRR
ABA BBAREIG% ., [ ## ] EgrCINI A G kk, FTiiEE ABA REGRZELASHMKE AR E, R ESHYD
SRR HE, B 8 &2 427
KR EAe; EgrCINL; KR i »Faiik; BLEmR
FESES: S7223 NHRFRERE: A NERS: 2095-0756(2022)06-1194-09

Response of Eucalyptus grandis EgrCIN1 to abiotic stress

LI Fangyan, XIA Xiaoxue, WU Mengjie, HONG Jiadu, CHENG Longjun
(College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective is to analyze the sequence and expression characteristics of EgrCIN1
(Eucgr.B02882), a unique low temperature response gene in Eucalyptus grandis, and to explore its function in
plant low temperature response, so as to enrich gene resources to cold resistance. [Method] Bioinformatics
methods were used to analyze the characteristics of EgrCIN1 gene, protein sequence and cis-acting elements on
the promoter. The expression pattern of EgrCIN1 in different tissues, at 4 °C in different time, under drought
condition, under treatment of 300 mmol- L™' NaCl, 100 umol- L™ ABA and 100 umol- L™ MeJA were analyzed
by RT-qPCR method. Subcellular localization of EgrCIN1 was completed by transient transformation of
Nicotiana tabacum with EgrCIN1::GFP vector. Besides, an overexpression vector driven by CaMV35S
promoter was constructed and transformed into Arabidopsis thaliana. Three transgenic lines were obtained and
treated with low temperature (=6 °C) and ABA (0.5 pmol-L™") to analyze the function of EgrCIN1 in response
to low temperature stress. [Result] EgrCIN1 was a unique gene induced by low temperature in E. grandis. It
did not contain introns and had no transmembrane structure. The promoter contained multiple cis acting

elements related to stress response. The gene was mainly expressed in leaves and stems, but not in roots.
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Moreover, its expression in leaves was strongly induced by low temperature treatment. Meanwhile, abiotic
stress factors such as drought, high salt and ABA could also induce EgrCIN1 expression in leaves. The encoded
protein of EgrCIN1 was localized in chloroplasts. In Arabidopsis, EgrCIN1 overexpression transgenic lines
were more tolerant to low temperature and more sensitive to exogenous ABA. [Conclusion] EgrCIN1 is
expressed in chloroplasts and may participate in plant cold stress response possibly through ABA-dependent
pathway to improve plant cold resistance. [Ch, 8§ fig. 2 tab. 27 ref.]

Key words: Eucalyptus grandis; EgrCIN1; cold response; chloroplast; ABA

TRIRJE PR B Y A KA R 0 F BB o B B U B S P A A 20 R A S 235 g, 400 s e
R E A, B AE, SLEEYARKZ, Faiasrt, R E A =02 — ki
MRV DL L, EF 42% RG22 07-20 °C LU AOARIE, DR b R 7t J2 RIS il A 4 b 380 7 1)
FRERED, 7 HREMNEE , AP A R T B R T RIS AL, R4 = AR T 32
RSB T, BRI A0 E . AEACENZ T L, A AT DLE o 52 vl v em | i B I R 55 /N oy
FBIEBWFEY, DGR A B (POD). 8 LB AL (SOD) Flid %A AL &l (CAT) &5 iE
HEINXHGIR AT A2 10, 2 L, R T A AR S AL, R g R AR,
A HSE PP o, 20 A% %) ok e P 3L g S AT I 2 A AP P sz AL T Rl A 00 40 L %) A2 U
ARG T )5, SRS S E T (CaY) KT, IS Ca SR EAA G, VBN U5 SR ht
FEMCH SRR 7, PP SEAR OGN, SRR e e 3 E T, AR B () 2 F IR i AR, ICEL-
CBF-COR & 2894 TA by S2 AF 40y vie) 107 T € Jilpa (%) F2 2 420, ARG oF Ca® {55 51 i B 1 e il R 0 3t v
2 (ABA) 5 5 845 i 42 F i 8 (1B OST1 (open stomatal, <. fLJF/ 1)/SnRK2.1 (SNF1-related protein
kinase 2.1, SNF1 AH5CZE F1iHE 2.1), BERRTLAY OST1 5 bHLH J44% 5% [N T ICE1 45 & )R Mo matb, £
€ ICE1 Wy, i H A& 45 & 7E CBF (C-repeat binding factor, C-EH&EZ5E K1) I I, #IGEMIM0#E
ik, CBF #3tHF2it—2 5 sh & i i #H 5 FE K] CORs (cold responsive, fKIRMN), WSS & JH 1574
J5 G LA K AR PR 37 3 1 COR LTI (low temperature 1, {ili 1) #1 CIN (cold-induced, #i/5-3) F&[H
4, Y IRIEE N PES T, BRibZ A8, P =S ROS (reactive oxygen species, Jifi %) £
57 A AR R A TR

FE AR, AV A o 1 R 42 A TR AR B B RN AR B A%, (E S AT ARG IR i 1 A A T
BAVEH . MRS OSURARIR M N, 25540 F ROS P BI85 5Kk 1R (SAM, KATR
(A ABA™ DL K 2 R A5 B AW o X S W) A A AP T e 7 PR A T B KON . Rt
Z: 55 SRR AR W T 1 P A G S DR AR IR B i 7t R4 T BRI RE . DAk, WP E R B aRAA
A1 ROS 55 50 1T DAl ad i A T MRS S AL 3 iR 1R 0 A A AZ R R A% FE IR B 2R3k, DLSE SRR 10 % 24
B IE R, AR SR S 5 AR 38 e 7 Y B LRI R 2T RE L B A TIOR3 5 A 4
FAOLRE R A B, ORI 22 S 5 R A AR AR 3 1 e 1 1 R R R A ke, S R R e oA e 7 R
Be, AT EeReignm h 2 Rhivids , FRUAAEY i N B A o F AL SRR E A . R T A E TR YR
e W R D RE, AR AT AR 22 D g A 00 0 35 PRl e iy S A a0t 45 Jilp i 11

¥ Eucalyptus WHE AR FARKRRAAREY Z —, 1ERE LR SZ2000, (B IR He)
AR T 32 RR B LU 25 o DA AR 92 B TR IR IR 73 HIL IR ATZ 18 AR IR 30 v 157 A DG 7y 2
RIGEUR, XA ) 1% AN & A AR A 2 HEVE Y. EgrCIN1 (cold induced 1) 52—~ B H 1R AL BRI [B] 4E K 3
IR HE R A LR V20 A7 e B LRk 1 B 1 E L AE B A Eucalyptus grandis AR . ARWF5E I 1
X iz 5L R K gt 85 e S RRE 09 70 BT AN FE $L RS O Arabidopsis thaliana W57 53 3 15 J5 4 FE RBE 22 % H{IK
T AR O [0 S S, A AT A2 R e 1 ARG IR W Y D RE

1 MEEF&®

1.1 EmEE
B ¥ AT T W AR A 1 [ GS G TCrE & AR, Bl T B AR R LA SR, AK T
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WM 2 RE S I M R T AR K, AR AR 25 °C 16 hOBfIR/22 °C 8 h JR I, AHXFIRIE N 65%,
SEERGEFE & 100 pmol-m 2+s™',
1.2 EgrCIN EE . RBEARFIIEBIFIRKIERTEHED

R HE EgrCIN1 19 9% 5 (Eucgr.B02882) 7£ phytozome (https://phytozome-next.jgi.doe.gov) H Ff Hit H: %k
. AP, ffi ] ProtParam (http://web.expasy.Org/protparam/) 43 #1 EgrCIN1 £ F B ARXT 7 Fim . B
S5 6 255 i PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/?disopred=1) 7££& il H: — 22t #y; {fi HH TMHMM
(http://www.cbs.dtu.dk/services/ TMHMMY/) #£17 #5 B 45 #9700 ;A A Plant-mPLoc (http://www.csbio.sjtu.edu.
cn/bioinf/plant-multi/) Xt EgrCINT £ 41 Jd v (1) 2% 35 067 B 3547 J000 5[] ish A EgrCINT 35 R R Iy % 45 1
ATG [-1ff 1500 bp By FFIE NG 80+, Al HTEZ 73 A 2l Plant Care (http:/bioinformatics.psb.ugent.be/
webtools/plantcare/html/) 7381 EgrCIN1 J&[K )5 s+ a9 =048 oo
1.3 EESMIWILE
131 4°CHRER R AT RE>H 6N AMBIEM G5 KRN, TIRA KA
(Snijder, fif %) AT 0.5, 2.0, 6.0, 12.0, 24.0. 48.0h [y 4 °C fILIFALEE . 8 h YEIE/16 h JARKE, FHXHE
BEHR 60%, JEHRBREES 150 pmol-m s [FIBS 43 HILAE R IREE (K 26 C, M 22 ¢, WA, LMY
ALFARTRD) 250 T AR GS TR XTIR (ck)o 3R N 1 NMbH, W8 3 IRER . AhPRLS
Jo O R TR R
132 ALHFFESH SR 6 MBI ER: G5 TR . 25 Wt (I0m Lt =) DR
At 4 100 mg, ETWAER, .
133 F%. &, ABA. XH 8 Tl (MeJA) L2 T oy kk ot K H—8. 6 A WA E
GS THERLT, /T 5. &, ABA. MeJA %5 4 Fiia b B, T2 S, FR4URPEK
BIRT s (kA B A YR DEviE 300 mmol- L' Ak (NaCl) %9 200 mL, [HIF% 12 h 258 1 1k X B4 Peil
SFHIEK, ELAH 1], ABA. MeJA AbEE: 7Sl e D 100 umol- L' 1) ABA Hl MeJA ¥,
SJBHTEG T R b, SRR TS K, 12 h AbEE 1Yk, JLAREE 24 h, ARASALEE 3 MHEAE, EH
3o AbPRES TR AR R 0 14 A IO
1.3.4 RNA B ffi H] TIANGEN i RNA #& B0 & (DP432), FH PrimerScript TM RT reagent Kit
(TaKaRa, H )50 G0 RNA K588 ¢cDNA. &it51% & 1), DL EgrdACTIN %, H TB Green
Premix Ex Tag Il (Tli RNaseH Plus) i 7| & (TaKaRa, H 7<) #6477 EgrCINT J K 635 (19 SE I 7€ % € & PCR
(RT-qPCR) 5:45, J3HT EgrCINT {EEAZA R ZH AU KA [R] 3858 A4k BHS AR B 1 0
1.4 EgrCIN1 EH T 4aE L

DLk i 3 i pCAMbial300-GFP A& N B 4%, 7F phytozome | 3k15 EgrCIN1 WG SRART S, Kinsk

x1 3M7x
Table 1 Primers
ik CIE R FIMFII(5'—3")
Akt 35S::EgrCIN1-F cggggetacc ATGGCTTCTTCACCTTGCAAAA
358 EgrCINIZR A4 358::EgrCINI-R ectetagaTCATCGGACATGGGGAATTACA
EgrCIN1::GFP-F ctctagaATGGCTTCTTCACCTTGCAAAA
35S::EgrCIN1::GFP#R s i £ serene
EgrCIN1::GFP-R cggggetaccTCGGACATGGGGAATTACA
EgrCIN1-F AGCCTATGCTTGTACTCCACCA
. EgrCIN1-R TTGCCGCCCTCGGCGCGGATGA
JEHPCR
AtACTIN-F TAGGCCAAGACATCATGGTGTCAT
AtACTIN-R GTTGTACGACCACTGGCGTACAAG
EgrACTIN-F CCCGCTATGTATGTCGC
EgrACTIN-R AAGGTCAAGACGGAGGAT
RT-qPCR
qEgrCINI1-F ATGGCTTCTTCACCTTGCAAAA
qEgrCINI-R TCATCGGACATGGGGAATTACA

VAT : SIWTR/NG TR R AL BRI B
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1E %5 5% J5 i 1] Primer Premier 5 523t B R WS [ IFAE5 19 2 343 1S N Kpn 1 A1 Xba 1 BEDIAL AL SR
Pt (% 1), B EREfE 1T EgrCINL::GFP fl & 2 ik gt . A0 M e R IR 5, IR A %k
e NARFI T Agrobacterium tumetacie GV3101 W, B ¥ AL Nicotiana tabacum "W F, L1555 2 d )5 H
WO IR A B G4 (ZEISS, LSMS10, fEE) M. GFP 9O MERM A LK % &l 488 nm, 1
OB K R 500~525 nm; WEE IR RASIEIHE NI B 552 nm, BRSO 620~650 nm.,
1.5 EgrCIN BRIEFEHER BT RIEZL

LA 35S Ji 811 pCAMBIA1301 S #IAE 28, BEEZ i B s AL 1 Xba 1 1 Kpn 1 VE R EGUIfL
M, BT EgrCINT A I S M KB 518 (6 1), PCR Y1, %@ 53547 35S:EgrCINT AR 2
AL LR FT TR GV3101, REALREPBIEEIT. R FIIGRG, 767 25 pg-mL™ {8 % B (Hygromycin B,
P, Fit) 1 1/2 MS 8532 I T BHPEAR RO BE, RIS A PHPERR R EE IR —Bend |l e, $R 8ot B L N 4l
DNA, FIH EgrCIN1 JERE R 519 G- 1) #4710 FU e . PHIEMR RARS S50 . ke, B 2R T3 5
A GRS
1.6 FHERMBIFHKEDR EgrCIN HRIE

20 AR 3 N RIE EgrCINT FIE i G MR R , A bR RMMRFIE 10d )5, $2HUHH RNA, R
BE5h cDNA, 519 (£ 1), DL AACTIN N2, #E172F 8 & PCR 525,
1.7 EgrCIN1 #lE3t i3 RiZFEEE R R{LIRFN ABA 12

BF A= R EgrCINT 33 2k bk R FP T2 AR TN BN 75% LBEHTEG , #&FE 12 MS K53 -, 4 C
FACALEE 2 d. AL RE . $5FR3E L3RR 1 UG B AE BRI SR R A BIB R 2T WA, B4
HE AR R L N SL IR RSB 4tk B R 2 )G, EAUER SRR -6 C A HE 2 h EREIEFEAK
SRR 1, WMEERRIHAR ., BARARAH 3 4, EE 3K, LESHRIE ST E A4 A (COL) %%
PRRMAAT S, ABA Ab3: BPAERURN 3 AN AR R 73 G T 0.5 pmol- L' ABA 3% FREE L, EK 10d
Jo, WEERATEIE,
1.8 HiELE

TE R EEHLR A 2728 Gy MR AEEI AR 4k GraphPad Prism ver 6.01; fifi i SPSS 16.0 #1781
K, AT R R Oy 2508, BRNE(E X H] 95%.

2 HEREpH
2.1 EgrCIN1 EEHFERTE 4 C RIBEAE IR 8] FHIRIES T

PR AT E AL 4 C ARIRALFE 2 h Y5 SRl i 3] 1 A3R0A 2 BIMRIR R 205 T 0 3L 8, 4 Hodw
% °h EgrCIN1 (cold induced 1). Phytozome %% 4 % i i% 5& K 1) /¥ 51 %5 4 Eucgr.B02882, M itk — 2 T fit
EgrCINT XHIRIR A9 %, FIFH RT-qPCR £ AR X 4 C A [FALFERFE] (0.5, 2.0, 6.0, 12.0, 24.0, 48.0 h)

(1 A TCME R G 1 4T EgrCINY Fik Bt n T, 45 80 [E———
FR (E D BRTAEE 0.5 h A9 HE AR H EgrCINT 0
LR IR K- 5 AR A FEA AR (6 BR) A EL I A 2 0
Seab, BEALFRIN I EOAE K, EgrCINT 3k AT ® 40
HTF G, A 480 I, PR T B LEE T g
XTHR(Y 48.6 f5. 48.0h J5, MR EEH, WRZ 20
B A O, SRS — WU dr . TTL,
EgrCINY 32k 2 (G5 %, FLBGAL 30T ] ) 4 s 20 60 120 at0 a0
KRR HRI G AbFE ] /h
2.2 EgrCIN1 EF . ZEAFISH * 7% P<0.05, *** o5 P<0.001
MR B A EUE AR IS BAAHC Tl 2 B 1 4 CAKIRAIE R F B E T EgrCINI #4978
LR TR RE A K 579 bp, RS To Sl a KA

Figure 1 Relative expression of EgrCIN1 gene under 4 °C low

HINRADEFRMROEA, FHAHN 698, HXT5T

temperature treatment for different time
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4 20.80 kDa. iZFE N gt 09 8 BRSO 57 R Y)Y, WA BERFEY, =BT RAA HE—/
HEH.

H ] PSIPRED Xf EgrCINT 4 h% i) 8 FH HY A BN L] . ZEHSAH 24 BH MM 74 ol
JE, AR 43 W R JE LN A i (B 2A). A TMHMM Xt EgrCINT 2 115 51) 125 R 45 44 %) Tt ) = B
78 v A SR T B A A B BEARE R /N T 0.02, WA B B B X R (151 2B), 16 B O 2 R AR
Flo A0 (LB A5 R s . EgrCINT Zi i i 4K 1 AT RETE 200K . Zobifh | 4 B oK% 40 B A% rh 0 hE
Kik,

A Con - oS B

Cart g —
Pred CCCCHHCHHHHHHCHHCCCCCCCCCCCEEEEECCCCCCCCCCCCCEEEEE 12 ~
AAMASSPCKNSLLRDGLQHRPPRPAHGQPMLVLHQGEPLDFFQPRPRLVMLL

10 20 30 40 50

' ' 1.0 -

Cont _
cart 0.8 -
Pred CCCCCCCCCHHHHHHHHCCCCCCCCCCCCCCCCCCCCCCCCCCeeeeeece
AAQALSCGGGGCGSLGRLAGGLGRHPDLGPGYPLRPRARGHEHRGHVASGDH tki— 06 L

60 70 80 % 100 .

2=

Cont DTl o — N e
Cill. m— —_— —_ 0.4
Pred CCCCCCCCCCCCCHHHHHAACCCCCCCCCCCCCCCHHHHHHHHHHHHHCC
AAGVHPPHGEHEVDVAELQLLIRAEGGKPPPDVEGPGAGEEVAGALQHELGR 0.2 -

110 120 130 140 150 . -

1 1 L 1 1 1 1 1 )

Cont —imill —m TR - sl

can — 0 20 40 60 80 100 120 140 160 180
Pred CCCCHHHCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHCCCCC ﬁ%@ﬁ%?ﬁ”’fﬁ){—i

AAVDRLPELLHLPAGEDDPRDPRALLHHQRRRDERARDVIPHVR
}ﬁiw ';?F ;;HHJ%E}; . — BB — A — AU
B-dr& o-BRE = JoRt

K 2 EgrCIN1 & & R4 H) (A) 5L H (B) T
Figure 2 Prediction of EgrCIN1 protein secondary structure (A) and transmembrane structure (B)

2.3 EgrCIN1 EEBEZFIRKERTHS

Xf EgrCINY WG 8+ o An A E TR 64T 170 hr, RIAE EgrCINY JR 3§ ForAi G 24> 5
WA A= Wy 30 35 B30 ) 7 D0 RR 5 B AR IO (3R 2), P v BRI 25 ST 1 (ABA response element,
ABRE) 2™, ZM&m i Gl (ethylene response element, ERE) 1 /4>, KN 0 (low temperature response
element, LTR) 1 />, M5 5% K+ MYB iR5])¥ %] (MYB recongnition site) . MYC 45 & J3 513 4 + 2 Al
ABA W TCH:, 205 4 16 Ao SRUIZELP Y3835 n] RE 52 2500 B8 e i el 4

x2 EgrCcINM ERBF ERIRXERTH

Table 2 Cis-elemtents in the promoter of EgrCIN1

EA S o HIF(5'—-3") B Itk
ABRE 1165—. 1165+ GTGCAC 2 ABAI B G
ERE 706+ ATTTAAA 1 Zgmm N TT
LTR 420- AAAGCC 1 AR o 17 e
MYB 1378+, 1152—, 1330+, 1378+ TAACCA 4 T5 . ABAMRIGIF
MYC 104—, 935—, 630—. 622+, 1015—, 668+ CATTTG 6 TH . ABAW N TG4

W-box 1012, 1280—. 1149- TTGACC 3 HEF SR TTl
VLB R IE S, — KR s

24 EgrCINl AR MERESH

i 7 RT-qPCR 73 M1 EgrCIN1 TEARIZA LI i RAE 0L, 45 REW] . EgrCINY TEM | i n FiZE
ESA RIS, HAEZET RS R, MZEMR P EIBA RIE (K 3),
2.5 EgrCIN1 ER 40 E i

H1 T EgrCIN1 B AR A YR, o T H DI RE 5 BB 9E, ABF5E M d 1 EgrCINI::GFP K1k 4%
A, BRGS0 R D RE R BT T AN T . AR . EgrCINT B 5%
5 A A SRR HAT JERE 0N, B EgrCIN U7 S iR ip R 45 E FH R 1 (K] 4).



5539 B4 6 4] FIFMEE . Bk EgrCINY Wi N AR W) i B 1 53 B 1199

2.6 HEFTFEREFEEKRRP EgrCINI HFRIE 20 ¢

W AR RIS, AR IR R AR 3 A B A Bk
% : EgrCIN1-OE3, EgrCIN1-OE7 il EgrCIN1-OE9,
FIFH RT-qPCR AR XX 3 Mk F& i EgrCINT fy3E [

—_
(O}

)]
ﬁ 10
FKULHEATIIT, SR EgrCINY 78 3 4 bk g’
ZIPEA Y B E L (A 5). < I
27 RIBAET EgrCcINl SRIZEERKENR ﬁ |i|
4347 0
S 3 AR ot SRR bR AT -6 C (G mot BT = ®

A
WP 120, BEGE TIEWERZAETAEK LA, 4 . - .oy
B3 EgrCINl £ EXRRBEMALR P 6T kL

BB —6 °C AR AR H L PR R AR AT A A 2 Figure 3 Quantitative expression of EgrCIN1 in different tissues of E.
TR AT T, (R L PR R P A2 LA T grandis

B AEAL (B 6A). G AR RAEE R R, B4

RIFE 1% %N 30.53%, i EgrCIN1-OE3 . EgrCIN1-OE7 #il EgrCIN1-OE9 45 3 B KL ARk 2R 70 ik 3] T
77.77% . 86.07% F1 88.83% (1€l 6B), FW] EgrCIN1 HYHEFEIkTE—E LR b AT LA B A AR Ao T

1% EgrCIN1::GFP

598 e

B 4 EgrCINI % & )83 & % tmfe b 49 K38 (A= R4 50 um)

Figure 4 Expression of EgrCINI protein in tobacco epidermis cell(the bar is 50 pm)

2.8 ABA R IET EgrCINl 3 RiEEEEK R T EgrCINI-OE3 EgrCIN1-OE7 EgrCINI-OE9 COL

EgrCIN1

PP AR R M 17 0 IR R R AR AT ABA UL AL
ABA BRI X EgrCIN 2 503t MR 22 ACTIY
WA ABA B SR, AR RTT
ABA 4bFH, Z5REH. 7E 0.5 umol- L™ ABA 4bFE 10d

= Bs5 AR EgCINI it R AL R AR P
R 3 AR RS0 ABA I T EarCINT 8 443 PCR
%EEEQ ( 7) ’ IEED% ABA m%%% T EngINl Jj] ﬁlé El’(] Figure 5 Semi-quantitative PCR of EgrCIN1 in wild type and EgrCIN1

7}2@ o overexpression transgenic lines
A B 100 sk
COL  EgrCINI-OE3 COL EgrCINI-OE7 COL EgrCINI-OE9 *k
ok I
80 T
ROz S
E= S 60
= B
et
g 40y
—_
20
5
e 0
= COL EgrCIN1-OE3  EgrCINI-OE7 ~ EgrCIN1-OE9
PR

4 RIR P<0.01
H6 HAAFe EgrCINI A RNk ARG 69 £ A (A) =B E R (B)

Figure 6 Phenotype (A) and survival (B) of wild-type and EgrCIN1 transgenic lines after cold treatment
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T 0.5 pmol-L' ABA 403

H7 ¥FAAfe EgrCINI it &k £ 0.5 umol- L' ABA 472 10d /G894 A
Figure 7 Phenotypes of wild-type and EgrCIN1 overexpression lines treated with 0.5 pmol- L™ ABA after 10 days

29 FERE.E#H.ABA 1 MeJA SHMIAFEWFIRLIET EgrCINI IRIES

T AFRAE A Y 5 N Z AR A A B AR, 7 i — 20 1 A IR A= 4 3 5% 5 %)
EgrCINY W52, 5355387 T EgrCINY FEERZL T . Fidh . ABA Fil MeJA Ab3 A RIBIHNL . 455
R TRMEHRAMEERRSES EgrCINI RIS, TRAHET EgrCINT BFRIA R T 35.1 f%; 300
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Figure 8 Quantitative expression of EgrCIN1 in E. grandis seedlings under high salt, drought (A) and ABA, MeJA (B) treatments

3 it

EgrCIN1 e FHerh— AR 3 WA M ML, A& E R IR A A T
ROKTPAWHER, BRIS 5T ERIGRIE RN IR | 8T ST, LR Z
LA R DI I8 5 A TR AR 5 o — AR ORI L 30 F TR T R
s AT HL e T RS2 IR AR IR M5 B . L GURR S s S ) T 2 MR 8 1 25 R
bk, MR ek, R HOT R B AR LA G R KT EgrCINY SR L
G T A e O 7 LA Sl

LGP L) (TR B B D o AL B8, — 7 TR L IR B e TR F fnt
FECARYE. 5y 7T, wHGR S 5 4 PR R0 SR Y2 U0, 951 % PS T A A
AT, FEROS BUR, P LI J I (A 5, I IR OB SE IR ek, 2 HOboE



5539 56 6 1 AL . Bk EgrCINT Wi AEAE My B i 4 b 1201

REPEN, FE—E R b, SRR PTIR LR B SRR R (BT FE R DA G . I, SR ARSI A G
ML 2 8 TR S ME M. IRERIESIBEMSA T RE, IS 5PN, £t
&AL Phlox subulata " PsCord13im1 & HAEM 2R | ik, #8315 PsCord13im] IRIFE IFRE R 1EIRIE
PR TR T, AFTE R AT & 2F R A BRRE B B = SR T P Y NAC102 78 A p VSR
K2 SRR RIA, JFF ROS XL N JE P ZAT6 . ZAT10 Tl ZAT12 S5 4ER 2 ¥
FEHE 11 CORI5A Fll COR15B 7EAIK R 4518 T nT LA i 45 F4) 0 ik 28 R R - S R A IS 25 4, S4B i I o)
IR B R PER, XS ZE R . SRR i 5K A (RS 5 2 KA AT R BCA A ) A T A ) A
RAEFHAEYE B2 AW EgrCINY SRt 8 FIAERTSRAR . ZhifA | 45t LA K 20 i A b # T BE AR AE
LS 290 b A7 235 SR B T RRAAE I AR 58 . PR L (IR SR B35 3 1Y) EgrCINT FE R 363k (1 2 e
iAEMSpirh, SRUTLAERR R A AT R R Mgtk b 2 SRR 32 M5 m i S B v B Y 3R T
1 IR EgrCINT B AMCIRANFE T 45 R T N2 5 TR IR A m R, BENSHR S A X
IR Z R . 534, IR A St b Rk i s A r22 5, RIS IRAE T g iR rp A i
PR35 . X 0] B kA e 1k 0 A Iz ik I ZE R R AR vh ek i B AN R O, ] R i SE R A i
LRI & B B B R AR AR

ABA TEAR YRR B bt & HE T BB, S R IRTE N AR ABA YA T IR
JITTY, ABA FE I R4 rp 55 50 35 Wi 38 A G JHk PR 38 100 2R 11 B AR IR 9 AR P 0T 0 B8 AR 3 NP o TN ST g A
Physcomitrella patens "', ABA /5 T M 2K 11 PpCOR413im X 48 40K 5L 300 155 38 I 1 ) o1 422290, 8L/
I ik 5 ) B 5Y R Agrostis stolonifera M4 E 7 85 11 AsHSP26.8a, 7] LLE T % ABA 5 5@ A4
o A e PR AR IR TR I B PE KO-, EgrCINT 13 IR R R T AMIE ABA B H UM i i 6L, [H)
I 5 RUAB AR O IR B P PE A5 3 T 058, X 5 AsHSP26.8a VEFHAHML, Wi7m ABA & a5 5k ien]
e 2 5 T EgrCINY XRS5 ma 7 (8 #2 . [WEE, fEEREd, ABA WAL M AEE — &R E LS
EgrCIN1 i ik, £ ABAG M A E SRR AW S 5 T EgrCINI ShE R ERHE . Wik,
EgrCIN1 —J5 i v] G 32 2MILIR SF AR AE W 55 515 1S 5 ABA W6 B 15 5 500 300 358 1 17 )
P S —J5 T, ABA AR ATRE ELEER N EgrCIN L, S5 HIREM AR . B, T2, @ikt
REBRFIES EgrCIN (03535, BI85 2 b EgrCINT S RGIF ok 36 3876 5L PR ik 22 O R 22 90 1 W) b 0 i 52
fif £ A, WIR EgrCINT 16 SR I+ A E A2 19 38 A= W B8 i b2 rp & HE B9 DI BE vl REAS ], ) Bof he 3¢ B
EgrCIN LERE YR AE Wyt s mm i b R AR A DR LU ST 4%, W it — 2D B LUAR R HLAE B AR S5 AR A=
T R A T RE

AKIFFERI: EgrCINY & EAETREA 1 — A, ZURERINES, fErtagirhRis . Kl irid
FERHL LRI bR B T MR A T 21, [ X ABA FBURFL Rt e 1958 . X B EgrCIN1 A 1] fiE 2
fEfEnt g, @5 ABA BAE, DL ABA RBUERMiEHES S THYHGRS SN . (BE R 2
[P B — R AESE, W0 EgrCINY 2R/ S5 SIRMEBEA KRR, 5 ABA R 2R AR 3k
7] 2 5 A YIRS B8 38 R P IR, ZE T L 3R A AR A s B e 1 b R FH A5

4 HHELH

(1] AEsEss, Fff e, B0 K. AP 2RI Ia A WS T BE R (] 70T AEI 7, 2020, 18(14): 4775 — 4781.
REN Yanjing, GUO Yiting, ZHAO Mengliang. Research progress of response to low temperature stress in plant [J]. Mol
Plant Breed, 2020, 18(14): 4775 — 4781.

[2] RAMANKUTTY N, EVAN A T, MONFREDA C, et al. Farming the planet (1) Geographic distribution of global
agricultural lands in the year 2000 [J]. Glob Biogeochem Cycles, 2008, 22(1): 1 — 19.

[3] RITONGA F N, CHEN 8. Physiological and molecular mechanism involved in cold stress tolerance in plants [J]. Plants,
2020,9(5): 1 -13.

(4] Wmtr, 20, e, 5. A AR IR G 73T PR (1], 22 TRID A, 2021, 19(9): 3104 - 3115.
CHENG lJingjin, LI Hao, ZAO Haolong, et al. Molecular regulation mechanism of plant response to cold stress [J1. Mol
Plant Breed, 2021,19(9): 3104 — 3115.

[5] PARK S, LEE C M, DOHERTY C J, et al. Regulation of the Arabidopsis CBF regulon by a complex low-temperature


https://doi.org/10.13271/j.mpb.018.004775
https://doi.org/10.13271/j.mpb.018.004775
https://doi.org/10.13271/j.mpb.018.004775
https://doi.org/10.13271/j.mpb.019.003104
https://doi.org/10.13271/j.mpb.019.003104
https://doi.org/10.13271/j.mpb.019.003104
https://doi.org/10.13271/j.mpb.018.004775
https://doi.org/10.13271/j.mpb.018.004775
https://doi.org/10.13271/j.mpb.018.004775
https://doi.org/10.13271/j.mpb.019.003104
https://doi.org/10.13271/j.mpb.019.003104
https://doi.org/10.13271/j.mpb.019.003104

1202 WroIL R R K A R 2022412 A 20 H

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

regulatory network [J]. Plant J, 2015, 82(2): 193 — 207.
DING Yangling, HUI Li, ZHANG Xiaoyan, et al. OST1 kinase modulates freezingtolerance by enhancing ICE1 stability in
Arabidopsis [J]. Dev Cell, 2015, 32(3): 278 — 289.
MARUYAMA K, SAKUMA Y, KASUGA M, et al. Identification of cold-inducible downstream genes of the Arabidopsis
DREBI1A/CBF3 transcriptional factor using two microarray systems [J]. Plant J, 2004, 38(6): 982 — 993.
EREMINA M, ROZHON W, POPPENBERGER B. Hormonal control of cold stress responses in plants [J]. Cell Mol Life
Sci, 2016, 73(4): 797 - 810.
DREYER A, DIETZ K J. Reactive oxygen species and the redox-regulatory network in cold stress acclimation [J].
Antioxidants, 2018, 7(11): 169 — 184.
OQUIST G, HUNER N P. Photosynthesis of overwintering evergreen plants [J]. Ann Rev Plant Biol, 2003, 54(1): 329 —
355.
LEFEVERE H, BAUTERS L, GHEYSEN G. Salicylic acid biosynthesis in plants [J]. Front Plant Sci, 2020, 11: 1 — 7.
WASTERNACK C, HAUSE B. The missing link in jasmonic acid biosynthesis [J]. Nat Plants, 2019, 5(8): 776 — 777.
MILBORROW B. The pathway of biosynthesis of abscisic acid in vascular plants: a review of the present state of
knowledge of ABA biosynthesis [J].J Exp Bot, 2001, 52(359): 1145 — 1164.
SZABADOS L, SAVOURE A. Proline: a multifunctional amino acid [J]. Trends Plant Sci, 2010, 15(2): 89 — 97.
CHAN K X, PHUA S Y, CRISP P, et al. Learning the languages of the chloroplast: retrograde signaling and beyond [J].
Ann Rev Plant Biol, 2016, 67(1): 25 — 53.
MANTRI N, PATADE V, PENNA S, et al. Abiotic stress responses in plants: present and future[M]/AHMAD P,
PRASAD M. Abiotic Stress Responses in Plants. New York: Springer, 2012: 1 — 19.
OBERSCHELP G P J, GUARNASCHELLI A B, TESON N, et al. Cold acclimation and freezing tolerance in three
Eucalyptus species: a metabolomic and proteomic approach [J]. Plant Physiol Biochem, 2020, 154: 316 — 327.
LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expression data using real-time quantitative PCR [J]. Methods,
2002, 25(4): 402 — 408.
CROSATTi C, RIZZA F, BADECK F W, et al. Harden the chloroplast to protect the plant [J]. Physiol Plant, 2013,
147(1): 55 - 63.
ZHOU Aimin, SUN Hongwei, FENG Suang, et al. A novel cold-regulated gene from Phlox subulata, PsCor413iml,
enhances low temperature tolerance in Arabidopsis [J]. Biochem Biophys Res Commun, 2018, 495(2): 1688 — 1694.
XIN K X, PAN T, GAO S, et al. A transcription factor regulates gene expression in chloroplasts [J]. Int J Mol Sci, 2021,
22(13): 6769 — 6779.
de CLERCQ I, van de VELDE J, LUO Xiaopeng, et al. Integrative inference of transcriptional networks in Arabidopsis
yields novel ROS signalling regulators [J]. Nat Plants, 2021, 7(4): 500 — 513.
THALHAMMER A, BRYANT G, SULPICE R, et al. Disordered cold regulated15 proteins protect chloroplast membranes
during freezing through binding and folding, but do not stabilize chloroplast enzymes in vivo [J]. Plant Physiol, 2014,
166(1): 190 —201.
AGARWAL P, JHA B. Transcription factors in plants and ABA dependent and independent abiotic stress signalling [J].
Biol Plant, 2010, 54(2): 201 - 212.
GUO Qiangian, LI Xia, NIU Li, et al. Transcription-associated metabolomic adjustments in maize occur during combined
drought and cold stress [J]. Plant Physiol, 2021, 186(1): 677 — 695.
RUIBALI C, CASTRO A, FLEITAS A L, et al. A chloroplast COR413 protein from Physcomitrella patens is required for
growth regulation under high light and ABA responses [J/OL]. Front Plant Sci, 2020, 11: 845[2022-04-10]. doi: 10.3389/
p1s.2020.00845.
SUN Xinbo, ZHU Junfei, LI Xin, et al. AsHSP26.8a, a creeping bentgrass small heat shock protein integrates different
signaling pathways to modulate plant abiotic stress response [J]. BMC Plant Biol, 2020, 20(1): 1 — 19.


https://doi.org/10.1016/j.plaphy.2020.05.026
https://doi.org/10.1111/j.13993054.2012.01689.x
https://doi.org/10.1016/j.bbrc.2017.12.042
https://doi.org/10.3390/ijms22136769
https://doi.org/10.1038/s41477-021-00894-1
https://doi.org/10.1104/pp.114.245399
https://doi.org/10.1007/s10535-010-0038-7
https://doi.org/10.1093/plphys/kiab050
https://doi.org/10.1186/s12870-020-02369-5
https://doi.org/10.1016/j.plaphy.2020.05.026
https://doi.org/10.1111/j.13993054.2012.01689.x
https://doi.org/10.1016/j.bbrc.2017.12.042
https://doi.org/10.3390/ijms22136769
https://doi.org/10.1038/s41477-021-00894-1
https://doi.org/10.1104/pp.114.245399
https://doi.org/10.1007/s10535-010-0038-7
https://doi.org/10.1093/plphys/kiab050
https://doi.org/10.1186/s12870-020-02369-5

	1 材料与方法
	1.1 植物材料
	1.2 EgrCIN1基因、编码蛋白序列及启动子顺式作用元件分析
	1.3 定量分析实验设置
	1.3.1 4 ℃低温不同处理时间下的表达分析
	1.3.2 组织特异性分析
	1.3.3 干旱、高盐、ABA、茉莉酸甲酯(MeJA)处理下的表达分析
	1.3.4 RNA提取

	1.4 EgrCIN1蛋白亚细胞定位
	1.5  EgrCIN1超表达载体构建及拟南芥异源转化
	1.6 转基因拟南芥株系中EgrCIN1的表达
	1.7 EgrCIN1拟南芥过表达转基因株系低温和ABA处理
	1.8 数据处理

	2 结果与分析
	2.1 EgrCIN1基因的筛选及在4 ℃低温不同处理时间下的表达分析
	2.2 EgrCIN1基因、蛋白序列分析
	2.3 EgrCIN1基因启动子顺式作用元件分析
	2.4 EgrCIN1组织特异性表达分析
	2.5 EgrCIN1蛋白亚细胞定位
	2.6 拟南芥过表达转基因株系中EgrCIN1的表达
	2.7 低温处理下EgrCIN1过表达转基因株系的表型分析
	2.8 ABA处理下EgrCIN1过表达转基因株系的表型分析
	2.9 干旱、高盐、ABA和MeJA等其他非生物逆境处理下EgrCIN1的表达分析

	3 讨论
	参考文献

