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Abstract: The physiological response and differential expression of the cold resistance-related genes, Hsp90 and WRKY33,
of six varieties of Magnoliaceae under different low temperatures were analyzed in this study, to determine the molecular
mechanisms of cold resistance and select cold-resistant Magnoliaceae species. The results showed that the semi-lethal
temperature of the six varieties of Magnoliaceae ranged from —22.06 to —10.64°C , ranging from high to low were Michelia
maudiae var. rubicunda, M. wilsonii, M. martinii “Tiny” @ X M. shiluensis, M. platypetala, M. martinii“ Tiny” , and
Parakmeria lotungensis. During low temperatures, the indexes of soluble protein( SP) , proline( Pro) , superoxide dismutase
(SOD) , and Peroxidase ( POD ) initially increased first and then decreased, whereas those of soluble sugar ( SS) and
Malonaldehyde (MDA continued accumulating. Relative electrical conductivity( REC) , MDA, SP, SS, and Pro could be
used as key indicators for the evaluation of cold resistance of six Magnoliaceae varieties. A cluster analysis of the six
Magnoliaceae varieties for cold resistance was divided into strong, medium, and weak three categories, and they were P.
lotungensis and M. martinii“ Tiny” , M. platypetala, M. martinii“ Tiny” @ XM. shiluensis and M. wilsonii, and M. maudiae
var. rubicunda, respectively. Differential expression analysis revealed that the expression of HSP90 and WRKY33 genes
displayed a peak followed by a progressive decline in the six Magnoliaceae varieties. At the semi-lethal temperature of each
variety, the expression of both genes was strongly inhibited and irreversible as temperature decreased. There was no
significant difference in the expression of both genes between different varieties at 0°C ( P >0.05), but they were
significantly activated at —5°C. The expression of HSP90 and WRKY33 were downregulated 0.76 and 0.68 times,
respectively, than that at —=5°C in M. maudiae var. rubicunda, whereas were further activated in the other five varieties at
—-10°C. Under low temperature stress at —15°C , HSP90 and WRKY33 expression in the medium cold-tolerant varieties of M.

’

platypetala , M. wilsonii, and M. martinit “ Tiny” @ X M. shiluensis was strongly inhibited, and the expression of both
genes was downregulated 0.38, 0.33, 0.32, and 0.71 times, respectively, and 0.72 and 0.74 in P.lotungensis and M.
martinii “Tiny” , respectively. Under low temperature stress at —20°C , HSP90 and WRKY33 expression in the leaves of the
six Magnoliaceae varieties were all strongly inhibited, but the expression was still higher in the strongest cold resistance
variety of P. lotungensis than in the other five varieties. The activation and expression of cold—tolerant genes are important
factors affecting the cold resistance of plants. Different varieties showed significantly different response mechanisms to low
temperature stress. Stronger cold —tolerant varieties activated the response mechanisms more quickly to low temperature
stress. Expression of cold tolerance related genes was activated to adjust the physiological and biochemical activities to resist

or adapt to cold stress. However, it was inhibited in the cold—intolerant varieties and significantly decreased their adaptation

to cold stress.
Key Words: Magnoliaceae; physiological responses; cold tolerance; gene expression
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&) ZLAETRIL 7 5 (M. maudiae var. rubicunda) A1 L, W 5 HAEA W T A9 AR X L5 3 (REC) , &
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AR A HEAT L, 2016 412 A 3 H A BIREIRUAS R A K R4 K3/ BUYFHRAR 4 54 SRR BIIE T
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1.2.2 & RNA $2H5 cDNA 5%

K Trizol 50 & ( ¥ IN b 0 5 AR I RHECA IR W) SR IR R I F 1 80 RNA | 2 BRG] & i W A
FEHL, R 1%BIEHEHL K . QubitFluorometer A& AL 5 RNA ¥ , NanoDrop 2000 A& AE 5 RNA 4l | Agilent
2100 FEMFE & RNA SERE S RIN B, SR qPCR #6545 5% % FIA 5 & PrimeScript TMRT reagent Kit ( Perfect
Real Time) (K% TaKaRa A H)) G cDNA , BAAT7 106 W0 Gt Bl 43,

1.2.3 qPCR fEEEH 55191501

T qPCR Z0HTH) 2 D225 RIS B RR 5 W IL (32 1) o 645 Beta Actin( B-Actin) fE NS EEN, HF
S5 T E ] Primer premier 6.0 2K, qPCR 737 7E Strata gene MX3000p ( 2 A Bl 2 A8 A PR A
F) T, BN 3 IREE, R EvaGreen2x qPCR MasterMix-Low ROX (abm, Canada) 5] & 4T qPCR
i, 7592 IRGR) @ AR E D . BLAC A ER S B 25 0 95°C T 10 min, 485 95°C 15 s.55°C30 s &
72°C30 s PR 40 UK, 7EAEAN RS SR 4 50 . 473G SO 45 oI M) e st 2 0 7 W e S bk« K
N M 60°C 18 THEZE 97°C , BT 1°CRE 5 KFEE S,
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Table 1 Candidate genes of hardness and primers used for PCR

. BRI YT . " g

{7 3 A ﬁbi'_@ WARITFHOI e 3 3 g 51 HER&H  qPCR 4

i Gi‘ne name/ Functional f}f/bp aPCR s ?fiji/J\/bp SR % R?
Candidate ) i ) Length of qPCR primer sequence (5'—3") Expected qPCR

description in . . . ..
gene 1D P candidate gene amplicon size  efficiency

Arabidopsis

F:CGTTACAGTCAGCACTCCGT
; SP9O,/ i 3t ’ . :
Unigene231410  HSPOO/ABEEHILE 1296 R. CGAGAGGTCAAGTGGCAAGT 103 99.47 0.992

WRKY33/WRKY % ¥ F:TGGGCTGATCACAACACTCC
Unigene269033 1655 : 194 102.35 0.996
nigene269 SR T R TTCATCAGTCTCGATCGGCG ? %

REFRARHEMNZE cDNA BHOKE S CT (EMHCREL

1.3 Hsabi s s pr

Z: HRAK SCHR O W TR RIS R R B AR I A B R S P R R G, DK SR R
S, WP AP & Hpr € vk, AN h .

R(X) = (X=X, 7/ (X=X i)
WndEbR SPUFES B AAHDE, WA R SR Jm e 58, AT .
R(X)=1-(X,-X,,,)/( X,.-X.i.)

AR AR R X, A IR IS 5 X, X FITA S0 R H I 0045 A 1 e/ IMIE e KA

é%,ﬁﬁi@fﬁ%:m R AR PR BSRE Logistic e, y=K/(1+ae b ) , Hor y RFEAFMRIREAL BT A9 AH
XPHL TR K AR R AR A (R RMESH 100) 2 FRIHAAHE o b A MIE R 7 Rt 4tk
AL FESR Y @ b BIME, TSGR EE (LT 50) ; LT 50 =Ina/b .

SHRZERG R 27 AT qPCR IR P A FE RS Feak i TR A 0N R MIT Rk i = 27,
Hor ,AACT HHRAFN : AACT=ACT (IX504) ~ACT(XFIRZA) 5 g4 six AL ACT 15 A0 : ACT=
CT( HIFER) -CT( NS FH) . FIH Excel 2016, Originpro 2017 .SPSS 21.0 344754k 4347 .

max

2 ERES

2.1 fRIEMRA T BAR X R R AR R BRI
PP 1 Al AR PR BE 1R B, 6 N RBIRAHXT L SR (REC) ZEAS SR i T (R 3, S o TR
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Fig.1 Changes in relative electric conductivity of six varieties of
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Magnoliaceae under different low temperatures

F2 6 MAZREYHEIEFRE Logistics AR R(RRFBILEE(LTS0)
Table 2 Logistics equation of the relative electric conductivity and the median lethal temperature( LT50) of six varieties of Magnoliaceae under

different low temperatures

i Logistics J5 & EEBCRE/C R?
Variety Logistics equation Median lethal temperature

SRARPLATEA 2% Plotungensis y=100/( 1+3.69e ™00+ -22.06 0.930
NI M. martinii‘ Tiny’ y=100/(1+6.237e70-91%) -20.12 0.919
REV 5 55 MLawilsonii y=100/(1+6.01e™%102%) -17.51 0.942
ZRAE 552 M. platypetala y=100( 1+3.829¢ 007+ -16.79 0.962
IR JB 55 M. martinii* Tiny’ @ XM. shiluensis & y=100/( 1+7.44e70120) -16.68 0.937
LRI A M. maudiae var. rubicunda y=100/( 1+2.80e™%%7%) -10.64 0.968

RPAFIRIERN,0.7—0.9 FRHMRNER 0.9 LU EFIRAR SN B35

2.2 XA S AR

WE 2 fis 78 OCARRAL I T , 6 R 2 BHH P vl i MR B 1 (SP) & i bR T 2B R 1L & 5840, Ay 5
ARl 22 2 AN G 2 LGRS B R 2 e TH S R SR 8 AL, SR AR DL R 22 RS B S I I {H 7E - 20°C.
WELIE 7 2 28 O 5 I8 P SR I I FE - 15°C , LT AL TR I 22 25 - 10°C R B, W (EL I, SP &5 2 AN i
TR BV YR A S 2R SR BRI AR 2 > S 5 2> IR 35 2 > R JE 5 8> 2438 & 58> LT AR IR L& 22, 40 50 EE 0°C Aisf 3
JNY # 123.66% 96.65% .96.43% 73.97% 52.74%F 46.85% , 1] W, LT50 AR Ao b6 R L (i 1 304588165, SP
IR, WEIH S LTS0 AR AR AR ATk 2 1 R R IR B RROR B T -25°C A TR T A
WA N AR e RS2 SR ZR BB AR 22 R T 3.43 /g, RN SR & 25, TR T 2.97 e/ g, T IR 1 B
INHRAAGIRILE R AUFFET 1.69pe/g0
2.3 NP ERE S s

W 3 PR, 6 FOR 2 BHEYIH: - SS & R bl iR B2 AR IE W 5 . O°C AL A& AR i) SS 5 i 22
SAREE(P>0.05) KT 0CJG, SRR IR F (1) SS & IR LA R K, HUCA SIS 26 4 e I
it 7SS S IR ZAL T I MK, —25°C 6 FOR 22 BHE YT i SS 7tk M e B UK Oy Sk AR 8L B
A2 S TSI 5> B 5 2R > 438 B S IR S 8> TR TR I 22, 430 HE O°C I Jin T 451.35% ,328.31% ,265.
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Fig.2 Changes in soluble protein content of six varieties of Magnoliaceae under different low temperatures
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Fig.3 Changes in soluble sugar content of six varieties of Magnoliaceae under different low temperatures
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Fig.4 Changes in proline content of six varieties of Magnoliaceae under different low temperatures
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Fig.5 Changes in MDA content of six varieties of Magnoliaceae under different low temperatures
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% JE S A0 R SOD Al POD 7E - 10°CARB AR RFRS i 16 4, TR L & 22k B SOD 1 POD 35 14 LR 41 8 3% T B ( P<
0.05) ; 4R R 2 - 25C I} ARARBLEAMEA 221 H- SOD 5 ME4Z 0°C I 22 F AR B (P>0.05) , SIS WS
5 MBS EAR IRJE SRR AETR L E AR SOD W& T4 e 0°C B FRE T 31.33% ,73.39% ,74.98% .83.73% Fl
96.22% ; AR AR AUBAMEA 22 RIS IS 2210 POD 1 PEATS L 0°C IF IS AN T 147.08% F1 16.77% , N2 A8 &5
A E AR MLALTR LA/ POD 16 PE#E 0°C i) I 2 B 41K (P<0.05) , 43 5 N B T 71.28% ,81.89% 86.94% FlI
98.74% .,
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Fig.6 Changes in superoxide activities of six varieties of Magnoliaceae under different low temperatures
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Fig.7 Changes in peroxide activities of six varieties of Magnoliaceae under different low temperatures

2.7 6 PR ZERHEY) FPTIEE RN
271 FAPRIERRYS LTS0 Z [ AH M 2B S bt 98 S5 A RS A 1) 0 126

F AT T & 4 48 FR (REC SP . SS . Pro MDA ,SOD POD) 5 ik 28 1R & (LT50) B AH
KRB 3), WK I ATLIEH, BI8ARIEIAEAE AR R FR BE (9 56t Hob LT50 5 REC Al MDA £ 4% . 3% 15 A
X (P<0.01), 5 SP . SS il Pro #% i 3% i AH54 (P<0.01) , i 5 SOD H1 POD ANAH5E, K, REC SP., SS.Pro.
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MDA HJ1E R I 6 FlR = RHE BT IE M OCHEMEFe 5, REC 5 SP \Pro 2 E HAHIC, 5 MDA I 2 1EAH G ; SP
5 SS Pro H 23 IEAE,, 5 MDA # R 2 T AHSE, Pro 55 MDA w25 i AH G

£3 6 MAZREYEEIEEIRS LT50 Z ERMMHEXHE
Table 3 The correlation between physiological indicators and LT50 of six varieties of Magnoliaceae

s

; CIEROIEERS (& S ALY -
SETLBE . A e e - i AL
W Cpetaive TR Gpam mmm wom sm do
Median . Soluble X . Ak
electrical . Soluble sugar Proline ~ Malonaldehyde Superoxide )
lethal o protein . Peroxidase
conductivity dismutase
temperature
PESEREE |
Median lethal temperature )
)FHXQLEEQF% . . 0.916" 1
Relative electrical conductivity
GIR30n
?{ﬁf’ &H . -0.991"" -0.907 " 1
Soluble protein
A[AEPERE Soluble sugar -0.946 " -0.752 0.958 ** 1
[ R Proline -0.975"*  -0.829" 0.980 " 0.989 " 1
P9 % Malonaldehyde 0.984 " 0.876 " -0.987"" -0.968 ** -0.992"* 1
o I
ﬁﬁﬂﬁ% xﬂ.’;ﬁ@ -0.736 -0.791 0.710 0.565 0.602 -0.608 1
Superoxide dismutase
i 41 jsZiqi
Lﬁﬂ:% Befens -0.548 -0.697 0.531 0.334 0.373 -0.446 0.793 1
Peroxidase

“x " FIRBEMK, P<0.05 5 x x " IR FHA, P<0.01

2.7.2 6 MR ZRHEY I TIIENE P BRI

AR SCHE ST A5 5L K S U FEMER 0 2 M G Y REC SP (SS  Pro MDA 1E R Hi FEME L5 & TP 19 F6 45, 12
RIS Jm pR ik T 6 MR 2R I SR T pR B, 19 IRV SRR BE /N AT HER (3R 4) o 6 BlR 22 RHE )
ABTFRENE R 55 MU + SR AR DL A 22 > 750 15 5> Bl 05 SR> 28 58 SR> MR A B SRS LT A TR I 3R

F4 o MAZRUEMMEBRESEN
Table 4 Comprehensive evaluation on cold resistances of six varieties of Magnoliaceae

XA AT FRSRIEE PR

e Relative HH Eifﬁiﬁ =Nz -3 Mean Order
Variety electrical Soluble - ’ Proline Malonaldehyde membership of
conductivity protein suegar function resistance
SRARIUSANEAR 2% P.lotungensis 0.6396 0.5998 0.6619 0.6512 0.7039 0.65128 1
NS S M.martinii Tiny’ 0.6522 0.5793 0.6631 0.6381 0.6771 0.64196 2
I 55 M. platypetala 0.5883 0.5359 0.5947 0.5862 0.5944 0.5799 3
;fﬁi Tiny® 9 XM, shiluensis & 0.4712 0.4881 0.6187 0.5365 0.5882 0.54054 4
Uk JE 25 25 M. wilsonii. 0.5856 0.4723 0.4988 0.5299 0.5900 0.53532 5
LIAETR I B2

0.5199 0.4539 0.5342 0.4441 0.4206 0.47454 6

M. maudiae var. rubicunda

XF 6 FiR 2 BHEY) BT IET- 8 R BUE AT R 0T (K 8) , W 6 FhoR = BHE Y BT IENE 53 R =
Ko RN LRSI E RN 2 HUIENETR ; IS5 A B S MR A & 58 85 =28  Hi B b 4%
LIABTRIL A S =2 HrdEtE s X 5 R A S T B Y LTS0 25 R IEEA—3,
2.8 {RIRMMA T HSPOO F1 WRKY33 JE[H 1Y 22 553635700

9 K 10 J7E FELLAR IR0 T i FEAH SE L K] HSPOO \WRKY33 78 6 /MR Rl Fr b Y 8 1 R 26 TH e s
FEAR IS, 0°C T, 2 A FEHTE 6 FlA LB IA] A X ik i 22 R B35 (P>0.05) ; -5°C i, 6 FfA 4R}
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A R T i T 05 22 1 21 46 TR 1L A7 S ol 11 22 P j

R Z ) ELJ 383 A AT 336, A A 5 A o g M. wilsonii

IR — A B0E - 15°C I, 2 AN FE R AE BT FEE R 45 (1) fw%ﬁf3—

VRO R S MR SRR e

PR 14 S AR AL B A 22 TR I A 5 o ) 358 470 et — Mpaudasyer.;

BT ~20°C LUR |2 A SEPRIE 6 AR 1 3 144 —

J) , Fe K AR, 25 W0 ST 52 005 55 A AR TS0 BRI ZS P lotungensis 1

S REBIE LTS0 AR 77, 2 A JE 5L P AE T e op i A ARG ZJ

Xk I, MR G TS0 B2 AN
Y 3¢ 35 Bl 5 B, - 5°C—- 25°C Z [a], HSP9O
WRKY33 JERTE AR 2R 0L B R 22 v (O AR o 30k B e i
RS, LLARTR 1L 5 0 AR X 22 58 it e AIX, Ui
M 6 FhA L BHAEY) 38 5 HSP9O . WRKY33 JE K () 184 3
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E 8 6MA=ZREMHIREENREDN

of Magnoliaceae

Fig.8 Cold resistances variable cluster analysis of six varieties
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Fig.9 The expression of HSP90 gene in six varieties of Magnoliaceae under low temperature conditions

3 itig

3.1 AR SR AR A BOLTRE S HUEN:

RIRISE T A AR — R A B A A AR U AR IR I > AR W IR A A i 5 A0 S PR 358 2 ]
KA AT T 20 AR SR AR S AR TR T A R B RN 3 (REC) 178 S e 4 i f5E
FEPER L  HYIE W T A0 M RS O, N HL A TS i R B2 3 TR, I R AR X fL
HHAE RS E R AN M IR TR L () S B ARGR T, AWK, 6 FhoR 2 BHE P 1 AH 0 i 5 % bl
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Fig.10 The expression of WRKY33 gene in six varieties of Magnoliaceae under low temperature conditions

I, R BOEHREE (LT50) REHEL VLA b S AR 4y 110 470 5 g A AR Tt AR PR 1) s 1, TS0 AT, A 1Y
PUFEERAR Y YIRS T LT 50 i, A4 A0 M 41 ZOR TR 25 VK, AR BRI AR | R Rk R B T 2
G5 FE WA REIR S I, Ch LT 50 SeAu A U 2 05 A i e i (G FE i . ARIFIR R,
6 FIAZBHEYIH LT, 7E-22.06—-10.64°C , WK R = (I NIUTF A« SR ARFASAPE AR 22 <S5 28 < BRI 73 22 < 458
F R <MRJE &R <LLAER NG S, WA YRR G T ICHZAE LT 50 i B2 1 5 A1 3 10 K2 1 S AR 5 I 45
BRI 0 25 S 3R 100 T HApt 28 A B > TAHLB B B 5 3,
32 M RBERATYE RS EN

AR (SP) A R BB B YT, SR T FEME A A OC S BRI, 2 5 i B
RE I AR AR DG 1Y 22 53 R B (3L DY, ISR R I Ul | Hsp TG HIER (R ATP 2R I A5 5 nTiA MR
SR A AR A AR e N AR IR A0 AR S AR rh R PR AR Y, 2 5 B W e e v A AR A A R A A
RERR ) RIS R W T R, A A o 7 AR U A 30 0 T 1 ) SRR B )
] DU St 40 i SM S s A28 4k, TR 52 A= W5 IRt K A5 A A ~F- 4, O 4 ves 7 IR R 58 R A7 1
R R FEARIR IR T B2 AR = B AT A 5 U AR 1T 3 i 22 ) 8 S A P P 1 7K A
Rk AR G R A K ARG Clp 25 1 A ATP 26 1 i 22 JROAS T 36 26 b 45 S0P s ot 0500 o 1 A L7 Xt
¥ A A B (Lilium lancifolium) 1% S 4000 A | 2% BRAH 5 19 25 K @, 0 ATP 8 H i ( ATP-dependent
Clp protease proteolytic subunit, Contig24056-All) £ 4°C Jii8 2—16h B} Fik & FIH T 1.28 £%, Clp-Hke energy-
dependent & 17 ( Congtig7878-All) [ 1 1.56 1%, I H I ME B 12 5 5L 186 R i) 460 W 5% 12 I 20 ( Contig7878-
AU, Contig3504) 73| 198 1 1.67 £5H 1.12 4%, ABFFEAEAE AR AR E h & 8L, PIVPEE A & R T
J ARG ) BRI A2 A A BT FE P iR ) AR b 7 52 1) S0 Fv AU 180 B 11 T T 8 T2 i SO ) 3 8 L B 9
PR A PR B DR, 3 150 B T R M A A b R 20V A5 5 RE S I ) 200 B ke 2 R ARG v it O PR AR 2R
A BOR A5 O , 8 PRV S R T — RN R A A AR R, AT AR R A 0 AR B S
DR S E A ) R DR AR Y IO IS I, AR G 1 3 T TR PR B X 5 T N TE AL BY ( Rhododendron
simsii) %) ZELE T ( Zoysia japonica )" B FE (Iris tectorum) " FABFTESE R —%

FYIFENGIR T AT 3 34 e B8 Pro & AR B HOR ISR A B BUFERE T . M2 BRI B
VRS Pro S 2R MK SR, PR R AN 2 R 25 AR5 5, 2 3 T XA AL R . Xin
XHURIIT (Arabidopsis thalianal) (FFE M, 1o e B A I UM 2 DU AR MRS R I B RN 2 — 17 ) ARBFsE 3k
BT, N 6 FR 2 RHEYI Y Pro 5 ik Fifl T2 1) AR 2 B S T e J IR ) B 8 AR 2, LT50 Fie I i) SR AR UL B ik
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AR ZEFNZSIE S SR Pro WE{HAE-20°C H B, HLRE AL ok 2 Rl o2 i 2R 7% 5 i 8 s T HoAth 4 A  ix 5
ZERR VKT KRR AL B AR TR R ASFHACE (14 4 AR Ak v AR 52 2598 — 8, DA LTS0 H BUAS e, A 4 AL B2 1Y
Pro 822 | i FE P85 | Fifi 45 1K 300 P2 2 A T 6 2R G2 A2 BU0L T, 1 Pro -5 SR 583 BCRAR A 338 B T, Pro
TR,

MPTEAGRIRAE T | A AR T ol & RS2 M AL 1908 B 3, BRI A0 B W 19 245 K A, By 1 BB K
AL R Z AR FE 7 AR R, BRI IRRAL, 6 FhAR ZRMEYI T R i) SS & i %
W T R i S, X 57 E K (Zea mays ) |, 3 i ( Lycopersicon esculentum ) ' 1 H BE ( Saccharum
officinarum) """ FIEER B, LTSO Sl AR AR LSRR AR 223 SS i 3 1 3 3 T Al 5 SRR, B 8 v fie
5, U 7SI & 58 LLAETR L5 5% SS 5 bR, X Ui W] LTS0 IR A B Fp AR T BURAY SS 2 | Hr e 1
9, X 5 Yang % FELLAE E 22 ( Magnolia wufengensis) b HIBFFT 45 R —3,

3.3 TN R AR P S PR

IR 22 HE I P TS PR S (ROS) 1= it 210 ROS 2078 & AR i Ak, ik ifi 3 BUBE G 1 Ak = A
T (MDA) IR EFLR I Campos %5 IA R AR MDA 55 f55 19 18 ARA S2 W RS i 401k 14 7K SF- , 4 i s
JO A2 AR R B LA KR B G 05 B A T AR 55 . PR, MDA 57 8 T A A AT 4 2 AR TR 05 T IR FR AR 2
— 0 R 6 FOR BT MDA i B AT I 0 AR R R AR R T TR g DR B IR 0 AS
WA, AR I 5 SR AR BE BTN B, LT50 BRI A A AL Jr MDA 25 8 b T+ i g B2l I (E 2 5, i T4
M IFET , MDA & I NS, 2t T2 M, X 5 MG ( Citrus reticulata) ** FKFE ( Oryza sativa) ™ I+
PIBFFE AR —E, LT50 SR SR AR LA 22 i R e AL B A] — B ORI /K - MDA | 3X 3% B AR AR 0L B R
PRI e T AR A AL AR B 55, SR R AOE R ROS (W RE ) FIAR 3R B PTIFERE J7 . MDA 15 W A4 /NI
5 6 PR 2R PTFEVESR 55 A HESIITUT AR L, 3X SRR X485 wang 2517 RIgK H B S 1 ( BF5T
4R —2, SOD H1 POD VN A AL PR Z2 48 il LU BR A t Ak 6 ORIP A E AR BRI RE |14 s A P IR 3
B HAEEARERY . ABET 6 FOR 2 RHEY M o BA R 3ETH R KA a3, SOD T HE AN POD it
B BG AT DAs e AR I o A= P I 30 3 B8 BAR AR ER IR ™ A2 1 — € Y MRI L, HLE MDA 5 55 1 384 i 7 B
JERIREAR B i R RS o S AR BE A AN TR, #E 0—=5°C R, LT50 {1 A9 SR AR FUA SR PE AR 22 RIS e & et
SOD POD {if AN ECHA 4 ARG, AT RE R AR RS B BA HRBUIRIR U RE ), I AR T30S M rb O 4 g
T P R A8 SR X AR AR ) PR A7, BB U B A E — 2D AR, SRR PBLEA M R 22 RIS 25 580 1 vf SOD  POD 17 1 B8
AU B 0378 | L T RN I ST (MRS 71 SOD POD T HE 5 LTS0 IS  ILiX— 2538 0
A5 SOD \POD [ BA7 Y SR AW HRAE 30 BE RE S AR i, FUR TR AR B Hi e MRy 25 5 . £ 0——10°CHEE T
SOD ,POD i 55 6 FlA 22 BHEMI A HTFEMEA A , AN REAE Ry 0 W HPT FEME Y SR A, X 5 BRI 78 3 ol
SRR AL TR E 22 (Magnolia grandiflora) FRITFFEZE1E—3, 6 PR 2 R LE IR I H: LT50
5 AU EEIS SOD A1 POD I PR 25 R R W] LTS0 19 8 B2 IR MrE 2330 i AR 9 A b e A0 i 1% 4, D TR
I B P L ZEA A LTS0 YN SOD A1 POD T 4 Y 38 5 AT LAFICAR G I8 6T 200 3 18 i) S84 3
3.4 HUIEMICI T EEA HSP9O FlI WRKY33 SHidE

TR R AR A K R B SR R R 22— M e 3 T 2 FP B AL S e 1
T T T 5 AL TR S5 PR A A0 937 0 0 280 B 22—, KA T 0 2 24 4 T 46 1) B A R
K IRTFE R, &R IR TEE T HSPs F1 WRKY e 53 R 11 il B2 AN 5 A 3P 5 RGO R . PG
KT HSP FEW A T 5 BGHOTTT (heat shock element, HSE) PR 545 & WIS T liF 5N HSP 1
B SR XA HRA 30 5 5 AN At A A 6 B BT SR . HSPOO J& T HSPs RGN 5L, 22
[E6] P 52 R RO 5300 B R LI 4, BB A i L b 2 1 R R R RS | 8 5 R 00 3 BT PR A B A5 5
i, JA$ CBF Rl COR ik | WRKY33 J&: WRKY FIEM— R, B YR T EZ RN T, 2 5
R L B R TR IR B AR B A P R B AR, WFE R KR T, BERS 55 HSP9O Il WRKY33 JE[A]
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B, HE MR IR AR O AR K RTEA R Sl A S HSP I WRKY 3[R i 26 58 R 75 B A 4 1
PIAGTE YRR, AR AL e S 30 45 5 % L ARBF9E o, HSPOO . WRKY33 3 R B 1 5 B 7 v s AR A
H X PR IR SP Pro SOD POD 7£ 6 AR Fh rf A8 fL AR, BEEH HSPOO \WRKY33 W] REZ: 5 2| H Ar & 11
AR SRR A IE . 0°C B, HSPOO Al WRKY33 JERIFE 6 A [B] 119 4505 22 S AR A 3%, 3] 17 I 30 45 4 e
() LT50 B, 2 ASFEPUAE A AR rb () b gl sm ZU B0 ], Ji 10 98 8 0 T 3 L il I8 188 R IGO0 7 T B 3 1 P
AV TR P 3 A 550 B ) 225 A RN D) R AZ BB , 200 ML PN P AR O () S 4G 22 ARG Rl S S o T AR 3
O AE AR A0 21 2B AR A X R TR P 1 7 225 VR A5 AL ) 52 3805 i T SR o 4 L TR 1) R 3k 32 B, I
YA AR R T FE R R AR AR LA AR 22 RIS S5 HSPOO Il WRKY33 (e ik it i 2 T HAM Fh . X EHT 6
T A 22 oAl 4y 7 i S A ) 7 R S 848 35 PR A ek K- I, B e S e i B S T) e B L A 2 28 ML Rl A7 7
ZE 5 T FE PR AR o A T A R T 17 AV Tk 20 365 R P 4 R A s DR I S IR N ML, 0TS HSP9O I
WRKY33 JE[H ) 3R35 , HETT R 20T -5 i 2R G I PR 1) 2 32 ke RIS AB P 4% P 1) A= B A AL 3, 558 ROS W B
87, DB R A e i B P 43 5, U ARG T I 2H 252 30K Al 47 5 R TR 0, X R R S R A 1
i SR AT L B 72430 Bl , AR B A BT ERE 0, i 5 SRk i R R SRR, RIS X IR TR R BE A IS N A
X MR E 2R FE S HSPOO Fll WRKY33 P %3k , Wl GEULHH HSPOO 1 WRKY33 HEPH (75 3 52 kit T i
PRI BIR A, AP T — S P Rk T 5 3 DR 10 8 2 347 2 81 0 o, Kot R TR 14 T 52 1tk AR DRI AR AR 30 o ot A1 303 a6
IFIEI Y 4 22, % 5% 17 Je Fh o J5 R B B 328 3k R o A X K R i 0 SR N 08 B K IR B ( Casuarina
equisetifolia) " SE BT FT_EASE T RIRILE R

4 Zig

3SR R AT DU TR 22 BT IERD TR UR 19 4 P IE B A L R

6 TR 22 BHEYIHY LT50 7E-10.64°C—=22.06C , WKE 5 BUITUT 2 < SR AR LEAPE R 22 <SS SR < A 5
B RS R <R B S A <L AR RIS, RIS AR, SP Pro S SeTHE T MR A AR AL a3, SS MDA T AS iy
LR, XA HTERM, LT50 5 REC Fl MDA 2% 8 3 IEAH G (P<0.01) , 5 SP SS Fl Pro % {2 3 i AH 3¢ ( P<O.
01),1fi 5 SOD #1 POD A3, I, REC MDA SP SS Fl Pro AJ¥E N 6 R 22 BHil WrHi 2 P 1 G b
BhR, POD SOD [ 1 WA HEUSUAE by F WA bt FEPE Y 32 BRI

6 PR 22 B Y BT FEPE TR B SR UCA < SR AR L PEAR 22 S5 55 58> a5 SR> 24 28 & > Ik B 7 5>
LIAETRINE R . RIS R R AR LM 22 RIS & U FEE IR |, W 28 258 B SR gk JE 7 54 JE
oA LRI T IR

TEPUFER SR 1 R 1 2638 /K |, 6 AR 22 BHRE ) MR TR A B AL I AR TR, IRIEI0S T P2 i
o HSP \WRKY JE R 384 5% 3238 DAFRARIRN 38 N3 552 ol , (LRI T AEASHUIERp b i 2Rk | BB B AR T ANhi o€
o XV TR 396 5 114 i 37 e

ARWFFAE— B R 0T 5 R BB 38 AR ) 27 A4 B, DL BT FETotE R Tk & #0 2
BH—EWNSHEME, SRR L BHEYIHTIE R 73 FAILS] , 28 75 B0 5 Z2H1 FEAH e L B 1
TR T, I — TR INEE /T, UL, TR N K M @ P FEA L R Y D e L R Rk 2 ik 2t
SR AE AR R AR SR AT JE SRR ) T AR
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