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Abstract: The cysteine protease gene MdCP2 plays an important role in responding to drought stress. In
this study, the experimental materials were one-year-old ‘M9T337 apple seedlings subjected to natural
drought treatment. We determined the photosynthetic characteristics, plant water content, differentially
expressed genes and the function of cysteine protease gene MdCP2 in leaves of apple seedlings during
natural drought and rehydration process at physiological and molecular biological levels. The results
showed that the photosynthetic rate, stomatal conductance and transpiration rate decreased under
drought stress. In the later stage of natural drought, the major limiting factors of photosynthesis changed
from stomatal restriction to non-stomatal restriction. The qRT-PCR results showed that MdCP2 had the
higher expression level in roots and its expression had a significant positive correlation with the the degree
of drought. The expression levels of MARCA, MdCAB and MdRBCS were negative correlation with the de-
gree of drought. Yeast two-hybrid and BiFC techniques were further used to demonstrate that MdCP2 in-
teracts with MdGLK1. These results provide a theoretical basis for further study of cysteine protease

MdCP2 gene.

Key words: apple rootstock; drought stress; cysteine protease; MdCP2; MdGLK1
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H4 ] ¥ (Chaves2£2009) o
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IR, TR 2 FEUILRA, IDEERY — &
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T, TS AELAD 1) ' 4 3 28 B I (8 3 22 2007).
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WRE(C)o I 5E R F LED 2L # 6 Y5, e N
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Table 1 Primers used in cloning and expression analysis

IR/ EZ S JF5(5'—3") &
MdCP2-F GGATCCATGCGGCCGTACCG FEH 1
MdCP2-R GTCGACAGCACTGCTGCTCTTTCCA FER 1Y
MAGLKI-F CATATGATGCTTATTTTATCACCTTTGCGG FER Y1
MdGLKI-R GTCGACGGCACAGGAGAGTGGTATG FER 1
MAGLKI (1~300 aa)-F CATATGATGCTTATTTTATCACCTTTGCGG LR 3
MAGLK]I (1~300 aa)-R GTCGACCCGTCTCTGGGTCCAGCTA FER 1
MdGLKI (301~536 aa)-F CATATGCAAATGTATGGGGCAGCAG FER 1
MAGLK]1 (301~536 aa)-R GCGTCCATGTGATTGTCGAA FEpR 1
MdCP2-F ATGGAGGTCTTATGGACTATG S 5% 56 2 RPCRY™ 14
MdCP2-R GTAGGAACATCTTCGTAATCG SER 2 E SPCRY 1Y
MdARBCS-F CAGGATACTATGATGGAAGGT SER ¢ 58 S PCRY 1
MARBCS-R GATGATACGGATGAAGGATTG SER % 8 FPCRY 1
MdCAB-F TCATACCTCACTGGAGAATT SE 58 BPCRY 1Y
MACAB-R CCATTACGGACAAGAGTTC S 5% 56 2 PCRY™ 14
MARCA-F AGTGAGGAAGTGGATTACG SER 2 E PCRY 1Y
MdRCA-R ACATTCTCTTGCTCTTGGA SER ¢ 58 FPCRY 1
Mdactin-F TGACCGAATGAGCAAGGAAATTACT SEI 7¢O 8 FPCRY 1
Mdactin-R TACTCAGCTTTGGCAATCCACATC SET 556 BPCRY 1Y
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F Takara SYBR" Premix Ex Taq™ II (Tli RN-
aseH Plus)ik 7| & 47 QRT-PCR /3 ¥ 1% S M AK &
925 uL: SYBR Premix Ex Tap' ™ II (2x) 12.5 pL.
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FEREAR3IREE . qRT-PCR 3 4k 1 95°C AR P
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DAEIN, BRIRAIEIR 30 AT 56 R AR B Ja K
2O AT s R HUIE AT (B3 FA252017).
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FREUCRZI1 gt SRR A 7a 70 BB, Je IO
mL {212 1xPBS (pH 7.2~7.4), i 51 5 42K
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30 min, 785321 K 5E G &0 B B . K A Plant
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1E450 nmiE KA E % FLAODME, EE3R. brdk
il 28 ¥=0.3167x0D,5,-0.4386; Y: 5 i 5 1094 J& A8
(U-L™Y.

1.8 MACP2E 8 £+ R H AR E

PL1.5%5 3815 1 cDNA AR AR, 78 3% FL 3L A 41
W e TP S R 5 XM_008395554.1 F1 XM.008-
383362. 2% THRE R MESIMIGR D47 MACP2 . MdG-
LK1, MdGLKI (1~300 aa) 1 MdGLKI (301~536 aa)
FLPE . F% I Phusion & ff FLDNAY 3 i (F530) it B
FEATPCR, 1% 35 5 B8 Bt Jie 6 PCR 7= 1) i3k AT
HLHK

P 51 NBamHIFISall 24N B VIAL 5 10 51405
WMACP2Y I SRIEAE T 51, 2 Ja 1R B PLB S FE 4 /4
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FI 51 N Ndel F1 BamHI1 2/ B U 57 15 10 51 404 14
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FH Ndel F1 BamHIX} 5 [ % 74 M1 2148 i 4& pG-ADT7
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FIFH 5 NNdelF1Sall 2ANEE VI £ 1 51 03 1
MAGLKI . MdGLK1 (1~300 aa). MAGLK1 (301~536
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Ndel F1 Sall %} b, [ 4 A4 Fl 2 15 /K pGBKT7 73
BEAT XWUBE ), #) i R IX B AR pGBKT7-MdGLK 1 .
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Fig. 8 The transcription activity of MdCP2 and MdGLK1
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MdCP2-YY/
MdGLK1-Y®

MdCP2-YS/YN

MdGLK1-Y¢/YN

E11 MdCP25MdGLK1#9BiFCE {EEIE
Fig. 11 Interaction between PMdCP2 and MdGLK1 by BiFC assay

In, ALFE ] I, H B A K B A
TREER . AR R A AR S KB E T
R A S BLE T B AR . R
BEKEFEF, Y A R, AR
BRI R B A s A0 1) e O ™ B 2 4 i 1)
I 7% (VankovaZ2012; XuZ§2013).

K3 3 F ) SR GG AE L, TR O
G E TR, AL IR, 206 E %R T, £
S5 (2013) 7 K DL G S E v AE RN R A
VPRI A RGeS, AP, T GAHICE H W
EEZ RS UIR I SERN (e (Y NI R AV S E I (=
EF A F, @ A NEDET EPE T s
A P B AR P 5 PR FE P AN 77 TH (PR R 15 562010): —
WP A 52 5y A P R G A I K /B BN S
AR BRARZE B, DK 8k, IREFE &
TKE, RILF MR, (FdE N SFLHCO, = 5k
b, AR R IOGEE R ESR, FEUEYE
GEHR N B— R NEYC G4 E %

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

R, JE TG ER AE LIRS, P2 45
5 SR AR P AR ubiscodif M FFR . S BN
HAEHBEJIBRAR, X PG 2 KA T PR
PEE DL T o AT 7T R AR 1R B K G 2518
K, LHEE K E N R 2%, #6 kM A Rubiscodif
PG, SAT AR R —8 . W HEN TR
FEfEAE I SRR, TR U Rubisco

CREHHTR M K HEARES T, YL & RE
TN BEAE Rl T A ALBR L 2 JEALPR 1, B2
S PSLRE ), MUY e P
ARRBLEEA G, 1 H 5358 4 B 57 OK 4 i
5B A []) 47 9% (Zhang52010; Wu2008; Flexas
FMedrano 2002).

FarquharflSharkey (1982)iA 4, T- 5 S EUHEY
6 R A ) AL R AL PR 1] PR 2R — AR
LT C O, R FEE () AT FLBIR L (L) PR 738 A1 5K )
YT BEENERE T, CREICHMLI I, I
B A2 S ALBR A o 32 F AL, CHmEcE AR, [FI
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LFEARES, shif 2 dE LR 2 BOL & M & T F.
PEARZEQO)HH T KT R a R, WIrgIH P,
ERFE&ER, MCE EIH&ES, BRI HET
B a6 A T 2 PR 5 PR BT AR AL PR
FH. MR EEQ08) FL LM, FEE K W iEFE
FERE, 48 L3¢ RG,. P,STYE TFESA,
HApP AT IS G A BEEKR, BrLAul
AALBR IR K e R AL E L3E R EEH T
MR ERREE Q013 I WA DL: 75 11
RWC<38.9%I, 38k A= ™ B K 73 i, i PSII
RO MPLAMEE R 52 24000, WHDLE/ER T
T E PR R 2R e AL R ) 28 AL R 1

EARIH, 15 1EFRKEH 12K B 18R
[, s BF 398 2 7K B AE 2%~8% 2 [R], W 7E.P,
GHZEI T IFEHA IS, CEI FHHER, X
&) J& T o R AL S 3RS AL R 2R BRI i %
Hrmle EAFIEBKIGE 18K, I Pk B EAK, 1
B b BT PR AL A P IR T 36K Tl Bl 38, 5 K Ak
TRXFOIRES, MR RA IO, MERATIE ST 5
PR 18K G AT H /KA B . /Kb BRAE K G
HR 77 A — T B AMEE RN, S RS (201 1A 7T
T X 7K 53 I ag (R BBURAE /N TP, EDO 27K R U
PN AP r= B SN i BUR L 718 N d ot LS UR Sl o
T/ T BME B /N TP, B2 T AP 1E A A 1
BUR A ZEAN K

TERE AN, D2 R & B E ik N
TK ATl B — For, it 3 R o B BOE BRI —
KEH, BNS5n 22 fBEh=R 2 1 E B K
S N, AT &g A AE 0 75 B Rubisco (Masclaux-
DaubresseZ52010; CarriénZ52013). #ff 50 & BLAH E
NtCP2E: RIAE T 5l T 2Rk 7K1 B 242 51 (Bey-
ene%£2006), A5 [\ FF & LT 5 RE % 15 3 5 R
MACP2E: R 3215, 1t B E T 327K 4 Wy i@t At
bR B C R R R, BERE B2 YY)
meph Rk, s mEYCE . AINRIT R R
i F0 1 4 15 Rubisco /N ME JE & [K (RBCS) R 15, Alifl
Komatsu (2006)7EHF 78 7 5 W38 T~ P & i 17K
T %I 7 i ok 2R 54 AR 4k, R 3 Rubisco K
/NP EEHS SR R AL, FF I NRubisco B & (1) 9D
R T 2R AR 52 - BB BT 8. Rubisco (175 141

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

F&—Fha] LLi 5 Rubiscodi 14 (I, fE{#Rubiscoft
TR A N 26 I8 B i RIE G RR B2, A &l 3
R 9 oA B A FH (Rokka®5:2001). AF 58 A B
T2 ge i g i Rubiscolif (LI R (RCA) Rk, 5
PNV RAE

LiuZE (2018)HF 7 AL A f K I, ARGLK 7] DL
AR R, R TS A K R R AR
F, ARGLK 13 K 5 N\ glk1glk2 X 98 45 44 & 7 H B
Sl IgI2TE ) = 2205 WAF TG 2, SWTAHH Y, W%
B[yt 2% 2 B I PSR 1 AR 5 0 R A% R o
PR S 2 AR A ORI G SR 3 DR R U B
Ui B T SRR AR A A G IR Th g B 7 (1)
FEDR, 0 5 I TR B AR K B R ARz e, 9 HL
BRI M Sk 3R A G RS 5 PSTINE 1t 1 B [
JiAh, GLK & A1 R IE 1 S A 1
SR FIRIE, BV G A B WK FE A 412, AR 40 A
SRS ) AL 2% 3K AR R (Nakamura%52009; Ko-
bayashi%52012; Powell£52012). 7E R 77 [ Mg B -
R R I, BpGLK | ZRIE VR R i)
MR RSB SA K %3 70 . BpGLK]
B[R] (1) T i 2K 3 2% 52 W AEL ) 1R O' & A H (Gang
£52019). AW FLR B, R MdCP2 5 MdG-
LKIFEM BAEH, “FMafR & A e % K oh &
V2 % W Rubisco, GLK 1 L1/~ 5 44k T fig
15T A 2 AL 5 DR AH O (1) — ZH A% 4 B 6 TR 1) 3R 0
(Nakamura%§2009; Waters%$2009). FftLL, MdCP2
- AR AV E T BEAFAERK R, TTMACP2 5
MAGLKI{E T 55 #8 A BAR 7R R S5 40 15 475
AAehE, NI SAE + B 008 5N E iR
HPR Z X P AH LA I B
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