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Proteomic analysis of apple leaf under water stress
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Abstract: [Objective] The proteomic response of Malus hupehensis (Mh) involved in water deficit
stress was evaluated to provide basis for improving apple rootstock drought resistant breeding. [Method])
The apple rootstock of Malus hupehensis was used for test with the control (Mh-CK) of continuous irriga-
tion and gradual drought (Mh-GD) treatment of persistent drought after irrigation. The combined methods
of physiology and proteomics were adopted to measure soil and leaf water potential, photosynthesis and
chlorophyll fluorescence parameters. The iTRAQ technology was used to identify the differentially ex-
pressed proteins in Malus hupehensis leaf under water stress. The proteins were also analyzed by GO anno-
tation and KEGG pathway analysis. [Result] @ Leaf relative water content (RWC) , predawn leaf potential
(net) s photosynthesis (Pn) ,transpiration rate (Tr) and stomatal conductance (Gs) of Mh-GD plants were
decreased significantly compared with Mh-CK. @ Chlorophyll fluorescence parameters such as PS ]l the
maximum photosynthetic efficiency (F,/F,, ) ,PSII potential activity (F,/F,), performance index (PI),ab-
sorption flux per RC (ABS/RC) of Mh-GD were lower than those of Mh-CK, while the chlorophyll fluores-
cence intensity was higher. @ A total of 1 897 proteins were identified by iTRAQ,of which 181 were sig-
nificantly differently expressed in Mh-CK and Mh-GD leaves. Among the 181 proteins, 81 were up-regula-
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ted (P<C0. 05,change fold>>1.5) and 100 were down-regulated (P<C0. 05,change fold<{0. 67). Among the

181 DEPs,86 functions are known,and 95 functions are unknown. Known functions can be classified into

10 categories. [ Conclusion) Under gradual drought stress, the Mh proteins responding to water stress

mainly involved in photosynthesis pathway,resistance,signal-regulated and carbon metabolism.

Key words: apple rootstock; proteome;leaf; water deficit stress
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Soil moisture potential (A) and change of predawn leaf potential (B) of Malus hupehensis under different treatments
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Table 1  Significant enrichment GO analysis of differentially expressed proteins (DEPs) of Malus hupehensis
GO REITE RREL ;
GO enrichment function No. of DEPs
H: M) 58 #2 Biological process
AHLAAE WA EHT FE Organonitrogen compound metabolic process 33 8. 58E-09
NG AR B Small molecule metabolic process 29 7.86E-08
B LA S Y Y4 3t #2 Organonitrogen compound biosynthetic process 26 1. 07E-07
KA E WA A W) A i 2 Carbohydrate derivative biosynthetic process 12 2. 39E-06
WAL S Y A it B Glycosyl compound biosynthetic process 8 3. 64E-06
BARAC I B2 Single-organism metabolic process 53 3. 79E-06
H— A it E Single-organism biosynthetic process 23 2. 09E-05
WK AL & W45 kW) & 3 #2 Carbohydrate derivative metabolic process 15 3. 87E-05
AA R AR i B Oxoacid metabolic process 18 4. 57E-05
A HLIR AL Organic acid metabolic process 18 4. 62E-05
A 32 4> Cellular component
2 i J5i 58 43 Cytoplasmic part 28 1. 61E-05
4l it Cytoplasm 30 6. 60E-05
KT 45 Macromolecular complex 23 1. 18E-04
Kk Thylakoid 8 1. 25E-04
il Cell 49 2. 37E-04
AN FR 4y Cell part 48 2.92E-04
2 M & 5% Membrane protein complex 9 3. 08E-04
KN ER 4y Thylakoid part 7 3. 24E-04
64 YE H] Photosystem 5 6. 93E-04
T 18 i AR 4> ATPase 54 i AL 45 14 1k
Proton-transporting two-sector ATPase complex,catalytic domain 3 7. 0ZE-04
4y T I BE Molecular function
R IG VE 5 A 4] Transferase activity, transferring nitrogenous groups 5 4. 18E-05
T 53 B 7% Pk Transaminase activity 5 4. 18E-05
R BR AL A ) TR TS P Nucleobase-containing compound kinase activity 4 5.01E-04
A% W R I B 7% 7 Nucleoside diphosphate kinase activity 2 7.40E-04
TR 7 % TRV A, R R Ak A A ohy 22 01
Phosphotransferase activity, phosphate group as acceptor 3 9. 29E-04
ATP BIE M A2 7 8 8 18328 3 g 5 PL#| ATPase activity, coupled to transmem- )
brane movement of ions,rotational ATPase mechanism 3 9. 29E-04
ATPase 1itf: ATPase activity,coupled 7 1. 43E-03
NAD %4 NAD binding A 2. 81E-03
ATPase 3% 1 . (B I Y BT 14 5 532 2l -
ATPase activity, coupled to transmembrane movement of substances 0 8. T8E-03
K A Wt A FE P T R B A kW R Y %5 I8 3 Hydrolase activity, acting on acid an- s 4. 59E-03

hydrides, catalyzing transmembrane movement of substances
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Table 2 Significant enrichment KEGG pathways analysis of DEPs under different treatments of Malus hupehensis

BTEEUANEA G 2. 2% P Ry (8 N E
Foy 4. 4% A HA (7 NEHE. 5 3. 9%) (£ 3 M

i % Pt i il / o i % G S P B AEMNE A

Pathway Ratio Pathway ID No. of DEPs
A% Carbon metabolism 9. 00 pop01200 5. 79E-06 16
R — A . o
Glyoxylate and dicarboxylate metabolism 0.55 pop00630 5. 20E-05 !
TN R B2 1 9 Pyruvate metabolism 2.00 pop00620 1. 00E-04 3
64 1€ F Photosynthesis 3. 30 pop00195 2.05E-03 6
T N S in PN
HRPIER R R PR A R R Bk , 1.00 pop00400 1. 20E-02 2
Phenylalanine, tyrosine and tryptophan biosynthesis
2-SE AR ER IS 2-Oxocarboxylic acid metabolism 1. 00 pop01210 1. 37E-02 2
fR1 542 Metabolic pathways 9. 00 pop01100 1. 61E-02 17
VA R0 6 2L o 4,00 pop04141 3, 12E-02 8
Protein processing in endoplasmic reticulum
87 21K Spliceosome 3.00 pop03040 4. 17E-02 5
VK A 9 2 0 4 . ]
Biosynthesis of secondary metabolites 0.95 popO1110 4. 68E-02 !
HAth KEGG %42 Other KEGG pathways 10. 50 N/A N/A 19
A& 4% Unknown 56. 00 N/A N/A 101

3 TEPDEFEHZERZEZERREEZEA(P<0.05 MBHEH=2.0)
Table 3 Significant differentially expressed proteins under of Malus hupehensis drought treatments

(P<C0. 05 and fold change=2.0)

BED SRR e
Accession Fold change Function
{5 5% Signal transduction
A9PEC2 0.397 224 GTP 454 K i # 11 GTP-binding family protein
BIGQQO 0.305 113 GTP 454 % 5% 1 GTP-binding family protein
BIN4Q4 0.272 608 45 ) 35 H %2 i 25 1 Calreticulin family protein
U5GVG1 0.375 219 %A W BRI i Nucleoside diphosphate kinase
BII3MO 0.247 218 % W BRI i Nucleoside diphosphate kinase
BIHD76 0.634 038 LRR ¥ % i % 1 LRR-kinase family protein
BIH]D4 0.520 790 AR/ B- A E A HE R & A Armadillo/beta-catenin repeat family protein
BIGJJ1 3.703 983 WLsh 3 3 Z % H 1 Actin family protein
B9IJN5 0.388 063 W % % 3 1 Kinase family protein
BIHBI1 0.628 385 W R 2C K %5 1 Phosphatase 2C family protein
BIILH3 0.433 637 LRR %M 5% % 19 Leucine-rich repeat transmembrane protein kinase
A Hn T Cell processing
BIGSC5 0.443 943 TS Pectinesterase
BIGRO4 0.368 477 DEAD % RNA fi# i it % i %5 14 DEAD box RNA helicase family protein
BIH7S0 0.611 000 DNA %54 %% % 19 Trihelix DNA-binding family protein Trihelix
BIGRX6 2.743 929 BEHIR-CoA 4§ . 3 B Succinate-CoA ligase subunit beta
BIH1B1 0.359 513 2 Met-10+ + %K JEHE H Met-10-+ + like family protein
U7DWQ4 3.745 333 20 % H H4 Histone H4
BIIFV5 0.476 366 MEAHSE 1 30 ku Z %M 4 Membrane-associated 30 ku family protein
QIFEUO 0.299 799 R B Pectinesterase
BOHW67 0.553 395 gzelsjer?glP/\ﬁ;T’ﬁ:g%p?lin%fNﬁ/g\%hfffs?family protein
BOH1Y2 3.139 462 2 % 11 H2A Histone H2A
At Carbon metabolism
A9PI53 0.512 867 T R 73 f#t Iiff Phosphomannomutase
BI10S2 0.625 173 VEMS G R » SR/ JEHS B Starch synthase, chloroplastic/amyloplastic
BIHIG2 3.311 518 PR HEAL 2K 5 SR

Reversibly glycosylated polypeptide 3 family protein
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&R 3(&) Continued table 3

TR %S e
Accession Fold change Function
At Carbon metabolism
A9PFJ7 2.522 549 T TR 2 B4 i Pyruvate kinase
BIGMQ4 1. 825 956 TR A % 4 B 5% % &5 1 Pyruvate dehydrogenase family protein
BITKG4 0.424 080 SRR i Malic enzyme
A9P8R3 2.017 771 S LR I Z i Malate dehydrogenase
BIGULO 0. 666 807 W BE K 7R B R % 3 KR 1 Glycosyl hydrolase family 3 family protein
y FUAE TR Gk i [ 5 il 57 T
BOHREO 0.541 188 g{zﬁgl% ?fczﬁﬁifsfﬁg‘t?igﬁiﬁfct&chydrogcnasc family protein NADP
U5GDS8 0.285 317 Hah-3-1% 2 i 2 ¥ Glyceraldehyde-3-phosphate dehydrogenase
fie L Energy metabolism
BOHWA2 1.614 975 ATP &l 4 B8 ATP synthase subunit beta
BIHZK6 3.363 394 ATP & v 4% 1 FEHE [ ATP synthase gamma chain 1 family protein
BITFR5 26.417 360 P i 1 P glycoproteinl
AOAOPOFAYS 2.165 793 ATP 4 W3k o« ATP synthase subunit alpha
BIH1J0 1.563 562 Huh I S %% 5 1 Glycerate dehydrogenase family protein
PLf S W Anti inverse reaction
BII6X4 0.480 057 ot AL Wil Peroxidase
U7DVX5 12.412 660 17.5 kd IR TE ZEHE 1A 17. 5 kd heat shock family protein
QIXFNO 5.486 899 of E Ak & i Catalase
BINOWE 5.581 193 PR TEE [ 70 A5 Heat shock protein 70 cognate
C1KA94 0.224 386 it B ALYl Peroxidase
A0AOB4SWQ5 0.398 935 PLA L 9 Peroxiredoxin
BOHT]7 3.209 303 PR Y 1 70 Heat shock protein 70
BIHS510 2.167 704 it 1k A i Catalase
4 J8 B 17454 Tron binding
BIGQ47 0.461 346 L E ARG 1 B % 4 [ Multi-copper oxidase type 1 family protein
AIPEX7 0.497 686 T Jiz W Wk A5 i, 4498 Thiamine thiazole synthase, chloroplastic
BIN7C4 3.822 091 LB LA e H Ik 2 Mt i 42 % 5 1 Lactoylglutathione lyase family protein
T A L AR R .
BII6AS 3. 347055 ;H;’”:dﬁ:'I%C@Tjiiﬁigﬁg(fﬁiigffai family protein
Y645 844 Photosynthesis
BIGRCY 0.143 008 AL A AT A B 1 Stomatal density and distribution family protein
A9PHAY 0.385 399 O, RIBE M) 33 ku FiEHEH O, evolving complex 33 ku family protein
ALGYST 0.526 612 40 g 1% b559 W3 B Cytochrome b559 subunit beta
Q41089 2,477 658 Tk B2 i i Carbonic anhydrase
A9PI20 0.468 226 Y FE G 1 4% Il %% 11 Photosystem [ chain [[[ family protein
A4GYSS8 0.470 942 A {5, % b559 W3k o Cytochrome b559 subunit alpha
A AL Protein metabolism
By < 2 - 5
AIPEZ8 1.993 703 ?riﬁaﬁ?omn ii:ii}zi;:fif:r%l?llA family protein
BIGSG3 0.335 827 i 40 55 3 K % 55 1 Thioredoxin family protein
U5FNHO 0.523 976 4y Wb i 4K 1 Subtilase family protein
USGKES 2,409 931 %Emi?l 17{8 ftxﬁ}izjli}ii?ift?d family protein
BITAFO 10. 445 020 A% H L6 Ribosomal protein L6
BIGFB2 0.341 329 % BEAE 9 Ribosomal protein
BII516 2.897 875 I%er\lfﬂerﬁ;rdPA%‘f’ﬁzipi?dﬁn?%&ﬁﬁggfﬁfi?family protein
= Wi b O B T S it 5 T
UTDVHI 2.224 903 geiréxiﬁﬁgtp:ﬁfjifjﬁfib:n% Elgase family protein
A9PF21 0.343 028 IR 2- B & -3- B 48 P IR 8 45 Jiff Phospho-2-dehydro-3-deoxyheptonate aldolase
A9PIC8 0.562 134 T 5 i 2 Bk I X X R4 i Peptidyl-prolyl cis-trans isomerase
AYPGUL 5.547 912 HSP80 %% % [ HSP80 family protein
A9P8Z7 0.194 294 BEHAMM RNA 454 %5 & 1 Glycine-rich RNA-binding family protein
o e ¢ TR 28 4 i A il G
BOTHRS 0.534 073 ?iiﬁo%lr?ﬁfﬁﬁt%%tffff{fffh?% family protein
BOHT66 0.586 238 HERPER G T 3 WA G Eukaryotic translation initiation factor 3 subunit G
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&R 3(&) Continued table 3
s 2 SR e
Accession Fold change Function

H A FEAC U Protein metabolism

BOIHAD7 2.045 548 FEfH A7 Tu %% % H Elongation factor Tu family protein

BIHO085 6.658 230 I 7K i 52 % & 11 Dehydratase family protein

BIGTT6 2.725 432 P 4% 25 1 40 235 % % 85 1 Clathrin assembly family protein

BIHFTY 1.704 749 Bk LR & L % # il Branched-chain-amino-acid aminotransferase

A9PHH1 1.745 177 KA E R Z M Aspartate aminotransferase

BOHP22 2.426 411 RILTEFEEG 2 K E [ Aminotransferase 2 family protein

U5GE19 0.297 367 B W R 4 Aminomethyl transferase

A9P8I4 3.256 107 60S BB A H 123 60S ribosomal protein 1.23

BIIEM3 4,362 291 40S MR 11 S3 40S ribosomal protein S3

AIPGLA4 3.513 142 40S MRS B S19 408 ribosomal protein S19

AIPIAO 4,605 380 40S # A 1 S16 408 ribosomal protein S16
HAth Others

Q8H6VS5 0.308 797 TN TR A 2L i Phenylalanine ammonia-lyase

Q45HK6 0.588 153 NI§ A4 i Lipoxygenase

BIHKS3 0.417 691 K55 A AL Long-chain-alcohol oxidase

AIPGE3 0.396 538 4-TF5 T R-CoA JERERGF i 1 4-coumarate-CoA ligase family protein

BII12G5 0.426 900 B Laccase

2 .
BONITO 0.580 789 %}jﬁjﬁaﬁ%ﬁif}ﬁﬁﬂ%Eﬂr%jlz%;ﬁcaoplasmic family protein
BIGSZ3 0. 425 620 S B R A N S-adenosylmethionine synthase
*4 TEMETFEMFERREIZANMES X
Table 4 Functional classification of differentially expressed proteins under drought treatments
EYE I BN ZE SRR AR Fik LAEARK RIKTWE A FFEART L LB/ %
Biological process No. of DEPs Up-regulated DEPs Down-regulated DEPs  The DEPs to total DEPs

{5 5% % Signal transduction 11 1 10 6.1
HL¥ W Anti inverse reaction 8 5 3 4.4
i ftigt Carbon metabolism 10 4 6 5.5
1 RS Protein metabolism 25 16 9 13.8
AN T. Cell processing 10 3 7 5.5
4 )@ B 1454 Tron binding 4 2 2 2.2
fiE Uit Energy metabolism 5 5 0 2.8
Y64 42 Photosynthesis 6 1 5 3.3
HAth Others 7 7 0 3.9
K HNIfE Unknown function 95 44 51 52.5

3 WieSH4iie
5.1 TFEBETF B # F Ak 40 4 I 48 7 00 AL

B T 5 A B 2E 4T Mh-CK Ak F- &2 il
K g EAAEZ B RWC B 83 5 T Mh-
GD ALBH, 24k AATHRKE B W] AT i 7K 3 (o) 1
A K AR A 1 AR AR . AT A SR
FURGAE Y ERRF A4 R B TR A T g 91 8
TR, Kautz UV BEFE LR R T 5 i 251k
RWC M4 3 & 5 P 8 R 7 J5 52 2230 i 280 R
TR o X LA S R R 38 D

FARIE R AR HURE T, 2R FHP 0 F/F,
AbF 0. 8~0. 85, Ik T X A~ [l I, Rt 2 3] T

3 I S T e 1 T N 7 M U U SN
F./F. . F/F JaETOCFOH B FE TR PST RV
JEREFE AL R (PS IL TR AE 16 1R 52 200l 1 W+ 5
i EAE R 1O R T L A CO, [FE.
ACHE T S5 R SR AR DK 1L B o B AR SR B 1Y
B /B X I 35 7 S 10 g S A7 76 R X 357 74 19
AT U BRI % PO S B 2l R [ AEAS BT
FH . Mh-GD 4 B F,/F,, & F0. 8. Al g K
MR AR G 5 K B OR T F/F B9 B . F0 1
SEUIE IR B 2 A KRB A g RWC IR T
59 Y0t OJTP iy £k R W% e il 8T8 R % A= W % 7%
e AR PSIL I Fo/F SN s 6 & PR RE SR %L PI
e F,/F. BESS SN 4 ek PS [ A PS I Z [A] Y
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A% 122 A6 P BE A T 5 09 i 32 T2 i AR, X
HAMR A R — 80, RIS Mh-GD 4b S #R Y PI
B #FH KT Mh-CK 4-#1,
3.2 FEMFEMHRERRZEZEZEBRNIIGE

Fo# Mh-GD #l Mh-CK &b 355 & # 2% i A 1
2SRRI, 5o B A S A R A G
R S B Ry s NI ol L I TS ) = B 2 o 0 I 7/
RS FHFSBRME RN 2EREARESET
¥, Mh-GD b ¥ 22 5 85 1 K ik 5 Mh-CK &b # A
oA THA B 0 BT 52 38 58 5 4 1) 4R o8 &
AR N S8 2 B G AR 1 O R X T 5 PR B A O

N
3.2.1 B54#F%a FEEKELETRZH

B S SR T B AR R A 3k 2 20 A
s AT G P B85 8l — SE A G Ak A 3R 3 D) 3k 1) R4
i H . AR LI T 11 #5155 5 S A4 ¢
MEH. EHEYH.GERZEMEN KA E
TR RN EAR. ES 5 2 MERE SN
B AL HE I B R N MRS SRR
S S GRS AL g R R AR Y B T
WY fE 55 %, AR, 24 G HA
A9PEC2 Il BOGQQO Fik I T . 5K EH 2
5T A Bl A0 B D RE W] LAAE S Y B AR A L
AR AE S B T RS S AR . AR R 5
HAZRBG(BINAQ4A) LK TR, A% WM M 2
(NDPK2) 2B I e R 5 S8 e rh i —
A B 2 5OGHUR A B R B AR T OL
R CoR i 2 SO A R OUE 5 SR REm
—FEEE S A0 . ARBFE R, 2 A NDPK
(USGVGL Ml BOISMO) K ik i AR St E 12 5
A T R T OUE S S BRI
2C ZRE R (PP2C) 2 5 ABA i M5 {4 1L
MALAE 5 5% T e . ARWF5Eh PP2C(BYHBI1)
KETWH, EWRELETREWET ABA FEE £,
B AR S R KR H I (the leucine-rich re-
peats receptor-like protein kinase, LRR-RLK) /& H
HIFE ) b e R ) — R A W) 28 %2 16 85 1 g . Xing
setnhg g iirh 1 4 LRR-RLK 3K PAERECTA #£
FURE I R 223K, R B A 2 2k A R BB A R R R RS UK
SR 5 R . wTABEY & B, LRR-RLK B4
A5 30 5 38 A5 5 0 SRR B A% 3 X AT A e i 35 B
i B E R AT AR A, TR
Wi 2 4~ LRR-RLK(BYHD76 #il BOILH3) 3% ik
T piE R E AE TR AR TE S W O T BE Y

Z . MAEMY) EEAHGE. Wnt/B-EREHE S &
BENYERERESBEPREZE/EH. AR E
B NAR /B 0 R F W E (BOH]D4) Kk
T BT RE A AE

G b — LA E AR E AR
(BIGJJD . ZMALZhEASEHEAS 5 BML
HERPW  EEYAERE G M A RS
BAEM. AT ASIE R RE LRSS 5
A i Pty i R I B S R D T2
3.2.2 HmR#MEEG AWEKI. S5 HE RN
W S RBRIER (TCA) . GDP-H 82 B A= W1 & BRI U
¥ G LA i KA B W 6 s B 1 8 43 53 A H -3+
W R i &0 (USGDSS) | 3 R il (BOIKG4) | # R
S R CAIPIS3) | JE ¥y 5 B (BIT0S2) b 2 K fig
il % 3 B H (BOGULO) KA Ak IS 1 NADP A5 i 4
LI BLpE s 6-1 IR B S 5K 6 45 11 (BOHRF0) . BAT]
BA AR IS M R IR N TR E B ERT
R S50 o P A R Ot L K T 2 11 (BOGMLQ4) T
TR I A B (AIPSR3) £ 5 TCA. N B iR i B
(A9PF]7) % 5H R (EMP) 3 . 3% 3 Fh R (13536
VUL A R R . fE TR AR O A ik (R
b1 B 32T [ 48 ORI A T s e K Ak B 0 31 #E
. EFYEFR R —Fh 20 T, 2 A Y A0 i BE Y
HE Sy A8 T R TAEY A T 4R 40 2
MY R MERES . S RAFRE RN ED RS L
. AW PSR Z K 3 RIKEA
(BIHIG2) ik R AR T g Rrdi B4
3.2.3 WA KRG TEHEEMAT YIRS
ST E AL E Y R S B BB, Al
PEE(ROS) J& e i W i 8545 F W . ROS 4
AR LS UK BB 5 — DIAE MR N I AR Koy F IR
JO7 5 DT B0 K JEC 3% 1 2, 4T L A0 O AR
{200 it v o A7 A 3 8 A A6 4 B AR (SOD) | 2 480 1k
Y (POD) | 33 A Ak & B (CAT) Z {4y il . vl 76 T
L8 T B ROS, R A, fR 4 g 400,
ABFSEH, Hi A AL R 1 (AOAOBASWQS) | it A 1L ¥
i (BII6X4, C1KA94) £ 5 F M, ik 7 & [
HSP70(U7DVX5.BIHTJ7 fil BONOW6) il it & 1k
AU (BOHSI0 il QIXFNO) ik i, B + 5
FE R I ik B SOD {4 % 35 T B, POD 3 4 i %
T 5N WA AN [ R EE R s CAT I M7 b T 5
7 ST N Sl | TRl 0 i O Nl
HSP70 Z R AE R v 8 A K 8 T el sF e £
Bk, TERZBAEY T HSPT0 2 & EREZN
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— R L Y A2 B S A s
PE .S 5 &£ FILRA YA, HSP i34
J s P AR E 200 0 45 4 o 4 457 4 Jf O R AR B ) B L Al
BLAAR X 395 58 18 AN AR5 8 Lo 1 SRR e A5 R 7 K 4T
ALl | R N 0 B L S N ST = S TR U |
CAT F1 HSP70 3% 3K o 34 5 A ) %5 T 5 B 38 9 471
P

3.2.4 kb #iEZE ATHEMETN YA E
FOZ AR H U A B AR bR . ABFSE OGRS THEN
FE HE H (AIPI20) | < fL %5 BE A4 A K % & A
(BIGRCY) J O, Kk JE & A= 33 ku X ik H H
(AYPHA9) Z: 5 5 2 i Y L, 1% 3¢ I 52 o 1) Ak []
b, 452 b559(Cytb 559) & i M4 TE 3L o B 14
D I AN - = S G B | W~ = NI S
Gy —SBRFSE HEDN AE PS I PN &6 R RE A7 7 — 4%
R4 PS8 SRR I 96 20 i 1% 3B i 42, 76 IL A
e, Cyt b559 Al fE & ¥ % | E/EHYY . AW K
UL A0 €6 % b559 T3 BCAAGYST) F1 Cyt b559 F
H «(AAGYS8) K A9PI20 . BIGRCY,AIPHAY % [
TR T RYDEGERER. X 54005 0 @
A BLEE A5 Po Al Gs B 25 3 — 30, Mh-GD 4b
FAE AT Po 1 Gs B Z (8T Mh-CK 203, R
i FifE CCAD S22 A 9 38 L B 360 B 855 1) o 45 e A 38 o
ity 7E DR 06 B Bk AR g R O T B AR Y
CA fiEfk CO, 5 HCO, Z [a]fy a] 33 521V » e % BT
[i] 5 200 0 R W RS T 1 CO, HLFE TR B 1. 4=
A T R s n R A AL IF AR N AT
B R ALY CO, MR BE T [ & R BOCGER %2
B, ASHFSE B R T A (Q41089) 3 1k b 1 4 i J&
N TAET R aa T aE CO, BB 28 M 4k 57 1E W
e 1ER .

3.2, RARRHM AMRPSHEARA L
fifE 25, an sz 1n) AMP A8 P 5 B 0 3% 5 1 5K T R
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P20 3 R 1 (BOGTT6) JZEAf K F Tu %Kik 1
(BOHAD?) F1 2 Fp &% WK 25 (1, 1 60S MK R B
L23(A9P8I4) . 40S i H AT 11 S19(AIPGL4) 408
WK 1S3 (BITEMS) | 40S #% 1 & % 11 S16
(AIPIAO) TR 11 L6 (BITAF0) ik i,
2 B AR ) A3 3o B o — S8 4 O 2R 11 09 A R FI A T

i .

(2]

[3]

[4]

[5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

B/hge, 5 T R a T FBRA R 25 REEOMT 79
L5 ik ]
[1] Bray E A. Molecular response to water deficit [ J]. Plant Physi-

0l,1993,103(4) :1035-1040.
Rivero R M, Kojima M, Gepstein A, et al. Delayed leafl senes-
cence induces extreme drought tolerance in a flowering plant
[J]. Proceedings of the National Academy of Sciences of the U-
nited States of America,2007,104(49):19631-19636.
Taniguchi Y. Quantifying E. coli proteome and transcriptome with
single-molecule sensitivity in single cells [ J]. Science,2011,334
(6055) :453.
Vogel C,Marcotte E M. Insights into the regulation of protein
abundance from proteomic and transcriptomic analyses [ ] ].
Nature Reviews Genetics,2012,13(4) :227-232.
Walley J] W, Shen Z, Sartor R, et al. Reconstruction of protein
networks from an atlas of maize seed proteotypes []]. Proceed-
ings of the National Academy of Sciences of the United States
of America,2013,110(49) :E4808-E4817.
Ashoub A,Beckhaus T, Berberich T,et al. Comparative analy-
sis of barley leaf proteome as affected by drought stress [J].
Planta,2013,237(3) :771-781.
Pradet-Balade B, Boulmé F,Beug H,et al. Translation control;
bridging the gap between genomics and proteomics [J]. Trends
Biochem Sci,2001,26(4) :225-229.
Yang Q S,WuJ H,Li C Y,et al. Quantitative proteomic analy-
sis reveals that antioxidation mechanisms contribute to cold
tolerance in plantain (Musa paradisiaca 1.. ; ABB group) seed-
lings [J7]. Mol Cell Proteomics,2012,11(12):1853-1869.
Ali G M, Komatsu S. Proteomic analysis of rice leaf sheath dur-
ing drought stress [J]. Journal of Proteome Research, 2006,5
(2):396-403.
AEWIEL AL AL 1R A, A5 T G e DR R A o )
Lefif vk %8 (11 K L PRAFEWFFE 2010, 17(4) : 256-261.
Li M X,Du S N,Bai G S,et al. Problems and solutions of ap-
ple production in Weibei Loess Plateau [ ]J]. Research of Soil
and Water Conservation,2010,17(4) :256-261.
Yu D J,Kim S J,Lee H J. Stomatal and non-stomatal limita-
tions to photosynthesis in field-grown grapevine cultivars [J].
Biologia Plantarum,2009,53(1) :133-137.
Li C,Tan D X, Liang D,et al. Melatonin mediates the regula-
tion of ABA metabolism, free-radical scavenging,and stomatal
behaviour in two Malus species under drought stress [ J].
Journal of Experimental Botany,2015,66(3) ;669-680.
Atkinson C J,Policarpo M, Webster A D, et al. Drought toler-
ance of clonal Malus determined from measurements of stom-
atal conductance and leaf water potential []J]. Tree Physiol,
2000,20(8) :557-563.
Thomas F M, Gausling T. Morphological and physiological re-
sponses of oak seedlings (Quercus petraea and Q. robur) to
moderate drought [J]. Ann For Sci, 2000,57(4) ;325-333.
Kautz B,Noga G,Hunsche M. PEG and drought cause distinct
changes in biochemical, physiological and morphological pa-

rameters of apple seedlings [ J]. Acta Physiologiae Plantarum,



80 PU LA ARB R 22 27 4R CH AR 22 5O 55 46 &
2015,37(8):162. Planta,2010,232(6) :1339-1353.
[16] KK, BEHRINETF. T RMa X & /N E g R 960 [29] EWIE. T 3, 205, 55, /K5 Wi %) 7K B8 45 52 30 76 4 4™
s (1], b B AR S AR A 45 2002, 10(4) 1 13415, ARG RGN L), b B RO 7 2007, 40(7) - 1379-
Zhang Y Q,Mao X S,Sun H Y, et al. Effects of drought stress 1387.
on chlorophyll fluorescence of winter wheat [ J]. Chinese Wang H Z,Ma J,Li X Y,et al. Effects of water stress on ac-
Journal of Eco-Agriculture,2002,10(4) :13-15. tive oxygen generation and protection system in rice during
[17]  KHFE XN H 2. BREEEE(Grimmia pili fera P. Beauv) PS[DE grain filling stage [J]. Scientia Agricultura Sinica, 2007, 40
LR KRR 0 3 )], 2 25 241, 2007, 27(12) (1) 1379-1387.
5238-5244, [30] o758 . 20 JkF0. 15708 L 55, T S8 % R IH A6 2 3 A AL 48 B
Yi Y J, Liu] Y. Photochemical analysis of PS]I in response Ry [T, B A &5 % 4. 2011, 22(3) :651-657.
to dehydration and rehydration in moss Grimmia pili fera P. Fan S L,Yuan Z H,Feng L J,et al. Effects of drought stress
Beauv [J]. Acta Ecologica Sinica,2007,27(12) :5238-5244. on physiological and biochemical parameters of Dahlia pin-
[187] #h b E8, TR =S B K3 ¢4 K75 2 4k nata [J]. Chinese Journal of Applied Ecology,2011,22(3):
S PST #nPSTIhRgry s [J7]. be 205 42, 2008,35(1) : 1-6. 651-657.
Sun S, Wang S M, Wang ] X, et al. Effects of dehydration in [31] [EW.skFE. T 2aXF 2 Fhota 288 C4 TR EAL W vk
the dark on fucntions of PS | and PS|| in apricot ( Prunus ar- oA A T A B S PR BT PR R e [T .V b A W 2
meniaca 1. ‘Jintaiyang’) leaves [ J]. Acta Horticulturae Sini- 2015,35(9) :1815-1832.
ca,2008,35(1) ;1-6. Wen Z B,Zhang M L. C4 photosynthetic enzymes and antioxi-
[19] Jones J C,Duffy ] W,Machius M, et al. The crystal structure dant enzymes activities in two photosynthetic subtypes of C4
of a self-activating G protein a subunit reveals its distinct desert plants under soil drought stress [J]. Acta Botanica Bo-
mechanism of signal initiation [ J]. Science Signaling, 2011, 4 reali-Occidentalia Sinica,2015,35(9):1815-1832.
(159) :ra8. [32] Wang X Y,Manjili M, Chen X, et al. Development of cancer
[20] Ullah H,Chen J G, Young J C,et al. Modulation of cell prolif- vaccines using autologous and recombinant high molecular
eration by heterotrimeric G protein in Arabidopsis [J]. Sci- weight stress proteins [ J]. Methods,2004,32(1) :13-20.
ence,2001.,292(5524) :2066-2069. [33] Udono H, Saito T, Ogawa M, et al. HSP-antigen fusion and
[21] Coursol S,Fan L. M, Le Stunff H, et al. Sphingolipid signalling their use for immunization [ J]. Methods,2004,32(1); 21-24.
in Arabidopsis guard cells involves heterotrimeric G proteins [34] Cheng E N,Qutob S,Pavliv M, et al. HSP27 is better associ-
[J]. Nature,2003,423(6940) ;651-654. ated with the expression of inducible thermotolerance in hu-
[22] Trusov Y.Jordd L, Molina A, et al. G proteins and plant in- man pancreatic tumor cell lines than HSP70 [J]. ] Therm Bi-
nate immunity [ M]. Integrated G proteins signaling in plants. 01,2002,27(1) :47-54.
Berlin: Springer Berlin Heidelberg,2010:221-250. [35] Cramer W A,Tae G S,Furbacher P,et al. The enigmatic cyto-
[23] Okamoto H,Matsui M,Deng X W. Overexpression of the het- chrome b-559 of oxygenic photosynthesis [ J]. Physiologia
erotrimeric G-protein ¢-subunit enhances phytochrome-media- Plantarum,1993,88(4) :705-711.
ted inhibition of hypocotyl elongation in Arabidopsis [J]. The [36] Goss R,Richter M, Wild A. Pigment composition of PST pig-
Plant Cell,2001,13(7):1639-1652. ment protein complexes purified by anion exchange chroma-
[24] Choi G,Yi H,Lee J,et al. Phytochrome signalling is mediated tography:identification of xanthophyll cycle pigment binding
through nucleoside diphosphate kinase 2 [ J]. Nature, 1999, proteins [J]. ] Plant Physiol,1997,151(1):115-119.
401(6753) :610-613. [37] Mor T,Pakrasi H,Ohad I,et al. The impact of the F26S mu-
[25] Ma Y,Szostkiewicz I, Korte A, et al. Regulators of PP2C phos- tation in the g subunit of cytochrome b559 on the function and
phatase activity function as abscisic acid sensors [ J]. Science, stability of photosystem [[ in tobacco [ M. Photosynthesis:
2009,324(5930) :1064-1068. from light to biosphere. Berlin: Springer Netherlands, 1995
[26] Xing H T,Guo P,Xia X L,et al. PdERECTA , a leucine-rich re- 927-930.
peat receptor-like kinase of poplar,confers enhanced water use ef- [38] Barber J,De Las Rivas J. A functional model for the role of
ficiency in Arabidopsis [J]. Planta,2011,234(2) :229-241. cytochrome b559 in the protection against donor and acceptor
[27] Xu Z S,Xiong T F,Ni Z Y,et al. Isolation and identification of side photoinhibition [ J]. Proc Natl Acad Sci USA, 1993, 90
two genes encoding leucine-rich repeat (LRR) proteins differ- (23):10942-10946.
entially responsive to pathogen attack and salt stress in tobac- [39] SkEM,. SRR, £ S BRI B LE & A Y OE & AR
co [J]. Plant Sci,2009,176(1) :38-45. BIPE T (1], TIR Aol 2 42 . 1992, 8(2) . 7-12.
[28] Pitorre D,Llauro C,Jobet E,et al. RLK7,a leucine-rich repeat Zhang Z 1.,Gao Y Z,Wang Z. The role carbonic anhydrase in

receptor-like kinase.is required for proper germination speed

and tolerance to oxidative stress in Arabidopsis thaliana [J].

photosythetic carbon metabolism in higher plants [J]. Jiangsu
Journal of Agricultural Sciences,1992,8(2):7-12.



