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KYE, Rol, #neE, FI0X, MMt
e A M B SR T, B 25 A7 05 89200, 40 125100

B/E  NEEAFEBUEER(Malus domestica) il Fiif S 4E AU 1 0 5T IEAR DS 8 A R IA 22 5, LAPUR dl Rl i ) 1 5 )&
sin Pl < e RS, SR e B [ R AR RE B (IBT)F AR5 & U il - A3 IR 5 (LC-MS ) 4 52 5K, X i 11 AL AT Ji5 470
T R R (0 B R AL R AR EAT b, SRS IAT A 2 R R IL R 1 (DEPs). GO'E 4 KKEGGIH i 73 & W, 7E4H
MBIy 3T I REAN A WL R 3K v Lk R 516861 GO % H, H 152> DEPs i F T KEGG Il i#% 11181 i 3 7 7 i 1%
(P<0.05). V.4 & Az 7 73 Hr & B, 171/ SDEPsH A 17073 5l 52 £ T8 AR &« & 1 DhREVERE 7> W W], 461> DEPsiE:
BeTTRUEMRER, BilKMER. LA bE. SHmauls. SEREA. JUT M. AU EAREA.
BEAh, B HUVEAR SR 1 AR IR mi S DR 5 FE 45 RHEAT 1 )Mo BT TUA R AT O HE— B MR TH BO IR R R
T3 1 38 TN SR S5

XA ER, fU. BUN, IBTEREEARAY, BIUE, SirEMLEA
WER, R, BERE, 2R, AR (2020). ASFDUIESER SRS E R SO0 EPRE ) 22 R A B A AR

55, 430-441.

S (Malus domestica)fE 2 4 A AR A FLR BT
FURIRE A A, 22 42 P2 thE FR K SR Pk ] R4
Jit 5 B % % X (Eccher et al., 2014). —E. LIk, 3E
PN B T s 0 RV o Rl AT S 3o
(Jurick Il et al., 2011; Fan et al., 2011). AN T
B 55 PP TR 42 16 40 AL S SR B M v )
B RoRAE

AR B 2 50 I 3 SR R ) B T, K
B B I AR G R T i e AR S A RO,
PR RN S AR AL 77 & 5 a5 (Ogata et al., 2000;
it HZE, 2012; Xu et al., 2015; ¥ %%, 2016). Hf
FUFH, RLZH0 I B P E T, T B R ) R R AE
PRAN G N A 22 S BH 2 (R 1 5 5%, 2010; Xu et
al., 2015). UfE T3¢ AR SO 0 T 2 07T o 3
BB I6 T7 3% BUR 43 B R v B IR 97 k55 7 T
(Ogata et al., 2000; 5k k%%, 2010; J& #4552,
2010; ®WNEHSE, 2012), WPUmALERAH I F .
FATHTABT FE R I, S R0 B B e i A, A

Wodke H 391: 2019-10-18; #5252 H #1: 2020-04-26

FfE RS R0, 24, 48FIT2/NET)PY, Fi. BOwRIE R
FEICER Y T A0 G 8 S8 %5 55 7 [ A7 AE {2 2 72 5 (Chen
et al., 2012a). RN ERLUFE RIS, M
SRR A 22 AR R T 2 5 50 800 B e 8
BB e 5, 2016). TR, FRATTIT & 1 5 i 5
SERFEHAERE A AR, R
J&, aF AT R B 2 A AR S 5T Y B A e
B, EFEGEEM . BeRARH . BhiE RPN A %
KEAMERRIL, ik E 7 B-1,3-H KNG .
APX. GPX. Hsps . Mal d1%5:30#% #H 5% £ [ (Zhang et
al., 2015; KEES, 2018). 4k, Fl HITRAQ
(isobaric tags for relative and absolute quantization)
EREEEROR, TATEMNT 1 PO E R A R&
M A T 1R Qe BTV 5% 2 B 3R T L (FR R R 4,
2018). #t—HExfMal d1ITJEZhEE > Hr, AR I
993 J5 1 B 48 /N N, Mal d13 R 3R 04 & 2 I S Tt
RS, T24/NeERIEE, HRIXEED. K
Jog e A ) AAAE 35 25 o AR, B B S IR

BEEWH: oI A w ERHIEBE T 3 AR RHIFL 55 825 101(No. Y2019XK09) Ak B EAR A = Ml B A Ak 3 8 ¥ 101 %% 4 (No.CARS-27) Fil it

42 L B2 B2 R 6187 182 (No.CAAS-ASTIP-2016-RIP-02)
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ol 2 25 9 Jor B Fh et A e, AN (] I ) ) 2 4
FEBEATTREFAEZE S . AN F A7 2 & (isobaric
tag, IBT)E ARAMENITRAQE A€ & 75 HT H AR M+ 2%
W, CAEV 2 05 43 2 e 2h B H (Chen et al.,
2012b; Ramsubramaniam et al., 2013; Xing et al.,
2017). 5 MITRAQIE &/ i RMLEL, IBTHEEE
ERAREEEAMEL Y, B EEMEWMMIETE . 75
CHE R B B £ (Paulo et al., 2015; Erickson et
al., 2015). % T3 RECLURR F R AR EM, L&
PO AL BT TR T30 SR BTI BT A BT A B2 X,
FATHERTIA TAE RS B, SRAIBThRIC E & 45 & WAH
o3 - B I S (LC-MSIMS) i AT A, %o 7 Jir 1 Ak 2
HiT 5 4 AN [R] B 8] A FR 47009 s Aol (R) 46 A5 it
(S)& M i B H R IATE LT 58, WP R
HELETL B SRR A 22 R R IR AT b, B
FE e — N IR B S S it M 25 6 S0 T e
AR R S UL R A S .

1 MH5ERE

ARELEF2017-20194E, 78+ [E A bRl B SR 7L
FIr 1A Y358 el A 40 o o 05 R R S B 5 [ 5K
BEH MO,

1.1 FRLRIE R R R

S BT 400 3% 5 (Malus domestica Borkh. )i ffi#E
H (IR IE5E, 2010) K 80 i A 4 ek (5K & 4 5%,
2010) 32Kk H [ 5 3 JF b (O 7 X6 3k ) % (|
PS04, BN, SR HE IS L. Seih
T20184E5 H JF &, 43l K 4iki 46 7 F1 4 5k 397 A 38 40
1520 R MR Fr, I HCR/N — L TEHUAR A
To R E R, RAEYIDHEE, B GwKE
YelE, BT LEME K RM(ER14 cm)d,

HER 3 B %6 S0 U7 1 (Botryosphaeria beren-
geriana f. sp piricola) i FkLW-xc 102ty H 5 £l Bl 2=
Bt S FE TR R A AR . R LW-xc 10245 F
T O E L IE (potato sugar agar, PSA)R:FE%E
|, 28°CHEFRTR, B W KR FRILG % FH o EEUE
K —ILW-xc 1025 2235 724, LAEAE5 mmiJFT 4L
AT TG, R B IETE 5% (b H #745, 2011)
FEMECBUR T o 43 BIAE I R T T 2 KR 00 K %
BRI Fh S, R B ORI T TR A, IR

LA 6] (0. 6. 24F148/ ). BUEERSAL 2
PR S R AL IR AR o o R (R) A H L
FEM F 2> 51 4% 5 R-0h. R-6h. R-24hAIR-48h; &%
A (S) 48 ek BURE it Fr 43 7 9 ‘5 S-0h. S-6h. S-24h
FS-48h. HL(R)~ B (S) it Pl 42 b 8 S04 T S
IR AEYEEA

12 HRERERHRFE

PU(R)~ (S F i P S B L RE i o) 46 2 HE oy 4 4
J7i%(Zhang et al., 2015)5E K. S8 HFE M4 = iR K
TJa, ThEETHEZE M (lysis buffer) (Zhang et
al., 2015) . R HIBCAZE FI9# BE A 57 & (GE, Cat
N0.80648356) 5¢ il &5 [ FF it & &« B A i 43 il HL
30 pugHE FE, KH12% SDS-PAGE Hi ik J5 ik il
HAAE. SEARR R T-80°CUKFEH % .

1.3 FMIFEFRICEE(IBT) R (LC-MS/MS) 5341
AR TIBTARC 2 & K& LC-MS/MS /) #r 52 56 ¥ 24T
RYINEREEIRTE FE BE 5E . FAB RN K 8AFF b
G5, FEAFESE100 pgiR VAR, $%40:1 010 Ll
AN2.5 ug trypsinfig, 37°CHEfR12/N, LB &
Strata XC18H:[k /5 B A T» kB40.2 mol-L™
TEAB (Applied Biosystems, 3£[H)&E %, KIkKEIA
4 ug-ul™ . KA 8HRIBT R A b5 ic & & A ik BOke b
(R-Oh: 114; R-6h: 115h; R-24h: 116N; R-48h: 116C;
S-0h: 117N; S-h: 117C; S-24h: 118N; S-48h: 119).
¥hrid 5 8K Bt S RIR G, EMTE, H
Ky H: LC-20AB i AH 5 3 & 4t 45 & Gemini C18 4%
(5 um, 4.6x250 mm)FEATHAR B, 433 fE KB4
A I EAHIT . IBThR GG EE 3K, e Mk24
ANFE T AR I E &

T 5 R BAE SRS AHA (2% ACN, 0.1%
FAYE 7, 20 000 xgB5 0105040, B G HERE. FEM
ZTrapt & LR 5, H B ELC-20ADZN FHHUAH ¢4
AT A E3EC18 (N RTS um; i
300 nL-min™")3E 17 kS B Ve B 5% EhAHB (98%
ACN, 0.1% FA) 0-84%34t; 8%—35%ifizhHB 8-43%
Bh: 35%—60%ii5HIB 43-48735: 60%—80%ii5)
HB 48-5071%k; 80%iiishHHB 50-55%r4t; 5%is)
B 55-6573 4t .

TR 2 B )5 Bk BX 4 Nano ESIE & T4k J5 3E A
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Q-Exactive #: ¥k Jii i 1% (Thermo Fisher Scientific,
San Jose, CA)it17DDA (data-dependent acquisi-
tion)f&ill . FESERE: B FIHHIE1 600 V; —2%
JFURE 5 At B (m/z)F3 i VE R v 350—1 600 m/z, 7 #ER
70 000; — 2% i i e 46 o1 far LU [ %€ 79100 m/z, 43 #%
17 500, R FIRE A B2+ 3|7+,
BT SO e Al R 59 (HCD) . B HERR 25K
BEN15FD,

14 EPERESH

JER U6 5 1 B4 42 Proteome  Discoverer 2,27 15
NMGF#% 0. FIFMascot 2.3.02% [ % & K
448 Z& NCBI 7 41, % 337 6854 5 %] 1) 3¢ 5 (Malus
domestica fasta)##i 2, #x #i% € A5 8 H L AT
A5 B A IS 4R 5P (unique) Bk B . Mascotf!
RS ¥ Type of search: MS/MS lon search; Enzyme:
Trypsin; Fragment Mass Tolerance: 0.05 Da; Mass
Values: Monoisotopic; Variable modifications: Oxi-
dation (M), IBT 8plex (Y); Peptide Mass Tolerance:
20 ppm; Fixed modifications: Carbamidomethyl (C),
IBT 8plex (N-term), IBT 8plex (K); Database: Malus
(337 685 sequences).

IBT 45 1) 52 = K H IQuant % {4 (Wen et al.,
2014) 7B NEEACEFEYESR, B ESHERE N
protein FDR<0.01 (Savitski et al., 2015). #1014
bk %t 4H (R-0h/S-0h . R-6h/S-6h . R-24h/S-24h .
R-48h/S-48h. S-6h/S-0h. S-24h/S-0h. S-48h/S-0h.
R-6h/R-0h. R-24h/R-0h#1R-48n/R-0h), fiiikZE /> 7L
2R B R AR R O BAR BT R —
7387 - M H Blast2go 1} 72 5 3¢ 14 1 1 (DEPs)# AT
GO (http://www.geneontology.org)yx: B 5> #1. F|H
KEGG pathway (http://www.genome.jp/kegg) %% #
FEXT it € IWIDEPs#EAT & 48 73 Mt . 11 24 Unique
peptide=2, Fold change KX T 1.5 & /M F 0.67,
P-value<0.05 . *f 3 ¥t & # ¥ #t 17 t-test 5 45,
P<0.05 8% R 23 . MK T1.580/)T0.67
IWHNRZERKILEH.

1.5 SERRKEEPCR (QRT-PCR)S 47

7 308 54N 3 5 6 S0 PR ) B 2k K 3 4T QRT-PCR &
1E . RNASR B F b 5t el e A= MR BoE BR A 7R85
%, cDNAZE V4G R A TRE (RS ) A PR A7)

77 £ (Cat No.RRO47A). &I 95 & & 5 Wil
FHINCBITE £ #4 (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/index.cgi?LINK_LOC= BlastHome)iit,
519 % 51 L %1, % H MdActin/E 8 A 2 2 A .
gRT-PCR7ECFX96™ Real-Time System (Bio-Rad
Laboratories, USA){X#%_F#E47 . MR R N: 12,5 uL
TB Green, . Fi314#3(10 umol-L™")%0.75 uL, 9 uL
ddH,O, 2 pL cDNA, EkFI25 ul. /M N:
95°C AR 343 Bh; 95°CAZPE5F), 58°Cik k30F),
72°CHEH30%P, 40MEFR. LI WBNEL . L
T 45 B3 % I 2724CT ki & (Livak and Schmittgen,
2001). FIHISPSS18.08 i3t 4T 22 7t W3 3 #r o

F®1 YOLERPCRII YIS
Table 1 Primers used in fluorescent quantitative PCR

Accession No. Forward primer (5'-3') Reverse primer (5'-3')
gi|657977120 TCACCTTAGCCAT- TGCTAACTCGAAC-

CTTCTTCGC CCTGTGG
gi|658027651 CTCCACTGTGCCTA GAGCCGGGTTAG-
TTGCGA CGAACAA
gi|658061109 TTGATGCCAGCCC- GGGCTTGAAGCT-
TGCAAAT CGTTGTTG
0i|661567324 GATTGCACCCCAG- TTGTGCTTCACGT-
GCAATCA AGCCGTA
0i|658009573 AGGCATTCCCTCA- TTCCGACTTCATC-
GGACTAC CACTGC
MdActin TGACCGAATGAG- TACTCAGCTTTGG-
CAAGGAAATTACT CAATCCACATC

2 HRSHE

21 #H., $EERNEBERITREIREN L TRIFIE
N L B S SR ot o 5 6 S0 A P R TR R ALE
AW TR AT 45 A B DR R, XA AN e 3
Bt R RR I AT L . S5 R ()R, 5 R
FR3/NEF, H6 H A& i R R R IE AN . hh6
ANEE, B BRI AR LI R BE . B Rh24 N, AR
FW R RSB, #5053 W P A5 w9 B
T J7 it P 4 el RO ARFIE B S5, BT I 3 LA
TR FFhA8/NI, M H I AR AL A R R
&, T4 A R B R, 0 R
B, BT EIE R ARG . P BORERIE S TS
T4 H (RIS, 2010)F14 5w (5k E45%, 2010)MH)
Pl R AL IR — 3
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B fi. BOsE R AR R g TR A5 HE SO B 1R % R RO A LA

R: JUmMmAIEH; S B MM 4. Bars=1cm

Figure 1 Comparison of morphological characteristics of resistant and susceptible apple cultivars Huayue and Golden Deli-

cious in response to ring rot disease

R: Resistant cultivar Huayue; S: Susceptible cultivar Golden Delicious. Bars=1 cm

22 EREHREESIBTEE
3 AR B A HE R S 44 )R] 5 B P L AR(R) A
A it o (S) 4 ek i 3R AT LB AR R IBT /&
BT SRR, 240 FE G 3L 42835 6175k 418
ik, fEFDR<0.01iJEFR#E T, %€ F9 8165 IKEL,
9 425%Uniquefik Bt, & MIh% EHE A5 3191

BN O 1 2 e B AT R T, AR
Unique peptide=2. Fold change>1.5. P-value<0.05
IR 261 R, 4[] 55.(0 6+ 24 f148/NiT), FE(R)S
JEIF (S) Al A (R/R. S/S). HhAhIE](R/S) 4% Lb x4 3%
$EE 171/ DEPs, i HithcE A I46 1 (S HE
), HETFRI8NMAREA. HEEAPETSE2
UL E 834N, 43 @30 AN A o 48 U ME— 1
A2 (1)

P B R R 44N B X 2 (R-0h/S-0h R-6h/S-
6h . R-24h/S-24h Il R-48h/S-48h) 3t % & H 71 4
DEPs, H3940 0 Biljskik, 324 N Fiffakik; &
5 & Rl 34N B X 41 (S-6h/S-0h Al S-24h/S-0h
S-48h/S-0h)3L % 5% 1 2041~ DEPs, 134K i
ik, 7R TFIHEE,; PO A A 34 XA
(R-6h/R-0h. R-24h/ R-OhF1R-48h/R-0h)3t%: & 180
ANDEPs, i FFEIA39, FiIFHEE41M(K2).
MEILE; Sk E, R-48h/S-48h [ R-48h/R-Oh AN Lt
XpeHHr, T iDEPsE & B i m T LI DEPs i & .

18
16 4 ®Up-regulated mDown-regulated 1414

14 1 1 13 12
12
10
8_
6_
4
2 4
0 AC SO AR W O L QOO L QO
Wo‘\‘2:,6;\}3;\\\:1%&\\%';‘\\:,;u‘\‘:;‘%“\ge‘\\?"
B2 Hr.BORSER A A N A R SURE MR I E R RIAE A
(DEPs)/> i
R: U MAEA; S B MR 4

Figure 2 Distribution of differentially expressed proteins
(DEPs) of apple leaves susceptible and resistant to ring rot
disease, respectively

R: Resistant cultivar Huayue; S: Susceptible cultivar Golden
Delicious

MHR TSR FRfEZ T T IRESEE. &
RSk, T & FR 34N B Xt 41 (S/S) X A 204~ DEPs,
B SRAR TP B ol A [a] B X 2H(R/S) K s i A A Ee
KHL(RIR) (E12).

12

Number of proteins

NP
e
@»

2.3 ERFKIAEHA(DEPs)HIGOMKEGGH ifiE
BESIH
X4 E B DEPsi#E — S H R GOE &£, HT1
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MEALERR 2 1G04 H(GO term)Hr, 1714
DEPs 3t 7% # %1686 1~ GO % H, H o 4il fiu 41 4
(cellular component) i¥ F& % H 306 4~ ; 45 ¥ U1 g
(molecular function) ¥ B 2% H 166 1~ ; 4= ¥ it 7%
(biological process)i: B & H2144~(&3).

¥ % 5 3 17141 DEPs # 1T KEGG & £ 4 #r,
£P<0.057fik f5, LA 521 DEPsVERE T 181N 3% %
SAREHE R . H A9 DEPsVER: TR ER & Hi~ 1L
AR B A AR R & B %812, 131 DEPsVER:
TR R (K2).

2.4 ERFRIAEH(DEPs)HIIT AAE R
X171 DEPsHE AT MV 20 ffd 5 Ar T 40 A7, 45 SRR 0,

Catalytic activity

Binding

Structural molecule activity
Antioxidant activity
Transporter activity
Molecular function regulator
Nutrient reservoir activity
Cell

Cell part

Organelle

Macromolecular complex
Organelle part

Membrane

Membrane part
Extracellular region
Symplast
Membrane-enclosed lumen
Cell junction

Metabolic process

Cellular process

Response to stimulus
Biological regulation
Regulation of biological process
Localization

Cellular component organization or biogenesis
Signaling

B S-6h/S-Oh Lt X 4 % e MR X R R B Al EE & 5 A
(MDP0000301576) A 15 2Tl 25 54, H AR Exf4H
£1701DEPs Tl & A T84l g &% . L, 574
(33.53%) DEPsE fir T4k (chlo), 541(31.76%)
DEPs & {7 T-4Hl 5 (cyto), 214~(12.35%) DEPsE fir
T M 4h (extr), 154 (8.82%) DEPs i fir T 41 Jf k%
(nucl), 91(5.29%) DEPsE fii T- £k i f& (mito), 54
(2.94%) DEPsE fir T 41 i & 48 (cysk), 51~(2.94%)
DEPs e AL T4 il i i (plas), 47~(2.35%) DEPsE L
TR (vacu) (E4).

25 MMBEXERERTASH
DIREVERR 45 R W, 46/ DEPsI:RE T 7R HT AR K R

0 10 20 30 40 50 60 70 80 90
. Biological Cellular Molecular
Categories . process . component function

B3 U, R R R SO B I 22 7 R IA 25 1 (DEPs) ) Gene Ontology (GO)43#it

Figure 3 Enriched Gene Ontology (GO) analysis of differentially expressed proteins (DEPs) in apple leaves resistant and

susceptible to ring rot disease, respectively
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+?2 ZERKIAEA(DEPS)KEGG Pathway & 44T
Table 2 KEGG pathways analysis of differentially expressed proteins (DEPSs)

435

DEPs with pathway anno-

All proteins with pathway P-value

No. Pathway Pathway 1D tation (326 in total) annotation (14916 in total)
1 Fatty acid biosynthesis ko00061 2 (0.61%) 19 (0.13%) 0.011
2 Fatty acid elongation ko00062 3 (0.92%) 9 (0.06%) 0.040
3 Arginine biosynthesis ko00220 2 (0.61%) 16 (0.11%) 0.050
4 Alanlne,_aspartate and glutamate k000250 2 (0.61%) 3 (0.15%) 0.037
metabolism
5  Cyanoamino acid metabolism ko00460 2 (0.61%) 0 (0.13%) 0.022
6  Other glycan degradation ko00511 2 (0.61%) 14 (0.09%) 0.011
7  Monoterpenoid biosynthesis ko00902 5(1.53%) 2 (0.08%) 0.035
8 Slesqwterp.enmd and triterpenoid k000909 1(0.31%) 2(0.01%) 0.027
biosynthesis
9 Nitrogen metabolism ko00910 4 (1.23%) 8 (0.19%) 0.014
10  Sulfur metabolism ko00920 1(0.31%) 2 (0.08%) 0.036
11 Phenylpropanoid biosynthesis ko00940 3 (0.92%) 7 (0.32%) 0.041
12 Isoquinoline alkaloid biosynthesis ko00950 2 (0.61%) 16 (0.11%) 0.028
13 Scl;ci)jgnthesm of unsaturated fatty k001040 2(0.61%) 9 (0.06%) 0.016
14  Fatty acid metabolism ko01212 2 (0.61%) 32 (0.21%) 0.030
15 Ribosome ko03010 13 (3.99%) 200 (1.34%) 0.005
16 RNA transport ko03013 2 (0.61%) 33 (0.22%) 0.031
17 Homologous recombination ko03440 1(0.31%) 5(0.03%) 0.039
18  Circadian rhythm-plant ko04712 3 (0.92%) 9 (0.06%) 0.026
12
10
€8
8
£ 6
!
]
a 4
2
o Pl i e e ] e el e S e S e B e e S e S e S e e A i >
2 % 3l ¥ & 3 € 212 k%3 k|2 5|2 28 2 % 5|2 2 £ 8
S Wz yguwg §Fs|6w gl |gdig 3 = Wz |63 3
R-0h/S-0h | R-6h/S-6h R-24h/ R-48h/ |[S-24h/| S-48h/ R-6h/R-0h R-24h/R-0h | R-48h/R-Oh
S-24h S-48h | S-O0h | S-0h

B4 Pi. BOsE R R AR U T S Y 22 7 A B (DEPs) I 4H i 5E fir

Chlo: M-4¢4k; Cysk: 4l 48, Cyto: M Extr: Hish; Mito: £RHi4K; Nucl: 41t%; Plas: il Vacu: i

Figure 4 Subcellular localization of differentially expressed proteins (DEPs) in apple leaves resistant and susceptible to ring rot

disease, respectively

Chlo: Chloroplast; Cysk: Cytoskeleton; Cyto: Cytosol; Extr: Extracellular; Mito: Mitochondria; Nucl: Nucleus; Plas: Plasma mem-

brane; Vacu: Vacuolar membrane

Ho Hr, 141-DEPs% & 2 & H (thaumatin-like
protein), 81"DEPs % & Ayid Ak ¥ (peroxidase), 7
DEPs% 52 N £ W (L (polyphenol oxidase), 6
DEPs% & At & [ (major allergen Mal d1),

DEP# & N ALK&

6/ "DEPs%: & N JL T Fili#(chitinase), 41"DEPs% &
NN )% B B i (endo-1,3-beta-glucosidase), 14

1 (MLP-like protein 423). JH,

SENRIER . DRI, ZEACREA LT R
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fif (1) 4 25701 A 5% (1) 351 DEPSE AN 6] bb ot 4 b 2 ik
B2, MEeRdgEER. EAKREAM
PN Y1) SR A T 1) 32K BT 14 AH O 111N DEPSTE AN [A] B
P R, B2 BRI
FKik(El4; Bs1).

EAEEMNZ, FAKREANEIAN AL
(R-6h/S-6h) 1 S8 BH 51 -k . % A VI
PG 41 DEPsY /£ 34" E % 4H (R-0h/S-0h . R-48h/
S-48hAIR-48h/R-0h) S HLBH 1) T i1k . K& N
Z Ty A AL B 0 7 1~ DEPs £ 44~ b X 41 (R-0h/S-0h
R-6h/S-6h. S-48h/S-Oh#iIR-6h/R-0h)H S HL B & ()
FifFRE, TMAE 534 et 4 (R-48h/S-48h . R-6h/
R-OhfIR-48h/R-0h)+H 2L E (1) FIFRIE. %w N

JUT )53 g ¥ 6 1~ DEPs 11 it Fif [7] £ 44> EEXF 2 (R-0h/
S-0h. R-6h/S-6h. R-24h/S-24hFiIR-48h/S-48h)H
¥ S BURAR ERAE, T AR IOR R 1A B AL
(S-48h/S-Oh)H+ LB 1 i ik .

2.6 IHHEXERREEERNREER

NISAEPT B R4 [A] 5 IB T e 2 B 1 4 LA
IR RN BE, AT IR S5 5N PP AR <
I 2 i 5 K325 47 qRT-PCREIE /0 M. 45 B (EI5) &
L, P B SR R e SO B M R, T AR
T EAMal d1 B 3 FLI R FIMLPA23%5 fith J: [] () 3R ik
X 5IBTE & & A i 4 s #r 45 ] —F(KI5B, E).
KiE AN Z H A LB iR REE 5 EA

A 250 - B 50 - a C 35-
45
a 30
S 2.00 S 40 l b 5
S S -
§ a g 35 - a 2a ; % 25
& 1.50 a g 304 1 5.20_
3 x W X
3 a 0 25 b % 9
2 a b e 7 2 15 -
2 1.004 z £ 20 7 2
¢ 10 A R 5 g 10
0.504 f4b 10 Z
. ] 51
? 51 ag 5
0 = 0
0 6 24 48 0 6 24 48
Time (h) Time (h) Time (h)
D 1.20 - E 3.50 -
c 1.00 - a 3.00
&
S 0.80 @ 2501
o3 a
g £ 2.00 -
o 060 E4b o
-% 2 1501
< 0.40 - s
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Figure 5 Quantitative real-time PCR analysis of genes encoding key resistance-related proteins in apple leaves resistance and

susceptible to ring rot disease

(A) A gene encoding a thaumatin (MD04G1018400); (B) The gene encoding Mal d1 (MD16G1160700); (C) A gene encoding a
beta-1,3-glucosidase (MD11G1189000); (D) A gene encoding a polyphenol oxidase (MD10G1299100); (E) The gene encoding
MLP423 (MD16G1088600). R: Resistant cultivars Huayue; S: Susceptible cultivars Golden Delicious; Different lowercase letters
indicate significant differences between resistant and susceptible cultivars (P<0.05).
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JRAH 4 e 45 R — 2 (FE5A, D). B-1,3-% T M i 4
R R IEB A 5 IBT & & & A M4 th i ot g IR
#1 % (EI5C).

2.7 g

SRR R A R AR R E L RS
R, LR TR A A R . I AT R S P
VAR (1) 53 1 DB T D0 S SR o Mo Gk B &
B Y (Jurick Il et al., 2011; Fan et al., 2011; Maz-
zeo et al., 2014). AHFFH & B E M IBTHRICE &
HE AT EOR, 1785 I R b BEHT S 40 AN [F] I
[E] AL BL(R)S R (S)Ii dn Al H A 5ef 76 A [R] B2
HZE R MBI DCE A, BB IR T Ot
ARG B R IE R Ao

271 ERREEHDEPS)SBYEERRIERES
S
AT o) B9 4 AR R R e B R 4H S F T T R
(Chen et al., 2012b). A FIAHICHE 5T £ % T-2-DES,
G %, THikIDEPSUN A BRI L Gk
& 2015; fNRHEZ, 2018). AHE T FI T+ KIIBT
Fric 5 & BT AR (Ramsubramaniam et al., 2013;
Xing et al., 2017), 435X Ji B Ak 22 i f5 441 [8]
SUIPT B AR H R G e e e HEAT B A T
RI%EF5 3M19MNEA, BELZ TUAMREEH
EAHE.

BEMESHTRM, Bry B A 104N bt 2
% 5EF17141DEPs, 73 B0 MNANAE . Fi. BIw i
R4 Xt 4 P 3L 71ANDEPs R A= B %48k, H. 1.
N AR AN (2 ) 39324 ). AR,
TP ot ot 4 T 2 Ji TR A (19 3 L X 2H R AN R 20
MDEPsk A= % 7= 5 %iA, H LIFDEPs# & (131Y)
% T T ADEPSEE (7)), Hu s Fpie A R E s J5
B A 3 LE X 4 A 80 MNDEPs K A4 i 2 e
ik, H b, N ADEPsEEIEA—(39F1414) (KI2).
LR, WNEARFRIEKTE, B FRNE RS
I3 T 5 G ok F2 () DEPs X & B /> T Hojm s b, %R
IRRE AT RE S SRR R YA G

AR, B R AR A 258U 1R Je24 7
i, HATMDEPs kA WAL, Hrb B, TiHDEPs
AR5 . S5 G ATHT I TITRAQH AT &

[y 25 B o 9 05 T e A DS FE 4 R, B R
I B 18 24 /N JE, 531 DEPs 2 1L 2 3% % F ik,
HFHDEPs (444 )it % T FiHADEPs (91) (3k##E
2 2018). JEIT AR I, [F] SR AN [F] 9 R
1 17 Y IDEPs ik ¢ s AH IR, HEDMZ 4 R T Re S
AT 25 2 M A ()99 5 A Pl 3 T P A AN ) IR
ILAH .

DAAE S0 B0 ot ot 7 285 56 01 A1 b ) e
JFR AL FUAN AORI24 /N 24N B[] iy AZELRE A idEAT 22
ST (PN R IESE, 2018), Z2-DEFARIIRRYE, %
& DEPsE( A MR o AHF T X P SR i B4 A
IF) AU 8L Sl R AT 22 S 3Rk A0 i, RoRbL. B
Tt 76 955 J5 B4 Jo 3 48 /N JE, 34 L Xt 4 (R-48h/S-
48h. S-48h/S-0h#1R-48h/R-0h)f{IDEPs¥1 & (674)
7t 2 T W8 24 /N i) 5 34 b Xt 41 (R-24h/S-24h |
S-24h/S-0h f1R-24h/R-0h) ] DEPs ¥ & (401) (
2), 5 2 B I B Mo A A () 4B 2 SE i DEPs 54
R R

HMATIANZ R RIEEAFENGOE £ K&
KEGG pathwaysr#r, 4iffiZH 5> 4> F I MYt
FEILER 16861 GO%K H . it ik fF K I524
DEPsi ¥ & TKEGGHI181 2 3% 2 7 i&ft, RKMF—
HAWEZ N LR REDR, B2 ANEA
AeZ 5 [A—eg .

HERARAE I A A, ROGEER &I
A R R AR (Y35 Bt (Berger et al.,
2004; Dinakar et al., 2012). I FERFTLERY, EHY
55w AR R, ZFRRIEASCE A E R RIL
KA T4tk (Berger et al., 2007; Li et al., 2014; ¥
45, 2016). AHFFLH, %€ FIFIDEPSH 1/3E M T
WRERAd, 3P R R LU R A AT S, SRS A
fh SR AT 225 T ER% .

272 XBRMEXEANERRIEAZEWR. &
RERGWE B R IURE MBI B E R

A, 104 e x4 346 1NDEPs (22.8%)1E8 17
K EA. b, S REEANA 140
DEPs. {EFSUH B MHERT, £ H R it &
FIEFEZE T 2m(S), B ME e &R Tk,
H (R B S5l B IR 308 AN T BRI, 1 S8
P&t (S)M PR ET EE A RIA B R E . T
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AR R B P G B R R AR R B A
(PR-5) (Kim et al., 2009), .3 HF 7TilESE2K00 & [H 7E
S SR B R B B P E A S R B R
(Lietal., 2014). A#f5eH, SKEtEAMEEH (R)ME
T (S) 24 i Bl S AU T P T R S IR 1
TS, HENNZE A 2 5 RIS 5240 i AN [
AR,
ot S AL P i (POD) A2 16 ) B 2 3 57 T il 3 [ 2
B A AR, R A 2 L PN I R O 1 AR ) O B T
(Christensen et al., 1998; Dietz et al., 2006; Kornas
etal., 2010). 7L iEsE, K5 (Glycine max)i F £+
B B R Y J5, PODRIAEE % 1f(Borges et al.,
2013), £/ % (Nicotiana tabacum)H il #iAPOD%
TR, AT IR 25 3 U 1 (Dietz et al., 2006). A
I, fe oUW A El, PODRIAEE®EH (R)H
Jr i T A (S), HEWPOD A 24N i Rl L P
ZERPRBEAZ —. ENZRLUHAE P EE R,
PO A POD ik f AN T, 17 5 i A POD &
BT B, B HENE ST R P R R AL
Jod B FE L e AR e, B SR E AN W43 i POD, 4%
Wb L P A AR S, AR L TR A
% Wy A AL (polyphenol oxidases, PPOs)f#1E
T2y, & EER ARG R &R, AT
Z 5V Z PR N . BFFRH, 3RIEPPON
B FE K 3 il (Lycopersicon esculentum)it Fr, Hi4H
Pum P L 158 (Li and Steffens, 2002; Thipyapong
etal., 2004). &M K2(2010)WF 50 &1, ARIFiPE K
.t o LE N R T A e B PO 18 47 7E 2 3
225, HPum st B PPOE M 5 T EJw i Fl . Golbas
(2012)BF FEUESE, SR 2 By P S AR SE IR N TR A
Jod B A e R v B BRI B A E . ELAAPPOJE %
Bl &, (EAE RSO IR B R Gt #2 o, PPORIEE
i LR R AFE Ry KB BT, HPPOREW HiES
My RIE R AVE . IR B, PPOR A H I R 5
518 ROR IR A — B AR ME, WRTE A S i
FEWFE AR, TS5 S R G B A AE . AHIE AT
PPOTEST S8 it Tl B 25 56 U B W AEL 1) 22 A4 B 4.
 EIARR B FIERIEEL, MERE K7
W, PPORIARE AN TR, JUFAZ Bl & 1 i [a] 1)
JEKPPORIE E AN FRAR, HEMHZZS Rl fe S5hi. &
I3 Bl R 20 B PPOYE M 22 57 DL K 4R G ik 2

993 Jir B P R AR A A O, HLAR RS R 3R e Al — b
W FCUESE

i 55 2 [ (major allergen Mal d1)/2 3¢ 3 &1

¥y & ) i M M % 82 [ (Breiteneder and Ebner,
2000). FATHT AR T 2-DEFAR I R 35 F i B2
S0 T AT R R 0, Mal d1 28 (76 95 JE B a0 A
52BN _EiAEIA(Zhang et al., 2015); #—H M
S KSPIESE, Mal dLJE PR 7E S SR o (1 3R 04 2
Em TACFI RS, Hyum R i Mal d1EE R 3%
i B B v TR M R A, 2017). AT,
Mal d17ER-0h/S-OhF1R-6h/S-6h 4™ i il ] f] b %o
MR E LKL, HEMal d1ffjqRT-PCRE A
B —H0 RO U RN 34 L X 4
E LRI, SEATHT IR 03 5N B B 5 A
PRI PO B 1 5 A A3 W B S KR i S R — 8, R
Mal d17E3E R0 B i b S B 56 S0 B A 1 917 2
SRR R E AR

JU T 5 1ty 2 AL 70 200 PR U0 99 5 0 A2 e 1) B2
U AR A, 767 SR A0 525 5 TR A R R
5821 T (Grover, 2012). WF &I, JUT B AE BT
995 st P ) S92 i 4 ik R P R R ERIE, HEL
T A R N B AT I R AR G 1) EE L5 1
Z(Ni et al., 2017). AW, JUT BIEGEDURE W FH
HH )Rk B AT RO R, HEDUAS [R]T b
EANFR R E B R e, LT RS 2R FR
B, BRI RERAN AT

B-1,3- ] SR ik g 10 A2 AL 40 P 2 S () B A 5%
B AL et al., 2011), {ERYIRLZ IR E B 12 G id 72
T IE I A R 0 AR B R O TR
S E G B RN, B AR ) G 5% B AR
(Li et al., 2014). CAWFICUESE, F FEEBELE IR
Fifr e 208 B I 2 = T U0 PR (Ni et al., 2017). AHF
FOH, FCEUR B AR Y48/ N N, B il R B-1, 3-
RFERRIA E m TP R, 5 A R R —3
SRT, Sk K 5 SRR B, B-1,3-74 R B 7E bT
9o it P R Rk B T L . BARHLE A it — 2P
]

F AR E H (MLP-like protein 423)& —f{% /> 1
BB DCE B, TRV B B 2 R DG
YEH(Sun et al., 2010; Wang et al., 2016). AT
W R, 4 H 3R B 5 S0 B E TS,
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MLPEH 2R T HEE. AWF5EH, MLPAESE
H SRR LR S0 B B R RIA TR E R
SR /ER-6h/S-6h LL Xy 2H 1 R IR 2% B ifRIA, el
MLPEAWEEH . &2 R Hum H 2 A0 55 1
KEYReEH.

3 e

FEL ISR Al P R R S0W I A i RE 307
R TRPUEMREANRIEIEA AR ZER. K
T E L AR LT 5 32K DEPS ] it /&
AT it o N 2 8 S0 B B UM 22 R I RN . 2
By el EFLRE A D) SR AL s B e
AR ] A I R R 0A B R N R S0 T I
2o W FEEE ROAHE— D MEHTHT R 3 R o L
20 T pra T ENLEI R 25 .
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Proteome Analysis of Different Resistant Apple Cultivars in
Response to the Stress of Ring Rot Disease
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Abstract The aim of this study was to investigate the differential expression of resistance related proteins in resistant
and susceptible apple leaves in response to ring rot disease. The resistant and susceptible apple cultivars Huayue and
Golden Delicious were analyzed by high-throughput isobaric tag (IBT) marker quantitative analysis combined with liquid
chromatography-tandem mass spectrometry (LC-MS), proteome differential expression of resistant and susceptible apple
leaves before and after pathogen treatment was analyzed, and 171 differential expression proteins (DEPs) were identi-
fied. GO enrichment and KEGG pathway analysis showed that 686 GO entries were annotated in cell components, mo-
lecular functions, and biological processes, of which 52 DEPs were annotated in 18 distinct pathways of KEGG pathway
(P<0.05). Subcellular localization prediction analysis showed that 170 DEPs in 171 DEPs were located in 8 organelles.
Functional annotation analysis showed that 46 DEPs were annotated in 7 classes of resistance-related proteins, including
the thaumatin-like proteins, peroxidases, polyphenol oxidases, Mal d1 proteins, chitinases, endo-1,3-beta-glucosidases
and MLP-like proteins. In addition, the expression characteristics and gene quantitative results of resistance-related pro-
teins were analyzed. The results of this study provided a technical reference for further understanding the resistance
mechanism of resistant and susceptible apples to the stress of ring rot disease.
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Appendix 1 Differentially expressed proteins detected in apple leaves resistant and susceptible to ring rot disease
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