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Identification of differentially expressed genes related with Jujube fruit

shrink disease by suppression subtractive hybridization

JIAO Xiaoli, YANG Huixin, SONG Xiaobin®
(College of Forestry, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] Jujube fruit shrink disease caused by Alternaria alternate is one of main fruit dis-
eases of Ziziphus jujuba. It could reduce the yields and quality of jujube severely. Although the disease
has been investigated at the tissue and physiological level, the molecular response of jujube fruits to A. al-
ternate infection is still unclear. Investigation on the differentially expressed genes can help us better un-
derstand the molecular processes involved in the interactions between pathogen and jujube fruits. In this
study, a suppression subtractive hybridization (SSH) technique was used to identify the differentially ex-
pressed genes in jujube fruits infected by A. alternate in order to illustrated the molecular response of ju-
jube fruits to the disease. [Methods] The physiological race (ZS091) of A. alternata was provided by
Henan Academy of forestry, China. The isolate was cultured on PDA medium for one week and the prolif-
erated spores were dissolved in Tween—80, and adjusted to 10° conidia per mL in distilled water as the in-
oculum. The inoculum was artificially inoculated on the fruits of Z. jujuba ‘Fengmiguan’ in the white ma-
ture stage in the Jujube Experimental Station of Northwest A & F University, Qingjian county, Shaanxi
province, China. The fruits inoculated with distilled water were set as the reference. We picked three
fruits 0.5, 1, 2, 3 and 4 d after inoculation, respectively. The fruit samples were immediately frozen in liq-
uid nitrogen, and transported to laboratory in dry ice and stored at —80 °C before RNA extraction. Total
RNA was extracted with the ‘MiniBEST Plant RNA Extraction Kit’ reagent (Takara) according to manu-
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facturer’ s instruction. cDNA subtractive library on differential expression induced by the infection of A.
alternate by SSH was constructed with PCR—Select™ ¢cDNA Subtraction Kit (Clontech). Double—stranded
c¢DNAs of tester (the pooled samples of A. alternata—inoculated fruits) and driver (non—inoculated fruits)
were synthesized from 1 pg of mRNA, respectively. The secondary PCR amplicons were purified with Ad-
vantage 2 PCR Kits. The subtracted products were cloned in pMD19-T vectors and transformed to DH5«
competent cells (TaKaRa). Blue/white selection of transformants was carried out using X—gal and IPTG.
Selected positive clones were subjected to sequence on ABI3730xl. The obtained sequences were edited
manually using DNA Star Software for removing vector sequences and then aligned in the CAP3 to gener-
ate consensus sequences. The obtained consensus sequences were subjected to homology analysis on NC-
BI using BLASTn and BLASTx to search for homologous sequences in the non—redundant nucleotide and
protein databases, respectively. [ Results]SSH ¢DNA library was successfully constructed from the A. al-
ternate—inoculated ‘Fengmiguan’ fruits and the non—inoculated fruits in the white mature stage. In total,
1 000 ¢DNA library clones were obtained, among which 200 positive clones were selected randomly for se-
quencing, and finally 182 high quality ESTs were obtained. And 118 Unigenes, including 7 Contigs and
111 Singlet, were obtained after cluster analyses. Homologous analysis revealed that 84 (86.44%) of the
ESTs matched known proteins while 34 (13.56%) of the ESTs had no significant similarity with deposited
sequences. Those best matched proteins mainly involves in protein synthesis, protein degradation, disease
defense response, protein modification and transportation, signal transduction, cell structure, transcription-
al regulation, metabolism and energy, etc. For example, serine/threonine protein kinase, C2 domain—con-
taining protein, scarecrow—like protein and Zinc finger protein genes were supposed to function as signal
transduction and transcription regulating genes in response of plant to infection of pathogens. Superoxide
dismutase, thaumatin—like protein, metallothionein protein might be involved in the defense response of
jujube fruits to the disease. Some abiotic stress induced genes, including the genes for wound-responsive
family proteins and heat shock proteins, also occurred several folds, which indicated that there was cross-
talk between biotic and abiotic stresses. Genes involved in photosynthesis and energy metabolism were al-
so included in acquired ESTs, indicating primary metabolites might function in jujube resistance to A. al-
ternate. [ Conclusion] In this study, 118 differentially expressed genes were identified from the jujube
fruits artificially inoculated by A. alternate, among which several genes were involved in the plant disease—
resistance response. The expression profiles would provide a good starting point for understanding the mo-
lecular processes involved in the plant—pathogen interactions. This study may provide insights into the mo-
lecular pathogenesis mechanism of jujube fruit shrink disease.

Key words: Jujube fruit shrink disease ; Suppression subtractive hybridization ; Expressed sequence tag

Fe/IVH L A5 - TR PR 22 AR SR AR BT T R A A R AT S L 1521

K (Ziziphus jujuba Mill.) J2& 2% #l (Rhamnace-
ae) ARAHY) , e T [ HE R BEARM A, ACRSE
Fr P WU AE R C & i, A2y al O il 45
SIRAEY, R T 20 4 70 AR TR 4R 1IE
B, FACR R AR KR . R EUR
QAR , i ACRAR /N SR AR (0145, SRR
RIRTER 7, RS . 4 R A 7E TR [
L PG VS AR T AEA 0 AR A
Az, GH T USSR I T E R AR B e
B B NGRS LB B S T

R Rk 56 2R B, 40 32 B 16 1% [Alternaria alternate
(Fr.) Keissler]J& 5| #2447 3000 1 £ 2% 00 H
IR A48 SR BT 5T F2 2R R AR 24550 B i L At
o M ) 20 A A AL 45 D T, T 20 52
JRR AR G5 A7 AR ) > AL AT S8 . B
ESTHISCH AW & 55838 , Wt T /K L T 4l
SEHE AR R AR Qe A A P R IR B 22 S 30K, X4 B
ERSE TR STSE S = S O e B S LIDRE N RSN S
AZ (suppression subtractive hybridization , SSH) W} 57 2
SFAFRIRFE PR T A R Tk, A PR R0R



1522 KW

o R AU R R P PERRAE UL, B ) 2T
W0 40 300 35 PR 28 DA R A= K O A G 36 PR 5
e E AR A TR R A TR R
KU Bl LK B SSH-cDNA SCHE , 3E3145 1200
2t B 1 FRAK P AR 2 (EST) , DR 432K 5 K
B B AR OC ESTs A wm o T 75 Mg 45
T 22 IR A AR T 4545 & (Puccinia striiformis )
W0/ 7 e DNA OB, L3045 172 25 it 1)
ESTs. XFUIREE HIM contigs 4325 , RE & AR A it
Rili 32. 5% , Ho 5 EA AR RIAHSC I BE IA H B3
5 2 5 IRz P05 B B R R o3 5 T2
2. 3437 5 RAARI R B JBONN TR 4 45 A
MR

R T AT T AR S A R AR G AR S AR P Y
LA IR E L, 387 Ho oAl 288 AN T4
o 00 S i AR TR A e © M AR S, R SSH S
TR W5 A0 A8 B A 1A= G AR ST A0 ik PR Rk 1
DU, ARAT 5 A7 R A O 1 28 IR SR TN, 230
T AR5 75 A 4 R B AH SCHILAR , 26T A B I A 4
FIRBOE T IR LA

1 BRI

1.1 EYHBRESRER

A G TR T AL it oy © MR AR
52, R F VAR AR KSR 1 ], 4 5S4 76 7
R ZS091 A= BRI R UE T R MOl BB
1.2 AxsEmE ATEMAE

VLA BE TR 7 PDA 3535 437 AU,
I 3 80 V5 Ao it TR 96, I FH JC R K T B, 22 1 sk
TS | BCRLHR BE A 1X10°4> - mL" Y96 7B
TR R IRTE A B 8 P S R0 B i e
R RE AR AR AR, T 75% BT phe g
Je FTC 7K M0 3 3, K02 PR VR 2 ) M IS A
it R AT SR T A Ry S B A [ s L fd 5 A SR M T
B KAVE AT IR . 2 0.5.1.2.3f14 d,241[F
IFECRE o B RE T B B R A TR S
F-80 CrkAf T R A7E H
1.3 Z RNAIREL

¥ JH Takara 2 5] ) MiniBEST Plant RNA Extrac-
tion Kit ¢4 AR B 3 v (19 52 56 21 Fouk BE 2 v 1)
SVRNA . BUIE i BE I L kR TG RNA 1 52 38, 1%
iR 2 ARSI ASC) o L B R B 45 0.5, 1.2 3

C 348
4 d i) RNA S5 iR A, LG AE A #4) EE SSH SCE 1) i
AR,

1.4 SSHXE#HE

DA 2 0 41 A B 161 TRT A% c DNA A% BRA, 5 T
525 1Y cDNA 52560 41 |, 4% B PCR—SelectTM cD-
NA Subtraction Kit(Clontech) #a/E VA HEAT 2 ¥R 22
Z38  4lifb 5 1Y PCR 7= ¥ & # 3| pGEM-T Easy
Vector # AR, 3% 52 77 W) 4 AR AL B KT I8
JAZ 75 Topl0 Y, IR T8 A X-gal (2% ) M IPTG
(20% ) W Z R LB A R TH , 37 Cad i s 9. AL
P EGE Js2 o7 A 00 S e e 1) B A 5% I i a5 FH 4 v
P, BEDLPKI A AR TR 5 7R 31, $EHUTTR DNA
AT PCRY 3, AR IR A 7 B BE
1.5 EST RENEFEMEFEIEWEBEZNHT

Bl BIL AR H 200 1~ BHPE S R, 45 O 4l Ak L BkE
DNA, 61 b A TA FRA RIS T . 545
JH DNAStar 544 LB A H 5K 5 Bt A7 9F
FEAEA ROUAF AN 8% R4 9135175 Gen-
Bank 119 25 [ 50088 122 F0 A% 12 204 % 14T BLASTx il
BLASTn X} o DAKFE"™ SR ST DB 0 b S
W AT e AT RE R .
2 RS0
2.1 ZRNARERN

&1 1 A R0 BRAA A% I I SR S 5 RNA Lk
I ], RNA A 2 4B S 17 28 SR 18 S, 52 7E
20 VA o AR AR VR ISR I /5, A260/280 Y {H
1.95~2.00, A260/230 4 2.00~2.10, i B 5 RNA 5¢
# H A TCRESR , vl T EE SSH S .

1~5. AURIERT 0.5.1.2.3.4 d B RNA;6~10. ZUR ST
WKJE 0.5.1.2.3.4d [ RNA,
1-5. Total RNA extracted from jujube fruits 0.5, 1, 2, 3, 4 d after in-

oculated with Alternaria alternate, respectively; 6—10. Total RNA ex-
tracted from jujube fruits 0.5, 1, 2, 3, 4 d, after inoculated with sterile
water, respectively.

El1 FRLE RNA B K&TI
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Table 1 The genes related with disease resistance
Feols KJEZ ik e Ef AR
Clong  Size/bp Description Organism E-Value Identity/%
T S A& Transcription
3--3 989  SCL #& [ Scarecrow—-like protein 8 K Ziziphusjujuba 4e-132 99
11-2 1059 SR FRHIEE Basic leucine zipper K Ziziphus jujuba Se-18 82
13-9 396  WRKY #%5¢H T 35WRKY transcription factor35 A Ziziphus jujuba le-49 95
10-3 306 WRKY #5EHF 31WRKY transcription factor 31 KH Glycine max 8e-32 78
2-3 530 S %5 Putative reverse transcriptase H: 3% Zingiber officinale  2e-20 82
T 141 [ A# A 5% Protein degradation
11-9 305 {2 Z R AT E2Ubiquitin conjugating enzyme E2 JEWE S Cicer arietinum  8e—06 100
6-7 593 12 ZEEMIRAE I Ubiquitin domain—containing protein 1-like A Ziziphus jujuba 2e-74 94
18-1 394 2 #E M Ubiquitin-like protein 5 &M Morus notabilis le-15 100
YRI5 A 5 Defense response
16-1 418 ZJ&HEE H Thaumatin—like protein 1b K Ziziphus jujuba 8e—84 99
1 918 RING/U-box Mg 4 RING/U-box superfamily protein isoform 2 T A] Theobroma cacao  2e—149 83
7 244 F-BOX ZE 1 F-box family protein, putative isoform 1 T A] Theobroma cacao  1e=27 74
15-7 381  JRJKERHAEFN 7 Pectinesterase/pectinesterase inhibitor 34 A Ziziphus jujuba 3e-24 99
14-6 288  {Z Fi#E4Z M Ubiquitin—protein ligase K Ziziphus jujuba 4e-07 100
17-4 285 Pt a R R B Cysteine proteinase inhibitor-like A Ziziphus jujuba le-27 88
17-3 269 C2 Z5#yIR A C2 domain—containing protein FH Morus notabilis 8e—41 86
15-9 336 WA IR 5 i Peptide methionine sulfoxide reductase-like w Ziziphus jujuba 8e—-14 97
17-9 375 AR EALY AL Superoxide dismutase [Cu~Zn] 7w Ziziphus jujuba 6e-70 99
4-3 373 L@ Metallothionein-like protein 8 4T Rubus idaeus 8e-21 73
19-5 303 R FRAHIEEE 1 Pathogenesis—related protein10 Kbk Juglans sigillata ~ 2e~13 69
12-4 391 T30 Z % AR 1 Wound—responsive family protein T 0] Theobroma cacao  3e—19 66
13-4 306 MRV EE I 4Hypersensitive—induced response protein 4 A Ziziphus jujuba Se-47 100
10-2 338  PiJi & [ Protein enhanced diseease resistence 2 A Ziziphus jujuba 3e-19 98
10-7 370 EEHHUR Major allergen Pru av 1-like A Ziziphus jujuba 4e-65 100
3-4 197 # 4R F Heat shock protein 21.4 (hsp 21.4) AR Primula forrestii 7e-04 100
BB SR U 5125 Protein synthesis
1-0 360 S3HZMEARZE I Ribosomal protein S3 RERS Zelkova serrata 2e-45 95
11-5 364 408 BB 1 Ribosomal protein 40S KH Glycine soja 3e-26 98
11-6 884 L LWL Histone deacetylase 2 KF Glycine soja 4e-63 87
12-0 612  N-Z 5 # [ Uncharacterized N—acetyltransferase YoaA-like A Ziziphus jujuba 3e-116 100
11-4 685 A Profilin-like w Ziziphus jujuba 8e—-47 74
3-5 319 60S BBHAE H 1.32-160S ribosomal protein 1.32-1-like R Ziziphus jujuba 6e-66 98
18-5 263 408 #ZHEATE 4 S10408 ribosomal protein S10 K Ziziphus jujuba le-=102 95
6-4 246  KH Z54#3E 1 KH domain—containing protein A Ziziphus jujuba 8e-89 98
15-2 639  WATI1 #IEEE H WAT1-related protein A Ziziphus jujuba 2e-55 97
19-1 178 WL B ¥% i & 11 Probable inositol transporter 2, partial A Ziziphus jujuba 2e-18 89
IR AR Unkonwn
3 186 fEEFE I Hypothetical protein E %5 Medicagotruncatula 1e—16 95
11-8 253 {BEZE [ Hypothetical protein &4 Morus notabilis 4e-28 100
4-6 563  AJIZE [ Uncharacterized protein A Ziziphus jujuba le=57 98
BRI S AE REAHJC Metabolism process
4-5 705  2EBEE R A R Cysteine synthase D1 isoform 4 T A] Theobroma cacao ~ 2e—60 79
5-2 287 FRFRAWRME Carboxylesterase 15 A Ziziphus jujuba 2e-30 99
5-5 749 B- 1.3 - 1.4 FEBE N VI Endo—1,3;1,4-beta—D—glucanase—like A Ziziphus jujuba S5e-164 98
16-2 466 i E HF X2Formate dehydrogenase, mitochondrial isoform X2 A Ziziphus jujuba S5e-06 100
2-7 143 HEBEEA B Glutamine synthetase 2% Brassica napus le-14 75
13-8 227 NADH i &l Dehydrogenase [ubiquinone] iron—sulfur protein 7, mitochondrial A Ziziphus jujuba 6e-40 98
14-5 380 L4 Indole—3—pyruvate monooxygenase YUCCA10 K Ziziphus jujuba Te=35 98
19-6 405 4 E bo/f BHEYW IV Cytochrome b6/f complex subunit IV (chloroplast) I Cannabis sativa 8e-32 97
3-8 929  MLEE a/b £54 8 H Chlorophyll a=b binding protein 8, chloroplastic A Ziziphus jujuba le-161 99
4-9 319 3. 4-F2% 2- T F#4E Putative 3,4—dihydroxy—2-butanone kinase A Ziziphus jujuba 6e-136 99
10-6 309 ARG Wl Cysteine synthas, transcript variant X4 A Ziziphus jujuba 2e-16 99
11-1 246  O-TSLH;F M O-acyliransferase WSD1-like , transcript variant X2 A Ziziphus jujuba 2e-60 100
13-2 284 PRH AT EL IR S —adenylylsulfate reductase—like 7 A Ziziphus jujuba 7e-100 99
14-8 388 ZWMRT BRI EER A Probable inactive poly [ADP-tibose] polymerase SROS ¢ Ziziphus jujuba T7e-171 98
17-2 159 B—ﬁ/{‘ﬁ% Beta—amylase 1, chloroplastic w Ziziphus jujuba 6e-43 94
YL RAHOC Cell structure
8-1 636 /KiliEHE H Aquaporin TIP1-1 S Morus notabilis le-72 89
8-3 325  E5IEAEF AR 1 Transmembrane emp24 domain—containing protein 10 B Morus notabilis 2e—-11 66
10-0 937  ILR{RES X F I DUF21 domain—containing protein chloroplastic R Ziziphus jujuba 7e-139 99
(55 Signal transduction
3-9 250 @R/ AFR I Serine/threonine—protein kinase receptor Ke Cajanus cajan 2e-45 95
6-0 753 AR RS2 H Histidine—containing phosphotransfer protein 1-like A Ziziphus jujuba 4e-10 99
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