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qRT-PCR BRFR BRI RIS AR IS, L
HIAA IR e B S UR A SN i D) e Rt —
S HBRIE .

1 #H57FE

L1 seH#

BHRFB AR 6 57T B L RR IR
FiOlL &R 56 T AT RNA 2 BUR R & | TaKaRa
R F R F &, SYBR® Green Realtime PCR
Master Mix %825 il H R 2 E RAEWHRA A,
Jit FA Sz 3% %52 B PCR {X A Bio-rad CFX 96, fif
Bl m EilEE TAY TRKRDARAA
=9
1.2 A&

12,1 ZEhhshiE SR a3

EMAFH 50 CHRAKFEITREHFH
10 min, SR /5 &M 10 h, 4 K/NFEA —Z W
FHRTHA KNI FRI T, E TR
FErh 28 CHEHERMAY 3~5 d. FREBRMYHKZE
2 cm B ALEZPORKE . KK 4 FRE Y
S #EFT 200 pmol « L' ET, 100 pmol « L1

MeJ A 1 mmol « L™! SA BEi#i4b ¥ 6 h, F KBt
AR FE 6 h AR x) R 43 B AL B8 5 BB A AT
B G ARG T —80 CIREFHRH.
1.2.2 RNA $2H 5 A FE s o i

B 432 TAF AL SR A s A BRAA F)
SER. FEAFMBIM T A Trizol & HAE Y B
RNA, I35 & RNA #47E & . ik, i QIAGEN
RNeasy® Kit #fifk 5 RNA; cRNA #5448 . 4l
Al B R T N B Ak LA SRS Fr 2% 28 (GeneChip
G2519F,4x44K Agilent microarrays,CA, USA);
O Ve I R BRSO TR s S E A T8 A 8
Habr
1.2.3 ZSEEPGE R PCR Rk

FR4lE TaKaRa [ % 550 S ERAFE UL 51
REZ o3 B 6 AR ) 9 RNA [ 5% 5645 8] cDNA,
AT oRT-PCR Rk 547 ; a8 4 AR B , 1
HEY T HE NS E R (Slactin) R34, 4
MHEMER 3K, RMERZIE SYBR® Green
Realtime PCR Master Mix 8 . LN IEE
& PCR JT A5 | ¥y R E 3 50 iF 22 57 3R A B B
R R T7 AR 1.

%1 oRTPCRETASI#FFEF
Table 1 Primers used in the qRT-PCR

HE RS 2R EE 149530 T30 WA
Probe name Forward primer Reverse primer Regulation way
A_96_P031791 ACTACGGCAGAAGAAGCAG ATTGTTGTGGTGAAGAAGATAAAG A
A 96 _P164596 ACACAAGAACTACTCAATAACAAG ACACACATCAAATCCTCCTG A
A_96_P012956 GAGAGTAAACAACAAGGAAAAGAG CAGAGAGAAACAGAGGATGAAC A
A_96_P119167 ATTCCCTCGCTCGTTCTG CTCGTTATCGGTTCTTCCTG A
A_96_P245825 TATTGCTGCCGTTTGCCTTC GCCTCTTTCTGTTCCTCTTCC TiE
A 96 _P013616 CGGCTACCTTGACAGACC ATTCCCTACCCTACTTGAGAC TH
A_96_P037251 TTTTGATGGGCTGCTTTCC TCTCTCCTGTTTTGGTTCTTG TiE
A_96_P022616 AATCCGACACGAACAAGAGG AACAGACCAGCCAAGTAAGC TH
A_96_P084814 ACGGAAGTGACAGCAGAAC ATGAGGGAGCAGAATAAGAGC TH
A_96_P230989 TCCAATCAACAACCACACTATC AGGCTTCTCGCACTTCTG TH
SlActin CTTCGTCTTCCACTTCAG ATCATACCAGTCTCAACAC —
1.3 HESH linkage F1 K-means BIEHEAT R, M is A
AP B RSP 1AM 4 0 B RO 22

i Cluster 3. 0 Z{4K £ 5 H A 2T
{5518 HEAT B 2843 7, R i Hierachical , Average

SRR AR GEFEEL RS HUE L >2. 015 .
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R SR HE i R 35, TH P 3 R 1k B AR X
2%, R Excel JAFER, A 27444 K
FOTE SRS X RIEHE

2 GRE5HMH

2.1 HEIHEREESWEEERRIZER
{DEGS)

RIE 8 B Z SR A A & kY
42 000 MEAMGED , LR 5 3 R
# (B ETH.MeJA F1 SA) M PURPIIEERA ,

- ETH . MeJA

1 10
1 10

Control

HE LA UES, B4 THAENERR
BEFZF LR/, B4 ETH 4b# )5 i % /Y
DEGs 8 & /> F F MeJA @ SA 4b 38 J5 5 € 1Y
DEGs, #5REW,FIZE SA fl MeJA BEAL
ST A T 2 FE AR L, 6 R B —
oyt &M CE 2), e E BV AT 9 B & E
Co-DEGs4r Bk 15 5] 178,498 4~ (FEH 551
>2.0 £, Hh B EAHAL KT 3.5 51
Co-DEGs # 29.167 4, KT 5 % Co-DEGs
7. 7940, REPIRESHELEEME TRZ
HEWFEIE.

Control

1 10

1 10 1 10

b P N RS o 5711 | Bl we - I SR oS T v N R X OF = S

Note: Up-regulated genes are shown on top,down-regulated genes in bottom,and non-DEGs in middle.

1 ETHMeJA SAREERNERERREERNDH

Fig.1 Distribution of expressed genes in tomato seedlings under three hormone treatments

2.2 ERRIEZEE DEGs B4y

SRBIE TSR BRLBRT 15 ARAM
280 MARIEF ) Co-DEGs Z4b, iR T RE X} 481
ABERBIM ) Co-DEGs #4717 4395, Hiv, f
17 NEFFIAER GHE RN A X, FF JAR
HIR(ABA) A KR FEEMETHGR 2, ik
4b,30 4~ Co-DEGs 4if3 2 515 5% ¥ 5 H
FMEBER, I WRKY NAC. H#HEH AT
FH. P R&EH.DREBI.MAPKK #1 MYB #§3%
HRETS, HBKE, NM_001247597(A_96_
P162536 f1 A_ 96 P091164) 1 NM_ 001247196
(A_96_P167902) 7352 JA ¥R K WRKY & H
1 ABA 5% MYB 3 F (AIMD (% 2),

R Tt —#% DEGs #4743 28 i B 53 4f A
M tE 255k 4 GOEAST (http: //omicslab. ge-
netics. ac. cn/GOEAST/) #:47 GO 4325 430 ¥
GO srir s SRR W, i vE 48 15 2] DEGs (FEA
FEREAL>2. 0 75 2805 “WER FBH 18 57 “ X
HERBW RN KRB ERE a2 E
SEFTMEA RS EA X, Hd 3 Ml
KRBT P BB R AP N AE 55 DEGs 43
B 21.05%.8. 33 % F1 11. 06 % , 171 Ml Joz JHe B2 3l
B R A 14.919%.8. 33 % 14. 89%514. 03% ~
17.87% /) DEGs 5% &Fid BAH &, M4 40% K
DEGs AIfE2 S EA XWEBE AT A
YR (E 3D,
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(A ER>2. 0%, BT E>2. 0%, (O B#>3. 54, DT HE>3. 5 &, (B) EfE>5.0 4%, (T >3 5 & 4 H2Z miy
R EEA T AEER R R RSN EE T,

Note: (A) Fold change>>2. 0, up-regulated. (B) Fold change>>2. 0,down-regulated. (C) Fold change>>3. 5, up-regulated. (D) Fold
change>3. 5,down-regulated. (E) Fold change>>5. 0, up-regulated, (F) Fold change>>5. 0, down-regulated. The respective numbers of
common up-regulated and down-regulated genes between treatments are shown in the overlapping circles,

2 3HMPEEHTLANTANERREIEENEE
Fig. 2 Number of up-regulated and down-regulated common and unique differentially

expressed genes under three hormone treatment conditions

x2 BEEHOTEENHREXMERERX Co-DEGs

Table 2 Hormone-related and pathogenesis-related Co-DEGs identified by Agilent microarray analysis

3 y e 18
g T gy AT KER L s B
Regulation Methyl  Salicylic
Probe name Ethylene GenBank No. Gene description
way jasmonate acid
A_96_P131862 iw| 2.54 42.72 2.08 NM 001247954 Solanum lycopersicum jasmonate ZIM-domain protein 1
A _96_P000076 ki 2.70 2.18 8.57 NM 001247043 Solanum [ ycopersicum jasmonic acid 2 (JA2)
A _96_P162536 FiA 2.70 5.13 2.83  NM_001247597 Solanum lycopersicum JA-induced WRKY protein
A 96 _P091164 ki 2.32 3.62 2.49  NM 001247597 Solanum lycopersicum JA-induced WRKY protein
A_96_P167902 iw| 3.39 7.34 4.94  NM 001247196  Solanum lycopersicum ABA-induced MYB transcription factor (AIM1)
A_96_P221494 T 2. 04 2. 85 8.75 NM_ 001246842 Solanum lycopersicum auxin response factor 4 (ARF4)
A 96 P074239 ki 2.43 2.48 4.26 NM 001247828 Solanum [ycopersicum gibberellin 2-oxidase (GAZ20x5)
A _96_P141092 FiF 2.23 2.52 2.55 AIB98755 Gibberellin 2-oxidase-Solanum lycopersicum
A 96_P125177 TiF 4.69 3.94 2.92  TA56320_4081 Gibberellin 7-oxidase-Cucurbita maxima (Pumpkin) (Winter squash)
A _96_P013161 FiA 3.39 2.04 2.50  NM_001247766 Solanum Lycopersicum ethylene responsive element binding protein (EREB)
A 96_P216474  Fid 2.20 2.53 2.13  NM_001246867 Solanum Lycopersicum ethylene response factor 2
A_96_P012046 T 4.71 2.78 2.27  NM 001247545  Solanum lycopersicum Verticillium wilt disease resistance protein (Vel)
A 96_P012701 TiE 19.95 20. 47 9.53 NM 001247232 Solanum lycopersicum PR-5x (PR-5)
A_96_P229169 T 6. 82 76. 37 34.89 NM 001247594 Solanum [ycopersicum pathogenesis-related protein P4
A 96_P226499 TiE 3.42 2.78 8.54 CK715363 Pathogenesis-related protein 10-Solanum virginianum
A _96_P087624  Tif 24,05 43,34 26,46  TA36002_4081 Pathogenesis-related leaf protein 4 precursor-Solanum lycopersicum
A _96_P012306 FiA 2.62 5.76 15.36  NM_001247058 Solanum lycopersicum Ptid
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965% 4.39% 21.05%

28.07% 14.03%

9.36% 11.06%

o B FEMPIEY  Hormone and defense responses 21.05%
@ LR B Response to other stimulus 14.91%
o Ly Developmental processes 14.03%

HeAdhidfe  Other biological processes 28.07%
a [F5is Signal transduction 3.51%

@ iEH Transport 4.39%

w A R Protein metabolism 9.65%

o Hee i Other mentabolism  4.39%

® HEAFI5HH N, Hormone and defense responses 8.33%
B TR Response to other stimulus 8.33%

B LHAR Developmental processes 18.45%

w H'eAydfe  Other biological processes 39.88%
fFo54s Signal transduction 2.98%

B &5 Transport 3.57%
a AR Protein metabolism 13.69%
o HEAR Other mentabolism 4.76%

w S F P Hormone and defense responses 11.06%
& He IRy Response to other stimulus 14.89%

2 ZH R

o JEAEYE R
G5

m B

® 21 T
o He R

Developmental processes 17.87%
Other biological processes 25.11%
Signal transduction 2.98%
Transport 3.41%

Protein metabolism 15.32%

Other mentabolism  9.36%

3 FARMELEEHETH DEGs BIThRES 2

Fig. 3 Functional categorization of DEGs in response to different hormone treatments

2.3 ZERRiEEE DEGs Y qRT-PCR WiIE 547

KT BAIEE b B R . LR TR AR
B RNA %% 5 cDNA 8. FIH RT-
PCR EARKN 1 FEHLIE R 10 A HF R IEK
F(E1L,E O, Hrf,6 4 DEGs 254 .- F1f
SN R EF L EG553122 (Les. 8427, A 96
P031791 ), EG553703 ( Les. 23666, A 96
P119167 ). AK328386 ( Les. 14423, A _ 96 _
P245825), DV105632 ( Les. 6311, A _ 96 _
P022616 ), DB702794 ( Les. 22078, A _ 96 _
P084814) FlI AK323374 (Les. 24393, A _ 96 _
P230989); 7 4b, NM _ 001247671
(Les. 3739, A_96_P012956) Fl NM 001247776
(Les. 9695,A_96_P037251) 34w #R T B H
(Heat shock protein, HSP) fl45 B /% B4 2 45
JEREIR NG B T 25 1 (Caleium sensor calcineurin
B-like,CBL), qRT-PCR Z55RF W, 58K 28
%5 R (AMDa, Agilent Microarrays Data) 8 L, Jif
Bk R B AU RIS, HERA
B RAA FRE R 2250, 308 2 Al Jr v m)
FRBEA—FWAE D,

3 &Zit5itie

B R EEE X 3 MHURESEE ET Me-
JA RN SA TR FE S i RiBIEHIT T4, )1
R HRHITR A DG B R IR A T SR A A B Y
BE . ZFE A R AP AR, RS
ST T B E TR SRRLEEERR
IROA B AR, S5 RO 3 AR A B AR T R Y
2 261.8 302 19 479 NEFFIKEE A 178
598 ML LR T M 2 R RBERE, 4 62%
EERS B Re R B E , &5, @i qRT-PCR
FABAET 10 MR RBERPFRBR 4R
5ith R EA -3

FHSEUER , ABA Wl M HI0S ET #1 SA 4
P 575 40 52 7 A 3 4 o DB ) B SRR ; ABA
AR SA AR BT MA S S EHES
FERE R N A 2 H OsNPR1 1 OsWRKY45 [
1 2 S B H ZK RE 0T 1 A 95 T ) S8 S i A
APV, ZWE GO i e s 17 M EE S
E¥EMNE R AR, Hrh AIMI(NM
001247196) 2&:#hi ABA MR MYB B¢ HF,
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Fig. 4 gRT-PCR analysis of 10 selected genes of differentially expressed genes identified by

Agilent microarray analysis

Al L] o 2 8 3 ET. MeJA F1 SA; NM _
001247954(A_96_P131862) .NM_001247043(A_
96_P000076)F1 NM_001247597(A_96_P162536)
£ JAMKETEA, B THA ZIM 5HEER
E WRKY BRET (£ 2) . 4R xR, BEE

STEDURG AR OC SR o 2 T 43 52 4k 1 ) 4% 18 52 &
B WA ¢ 43 18 K il 19 %6 2 (PAMP-
triggered immunity, PTT) 23 T4 M 3% 1 il 4 X
T SRR JE ) AH 56 3R =X TR, BB Bl
IR R IR A 9 s PRI6 W LB JA
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o SA KRS 2 FIMPUR AR B
FEKFEH JA F0 SA 15538 4 b S [ B 48 £ G258
ZOMAREFEMGEEEIRER, gRE
B, BRI 1 Vel (NM_001247545) \PR-5
(NM_001247232) JRJEAHCE 1 P4 R RTK
(NM._ 001247594 F1 TA36002_4081) . 4% JE AH 3
FH 10(CK715363) f1 Pti5 (NM_001247058) #J
Z5HURME RN, X L S 5
PEEEXT BRI RRA RBE N (R 2) .

BT AR ST 200, OsWRKY45 4 3% 3| 2 - g
TR JA (KBS, T OsWRK Y45 BERSEOE /K S
Xof e 9 995 DA RT 7K R 1 I A S A ) S T B A R
g, JA-Tle 58 JAZ R H R COIL 2 H A
HAER, AT 805 s 0% B F MYC2, MYC3
1 MYC4 FREER . BIFGHF AtWRKY70 | Ar-
Myb44 F1COI1 55, AtWRK Y70 333k 83y
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BRI (3% 2), MYB.NAC #1 HSP #
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YIRh3E 58 R B 2 R R 2 IR A B RO,
B SN B ST S B R RIS T Bl e i R
HF, 1 NACBHE R VR ER P BEA.
DREB1.CBF3.CBL 1 MYB %1 §8 48 & i Hi R
GIER N PREEEEH. BHEE B T#E—
WE5% ET. MeJA F1 SA {5538 % Z W] (40 & 1F
FH - R AR % S 25 IR A 07 o S D R 4R
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Microarray-based Analysis of Disease Resistance
Signaling Hormones in Tomato

XU Ruirui
(College of Biological and Agricultural Engineering, Weifang University/The 13%* Five Year Key Laboratory of
Biochemistry and Molecular Biology in Universities of Shandong, Weifang, Shandong 261061)

Abstract; Tomato was used as test material, the Aglient chips and real-time fluorescent quantitative
PCR technology were used to identificate differentially expressed genes (DEGs), especially disease
resistance genes, after classic innate immunity-associated plant hormones ethylene (ET), methyl
jasmonate (MeJA), and salicylic acid (SA) treatment, in order to further study on disease resistance
signal hormone response, and provide some references for the synergy between signaling pathways.
The results showed that 2 261,8 302,and 9 479 DEGs were identified in tomato after treatment with
ET,MeJA,or SA, respectively. Gene ontology analysis indicated that these DEGs were associated with
hormone and defense responses, developmental processes, signal transduction and protein metabolism
pathways. Among these DEGs, 178 up-regulated common DEGs (Co-DEGs) and 598 down-regulated
Co-DEGs were identified. Aside from unknown Co-DEGs, 481 known or predicted Co-DEGs were
categorized on the basis of their functions. In addition, the expression of 10 DEGs was assessed via
quantitative real-time polymerase chain reaction, and the results generally agreed with the Agilent
microarray data.
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