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A A (DDRT-PCR) #1°f: % it RT-PCR BA , 43 Hr FlE e 58 URAE DG 1 22 R 3R JE A, DDRT 45k 1822 5 7 Bt 121 1, &
WG BT, 22 R RPN 33 S WIIREC AT 5,88 S M AR AT (Hovh 5 Z FLA TR CHE B SEAE ) 5 2 a8 B 45 59k
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Analysis of cold-regulated gene expression of the Fingered Citron ( Citrus medica

L. var. sarcodactylis Swingle )

CHEN Wenrong, YE Jiejun, LI Yonggiang, ZHANG Zhenzhen, CAO Yibin, GUO Weidong "
College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, China

Abstract: Low temperature is one of the most common environmental stresses causing severe economic losses of most crops.
Plants adapation to low temperature is mediated by differential gene expression, Investigation of the transcriptome profiling
stressed by low temperature is important to unveil the mechanism of plant adapation to the stress. Multiple mechanisms are
involved this process including differential expression of dehydrins and antifreeze proteins, chaperones and detoxification
enzymes, as well as variations of biosynthetic enzymes producing the low molecular weight compounds. Regulatory proteins
such as transcription factors, protein kinases and phospholipases are known to be differentially regulated under cold stress.
However, few literatures were available on gene express correlated with cold-sensitivity in fingered citron.

Fingered citron ( Citrus medica L. var. sarcodactylis Swingle ) has high values due to its medicinal properties and
ornamental potential. However, high sensitivity of fingered citron to low temperature resulted in significant reduction of its
production. Fingered citron’s maximum freezing tolerance, considered as the semilethal temperatures (LT,,) , is =4°C, and
24 h was considered as a critical period for cold stress. It is thus important to understand possible mechanisms involved in
cold sensitivity of this plants species, as to promote its tolerance of cold stress.

In the present study, the mRNA differential display reverse transcriptase polymerase chain reaction (DDRT-PCR) was
used to analyze gene expression patterns involved in the cold sensitivity of Fingered Citrons. The plants were subjected to

low temperature (=4°C) for 24 h, and alterations of gene expression patterns were analyzed. One hundred and twenty-one
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putative differentially expressed DNA fragments were cloned, sequenced, and analyzed. Thirty-eight genes with changed
transcript levels were left after the exclusion of repeated sequences, 33 of which are genes of known functions and 5
unknown through BLAST analyses. Expression analysis by semiquantitative RT-PCR (sqRT-PCR) showed that twenty-nine
genes were up-regulated and five genes were down-regulated under cold stress. No significant variation of remaining four
genes were observed ,and considered to be false positives.

Among the 34 differentially expressed fragments, eight genes were related to plant defense/stress responses, including
hepicidin-like precursor, DNA-damage-repair/toleration protein ( DRT ), 26S proteasome regulatory subunit,
Retrotransposon-like protein, Avirulence protein ( Avr), Ac-like transposase protein, Rhodanese domain protein and -1,
3-glucanase ; Eight of nine metabolism-related genes are photosynthesis-related genes includes Abl interactor-like protein-2 |
3, cytochrome f, P700, plastocyanin-like protein, vy-type carbonic anhydrase protein, ATP synthase CFO subunit I,
Chlorophyllase-1 and phototropins; and 17 other genes are associated with cell wall modification, signal transduction,
metabolism, amino acid transport, oxidative damage, transcription and protein synthesis. These data provide a new insight
into molecular mechanisms underlying cold regulation of plant defense/stress responses and photosynthesis in Fingered

Citrons, which is important to improve the cold tolerance of the citrus species.

Key Words: fingered citrons ;cold stress ; differential display; semi-quantitative RT-PCR
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B BRAESE G RAGE T MIRIIT R I SE R S N R DR S
Y FE AT OGRS T ] 62 A, JF4E X SE I K 1 DI RE SHTUKRIE K IRARAHAZ AR T Ml 14 LA S $it
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REAG S ( Citrus ) FEA) A0 RS2 1 B30 — JOKER 20, e [ R AEAR 7™ o J V20 — o WA T L ) 2 I
AR, P TR, o fE it B 0T SRR, BT At B8 S 52 W AV AR Jes ) 7 R R A — A R B R L BT
(Citrus medica var. sarcodactylis Swingle ) /& 2SFFRMIMGJE Ak A A8 Fi, HR A 25 45, B B8 WL B 2 FE
A, B2 ERR AR, FUR BT T HU e 22 MR BOEIR R -4°C A4 MRIR VR F 5 & 5 A =
R A2 20, BRI, AREMNE T O 69 ERF6 JE Al GRAS LN [ 3k i & A= A i 19 A8 1k, 1%
TS PRPEE DR Y 2 IR A 5 A . i T UM 22 09 JEE A, 196 1 AR it b JRy B A 37 A b 25 LA R BB X, X AR
KRR BR 1 0h T AE TR EAC 7 T K H X B A 8 R A b =7 Ml 1 A

I, X FEGURATAR A B TEAR A1) ok 0 57 45 JE ST A7 A A 3 AR TR 25 1) 43 F a4 IR
SRR S B DR A IR AR A 0 RN | S FEURR ) o3 LD A R AR SCLAHI VL4 e b DA T 3 vt Rl R A
TR, R mRNA 225 SR BORARAG Bh TR W38 15 22 5% 3835 19 <DNA Jv Bt BLAST #fi € H I fE 5
RHIAERE T PCR FOAH 2 1 L 35 PR 7 A TR L 0 Al 0 2k B AR A B0, DT 2R AT FE R b Tt it
FAOCHED 3 M AR B 707 HIL ] 38 Sk A RIS Sy 1 T FE R DY ) AR A A FE UL i e 4 AR
1 MR5FE
1.1 bR

PR B — 301 2 AR BT (C. medica cv. Qingpi) ZEAK T, >R F WHTLIM 5 A2 b T 52 96 F Hh——
VLA A BRA R o FE TS PR T T I MU TR B TR 508 2 BRSO AE L A5 0 5 12, 3 iR B h
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BEHLLEI 3 B B Wb T AR W8 AR R B IR -4 °C O6IR 14 h JREE 75% |, iR BE A5 R B2
+0. C1, AR 24 h, BOOEHE Tos B0 F G4 AE B/ EAY TN FECE 5—11 MO 7 5K T e 2
S
1.3 DDRT-PCR Z3#7
1.3.1 DDRT-PCR 5% K& NZ5 ¥t

mRNA 25 B/R 7543 Genhunter Corporation RNA imageTM Kit JFSN AT, 510 FFN LR 1, 5]
Yy ¥ invitrogen A,

R1 WESIW. FENSI MR RS WTIR

Table 1 List of anchored, random and actin primers

51944 FK Primer name 3|%r¥_ﬁﬂ(5'— 3") Primer sequences

#i%E 5|9 Anchored primers H-T, G AAGCTTTTTTTTTTTG

H-T,, A AAGCTTTTTTTTTTTA

H-T,, C AAGCTTTTTTTTTTTC
BEMLE 1Y) Random primers H-AP1 AAGCTTGATTGCC

H-AP2 AAGCTTCGACTCT

H-AP3 AAGCTTTGGTCAG

H-AP4 AAGCTTCTCAACG

H-AP5 AAGCTTAGTAGGC

H-AP6 AAGCTTGCACCAT

H-AP7 AAGCTTAACGAGG

H-AP8 AAGCTTTTACCGC
NZ5|4 Actin primers sense TGCCATCCACGCCGTTCTATCT

anti—sense ATCACGACCAGCCAAGTCCAAA

1.3.2 & RNA #2550 mRNA 4lifk

K H Trizol 37 & (invitrogen ) FEHUIT F &L RNA |, DNAase JH 1L BRI ZH DNA , % H OligotexTM-d(T) ,,
<Super> mRNA 4fifbid55) & ( TaKaRa) X #2HUAY 5 RNA #5417 mRNA 4fifk
1.3.3  cDNA SF—4EH i

4lifb 15 %) ) mRNA N 3 B4 519 (H-T,,G, H-T,,C, H-T,;A) = M invitrogen A% Superscript'™ III
Reverse Transcriptase 1T mRNA 5% 5153 cDNA
1.3.4 DDRT-PCR ¥

V3R ET I 3 55,5 BENLG 19 8 2%, 3L 24 X B AL A il T PCR Y3, KRR BRIY T ES%
Liang % 1992 4F 4R 4L AY 5 35, M SE Bk, 25 pl [ AR & H & 10X PCR Buffer (Mg™ Plus) 2.5 ulL,dNTP
(2. 5mmol/L each) 2 wL & 514 (20 pmol/L) FIFEHLT (20 wmol/L) £ 2.0 pL TAKARA Taq(5 U/pL)
0.2 pL PLJ 2 wLeDNA B, INTC T 2l KA FE SRR 22 25 pL, PCR RBARFF 2 94 C B HE 5 min, 48
JE AT 94 CAEYE 30 5,40 CiB K 2 min 72 CHEMH | min AIPEIR R, 35 40 MG, Fe)5 T 72 °C FEEH S
min, 4 CIR-FF,
1.3.5 225 B o 8 M mlifie

K 8% A AR M SR D9 M ok Rl BB e FL UK A 5 25 5 B AR e i e AR e 25 R rh e I 22 S R I 45 R A T
(IS, 6 B AR v 2 | A BRI HR A5 [) — i B LA Je 22 S RN B i () R0 0 22 5 o SR D s MR g 68 Je [l it 1
BioFlux [ Biospin 2 N4 MEMEBEIE DNA ISl &1 T .
1.3.6 225 B EY Kk

BB 22 5 B 2 WL AR AR S BT B 5 A &, i AT kY1, PCR AR 57 5 3¢
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AR, B 1% BBEREAHEE RS LUK, SRAMT AN B I 1) A R A5 5 I £ B B/ INRL ], G2
] — 2%t UEA T B SR SR e 1) TR BB AR S [ SO A9 B 10 A T2 7= (%) UNIQ-10 DNA i[RI 51
& (SK1131) [l Fnatifk B i F B,
1.4 25 Bk

KA 2 YR A 2 IM109 JEAZ 25 4, [N Y 25 5% A Be 5 pMDI18-T Simple Vector ( TaKaRa) 16
CHATIESE T A IM109 8852 25 AL, TR -T- AR 5 Pk BB G B85 5% ATV PCR ARG U0t 2 20 3
FTPAPE S e | BN Z FVRR PP A AR i H 9 R B2 PCR B —2
1.5  PHMEEE LT 00T RO 50 0 A 15 B 2= b

FHAE v [ 7 A0 e TAE fh R A ) TR AR IR 55 45 B 7] (Invitrogen , China ) F& Mk A6 58 5%, R FH 18 FH
519 M13F/MI13R ARG, 3055 L7 NCBI (http://www. nebi. nlm. nih. gov/) R} || #£47 BLASTx
F1 BLASTn 4347,
1.6 f5EH RT-PCR %&E HIWFE N E L E2EF
1.6.1 5|t

B-actin 5115 % Genbank KR MITH], B TIIEE1Y), fE 08T cDNA TRy 3 H v i B s, soke il
7, R S s, i B B F R 5 91 )T 51 K. Sense: TGCCATCCACGCCGTTCTATCT, Antisense :
ATCACGACCAGCCAAGTCCAAA , 514K H primer primerS B3, i gAY TREAT PR wl A A,
1.6.2 }EH RT-PCR U &R0 E

L cDNA WM, B 95 51 Y% F B-actin 76545 [ & PCR HiFAT RN , 5 B AN A G P8, 22 24 26 |
28 30,32 .34 36 MEIEL, B Al A IE, DRUED B 40 M T . PCR RV FE T S 80h 94 C TR S
min, SR 5 HEAT 94 C 78 30 s,50—60 °CiB 2k 30 s .72 CHEM 30 s BYTEER SN, JEFREC N 22—36 4>, & Jm T 72
C FIEAH 5 min, 4 CIRAE,
1.6.3 PCR F=¥ ki

PCR ¥ 84 7= W4 5 1RAL 5 1 2. 0% BB HE I rh sk , FEL UK 45 SR AE 54T T H Bio-red A R SR R 56
H 77 Quantity One 3IFHEATH 4 BUSRFIOGE FE 4397 .
2 ZEREHH
2.1 E‘ RNA B/‘J%HX 51@{)“\“ éﬁ Marker$+A(F:’8 %+AE7 $+ACPé (1:‘+ACPS CT+AI(’:4 %+A23 %+AI&2

PEELAY S RNA 28 DNA il 16 )5 78 42 % 4 B A
(Thermo) F 1l %E 0D260/0D280, 45 #: L H I 7E 1. 8—
2.0 Z[A], UiHA RNA BBty . 1% WO B s il
EME FBL DK A RNA S84 1, HL Tk 45 2R 17, 28S (188
AT T, ORI, DA B RNA S2 84y aT LU TR
2.2 mRNA 5 BR%5

AT R 9% ORI AL BEZE - R . RNA S ARAR, 43
S 3 Rl 5 | I T 5% S N, 55 6 A cDNA ; 7
PLik 6 Fft cDNA St 3 il 5195 8 FhEEALS %) E1 DDRT-PCR f%B4RME
HAEVAT PCRY B, XHHIFEIGIHEY ISR XTI Fig. 1 Example of DDRT-PCR results. ¢DNAs were amplified
HHLLFEZH Y PCR FEH AT 25 5 e . 76 mRNA 255 from two separately isolated total RNAs by primer combination of
BRI, BB b 24 MR A A e T C and HAPZTHARS
mRNA H 5 3000 £ 4 <DNA JE5. [ 1 &Ik 5% HT,,C 5 H-AP2—HAPS (44, C {UFEXH R, T AL &4k
7 U130 O T I RIAR A CDNA B AL LR TR P 2 S LR
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i3 DDRT-PCR, FLA0 FEZH RN AL BRAL Y 25 50 121 4525 583K 10 cDNA F BOB sl se e fil 6, 482k
W5 B2 00T, 25 5 RIK P AN A 33 5 N IIBEC AT H 88 S AT A (Hirh 5 25 A FFHCvE B EAE ) .
2.3 fER RT-PCR /M4 f

W kil 33 L0 N2 TR F N K 5 A HA T HOHE B S 4E A R 0 81 084728 22 B RT-PCR 43 #r, LAIE
— s AR A RS X 4 22 S Rk i B R A AR Ak, 255 A BAEST RT-PCR W51 9781 3B AR &
PCR MBI 2.,

%2 DDRT M7= 1TE 2 RT-PCR WRIER & =933 B A5 915 51 IR AR BE AR IR EL
Table 2 Oligo nucleotide primer sequences, PCR conditions and cycle numbers for the confirmation of differential display ( DD) products with

quantitative relative reverse transcription ( RT)-PCR

PCR iB kit I

E5 W) Ef’ﬂﬁ#?l%f?ﬂ fif'ﬂﬁa‘%?[%’?ﬂ PCR anncaling Cyele
DD product Forward pirmer(5'-3") Reverse pirmer(5'-3")
temperatuer/ °C numbers

B-actin TGCCATCCACGCCGTTCTATCT ATCACGACCAGCCAAGTCCAAA 55 30
1-C1 AAGGTTGATTGCCTCTACATTG CATAGCGGTTCCGTCCC 55 28
2-G2 GATTTCGGTCCTATTCTGTTGG TTTCGCAGTTGTTCGTCTTTC 55 36
2-C7 ACAACTCTAAAACCTTCGGG GTGCCTTCCACTTTCAATAA 50 28
3-G1 GATTGCCACACTTCCCACAT GACCCAAACACCCAACACAT 55 30
3-G15 CCCCCTTGCTTGTCAACCTG CAACATTCGTCAACGCTCCG 60 32
3-G24 GCTGAAGAGTTGAGAAAGAAGAC AAGACATTGAAAATAAGAAGAAAAA 50 36
3-G17 GTTGACTGCTTGTCCTCTCCCG CTTCCTCTGTCCCCTCCTTGGT 55 34
3-G19 AGCGAACTTGAACCCCCGAT GCAGCAATGCCAGCAACACA 55 32
4-G23 TTTGGCAGAACCAGTTACAC ATCTTCCCAGTTGACATCCT 50 36
5-C2 TGAGGACATCAAGTTGGAGACA AAGGCAGTTCAAGAAGAAGACG 55 34
5-C4 GATTGCCGAAATAAGAAGGATG AATGAAGTGGGAAAGAATAAGGAG 55 32
5-C15 AAAACATCATTGGAGGAACC TGAAGAAACAAAGATTGAAACATA 50 30
6-Cl1 TTTGGTTACTTCTTTCTGTCTTGT GCGGTTCCGTCCCTCTT 55 30
6-C24 TGTTGATTGTAAATGCGACG TTACGGTTCTTTCTCCACGA 55 30
6-C22 TACCCAAATCTTTCCCCTT TGAAATAGAAGATAACCCTGATAG 50 36
6-C19 GACCAGGATACATTGATAGGAAGC CAAGCAACCAGGGAAAGACA 55 32
6-A5-1 ACATAAACTCACCACAGAACGA AGAGGATAGAACACTGTGATAACC 55 30
7-3-29 GATAATCTGAGCACAACACCGC CACACGAATAGGGAATAATACAACG 55 36
7-6-33-1 ACCAATCTCTAAGCCACTGC TGCTCAAACATCACACAACC 55 36
7-6-5 TGTTTTTATTTGCGGACTTT ACAAACAACATCATAAATCCAAT 50 36
7-6-15 ATTGAAAAAACAAAGAAGGGGG AGCACAAAACATACGAAAAGCC 55 36
8-3-10 GAAAGCATAAAATAAAACTGTGTG TCCCAAACGGGCTCATA 55 36
8-3-11 GCTTCGGTCAGGCAGGAG AAAACTTAGGCATCATCATAACAAA 55 34
8-3-13 ACGGTCCTGGAGAGACTTATG CCAATGAGATGAGGCAAACA 55 28
8-3-17 GGCAGAGGAAAAGAAAGCAAAA CGGGTCAGAGCGTAAGGTAGTG 55 28
8-6-39-1 CTTATTCCGAGTGCTCTGTTTT GTCCGACGACCTTATTTGTATC 55 34
7-6-42 GCGGTGTTGTGCTCTTATTAT AGTTCTCCCTCTATTGCTTTTG 50 34
8-3-32 TACTTGGATTGATAATAACTAACTT ATGTATGCTTGGTCGCC 55 36
4-29-3 CGTCAGTAACATACACAAGCA CAAAAAATAAAAGAGGGCATA 55 36
2-G8 TTTCGGTCCTATTCTGTTGG CTTTCGCAGTTGTTCGTCTT 55 36
6-C30 GAGGCAACAACATTTAGCATTT TGTCTACCACTTAGGAGGAGGG 55 30
8-4-11-3 GTCAGGCAATCCAGCAAC TTCAAAGTCAGCGACAAGG 50 32
8-6-43 GTAGTGGCTGCGGTAGGA TAAGGGGCAAAGGAACAT 55 34
9-4-18-3 ACATTGTTGTTCGGTTTTTTTG AACTGACTTTTGACCAGCATTCT 50 34
9-4-20-3 AACATTGCCAGCGAACG CGAGGTCTGTAGTGGGTGC 50 36
9-4-4-2 AAGAAACAAAGACTGAAACATA TGGAGGAACCACAGAAATAATA 50 30
G22 TTTGGAGAGGGTAAAAAGGGT GCAATAGGAAAGTAGCAGTGTT 50 36
5-C7 CGAGAAGAGAGGAGCCGTGG GGAGGATAGATGGGGCGATT 55 30

T et RT-PCR MIHERRTE , 4022 57 A BUSOR RISEAROR IR E 42, PCR Mo B2 ML ALY PCR
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A HA 3 A EE RG22 5 BB FAYE K PCR SR A N2 B-actin , I
TEIR]—SRBARBE IS LR, A R 1Y B-actin ik & — 2009, A0 1 A IXHERT LUS AT B2 178

BN G B SR AR

MG E 7 RT-PCR 72HT4E5E ,38 225 A BerboA 4 MR A B, 34 ANBHTE R Be, A i %2 % 1
PR B A 29 D25 A BRI M B e 2k i LR, RGBS R AR ILIE 254 5 D 2a 5 A BUR IR M BT S

Feikim M, AR R E LA 3,

3-G1
Elongation factor

actin

9-4-20-3
unknown

actin

8-3-10
Peroxidase

actin

6-A5-1
Galactosyltransfe
rase family

actin

1-Cl1
Spermidine/putrescine
transport permease PotB

actin
5-C15

Hepicidin-like
precursor

actin

3-G24
Calmodulin-binding
actin

6-C30

Rhodanese domain

actin

7-6-33-1
Extensin-like
actin

2-G2

Plastocyanin-like

actin

il o i v AR

E2 29 AN EHAEEZTHEEE RT-PCR S GHIIRAS VR B X E

3-Gl15
B-1, 3-glucanase

actin
DNA-damage repair

[toleration
actin

6-C22
ABC-transporter
Samily

actin

5C2
268 proteasome
regulatory subunit

actin

G22
Unknown

actin

8-6-39-1

Avirulence

actin

7-3-29
Xyloglucan
endotransglycosylase

actin

7-6-42
Ac-like transposase

actin

8-3-22
Mitotic checkpoint
Jamily

actin

7-6-15
Cytochrome f

actin

a
=

a
—

3-G17
Retrotransposon-
like

actin

8-3-11
NADH dehydroge-
nase subunit 5

actin

8-6-43
Unknown

actin

4-29-3
Thioredoxin family

actin

G19
Chlorophyllase-1

actin

5-C4
Phosphatase 2C-
related

actin
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Y-type carbonic
anhydrase
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2-G8

mRNA capping

enzyme subunit a
actin
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Cellulose synthase
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Fig.2 29 up regulated genes’ agarose gel electrophoresis patterns using semi-quantification
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6-C1 4-G23 6-C19

P700 Phototropins Abl interactor-like
actin actin actin

5-C7 8-3-17

.Aminoacyl-tRNA ATP synthase CFO

synthetases Subunit I

actin actin

B3 SATRAERZITEEE RT-PCR £ RIS HE R Bk E
Fig.3 5 down regulated genes’ agarose gel electrophoresis patterns using semi-quantification RT-PCR

C-XF M8 T-fRIRALBE , actin NS
X 34 AP 22 5 7 B i 0TI A9 D) RE AN SE M8 19 ¢ R AT 4028, AT A3 AR W) S B A B AR
Y RE R (55 T AL SR R O IR RN G U s R R R 1, 4 8 28 X N D fiE |
S RIGOATINE B IR 3,

%*3 DD =¥t RINEES &
Table 3 The functions of isolated DD products list

y IL/KF o
oD K om SO e .
Product Length/bp Primers . - Funceion
Expression level
R85 0 2 plant defence/stress responses
1 i
5-C15 290 T, C+AP4 2.79+0.115 AL 8x107™

hepicidin-like precursor

DNA #t {4 & & % 14 ( DRT ) DNA-damage-

31 24 T, C+AP4 7. 470. !
§-3-13 3 1 *0.058 repair/toleration protein( DRT) 2x10
268 3
5-C2 372 T, C+AP1 11.27+0. 306 05 1AL ) 7x107%
268 proteasome regulatory subunit
W R
3-G17 411 T,, G+AP4 2.93+0.153 AR T EE . . 4.1
Retrotransposon-like protein
95 IR TCBE A
8-6-39-1 376 T, A+AP7 42740005 TRLTEEA(Av) 39
Avirulence protein( Avr)
Ac ¥ e
7-6-42 188 T,, A+AP7 2.66=0. 125 ¢ %B:%EE . 8x107’
Ac-like transposase protein
A G -
6-C30 320 T, C+APS 2.2:0.205  DCMMESER , 7x107
Rhodanese domain protein
- 7 B o 5
3-G15 645 T, G+AP4 8.33+0.404 B-1,3 IR A 2x107%
B-1,3-glucanase
HHRACH Metabolism
- 4 BT IN Abl2 (AbI3
6-C19 318 T, C+AP5 0.084+0.005 fiﬁi':f:‘ﬂ’bm%ﬁiﬁél 0.38
Ablinteractor-like protein-2.3
4 =1
7-6-15 530 T, A+AP3 3.6320.351 AR 5x107"°
cytochrome f
6-Cl1 265 T, C+AP1 0. 133+0. 006 P700 3x1077
2-G2 459 T), G+AP3 7372032 DUREREHN . 3x1071
plastocyanin-like protein
8-4-11-3 413 T), A+AP3 8.7:0.3 Y IERIRES 91072

vy-type carbonic anhydrase protein

ATP 41 CFO (73 1
8-3-17 320 T, C+APS 0.203=0.011 -7
" * ATP synthase CFO subunit I 3x10
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54 WROCR A5 - b TR 0 A SCHE IR Y 25 S 0k 1601
kK E .
oD K s SR e .
Product Length/bp Primers - Funceion
Expression level
4R 1
~ T, G+AP5 . 47+0. -
G19 720 1 4.47+0.252 Chlorophyllase-1 9x10
4-G23 847 T, G+AP6 0.1630. 008 IR , 3x107™
phototropins
NADH Jit 2 B 0547 5
8-3-11 270 T,, C+AP3 5.77+0.208 7.0
" * NADH dehydrogenase subunit 5
Y i BE F A Cell wall modification
7-6-33-1 376 T, A+AP6 4.37+0.569 15%@3 . 1.1
extensin-like protein
Loy EL
7.6.5 180 T,  A+AP1 6.5+0.5 AERAMEN . 9.0
cellulose synthase protein
MR MW B (XET
7-3-29 419 T, C+AP8 15.3x0.3 ARIMCHHE S XET) 5x107*
xyloglucanendotransglycosylase
{55 S Signal transduction
R TS G 2
5-C4 270 T, C+AP1 6.67+0. 862 B FIPERRER 2C . 0.015
phosphatase 2C-related protein
3 i : \éﬂ:A
3-G24 308 T, G+AP6 40750416 DVIREEEI 3x10°
calmodulin-binding protein
TSR Transcription
20 B 5 HAAG 2 05
8-3-32 231 T, C+AP8 3.0820.225 'gﬂﬁm’ﬁﬁﬁ‘f“ﬁ.a. . 5.6
mitotic checkpoint family protein
" 5 S o
268 458 T, G+APT 380,458 OIS o i . 5.6
mRNA capping enzyme subunita
PUEALYE Oxidative resistance
o
8-3-10 175 T, C+AP3 14.97:0.351 L IO 1x10°%
peroxidase
SR .
8-4-29-3 370 T, A+AP8 8.37:0.153  DOREIARIT 1107
thioredoxin family protein
BN AES R AnEE s Protein, fat and carbohydrate synthesis and transduction
i ifi 4]
3-G1 653 T, G+API 13.400. 173 UEFI_H: , 3x107*
elongation factor protein
ABC B8R &EF
6-C22 211 T,, C+AP6 6.37£0.231 CHOZIRRF _ 4x107
ABC transporter family protein
= A
S (RNA & B
5-C7 243 T, C+AP2 0.087+0. 004 -
" * Aminoacyl-tRNAsynthetases 2x10
A i/ S8 Wil 18 2R L8 B i potB
1-C1 217 T, C+AP1 6.10+0. 265 spermidine/ putrescine transport 9.0
system permeasePotB
ST i 1
6-A5-1 376 T, A+AP7 12.30+0. 173 IR . . 3.2
galactosyltransferase family protein
AHNTIEE Unknown function
S
8-6-43 199 T,, A+AP7 5.53+0.208 AR .
unknown function
e
9-4-20-3 191 T,, A+AP2 6.10+0.265 AH .
unknown function
G22 270 T,, G+APS 5.27+0.058 AR .
unknown function
3 itig

R0 25 2 5 | ARG P FH S B RE DR A 38 1 91 [R] IR ) A 4523 AR IEA il P 7 8 B K
E W I RE e s AEAI DIV L A EL 55 40 e 0y T2 g (i L PSR A0 20 ) )3 A A M PR B i PR 4 ) T
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(R EESERRUR AT i PR ) K AR PR 19 & K OF BTt (A W 0 I R i AR A, A
WX v ir i A4 25 e e v R AR B — RN A B AR AR SR SR AR B N TR 3 T HIL R RO 4R 3 R R B AR
TEFRIBMEA J 5ROV B e s e A8 iy 2085 D TR A= 284k, (EUAS [R)AE P X AR i 3 1 B2 28 L AR A A —
(2 500 SRR FE S T T 230 H 1 52 4% 1 Bk DR Rk AR AR 00, F 3 LA e 20 AL 0 335 355 1) 7 225 AL 1
AARH EEMBEE L,

R F AR S T ZE A AR SR AB ) , 06 T X IR 0 4 UE -4 C IR AL SRS |, Bt Hh 35 75 4 OB R D
AWFFGHE T mRNA 2 5 R HOR TR AL E i RT-PCR HARKIE, K75 17 34 N FHE 225 cDNA Jr B, iX 34
A TR A AR SCHE A, AR AR HEEh RE A VAR RELRT 23 LR JL3E .8 A SHE W ZH SRR AR OCHE R (9 4> 50
S VE B A AR SCEE A 3 20 BEAGHIAR G (5 S S8 SR FIRE & Az G 2 515
SR SACEE 2 DGR 2 A S SRR T AR SRR A 3 AT REARMIEEDN . DU PRI p—3f
I3 REEFE D A D REFI N ZF AL
3.1 EBEAHSCEEA

IR AE 5= W A5 0 2R 10 2 A2 A, 1 T S BUE Y R BT R A A A e Pl TR, 8 ) 2o &1 32 2
SO, R SR S AR ARG T i1k ADP JE i ATP B S, A T Rl A 16 2R O G B R 1K (eyelic
photophosphorylation ) FIHEE A O G HERRIL . 16 34 A0 TR B AT CEL R b A 4 A4S BLPG 0 28 1 D g
513208 A B R L 196 A B A 5% . 6-C19 (48 /K FE (4 ALB2 , ALB3, Ablinteractor-like protein-2.3) ,6-Cl
(P700) 2-G2( Fifk s Z & 1, plastocyanin-like protein) .7-6-15 (4l {42 f, cytochrome f) , 25 i PCR 453
W 6 F-08Y Ablinteractor-like F1 P700 , 7EAIR NG J5 33k 1 B B R 8 ; plastocyanin-like 1 cytochrome f 35 15
WAL b, X SR PRI E AR il o3 S ek i 172 AL, DA b AR TRl b rp AR IR A0 S R AL ik A2 32 21 15
M), R T2 e 38 b - DG A VR T, 3X PT R AR 3 b T & BB 0 TR IR 2 —

Rt Z A0 A0 R MRE N 2RAF L & SR N J Bk Ay 8-4-11-3 ,G19 ,8-3-17 ,8-3-17 4-G23 435l [F)
TET v BRBRTEFEE (y-type carbonic anhydrase protein) \M4gZ [ 1 ( Chlorophyllase-1) (ATP & i CFO V% 1( ATP
synthase CFO subunit 1) K [7] Y62 ( phototropins ) &K, H b~y B R T B AN -2 2 B X 7 A9 R BEFEAR T M8 J5
FIREHIN . RIREFEER N FENBE A T 25 T A H AT, Downton 1 Slatyer™ A 78 T 5 5 &5 i
FMTOUE RS S RIR T 5 MR AR — E R OCHE . ARl 1 ROV TR AR 2 IR 30
REAE AT A I 3R 52 BIREIR IR A, AT 5T b T Sk Rl 1 BE A ek i A 88, mT BB FH T /K AR L T 32
WIRRY I T4 3R . ATP Gl CFO SEHE T AN ] G2 X6 L A4 b 3722 57 i BPE IR Wk J5 e ik i i /b B 4
SFUOTRIFSE R AR ATP G RV FE T AT LUE s 5 1T - CFL 3 § AYsg Bk x5 G A B (L iy i
i, DGRBS A G R BAL IR (FMN) 64T A ShBf AL, e A mDe s 3 SRk R 3 5 <AL
TS S, TGRS 15 5 SO B R B AR K R AR I8 S AN T Ca™ B93AT 31, DA 8] 5 46 490 4 A 35 AR
KB

R ARG TR A Bk 0 2 L — T TR S R 9 22 5 i Boh AT 8 A3t
P55 G PR AT OGOt B 1 R B8 N B T B M 2 21 1T AR RS2, DTS2 R 21 14 T 9 15
R
3.2 AHWEE N E AR SCHE A

R i0 2 S B R D A W LR, LARE XS SN AR 494 3, 38 e 0y %) JE v iOARAIRE 1 . R0 TR
TRRE AR 1 22 5 1 Berh A 8 AN SR N A G 3xX 8 Jr Be 2 BLAST Hx e 5 40 g 1 S5 A 100 455 38
TRIRH A DIRETE R R BL A [, HLik 26 Fy Be7e AR a5 2 BIR A i e ARk E R A — R A
FLN FERE e NS TR R A S v S 1 B R s BRI R AP AT I X i B
i RAHEE T .

8-3-13 1 BE IR IS T-40h e T A AR AL 24 R & T 7 A2 09 DNA B05 182 211 DRT " JE[H] DRT fig 5 M
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305 32 B3 09 DNA 254 NITTRE BIXH5 45 DNA IGRAPVERTS . ARSI 6F DRT (93855 R AEARIR T B
BN, AR F TR ACENHE AL DNA #5345 , s ik A & AR,

BT AP £3 )0 s IR g LAZE R A0 ML A 1E B T Re N . 5-C2 i BE TF)IR UL RE IF 268 B BT
F£(26S proteasome regulatory subunit) FYFE[H , 26S HH BEAR B A S FEAH ATP B9 AR A B AR R i a ie h it &
FEAEH  EAREB IR A RS (8 5 A, 1 LA SRRy I AU MR R A 9 4, B R DRk T B A
GEAR TN 22 IR 300 (v e | AR A 0 R R B T ) 3 B0 45 A S 1R R E B, B A S AR W A Pt
PEDOT R I AR T X AR A Y 2 A RE T PR R T B Y b T AIR A S 5-C2 RIS R B
i, b i 268 2 EEACKE 0O T i TR R 7 AR 1 — SO TE R R BT AT A, DA e ORI TR A 4K
{Lilliz

it IR ( Rhodanese domain protein ) Al R A FALY AL R 0B BT FUR R , B [ A 4 S i 7 10
THRETS e b TR 5 W 2 A AY 6-C30 i B[R]V T 0L I 3 5% h 5 R 1K 9 Rhodanese domain, i
PRI B0 T 75 2 R RAT B0 T ()W I, 4 S il RE A% i /0 v A W R R o 3 i 3 5

8-6-39-1 [AJYR Tl g ST BRI & 195 R JC 7% 25 11 ( Avirulence protein, Avr) J& A it R 4 ML 2 ST
PRI R(Resistance gene, fFR R B0 AHE U 455 AEFH M TS AR D00 1038 PREE 3 itk . BAARAE FIAL
il R LR SZ AR FRUNREE ) aor FEFR =10, WIIHOR S48 L0155 1558 5 SR 3G L

T JE T ( Ac-like transposase protein ) Fli¥i %% -5 [ ( Retrotransposon-like protein ) #R# A A FIAE 4 64 Ip 380
YA —E KRR, 7-6-42 [AIERTHIRE ST B Ac-like transposase ,3-G17 [F]JR T /KRG Retrotransposon-like , 'E A1 1E
TR0 5 2235 B AR N . e R S B0 S AR AR 11 S5 (RPSS ) A — 5 R 20 I i e 7 F
KRG NEER) R R AR F i A O, RO T AR B R T R T RE M S e R
AT L EAT — 7

FEW) 3293 S A G B i 7 A — B 2 0 A 2 B ( Pathogenesis-related Proteins , fiif% PR &5 H ) #E474K4H , -
1,3 Wi (B-1,3-glucanase) B2 Hh 2z — ) 3-G15 989% [l J5F 32 Z M v 30 Ay s v 3 B9 % 58 1 B-1,
3-glucanase'™" | At 81% [A) I T 32 FEA WS S0 Fortune” MG ( 72361 FC/IMIG x BRAS ) /0 55 K 1Y B-
1,3-glucanase'™” , B-1,3-glucanase TEM TR 361 J5 Fe 35 5 0 818 0, ‘& 04 38 Jn 68 n 3 B-1, 3-8 2R A A 7K
figE 2 KA ) SR RIS A A0 9 8 BN 1 TR
3.3 A EEfCHIAHSCEE A

b ARG T ARAG A 22 53 Berb A 3 A BEAY T RE 55 40 0 RE 2H 53 F0 200 i BEACIIAR O , B A T i 1y 5
20 A BE R R 200 R 174 20, DT oA T X0 AT R ) TS 52 R 7, HOXE I I RE 2 - £ 4E 3R 5 i ( Cellulose synthase
protein) fH 25 I ( Extensin-like protein) % S 4% A+ i ( Xyloglucanendotransglycosylase , XET)

ET 4 AN AR R ) A0 B A 2 A RO ), 7-6-5 1 7-6-33-1 % BE AR T U R ST Y Cellulose
synthase F1 Extensin-like , 3% 2 ~FERZE 6 TR IR M0 5 22 35 i 9 &R S i, v ABOA R J& 76 32 2 IR W ad B,
30 3 IR A IRRE B AR T, I EEAH R RE R AR IR X & 1 00 [ A48 i LA S 2 i BE 1 TRIE
FHIf R AL 100% [FVRE T A AR S0 TR cDNA Fr B0 I H BEFESR 85 0038 J5 B i bt 2 1 i
Fik R A R B S A2 a0 )5 32 B 05 E R R S AR Xt e — e R B T O Fhi e
R7E-4°C KR FaiEC 22 800k

7-3-29 S5#IBGIFH) Xyloglucanendotransglycosylase 125 B[R] 5, XET HE 4% 2028 HE ¥ 20 Bt B 2 22 Rl 4, R L 7
A g A A SUE s B Pl T (R o SRR TP A AR XET S50, b TCHA RERg R
BRI AT SO, S8 G I TCHA 128 35 et 1] R AH 40 240 LB 19 o8 o3 | A A /0N AR S DT 8 %o A Uk 114
Pk,

3.4 PUAEALITEAHICHE A
ANME BT AL RE ) S AEY) BT FENE S TE A OGN . ) 8 30 T Uk P 3 i 28 o VR e B L SR 2 o — A
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SAALIA SRR, IR TR O, MR FHRE I BEAR, 2419 O, REFEARIHN AR b Bl AL X ) A B
YERIRYTG TS, BRIy O, X5 O, AEWAIRTEREIE , WATE I M YIP T AL R G2 S T R

8-3-10 AT E ALY (POD ) HEPH R 7E b TR IR 38 /5 B R Sk 3, X Ui BAIGIR X POD A7 —
EGEFVEM, MARIRE S A 19 POD — & PRS2 1 R ) S8 A 1k 405 3 5 (EL Rl S AR B 00 i o, AL ) 4 e =2 3
DN AET T IR St A A B A U R B T (RO T e T

B A R 11 ( Thioredoxin family protein ) 7E 44541 il S0 fb 38 S5 P 16 %5 B4 Y, 8-4-29-3 [] 5 T 40
FIT Y thioredoxin family, B IAFE H M1 BIZER AtTRX ml S54RI A —xE fAR M | JCHAE 5% W
85 R E AL a3 BT D R AR R S B M AR AR, TR B N B0 TRDE U E Y
i (—S—S—) , XS AL IR Z FR Bk FE RE O TRX R Guid I, MR I DI RE , BRI Z A, Trx 36 B 452 8 1] 422
TR R B R G TR HE ) BRI ARBIFFE h TRX (19 332 3 BB 05 18 5 Mt ) %o 306 55 (4 T 22 77
3.5 HAbEZIREEN

6-C22 12 B[R] F-HIFG ST B9 ATP-binding #1281k (ABC) RE[H , @ 45 K, B T-1 ABC #iz (At
IR IR G J5 ek B 2 R . Moussatova A3 ABC FE s A2 —Rh R 4 iy AR 1 ,ATLITEA ATP 1)
B A T 7 A 1 B A0 S A R I th A A T i DA 335 107 38 IR B e — T ATP il ok
S A8 P H, 2 338 I S A P - 338 T RE S B AR A ) ATP DASE VAR IR 8 —SBRERE A I
fRIRME T ABC Fis R Ry ZRA 3G, B ol (L2509 ATP B9340, DA IR B8 ok =i fR 4 7R H

1-C1 [R5 T A e/ 65 Bl e i 30 375 6 potB BEPX|  FE IR W8 J5 R ah 3 I, 2 We ) A AE TAE W) anl il
KR TR A AN, 2 S YR PTTEC R B D), AR K o Wa IR B AR I, TR
T AEY) AN N 22 e i N U TG S T i LU TR A 22 B A Tl Y B T DA R X
T4 ST P NV i ) e B e 0

25 LR, b T2 AR A — NS 2 0 AR B> 145 R BOARGTALH] . ARIEI A T A A T
PRl IR Bl 2 S AR TA MRS B R D RE 20 , He b S5 a0 5 17 25 OIS I B DR % T 81 3K T B 22 36
il T FE MUY 2 SR E T IR RURAIL G 1Y SR BE P S AT SAL AL A R T IR A2 BIBIESE .
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