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RAZEN N BRI R EFREERE T

g 2, o3 B KT, mem, REEY
C ORI BRI 15 U 1597 2 AL s 5600 %, TR 7 ARG 1o, 63 100083,
LRI, KT 410004)

B E: A TEAFHURBRE A CER, WRAFYOR S T, DU FEE PR R
AP b ok, SR SR B AR EERI S LM R B B, LAERD 24, 48 1 72 h ) cDNA 45 HHR A
FERRIIF, AAHRO JE Y cDNA R FERIRE) 1, MM 228 . ik 200 ANBH 4 se B kAT
M7 BLASTx LbX 4347, 343 37 49004 EST Jrall, b 32 4607 575 8 80 e vh B RS 741
K BRAIM EST J3 815 NAH AR A (K 5 S 20 D0 500 P, DAICAE PN REAS 7 1) RPKM LB AR Sy 5 PRUAF 6 3R
. SRR, HRRIRE S, RIRRIAEERW AE SN SIS TSRS G
RINEEACHAE T, Horp DUS PEAEUEBR . JGIPIRS AR AR N S A AR M B R B % o X — 45 Rt
PR R 2 FE DR U R A PSS, TEPESUEBR . GIREIRR AR OR T AR IR AR 7 H R HHT BB
PO R R HE AR
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The Analysis of Differential Expression Genes for Rose Early Responding
to Black-spot Disease

LIU Rui-feng'?, LIU Qiang', ZHANG Fei-ya', YUAN Xiao-na', and JIA Gui-xia""

('Beijing Key Laboratory of Ornamental Plants, Germplasm Innovation and Molecular Breeding, National Engineering
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Abstract: Black-spot disease is the most serious disease for roses. In order to isolate the genes related
with the rose resistance and further to explore the interaction molecule mechanism between rose and
Diplocarpon rosae Wolf. ‘Pink Peace’ as the high resistance variety in the preliminary screening was
selected as the material, the cDNA of its inoculated leaves in 24 h, 48 h and 72 h were mixed equivalently,
and the mixture was regarded as the tester, the cDNA mixture of non-inoculated leaves corresponding
hours were used as the driver. Based on these, the subtracted cDNA library were builted. A total of 200
positive clones were picked and sequenced, and 37 non-redundant sequences were obtained. Among
them, 32 ESTs showed similarity to known sequences in GenBank. Then, all 37 EST sequences were
imported to the database of transcriptome sequencing built with the samples of the same two mixtures, and

their RPKM ratios of the inoculated samples to non-inoculated ones were regarded as the gene relative
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expression. The results showed that the genes including ion transport, reactive oxygen removal,
photorespiration and phenylpropanoid pathway and so on were up-regulated in the inoculated samples, and
the genes involved in photorespiration, reactive oxygen removal and phenylpropanoid pathway were
more, which suggested that multiple genes involved in the rose defending system. Among of them, reactive
oxygen removal, photorespiration and phenylpropanoid pathway are playing important roles in rose’s
resistance to black spot pathogen.

Key words: rose; black-spot disease; suppression subtractive hybridization; reactive oxygen removal;

photorespiratory; phenylpropanoid pathway

HZ=H B9 (Diplocarpon rosae Wolf.) & —Fhf& F PEACOR I AP 3, 22 AR T g Wl et 1)
ZAT, DUHZEM A, e, ZEERHIUR OB AU R, WalLEM A, YR BN IBRE,
RERRBET A ), 7™ 50 H 2R ) F M (AR e, BRI T S RN A

H A H 2T B B0 ML 5T B h e EL U7 1. mr A JE S Qe i n s (Byme et al.,
1995; Khosravi et al., 2008) . 47 5@ (Kaufmann et al., 2003). 73 T-Fric ( Yan et al., 2005; Hattendorf
& Debener, 2007; Biberetal., 2010; Spilleretal., 2011). 4438 MPUH LA /22 (Whitaker et al.,
2007, 2010; Whitaker & Hokanson, 2009) 452 Ry iknt HZ= BB PURHLEILEAT 75T, wbEfs
BT AR AER (Rdrl 1 Rdr3) (Biber et al., 2010; Whitaker et al., 2010), 7 T /&P
JAPRL, A, X H XA EHUHENLEITAN S PO TR A EANE A, AR NS
TH0 H 200 PR AT £5 5 PRI 7 0 BT o

A PR AR L — R AVIE R 2k P S, e 2R AR g . AS—
SEDEI TR T E AR BRI T OH 200 i B RS (R R BOR AR 5 SRR 35 0 BT 1 R G
TS B, SR IR EL(E EAE A B T RN TR A ZER0P0R LA A FE A R FH 0 dsk s
LHEAIRAF =LA Ky RE 2 50 N SRR g IR 2 e IR TR R R AR, AR 2=
FSERIERE T Thae s K AN RIS AT &b B, 430 H 25 R G00 m SR AR DG 7 L6, ok
HZEBBER U B P A SEBER R 256 B VA P L EE S A 4

QY ViR SRS DARES

1.1 #H

HZ= OB RE S DARAA 7 B AR R IR IR AT I e DTSR B Bl R AT AR 1Y
60 AR R, AR 13 ~ 15 d, KIHR T 2%, FfhIRE 2.3, LRI ESGR KPR iE

12 REIEFREM

HBEi P (Diplocarpon rosae Wolf.) >k H /1 EMOl R Bl A Pt 50 B AP s 0y, Sk
cfcc87205 [ HL— /o Heffffl 1R B R 205 J5 3597 20 d 1) ZARHF (PAD i 953, 23 'CF, 80%
RH). EHIRFGAEK 4~ 6 AR 3 P, REAK —B0h & St 7, HEHRact
FENVK IR [ S2 50 = . SeqE ARAK MRt 3R 1, FREHE T 2%01 NaClo 7K#
WHUKIR 4 min, JCREZKIE 3 K. FETCR RN B AR 2 SR ACGRIE 84, K s TR
B GRS LRI . R 1 x 10° (A 7 BIF W 4 i Rl el 5 32 W 0 44



T, ) o, TRARNE, SR, STAEED
2 3 A DR 14 312 e TR R 43 A
2244, 2015, 42 (4): 731 - 740. 733

O R B %, BT 23 °C, 80%AHXTERSE N TS %A+ (Yokoya etal., 2000). 437 F-Hehf
Jo 24, 48 72 h HUFE CHIUORE IS [RAR s 57 3303 B AR AN 5 Do S5 SR Jit I BT 7K o

1.3 & RNA B9 EUK mRNA 4k K48

Rl SO0 B 4% 0.2 g5 TN A RITES o R AL S AL MR AT IR AR (Aidlab
Biotechnologies Co., Ltd) RNA38 il Z A i & RNA. Kl it RNA WJE & 5e8ME, 73504 3
AN 1) R TR B0 FEAE S 1) S RNA S8R & . KM Oligotex mRNA mini Kit (Qiagen, #8[E) 3K
3 mRNA, FFRIEHSEAMET 2 pg, HAARHRCTEIC (Eppendorf 5301, EE) W4, -80 C
RAEEH

14 MBIZEREMEERIEAN R BRETE

< PCR-Select cDNA Subtraction Kit (Clontech) U] 5 UE4T SSH #:4F . LUK I - cDNA
MR ¥ (Driver), LAEF - cDNA AL (Tester) HEAT M IRIHIRAAZHIPNIX PCR. F & &
ZEFRIEF I 2 X PCR P24 v % 3] pGEM-T Easy Vector( Promega, 1t 50)_I 4% N &322 E. coli
topl0 (Promega, Jbi{) HRHATE-FHUHEAE ARG FEHLPREE B 7 FE T 96 FLAN R F7
B, IS 50 mg - L Amp (8 LB WifAR; 7756 150 uL, 37 C %, B 1 gL @BOnRR, M
PCR-Select cDNA Subtraction Kit ( Clontech) il & 45 72 1 5L X5 |4 (nested primer 1: 5-TCGAGCGG
CCGCCCGGGCAGGT-3"# nested primer 2R: 5-AGCGTGGTCGCGGCCGAGGT-3") #ATH ¥ PCR
FEH KA . HARBEHRMAH MG RS, - 80 CLRAF. IHIZEWSCEMETER (TraE &,
20115 £ 5, 2013),

15 ZE=R%E Blastx 9. GO FBEENTIEESHT

Pk 2298228 H s ve ik b nU R SR T AR A wl BEAT I Y o B3R F 41 2 BRag AR 4 Sk 3k 43 EST.
EEMHNTET 144, FH NCBI (http: //www. ncbi. nih. gov) [¥] Blastx 745541 Lot T 5
HEAT Blast 43#T. #R# the Gene Ontology C(http: //www. geneontology. org/) HEATHEK GO yERE. it
KRR B AKHE Mortazavi 55 (2008) (1772, HE3RAFI EST JP41Ar AAH [FREAS IR 4 s 4100 s 1
HHEAT, Ll RPKM 50/RPKM w1 o

2 R

2.1 = RNA X mRNA {2EUZER

Ty G A FEL VK AT AL R e A 5, $E
[/ 5 RNA 28S £t L 18S £cime i I (&
1), iEMisesE, KREAF#. 2 Nano Drop ™

RNA 285
2000¢ WI5E ,  Ageo/Ango 71 1.90 ~ 2.15 Z [, J5iT RNAISS:- . . ' . r

BN EIREESR . mRNA 4ib)E Aso/Azso N

C-24h C-48h C-72h J-24h J-48h J-72h

1 5 RNA B

2.1, mRNA R &K 24~2.6 pg (>2pg), Co R T. B
PLHT T3R5 . Fig. 1 The electrophoretogram of total RNA

C: Non-inoculation (Control); J: Inocultation.
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22 MEHERFZAMREMEATEE

FRIEUIE [ 2258 480 /MR BEUEAT B 7% PCR ik, I 2k i) 3 N v B 22 07 100 ~ 500 bp 2 [1],
AEHTE 100 ~ 400 bp X BL (B 2), 82 BOK/NE 5200 7 91 LGS I IRRE e 0 R MERf v, 22 B ik
SEH/INT 150 bp M sC BERITE Y v (O va B R AT 58.33%), I I 1E W) ZEIR A4 A 200 AN FHE v
BEREAT I

B2 B¥% PCR Bk

Fig. 2 The electrophoesis detection of colony

2.3 EST %%l Blastx 547#1 GO Ihge)AL REM RIZE ST

S 3R AR 00 e 3036 4T Blastx Ebt, JL3843 81 4% EST 541, £ EEFY], BAIHRE I
fit EST J¥41 32 2 MIARMNIhfE EST 5 4%, 3R4311) 37 4% EST 341+, AU 9 4% EST K5 KT 500 bp,
1M 500 bp LA FJFFI Y 75.67% (£ 1),

&1 E5EST 55 Blastx b3
Table 1 Blastx alignment of differential EST clone

i {==)

TR o Bk Kb B i

No Matching sequence from database Accession No. Length  Source of matching sequence E value

YRI 24 JE 575 1 Metallothionein-like protein AAW52725.1 593 % Fragaria x ananassa 4¢%

YR2 2K TSIT1 # [ Stem-specific protein TSIT1-like XP_004291659.1 494 O 2¢%?

Fragaria vesca subsp. vesca

YR3 GRS SR a/b XP_007049480.1 493 CIRE| 4e®
Chlorophyll a/b binding protein 3, chloroplastic Theobroma cacao

YR4  MEHERGEE A BAC81184.1 395 KRR le™
Putative glucose transport protein STP1 Oryza sativa Japonica Group

YR5 b XY LB T v — i XP_004303377.1 229 AR 2¢%
Digalactosyldiacylglycerol synthase 1, chloroplastic-like Fragaria vesca subsp. vesca

YR6  FELIEECS) - 2 - FRAERR AL XP_004294094.1 296 WP A 7e*
Peroxisomal (S)-2-hydroxy-acid oxidase-like Fragaria vesca subsp. vesca

YR7 Cysteine proteinase 15A-like XP_004291404.1 497 [igneA 8e™
RV RRE R 15A Fragaria vesca subsp. vesca

YR8 KB - AAHITIAG 24 - R XP_004151252.1 528 N 3¢™
Beta-glucosidase 24-like hypothetical protein Cucumis sativus

YRO AU - AR I AR I A ORI L EMS58841.1 389 Ly RURE N le®

Fructose-bisphosphate aldolase cytoplasmic isozyme Triticum urartu
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g1

SoWES T [FIVEAE A Fas Kbp B Efd

Clone No. Matching sequence from database Accession No. Length  Source of matching sequence E value

YRI0O V- BRFIRE =08 E CRB A MR A7) XP_002274995.1 397 % 1e™
V-type proton ATPase subunit E unamed protein product Vitis vinifera

YRIT {57 C - KX, 2 [/ T EOY32242.1 633 CIRng) ge™®
Evolutionarily conserved C-terminal region 2 isoform 2 Theobroma cacao

YRI2 {2 %454 Ubiquitin-conjugating enzyme ABQ41977. 222 [ Sonneratia alba 3¢

YRI3 R AR E A R R XP_004296846.1 448 [iEer 2¢%
Translationally-controlled tumor protein homolog Fragaria vesca subsp. vesca

YR14  ZHER - AR E FE SRK21 XP_004232055.1 495 i 6¢”"!
Serine/threonine-protein kinase SRK2I-like Solanum lycopersicum

YRI5 14-3-3 Z&[4 14-3-3 protein 1-like XP_004250139.1 432 # Solanum lycopersicum le*

YRI16 B S 7 #512 K Potassium transporter XP_003629906.1 744 PEFE T Medicago truncatula  1e”’

YR17 R =88 H% 128 H -transporting ATPase AAQ19041.1 261 4235 Phaseolus acutifolius  1e>°

YR18  Ribulose-1,5 - BRI/ N4 T AEA48975.1 285 4oy 4t 6e*
Ribulose-1,5-bisphosphate carboxylase/oxygenase Rosa roxburghii

YR19  WHEARZ YA AL A XP_004246033.1 562 ] le™
Polyphenol oxidase F, chloroplastic-like Solanum lycopersicum

YR20  (E) - BBALBUEES i (E)-nerolidol synthase AGB14626.1 197 34 Malus domestica 3¢

YR21 PR R I S0 Cinnamyl alcohol dehydrogenase ADK63098.1 346 H'# Ipomoea batatas 2¢7°

YR22 M H KA AL Glutathione peroxidase AGT80153.1 439 =424 Ipomoea trifida 2¢™”

YR23  HLH # %)% DNA 451k NP_001146644.1 689 Tk 6e>’
Putative HLH DNA-binding domain superfamily protein Zea mays

YR24  WHERARERIERE T 2 XP_004290540.1 425 Lige w3 3¢
Carbonic anhydrase 2, chloroplastic-like Fragaria vesca subsp. vesca

YR25 ALV BREIR T AE RN 2 R TR 2, EO0X94688.1 250 EEEs) 1e™
Homocysteine methyltransferase 2 isoform 2, partial Theobroma cacao

YR26 R - 1,6 - RERREEAG CADI2665.1 715 N 3¢
Putative fructose-1,6-biphosphate aldolase Triticum aestivum

YR27 R AR A R T ABF99503.1 151 g T 7?7
ADP-ribosylation factor, putative, expressed Oryza sativa Japonica Group

YR28 SR LB RN R A AAK43439.1 371 K 2¢78
Polygalacturonase inhibitor protein Pyracantha fortuneana

YR29 N - B - L - SRR R XP_002535756.1 586 [k 5¢%
N-carbamoyl-L-amino acid hydrolase-like Fragaria vesca subsp. vesca

YR30 &R ATP 8 /KRG T AFX67013.1 228 e 8e
ATP-dependent Clp protease proteolytic subunit Solanum tuberosum

YR31  ZRRiARHHBE RIS TR AN G2 3E3REH 1 EMT32185.1 329 lIE=T) le?
NADH dehydrogenase (ubiquinone) flavoprotein 1, Aegilops tauschii
mitochondrial

YR32  BEMMNOEIEEA AALR9456.1 324 S 2¢
Osmotic stress-activated protein kinase Nicotiana tabacum

YR33  {R#E 1 PRUPE ppa015953mg EMJ26301.1 604 Rk 4¢3
Hypothetical protein PRUPE_ppa015953mg Prunus persica

YR34  {R#EH PRUPE ppa025539mg, #4311 EMJ04478.1 265 Pk 1e?
Hypothetical protein PRUPE_ppa025539mg, partial Prunus persica

YR35  ARRFRBEEE C2G11.09 XP_004293515.1 265 Lige R 5¢8
Uncharacterized membrane protein C2G11.09-like Fragaria vesca subsp. vesca

YR36  AEEESRE A LOC101313290 XP_004294478.1 413 LR 6e®
Uncharacterized protein LOC101313290 Fragaria vesca subsp. vesca

YR37  JEFR LOC101312647 [F) LK I 2 XP_004302320.1 437 Fragaria vesca subsp. vesca le™
Uncharacterized protein LOC101312647 isoform 2 LR

GO ThResrREW], CANTIReN 32 4 EST ', S 54M)id#i47 8 4 EST, 7 25.00%, 24

M R T BST A 4 4%, 5 12.50%, MBS T IhREMM EST A 20 45, 15 62.50% (3K 2).
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F2 ERESTGO FREIMEIMFIAR (RPKM)
Table 2 GO annotation and relative expression (RPKM) of differential EST clone

e %THXT ?%Jé% (RPKM g5/ RPKM ) GO 1% GO Annotation
Clone No Relative expression
’ (RPKMinocutation/ PPKM on-inoculation ) GO No. I)1fE Function

YRI1 1.5290 GO: 0005575 2 i 5 Cellular component
YR2 1.0050 GO: 0005575 4l 1 543 Cellular component
YR3 1.2340 GO: 0009503 AL k4> Cellular component
YR4 0.9750 GO: 0005575 4L k4> Cellular component
YR5 0.5200 GO: 0008150 £l BE Biological process
YR6 1.7897 GO: 0008150 MR FE Biological process
YR7 0.9658 GO: 0008150 £l B Biological process
YRS 1.3023 GO: 0008150 £l B2 Biological process
YR9 JCMR Infinity GO: 0008150 A3 B Biological process
YRI10 TR Infinity GO: 0008150 MR FE Biological process
YRI11 TG Infinity GO: 0071894 £l B2 Biological process
YRI2 1.2570 GO: 0008150 A3 B2 Biological process
YRI13 1.3890 GO: 0003674 /¥ IhfiE Molecular function
YR14 oM Infinity GO: 0004674 S¥F Uit Molecular function
YRI5 4.1690 GO: 0071889 43 FI)fE Molecular function
YR16 1.6580 GO: 0003674 T IhfE Molecular function
YR17 TR Infinity GO: 0000260 4y T-Lifit Molecular function
YRI8 1.9365 GO: 0046863 43 FI)fE Molecular function
YR19 JCMR Infinity GO: 0004097 T IhfE Molecular function
YR20 1.6823 GO: 0097008 /¥ IhfiE Molecular function
YR21 oM Infinity GO: 0045551 S»F Uit Molecular function
YR22 JCBE Infinity GO: 0004602 3T IhfiE Molecular function
YR23 TEBR Infinity GO: 0043398 73T IhBE Molecular function
YR24 1.6700 GO: 0004089 4> F)GE Molecular function
YR25 JCBE Infinity GO: 0008898 3T Ihfie Molecular function
YR26 1.7160 GO: 0004332 T IhfE Molecular function
YR27 2.1760 GO: 0030306 /¥ IhfiE Molecular function
YR28 1.0000 GO: 0090353 S»F Uit Molecular function
YR29 JCBE Infinity GO: 0050538 3T IhfiE Molecular function
YR30 TR Infinity GO: 0003824 4y T-Lifit Molecular function
YR31 0.9630 GO: 0003955 S»F Uit Molecular function
YR32 JEBE Infinity GO: 0016909 3T Ihfie Molecular function
YR33 1.4860 - -

YR34 2.9220 - -

YR35 0.8680 - -

YR36 0.4230 - -

YR37 0.4690 - -

K BTG 2K P 91217 NAH A AS (0 2 s 40 it P b 3045 30 RPKM B, JE PRIARDR R IA AR OR
RPKM 5:4/RPKM e K] AT XS TEO0 M, S5 R H et BB 1 o, SR 2 £ EST A
W IE R R AR R, EE & AE SR, f44E YR14 (Serine/threonine-protein kinase SRK21-like )
YRI15 (14-3-3 1) F1 YR17 (H'-transporting ATPase); h1H4 " EFER, 115 YR31[NADH
dehydrogenase (ubiquinone) flavoprotein 1, mitochondrial], YR1 (Metallothionein-like protein)+ YR19

(Polyphenol oxidase F, chloroplastic-like) 1 YR22 (Glutathione peroxidas); YaFFI & e, HE YRS
(digalactosyldiacylglycerol synthase 1, chloroplastic-like), YR6[Peroxisomal(S)-2-hydroxy-acid oxidase-
like]. YR18 (Ribulose-1,5-bisphosphate carboxylase/oxygenase bisphosphate); ANKEACHTI&IE, fU
& YR19 (Polyphenol oxidase F, chloroplastic-like) YR20[(E)-nerolidol synthase] #1 YR21 (Cinnamyl
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alcohol dehydrogenase). ItAh, &Iz YR16 (Potassium transporter), ¥2iE/HpAME T YR32
(Osmotic stress-activated protein kinase), YR23 (putative HLH DNA-binding domain superfamily
protein) S R I b B w2 BRI,

XS RUHIARZIER S 5 T H 0 BB 1R B, 999 5 B R4S N 5 RS R S AR A A4 A ARG
NIED R . FEY) S SRR T RS, SO R RO TR S T 2,
VRS A ) 2R 52 B0 B P E B TR B SONAR T TS PEAEE R AR GE, DGR IRR AR AR
FEACHHEAR A B R I X ZE g IR 2 HLA R 20 e W] LA ) 20 PR B T i e v
A RERFER AR

3 e

ARI ORI, 22 AR S g e I BRI N DI AR H 2= cDNA IR DI R 2, 19301 D)
BN e BT ORRE I 22 57 B A Blastx HOOT I RRE e R RIHERR PR BRAIG, R T 4 v OGS R S 1k
HERARE, w37 7L 60% M/ BHE B, XA — @ R E bydb 13RI 22 kI M5 B . R
J7 A0 R v] AR 78 350 2045 8, AFLIA)INE o 38 n T k88 i A . PRLt, SR PCR-Select ¢DNA
Subtraction Kit (Clontech) X 2= )% 42 8 ik J& M) REATH0 T 22 i e AT kB I, A7 0 B2 2% LR 45 e
(PRI Rsa 1 54 i gD I 8], AT 32 w0 ) 22 Pk e S8 R0

L2 G IR/ IR B A R S AR L R 2R AR, S S MYEE A T SR R R
PEM R CERPEREE RIS 448, 2005). FHORRIITR I, 2250/ 71 2d TR DR T 45 K6 I A1 350 73 Hovs [R5 7 41
RGA &9 J5 B 1 U 2 A (Xu & Deng, 2010; Morel et al., 2014). Chen % (2013) @it
TRIGUE PH 22 22/ 73 28 IR B DO e s e i v RIS, AR BUR R it b R AR . Ak,
YR14 (serine/threonine-protein kinase SRK2I-like) 7EJ )5 b5 'S 5 L IZRIA, MR L nT e
250 TR B 1 IR0 DI g

I8 SR BRTOR 1 S R A0 M TS RS2 R B AR O G, ST R A S AR A A A M ST 2
TS AN A A e, B AR IR iR, PSR T AE, WO MR BUR RV . K 2R
KIETCE, MK KRS I SCE Y Sy 5 3040 M T Py Ab 7= Az e 3Aa 40 T ISE PN A0 1) r 34 2 e 9%
VA MO A5 5 5 S, SR SR e LA NPT Y. (Amtmann et al., 2008). [A]
B, JIE H'-ATPase /& JUIE L7452, WHFURIL H'-ATPase 2 55 AHA63 5 18 (1 U0 S Y, I
H A8 25— JE A OC 73 T A5 PAMP (Pathogen-associated molecular pattern) (Elmore &
Coaker, 2011). 14-3-3 T EA/EEAZ Y P a AR ST, 14K 2 50k B ST IR A RN I B R A4 1) B Sk B
H, Z5MWMMRET:, WG 546 OSSR S A2 A HIRE COWRTTE/NE, 2004). 14-3-3
Y5 H-ATPase (1145 & Redil] H'-ATPase C - Auinff) B RAHITIRE, $#E5 H'-ATPase IS i1
I, 14-3-3 B (3L Ml 1k KRB 2 v o, HEimem K% 7% 12 /8 ) (Roberts et al.,
2002). 2251/ H AR It 14-3-3 BAMELE L 8 14-3-3 AN, Z2%0R/ 957 IRE
PSP P2 = (Tzivion & Avruch, 2002). HZEZ BB 1#15F )5, YR14 (serine/threonine-protein
kinase SRK2I-like), YR15 (14-3-3 protein), YR16 (Potassium transporter) /% YR17 (H'-ATPase)
By FRFIE, XA REIE R T RATIAE F) 20 YRR R Rk R e I F A

FFUBE BEAE T (DGDG) 2 S A S T AR I 2 BB A, P FURE R AL H ol S Rl

(digalactosyldiacylglycerol synthase) i 5ifiE{t DGDG M5k, FHE e REEARR & ARG I (PS
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IR A, SRR 1% 4 B (Sakurai et al., 2007) . YR6 [Peroxisomal (S)-2-hydroxy-
acid oxidase-like] EAH Y IFIIE IR LR, Peroxisomal (S)-2-hydroxy-acid oxidase-like fEf 1 5
Rubisico FY N4 SV T A R A SO, I T e 21 S 45t 1 15 5 AR ) (1) 6 & i 4% Chttp: //www. uniprot.
org/uniprot/B8AKX6). AIXHK:H YRS (digalactosyldiacylglycerol synthase 1, chloroplastic-like) 7E H
T N PR B R R Rk, X U] R B TR AR AE AR e 2R PS I EAT I
o maRki) PS T A1 PS T2 YR ISR R = bty (Apel & Hirt, 2004). SEEES B0 H 2=
SARCE RE IR, BTyt S SO & R B AL SRR AN H], DIk T AT A A 12
T, WASETHARE S (ROS) A (Kangasjirvi etal., 2012). HYGE RG22 2NHMH],
PR CO, IR BE T BE J108 55, 2-4K N Rubisco M4 RE ¥, FEYCIRFIRAE R nss, 26Tk
St AR B A R, A4 A2 KK HoO, (Takahashi & Murata, 2008). H,0, FLAT AU
YER, —J7 I RERe 5 A 4 Mo s g ik 44k, 38 e A e 307, 53— D7 TR REAE A% 0w 11 I 0K AR
YIIPUR B 280 (Mittler et al., 2004; Kangasjirvi et al., 2012). x50 (2007) K I GPEIL AE I
AP Am AR REEEEH . ARXK+ YRS (digalactosyldiacylglycerol synthase 1,
chloroplastic-like) 7E/EJF I FFEAH NI IL, 1M YR6[Peroxisomal (S)-2-hydroxy-acid oxidase-like]
1 YR18 (ribulose-1,5- bisphosphate carboxylase/oxygenase bisphosphate) 7F & i _LiRIA, £
SEPER BN H ZEOGE RERAIMEIWER, SCRPGRIE T ie 2 5 T 200 FEBEIE B R85 A SR o

& JEB AL (metallothionein protein) ZFEHYI AN & & AR &8 & Firia Mg &85 m, L
F BT e P TR R P D B 1 (0 P RIS BR A A 9 (RS 4. < Bt 2 1 ARV Bl 1k AU it
BBl EmneREE T, XUGES R RG5> gpbEhE/EH (Hassinen et
al., 2011, [ YRI1 (metallothionein protein) #), YR22 (Glutathione peroxidase) 1 YR19 (Polyphenol
oxidase F, chloroplastic-like) {E52 BB # 75T 5 FiRIE, XLHLR R Y BHEE W AL T
AN ISARR R, WOE T HERPiE i 248 .

RN B IR AR DT PIA 5T 38 S AR P I & B, CERE A0 740 S5 B v 4G )
fEH] (Dixon et al., 2002). YR21 (cinnamyl alcohol dehydrogenase) &% A5 25 & 1) — AN gt
M (Tronchetetal., 2010; Chengetal., 2013). KRNKEMRAEMRM S AER L0, P2k Rk
Yot XL IR A RE RS AL e RS L ARARCRT PR SR R N Z . YR19 (polyphenol oxidase F,
chloroplastic-like) HEME A0 R A B ad A% b 7 A2 (1) Iy S 400 e 8 A DAy ol s I T A7 5 3 TR IR SR o, PR
Jpi JELBE P 2B (Vaughn & Duke, 1984). YR20[(E)-nerolidol synthase] == % 41 54K (E) - 4,8 -
- 1,37 - EEWIA R, BT IR R PR A S ) B AR ORI JRORT Re 2 A ) B FRAOR P ) —
FHLE], H £ ZEZ KRR 5181245 (Bouwmeester et al., 1999; Degenhardt & Gershenzon, 2000;
Kappers el al., 2005). YR19. Y20, Y21 [Fi 75 HZ= Bz, vt TR GeARShE e H
T N RIS TR R R L, RFHIR(E S Re S 5 T H 20 BB IR i B

YR23(putative HLH DNA-binding domain superfamily protein) & MYB 1 BHLHChelix-loop-helix)
kK7 K. #E)AH MYB Fil BHLH Chelix-loop-helix) % 5% H 1~ 505 a0 B0 & K, ZED)RE L
WATERL T AR 4> 3. fEPUiE T, MYB A1 BHLH 22 590 Rk, ARREAGH, K
PR A R I8 A2 P T 428 DL S A o s 5 5 3 VR P4 I BB 181 s Y. (Feller et al., 2011). Deluc 4§

(2006 {EHI %l FRIE VWMYBSa Hesk K1, SR VVMYBSa % 28 A FeAC A IE R
FeBE D R A P R BARE ) —— 2. RTER AP TR S RN, YR23 1 LRI AT e
T IE ) R S A AR A I R BT B AR - 2R1M, Song 55 (2013) AU i B 1) JC 1 5E



T, ) o, TRARNE, SR, STAEED
2 3 A DR 14 312 e TR R 43 A
2244, 2015, 42 (4): 731 - 740. 739

DAL A] LA 3 #80iF MYB A1 BHLH Chelix-loop-helix) %55 X1~ S 5B 20 1 52, FIRE SR FTIR (5 5
BRI PR G IR R TG RS TR R, RN K 2 SRR 1) 2 B
BRI —R R B AR TS XA RN R A% (Achuo etal., 2004). WHRSRHIRE 51155
5T AZHURBN Y, MYC F1 MYB #5%K 71 RSB AR AT 68208 R B 12 AN AE IR — TP S0
MEE H AT B A RelT e YR23 76 H 2500 SN AR Rl A &, KRR SRR RS T
JIZERT BN BRI S, (G 1 A €8 S BLAR D) RIS A 0
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