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BEE R IRER S ARERE FaABAR/CHLH 3*&
BT R EZIEE S

T, RetR, 24&mW. BEE £ W%, ATA
CRSAREBARIEHAR S, AN FH AR T A% %, J63 102206)

B E: b TR SRR R AR L SE B S UL, L CdRRFE BRI 1~ 4 R
R, 7R TR VA R 2 A LR FaABAR/CHLH [WEERD B, 8id %8t & PCR 5T T R R I B %
BEDR i AR B R IR 32 25 AR, B RS b BV R 52 1 FaABAR/CHLH JE K| 2 i — AN 7547 1
381 MEAERMEN, HZHEASAH - NEEETESNE H WABKBERFX . fEREKEFRHIM O
. KREANRSERI), FaABAR/CHLH LR FRIARAERF R |k b L giag, R RIRHE
FRAG, 22 1 ST B dee 1K o5 Bl S S £ )8 3y, LRk i )CRG# H I . ABA i pH e {213 FaABAR/CHLH
BERITE e K1 iyl , i IR DI 61 24 ik DR e Sk o e L 52 oh i 7 R 52 /A B Xl FaABAR/CHLH
FABACE AR B 7R T ABA 7R B 92 s P (AR A

KW EA; RS BUKEZIA ABAR/CHLH; JE[H; ik, HEHE; pH
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Expression Changes of ABA Receptor Gene FaABAR/CHLH in Strawberry
and Its Affection Factors

JIA Hai-feng, CHAI Ye-mao, LI Chun-li, DONG Qing-hua, QIN Ling, and SHEN Yuan-yue

(Beijing Key Laboratory for Agricultural Application and New Technique, College of Plant Science and Technology,
Beijing University of Agriculture, Beijing 102206, China)

Abstract: To investigate the signalling perception mechanism of ABA regulation on strawberry fruit
ripening, experiment with ‘Beinongxiang’ strawberry fruit during 1 - 4 weeks after anthesis, the mRNA
expression level of FAABAR/CHLH gene in developing fruit and its affection factors were detected via
real-time PCR and fruit-tissue discs. The results showed that a 4 325 bp cDNA fragment encoded a
strawberry ABA receptor FAABAR/CHLH protein with 1 381 amino acid sequences that contain a
conserved domain of metal ion chelatase H subunit superfamily. During the early developmental stage of
fruit (small green, large green, and light green), the FAABAR/CHLH gene expressed highly. Coupled with
fruit de-greening, the transcription level of the gene rapidly decreased, and then up to the lowest level at
white stage. On the beginning of fruit red-coloring, the transcription level of the gene rapidly increased.

Both ABA and pH could markedly promote the mRNA expression level of the gene. In contrast, sucrose
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significantly inhibited the gene transcripts. The change of the mRNA expression level of ABA receptor
gene FaABA/CHLH during strawberry fruit development further uncovered an important role of ABA in
regulation of fruit ripening.

Key words: strawberry; fruit; abscisic acid receptor ABAR/CHLH; gene; expression; sucrose; pH

T SE R M LB RS2 B T e & T AR R RS I8 e . — AR )8 sl PRI R AR 7Y
RS R S L, T ) S AENT I R AR Y S S R BB T RE VD A VK R (abscisic acid, ABA ).
PAFE A R S A A, DL 2 Ak S A 5 3 T 0y LR R IEAY, MW K O LR T Ok
T LS A 23 WL (Alexander & Grierson, 2002). $R1M0,  H FT6 TR ERAR R 5L R A 425 1 40 i
5573 FHLEI T LA 2 (Zhang et al., 2009).

AR ), Wiva R 2 A %8 TARAER A A AR U T 9 M 58 (Shen et al., 2006;
Liu etal., 2007; Fujii etal., 2009; Maetal., 2009; Pandey et al., 2009; Park etal., 2009), X4t
AR, 2R TS R R G R PRS2 R GCR2 AUEI LT G & RS2 /& GTG1. GTG2 (Liu
etal., 2007; Pandey etal., 2009), % —/E%F START HHEX ] ABA 21k PYR/PYL/RCAR (Fujii
etal., 2009; Maetal., 2009; Park etal., 2009), FF I AL T A/ LK S 15 48 55 i
(RVEE B B4l H WL ) ABA 324K ABAR/CHLH (Shen et al., 2006; Wu et al., 2009; Shang et al.,
20100, PYR/PYL/RCA F ABAR/CHLH #J& T- v ¥ PEZ k. T ABA 24K S ILATF 5 5 LI
SLEEHR, DRE, JET ABA AEFHALHIER I S S R 4 R AH SS9 B AR AR WARIE . A Ik, AEES
UL bR FAR RS, fECE ABA [RIYESZ & ABAR/ICHLH JE A [t L, BT RSk E
i FE T ABAR/CHLH [RIJ L PR 304 & (1) AR S HEsg R 32, O AR IR AR 288 SR S e 3 42 1) 3 -7 HIL
FUBEE H Al

QY i SRS DARF

1.1 RIEd Y

YT 2009 4F 3—5 AEAb &= BB R E AT o WMo SRR AukF wag, H
ARRBL R AF o AR5 1 AR IFAEIERR L, R M K8, BOARARE — 85— %7
o S Fait % (2008) SCRAKS HAF R SLRI 0 7 A ANt CBJE 7 . KEk (B 14 D
wak (ef5 18 . 4l (f6)5 21 d. IRE (FEf5 23 &) B4l (JEJ 25 &) 240 (JE)5 28 d).
BEATLZE A IR SE 12 A4S, Fed67 285 AR A, 47T - 80 CHMEIMELIKAE, A4 H .

X7 PVPP, CTAB I [1 Sigma A #], DHSo KW B B2 400 F b5 A U S E AR AT BRA H],
pMDI19-T. LA Tag. SYBR premix Ex Taq /4 i TaKaRa, 5|48 Ay TAEZRHC LAY TG
PR 28 W) 56 ko

1.2 2 RNA BJIRENE cDNA F—iERIE K

FAF RS RNA [W3RES FURBRZESE (2008) MR 1) CTAB VAT . 16 1%AEAR E B IRpH BE e
PR IILE RNA 5830, 11 Eppendorf BioPhotometer Il 5E 5t RNA AT Aseo/Asgo Anso/ Anso
. FIH M-MLV ¥ 5B Clontech SMART™ Library (Clontech) £ h{ 3'-RACE cDNA #4
1.3 EERERS{K ABAR/CHLH EEHEE

R4 GenBank [ VA I AF CHLH LR34, ik BLAST tbxf15%] 1 25545 CHLH
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mRNA 74 #5514 P1: 5-ATGGCTTCTTTGGTGTCTTCACC-3’, L. P1 Al UPM N5 |#ikAT
3'“RACE. PCR RN 410 94 CHASYE 5 min, 94 ‘CAEYE 30s, 56 ‘CiE/K 30s, 72 ‘CIEMf 4 min,
30 MEH; 72 CHEMH 10 mine PCR =4 0.8%5i Ia b b vk, Mg [mIfciat 7 S mhie H 28 03 F B,
[ H pMD19-T #iikiE+z 5246 E. coli DHS5o 32 41, IV PCR ALl & 547 4 A BL
PRI FH P v B

14 EHRAEEE PCR 47

Real-time PCR X ff] SYBR Premix Ex Taq i7) %% (TaKaRa), 9¢)¢3E & PCR 14 BIO-RAD iQS,
SV RARRL 20 pL: 2 x SYBR Green PCR ¥ 10 uL, ¢cDNA bR 2 uL, 1E. & IA5#4 0.4 uL (10
umol - L)), JH RNase free 7K #ME 4% 20 pL. FaCHLH: Fi# 5-TCCTCATGGAATGATGAGAAGC-3';
N 5-GTGGTGGTGTCAGCAATGTAAG-3'; Actin: L3 5-TGGGTTTGCTGGAGATGAT-3"; i
5'-CAGTAGGAGAACTGGGTGC-3'. PCR F£/74: 95 °C 2min, 95°C 20s, 54 °C 20s, 72°C 20s,
40 MR, G EARM 60 ‘CH| 95 C, FAMEH 0.5 C 30s. iEELE 3 K.

15 RELBALRRFERETRE
REPE (0. 50, 100, 150 mmol - L"), ABA (0. 2. 5pumol-L™") FlpH (2.5, 3.5, 4.5, 5.5,
6.0) AT KL T A A 4R Fr, 2 Beruter Il Studer (1995) 38 i 7 v 3H 4T B i % o

1.6 I B EER RO E

M - 80 CHMEIL VKA R B FE Sy, 3 RER, MEEEH 3 MRS, AR EEaL, 1
AL R e N IEHE 1 g oA, IRA WG EL 0.5 go JHEGIE S eI EFEFE h I TE e &/ (FE M
M2, 1999),

2 HiIR 5

21 EEZRESH FaABAR/CHLH EFEBY5pE
nA

454 RT-PCR 1 3'-RACE AR M HAE RS2 i [ T it 5 1252 /4 ABAR/CHLH 4 352 bp cDNA
LR B i BOS A — A9 1381 D2 LR W 52 8 TT IR B 3. (44 4 FaABAR/CHLH, GenBank
M58 GQ201451). T FaABAR/CHLH #5111 381 M2 JE R BLAST Chittp: //blast. ncbi. nlm. nih.
Gov/Blast. cgi) [RIJEIEFH 3 KL, ZEESH AN E&EN TG H WISEZ R IX, IS
HoAb R B RIVE, 40k (Prunus persica, ACO57443) 92%, #i%i (Vitis vinifera, ADE05291)
88%, K& (Glycine max, CAA04526) 88%, Bk (Ricinus communis, XP_002532078) 88%, 4
45 (Antirrhinum majus, CAAS51664) 87%, Jif % (Nicotiana tabacum, AAB97152)87%, ## (Populus
trichocarpa, XP_002308946) 87%, #m 7+ (Arabidopsis thaliana, CAA92802) 85%, K3 (Hordeum
vulgare, AAK72401) 83% AFl1/KF5 (Oryza sativa, ABF95686) 83%.

22 1" FaABAR/CHLH 2R ZEESRILAEIREPRRIEENTL

T o SN 5 i PCR A HE4E B 52 % 1 FaABAR/CHLH A T HEAT 70T o 75 SRS K 1
R (A6 )G 7~ 18 d), FAABAR/CHLH & [K 221A = 4k Fr 48 i I /K s BEE SRS nid sl 4, FaABAR/
CHLH JERRIR A B, 2R (21 d) BFREARS; PEERSE A )08), HERIARE N RIH
T (B 1), BLEgEREI] ABAR/CHLH HL[A ] B2 5 S s il gk Fl 5 (4 7 o
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2.3 HREPBRFRKFEN

ZiRE 2 fro, AeFE ABA B AR /D RIERAR, B R S T W g, A R
(FeJ5 21 d) GEBNE 1 Aml. I, ABA KCPIRZeMe TR, BES XCRETH R, 420 ik 2 .
EWRE R SR BT, 16461 ABA &8 Sk L 2T

1.2 90
2 0 81
= 80
L X I =~
K £ g 08 @ 75 b
A ]
' 8 = 06 £ 70+
Z 53 < 5l
B85 o04r g
B oo s 60 -
Tz;); 02 55 |
i~
0 50 | | | | |
5 10 15 20 25 30 5 10 15 20 25 30
S FH/d Days after antehsis 1B RE/d Days after antehsis
E1 BEHEELLEH FaABAR/CHLH EEFZIAKTAHEN B2 EZERIREHABAZTENTIL
Fig. 1 Changes of the mRNA expression level of FAABAR/CHLH Fig.2 Changes of ABA content during strawberry fruit

gene during strawberry fruit development development

2.4 ABA ¥ FaABAR/CHLH £ E R 2 HIE M

Wi ABA AbFRAEZE SR UL E L POGE B PCR %, 7081 ABA X FaABAR/CHLH ik &
Misemy, 25 (K 3) KB, BE ABA WRIEMEE N, FaABAR/CHLH RikE 2R E LI, X
— 4R E— e RS 4R R T FaABAR/CHLH JE[A #6552 ABA 5.

25 FEHEXT FAABAR/CHLH EFEFRZEH9E M

T I R Kb PR A S S R TR MO E B PCR RIS, 40 M7 RERE X FaABAR/CHLH K ik & (1) 5%
M, 255 (& 4) KB, BEERERR LM, FaABAR/CHLH ik & 5 B3 LK, x4 5%
25— B RERE LR R T A RERE T FAaABAR/CHLH & K (1 & s A5 307 F o

257 c 25 1

° °

5 b 5

g 2.0 [ 5 20 L
i) ®E3 b
& 20 15t 2 & 20 15|
Eix B :
= v M L = oo M
E i § 1.0 E i g 1.0 ¢ d
e 0 5 £ o =

:; 0.5+ :; 05 r

0 0

~ ~

0 L L : 0 . . .
% B Control 2 5 Xf B8 Control 50 100 150
ABA/(umol -L) FEERE/(umol <L) Sucrose
3 FRERE ABA 3 FaABAR/CHLH Fix B S0 4 PEREX FaABAR/CHLH RiAEHM
AFFEFRRZEREEH (P<0.05). ANAFREERRZER B (P <0.05),
Fig. 3 Effects of ABA on the mRNA expression level of Fig. 4 Effects of sucrose on the mRNA expression level of
FaABAR/CHLH gene FaABAR/CHLH gene

Different letters indicate significant differences (P <0.05) . Different letters indicate significant differences (P <0.05) .
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2.6 pH 3 FAABAR/CHLH E R Ri&E WM

T pH Ab PR R S S U T MO E B PCR RS, /04T T pH X FAABAR/CHLH # ik & 1)
U, S5 (B 5) £, BEE pH N, FaABAR/CHLH FikHi & B FIHRE#. X —45 14
— B R LR T pH % FaABAR/CHLH JiE DA I 3 s A (e kA H

d
<
(4
[
1.0 b
a |
L [
0.5 I
0 I . . . .
25 35 45 55

pH
5 pH X FAABAR/CHLH Fix &M
PR R 7R B (P <0.05),
Fig. 5 Effects of pH on the mRNA expression level of FAABAR/CHLH gene
Different letters indicate significant difference (P <0.05) .

[+
T

(FaABAR/CHLH)

KRR R ek ik
Relative gene transeription level

1
6.0

3 e

31 ABA BIAREFRIHMAMEEZHER

R W0 2 W0t 0 R 4 A by A0 Al BR AR 2 IR S e o B b R R EEAE ) (Coombe, 1992
Perkins-Veazie, 1995; Zhang et al., 2009; Z=FEE 5%, 2011). UL ‘AbRAE HaE 7 AR N
S, KGR MRS 4. IRLD. AL, 4D RSONIRAM 8T T AR ABA B1EEH, KIL ABA
RN TR R S R ETHER (8 2. XE—ERE B PWR T ABA 1F
ARSI B R T R RS AR .

ABA PUATHAY)EZ DRl B, SEi B — ARG S SR AR, MYEsSIL%
PEIRAN A TR S S S RO RN — 2. R BE EHE, SRS 8 S AR T3
Foa RN, T EEAR T AR R IA A P RIS . AT ORI, B AR S A
8, ABA 7 M4 FaABAR/CHLH #sr /K1l L i ETHa (K 1. K 2). KEF ABA
ML ARIERBOR T ABA AN 55 Sk R, WM PGHEE 8 T — R 51 RS2 s S SE R %
K, KRRPERE RS AR . B EIIIEFEh ABA KIS AFE R S An et 3k —DAE s 7 ABA
A5 B2 S R R FE AR A
3.2 FaABAR/CHLH X EE RI KA RERY 4 FHLHI

R KA FT T F o R I, IS BR324 ABAR RN 4ifid— A& e i, BVES T Ak A
HIZ S5 S 2 A B A H P L (magnesium chelatase H subunit, CHLH), JHESZ ABAR/
CHLH 1'% ABA 115 55 S T b4 2 AR I 72 (Shen et al., 2006) . 75 R85k & 1 R B ()
ZE. K&k, k4, ABAR/CHLH sk 4 Rra /KT, B SRS sR Sk, LR SR SR~ %,
2RI B A% . AR S (TR IE R S 5 g R A B E T AT RE S 2 S B R R
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SE MRS, HRIEE R FTF, HENRAE R SR T 15 FaABAR/ICHLH 225 ABA JA 3 5%
R S S A . T A B S [ U FaABAR/CHLH 345k /K F 52 mi DX Z 0158 &K B, ABA Al
pH BEAEHEZFERAE mRNA ZKF BRI, T RERE T i 12 3 DR e s /K P o S R4, pH %
FaABAR/CHLH s /K V- 45 H 2 iR
iiT, ABAR/CHLH fEFHMLHIFERA R I+ E AT T 588 : ABAR/CHLH 72— /M5Bl 4 AR 4 i

e E T, o C - uifl N - umlE e gl s, 3 C - sl vl LLY WRKY %k R TAHVE s
ABAR/CHLH 5 ABA 554 4G )G, nl LU WRKY40 M40 AZ 2040 B i i) 4% 7%, it
ABAR/CHLH 5 WRKY40 () HAIER], Bli® WRKY40 [J3iL, MIMf#E: WRKY40 X} ABA i [ 5k
DRI s R, 4 7 — AR, ABA I RUF(E 5 558, il ABIL. ABI2. ABI4. ABI5. SnRK2,
MYB 4§ (Shangetal., 2010). CVHRIEUFSLFERKIT MYB 25 T #i% R %L 007G MU T (Bogs
etal., 2007); ABI1 fl ABI2 1 ABA {55 6 AN 125 T flrE I A1 1K 8 2 (Gosti et al.,
1999); ABI4. ABIS F1 SnRK2 fE ABA {55 MIEWREEF TS5 T Sl SHAEY) A= KBE AR 1 458
(Dekkers et al., 2008; Zhengetal., 2010). #EULHENl, 7EH AR B MG, ABA F1 pH 84 nfe it
7 FaABAR/CHLH #435% (18 3. 8 5), K& FAABAR/CHLH #32 ABA 155 )5, n gl WRKY40
BESEIRT0 T ABIL R ABI2 35, [AIIHEEE T ABI4. ABIS. SnRK2. MYB ik, % 1 {02 FkH
FGHARCIE R, e AR T RS e X — B A 1 TR SRl i 4 5L DR J 4 i o A= 2 - B
ITHIE
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MR DT AT SCRiZ& . CSCD Hp EIRKE 5| SCHGE PR 5% 2 K TR AR . (B 254D 2005 AF2R 3K = s
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