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Screening and analysis of gibberellin-regulated F-box genes in Arabidopsis
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( College of Biology, Hunan University, Changsha 410082, China)

Abstract ; Gibberellins (GAs) act as one plant hormone, which play an important role in the regulation of plant
growth and development, but the molecular mechanism for GA-mediated plant growth regulation remains to be perfect
further. F-box proteins are the subunits of SCF complex and also control the plant growth and development via the
specific recognition of substrates. In this study, 38 candidate F-box genes regulated by GA were selected through the
analysis of gene microarray data in Arabidopsis using bioinformatics methods, and six of which were verified by real-
time PCR. Furthermore, Plant CARE results show that there are thirty F-box genes with GA response elements and
other elements involved in TAA, ABA, light, temperature and drought stresses or circadian clock in the promoter
sequence. Besides, the analysis of interactions of proteins provided by BioGrid databases show that eighteen candidate
F-box proteins have direct or indirect correlation with GA20x1, GA3ox1 and GA3o0x3. The gene expression profiles tell
us that the candidate F-box genes express at all tissues and organs in Arabidopsis, and have responses to IAA, ABA,
light, temperature and drought stresses, or photoperiod. Our results in this paper provide important clues for further
study the molecular mechanism of plant growth and development regulated by GAs.
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H, EHE— RIS 5, b O GA20— 4 (L
(GA200x ) Fl GA3—SfLF ( GA3ox ) M) -F JETEAR R FERE
FUCERTEME GAs B7KF SR 1M ) —Fh OGS GA2—%
TR GA20x) REMITE T GAs 2182 . YT GA 55
B IGT GA 5 HAZIK GIDL(EHLFE ST 4 : GIDIA,,
GID1B I GID1C) 454, SR 512 GA-GID1-DELLA &
AR IR, TS 2 DELLA 5 [ 0972 Z AL A# , A
TR DELLA 28 A KAmsgos

SCF H AR EARZ E3 12 R EZ M g —Fh, H
RS2 — | F-box & [ REFE SRR AR, il
- FHOE AR ZERIRIIT R, 2 GA FRAE I
&L, F-box 25 [ SLY1 #tilid 5 DELLA & H
A B AR R Lz Ak 9 i, 1 1T AR 2 A 4
GA IR & U IF 56 [ 4 077 4E 700 24
F-boxF " R ZH F-box FEN T RE M ATEHE
WL RBRAFEHEE LN F-box FEH S 55| I
1) GA {57t rhe?

BATRAAYAE B2k B IR/ I
32 GA P IY F-box LA, 73BT iX B35 F-box FE A
IR S AR T, 2 E B Rk X
S RHIREE A 1ot R EE AN RIS R e i e 3k
T O L Y g i B 1S GA A A e fE
SRR AR T Z R EAE R, N
EAWFSE GA A A K & & 10 FHLH L &
BRI

1 BRI

1.1 EHHEIETH

A5k NCBI 9 GEO %45 & (hitp://www. ncbi.
nlm.ni h.gov/gds) , LA “ Gibberellin” 1 Arabidopsis” A
KRR, 23 I T 308 55 (Accession ) GSE29699
GSE35408 , GSE39384 , GSE6150 FI GSE7353 %5 5 41:th
FAE, Pkt R SGEER GA b BRIEFAE A
FAITIERE , Z P R AP EE GA b BRZE AR RIS
SRR, DA R R 1
1.2 BREESH

FIH RMAExpress K J5 16 0 F 508 b e 16
SRIG A E S perl B2 )7 0 4 R 3k A 25 7 1 2
B, RIS 2 B AN A R B R B A E 32 GA TR 1 1Y
L F-box FEH . (1) BRI FBER FHFF A
A T 2R AR 25% 3 0E ; (2) GA A FR 5%
FEN AR R T 1.4 504 1 (P<0.05);
(3) ZHEH M FRIB R (TR B 207 2
Hits rh R M2

1.3 BashFom

M\ Tair [k (https ://www.arabidopsis.org/ ) T %%
SENAYA 31 GRIGE TS T 137 1 500 bp #91¥51) ,F1
H PlantCARE [ %fj ( http ://bioinformatics. psb. ugent.
be/w ebtools/plantcare/html/ ) $& {1t () 7E 28 43 Br T H.
SIHTITA 502 JFSETAT GA TAA ABA Ot il
T A S A ARG A E R T
14 BREEEMRZEMBEERNE ST

FI| F Genevestigator ( https:// genevestigator. com/
g v/ ) A AT e F-box FE PR 75 R [R] #0 Z (ABA
TAA) D R (Ve ) 157 DRI A [ 4 21
PIFEIRAEM ! FIH Cytoscape 23 M6 1E F-box 3 [
RS S GA & AR S AR 5 ik A DG B A
BT IR AR S T i B L BioGrid
B AR AR EAE AR R 42 . AN
HAEFMLS LR 2%, % GA 553k F-box 28 14 85T
BB EEHC B,

1.5 GA 3%

T SEX AR T B AR Y Col -0 Fh - F 47 2 11 TH
1, B H 70% 19 LBEIH TS 30 s SRIGTA 1.5% 9%
FAMREN (NaClO) |, flifh 758 AW B IR AW 3)
BRI TEACR 10 min J5 TG R ACK R 7350 5 ¢,
8 BT S R TR R T 1/2MS BigRdE b T
4 CREMMURAH 4 d, RFHEFRFEANETE
K,6 d J5, 1 50 pmol By GA,BEIAHT, 7351 T 0.
0.5.1.5.3.6.9.12 h JG AT B (GA AbHHTWCHE 41
BHITE]LGE 9 0 h)  TE A TH R, AR5 R AF T
-80 C ,JHT RNA 4477,

1.6 SKBTREEE PCR 347

H5EH RNAiso Plus 371 ( Takara, Japan ) $2HUR R
AR RNA RIS IR G (15T, ] PrimeSeript
RT Reagent Kit with gDNA Eraser ( Perfect Real Time )
(Takara,Japan ) ¥ RNA 3¥i%% 5% il HRAE <DNA, Fifife, H
SYBR Premix Ex TaqTM ( Tli RNaseH Plus) ( Takara,
Japan ) 128G @A TS BOEE B PCR 70T, SEI5OL
€1 PCR 7E Mx3000 Real-time PCR Z2%t( Stratagene , The
Netherlands ) 1347 ,PCR F2F4:95 °C 5 min, 95C 30 s,
58 °C 205,72 °C 30 s MAEHENAREDOK IS, 1%
TR 98 2R, — B 40 SR, PCR 5149 .
At1g23390 ( 5-AAG  CTTCTCGATCTCTGTCCCG-3' #0
5’-ATCCCTCT TAGTTTCTCCAAATACG-3");  Atlg61340
( 5-GAG  AGTCTTTGTTAATTCAGCGAGT-3'  HI 5'-
ATGTG ACTGCTTTGCTATCATTGTA-3") ; Atlg78280
(5’- GTGGTTGGTGGCACTGTATCCT-3'F1 5'-TCATC
CGTGTCCTCTTCTCTTT-3") ; At3g61060 ( 5'-ACGG
GTCGTCTTTGTTTATCTATTT-3'  Fl  5'-TCCTTCC
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AAGCCTCTTTGATGTTTT-3") ; At4g21510 ( 5'-TCT
CGACTTGAGTGTCTCCCTC-3"  H1 5'-GCTCTTTC
CTCTTAGCCTTGGT-3") ; At5g50450 ( 5'-ACGCTC
TTACCTCTCTCTGAAATC-3'  Hl  5-CCGACCCGA
ACTAAACCACTCT-3") ; Actin2 ( 5'-CACTGTGCCAA
TCTACGAGGGT-3' Hl 5'- ACAAACGAGGGCTGG
AACAAG-3") . DIUEEITFF R B ACTIN2 By 3R ik
ISR R N 2 38010 06 DA AR X 3 2 KO
F—NBIRCE = BRI A (E

2 EERFNSHT
2.1 = GA ATHPIET F-box ERTRERER
T
TERURG IF 3 K 4 H 977 7E 700 27> F-box 3
KLl TR0 E MRS F-box JEHI T RE N GA B2

AHOCHE D, AT ek A W15 85 I i 1k =2
GA I F-box R[N, 7 http : //www. ncbi. nlm.
nih.gov/ge o/ (GEO) [yl th 3L N4 7 5 4 FL s
A, 4 B & GSE29699, GSE35408, GSE39384,
GSE6150 il GSE7353 , | RMAExpress # 5 i
WAL, SR IE A A 5 LY perl B E A7 BG4 , 45
i) 38 4~52 GA P15 (7£ P<0.05 i, M T
W 1.4 504 ) Wik F-box FEI (W 1), BE)T,
XFiX 38 N EEH A I E ST LI 1 500 bp JH 877
GIHAT AT, A5 R R B 30 AR Y IS 3+
XA AN A=A GA Wi JTF GARE —motif ( W3R
1), 2L BB SERL I W B2 GA S AH G KL A
BEAR A 30 3k 26 58 R ) ) 3l 5 3 90 v 2L O
F R AT R n | B8O A P PR e W T
(WFE1),

*F1 38 MEE F-box EEAMSG T
Table 1 The statistics of 38 selected F-box genes

Tair 1D Short description Other name(s) GA  Light IAA,ABA Stress  Circadian clock
At1g107800 F-box/RNI-like protein T16B5.8 2 23 5 1
Atlgl2710 phloem protein 2-A12 PP2-A12; T12C24.23; T12C24_23 1 16 1 1
At1g]12820  auxin signaling F-box 3 protein F13K23.7; F13K23_7 1 16 1 3 4
At1gl5670 F-box protein KMD F7H2.1; F7H2_1 22 4 2
At1g21410 F-box protein SKP2A F24]8.5; F24J8_5; SKP2A 1 22 2 3 2
At1g23390  F-box/kelch-repeat protein F26F24.26; F26F24_26 22 1 1

protein UNUSUAL F17F¥8.16; UFO; UNUSUAL
At1g30950 1 2 2
FLORAL ORGANS FLORAL ORGANS

At1g31350 KAR-UP F-box 1 KUF1;T19E23.14;T19E23_14 14 1
Atl1g47790 putative F-box protein T2E6.11; T2E6_11 15 4 1
Atlg61340 F-box stress induced 1 T1F¥9.17; TI1F9_17 2 18 4 6
AtPP2-A11; F16M19.16;
At1g63090 phloem protein 2-A11 2 18 2 1
F16M19_16;PP2-A11
flavin-binding, ADO3;FKF1;
At1g68050 2 12 1 4 1
kelch repeat, fbox 1 T23K23.10; T23K23_10
Atl1g78100 F-box protein T11111.4; T11111_4 2 18 2 3 2
At1g78280 F-box protein F3F9.18; F3F9_18 1 19 6 3 1
putative F-box/FBD/
At1g78840 . F9K20.11; F9K20_11 1 19 1 3 1
LRR-repeat protein
At1g80440 F-box/kelch-repeat protein T21F11.23; T21F11_23 8 14 1 1
At2g02870 F-box/kelch-repeat protein SKIP11 T17M13.4; T17M13_4 2 12 1 2
At2g18780 F-box protein MSF3.16; MSF3_16 1 19 6 2 1
Ai2¢21680 putative F-box/kelch-repeat protein F2G1.5; ¥F2G1_5 2 23 2 3
At2¢32560 F-box protein T26B15.12; T26B15_12 1 3 12 2
At2g41170 F-box protein T3K9.6; T3K9_6 4 10 5 3
At2g44130 F-box/kelch-repeat protein F6E13.26 1 16 1 2 2
At3g07550 RNI-like superfamily protein 2 20 2 1
At3g08810 F-box/kelch-repeat protein 3 11 4 1 4
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(k1)
Tair ID Short description Other name(s) GA  Light TAA ,ABA  Stress Circadian clock
At3g20710 F-box family protein 1 17 5 1 2
At3223880 F-box/kelch-repeat protein 10 1 3 1
At3g49150 putative F-box/LRR-repeat protein 12 1 6
At3g49510 F-box protein 3 16 3 4
AB3g61060 phloem protein 2-A13 AtPP2-A13; phloem protein 2-A13; 19 5 2 2
PP2-A13
At4g21510  F-box stress induced protein 2 F18E5.130; F18E5_130 3 20 2 2 4
At4g30640 RNI-like superfamily protein F17123.20; F17123_20 2 16 2 1 1
At5g02920  F-box/LRR-repeat protein 25 F9G14.230; F9G14_230 11 1 1
At5204010 probable F-box protein F8F6.220; F8F6_220 1 10 2 2
At5g06550 HR demethylase-like protein F15M7.8; F15M7_8 1 13 2
A15g40050 putative F-box protein MUDI12.3; MUD12_3 2 19 3 8 1
At5g43190 F-box/kelch-repeat protein MNLI2.1; MNL12_1 2 22 1 6 1
At5g50450  MYND-type zinc finger protein 14 1 1 1
At5g60610  FBD-associated F-box protein MUP24.3; MUP24_3 5 16 3 8 4

2.2 EBHRIE F-box EERIZEE

R T B S A BT A R R AT R, FRATT
Mk 1 6 AR R IA B SRR BRI F-
box JERHEAT LI 9258 7 PCR %08 , 1% 26 56 [ 71
W& At1g23390, Al g61340, Al g78280, At3g61060,
At4g21510 1 At5g50450, s i Z5 5K (http://www.

ncbi.

nlm. nih. gov/geo/query/acc. cgi? acc =
GSE6150) ,7E GA 4b¥ 0.5 h i, At1g23390 ) FiEK
SRR 2.2 i, B AL PRE R SE K 7E 1 h A3 bR
HFIBACEA B TE 10 Al g61340 1) FRIEZEAL
PINAHSL ,7E GA ALBE 0.5 h B ) 3 3R 7K - X} R I
THT 4.7 4%, SRS BE & R R R, B W T R

Atl1g78280 F1 At3g61060 Xt GA 1 )2 W AHXS 512, GA

PR T b, HRIAKE AR W BT, 4kt
WA 1.6 135 A0 2.1 45,76 3 h i, St RBAI EE , R ICA
FITREAR ; At5g50450 N 7E GA 4bFH 0.5 h 1 h 13 h
T, H mRNA K28 T

SR P E i PCR AT 45 R B, X 6 4>
F-boxJEPIXT AN GA B m i (WL 1) I H A2 1k
BRG] KAk — 2, B, Alg23390 il
Atlg61340 XF GA By Wi i 5 il 3, 78 GA Ak PR )5
0.5 hagt 3l 3k 3 3 35 7K - 1% S I (B AR, 53 53
TR TR L7 5 R 1.9 5 (L 1a, b);
At1g78280 Fl At3g61060 1£ GA AbFR 6 h i, H: 33k
IS4 %6 BB 4 S AR T 1.47 F11.6945%5 (WA 1c,
d) o #E—2UESE T i BE A R AT A

M T o
() a S D [w) C
S 12 I 12 S 12
%DT; 0.9 %ﬁ—q; 0.9 %075 0.9
‘;f 0.6 06 P =06
£Z 03 EE 3z
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Fig.1 The effect of exogenous GA,treatment on the mRNA expression of 6 candidate F-box genes
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Fig. 2 The correlation network between candidate F-box proteins and key proteins involved in GA pathway

2.4 &k F-box HEEHIREILEHH
2.4.1 ARHLEE H RIS

H T GAs 38 2 7E A W) R i D) e f A B R
I RIEMER T R TR AT 358 ) 38 A F-box 3
RESURE IF A R 285 B o i R RS L HEAT T 43
Mro MIEL 3 Jnl LIFE H, Atlg78100 , Ar2g41170 F
At3g08810 33X 3 A~FE KA it A 41 2 rp i R IR 0 2 A

0% 100%

Percent of oxp-ruslon potential

At1g10780
At1g12710
At1g12820
At1g15670
At1g21410
At1g23390
At1g30950
At1g31350

 At1g47790
At1g61340
At1g63090
At1g68050

~ At1g78100
| At1g78280
At1g78840
At1g80440
At2g02870
At2g18780

Seedling
Cotyledon
Hypocotyl

Radicle
Flower
Stamen

Silique
Inflorescence stem
Node

Rosette
Petiole |
Juvenile leaf =
Adult leaf
Senescent leaf
Cauline leaf
Shoot apex
Root |

HARH , A1l g47790 FI A13g49510 R AEF b F ki
=, Al eSS 'ﬁﬂ%"’%;@&ﬁl?mﬁiﬁ s At3g20710 Fil
At5g60610 R AE I Mfﬂﬁ HRIL, THESH
RSN R T ; B F-box %H’ﬂ%@‘ﬁsmu*ﬁxﬁf
2 AR R ST AT N IR A RIS rh A AN ]
PR GR RIS v G 2 5 T M A~
KEBLBRIREE,

5906550
540050
543190
5960610
550450

PR

At2g41170

_ At2g44130
) At3g07550

At3g08810
At5g04010

At3g20710
At3g23880
At3g49150
At3gd9510
At3g61060

 At5g02920
A
A
A
A
A

I

| H
1

mmmnafa Exei oo

3 &IE F-box BEEEMETFTARARAHAIRIXIE
Fig. 3 The expression profile of candidate F-box genes in different tissues of Arabidopsis
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At3g23880, At3g61060, Ar4g21510; Wy it 5 Wi T .
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Fig. 4 The expression profile of candidate F-box genes under different environment factors or hormones
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V37 GA FiHE R E 1.4 5L B F-box A 38
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FIR U BRI BE AT T SR 28Ok E i PCR
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e HE HAE A TR — P RIE,

YR GAs [7KF- 52 21 )™ 4% 8 5 JF B AE
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I XT38 ML F-box Fe[R ARG M, K FLK
AT FERILERA R ST A T IRl AL FIAR oG A [m]
FEREIR | X S0 47 1 AR K & B W Z 5 GA 1A
Y GAs MU B EREM Y A K E T, K6
WX E S, W R R AR A W aa K
A P A AT B R T AR 0 A A K R AT
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