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F-box & & # W, % % # 4 % GhFB1 (GenBank ¥ ® ¥ # & % & % . EF419428) f« GAFB2
(GenBank % 5 % :EF503623), GAFB1cDNA 4 ¥ 866bp, % & 162 A £, % % ; GRFB2 cDNA
4% 657bp, B 161 NEAKR T HH A WS HMY Fbox B A KKK A W Fbox ZMHHE,
F A b8 5 ¥ % ¥ ,GhFB1 8 GRFB2 & & 5 X% OsGID2, ¥l % 5 AtSLY1 R A & R %, &
M F Fbox B REMHF KA. RT-PCR £ R % ¥ ,GhFB1 2 GAFB2 M. T 3. %,
E RO BARL MEHNERLEFER S PHF KT N ARSI XA BAX2AREE
BAEFHNREPTREEENRA.
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Abstract: In the attempt to elucidate the pivotal function of GA signaling in the initiation and elonga-
tion of cotton fiber, two new F-box protein genes were isolated from Gossypium hirsutum for the first
time using electronic cloning and RT-PCR methods. They were named GAFB1 and GAFB2, respec-
tively and were submitted to NCBI and the GenBank accession were EF419428 and EF503623. The
c¢DNA of GRFBI1 contained 866 bp and encoded a putative protein of 162 aa, while GRFB2 was 920 bp
in length, encoding a predicted protein of 161 aa. The encoding proteins have the typical F-box motif
of F-box protein family. Bioinformatics analysis indicated that the identities of the deduced GAFBI1 and
GhFB2 amino acid with Oryza sativa protein, OsGID2, and Arabidopsis thaliana protein, AzSLY1,
are very high. Sequence analysis indicated that these two genes are new members of the F-box protein
gene family. The expression patterns of GAFB1 and GAFB2 was analyzed by RT-PCR in cotton. It
was demonstrated that these two F-box protein genes were both expressed in root, hypocotyls, leaf,
stem and fibers, and the highest level of transcripts was to accumulate in the fibers at the stage of ini-
tiation and elongation, suggesting that the two F-box genes, GAFB1 and GAFB2, might play impor-
tant roles in the early stage of fiber development.
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FEEEH KRN Fbox BEH.BNE25THY
AFBENFESES . BEXAFEM ERERES
EYESBRMEY BB RN, ik, F-box &
HEAMSHEZRCEAREERETREEDE
AR X FEEMEEIH .,

SLEEPY1 (SLYD) B #l¥3F GA fR 5% &
BERPHARTET, SLYL EEHSHK F-box &
H.# GA 5 SR BEPEE FEMEAY,
SLY1 5#Is3r ) RGA fl GAI 8 EEMHE
ER 3T RGA F1 GAI ix & i 8 = B 7 B9 B
f#, A& T DELLA BAX GA 5 £ %%
BHIHES . GID2 R %1% — 4K F-box &
H,gid2 (gibberellin-insensitive dwarf2) & /K #§
GARBURB L RA R, GID2 5 SLR1 (Slen-
der Rice DA RMEEFEBY ,#f SLR1 HZH ™=
4 GA KB BEBR AL , B &R Bk SCFO™ [,

Rt . KIEFEBEESHRREEREEY
A AR — R, RBABEFRBERE
SHSMBAES MR TN EEEM, B8
FTLE T HAH B F-box HEHESKER I
T T HBRELTH .

1 MR
1.1 #EHitd

BFE (Gossypium hirsutum) 8K Ff H #
m AR 142, FdE T o B R E Y B AR R B
SLFM, MAMTL2 0% ZBETKE 1
min, B 10% H, O, BEWERW 1 h,ERALH
KPE 3~4W,28 CREAKFPRME 24 h 5, T 1/2
MS 8555 ¥ & (16 h )k #8/8 h BHF,28 C),
HEER S~7 dE, BB, T A4 3 # )
RNA, ZE .M 78 RER AT 439 B 5 K HM A
TR IEAEBE
1.2 REFbox EREEMNEFRE

ALK RS (Oryza sativa) ) F-box &
A3 A OsGID2 (GenBank Z k5 : AB100246) 1Y
BEBFIMMEIF (Arabidopsis thaliana) &
B F-box EHZERK AtSLY1 (GenBank &5 :
NM_118554) i1 & H BR /¥ 51 A #R ¥t , F§ tBLASTn
FBEXN A EST B E (Database: gp_est_
923. nr 150,181 sequences) #H 4T R EE#H. B
sequencher 4% K & [ Wi & 19 EST 5 i#
F788, 3F B Veetor NTI 10. 0 3Rk o 2 Bh 8 %
HIEy ORF B8, RE. ¥ FREB N F5
i —37E GenBank H F BLAST # 47 [F) ¥8 ¥ 1

=i,
1.3 #8% GhFB1.GhFB2 HEFREES N E

BAEF A F-box | A W PFE 44, 4 Bl 7E H I+
B EEM PN Y. REE H RNk
B A 5 DNAMY, 3f DAL R 4 vh 4 38 4 o7 4 3 (R
R Bt,50 pL R R Q5 10 X buffer, 0.2 mmol -
L' dNTP, 1.5 mmol » L"MgClL,, L Fli3 ¥ &
0.2 pmol » L",1U TagDNA X 4 B§ (promega) ,
PCREMBEFH:94 C FHZ#: 5 min; 94 'C 30
s,56 C 30 5,72 C 1 min, 30 fE¥F,72 C &/
7 min,

PCRE=#¥% 0. 1% BIB BRIk 5, A L
A Y TR | A8 1 WO R & B B B DNA,
EEIRESEYA R T-simple # ik L, X%
B EEEY TERARNF.

1.4 RixFFPHHE

AL EAAFE pBI121 FA, &
GhFB1 #1 GhFB2 £H M EY @ B RBBME.
1.5 RT-PCR &%

T FR W A 1 O ek IR B B B RNAY, 4351
BEMIERNRHL R T R . ZE ERTFE
YR JEE 3 dWEERMAESE 5, 10, 15, 20
d L4 M B RNA, FHEAY AMV K% F
R &#1T RT-PCR ¥ 8%, BB B #A7 & U6
AT . WRIER Ubiquitin 2 H R Wik, A EHE
RRESIMGEE D,

1 EEBRSIOFE
Table 1 Primers used in Gene-specific RT-PCR of GhFBs

Gene Primer(§ - 3)

GhFB1 AGCCTTTTTTAACTTTCCTTCA
TTATCTGCCTCTGTTATTCATC
AAGGCTCCAGCTTCTTTCAATG

GAACCAATCCAAACGTAAAACA

CTGAATCTTCGCTTTCACGTTATC

GGGATGCAAATCTTCGTGAAAAC

GhFB2

GhUBI

2 HR 5440
2.1 ESTHRIHERERSH

#] B Sequencher kil Vcetor NTI 10. 0
R 5 KRB OsGID2 1 B Ff 3l B IF 9 Ar-
SLY1 £ R HEA & E R EMMMHEIE EST F5|#17
PR . 4REW, B GenBank Bf5
> DW505319,DW510519 #1 DW511703 § =4~
Wi b 9 EST 35 Fr P B W A etk R 5%
TR T AE , K13 £ K H 844 bp, ORF M
%5 108 bp B 593 bp, it 162 &R ¥ Har
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# % GhFB1; B GenBank % [ 5 3§ DW495907
F1 DW495908 #Y 3™ fili M B9 EST J¥ 51 fir P 52
BAEAMHAEERLAE BB T B RE, RBL2K
# A 657 bp, ORF A4 24 bp ] 506 bp, 4 #% 161
ANEEBR, R H ALK GRFB2(E D,

5 ®rIF K ASLYl B BB F B4 52
57% M 55% ., i it #E 4R 45 W 3 & ) http.//
www. ebi. ac. uk/InterProScan/, GAFB1 £ 33
B 18 N EEMRATE F-box G513, GRFB2 £ 55
33F IS NMEEMATE F-box B3, WE 1t

¥ Brf4 8 GRFBL f1 GhFB2 MAEBRIFH  HENEERFI,

#—2 4T BLAST RIRFII &, &R RO M

GhFBl F%)|

ACCCTCTCTTTCCTTCGTTATTTCCAATTCTGAAACTCAAATCTCAAAACGATTTTAGAAAGA
AAAAACCCCCCAAAAAAATCAAAGCCTTTTTTAACTTITCCTTCAATGAAACGAAGGACCCCA
M K R R T P
GATTCTCAGGCAACCGTCTCCGACCAGAAATTGAAGAAAATCAAAGAA GATGAAGAACCT
D S Q A T vV S D Q K L KK I KE DEE P
GAGGATACAAAATCTGGGTTGATGAATTTAGATGAAAATCTTTTGTACGAAGTTTTCAAACAC
E D T K S GL M N L D E N LVLY E VF K H
GTCGATGCAAGGACTTTGGCTAGGGCTTCTTGTGTAAGCCGTCTATGGCGCCAAACCGCCAAA
[V D A R T L A R A S8 C€C V 8 R LWUZRUOQT A K]
GACGAGCGGCTTTGGGAGCTGATCTGCACCAGG CACTGGGCTAACATCGGTTGTGGAACCCAA
[D E R L W E L I C€C T R HW A NI G CGTOQ
CAGCTTAGATCTGTCGTTITTGCCTCTCGGCGGCTTCCGTCAGCTCCACTCCCGTTACCTTTGG
Q L R $ V VL P LG G F ROULHBSUZ RYTULW
ACGTTTTCCAAGCCACAAGCCGCTTCGGCTTCCGCCTGGTCTCCGCCCAAGATTATCAACTCC
T F S K P Q A A S A S A W S P PK I I N S
AAACCGCCGGCACGGTGGGGGAAAGATGAGGTTAATCTATGTCTCTCTCTTCTCTCTATTCAG
K P P AR WGIK DE V NLOCLJSL L S§TI1IOQ
TTTTATGAGAAG ATGAATAACAGAGGCAGATAATTCTAATTCTAATTAATTAATTAATTAATTACT
F Y E KM N NR G R #
ACTTTTATAGTTTTATATAATAAATGGATCAAAATATAAATATATCACTTTAATTTCGCTTTTCTAG
CTTTGGGTTTTGCTTGTTTTITATTGTTGTATTGATTTCCTCTATTTTTGTTITGGGATTTTACTCTC
TCTTTTTTTTATGGAATTTTTGTACTTAAGCTTTGGGGTTTTTTGTGAACACTATATCTGTTACTC
TGTGCTAATGTTAAATTATGAAATGAAACAATTGATC

GhFB2 ¥ %)

AGTGAAGGCTCCAGCTTCTTTCAATGAAACGAATTTCCCCAGATTCTCCCTCCCCCCAACCCAAA
M K R I 8 P D S P S P Q P K
TTGAAGAGAGTAAAGGAAGATCCCGTACCCGAAACTGAGGGGTTCATGAATTTGGATGAAAAC
LK RV K E D PV P E T E GFMN L D E N|
CTTTTGTACGAGGTTCTGAAACACGTTGATGCCAGGACCTTAGCAATGGCCTCCTGCGTTAGT
I L Y E V L K H V DA R T L AM A 8§ CvV_ S§
AAGCTGTGCCTCAAAACTGCCAGAGACGAGCGTCTTTGGGAGTTGATCTGTACCGGGCACTGG
[K L ¢ L. K T A R D E R L W E LI C 1 G HW
GCTAACATCGGTTGTGGAACCCAAAAGCTTAGATACGTGGTTTTACCTCTCGGTGGTTTCCGC
AN I 6 C G TQ K L RY V VL P LG G F R
CGTCTCCAC TCCCGTTACCTTTGGCCGCTTTCCAAACCCCAAGCTGCTTCACCTTTGCCTTGG
R L HS RYLW P L S K P Q A A S P L P W
GCTCCGCCCAAGATTATAAACTCCAAGCCGTCTGCTCGGTGGGGAAAAGATGAGGTTCACCTT
A P P K I I N $§$ K P S A RW G K D E V H L
TTTTTGTCCCTTCTGATCTCTATACAGTATTATGAGAAGATGCATTTCACAAGCAGGCGCAGATAA
F L 8§ L L I 8 I Q Y Y E K MHTPF T S R R R #
TTGTATTATTGGGCTTTTGTTTTACGTTTGGATTGGTTCTTATTTTCTTATATTTAGCTTGGGATTTT
TCATTTGTATTTAAGCTGGTGAAGTAGCTGTGTGATTCTGTTGTAATTTCAAGTATGAAAATTGAA
AAAATTGTTTCTTG

FRIZF AR RT-PCR 5| ¥ 3¢ 5 55 ; FRAHUMEIR SN F-box BJF; # BRRKILEBFHNE.
1 i87 GhFB1.GhFB2 £K DNA EFFFH RARAHNRTGEAFS
Fig. 1 Nucleotide and deduced amino acid sequences of GRFB1, GhFB2
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2.2 GhFB1.GhFB2 EE=ENFER

rEBEYTERARNFLEREKXYE, GhFBL,
GhFB2 f3 R4 "3 1 RT-PCR ¥ 3% i ¥ 51 —
FLUHAXHANEEAARTHETF MFERER
AEEFIEL—3(E D, B PCR =Y
By B vk 45 S B /R GAFB1 484 511 bp, GRFB2
£24 544 bp (E 2),

M :DNA 4T & #rid DL2000;1 :GhRFB1 HE K
PCR f2#);2 :GhFB2 R H i PCR F=4)
2 PCR=#EEHREKSH
Fig. 2 PCR products in gel electrophoresis
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2.3 F-box EQLMTENLBLIH

% GhFB1 #1 GhFB2 % H 55 0 2 58 5
5| i 77 BLASTP 4 #7 & 8, # 7 GhRFB1 i
GhFB2 ¥4 74 F-box BHM T F-box 451k,
5kfH OsGID2 2R IR I+ By ArSLY1 # A
BN EAEARBENFIMENE. IHER
Ke#i 1t GhFB1 #l GhFB2 BH 5 H Y F-box
BEAMEER, BB IFA 9 4 F-box HH
MR DEERBESFE . SAER F-box &
HATTEEFH LT, M E T Hew., mE 3
Fi #6546 GRFB1.GhFB2 B H 5k H GID2
A MR SLY1 EAM/MER GID2L A
AR EEREE WESHEaY NS
FHRFEIEER F-box EHFIXRBEZ., BT
FRMFAEE SN HEMEEEE BT
GID2,SLY1.GID2L ¥ £ 8 iE 7 GA (5 51%
SHRREERAYHEFOER B, RA0#EN
GhFB1.GhFB2 BHTERILK GA (B£8R
FREEEMEM.

0.1259 | GhFB2(EF503623)
GhFB1(EF419428)

0.1372 SLY1(NP_194152)

0.0900

{GIDZL(ABK79908)
0.0942
0.0978 GID2(BAC81428)

0.0254

SNE(NP_199628)

0.2388

0.1283 |

(AAU14837)
0.2876

(ABE77147)
0.1612

0.0231

0.1941
0.4569

EBF1(NP_565597)

|
L0128  pRpo(NP_197917)

(AAV64236)

0.3114

0.0074

COI1(NP_565919)
0.1959

0.1204

AFB1(AY150427)
0.1573

0.0965

0.0344

—_—
0.1

0.0927

TIR1(NP_567135)
00760 AFB2(NP566800)
00810 AFB3(NP_563915)

B 55 R 2 & # F-box ZEH W GenBank Bl 5 s #H kR A M F Y F-box B GhFB1.GhFB2, L& W5 I8 FF
(SLY1, SNE, EBF1, EBF2, COIl, AFB1, AFB2, AFB3, TIR1). k% (GID2L) .JK#&(GID2) ."&% 4 (AAU14837) . &

K (AAV64236) .4 B (ABET7147) i) F-box B H

3 HXFbox EAMARZHLSH
Fig.3 Phylogenetic analysis of GhFB1, GhFB2 with other plant F-box proteins

2.4 WBEFbx EREAREIHEEFNHE

RE pBI121 BAKE GUS #: A Wi 11 B4 B £z
HLEFRITAENSY (HEERSIME 5
s _EEg Y14z &5 BamH T A1 Sac 1), FIX P45
YWEKH#HIT RT-PCR, ¥ PCR =¥ 1 pBI121 #
4B 3E4T BamH T #1 Sac T SUE 1, [8] e I fdF

P T4 % 8 W EE R A M R R PR 3 9 PCR ™
YA 121 Bk K B, 48 Bl R A R4k pBI121-
GhFB1 il pBI121-GhFB2(J 4) .,

2.5 BEFboxZEAEANRESH
A GRFB1 #l GRFB2 ZEME R XK
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At 22 e, RBUR R A 4 M 4 R B A R B
B RNA, K #7E Ubiquitin 2B /E kR, #8547 RT-
PCR4y#Hi(H 5), &REBHWA F-box BEAXEA
TEMRIERAR T IRA M 28 7B JRER (48 . &
BhIFREK EWMERTRBN RIS 4
BEAREHFEXE, MEFERE 10~20 d L 4F
REEEH, X 2 A KRN ETBESTENELH
AR AL, M S 4R R AR EIBR T X,

3 Zwsitie

AT ARMBERE R, EE R EELRTE
M SR b X 5 BRI 5 [ 4, B BEAT 3um A 5 I
AR ., MALRHHETEYEBFENTE
XL KRB F-box BAMITTHTFRE. &
TR A 3k YR B ) 357 51 B et R o b, B AR
B K P51 . 3 F 5 A4 52 50 50 i 5] 9 IE
., BLUEH XBE-IMREFERNEETZ
BRI TE. BT DA TR AR A A B
H B, EEX EST & Xt d g, MmTF
IR F A IESRE. XM yELEERTAED
MR EBREAN . RIEELES T EST EMY
. MIEELEBN T —1MEARK EST &, Wi,
WEFIREETHFTER, B FRENTERES
RIfE .

ML ERBE - RRIREHBEET W
R ABEEMMELEER MEKIBPEEEE
U, GA3 BB R B £ 1 £F 4E R 46 40 i , BB I 3
SHEFHAF -EBRENMRIY  BRBEY
WML MK S TFEANGRRAERE, RE
HREENEDEBRARBSREANS THEMN LR
BEM L, HAEX GABSESIHER K.
DELLA EHR—RHERE T, BT GRAS £H
RiE .2 GA SRR ARABER T ., B
REVEAEYEHER GA 2E 385 DELLA
BEARNMEEARBATEYNAERKZFT D,
7 GA 55/ DELLA EAKEN IR T, BTE
FEHMEEA B SCF(Skpl/cullin/F-box) E3(Ub-
ligase enzymes) E G EEE/EM., F-boxEH
Hil25 GARSMARERTF DELLA EHME
MY =4 GA RN, Ik GA 5 58 %
HREBE S, E AR RE RS ANS T
HEY#EBFS, F-box EHEMREIF KBEHHER
EAFHER, IR IF SLY1 R FIK R
) GID2 FEHEDY 4 J 45 T —F F-box A,
25T DELLA AWM, 7E GARBES

BREPFHEERTETHAG.,

F-box HH K N 3@l % &4 30~60 & &
PRAK ) F-box 453k, F-box A R ZH F-
box #1435 Skpl &4 M & #£ 3 SCF R4k
1 .GhFB1 fl GRFB2 TEH ¥ & A F-box EAR
TR R M AR SF B —F-box £ ¥ 3., M4, F-
box HH CuEHERE — L 5HEA-EAMEA
FAMRH R LM,

MAMETHABRFSRRNEEL S,
T AT S oy FRAR AR AT 4R 1 R B AR B R R
PIMR . B E XA TR T WA KR
£ F-box EHER, HEEEMETHAFER
RS TIEEE T2,
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Fig. 4 Expression vectors of GhFB1, GhFB2 are constructed by using pBI121
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Fig. 5 The RT-PCR analysis of the expressions of GEFB1 and GhFB2
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