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Cloning of F-box Genes from Nervilia fordii and Analysis of Their Interaction with ASK1 Protein
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Engineering, School of Pharmaceutical Science; Joint Laboratory of National Engineering Research Center for the
Pharmaceutics of Traditional Chinese Medicines, Key Laboratory of Chinese Medicinal Resource from Lingnan,
Ministry of Education, Guangzhou University of Chinese Medicine, Guangzhou 510006 Guangdong, China)
Abstract: Objective To clone F—box genes from the endangered medicinal plant Nervilia fordii, and provide a
certain scientific basis for finding a solution for the resource shortage of N. fordii. Methods The core fragments of
two F—box genes were screened from the transcriptome of N. fordit, the full length of the genes were obtained by
RACE technique and their coding regions were cloned; the tissue expression patterns were analyzed by fluorescence
quantitative PCR(qRT-PCR). The yeast two—hybrid experiment was used to detect the interaction between the F—box
regions domains of the proteins and the Arabidopsis ASK1 protein. Results The F—box genes NfFBL3 and NfFBIA
were cloned from N. fordii. Their open reading frames (ORFs) were 1 974 bp and 1 833 bp, encoding 657 and
611 amino acids, respectively. NfFBL3 and NfFBL4 contain F-box conserved functional domains and leucine rich
repeats (LRRs). They were both unstable hydrophobic proteins, located in the nucleus and none of them had signal
peptides or cleavage sites. Phylogenetic analysis showed that NfFBL3 and NfFBL4 clustered with F-box/LRR-repeat
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protein 3 and F-box/LRR-repeat protein 4, respectively. Both of them expressed highly in the tubers of N. fordii.
The F-box domain of NfFBL3 could interact with ASK1 protein from Arabidopsis thaliana, but NfFBL4 could not

interact with ASK1 protein in yeast two—hybrid experiment. Conclusion In the current study, two F—box genes were

cloned from N. fordii, and the protein encoded by NfFBL3 could interact with ASK1 protein from Arabidopsis

thaliana, providing a scientific basis for further study on the function of SKP1-Cullin—F-box (SCF) complex in N.

Sordii.

Keywords: Nervilia fordii; F—box; bioinformatics analysis; expression pattern analysis; RACE; yeast two—hybrid

experiment
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AR, WHFEHE RIEW S F-box IR ) 20 21 R ik A5 =0 K
Hg i E AR EAAAES, DIRE T
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RAERATE, 5. YC1002); Bk #) &
(TIANprep Mini Plasmid Kit, #3%: DP105). pLB %
B e P o 7 A (Lethal Based Fast Cloning Kit,
5. VT205) . i A A DNA 4 fk o] Wi ik 7 &
(Universal DNA Purification Kit, %5 : DP214) 34y
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7] ; SMARTer RACE ¢DNA Amplification Kit (Z
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cDNA Synthesis Kit ( 5% % : 6210A) . TB Green®
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PEHE K ZEM B B RNA, 2 B PrimeScript™ 1T 1st
Strand ¢DNA Synthesis Kit Ui BT EE S, 15
cDNA, WITEE RS (R 1), ¥4 F-box
TR BPA, RNARZR N cDNA 0.3 pL; F RS
P4 0.25 wL; PrimeSTAR 5 pL; ddH.0 42 uL, #"
HAFRJT: 94 °C 2 min; 98 °C 10s, 58 C 15s, 72 C
50 s, 38 ME¥R; 72 °C 5 min, NfFBL3 1 NfFBLA4
Bz m e alifb %3 & pLB 24k, #{kE DHSa,
ZH PCR %558 J5 , PRBUSHME R RGE ) M R — i
FERBHE A PR w0

1.4.2 7 K3E F-box KEIH 5° F1 37 it ¥ %1 RACE ¥ 1%
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RACE #7341 PCR 5|# (W3 1), R H SMARTer
RACE 5/3 Kit 3815 5-#1 3-RACE-Ready ¢cDNA, %}
Wl LI 5- #l 3- RACE- Ready c¢DNA b B #z , 4" 14
NfFBL3 Fl NfFBLA £ 57 5 Al 3 3¢ 81, PCR &
ASZ YA, PCR N FEF A 94 °C 2 min; 94 °C
30s, 68 C 30s, 72 °C 3 min, 25 NMEH; 72 C
5 min, 4 PCR P=##5 B 20 %, 1E RN —% 420 PCR
PR, MR ZR A : B 1 pl; UPM Short 0.5 ul;

5" NGSP(3’NGSP)0.5 pL; PrimeSTAR 5 pL; ddH,O
1.9 pLo Touchdown PCR F&J¥ 4 : 98 °C 2 min; 98 °C
10s, 72°C 90 s, 5 MME¥; 98 °C10s, 75°C5 s,
72 °C 90 s, 10 PMEFR(EAMERFE 1 C); 98 C 10 s,
62 °CS5s, 72°C90s, 20 MEH; 72 C 5 min, H
M B i alife )5 iE 8 & plB #ik, ik %
DHS5a, ZRK PCR %5E 5, PREBPHMER L) MR
— MR L B A BR A wl A T

1.4.3 FH K F-box K B FF L B e AE §7 3% H
DNAMAN %% 4 Bf 3 NfFBL3 1 NfFBL4 4=+,
NCBI ORF Finder i ] JF i [ %2 #£ (Open reading
frames, ORF), Wit HH N 05 K R k5| 0 4 1
ORF(IL# 1), PCRIARNFEF S “14.17 TT,
BAKIRER 55 Co By B bl difb)fs iz
pLB # 4k, #:4L% DH5a, LW PCR XE)G, %

x1 s5|¥FE7
Table 1 Primers used in this study

ElL/EA JF31(5°-3") Hik
NfFBL3-F TGGTGCGGATTCTTGACAACATC CAR Bl 3
NFBL3-R CGGTTTGTCCACCCATCGAATC

NFBLA-F CATCTCGTCGCCTGCATCTTC

NFBL4-R CCTTGCCCTTCTCTACAAGAAGC

5'-NfFBL3  ACGAGCTTCACGTCTTGCAAGCATCTC 5" RACE 1
5’-NGSP3 CAGCGTCATCGACGGAAAAGCATCG

5'-NfFBI4  GCTCTGGGCAACCTCTAGCAATGGCAG

5’ -NGSP4 CAAGGGCTTCATCACCAACCCTATCAC

3’-NfFBL3  TCACTGATCTGGGAATGGAGAGTCTC 3’ RACE ¥ 34
3’-NGSP3 TGCTATAGGGATCGCATCGATCGC

3’-NfFBL4  ACATTTGAATGTAAGCGGATGCCATC

3’-NGSP4 ATTGCTAGAGGTTGCCCAGAGCTC

NfFBL3-F1 TCGGTAATGAAGCGAATCAGCCCT ORF §44
NfFBL3-R1  ACTCGGATTTCGCACAATTGGGAC

NfFBL4-FI  ATGAGGGGGACCGATCTGATTAACA

NIFBL4-R1  CTAAAGGTCGACACAAAGATATGAGAGG

gNIFBL3-F  CTCCGTTTCGAGGCTCTACC JEE = PCR
gMFBL3-R  CGGCGAAGTCTCAACCAGTA

gMFBLA-F  ACCTTGTCTCTGGACTCGGA

gMFBLA-R  ACAGCCACGAGCAACTGATT

actin-F GGTGCCCTGAGGTCCTGTT NE N
actin-R AGGAACCACCGATCCAGACA

BD-AKSI-F  AGGAGGACCTGCATATGATGTCTGCGAAG- ikt

AAGATTGTGTTGAAG
BD-AKSI-R  GCAGGTCGACGGATCCGCTGCTTTTGATTCTT
CTCTCTGAAGATCA

AD-NfFBL3-F CAGATTACGCTCATATGCTTTCCGTGGACATA
CTGGTGC

AD-NfFBL3-R  CGAGCTCGATGGATCCGCGAAGAGAGCGGC
GG
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qRT-PCR K1, MG F~box TEH KIEAN[HZH L1
AL TR A F AR, qRT-PCR LW &R 95 °C
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PEATBE A I AT S AN B S 3 1 R
FHH B OB AR A Y2HGold J8AZ 25 40 it v 47 a5
BE, MR T SD/~Trp—Leu(DDO) . SD/-Trp—Leu—
Ade—His(QDO), SD/~Trp—Leu—Ade—His+AbAQDO+A),
SD/—Trp—Leu—Ade—His+AbA+X—a—Cal(QDO+A+X)‘@%
FasigRdt b, w L AR,

2 FR

2.1 K3 F-box JEP] cDNA 2 KT el U
Kl 1. 93945 2] NFBL3 Fl NFFBLA (4% 0 B 53
1892, 1732 bp 5574 . FIH RACE BRI 7K Uiy

wiRE, NFBL3 3K 715 242 bp % 3 35 307 bp
57 ¥t Wi NfFBLA 3545 270 bp #9 3”35 103 bp 1
57 i . A DNAMAN ${F $f 4515 31 NfFBL3 19 4>
KA 2 441 bp, 7% 1 974 bp FFRLBIEEAE, Hgmid
657 & LR ; NFBL4 4K A 2 105 bp, &
1 833 bp I BEENE, it 611 2 HER
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7. M. DL 2 000 marker, M1. DL 5 000 marker; A-1. NfFBL3 EVHIT
By i, A-2. NfFBL4 © v Bey i B-1. NFBL3 3’ RACE ¥7H4,
B-2. NfFBI4 3’ RACE ¥" 3% ; C-1. NfFBL3 5’ RACE ¥, C-2.
NfFBL4 5’ RACE ¥" 3 ; D-1. NfFBL3 ORF 4"# , D-2. NfFBL4 ORF
i

1 FXRIE F-box ¥ HEER S HE 5 R B ik B

Figure 1  Agarose gel electrophoresis of F- box amplification

from N. fordii leaves

2.2 H K 3% F-box F 1M EWAs B BF
2.2.1 HRF F-box HHAYFEABILIER  NFBL3 F
NfFBL4 BAFERNSKEH, WE 2.

R 2 FBXRE NIFBLs EAREBN R

Table 2 Physical and chemical properties of F—box proteins
from N. fordii

’ =) it e S| . ) ;‘\\Wl}
EOSEE ATREAD Sl BEHRN IR ii;
NfFBL3 72.1 8.56 41.77 108.68 0.107
NfFBL4 66.5 7.33 41.80 108.71 0.168

2.2.2 T RZE F-box H [ 11 ) BI04 M 22 137
T A NCBI 00 — 35 PR SF DI RESS P I, R
ZHE BT F-box PRSFUIRESS L, Hi NfFBL3 B
A 21 A~ EE 5 AR F Y (Leucine rich repeats,
LRRs) #5195, NfFBL4 HA7 16 /> LRRs 54458, .
20 it S o7 TR 45 SR B, NIFBL3 Al NfFBL4 5 13
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2.2.3 7 K3E F-box M 2 J&5H . 3 SegbH il
DL 2 FIE 3, NfFBL3 Fil NfFBL4 2 22544 5940 ot
P27 Br o He b K MR IR a—B25E (Alpha
helix) . JCHL 4 fll (Random coil) . % fH1 4% (Extended
strand) . B % ffl (Beta turn) o 3 G &5 4 o0 45 SR 3%
W], NfFBL3 UL 3c6o.1 Rt 4, — B3 78

26.1% /47, BTN 0.76; 1 NFFBL4 LA 3o0gl.1.B
RN, —EME R 27.35% 44, EEE RN 0.73,
224 T K% F-box #1155 Ik Fl 5 52 45 ) 45k
T KZE F-box & A BAG 5 IS B IX
RARGT AR T, WIRARAMEE 1. NfFBL3 Fll NfFBL4
S B IOESAME 4 5k 0.001 4 F1 0.174 0, RNEATE
SIRE A E

* RIS e IR

BB H

F: A.NIFBL3; B. NfFBL4
B 2 #HXZ F-box &R 2 HLEHTM

Figure 2 Predicted secondary structures of two F=box proteins from N. fordii

: A.NfFBL3; B. NfFBLA4
B3 BX¥EF-box EH 3 H&EHMFM
Figrue 3 Predicted 3-D structures of two F-box proteins from

N. fordii
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NI X HAAT AR 08, SRR 344 521 8
U528 VR B A fRHAE S RHE W R G Mk R, Hoh
NfFBL3 5 & & B #Y F-box/LRR-repeat protein 3 %K
— 3¢, T NfFBL4 W] 5 2 iz 1 ) F-box/LRR-repeat
protein 4 T Hh—37

FF R 28 Nervilia fordiiNIFBL3
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&k B2 TP Dendrobium catendun XP 02 0684199.1
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OAY70386.1
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WE 4
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100[
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gig cin
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51

sis XP 006489225.1

R Newviliafordii NIFBLA
W'_E &k B2 i Dendrobium catenatum XP 020677348.1
84— BRLTBNMEX: Phaiaenop sis equestrisXP 0206001661

A Homo sapiensNP 0363113

0.20
B4 AEEHH F-box EARSGHLK

Figure 4  Phylogenetic tree of F=box proteins from different plants
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23 R F-box JEPIRBBE M Wi F-box 2.4 BEREMJeZE9C8s  WLIEl 6. F DNAMAN HXT %
FEAEM B ARSI Ik, (HERIAR T B NfFBL3 1Y F-box Z5 A58 17~57 & TR

(IR AL, MAERZE PR R B E & T NIFBL4 B F-box &5 R 12~52 N E IR . &K
WA, R BT RR LG AL S, E, EATRIN Y2HGold RZ A4, H

LA S, BD-ASK1 ANHA5 A HIE T . ik Bokisr il 5 BD-
ASK1 5% % Y2HGold [z 541, 7 —X—H

+ Ve AE . 45 %W, BH Xt B (pGBKT7- 53 +
pGADT7-T) . BRI IEZH (BD+AD)¥IHELE DDO Hitff

w35 ] I E I, LT IREREAE QDO BRIG Bt
25, K, fE QDO+A+X BT b K 0
B W% . TMiSCK 40 BD-ASK1+AD-NfFBL3-F-box Fl BD-

£ 1 ASK1+AD-NfFBLA-F-box #JRETE DDO HipE 1E 3 |

H:K, {H 2 BD-ASKI1+AD-NfFBL3-F-box HETE
/7 | .~ /7.

s ISR B AT PE L (P < 0.05) H” T e b ?*f .

HFAEHAEFRZ, 1 NfBL4 A5 ASK1 FEHEAE,

Figure 5 Tissue specific expression patterns of F—box genes from

N. fordii(n=3)
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pGBKT7-53+pGADT7-T

BD-ASK1

JE: M. DL 2 000 marker, MI. DL 10 000 marker; A. BD-ASK1 #"#%; B-1. AD-NfFBL4-F—box ¥ 14, B-2. AD-NfFBL3-F-box #"#; C-1.
pGADT7 WG] (Nde I 1l BamH 1 ), C-2. pGBKT7 XUEHI) (Nde 1 Fl BamH 1 )5 D. iR BORLRITEEASI ; . P ORI E B0S R I PEAG T 5
F. FEBERR3C 25 L

E 6 BEEXHEIIE F-box EHSMmEIT ASKI EHEIE

Figure 6 Interaction of F~box and the Arabidopsis ASK1 in a yeast two—hybrid experiment
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F-box #[1/& SCF & Az RiEH: E3 A ¢
ENZ—, FEHEY AT, EETHER
K, DhREdA X, 41 F-box BEME 14 AN A ()
HMEASSERZAAANY, BIER(ABA)S | H]
iR (A2 i 4 PO TR (SLs )™ JREE 2 (GA )4
MY RS S, M A 0 4 K
KH o F-box B HAF G ILRRE S N i &G — 2
50 NEFERA K F-box FF, 1Z45H & F-box
H 5 SKPI/ASKT £ 456 1 CHE X, 1T F-box
FEAR C AR 25 8 AU BAE S DI G —
sty MR ATERIEIRY . AR C R gk
R, B F-box 73 M AR RS0, 1N FBLOE
 LRRs Z5#438%) . FBK(% Kelch 45#4%5%) . FBA(H
T F-box A ELEMER ) . FBW (& WD40 25 4 3, )
P ARBFGE T RACE AR B R K ZEh e A
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