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Cloning of flavonoid 3’-hydroxylase gene from Fagopyrum tataricum and its
tissue-specific expression under cold stress
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Abstract: Objective To clone and analyze the full-length of flavonoid 3'-hydroxylase (F3'H) gene from tartary buckwheat
(Fagopyrum tataricum) and to express it in Escherichia coli. FtF3'H gene expression and anthocyanins accumulation is also to be
analyzed in tartary buckwheat sprout under cold stress. Methods Homology cloning and RACE method were used to obtain
FtF3'H gene from flower buds of tartary buckwheat. The recombinant vector pET-30b (+)-FtF3'H was constructed and expressed in
E. coli BL21 (DE3). Semi-quantitative RT-PCR was used to analyze FtF3'H gene expression when spectrophotometric method was
used to determine anthocyanin content. Results FtF3’'H gene contains an open reading frame (1 470 bp) encoding 489 amino acids
and belongs to cytochrome P450 family. SDS-PAGE analysis of IPTG induced recombinant E. coli BL21 (DE3) showed that a
predicted 54 000 Da fusion protein was expressed in the culture. Cold stress significantly enhanced the expression level of FtF3'H
and anthocyanin accumulation (P < 0.05). Conclusion FtF3'H gene could be cloned from F. tataricum and efficiently expressed in
E. coli. Under cold stress, FtF3'H gene may enhance its expression level to promote anthocyanin accumulation, by taking part in the
process of cold-stress resistance of F. tataricum sprouts.
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Table 1 Primers used for gene cloning and semi-quantitative RT-PCR analysis
AR 5195751 (5°-3%) Hli&
FtF3'Hdf 5’-CACATCATCAAGYACDGTNGAVCGG-3’ RACE PCR
FtF3'Hdr 5’-ACATCGACATTGCVIYTYTCICGDAT-3’
FtF3'H3w 5’-GAACTAATCCGGCACCCGTCCT-3’
FtF3'H3z 5’-GAACTAATCCGGCACCCGCCAT-3’
FtF3'H3n 5’-ACAACATCCCAAAGAACGTTGA-3’
FtF3'H5w 5’-GGTAAGAACCTCTCGGGTGGTC-3’
FtF3'H5z 5’-CGAGGAGGGTGGCGTTCTTACTA-3’
FtF3'H5n 5’-GCAGGGAGAGTGGAGTTGACGGATG-3’
FtF3'Hf 5’-CATGGGGGGGCCCGTAGTA-3’
FtF3'Hr 5’-TCACACATTGTAAGCATGGGAAGGTCTA-3’
FtF3'Hnf 5’-CGGGGTACCATCGGGGGGCCATGT-3’
FtF3'Hnr 5’-GATCCGATCACACAATGTAAGCATGGCTCAA-3’
FtF3'Hsemf 5-TGTTCGTGAGGAGGAGGTAGGCTAA-3’ Semi-RT-PCR
FtF3'Hsemr 5’-CCTTCGCCGTCACAGTTATCGACC-3’
FtH3semf 5’-GAAATTCGCAAGTACCAGAAGAG-3’
FtH3semr 5’-CCAACAAGGTATGCCTCAGC-3’

¥ F4H ik pET-30b (+) -FtF3'H A K #F i
BL21 (DE3) &2 A4/, PRHURETE, #MT 10
mL (&RH0% 2% 50 pg/mL) LB Wik FR%EEH, T
37 CHEIR 157 16 ho % 2% [ #RP 542 R T 50 mL
LB 8575k (&K% 2 50 ug/mbL), 37 CHiF#E
WGRE (Asge) HIEF] 0.6 I, I IPTG LK N
1 mmol/L, 30 ‘C{LH % T . F IR+ 0. 1. 2, 4,
6.8 F1 10 h B 3 mL B LA NRIA A pET-30b
(+) 2 FORLI A LA R IR, 7E15 5 0 R 10 h Y
3mL B BT ARE S 48 75 P e LRI
i, RIS TR S: SDS-PAGE (4% 46 % «
12.5%7r B HLIK 74T -

24 EFMTFRIEARLMBALE

TR R 2 18 Kim 208070, e ik
N BEFEMTE T 40 COKMEW 30 min 5, B
T 25 CHIMIEFEFWI R BN & 5 26 8 d KA
T 2 2P T AR, — T 25 “C R 4kak:
7% 4d (14 h J6lE/10 h 2B1E, MXRE 50%), 18
XA 55— T 4 C T 4ReEE5 5% 4 d (14 h Y [E/10
h B, AHXHEE 50%) BTV WA AbEe, 15 Ayse
Y20 . 4 AR 3 400X R ZE RN S5 2 ) 5 1 IR
TR T3 HUE RNA FIfE i 2.

25 FHEFAFEEL FIFIH EERIEENT

W8 2% il 25 B J7 SR 2F 8 B RT-PCR
(semi-quantitative RT-PCR), DL FERESILA histone
H3 (HM628903, FtH3) fEANZ, FIH5IH (& 1)

FtF3'Hsmf 1 FtF3'Hsmr £ FtF3'H 5L ik i,
PAOI ML RIAE T 32 2 I R I K . B34%
R HIK AT 1 )6 3 Pl ) Quaantity One #4143k
3, LA FF3'H Y B 5506 AT A P S AL FtH3 (1)
S PR ) ELE R R FIF3'H LR RIA
26 FHEFARBLETEZHNE

I Chu 25V 75 Y B IOA T T I 0 5
M FIRAIAEE 2. A 662 il I e
FEAAE 530 nm Fl 657 nm JK R A (A &
(M), FFFERE TP ARET RZE (Q wwz).

Q #2=(As30—0.25X Ags7) I M
2.7 FIEMISDHFAALIE

FtF3'H i R34 f L 15 25 100 e 34 15 3 411
TR . K SPSS 13.0 G it it Turkey’s ¥
6 R A I 2 S 7 R Al 7 2 A SRR
FtF3'H LN f 208 B AEA WA FE b (AR 4b 304 T
ZE St BE T
3 HREH
3.1 FtF3'H E& cDNA Bk

PL3KAF cDNA HEMCh AR, A8 e IF 519
F3'Hdf F1 F3'Hdr M7 594 Hi49 300 A1 500 bp
)2 KA B (B 1-A). WlF45 32 Blast 20 #t
RW], BN B 344 bp, S AT F3'H 4 it il
EAMEAEF Y GGEK. il 3 4425w
F3'H3w. F3'H3z #1 F3'H3n & 3’-RACE 3 %4 1545
B2 600 bp (1454571 (K 1-B). P4t LW,
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A-1, 2-FtF3'H &7y BLiY 4774 B-1-3-FtF3'H ¥ 3-RACE
5 1-3 f Y C-1-3-FtF3'H 1) 5'-RACE 5 1-3 #8414
D-1, 2-FtF3'H ORF (¥4 1%/ #) M-Marker

A-1, 2 amplification of conserved fragment B-1-3 the first,
second, and third round PCR products of 3-RACE; C-1-3 the
first, second, and third round PCR products of 5-RACE D-1, 2
amplification of FtF3'H ORF  M-Marker

Bl FtF3H EEAIRE
Fig. 1 Cloning of FtF3'H gene from F. tataricum

ZH BBk 580 bp, L& LERY TGA, 3-TUR
FI Poly A 21y, FRBHIRTFIZEEE cDNA ] 3" Ky o
f§/H 3 4555519 F3'H5w. F3'H5z £l F3'H5n £
5°-RACE 3 4 B 1951 1 44 1 000 bp 44
i (B 1-CO M 25 SRR T, 1% BUK R4 1104 bp,
£ 5 A ATG 1 5-UTR. #4514 F3'Hf
FUFE3Hr 314 F3'H JE K [¥) cDNA, 132145 1 600 bp
(e acy (B 1-DD o WP T R LT HIK BN
1691 bp, 7% 14> 1470 bp ] ORF, 47 bp
5-UTR, 155 bp f#J 3'-TUR LA} 22 bp ] Poly A &,
It S IR 5 AR R F3H 25K )
WEPESN 70%~80%, Lg% (V. amurensis,
ACN38268 ) [F] Y 7'k i a1 A 80% , 5 &% =
(Matthiola incana, AAG49301) [al 5 PE A% A 70%.
iR, ORIl IR F3'H KR ORF, fiv4
i FtF3'H.
32 FtF3IH EEFFIRERIEER TR TS
HIFH DNAman7 #4451 FtF3'H KL KP4,
g8 R FF3'H JE M gn g 1 MUy 489 MREIER
BRILIE T, HES A 7 s A 54 000, 45
i (P 4 7.48. ] SPOMA 43412 B FtF3'H
TR T 47.03% 1) a- R TiE, 9.82%(1) B- 7 2
4.7%T1) B-41 B LA M 38.45% (1) AN KLU o £ L
Itk gt R (K 2) WoR, FF3I'H S5 HARR YK
JEI) F3'Hs —HF, A7 LAY (1) 40 i (4 55 P450 KTk

HEDREOR ST A Hod AT N s (0 1l 20 1R &
R BEX (Proline-rich “hinge” region) A& /)¥
G5 “PPGPKPVP” , iZ % BE X AMUAE & A 0T
e UL K B [ - (O B R I il V0
F3'H AR 14 2 4 5 I A It B AT 3 2
H C iy EBEAEHE D 74563k Coxygen
binding pocket motif) il £1 % &5 44k (heme
binding domain) 2 g5k, s sy 1456
o = AR ST R “AGTDTS” 41k, 74 5
PR G5 A 0%, BOA K (AT TE i
TG, 5o, [ERFERNZ FIFIH 2t
755 “GGEK” J¥ 4, %74 & X 4 F3'H
5 F3'5'H AR &, N F3'H T A& —1A
R,
3.3 FEif FtF3H EEMERIESR

A EA4 TR pET-30b (+) -FtF3'H (K5E T
W2 IPTG %3 )5, KH SDS-PAGE 4 #rifs 5:3%
ErEy (B 3. GRER, HEENERAEM
43 B 66 400~44 300, HEL—4I] B
54 000 FRUBrA=dr i midcaly, Sl sE FtF3'H
S AE o> T R — 8, YRIE R IPTG S
I )38 T, W] FF3'H L DR AE K AT i vp sk
T FIRRIL
34 AWETHFHET FtFIH EEREENH

K58 it RT-PCR AUV e 5 FtF3'H ]
TE S I SRRl b AR Rk i, 45 LA
4, MK 4 TTLLE Y, IR ZH 1 SR 1 Rl o
FtF3'H LA )2k KA, I BAEA R 4128
s R ZERA R (P>0.05). M157E%2 3 1
EE, THRR G FIE3H LA ) ik & B T
(P<<0.01), HYEMHIH Rk R ZFridi 1.27
W, ERWEFE (P<0.01). AT, FtF3'H LK S
5T W SR A I (1 N
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YA il JE KT ZF 3 3 7 i R Rl A T 2R R R
m, 5L 5. EERTA, A a7
Wl IR R T e R i (P<<0.01), HIJIR
HipieF #E2 S Em T (P<0.0D), A1
FACTE RN 2 5. 74, BARX IR FE 1Al
REI AR ZAEBAS, A e R
Fr T (P<0.0D). mUL, AaEEE &
IR EE R, JF RN IS5 e T &
R ETA L,



1304 - ¢ & # Chinese Traditional and Herbal Drugs 3£ 45% 25 98 201445 A

Motif |

VaF3'H
FtF3'H

AKF3'H
AtF3'H

SRS

VaF3'H
FtF3'H

AKF3'H
AtF3'H

VaF3'H
FtF3'H

AKF3'H
AtF3'H

Motif 11 Motif 111

VaF3'H
FtF3'H

AKF3'H
AtF3'H

Motif IV

VaF3'H
FtF3'H

AKF3'H
AtF3'H

VaF3'H
FtF3'H

AKF3'H
AtF3'H

SRSIFEARA A = 1 Motif -l Z0% & AR BEX. Motif 11-407 T455 30 Motif IH-EXXR triad  Motif IV-IIL£L 5% 45 5 1
SRSI-substrate recognition site 1 Motif I-proline-rich “hinge” region Motif l1-oxygen binding pocket motif Motif I1I-EXXR triad Motif I\V-heme
binding domain
2 FtF3'H BB EF5I L3t
Fig. 2 Sequence multi-alignment of FtF3’Hs from F. tataricum

FtF3'H
M 1 2 3 4 5 6 7 8 9
FtH3
97 200 FtF3'H " 2.0
66 400 < pagistiil
44300 K 15 S A
z‘ ' *%
=
29000 = *k
20100 10
14000 iﬁ
10 100 EII 05
ing
M-ZE 1 Markerl~2-73 54 pET-30b (+) &Mk SIS 0 . e
JFis 3~9-43 3 W AL TOR: pET-30b (+)-FtF3'H ¥ S i FIE 5 1. o
2. 4. 6. 8 710N SRR, P <0.01
M-standard protein Marker; Lanes 1—2-samples of negative control "B < 0.01. Vs control arou
group collected before (1) and after (2) induction by IPTG; Lane o group
3-sample collected before induction by IPTG; Lanes 4—9-samples 4 AETHFEAEF FtF3'H EERIE
collected after induction by IPTG for 1, 2, 4, 6, 8, and 10 h EOH (Yi s n= 3)
3 EA FtF3'H B HERAR SDS-PAGE #3 Fig. 4 Expression of FtF3'H from F. tataricum

Fig.3 SDS-PAGE detection of recombinant FtF3'H expression sprouts under cold stress (x+s,n=3)
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5 AMETHFRAEFEFTRMMNE (Xx+s5,n=3)
Fig. 5 Determination of anthocyanin content from F.
tataricum sprouts under cold stress (x+s,n=3)
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WA T 2O I A .
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