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1 E. #HEA 3-Z 1B (flavanone 3-hydroxylase, F3H)RZ 4449 1% # % (anthocyanin)&- s T A2 F 9
KAEBE, RAER AL E e F) BT AL RS T8 (Rhododendron hybridum Hort.) 7R ) £ F B #1649 509 4 R 3e A4,

FIH R4t PCR (reverse transcription PCR, RT-PCR)#» ¢cDNA 3% ik 5[4 (rapid-amplification of
cDNA ends, RACE)# A &F bt F B AL & $8Z bo B 3-724LB& (Rhododendron hybridum Hort. flavanone
3-hydroxylase, RhF3H)M B #AT 01, FFEAT AWM &F o41; #1A qQRT-PCR £ RF R E &L # B
T8 RhF3H R &L T #HAT 9, M3E pET-28a-RhF3H B A% & £ B ARzt RhF3H & & #H4T #] &=
“ift; M pCAMBIA1302-RAF3H it F A AR, B RAF AN FERTMBH I BEHNMAR. £ RE
B, PLABTALRS AL RAF3H A H 2K A 1245 bp, F X2 4E(open reading frame, ORF) 1092 bp, %
363 NRAE, SH FX 4o AR o -0 B4 A T 0 W BB Rk, A GH M A
B, eAB ARSI RhF3H & @ 544 F3H &8 F4 %X A RiL; £ % AL E PCR (quantitative
real-time polymerase chain reaction, qRT-PCR)5#7 & B, £ R L H B EAf M, 20 & tbF) ot ALRS
T RhF3H AR ¢y £ X KT 20 EAB THRGAY, EMTFHREALERG; RERALEREN, &
1# R A% R L BAR pET-28a-RhF3H 3% & XN 294 40 kDa, 5 B 44818 ; R kT4 K B RhF3H
I IHAR, PCR %% A= B-%) £ 4% H BL 8% (B-glucuronidase, GUS) % &.iE 8] RhF3H # B #4534
TEMA A AT, qRT-PCR. EZFHFRLFTESSHONE T, Mt THAR, RIF3H 4 KR W
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Abstract: Flavanone 3-hydroxylase (F3H) is a key enzyme in the synthesis of phycocyanidins.
In this experiment, the petals of red Rhododendron hybridum Hort. at different developmental
stages were used as experimental materials. The R. hybridum flavanone 3-hydroxylase (RhF3H)
gene was cloned using reverse transcription PCR (RT-PCR) and rapid-amplification of cDNA
ends (RACE) techniques, and bioinformatics analyses were performed. Petal RhF3H gene
expression at different developmental stages were analyzed by using quantitative real-time
polymerase chain reaction (QRT-PCR). A pET-28a-RhF3H prokaryotic expression vector was
constructed for the preparation and purification of RhF3H protein. A pCAMBIA1302-RhF3H
overexpression vector was constructed for genetic transformation in Arabidopsis thaliana by
Agrobacterium-mediated method. The results showed that the R. hybridum Hort. RhF3H gene is
1 245 bp long, with an open reading frame of 1 092 bp, encoding 363 amino acids. It contains a
Fe’* binding motif and a 2-ketoglutarate binding motif of the dioxygenase superfamily.
Phylogenetic analysis showed that the R. Aybridum RhF3H protein is most closely related to the
Vaccinium corymbosum F3H protein. qRT-PCR analysis showed that the expression level of the
red R. hybridum RhF3H gene tended to increase and then decrease in the petals at different
developmental stages, with the highest expression at middle opening stage. The results of the
prokaryotic expression showed that the size of the induced protein of the constructed
prokaryotic expression vector pET-28a-RhF3H was about 40 kDa, which was similar to the
theoretical value. Transgenic RhF3H Arabidopsis thaliana plants were successfully obtained,
and PCR identification and B-glucuronidase (GUS) staining demonstrated that the RhAF3IH
gene was integrated into the genome of A4. thaliana plants. qRT-PCR, total flavonoid and
anthocyanin contentanalysis showed that RAF3H was significantly higher expressed in the
transgenic 4. thaliana relative to that of the wild type, and its total flavonoid and anthocyanin
content were significantly increased. This study provides a theoretical basis for investigating the
function of RAF3H gene, as well as for studying the molecular mechanism of flower color in
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Ft 8% #€ (Rhododendron simsii Planch.) /&
— PP SR HEAR, AR &S EAE
KLTANE . FEVFZ2 MBI, HASIEIE
o J2 Fe B A AL SRR AE U L R A B AR
(Rhododendron hybridum Hort.)— 4P Z=4¢ AT
DIgatil, PRELOESE . FE O . DU SR MIAE
BRI, BA B w205 Hr ez
GRAE R, LA sk A 6 R A R AR R
PR FEEMEZ —, BB FEEDABMEA

F£7 K (anthocyanin) W K B EH L 54, 2
TEMOKBERRER, T2 T BARFEY
fAE . MR R SRR E R, T RN
WHREOWEEOR, MYBORFIEEH
EE R &R A eE it #bii 3-714k
fif(flavanone 3-hydroxylase, F3H)Z /L H & & L
WA R, F3H E 1l Fe* 454 (HxDxnH
e 50 2- 10 13 R 45 A (RXS 741 1 RN 4 it
HZ W (20G-Fell_oxy superfamily)ZH ii"*, £
40 B Antirrhinum  majus) 5 — AR E BT
Bel 3-32 AR (F3H) AT LAl e 32 e Ak o — &1l
AWy, AR R AR R AT LR AS [R] AR
N EEAL Ry HoA S B Y T . 22 5 Rl 2 A A
(Punica granatum L) ZW(Mulberry)'? | H
K4 R\(Impatiens uliginosa)" ' F55 34 )L(Caragana
korshinskii)' VR Y b 4y B AR F] F3H RN T
§. F3H JENRE BN HRSEZMEYIEE R
1B DA S AE IR i A8 T A A BRAE AR S . F
R, 10 AR (Ipomoea nil)" I F3H
G708 HE DR oAy 8 R B T IR SR R,
AN AR RBUT AR E AL, ELw
(Reaumuria soongorica)'WW5EH, T ALl
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1E F3H JERIR AR, SR ERAMES R
PRI, Pria b RE )bl Z 3G o o R A A
(Lycium chinense)!'" F3H J:R7E M ¥ (Nicotiana
tabacum)d ik, HAFIERIMEA L, ¥
B R R il A T A HLO, BRI, B4R
fhfE S, A RNAL $ AR F3H JEH 2
ﬁiﬁiﬁﬁ(ﬂ’agaria ananassa)[lg]ﬁ'ﬁﬁiﬁ\] M F3H 3
PRIER , & A E Hh A8 28 O 5 R o R B 5
KKK, 7522 JN&F (Pohlia nutans) F3H 3&[H
R RBEIN T LR IF (Arabidopsis thaliana) %}
Eh AL R B TR A2 1. Forkmann 25E001% 3R
KWN%§(Dahlia pinnata)., T H¥.(Zinnia elegans)
) FIAE I AR AR ™ A S 1 T F3H RYRE SRRk plm
il S 2/ . Chaipanya 25 PUH] A AT #1214
W, K % Je X F3H RNA ) RNAI 3 K T2
AR pJASF3H T A MEE(Nymphaea)fE M, 5
XFHRZHAH LG, 216 F0 5808 B S Rl 1 F3H
PRI T, Ui F3H BEH ki 5 AR
ARG, ENAMITTERY], FERSAET R 3-52
PRl F3H kDR D RE 1 AR HGE .

A58 LLEL 8, He A i AL BS AEA ] & 7 1) 5
MRy SCga b, SoRE LA I AL BS 18 RhF3H
(9 JF 5 1% 32 HE (open reading frame, ORF)4:
K, FFBATEWE B0 s X A AL S AR
AR B HIAE I RhF3H FE N ek - T s 4
HFAR R IR H AR pET-28-RhF3H, it 16 K
A BL21 PR liskak, s i EHEN; A
AT A 5 AT 0 IT s AL S AL 9 . 7
FE A AL B AR A G TE B H RhF3H K& R R PE AL
il ATERE o AW FERS AL BT U 53 1
LIRSt —E iy P BLAl , ARG AR 65+
RS E R
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1 AR5

1.1 SRIe##

B AT RHE R T A G T AR R R A
hoRE. REFVIETHRAT, RIGHA
—80 °CHARILIKAE N fr e o EHAE K RAF
AL LU A I AL RS AE 4 DA KIS (ERL I . %)
T RS R R T DR S S B A R R
W 3 Y ER .

LB WmPt 5= 5. 50 mg/mL Kan,
50 mg/mL |45~ (rifampicin, Rif), 50 mg/mL JK
KB % (gentamicin, Gent),

Solution 5 FE 3L 2.2 g/L 1/2 MS Jigi kit |
50 g/L EEbE . 0.5 g/L 2-Nik Zfi#ifiR[2-(4-morpholino)
ethanesulfonic acid, MES], 1 pL/mL 6-"FZ LIS
% (6-benzylaminopurine, 6-BA)F1 200 uL/L silwet
L-77 FE &M, FH 1 mol/L NaOH ¥ pH 5.7,
1.2 RE7AE
1.2.1 RNA $ZE# cDNA 5B

FHW AW 21 € L A I AL B AR A6, (]

x1 KHRETAESIHFT

RNAprep Pure 4 Z B4 5. RNA $FEHGA &
RARAARHL (LR A R R R BUEREL RNA
AL 1.5%B R BEEERE LUK SpectraMax 190 4=
WA FEFR AL (b e BRAE PRI K Jre A BR 2 vl )il
E A RNA AR RN . #4218 NovoScript”® Plus
All-in-one 1Ist Strand cDNA Synthesis SuperMix
(gDNA Purge) iz ¥ s i) & (B R AT R
INFENEE AR cDNA, f#i]] SMARTer® RACE
5'/3' Kit RACE 187 & (52 H BRAEYIHARABRA )
Wi SR 375 cDNAPY,
1.2.2 RhF3H ERERE

M NCBI #ffa b T 25 AL RS AL 8 A o
L R R WL ZL L A5 (Camellia chekiangoleosa,
IN944581.1), —-t(Panax notoginseng, MN520446.1)
ARk (Actinidia chinensis, ACL54955.1)
T F3H S 53 905 )7 51 (coding sequence,
CDS)¥41 . fii il Primer 6.0 FFBEH {3514
F3H-R1 1 F3H-F1 (£ 1), A RS AL
i cDNA Mkl , #4218 2 xFast Pfi Master Mix [iff
(LI R R BR 2 ")) U 5 25T PCR 973

Table 1  Primer sequences used in this study

Primer name  Use Primer sequence (5'—3")

F3H-R1 Conservative zone augmentation CTTTGAACCTCCCATTGCTTA

F3H-F1 AAGAAAGGTGGATTCATCGT

F3H-3' RACE 3’ augmentation TCGTGTCCAGTCATCTTCAGGGGG

F3H-5' RACE 5’ augmentation CTGGCCTGTAAGTTGCTGGGGG

F3H-R2 Cloning the full-length of ORF ATGGCGCCAACGACCACCACGCT

F3H-F2 CTAAGCAAAAATCTCTTCAACTC

F3H-R3 Real-time fluorescence quantitative GCCTGTAAGTTGCTGGGGGTTTT

F3H-F3 PCR GGGTTGTGGGCATTTCGGGTAGA

Action-R Internal reference genes Action CTCTTCAGGAGCAACACGGA

Action-F CACTGGTGTCATGGTTGGGA

F3H-R4 Recombinant protein preparation AGCTTGTCGAGGAGCTCGAAAGCAAAAATCTCTTCAACTC
F3H-F4 primer AAATGGGTCGCGGATCCGAAATGGCGCCAACGACCACCAC
F3H-R5 Overexpression primer CCTTTACTAGTCAGATCTACAGCAAAAATCTCTTCAACTC
F3H-F5 GAACAGGGGGACTCTTGACCATGGCGCCAACGACCACCAC

F: Forward primer; R: Reversed primer. F3H-F4 and F3H-F5: Underscore 20 bp for the vector sequence. Bold characters for
the starting codon. F3H-R4 and F3H-R5: Underscore 20 bp for the vector sequence.
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P IG W2 1.5% 3 IR R EE S F LA, [Tl 5 H
B R BER/MATRIE PCR =4, K E= 9 5
pEASY®-Blunt Cloning Kit (b 5{ 434 = PH R
JREAR AT BRZA W) Bl 2 B F 4% AL B KA 18 DHSa
k. K DHSo 28404 5 i A HA -RAR
# % (kanamycin, Kan)$i 41 LB (Luria-Bertani)
TR FRAL b, RRPARE T 37 cClRIREESRAE D,
BB TE . Pk 37 Cal b F7 AR Y . —
V%, FIFH MI3F A1 M13R 38 514 0E T3
PCR, i BHYE vERETR , AT 751 5E (b mt 2
FHEVIFHCA RA A, M6 &I 51 a9y 1
5%t RACE 5|¥) F3H-5'F F3H-3' (% 1), &
H# 2 xFast Pfu Master Mix [t B 547 PCR §
W RS R S IR KIS REAR A, ]
DNAMAN 8 HPFBEAT P I DF 2R H iy 2L [
2R FH) ., A Primer 6.0 A4S KEY
F3H-R2 Hl F3H-F2 (£ 1), {EE4G% 11
ZALEW T IS, AT F3IH B4 ER %
HIRF5>,
1.2.3 RhF3H EREMIERFEN
>kl DNAMAN 8.0 #1447 [ I 2 11 Jo

FeA Xt R MEGA 6.0 B8 R g itk
5 % ProtParam %4 %} RhF3H & H it ¥4k
FrPE AT 20 T (http://web.expasy.org/protparam) ;
& A Protscale M 3 X} RhF3H £ [ £ 175 K 43
Hr(http://web.expasy.org/protscale); K NetPhos
B9 3k % RhF3H 4 8% B8 A6 067 5 2E 47 20 #r
(http://www.cbs.dtu.dk/services/NetPhos/); K
SOPMA F1 Swiss Model %%} RhF3H & )5 —
RN = 2 25 44 1354 7 T (https://npsa-prabi.ibep. fi/;
https://www.swissmodel.expasy.org/) .
1.2.4 RhF3H ERALEREEE PCR

PEPRLL O LA I AL A AEAE I . BT
IETFIARUE TV SC g b, S0/ AR

SEHT9GRE B PCR (quantitative real-time polymerase

&: 010-64807509

chain reaction, qRT-PCR) PN £ 5 [H] i 1% K 56 iiF
W71, LA Action-R Fl Action-F {E- N INZ5| 4
(3% 1). & it qRT-PCR 5|4 F3H-R3 ll F3H-F3
(F 1) PEELIRAELE RNA, [ SEA 2L
cDNA. Z% NovoStart® SYBR qPCR SuperMix
Plus (LI RERHARARDUS, RINER
£345 35 uL fY 2xNovoStart”® SYBR qPCR SuperMix
Plus i, 1E. Su514¥)4 1.4 uL, 1.4 pL Y cDNA
b, 30.8 uL A9 ddH,O, HEAFL 70 uL, 4T
qRT-PCR ¥"#, W FEF: 95 °C 5 min; 95 °C
1 min, 95°C 20's, 60°C 1 min, 30 MEH, X
F 278 S A IR A X R Y A RE A
BB 3 WY ER .
1.2.5 RhF3H EEWRZFIE

f# F Primer 6.0 A1 A BTG5 1
FFU51Y) F3H-F4 1 F3H-R4, FHIZ 20 bp
R FH) (R 1), $2 B8 2 xFast Pfu Master Mix
UL 5 E1T PCR 973, S 2L 30t 72 51T
X safE AR . ] EcoR 1-HF (20 48 1 Wik
ARA BRA F)Ks pET-28a ks (sl £ R A= YRk
AWRARDHATHREEY), HEEY Y4 1.5%5

EAHEE RS FRL VKRS I, IR EA T IR 1T i atigh o il

FH] NovoRec" plus One step PCR Cloning Kit ( -7
R R BR 2 vl )% iR e Al ik - ) e
B B ad A R BUEER BE 12 3% 8 . Wi
) pET-28a-RhF3H # MM A DHS5a J&aZ A4 Y
o, BB R SR AT AE S Kan P4
FPA b, 37 CE|E R R . PRI
—PVE TP PCR %7, F bt i 7
1.2.6 RhF3H EEAERFIES5HL

W5 AL TR pET-28a-RhF3H F1 75 %% ki
pET-28a, REIRSININA BL21 RZE4MEH .
W% A5 1) BL21 N3] Kan $T0E 1 LB 35 s
AL, 37 °CH E B 5 . B A A
pET-28a-RhF3H F175 # 5k pET-28a fHYE BL21

B<: cjb@im.ac.cn
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F—EVE R IR T 10 mL &4 Kan HUikERY LB A%
Rrgedkerp, 37 °C. 200 r/min B3Rt . HHEK
ODgoo 15 %] 0.5-0.8 B, fiIIA 238 pL 0.5 mmol/L
B IPTG WK, 1F 37 CE&MFiBESEAEN
8h, WHS45H T 4°C. 8000 r/min &[> 10 min
W, 2 mL 0.1%WE0R £ 22 vh il (PBS) & 71T
e, XHUEIH A AL BE, 4 °C. 13 000 t/min
250 10 min JEWH EIEW, 2 mL 0.1% PBS
BIFULTE . A B HIEFITIYE, B 20 pL 8K
FIFES A 20 uL DTT {R2), 100 °C/K ik
5-10 min ffi 8 (148 PE . 435347 10% SDS-PAGE
LUK R 20 2 AT S R e . ffFH His60 #H
DR B R R A o T v R 4H AR iR AT Al
AR VR, K Ve E1T 10% SDS-PAGE HL
KA BT,
1.2.7 pCAMBIA1302-RhF3H i3 3% &K B
WS RITEL

i Primer 6.0 ZK{FB T BEDIAL 5
TUES 1Y F3H-F5 #1 F3H-R5, TXIZE 20 bp R
HARFH(F 1), %8 2 xFast Pfiu Master Mix Jif
UL T PCR 73, JRZesiiit 2 HIRAFIX
WA . 208 Yuan 25700951, FH Neo 1-HF
ity (A AR E P E AR A BR A FH pCAMBIA1302
FORLFEAT BT, WU 28 1.5% BN B I
HL KA, 5 it U0 7 A T 30 e I e Ak,
Ffl NovoRec” plus one step PCR Cloning Kit 1%
Fit 2700 G K Al Ak W AR R BRI A A BEE
IR 1:2 45 ¥i%E42)5 1) p1302-RhF3H 1A
JA DHSo &2, W —E iy
SIRATIES Kan B LB PUIEBUIRET SR 2L |,
37 CHEIEAT IR . PRI A 5 — VR T
PCR %€, WBORAFEIT . ¥4 p1302-RhF3H T
ORI p1302 25 FTOR A FHEZR R AL (L B A AT
GV3101 H, H—E R E IR SIRMTE S R
BRI LB Hitk Bkt b, 28 °CHE K

http://journals.im.ac.cn/cjben

Bigt . PRI — A5 1T PCR %€ .
1.2.8 #MEFTHEKEEEL. SE5KHER
GUS ¢t

PRECAHT o Pl EE 4L ik, p1302-RhF3H
A BORL p1302 W H— %, 5 5 mL LB R
Folk R IR R4, 6 28 °C.200 r/min AYFE K
3R 12 h, WA EAHITHEZRY . W
K ODg0o=0.8-1.2, WZIR 2 mL A7 B {4 6 MK
AT 150 mL & A 3 FiiE R B LB Rtk
Frestrp, 7E 28 °C. 200 r/min ¥ER PR
8 h, WIEMHAHAEERY. 4 °C.
4 000 r/min E.0 10 min, R B3EW, WA
1 mL Floral Dip Solution }5## %, WHTIRS .
Floral Dip Solution ¥ 57 JEH &k, AL 55
Mo fERMR Y, AR RIFR IR I 4L
iR 1-2 min, REFFELRIBHEEEFE 12 h DU
b, RGBT AN TR P
U, B TO AR5, ] 25 mg/L Kan 85
FRIEGH G AR T1 AR, $REC T AU 2L A
PR DNA, HEH F3H-R5 Fl F3H-F5 5| 4%
JEIPE R AT PCR %7€ . A 25 mg/L Kan 5%
T I S TR PR A AR B T3 18, % T3 AR
AR IR AE K | S, MK E 4 i A
A B, R B DR A bR IR AT B- D A BT R
(B-glucuronidase, GUS)ZL 5, FEARML MG T
WL REAH
1.2.9 #IEITHEk F3H 2 E qRT-PCR #&

PRBCEF A RY(WT), T3 U525 8 (p1302) Al
T3 LSRN ITHEKR S RNA, RGN
%t cDNA, #E£T qRT-PCR 43#7%,
1210 WEFTEKLERMEEZSENE

R A5 o 17 95 A4 B T B A O, B
—80 °CHYEAE) WT. T3 L p1302 Fl T3 fL5% 5L
PR TP AL RE , REBIFRER 0.2 ¢ J&, FREE
W, BT 50 mL 208, A 20 mL 75%Z
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B, 45 °CHAMTFHEE/EA 1 h, FABOHL
6 000 r/min &5.0> 10 min, ARl ; FREGY T (L
AR A R A RDIRMES 0.5 g, H 75%
LI BER QRS mL #EH), BIfSWEN
2 mg/mL. MRRWHBRAESIAW 0. 1. 2. 3,
4,5, 6, TmLE T 15mL &.0EF, H5%C
BESWOEZS 12.5 mL 2500, 430 e B vk B
J3 0. 0.16, 032, 0.48. 0.64. 0.80. 0.96.
1.12 mg/mL. BUFR#ER 1.0 mL & F 15 mL &0
b, A 500 uL 5% NaNO, &, FEo)HE
5 min; fIA 500 pL 10% AI(NO,): 5, 5]
B E 6 min; FHIIA 500 pL 40% NaOH &7 ,
F 75% O FEIRRERZE 12.5 mL T, ##
SICE 15 min, KL 75%ZBE N E XA, H
SpectraMax 190 BE#R1L, 7E 510 nm AW E P T
S, WIEARERZE y=0.102x-0.001 (R*=0.990)
THE B

MR €2 PR e P e E &
B 5, BUH-80 cCHRAF WT . T3 1L
pl1302 FI T3 EILRIRTITAEMR, KPR
02 g5, MWRAE, A 5% HCI-80%H iz
W 4 °CIZWLE 7, 12 000 r/min 5.0 20 min, H
W, W 530 nm AbRYWEGEEA ; FREUK %
2 F -3 2 Wl (iR AR W R BR S F)
FRUfES 5 mg, JH 5% HCI-80% 5 E 25

bp M A bp M B

2000

1 000
1 000 750

750 500
500
250 250

100 100

2000

1 LERIBT4EEETE F3H E & PCR # 12
F3H LR )58 % ORF X35
Figure 1

bp M C bp

2 000 2 000
1 000

190 9%
500 500
250 250
100 100

100 mL #55fifi, RIASMRIEH 0.05 mg/mL. 1K
W BRERER 0, 0.5, 1, 2, 4, 5 mL &
F 10 mL &P, 5% HCI-80% F BV i
JEZY 10 mL a0, 2B E BURIEN 0.
0.025. 0.05. 0.10. 0.20. 0.25 mg/mL. L) 5%
HCI-80% H BE R 25 FIXTRE, F SpectraMax 190
MEFR, 7E 530 nm AMELE R &, PhriE
2R y=0.97x+0.003 (R’=0.994)I+ B F RS,
1.3 REoHh

4R EHATE MR RhF3H 3R ik i |
LN R ST AR F3H FER AR . B &
HAMTRSELNEL 3 K, SR FE
R MR 22 (eks) R o

2 EREGHM

2.1 LEFIET#LES RhF3H R R T

PLEC R AL BSAE cDNA Shfbidi, FH fai 3t
Sk T PCR ¥ #43K15 490 bp 5T X341
(Fl 1A); WHERLRSF X P51 RACE 1, 43
53k4% 526 bp Y 5 TFH(E 1B)FT 901 bp Y 3'
FE5I (& 1C). I DNAMAN SRR AT X
S'XAN 3 X P AN IEAT X PR F3H SR 4K h
1245 bp, HAPAE 1092 bp 5% ORF JF41
(K 1D), 4t 363 M2 MR, GenBank %5k
3 OP018672.,

A: f#5FIXJES]. B: 5 RACE J£41). C: 3' RACE J$41. D:

PCR amplification of Rhododendron hybridum Hort. F3H gene. A: Conserved region sequence. B:

5" RACE sequence. C: 3' RACE sequence. D: F3H gene complete ORF region. M: 2 000 bp DNA marker.

&: 010-64807509
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22 HEMERESH

i i DNAMAN 8 {44 Ho Al il Ak 5 78
RhF3H 2SR 7 41 5 2K B 1 (Ribes nigrum,
AVI16674.1, RnF3H) . 77 3% #& (Fagopyrum
tataricum, ACQ99190.1, FtF3H). PUEZL(Pyrus
communis, AGL50918.1, PcF3H). "Mk
(Actinidia chinensis, ACL54955.1, AcF3H), 3£
H(Malus domestica, AAX89397.1, MdF3H), —
¢ JL ¥ (Epimedium  sagittatum, ABY63660.1,
EsF3H). F#(Morus alba, AOV62761.1, MaF3H).,
AR (Camellia nitidissima, ADZ28514.1, CnF3H)
2535 (Althaea officinalis, UOI87842.1, AoF3H),
A% (Vaccinium corymbosum, AYC35389.1, VcF3H).,
P B E B (Primulina swinglei, AYD87888.1,
PsF3H) Ml BF 1 % ¥ (Euphorbia maculate,
UNO85900.1, EmF3H)/Y F3H 2/ 75117
FEeXH (&l 2). Hi RhF3H EEASA 5 AR

|

RhF3H ... NEPT. TT
AVI16674.1 NAPAP. .. T
ACQ99190.1 NAPVAKE. . .S

AGL50918.1
ACL54955.1
AAX89397.1 NAPATTT.. ...
ABY63660.1
AOV6276.1 . . . .
ADZ28514.1

UOI87842.1
AYC35389.1
AYD87888.1
UNO85900.1
Consensus

NAPATT. . .

RhF3H
AVI116674.1
ACQ99190.1
AGL50918.1
ACL54955.1
AAX89397.1
ABY63660.1
AOV6276.1
ADZ28514.1
UO0I87842.1
AYC35389.1
AYD87888.1
UNO85900.1
Consensus

RhF3H
AVI16674.1
ACQ99190.1
AGLS50918.1
ACL54955.1
AAX89397.1
ABY63660.1
AOV6276.1
ADZ28514.1
UOI87842.1
AY(C35389.1
AYD87888.1
UNO85900.1
Consensus

Fe, H 3R 4 FI3ERE S TP AY His219, Asp221
FHis277 25 Fe” M4 &5 37 5 K Arg287
il Ser289 2 5 2-l [ —FRIES G ; ALy 2 FIAk
¥ 3 WAEAE 3 FMRSFIIIZRR (Pro149 . Pro205
F1Pro208), 7 F3H & i i3S i fi rp i d %
YEF . RhF3H [ HA Fe’ 454 (HxDxnH ¥ 51)
I 2- i 36— R4S £ (RXS 7871 A UUNN 48 i X
J%(20G-Fell_oxy superfamily), iif RhF3H &
LR 7 50 5 oAt Py Fh ) 2 LR 7 40 R4 T EE XS AT
1, RhF3H Z AR IR~ 57 5 HAB FIARZE L
{8 FHI MEGA 6.0 #/4% Lu A s A BS 4 RhF3H
IR S B T (Ribes nigrum, AVI16674.1,
RnF3H). #5353 (Fagopyrum tataricum, ACQ99190.1,
FtF3H). THHHL(Pyrus communis, AGL50918.1,
PcF3H) ., W4 (Actinidia chinensis,
ACL54955.1, AcF3H). (3R (Malus domestica,
AAX89397.1, MdF3H), =A% LM B (Epimedium

=\ VDQKVV]

DNVDQKVV

,,,,,,,,,,,,,, _ GVEE]
FEKDKLEVS o KPIEQ
.LQKAKLDS. ........ . KP1QD)
LETAKVDT L KPVDDy
ELEKAKLGA S KGVEE|
LEKAKVDT
.. LEKVDLKP. . .
LQDLENAKHHDQS . . . .
INEKLL QDQQDI EKAKLET . .
QQLQETETEKAKPDA. . . . . .. ... KPLEQ)
VLEEQ. ELEKAKL. E .. TKGEE]
TQKTQAELAEDE VKNI NTKLLPVNVKI SKGMEE
QDLKD. . I QNVKFDA. . ... ..... KP1 DK|

'

o
EEEEEEEEE L]
w
3
3

2 LEFIBTAEESTE S HARHEY) F3H S EBRFIINE EILR

Figure 2 Multiple comparison of amino acid sequences of Rhododendron hybridum Hort. with F3H of other
plants. Motif 1-5: The 5 conserved motifs of the F3H protein are marked with red lines. ®: Indicates three
important proline in the sequence. A: Indicates conserved amino acid residues involved in Fe*" binding. * :
Indicates conserved amino acid residues involved in the binding of 2-ketoglutaric acid
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sagittatum, ABY63660.1, EsF3H), W (Morus
alba, AOV62761.1, MaF3H). 4 {£2%(Camellia
nitidissima, ADZ28514.1, CnF3H), ?J%(Althaea
officinalis, UOI87842.1, AoF3H) . #it#(Vaccinium
corymbosum, AYC35389.1, VcF3H)., #hafik &
B & (Primulina swinglei, AYD87888.1, PsF3H)
FIBEH B B (Euphorbia maculate, UNO85900.1,
EmF3H) 12 FAHY) F3H 23488 7 51 A4 2 0Efb 4
(& 3). 4REW], HAEAEAS/E RhF3H A
Lt F3H RGO R iR .

ProtParam 4341, RhF3H & [145F N
Cir30sHo saoNus3Osa7S1s. FEXT 53T A 40 525.26 Da.,
MHESFHLEN 524, BT AT R (Asp+Glu)
A 55, RBIEHLfr RS (Arg+Lys) Rl 44, AR
SEFER(D) N 42.08 FENT RBCH 83.53. LA
I A A RhF3H 8 1O AN i 61 ff B IR P 2R
EPDigs

Protscale %I RhF3H #7178 1 H K B
(5l 4). RhF3H # H A7 7E B A sk XORIE
KK, HEs 44 fifeiy, o4 2.278; 55 147 fi
AR, H-2.722. 45RFKW], RhF3H EHEN

SRR T

F| ] NetPhhos 3.0 #f i H A ik 4L 68 76
RhF3H & A JEBIRIL A, S5 R WK 5. f71E
22 RIRARAT 55, Hirh 2252 (serine, Ser) 91,
7% % (threonine, Thr) 8 >, W& % 2 (tyrosine,
Tyr) 5 4~

FI ] SOPMA Fiiill] RhF3H & [ i) —- R 25
(B 6A), £ 146 MRS SN o- 180, &
MASLTRINY 40.22%; H 68 MEILIRS STE KL
s, (5 RAIERRE 18.73%; A 19 MEILMRS
5 B-Heoff, HBEARN 5.32%; A 130
RS EOcHNE, &SRR 35.81%.
iR, AR ARG AE F3H 8 1 2 R
WG o MR e FAE M 2. R Swiss
Model il RhF3H & H 1) =HK 451 (& 6B),
TE R B B P e B S F3H B A BT 81—
P o 1 B 1 BT R AR R A T [ U, 45 Bk
A% F3H & I 45 iRl 25 R0, HoRl g
KBS AE F3H 25 [l = 450 5 — a5 4 ) 2%
TARF, EICHIN G | o BE5E A AE i BE 45 1)
A -

99 Rhododendron hybridum Hort.
39 Vaccinium corymbosum (AYC35389.1)
34 Actinidia chinensis (ACL54955.1)
65 Camellia nitidissima (ADZ28514.1)

Ribes nigrum (AVI16674.1)

Epimedium sagittatum (ABY63660.1)
— Pyrus communis (AGL50918.1)

100 “——— Malus domestica (AAX89397.1)

Morus alba (AOV62761.1)

Fagopyrum tataricum (ACQ99190.1)

~
)

Euphorbia maculate (UNO85900.1)

Althaea officinalis (UOI87842.1)

0.02

Primulina swinglei (AYD87888.1)

3 LERIESAEESFEFIE M F F3H & B R RSt 1L it
Figure 3 Phylogenetic tree of F3H of Rhododendron hybridum Hort. and other species.
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—— Hphob./Kyte & Doolittle

iy
1t } W u J‘\
4 LEFIEREEETE F3H & A BB/ K T

Figure 4 Prediction of the hydrophobic/hydrophilic
of F3H protein in Rhododendron hybridum Hort.
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Sequence
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B 5 LtbFIRHESTE F3H EHREEREFIFRH
B& 4L & U T

Figure 5 Prediction of phosphorylation site after
amino acid translation of F3H protein in
Rhododendron hybridum Hort.
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El6 LbF|ETALESTE F3H &H RN =RLEMTAN
Figure 6 Prediction of secondary and tertiary
structures of Rhododendron hybridum Hort. F3H
protein. A: Protein secondary structure (blue for alpha
helix, red for beta bridge, green for beta turn and
purple for random coil). B: Protein tertiary structure.
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2.3 RhF3H ERFRIES

e 7 fos, fE 4 NMERERT, RhF3H
HEHEMRRAFRE TR TRMBEE, AR
H B 22 55 (P<0.05), RhF3H JENF A RTE
VI, HUORBETT I, FE G E I R
RN, WEP S E TN RE IR EE
S, FHEERF IR, TEPIIHH AR 2
6.45 1% . X HIEPE RAECIELL R R S AL 2%
RELES, ERM ST EZIE LG TR
ks, fERIFEE R S oM. 9 RhF3H
B RSB R ZAEEREARTTE
24 RhF3H ERAERMIESRTIESA4K

wE 8A FryR, KW T IE B A E 2H 5k
pET-28-RhF3H F%5 8Bk pET-28 % A KWt
B BL21 1, DIZS#kFoki pET-28 $% A BL21 fE
FEE BTN IE . 10% SDS-PAGE i H Uk 45
RE/R, ATEPEEAENR/NA N 40 kDa, 5
A=A B2 U KN -

& 8B firzs, fdiF His60 SR8 R Ns AT /g
XA S e A A T4k, 10% SDS-PAGE
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o
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B7 HFIEHREEERIRAENER F3H 2R
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Figure 7 Expression of F3H genes in Rhododendron

hybridum Hort. petals at different developmental stage.
Different lowercase letters indicate significant
differences at 0.05 level.
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kDa M 1 2 3 4 5 6

10

8 Z=4H RhF3H EQ4kEIE
Figure 8

kDa M 1

130

95
70

55
43
33

25
17
10

10% SDS-PAGE 7 #ft
10% SDS-PAGE analysis before and after purification of recombinant RhF3H protein. A: 10%

SDS-PAGE analysis before purification of recombinant RhF3H protein. 1, 3 and 5: Suspension precipitates at
37 °C; 2, 4 and 6: Supernatants at 37 °C. 1-2: Empty plasmids; 3—4: Recombinant plasmids without IPTG;
5—-6: Recombinant plasmids with IPTG added. B: 10% SDS-PAGE analysis after purification of recombinant
RhF3H protein. 1: The purified recombinant protein expressed using plasmid pET-28-RAF3H. M: Molecular

mass standards (kDa).

B VKZE R BoR , 4405 1% RhF3H 2 K/
25 40 kDa, E5Z T RhF3H % F7E BL21 H A%
hRik
2.5 HERMBETHIEE

wE 9 R, #EERWT, T3 ﬁ p1302 1 T3
5L FE N IET IF DNA 717 PCR X2, *THB

bp M

CK" CK™ pl302WT 1 2

2000

1000
750

500

250
100

9 H¥ER RhF3H HATHHERAESHKSR
DNA 3 FEE

Figure 9 Screening of transgenic RAF3H Arabidopsis
thaliana and molecular identification of pure strain
DNA. M: 2 000 bp DNA marker; CK": Recombinant
plasmid as positive control; CK™: Sterile water as
negative control; p1302: Transgenic null plasmid
Arabidopsis thaliana; 1-2: p1302-RhF3H transgenic
Arabidopsis thaliana.
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JEIH RAF3H JEA797 3, WT H p1302 #7744
RYHEH A, 1.2 FIE A OB (CK)# Y 3 H
iy, Ui RAF3H JEH B A B4 JF B L
20 DNA H,
2.6 HEREMETT GUSEE

R 10 7R, pl1302-RAF3H 1N g bidh X Hif
B A 8 F & CaMV 35S i sl (3 ) ; pl1302
S A Rk S IR 4 2 bk
HWYRAERL., FIFH WT. T3 18 p1302 Fil T3
BRI R I AR GUS RIBTEN, WT
PR IF AR GUS JEH, MR O,
p1302 FHEE IR ST 54 GUS 2, B4
PREWEE . UL H RIS B S R T
R
2.7 BHERFEETT qRT-PCR. S EFFNE
BRAIESH

WE 1A B, B4 B (WT) L RS A bk At
FRAE 20 %, P IS BRAFIE (M R o), bR
5 RN 90%. T3 18 p1302 IRG T Htk— LA
T IS PR, P 12 BRAATE (M R o gt FEARAT
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WT p1302 p1302-RhF3H
10 FHEFRUFPEIFTMEFERLBETT GUS &
Figure 10 GUS staining of transgenic and wild-type
Arabidopsis thaliana. WT: Wild-type Arabidopsis
thaliana plants; pl302: Transgenic null-loaded
plasmid  Arabidopsis  thaliana; pl302-RhF3H:
Transgenic Arabidopsis thaliana plants.
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TGN 80%. T3 A4 5L K400 e I Al Ak 2 A i
40 Bk, HH 39 BRAASG (M R b 2L ), MERRAFTS
R 97.5%. Hh WT Fl p1302 gt 7 Ei s
ek, MR T B2 L E
W 1B 7, WT Ml pl1302 #5253 45
IFHYIRE RhF3H 3£, T3 R IR T
Y& RhF3H SEK . D NCBI 25 #1401 B 7
FRk F3H JLRI(NM 114983.3), B4R 774
PR F3H 5. DNAMAN 8 # {4 He
PIFIT F3H SLF0 R R RS AE RhF3H D
HA 72.07%MHLE, PiEZIEE R PCR 514
AL, BEHH PR B 90 E & PCR 51 WA 245 5
YESIY), AtF3H M RhF3H TG XAy, {HAS

1207

o

10.0 |
8.0r
6.01
4.0
2.0f b b

0.0
UTTWT pl302 pl302-RhF3H

RhF3H relative expression @

HH

WT pl1302 pl302-RAF3H

B4 BUFNSE B R ST Bk qRT-PCR. B EMMETZLSENH
gRT-PCR, total flavonoid and anthocyanin content analysis of wild-type and transgenic

Arabidopsis thaliana plants. A: Phenotypes of wild-type (WT), transgenic null-loaded plasmid (p1302) and
transgenic Arabidopsis thaliana plants. B: qRT-PCR detection of F3H gene in WT, pl1302 and transgenic
Arabidopsis thaliana plants. C: Analysis of total flavonoids in WT, p1302 and transgenic Arabidopsis
thaliana plants. D: Analysis of total anthocyanins in WT, p1302 and transgenic Arabidopsis thaliana plants.
Different lowercase letters indicate significant differences at 0.05 level.
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RIGLE R, $2H WT. T3 18 p1302 1 T3 ft44
FEHEFEIT B RNA, Gt cDNA, il
qRT-PCR 73#fr. ZREH], 1£ WT 5 p1302
FITARRR T AtF3H Rk AT, R NRIT
FEbE T RAF3H FE R AT m T WT Fl pl1302 4
ST R

wE 11C ps, =B WT, T3 18 p1302 fil
T3 ARG 5L LR IF AR R 0 B I A i, SR
P T T VA VD ARE T T 8 1 A ) A
SEILRIE, #E WT Al T3 18 p1302 81 Rg S A ik
B BT . AL ST A R = WT AN

p1302 ARG IFHE AR L 5/, Fb WT Ml p1302
PURE IR R B 5 R 2 BE N 4.3 £

WE 11D s, $#2BWT, T3 18 p1302 F1
T3 REENPIE IR T RS &, KA
KAEM L LR 2 & |, 45 R%EY], WT
M p1302 LIRITHEMALT R & AT, 5N
ARG I AE MR AL T 2R 28 WT Fil p1302 #URIIT
MAEFZSER, L WT Hl pl1302 IR Mtk
WH RGN 3.0 f5.

3 W54 %

FERSAEAE ] B IS A, AR
LA T T M RO B . A RS AEAE
T WG R AT 2R A0 R B R G B DR 41 T
o Rk IR AL AT R A )R R
AW FEAE LA B AL B A6 Hh SE RS 3 1 4> F3H
K, IFFERE RS ARG Sk Al A — S B 3-8k
fitf RhF3H KR8 BT v e HE A At L S 46
BB 3-FAL B (RAF3H)EEN, FFEAT A1
BT SRR, AR AL RS IE RRF3H L
4K 1245 bp, 7% 1092 bp HY5E% ORF J7
G, ks 363 NEEMR ., EWIHEE¥ AR
B, HCAIES AL BS RhF3H 8 110 A Fa E 1 67 L i
M MEE AR, RWF3H & Al Fe 44

&: 010-64807509

(HxDxnH J341)F1 2-F % — R 455 (RXS J741)
F XU 480 Bl R X% (20G-Fell_oxy superfamily)
Al 5 WA TN 5 R, 20BN
FIEERES ZE ReF3H Ml RaF3H & (A 45H 8 H 2-0-
Pl 13 N Fe I AU A i B 4L, &
FRUMARG RN ;5517 B AR A T 2% 2o )
3-FRALE AgF3H &M% 4A His217. Asp219 Al
His275 25 Fe (454 (HxDxnH £41), Arg285
il Ser287 25 2-fl Ik R HI4E A (RXS F41)
T 25 R ARAT . RGE IR B R, A
AL ASAE RhF3H 2 H -5 F3H A ES R
R

I % B By BEAE I RAF3H 3 N AR 36 55
58 EIHE TR AR, TERIITF I R E
feE, HOERIF ., 5 RSP
T4 (Syringa oblata)h, SoF3H K:HFRIKIKF-
MBI SR B — B, W& 1B T (10 32 W T s ik
PRIk B R RIS 5 5 R o o 25 S gl 4 0 7
(Meconopsis wilsonii) MwF3H 3[R FH X 32k &
LIS TR TS AE, MwF3H JEIN
FHRS IR AR K T A A AT B 25 57

MR R A% ik 8Kk pET-28a-RhF3H, 1EK
ke BL21 iRk EAEN, HERIBH
HEHE I BT, RhF3H E AR T liE
M. Ak His60 HH i I F1 8 ) AE 3R A5 4l
hEHE M HAIEFERS /L RhF3H 8 H K /N2
40 kDa, SISMEAHE . SHIRE SR
XKW (Camellia sinensis) CsF3H 5 [ 7R 5 HE
FIR/NZ Sy 40 kDa &5 HAHI]; 580 4R %107
AT (Lepidium apetalum) LaF3H 5 [ K/NAl
Z4lifl LaF3H B4 E H B4 R/ A0 A . A
5%°4 RhF3H 2 [ A TR SN L SO | 23
FIRCH R 5 P B9 LA

P LI B AL BS AE p1302-RAF3H 33 3157,
i, RAER YRR TR bk, JFiTT
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DNA 43 F %2R GUS YL@ A, B A m
(WT)FI T3 U523 2k (p1302) N B ST Ak bk o 14
Gy, T3 RN TR A B %
o AR PSP ZM CsbHLH LR A
T AE AR AN B B B 4507, S ARG 45 A
i) BEIEIIT 2 GUS Y460, WT
PRI R R GUS JLH, AR T
o, T3 X p1302 Fld LR U pg I A AR 55 17 GUS
R, BRGSO e
It AINHX6 SR G35 GUS MRl & R iB 8k
AT IE 7 R 3 GUS JE [N ik 45 FAH I .
s T A DOE WU I 3% (Brassicanapus) BnPHLI2
FEDITESE L D BHPE R AR A AR . ZE A28 A
ME] GUS Hefa, SABIE AP it
FIRTFERSAE RAF3H LR A 3 R IF 3L R 24
tr; dEat gRT-PCR 4347, 76 WT. p1302 #lpg
TVRERE AtF3H FGR AT, Fe AR AR+
RhF3H JEH ik 55T WT Ml p1302 flpg T e
o o CEEPII St R RS L CiF3H %%
FER ARG T 1) ik et T X B4l . Song 2
BEMUAC LeF3H JLHEE AR B, 50T B 41
Fods, BERLDRMHHE LeF3H 3N f 3 ik i L 8P A
i Rkt s R OT B R T R
SR, WT Fl p1302 84 Bg 7 AR Ak B i A
WHER TR, 755 R IR AR B R A0
WHESEE WT H pl302 B4k E . Han
SR 25 i 3635 CsF3Ha FI CsF3HD A
PURE IF AT, 5 3 DR 0L g I v RS 40 ¥ i e
AR T RS | R Em, mpLsE
B SREEIG, D EGERE, JRE
RhF3H 3 R 0L RE I+ FE AR S ) 2 AN AE 75 = A
SRk, DT R M FL R R AR B €
AHFFE B UK ve b Y ECA B AL BS AL RRF3H JE
K, JF R 6 E ik 5 RRF3H 3 R ik ik
1153875 R R A% R BB AR RS RhF3H 4lifb 2
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