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 ZE:. BW CBEWIS Chrysanthemum morifolium — S 3 EEIE 75 (dihydroflavonol 4-reductase, DFR) J:[F, FFiF51IL
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Analysis on cloning of dihydroflavonol 4-reductase gene in capitulum of
Chrysanthemum morifolium cv. ‘Hangju’ and its expression characteristics

CHEN Lu, WANG Tao, GUO Qiao-sheng, ZHANG Xiao-ming, SONG Ling-shan
Institute of Chinese Medicinal Materials, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Objective To clone the dihydroflavonol 4-reductase (DFR) gene from the capitulum of Chrysanthemum morifolium and
study its expression at different stages of flower bud differentiation period, and in different periods of flowering in different tissues.
Methods Two pairs of primers were designed according to the reported DFR gene sequences of C. morifolium, target fragments were
amplified by RT-PCR, connected, and transformated, then positive cloning was detected by PCR and then sequenced. Results
Sequencing results showed that 1 152 bp sequence was acquired with the largest open reading frame of 1 029 bp, which encoded 342
amino acids. Blast comparison was carried out on NCBI. The gene had higher homology compared with the DFR from other species.
The sequence of DFR gene was cloned from C. morifolium. Quantitative PCR showed that the gene expressions were different at
different stages of flower bud differentiation period, and in different periods of flowering in different tissues. The highest expression of
DFR gene was at day 50 of stages of flower bud differentiation period; And in flowering the highest expression of DFR gene is in
tubular flowers in the period I and the lowest expression is in the receptacle in period II. Conclusion The DFR gene of C. morifolium
cv. ‘Hangju’ is cloned. The expression of DFR gene is different both in time and in space. The highest expression is in the period from
the buds mature to the capitulum open completely.
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DUR LB AL A, Horh, el e 20K
WHERRO R, |z Aee TR AT, S
vt REEMBt, FRNEGoEE. Pra.
PR SR, 2 H A S ) B AR
B g 90, A I O R ( dihydroflavonol
4-reductase, DFR) ZET &G OIS FERIOCHENT, f#
e =AM, AR S R A
M2 A E R OC R 25 5% TRt R IS =MLt AR
220 Hif, % DFR JEEBFFTE LR SRy
SIS S DG IR R, X6 25 U AB ) A T A H O
TG W TTRTATL AR I 2 A2 e AR b2
ol e 5 U S A R T, AR A A
FUB IR R BRAEVDP IR R B, AR WS
DFR B OCHRIE . A5 K ] RT-PCR #1475 AL
SRR e 1S 24 DFR &K, R HEk
SERMEHAT T, At P TSR b A T R IA
A O R AN TR M LI B it o
1w

SIS MPRLR BT WA 2 24 5 4 R s ],
T2014 45 6 J] 2 HH T 5t AR MY K 27 24 H A 48 Fh i
s ST AR K 7 v 2RI ST T S8 T AR AR
SE N 25 AR R B KRB Chrysanthemum
morifolium cv. ‘Hangju’; B AL 5 0 WG RERE 10 d
W1 IkFEGh, BLEEE I R, S a4
25 DTG A5 A6 SR A6 T OB BE bt (R D, H
BUSK AR IS 4 AN, 0 ) K 4l 25 IS 305K
16 ERIEFIEFFE, —80 CLRAEAH

R1 WMERREFFRIZE D RITME
Table 1 Flowering degree standard for capitulum of C.

morifolium cv. ‘Hangju’

74 HORAETF IR ERIETF IR
I3 1 TFIH 30% RIFI
I3 10 FFIB 50% FFI 30%
I3 111 FFIB70% FFI 50%
A TV AT I ARTT IR

Trizol (Invitrogen); Seskidiill&. DNA #HKH]
OSBRI S. pMD-19T Vetor. K
FrEEs2 54000 (DHSo). T H#4% (TaKaRa Bio,
HFEIE); PCR 51 (T AR ARAT R AT .
2 ik
2.1 RNAEE5%E

FIH Trizol YEFREUE RNA . $EEE B i i vt

B HL VKA I RNA R iie, 4 F R R e A il A%
R A4 RNA R B Al
2.2 cDNA &/ PCR # ¥ HBY K ER

HU 10 pL RNA 1EAARAR, 42 S e sl ) i
B 4533047 SO 5615 81 cDNA 35 —4% . H29% GenBank
B %54 DFR [f] CDS 42741 (GenBank & 3¢5
GU324979) ¥#¢it DRF-1F: 5-ATGAAAGAAGACT-
CACCAGCCA-3’F1 DFR-IR: 5’-GGGACTGATAAAT-
GGACCAACA-3’; DFR-2F: 5~ ACATTGGCGGAGA-
AAGCAG-3’F1 DFR-2R: 5’-AAACACATTCCCAG-
TCCCG-3’ 2 X 5|4t Bl LI EABARA
B w5 s DL cDNA R BEAR ™39 2 B H 1 7 B,
PCR Jx WAk & EXTaq 0.2 pL+ 10X Taq buffer 2
uL. Mg** (25 mmol/L) 2 pL. dNTP (2.5 mmol/L)
2 puL. DFR-1F/DFR-2F (10 pmol/L) 0.5 puL.
DFR-1R/DFR-2R (10 pmol/L) 0.5 pL. cDNA £
fix 2 uL. ddH,O 15.8 uL, EAFIA 25 uL. PCR
SN 4 TiAEYE 94 °C. 3 min, 94 CARPE. 30
s, 58 C. iB/K 1 min, 72 ‘CZEfH. 90 s, 30}
IR, 72 CHNFELEAH 5 min. PCR P B 7= )28 1.0%
TN B % o Hh AR M 5 (R A 44k
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2.4 #1% DFR E R [F5I8936EF

PG 5 521 DFR JE R4 41 385149
primer3-F: 5°-GACTCACCAGCCATTGTATG-3’ Fll
primer3-R: 5>-TCACCAAGTATGCTCTTTGC-3", LA
cDNA SRRy 14 H I, N4 R N A 2
Y15 “2.27 TAHIR . 5347 P2 BRI e I H vk A
WG Rt aitb =M. H)q s A sk
HBH P e 22 PCR RSN S b AT 17 o 5 Jo - DN &5
R EPHESE FAT LN .
25 HEYEERELSH

B 74 RPHE19 BIbT45 DFR JEKH, £ NCBI
AT Blast Eox), 5 O AR H AR DFR JE
DRIBEAT RSP 20 A, AR S8 BE I 32 HE CORF)
TR A FEIR 751 I A6 e R
2.6 HFEiLH DFR EERIZEHH

PN E s PCR (qPCR) M HTHisafe 4 /ALt
FERTFAE A R TR . EDIRTE . FEP 9B
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DFR ZEPRIRIE R . RYEHI% DFR FER BT 26 5E
i PCR 5|4 primer-F: 5’-GACATTATGGAAGGCG-
GATT-3" 1 primer-R: 5’-GTGGCAACATGAAACA-
CTC-3’#4T qPCR, ¥ H4-WK LN 85 bps L+
actin fE NS EER, ¥t 514): primer (actin) -F:
5’-ACAACTGCTGAACGGGAAAT-3> Al primer
(actin) -R: 5’-TCATAGACGGCTGGAAAAGG-3’,

PR K E R 196 bp. PCR RWAKFR: SYBR
Premix EXTag™ (2X) 10 uL; primer-F HI primer-R
%1% 04 uL (10 pmol/L); cDNA #ifi 2 uL; ROX
Reference Dye (50X ) 0.4 uL; ddH,O 6.8 pL. LA actin
ERNZ, W3 AEE, LLROX fEAFOIRIE: i

AR 95 °CL 308595 'Cy 58, 60 C. 308, 404

N 1z sk 95 °C. 15, 60 C. 60s, 95 C.

15s, &R 03 C, RE 1 RFOUES, EE 3 K.
D1 M D2

18 S

A
M-Marker DI1-HMFEHE B 1 D2-HMEH B 2 D3-HIfEHAK
Hivk  C-bi%§ DFR JEX 42551 PCR 4 MBS UK - D-9¢6E 5 PCR 5|0 St P50 E ) B bl ot e vk
M-Marker DI-target gene fragment 1 D2-target gene fragment 2 D3-target gene fragment 3 A-agarose gel electrophoresis of total RNA of C. morifolium
cv. ‘Hangju® B-agarose gel electrophoresis of RT-PCRC amplification of DFR gene in C. morifolium cv. ‘Hangju’; C-agarose gel electrophoresis of RT-PCR

3 ZERENH
3.1 % DFR E[E& ¢DNA £ [E

FIH Trizol ¥E MBI RNA, 205K
VKK I 45 L 57 28 S TRNA 1 18 S rRNA 454735 i
(K 1-A) HurE i G 2 %, e
RNA SEREPERUT ;s A% ot R IASCRT I A60/Aoso
B4 1.92, Ageo/A 230 T4 2.06, BB RNA 4555w,
LA 3] RT-PCR 4 3F1 qPCR 223K,

M 9 %6 16 DFR J& [Al ( GenBank Xf 3% 5 :
GU324979) [¥) CDS 2/F 4053 v it 2 X514, B
Bi% cDNA AR ml AT Y SRy (# 1-B),
P45 RPHES 2] 1 42K 1 152 bp MIbis
DFR A P41 Mt ©L19 211 DNA JP813eit514),
PR BN 1152 bp (K 1-C), 75
S5 RS PHEAT R B R 58 4 — 3

M M

2 000 bp

5000 bp L 000 bp

3000 bp
> 000 bp o 'f,g
1wy
P 100 bp

100 bp

D
A-PizgE RNA $JERUEIRHLIK  B-#i% DFR 3[R RT-PCR 4" 34t

amplification of full-length sequence of DFR gene in C. morifolium cv. ‘Hangju’; D-agarose gel electrophoresis of specific verification of qPCR primers

1 fEXRXE
Fig. 1 Related electrophotogram

3.2 #1% DFR EFEMEMEERZL

C A3 2 BT4 DFR ZE K7 41)7E NCBI_EIH TR 41
Lex o dT, RILZITA 544 DFR FEBR 341 [l i
h99%, UEEHZIEISL BT DFR JE. J7515
Hra i, BRI E —AMKE R 1029 bp 1) ORF, 3t
Gl 342 NRIER (K 2). ML Db
(http://web.expasy.org/), % AN 73 FLEZA
38 440, FISEEHLL (pDD K 6.09. HRHHAEL T
4> Chttps:/mpsa-prabi.ibep.fr/) T 11 2R 4544,
SERRUNZE W 134 A o-M8HE. 62 MEMEE. 36
A B-HrEF 110 A F G AER: (8 3D,
3.3 1% DFR £EMELRMER REH KD

NCBI 7 £ XI5 DFR 5 K] 4 i (1) 22 3 1%
H115 T ARl DFR J PR G B2 1) 22 35 18 7 51 3B AT L
P4 KT, Wik MEGA 6.06 #fF, %M Test

Neighbor-Joining £ R (K] 4). 45H
W, Bigg DFR &K g i 2 2L 1 17 41 5 4 R LA A
) DFR BE D5 9 ith 28 BE 18 13 41 RIS AR v, S 553
FE1¥) DFR 3 PR i i 28 36 19 1 41 1) [R5 A2 50 98%,
KAt Dahila pinnata Cav. 86%, [v] H%% Helianthus
annuus L. 84%; 5 AR HE Pt A 4 1 [R5
P, FIVETESLE 72%~80%., MM 1A Hidt
%G DFR JEPR 9t 28 5508 S5 50 RH G 6 . KENAE )
H2%, K43 Centaurea maculosa L. 5% Saussurea
involucrate Kar. et Kir.. £LJX% Gynura bictor DC. .
EVN2E Gerbera jamesonii Bolus. [f) DFR FE [ 4t
AR N R R BRGE, 5 AREE ARy e
Rhododendron simsii Planch. < % #& Bk Actinida
chinensis Lindl. %5 ] DFR F& X 4 it 2 FE FR AF 1HEAk 5%
R [FRHE R E IR
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TTATGAAAGAAGACTCACCAGCCATTGTATGTGTCACTGGAGCTTCCGGTTTCATTGGTT
M K E D S P A 1 Vv C A% T G A S G 1D T G
CATGGCTCGTTATGAGACTACTCGAACGTGGCTATATTGTTCGTGCTACTGTTCGTGACC
S w L v M R L L E R G Y T v R A T v R D
CTGGTGACATGAAAAAGGTGAAACATTTGCTTGAACTTCCAAAAGCCGAAACAAACTTGA
P G D M K K V K H L L E L P K A E T N L
CATTATGGAAGGCGGATTTAGCGCTAGAAGGAAGTTTTGATGAAGCCATTGAAGGTTGCC
T L w K A D L A L E G S I D E A 1 E G C
ATGGAGTGTTTCATGTTGCCACCCCTATGGACTTTGAGTCCAAGGACCCTGAGAACGAAA
H G v IS H v A T P M D 1S E S K D P E N E
TCATAAAGCCAACAATCGACGGTGTATTAAGCATCATAAGATCATGTGTTAAAGCTAAAA
I I K P T I D G V L S 1 I R S C V K A K
CAGTCAAGAAACTGGTGTTCACCTCCTCTGCTGGGACTGTTAACGTACAAAAACAGCAAG
T v K K L v I T S S A G T % N v Q K Q Q
TTCCGGTCTATGATGAGTCACACTGGAGCGATCTGGACTTCATCTACTCCAAAAAAATGA
v P v Y D E S H w S D L D 1D 1 Y S K K M
CAGCCTGGATGTATTTCGTGTCAAAAACATTGGCGGAGAAAGCAGCATGGAAAGCAACAA
T A W M Y F V s K T L A E K A A W K A T
AGGAAAATAACATTGATTTTATTAGTATCATACCAACGTTAGTTGTTGGTCCATTAATCA

18 K E N N I D F I s I I P T L V V G P L I

601 GTCCCTCGTTCTCACCAAGTCTCATGACCGCACTTTCTTTGATCATTGGAGCGGAATCAC
200s P s F s P s L M T A L s L I I G A E s

661 ATTATTCGATTATTAAGCAATGTCAATACGTTCATTTGGATGATCTTTGCGAGAGTCATA
220 H Y S 1 1 K Q €C Q Y V H L D D L. C E S H

721 TATATCTCTATGAGCAACCCAAAGCCGAAGGGAGATACATCTGCTCTTCACATGATGCCA
240 1 Y L Y E Q P K A E G R Y I € S s H D A

781 CCATTCATCAATTAGCAAAAATGATCAAGGAGAAATGGCCAGAGTATCAAGTTCCAGCTA
260 T 1T H Q@ L A K M I K E K W P E Y Q V P A

841 AGTTTGAGGGGATCGATGATGAGATACCGATAGTTTCTTTTTCATCAAAGAAGTTAACCG
280 K I | 53 G I D D = 1 P 1 % S F S S K K I T

901 ACATGGGGTTCAAGTTTAAATATGATTTCGAGGAGATGTTCAGAGGAGCAATCAAAAGTT
300 p M ¢ F K F K Y D F E E M F R G A I K s

961 GTAAAGAGAAAGGATTACTTCCATATTCCACAAACGAGACGAAGGAGGGACTCAGCTCGT
320 ¢c Kk E K G L L P Y s T N E T K E G L s s

1021 CTCATCTCAGI'AACAAAGGCGGACACTCACGAAGAGGAAAAGTTACAGATTATCCATAA
340 s w1 o=

GGTGGCAACCCCACCCTTTAGCTCCTCTAGCAAAGAGCATACTTGGTGAATAATCCACAT

T HEH ke

B TR LS T

Initiation codon and termination codon in boxes

2 #1% DFR £ cDNA 73 & il o S 58 75

Fig. 2 cDNA sequence of DFR gene in C. morifolium cv. ‘Hangju’ and its predicted amino acid sequence
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Fig. 3 Secondary structure prediction of C. morifolium cv. ‘Hangju’ DFR gene
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Fig. 4 Phylogenetic trees based on amino acid sequences of

DFR gene in C. morifolium cv. ‘Hangju’ and other plants

qPCR 3 AL 27 3 AL RE 1¥) DFR JE KA 6 R IA
i (B 5), 4 PCR &5 Pk itk R (8 1-D).
SR LWL ], 0~20 d DFR JE[H ik &
JeH ARk, 20~50 d, DFR JERKRIERE FiFE
5 50 d ), DFR &P 0k fik 2 5 sl - qPCR
ST A AN [F I SRS TOIRAE . BRIRAE . FEPE
] DFR &K AT RIEE (K 6). &iBA7 DFR X
FIE AL TEACINAN RN AT 22 55 (R INF SR AN [) 348
fi7Hh DFR AR IR AT 2= 5. i DFR 2[4
TE T IERRAE P Rk et s, ARSI 10 Ay
Foh Rk B fI%; DFR JERIEERRIE H R IE B4 5
TRl AT RAEFIAE AT 7655 5 DFR [
TEAC B[R] — B A 1R I8 o Bl A S 1) 52 30 0 P
S, RS SRR I R e A A
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Fig. 5 Relative expression of DFR gene in C. morifolium cv.

‘Hangjuw’ in flower bud differentiation
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Fig. 6 Expression of DFR gene in C. morifolium cv.
‘Hangjuw’ in different tissues in different blossom of periods
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P RZAVE A EIRACE ) — T, AE
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SEMZIAE L, g, B fops 2071,
EA LIS AN E S BT, 5 M L A 7E e
HAR & I 2 F F A {8 - DFR /& DFR i 5%
() — S FE IR SR A, 4 ok 4675 AR R AR R
KMz —, CRMNEXK. SMmE . R ITAE
25 2 2 2 ke A vl e e £ 3 PO R s Tl
RT-PCR AR R 0C B 2] T B4 DFR AL (1)
cDNA P, N4 X B AETE 3 & A &1
RN FTHRAL T Hefi o

SEDN v b 7 S RT-PCR #4475, RACE 4%
ARk cDNA SCJHE%E, RT-PCR 48475 RS2 06 %
T SRR SERARE L T REME IOl I
VPP RT-PCR #7975 v pe 3 51 1 J6 7
DFR JE [ o 52 5 FH 45 210 FH 0y 12 v e 45 2RI A -
ZxE ab HivHAER K. BIEASR KN
RT-PCR #1432 50 BE AU 45 DFR BRI 2:m] A7, 45 R
REE . T I BRI R A R LR DL R i i S B IR 41 1)
oxy, FRUIZIEE VA EBLOR ST, Rl fE R

IR, X SR AP RS SE B E

qPCR AR 2 I AR IR B ¥ it A
WS FHE DR e A A= 50 SRR 0993 S ) s
ST, AEEE BRI b T 2 RS, ZERIT
FEEF R LR BB A AR RS RS,
ERVELF e RUER . AR s 0 A
S I QPCR BEARBFT T B s 461 DFR 2R 1)
KRR . 45 SR W] DFR 3[R ) 96 1A A7 70 I 1) F1 25
)BT 2E 5 AR ZE TR 04 B SR A T 56 4 TRk
(PR, A4 DFR S PRI7E A6 35 BN K 2 E IR AE
TEI 30% (1S i) B N I8 = f s At DFR LA
TEAESE A I 5 EAE I K e h Rk, if
TEAE WIS B, TFAR I 32 ZEAE AR
e RIK, IXECHAT HOEAT A (AL, FIHE
T DFR JE X AT GELEAR ) AL 2 A 25 (0 3 ik T
B XS ERB SPGB SR
W RG] 5 T 4E Y5 DFR DM 260k o itk
HEMRT2E DFR 2R AR AR TV Rk & T
I T0. B 300 TO0, W] @8 A2 P T Bl o £ T SR 5 17
Bhn, e ImANE N DFR LD (0 £ E BT .
1M DFR JEPR A RAEM I 11 H L 2 kb T
e —SE Py S R - O o #3047 DFR &[R04
FEANTE A A0 AR T B8 52 2 HAD PR R 3 A Py A
EJ AP

ARG v B A3 2 T AT DFR LK 741, IE S
TZIERAEAC PRI AR R RS 0] 22 55 WEUSS
RGEA AR SCHR P AEHEM, U4 DFR Rk ]
BE A (A R A AR R IR S N B AT % £
A R IR ABE S ] 52 380 P55 TR 0 P S R 11
5, DFR JE PR (1) 3028 5 XAl 52 46 75 25 15 B S5 )
Ty BT

S 3k
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