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Cloning and Characterization of Dihydroflavonol-4-Reductase Gene

PtDFR from Populus tomentosa
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Ornamental Plants, MOE, College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China)

Abstract The choice of substrate for DFR is an important factor in determining the species of anthocya-
nins in plants and determines the proportion of anthocyanins to a large extent, so that the plants end up in different
colors. In addition, different members of the DFR gene family have different catalytic efficiencies for substrate, so
it determines the types and content of anthocyanins in plants to some extent, therefore affecting the color of plant
tissues or organs. In this study, the dihydroflavonol-4-reductase gene was selected as desired gene. Based on the

analysis of the existing transcriptome data of Populus tomentosa, we designed a pair of PCR primers, using Populus
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tomentosa genomic DNA as a template, and obtained one member of the Populus tomentosa DFR gene family by
PCR amplification, and named as PtDFR. The sequencing results showed that the full length was 1 519 bp, com-
posed of 5 exons and 4 introns. The CDS length was 954 bp, encoding 317 amino acids, containing one conserved
domain of NADP(H). Both amino acid similarity and phylogenetic analysis showed that PtDFR with Populus alba
L. and Populus trichocarpa is as high as 95.65% and 94.21%, while the DFR amino acid similarity with other 7
species such as Citrus reshni, Zizyphus jujuba, Vitis vinifera reached 89.29%-82.14%. Further transcriptome data
analysis showed that the FPKM values of PtDFR presented big differences in tissues and organs. The FPKM value
in germinating vegetative buds was the highest, conversely, the lowest in the dormant vegetative buds. The expres-

sion trends of PtDFR in male and female flower buds during develoment were similar. The results will lay a good

foundation for further studying the function of PtDFR.
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Table 1 Oligonucleotide primers used for DFR isolation in P. tomentosa

B K S5 —~3)
Gene Primer sequences (5'—3')
PtDFR PtDFR-F1: ATG CTG TCC GAG CCACCG

PtDFR-R1: TCA GGA CGCAGG GAC CACT

M

M: DNA molecular marker; 1: PCRY 4 7=47; 2: B 2HFUFPCRE E -

M: DNA molecular marker; 1: PCR product; 2: PCR identification of recomninant plasmid.
Bl EQ#HPDFREFTE
Fig.1 Cloning of PtDFR gene from P. tomentosa

F R 5IYHETPCRY 1 . 25 WL PCR AR R 045 1%
PCR buffer(10 mmol1/L Tirs. pH8.3. 50 mmol/L KCI.
2.5 mmol/L MgCl,), 50 ngE [H#5 gDNA, 20 pmol/uL
f) 555 51 A1 355 51 404 0.5 ul, 1 pL ExTaq DNAZ
Gl RIBSELE 94 °CHIAEE S min; A5 1E 94 °CAE
PE45 s, 58 °CHE 145 s, 72 °CLEMH 1 minZeF T 4734
BAEIR; 572 °CIE(#110 min, 4 °CIRAF. PCRI M
SEE, FH1.2% 3 IR WE B B vk AT AN, 44 )5
UNIQ-10#% X DNA K [ & xd B i 2% 7 #EAT R
B, BP9 5 pGEM-T Easy# /4 (Promega)if {2,
R NS RE EAR A 5 ul 2% 2 b, 4.3 pLlEllg
P¥). 0.4 uL pGEM-T Easy#{A. 0.3 uL T4 DNA%
ey, INJCHE ddH,O 2 SRR 910 pL, T 16 °CFi%E
2 he HUS pLEFE =) 46100 uL TOP10 KA AT 14
JERSZAS Y, P M 220 JSRLE i PCR&S T (S B2 A
] )ik At BURME P A 7] 58 B T -

123 AMEESHRBL R T RABEX M
Or FRRE £ B A BTk AT .
NCBIE 26 ¥ 3 & fijConserved Domains Database?”)
B AR 57 45 #9315, {3 F Clustalx 1.83 1 Bioedit® 47>
e [ J5 Pk, 32 FIMEGA 7.0% 473 1 & e 3k 4k 5%

Z, X HNeighbor-Joining(NJ) 5. 7%PoissonfE Y| i HL
Completed deletionts s EE RG M. AL FKAH
Bl h S IPIDFREL R kA5 B, R Rk 7K 1
73BT K HFPKMiZ% .

2 FRES
2.1 DFRHI=ESFIIDH

RIE B M AR, B PCREIY), L&
3 R AR, il it PCRYT G315 H 1 H B,
PCRY™ Y =W 22 1.2 % B G W gt Jie LA I o &5 21
IR, PIDFRFTBAKEZ N1 600 bp( 1), HI%%
i A E 5 pGEM-T easy# AR E R, #4b K HT H
TOP10/EZ A4, 4 Ampiiik kG| 1. H—
B PCRYE L REZ W, LHE A T DNANER, Aly-
1 5 (% 5 RZE 1 PCRFZW K /N 58 4 — 8L 1)
DNAZ1 (K 1). 1B PCRA 4 B4 50 % N\ pGEM-T
easy B AR . W T 45 KW, PtDFREK N1 591 bp,
B 6NN TSN E T (KB2), gifd 3174025
73
2.2 EBHPIDFREFEH S5
22,1 RERELM  WAEPDFRINF R, 454 Phy-
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tozome v 12.1FE £ K HEHE , K H Clone man-
ager X F4x | PIDFREE N M S5 Mn =, 1% A 6
I ETFRISA P T A R(EI3)

2.2.2 PtDFR% R R Rt L & MRk
PtDFR¥Yi i 2 FE TR T 4] [R5 14 b 45 SR =R 2 s
AN[FIFEY) DF R4t (1) 28 518 17 S A7 AE 36 ORIV 22 57
P, EE#PIDFREM A . ERY DFRZE AR
BT JRE 53 531 9 95.65%A1194.21%, T SHAR . &
B4 TR M. 20 2R R0 SR DFRZUE FR AR UM
1-82.14%~89.29%.

I FH NCBIR 5 1 7 28 Blastp 4K /4 X} PtDFR
KR V] Be I S5 A I AT IO (B 4A), AT
AIRE LA S5 F9 3 - PLN02650( 4 3 i /i if J5
). FR_SDR_e(SDRAHKHE H ). WeaG(#%H — %
PR 1 22 1) SR A B )« HpnAGE Bt AR SCHE 22 W) 53 44
M ). EpimeraseNAD({K #1422 [n) 5 ¥4 i / R 7K B 5K
%) A FF DNAman#k £4-4% & (14 PtDFR 5 &
R#PuDFR1. PtrDFR2. PtrDFR3, fl 7+ AtDFR1
QIR T H AT R T 5 2 B LR (B 4B), 70 i
SER TR, SR A A 2R, o BITE

1 ATGCTGTCCGAGCCACCGTCCGAGACCC!

tatacatcagtttcattaaagccttggtttatgattttc

91 tcttgtt TTTGCTGGAACTGCCAAAGGCATCAACCCACTTGA
181 AGCTGATCTTTC ATTC) AC: ACTCCC
271 CAAGGACCCCGAGY t taat
361 g tg gta tt taatttcgtgg tataat
451 ag taa: ttatagtgaaatcattaatgtt 'GA
541 GGTGATCAAGCCAACAATCAAC “PGGA AATCAAAAACAATC 'CACGTCATC
631 TGCAGGAAC C: TG
721 Ga ttagtactata ttaa gctg tgaaa tt
811  aatataaatccttaaac gtaceg CGTGTCCAAGACTTTAGCAGAGCAAGC
901 ARTAACC! AGCATCATACCAACTC ATGCAATCAATGCCACCAAGTCTCCTCACAGCGCTT
991 TCA CACTGg tactgattcttaaattagtg
1081 TCATTAC AGGGAC. AC TCTGCATGTCTCACATCTTT
1171 CARARGC
1261 TACCC AR ttattg
1351 ttaattaaatcttgttggatcagGTT TGGC TTTCTCATCC T
1441 GACGGAC' ARATAC ATGTTCGCAGGTGC TAATTCCCCG
1531 T AR GTGGTCCCTGCGTCCTGA

R ADNGFRD ARSI TN 7, QIR L A [ 519 .

The capital letters and lower case letters representive exons and introns respectvly. Underline sequences representive forward and reverse primers.
&2 PtDFRF%
Fig.2 The nucleotide sequence of PtDFR

- —

3rd exon
500
1

1st exon 2nd exon

L

6th exon
1500
1

4th exon 5th exon

1000
1

PtDFR (1 591 bp)
B3 PiDFREFELEH
Fig.3 The structure frame of PtDFR
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Table 2 Similarity of DFR-encoded amino acid sequences

L=k RHREFS BIERR AU %
The name of plant Gene ID number Amino acid similarity /%
Populus alba TKS10150.1 95.65

Populus trichocarpa XP_002300759.1 94.21

Citrus reshni AGR67385.1 89.29

Ziziphus jujuba XP_015884708.1 88.33

Vitis vinifera AAM47527.1 87.27

Theobroma cacao XP_007017586.2 86.69

Prunus persica AJA79073.1 86.67

Prunus cerasifera ABUS88896.1 85.00

Morus alba AAU06584.1 82.14
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99~114 bpibdmtd I IR & H — M NADP(H)4: &
B, WONRBEGRSY, FEAET R & g h BoA b
YERT, PAIZAE 193~235 bphb & — AN RYIFF 145
EEEDACE
2.2.3 £G4 PtDFRA R BAGKE T A2 ) G 3% A
HI I ProtParam £ £k /4 it 73 1 PLDFR 2 5 2 1) BELAL A
J5, GBS IK 8 5 43T 509 38.06 kDa, FHIB4E H AL
(theoretical pl)A5.62, H Ay 7 FLAiT (1) 5% FE 4 5 5
(total number of negatively charged residues)™ Asp#ll
GluZ FE R S 30 49, 77 1E HLAT 1) 5% B 4 6 4K (total
number of positively charged residues)™' Arg#fll Lys%
LR S HUN3T

SR A R IR TR S EA RN
5 R 7 (G A0 BN I R B L R PP 471, B IARAE S
AT LA EmRNAB G E B E R )R T ok &
B, W T A, B E K EEE AN
RPN, AR EE S RG], FSikgEA

(A) 1 50 100

Query seq.
Substrate binding site 4} A

JRAN-Yii & 2 K AR R P8, WA E A
AWM G, (55 It 2w U1k, B s 2824 in T
J&i B AT R AR, 3 B Ah . A FH Singal PAE 28
I3 BT KA X PIDFR & [ AT 45 5 R T, 0 &5 SR
(E5A)2 7, PIDFRIFCIE 240.123, Y{H 40.141, S{H
H0.197, FEFIX AN E E ] B ARG 5 KX 387 3L
NT0.4508 R ABAF FRE), A2 WEH.

M| HIProtScale E 42 B A UM 25 H o (1) 5%/ 7K
P, 45 R (EISB)FTR, o~ 4 A PtDFR & [ 1) 55 7K 14
JBE 7K B B /M 2389 e KA 2511, M4 4k
HRTFONGIAKEE. NTFONIEAKMER A, F8A
RIERR T A oK R R E 2 T HK R
FR, DR, HEMZ & (RS K E A .

i 3 7E 28 % TMPred % PtDFR 25 [ 33 47 5 i
ghr oA, 45 R(E5C) 7R, PIDFRIF) 73 #9211
949, T BE A7 1E 2™ 5 158 25 ) 38 (B K 1750000 i 2%
b 5 L 45 1350

150 200 250 300 338

Active site} & hd

Specific hits

Non-specific
hits

PLN02650
HpnA
Epimerase
SDR superfamily

Epimerase superfamily

Superfamilies
(B)
AtDFR MVSCKETVCVIG | GVLVMN LERGYFVRATVRC
PtrDFR1  NGTEAETVCVICG | GSVLI NRLLEKGYAVRATVRCP
PtrDER2 .. hL%PPS%LgL R YTSV%KLRFM SLVIFSL
PtrDFR3 NGTEAETVCVICG | GSVLI MRLLEKCGYAVRATVRCPO
PIDFR - -..CCPSFRPRP. . MSASFC. . FH FCFRFSLVI FSL

AtDFR
PtrDFR1
PtrDER2 [
PtrDFR3
PtDFR

AtDFR
PtrDFR1 y
PrDER2  NZ2SEL |7 L.I\EM_\,A;[ Pcdivy
PtrDFR3 IS : TE“EAP{E‘ Vicdin
PtDFR SMPPSL TlenE Ak Yiel
SMPPSL TALS IT NEAHYI
substrate specific binding site

ADFR  EN|
PUDFR]  GREEKYS|
PurDER2
PtrDFR3

PLN02896 superfamily

GORCVFRVATPNCFESKCPENEVI 100

FVATPNCFESKCPENEVI 98
FVATPNCFESKCPENEVI 100

3L RIgKYPEYNVH 300

FCLA KHLF‘:K":’PEW\'V

STREGVI
(FKCIC
IV AKE KT

" K LR KYPEYNVP

f1 Bl EFCRCKEFUBVSL sYEs] SEI RTKREN] CVKTGDGLTCGAKPCNKTETGI TGERTEAPMLACCAC 381
FAGAVETCREKGL| FLSHRKCVVEECKE NEWVPAS. ................................. 346
GAVETCREKGLI BLSFRKCVVEECKE. NEVVPAS. . . 344

PIDFR  [GREFKVSLECNFAGAVETCREKGLI ERSEKKEAVEECKE. NEVVPAS

.................................. 337

A: BEAMDFRE AN RTEIES T, B: EAM. BRY. HITFDFREIERL 10751 EEX
A: the conserved domain of P. fomentosa DFR; B: amino acid sequences alignment of DFR derived from P. tomentosa, and P. tricocarpa and Arabidopsis.
El4 EBHDFRIRTFLEMBMEEELFTILLRT

Fig.4 Analysis of conserved domain in PtDFR and amino acid sequences alignment of DFR
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1.5
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S S 05
A 04] a2
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© 1000
04
~1 000+
20001
S -3000] |
e
4000
~5000 |
~6 000

0 50 100 150 200 250 300 350
Position

A: PtDFR{5 5 ik; B: PIDFRER [ (¥ 5% /K 14/ K 1 20 Hr; C: PDFR AR [ 15 45 4 Sk P30 -
A: PtDFR signal peptide; B: hydrophilicity/hydrophobicity analysis of PtDFR protein; C: prediction of transmembrane domain of PtDFR protein.
E5 PIDFREESAK. FKM/ERK MRS RS 1
Fig.5 Signal peptide, hydrophilic/hydrophobic and transmembrane domain of PtDFR

Populus trichocarpa
Populus tomentosa
Populus alba

44 Theobroma cacao

Vitis vinifera
41

Arabidopsis thaliana
52 Ziziphus jujuba
Citrus unshiu
N Morus alba
Triticum aestivum
99

Ozyza sativa

Ele ERMSHMEYIDFRERGHENL I
Fig.6 Phylogenetic analysis of DFR from P. fomentosa and other plants
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986

(A) Femal floral bud

FPKM value
=

Jun.25 Jul.30 Aug.31 Oct.8 Nov.8 Dec.l Jan.3

B)

Male floral bud

FPKM value

Jun.25 Jul30 Aug31 Oct.8 Nov.8 Dec.l Jan.3

(©) Tissue and organ (DVB/GVB: dormant/germinating vegetative bud)

15 ]

10 |

5]

FPKM value

0 . . ||

Root Stem

Leave DVB GVB

[El7 PiDFREFBIBAREREFENT

Fig.7 Analysis of tissue expression characteristics of PtDFR gene
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HigE L7, 2 5 Bk 20T R &, BAEX
ELABEA FR(ETA). HEE 5220k B M5 148 5
MO H25H). SERETHIODRFEEE
F BB R I mng i AR R IA B, LA
M RIEWEAE LIE(ETB). EAMARALSRE ER
FIEM XM LR, PIDFRIEW B8 7 2F h Rk &
B e, AR, RS 77 2F B AR (B 7C)

VAN 5 S

3 it

HEHRAL A (flavonoids) 2 M R AR K U EAR
W=, 24N (A-B-FR Y3 g 3 5 4
G B C6-C3-CoIL AL M — ZFlh s

Y™ W FEIE T 2 (anthocyanins). ¥ fl(flavones). 5
Tl (isoflavones). %M % (flavonols). 34 KilE (fla-
vanols). & ¥l (2H-favanones)&s JL K2R, 4L
B &S H IR A BOg R &z —, AR
o [ AR P 1 1, DFRI R EL RS8BT AL
DHK. DHQFI DHM 73l AE il TG £ K 24 25 2 (leuco-
pelargonidin). J& .55 %26 % (leucocyanidin) fI G 5, &
HEH R (leucodelphinidin), B J5 48 ANSHEALAE BOR 2
FER . REHR A RHEL R,

MR KR, BEW PrDFRA T 25 ik .
DFRI& 0] A 9 35 5t B -4-14 Ji7 1 (flavanone-4-reduc-
tase, FNR), f# {0 A Bz 25 F 5 By A= Jld 5 bt -4- B
(flavan-4-ols), 1 17 78 oAt B R/ FH R T8 B 3- it S84
#H % (3-deoxyanthocyanidin), 1X AL EAEY) 230 H
PEL e, T H 3- WA A6 TE R A H A ) 5-72
ST (primuletinyid ] 15 4 5 AH149) o 416 AE0 320 71 AN 240
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BiRE . 2 T, 454 Phytozome v
RAKIEEE R, whE T BAM PIDFREKER, H
BRI Gm g IR 2 U5 & — NNADPH) 4SS & 07 A, Fil—
AR VLS A 00T, JB TDFRE KRR, S 51
WAETE R IA K, 77 B BlastpE 2k /T4
XTPDFR 1) 23 7R 7 51 43 B 43 2 H & A SAN AT e 25
Pk, B T A EREE RS, I FEWeaG (1%
TF - WERHE 22 7] S A ) HpnA(EE B 28 AH Sl 22 1)
7t 14 i) EpimeraseNAD(HK #fi 11 2 [7] 53 #4) B/ flii 7K
it 25 %), U BH 12k B8] P 910 T R 4 Al ik R g 2
5. WFFLR B, —LEDFRAT LA A B 4LDHK. DHQ.
DHM, {H X3RRI AL AR A FS. A IDFR R
REAE AL bR e 1) — S B R , 4n %8¢ HDFR1 A g
fi£ {bDHK, MiDFR2W] {# {LDHMAIDHQ" . [KIDFR
AL FE YR RS ) B R B, ik A 2F
o f{)DFR 7] {i# A DHQAIDHM, 1 H:4¢ Hi Bl 15 4,
AReEALDHK, T {45 2% 4= AN e = AR i 21 R e,
{HMEYERZ114 £ KDFREE N S48 Ky [ 46 11 45 7
A EI PR AR T RE A R R L. R, DFRA R
(RIGE 5 A Ve 5 5 R Fh A €0 o 288 119 B B2 [ 32 1A
IR KFERE b v e (et 1 e, i i d 4 B 44 2 A
A Rt o 3k — 20 1) S B R AR ALL 1 B X 2 AT s,
PtIDFRS ERP. ¥R, W IT SHEYDFRE H i
AR B E A — 8. fERGEHE i, EAH
HERMRGR R B, FHOOE SRR S50 T
WA, 5 YN SRR RO, X 5 Y
TEA 2 LS AR — 8 AR S 820 M K I,
PIDFRFENTEAN AR -, AEAESIK, J8 T RE
A, BE2MNE A M. 8 S Rt Rk i
BT %1, PtDFRAEE I H 46 28 AN [Rl i 1 ) Rk ' 5 4k
FIR B A — 2, R IZ I R R R B A
H R A . 1ZF 7@ B A PIDFRIE N 578
BE. RRAES AT, LA SURE R R IE A HT, N
BE— P TR R R A AR .
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