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Cloning and temporal-spatial expression analysis of dfr gene
from Scutellaria baicalensis with different colors

Jiangran Wang, Yufen Wang, Shuting Wang, Fangjuan Zhang, Yanbing Niu, and Defu Wang

School of Life Sciences, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China

Abstract: Dihydroflavanol-4-reductase (Dfr) is a key enzyme that regulates the synthesis of anthocyanin and proanthocyanidin
in the flavonoid biosynthesis pathway. To investigate the difference of dfr gene in Scutellaria baicalensis Georgi with different
colors in the same ecological environment, three complete full-length sequences of dfr gene were cloned from the cDNA of
S. baicalensis with white, purple-red and purple colors using homologous cloning and RACE techniques. The three genes were
named Shdfrl, Shdfr2 and Shdfr3, respectively, and their corresponding structures were analyzed. The results showed that all
three Dfr proteins have highly conserved NADPH binding sites and substrate-specific binding sites. Phylogenetic analysis showed
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that they are closely related to that of the known S. viscidula (ACV49882.1). Analysis of key structural domains and 3D models
revealed differences in the catalytically active regions on the surface of all three Dfr proteins, and their unique structural
characteristics may provide favorable conditions for studying the substrate specificity of different Dfr proteins. gRT-PCR analysis
shows that dfr was expressed at different level in all tissues except the roots of S. baicalensis in full-bloom. During floral
development, the expression level of dfr in white and purple-flowered Scutellaria showed an overall upward trend. In
purple-red-flowered Scutellaria, the expression first slowly increased, followed by a decrease, and then rapidly increased to the
maximum. This research provides a theoretical basis for further exploring the mechanism and function of Dfr substrate selectivity,

and are of great scientific value for elucidating the molecular mechanism of floral color variation in S. baicalensis.
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Fig. 1 S. baicalensis petals at different growing stages.
From top to bottom: white, purple-red and purple
flowers of S. baicalensis. F1: young-bud; F2:
medium-bud flower; F3: pre-bloom flower; F4:
full-blood flower.

Z: 18 PrimeScript 1st Strand cDNA Synthesis Kit 5
% (TaKaRa A rl) DB 45E4 T cDNA BYSE—4E .

1.3 Shdfr EE £ K&
FRHE NCBI | B A& 5% 1 HoAth Py F dfr JE 1R A9 7

#*1 PCRI A4

Table 1 Primers pairs for PCR amplification

51|, i@at Primer Premier 5 #5475 AR S X 514
FH51¥EfT PCR 714, 25 uL PCR S WK R 2 [
MWAER A ddH,0 13.5 pL. 5xPCR ZZ ik 5 L.
dNTPs (2.5 mmol/L) 2 uL K:575 4 FIR (10 umol/L)
1 uL/1 pL. Taq plus DNA polymerse (5U) 0.5 uL.
cDNA 2 pL. W #2F 4 : 94 °C 3 min; 94 C 30s,
60 °C 30's, 72 °C 1 min, 35 ME#; 72 °C 10 min,
4 °C R BEHMAFEYS TakaRa 2 Al Y
pMD18-T #E 7 #e . ik, % E N &I EA A
WY o ARA% I G GRS X35

WA A EE R B P X741, 1T 5'-RACE
1 3-RACE 5%, £ SMARTer°RACE 5'/3'Kit
K& (TaKaRa) BEEAHEAT 5F1 3umdr 14 . dEfi
153 5'F1 37K ¥ /741 . I NCBI H1i) BLAST T
HFBRAF IR SE X P8 . 'R 3 A uR P 41 e 45
RUVEATHE R X, 7532 1 DNAstar % {4 1
SeqMan A3 50 HEA T DF 4z AR PRz S 1
FrSE5|WkAT Shdfr FEH 4K cDNA ¥4, 3K
Shdfr LR 4. $ 3G HEI)F 5 0L 1.

Primers name

Primers sequences (5'-3’)

Description

Mis.47 CGCCAGGGTTTTCCCAGTCACGAC Universal primers
RV-M GAGCGGATAACAATTTCACACAGG

Shdfr-5-1 TCCAGGTCACTCCAACTGGTTTC 5-RACE
Shdfr-5-2 CAGTGTCCCTGCTGAGGTTGTG

Shdfr-3-1 AATCTTGGCTGAGAAAGCAGCA 3'-RACE
Shdfr-3-2 CCCACCTAGCTTGATCACTGCA

dfr-F GAYCCYGAGAATGARGTRATHAA Degenerate primer
dfr-R TCYAVATGBACAWAYTGHCCTTG

Long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCACGCAGAGT UPM

Short CTAATACGACTCACTATAGGGC

qcdfr-F AAGCAGTGGTATCAACGCAGAG Full length
gcdfr-R TTCTTACTTTTGACACTAGAT

dfr-RT-F TCCAGCCACGACAGTATG Real-time quantitative
dfr-RT-R GTGTCAACTTTGTGTCTGCT O
Sb18SrRNA-F GGCTCCAGAAGAGCATCCAAT

Sb18SrRNA-R AGTTGTACGACCACTGGCAT
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Fig. 2 Cloning of Shdfr gene. PCR product of (A) Shdfrl. (B) Shdfr2. (C) Shdfr3. M: DL 2 000™ DNA marker; 1-3:

cDNA amplification; CK: control.
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F FH7EZ: 1T H. NCBI Conserved Domains #17
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Dfr 1 (F14E# %5 : ShDfrl; 241 fE#%: . SbDfr2;
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super family AOERSF&5 3L, B NADPH 454454
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*2 ATREEBEZH Dfr BIELIER
Table 2 Physical and chemical properties of Dfr of S. baicalensis with different colors

Physical and chemical properties Shdfrl Shdfr2 Shdfr3
Number of amino acids 388 388 388
Molecular weight 43 426.66 43 474.75 43 340.48
Theoretical pl 5.22 5.29 5.22
Formula C19036H3035N5010580521 C1941H3039N5010588521  C1927H3025N 5010591521
Instability index 33.48 34.07 35.52
Total number of negatively charged residues 51 51 51
Total number of positively charged residues 34 35 34
Grand average of hydropathicity —-0.257 -0.261 —-0.278

1 50 100 150 200 250 300 350 388

Active site 4 i Ad
NADP binding site Atk A& A & A AA
Substrate binding site 2

Specific hits

PLN02650

Non-specific hits
] HpnA
NADB_Rossmann superfamily
HpnA superfamily
PLN02650 superfamily |
WecaG superfamily |
Epimerase superfamily

Superfamilies

3 RA%EZ Dfr EE MR AT
Fig. 3 Prediction of the conserved domain of Dfr protein in white Scutellaria. The NADPH binding domain and
substrate specific binding domain are marked by red frame.
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NetPhos 3.1: predicted phosphorylation sites in sequence
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Phosphorylation potential
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XA 22 T a5 4 4L 7E Rossmann 47 & 2514
HA S 2 5l eS8 Dfr ML IRy . BT

Serine

Threonine
—— Tyrosine

Threshold

50 100 150

B 4 RB#%EZ Dfr &8 BIBEEL L AL T
Fig. 4

200 250 300 350

Prediction of phosphorylation site of Dfr protein in white Scutellaria. The Ser, Thr, Tyr and Thr

phosphorylation site are indicated with red, green, blue and pink lines respectively.
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5 &% Dfr ERXBLEHMERY 3-D REME

Fig. 5 Construction of 3-D model of key domain of Dfr protein in S. baicalensis. The same secondary structure in the
same area is marked with the same color. Different color regions in the protein structure on the right correspond to the
corresponding secondary structure in the left picture. Construction of 3D model of (A) SbDfrl protein key domain. (B)

ShDfr2 protein key domain. (C) SbDfr3 protein key domain.

FORHEZS MR 3D BRI, R LR AL
TEPERR XA T 22 57, R R X 1 2 A
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655 BEAE B dlfr FELR G A 9 28 11 19 R I 23301 oy
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NIDfr TRSTADNGS DKEAI PLSAENYESGKENSPVANGTGKSTNGEL . . . . . . .. ...ttt it e e e e e 382
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Fig. 6 Amino acid sequence alignment between SbDfr and Dfr proteins from different species. NADP highly
conserved binding regions are marked with red square, and substrate specific binding regions are marked with black line.
The red arrow indicates the amino acid site that determines the specificity of the enzyme substrate. NIDfr: Nicotiana
langsdorffii Dfr, ACS12835.1; PfDfr: Perilla frutescens Dfr, BAA19658.1; PsDfr: Plectranthus scutellarioid Dfr,
ABP57077.1; SaDfr: Striga asiatica, GER27969.1; StDfr: Solanum tuberosum Dfr, AFQ98276.1; SvDfr: Scutellaria
viscidula Dfr, ACV49882.1; VvDfr: Vitis vinifera Dfr, CAA53578.1.
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Fig. 7 Phylogenetic tree of Dfr constructed based on amino acid sequences. PIDfr: Paeonia lactiflora Dfr, QIC54081.1;
NIDfr: Nicotiana langsdorffii Dfr, ACS12835.1; SmDfr: Salvia miltiorrhiza Dfr, AWX67418.1; PbDfr: Penstemon
barbatus Dfr, AlY51701.1; AaDfr: Angelonia angustifolia Dfr, AHMZ27144.1; RsDfr: Raphanus sativus Dfr,
AGU42192.1; CmDfr: Chrysanthemum x morifolium Dfr, ABK88310.2; SmDfr: Saussurea medusa Dfr, ABQ97018.1;
LrDfr: Lycium ruthenicum Dfr, ATB56299.1; TaDfr: Triticum aestivum Dfr, AAO53552.1; TgDfr: Tulipa gesneriana Dfr,
BAH98155.1; AtDfr: Arabidopsis thaliana Dfr, NP_199094.1; RmDfr: Rosa multiflora Dfr, AJT55524.1; MsDfr:
Medicago sativa Dfr, AEI59122.1; IbDfr: Ipomoea batatas Dfr, AEQ92209.1; DcDfr: Dianthus caryophyllus Dffr,
CAA91924.1; PoDfr: Plantago ovate Dfr, AMR60823.1; AcDfr: Aconitum carmichaelii Dfr, AMR60823.1; SpDfr:
Solanum pinnatisectum Dfr, AAX63400.1; CaDfr: Capsicum annuum Dfr, ACN60404.1.
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Fig. 8 Relative expression of dfr in different development stages and tissues of white, purple-red and purple
S. baicalensis petals. (A) Relative expression of dfr in different development stages. Histograms with different
uppercases letters indicate extremely significant differences at different development stages of the same flower (P<0.01).
*xxx ** and NS indicate that the expression of dfr in different colors S. baicalensis at same time had significant
difference at the 0.01 level, significant difference at the 0.05 level and no difference at the 0.05 level, respectively. (B)
Relative expression of dfr in different tissues. Histograms with different uppercases letters indicate extremely significant
differences at different tissues of the same development stages (P<0.01). **** indicate that the expression of dfr in
different colors S. baicalensis at same tissues had significant difference at the 0.01 level.
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