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Cloning and Expression Analysis of RcF3H in Rubus chingii
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Abstract: [Objective] Flavanone 3-hydroxylase (F3H) is a key enzyme in the synthesis of plant flavonoids.
This study aims to investigate the relationship between RcF3H gene and flavonoid metabolism in Rubus chingii
and analyze its biological function, so as to provide reference for further exploring the mechanism of RcF3H in
the process of flavonoid accumulation in R. chingii. [Methods] RcF3H gene was cloned from R. chingii, and
bioinformatics analysis was performed, including physicochemical properties, homology comparison,
phylogenetic tree and promoter cis-acting elements. At the same time, this study detected the expression level of
RcF3H gene in different tissues, fruit growth period and exogenous methyl jasmonate (MeJA) induction.
[Results] RcF3H gene, belonging to the 2-oxoglutarate-dependent dioxygenase superfamily, was located on
the first chromosome, and its fragment length was 1098 bp. RcF3H gene consisted of 1 exon and encoded 365
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amino acids. RcF3H belonged to the hydrophilic stable protein. Subcellular localization predicted that the
protein was located in the cytoplasm. The secondary and tertiary structure of RcF3H was mainly composed of
a-helix and irregular curl, which had the closest genetic relationship with dicotyledons such as Rubus coreanus
and Arabidopsis thaliana. Analysis of promoter cis-acting elements showed that the promoter region of ReF3H
gene contained multiple cis-acting elements, and its function mainly focused on responding to hormones and
stress. RcF3H gene was highly expressed in fruits, and had obvious tissue specificity. In addition, the expression
of RcF3H gene in different ripening stages of fruits was consistent with the accumulation of flavonoids, and the
expression increased under the treatment of 100 pmol: L™ MeJA. These results suggested that ReF3H gene is
the key enzyme to promoting flavonoid synthesis. [Conclusion] RcF3H gene responds to MeJA stimulation
and may act as a positive regulator of flavonoid biosynthesis in R. chingii, affecting flavonoid accumulation.
[Ch, 8 fig. 2 tab. 28 ref.]

Key words: Rubus chingii; flavanone 3-hydroxylase; gene cloning; expression analysis; flavonoids

KEMY 2 S5y ZMA G, MUBE MY E R LT R, RN bt 5 e
Dy AR, EEEER 3-5 A0 (F3H) 7 2K S F At B CH i 2 —, T od I il — &0
FRE, ZJa&id 6T R MBI RS ORI IE L RS s R AT AE Y™, F3H 7E 5L B i A 45 0 b P A
5P, ORI R R, R EAE 2 R AR L A K (Fe®) FNLIR I BR R () B T A AEAE
I, B LATE 4328 gl U5 o 2- 136 — R A 1 XU 4 i (2-ODD) K %P, B, TE W% Fragaria
vesca. %I 4¢ Carthamus tinctorius. 5 I Arabidopsis thaliana . Z M Camellia sinensis. A6 21 &
Reaumuria trigyna . TWAT2¢ Lepidium apetalum FVER ) A1 5 Dendrobium officinale S5 A T AHAEHGE T X F
FE A OGRS FE ] F3H W JRPErsEt " fEdife b, F3H BEFXHEY S EE A E2/EH . PR
Malus domestica MALUX F! MdPCL-like 38 i 3 Ji3 31 X 45 DNA A% FH B4k LUK B0 MdF3H, A #E L Bz o
CERAMM, FERET, RNAL R0 F3H SR TUR S 800 R SOR IR W2 AL, AT En RAE
AP, WA, F3H FER R Z B SRR () IE PR, L ST (35 -t B 48 = Al 4 A 2R A
AW AE BT A7 B8 11, F i Solanum lycopersicum SIF3HL BE1E IR MM B AR 38 5% L U & Nicotiana
tabacum & ISTE A T, MR E A R AU, CrF3H R R R AL F A 2 e P E AN TR), 16K
FITE R (MeJA) JITE T, CtF3H fEAR RS i ta e e rbm 365K, I 551 =X A 20 T R0 ) et 1) R R A O,
{BAEAE A A RULT AL PR IR HLAS S o 2 e ) AR 2R,

EMAE T Rubus chingii & ER AR 25 RIEALY) , WZETAH “#i/\k” Z—, BN
B EDREAR PRSP, AHOCHIE T R M B 1 & % 20 M BTI2ETE YR sr . HAPURBTR S5 2
G PRIEPECT SR AR A S R AR ) LSRG SR L ANV . AR SRR B 1 AN
R A G R R R R ReF3H (A KFH, JFxF AT A W15 B2d o i, RIS A e 5k
AN 26 5E B PCR (RT-qPCR) H AR M ReF3H JE R AEAR R, Fose k& LK MeJA JIBCT 1Y
FARFHE, A JE AT ReF3H XF 5 31 41 28 s AR i AL 2%

|

1.1 EY R AR

AP A RE A BTN T & FHER 1L A SE M (29.93°N, 119.95°E). 4 MR B BB
(R HFER . R a8 MENEETRIT 2022 4 45 HREEERIL

W MeJA b FESCES . F 20224 4 H, BEH/AERKRERGW VLS EE FEE, [ 100
pmol- L™ 1Y) MeJA ¥ W W Jita M 5 19 1F . S 9 T A 38 A B (M), DATE K R R RRA (ck)o B 2 d Wi
LR, b 7dJE, REMSAMEN DTN 2 5kt EREEA, DL ESC R4S 3 AN ES, AR
PRSI T—80 C AR IR VAR RAE
1.2 & RNA RJIRENF cDNA HI& B

{ii F} FastPure® Universal Plant Total RNA Isolation Kit $#2 {5 & (RC411), 2 M7 2 F Rk
A S RNA #4066 T (NanoDrop 2000) il $2 B2 48 7+ 5 RNA W . {#F Evo M-MLV Je#%
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SRFN & T (AGL1711) S A R E M 7T cDNA. & RNA I cDNA 4351 A—80 Fi1—20 °C IR vkAH
TRAE#5
13 RcF3HEREEE

HR A 2 7 - PR 2 SO 18- 31 ReF3H JE 2% 741 . ffi H Primer Premier 6.0 %11 ReF3H %
KT 8519 (& Do 5IWEBEITLH EAYBEARGRAF 5SS . PCRY AR ddH,09.5uL, L
Tl %4 1 ul (10 umol-L™"), 0t % 4 F cDNAA fix 1 uL, 12.5 uL PrimeSTAR Max premix
(RO45A), PCR U4 FLF: 94 C 3 min; 98 °C 10s, 58 C 155, 72 °C 70s, 35 MEH; 72 °C 5 min; 4
C PRI . VS5 F PCR 338 7 Wy fift FH B0 0 56 15 Fi ik A 0 0 P ™= i 4t Ak 30500 & (DC301) [l
B J5 ¥ ReF3H 3 IR Fr BEi%E £ 5] pMDI19-T 84K | (D102A), #3 v: 55 1L K W 38 % B Escherichia coli
DHS5a /&322, BREUSHYE TR TR PCR S5, BV 0 A= 04 AR AT BR2A /10 4047

xz1 519F5
Table 1  Primer sequence for this study

ALY E 51PIP5(5'—3") 51 Y&
B-actin-F ATCCACGAGACTACATACAACTCC Py 5
B-actin-R CTGTCTGCAATACCAGGGAAC =
RcF3H-F ATGGCTCCTACACCTACTAC FE il
ReF3H-R AGCAAAAATACCATCCACTT H
RcF3H-qPCR-F CAAAGTGGCCTACAACCAATTC T
RcF3H-qPCR-R CCTCGACAATCTTCTTGCAAATC FILE
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FEH, e mAs B AR oo,
1.5 RcF3H ERABRRIEFERMESH

S5 E M B T A LU SRR, ST ARRIZHEUT ReF3H SEARXT R A &, i H TBtools 4k
el HARE
1.6 RcF3H ZEE X EEE PCR 7317

DA B 556 L) 208 737 cDNA A BE, {8 Primer Premier 6.0 111 ReF3H 3K ) RT-qPCR 5|
Y GR D)o 5140 W WA Y H AR A R Bl L. RT-qPCR K J7 52 BESCHR [21], i H iTag™
universal SYBR® Green supermix (1725121) DA & 2¢ ¢ 5 & PCR 1Y (ABI 7500) 52 i, . RT-qPCR JZ W 1A % -
iTag™ universal SYBR" Green supermix 5 uL, . Fii#5144% 0.5 uL (10 mmol-L™"), ¢DNA Btk 1 uL (50
mg-L™"), ddH,0 3 pL. RT-qPCR JZJWFEF: 95 °C 30s; 95 C 10s, 60 C 30s , 40 MHFR, 25 HR LI
BT B-actin WNSFEH, KM 2729 KPR ReF3H FEAXT 5 & o
1.7 BESH SR

BPE i Excel 2021 #EA7 45114087, i SPSS 26 #4755 1] J5 2243 M7 LA M ¢ K56, i GraphPad
Prism 8 1E/& .

2 HRGH

2.1 RcFR3HEBREM=EME
PUR I S A R S 78 77 cDNA AR, Aohd 453 H AL IR B BE (K 1A). XL B Beib AT



4 wOTL A MROR R e 4R 20244 X A 20 H

DI, JEHERE AL 2 DHSo S22, 12 h e 0 BH PR 5 e BE B OIS T PCR SREJ RN e o0 b o 5 2R s
H R B BE R 1098 bp, K HoAiw £ 0 ReF3H, ReF3H SEPREN T4 1 &4 kN, B 1AM

B, RS T 365 NEIER (K 2).

A M ReF3H B
2 000 bp
1500 bp RcF3H 25.6 Mb
]
1000 bp L e
750 bp # . o
500 b .,/' \\.
P ,+20337.931~20 339.619 kb "~
5:' 1 3
200 bp
= JME T
100 bp
s ~ - 3 =3y
A1 FerEATF ReF3H AR LR (A). ARLEME £ EKRTIL (B)
Figure 1  Gene cloning (A) and gene structure and chromosome localization (B) of RcF3H genes in R. chingii
1 ATG GCT CCT ACA CCT ACT ACT CTG ACC GCC ATA GCG GGG GAG AAG ACT CTT CAA CAG AGC TTC GTC CGC GAC GAA GAC GAG CGC CCC AAA
M A P T P T T L T A I A G E T L Q Q S F V R D E D E R P K
91 GTG GCC TAC AAC CAA TTC AGC AAC GAA ATC CCA ATC ATT TCG CTC TCC GGC ATC GAC GAG GTC GAA GGC CGT CGT GCA GAG ATT TGC AAG
V A Y N Q F S N E I P I 1 S L S G I D E V E G R R A E I C K
181 AAG ATT GTC GAG GCC TGC GAG GAC TGG GGC GTT TTC CAG ATT GTT GAT CAT GGC GTC GAC ACC AAG CTC ATA TCC GAA ATG ACT CGT CTC
K I VvV E A C E D W G V F Q I VD HG V D T K L I S E M T R L
271 GCT AGA GAC TTC TTC GCT TTG CCA CCG GAG GAA AAG CTC CGG TTT GAT ATG TCC GGT GGC AAA AAG GGC GGC TTC ATT GTC TCC AGC CAT
A R DF F A L P P E E K L R F DM S G G K K G G F I V S S H
361 TTA CAG GGA GAG GCG GTG CAA GAT TGG CGA GAG ATT GTG ACC TAC TTC TCA TAC CCG GTT CGC CAC CGG GAC TAC TCG AGG TGG CCC GAC
L Q G E AV Q DW R E IV T Y F S Y P V R HR DY S R WP D
451 AAG CCG GAG GGG TGG AGG GCG GTG ACG CAG CAG TAC AGT GAC GAG CTG ATG GGT TTG GCA TGC AAG CTG TTG GAA GTT TTA TCA GAG GCC
K P E G W R AV T Q Q Y S D E L MG L A C K L L E V L S E A
541 ATG GGT TTA GAG AAG GAG GCA TTG ACG AAG GCA TGT GTG GAC ATG GAC CAA AAG GTT GTG GTC AAT TTC TAC CCG AAA TGC CCC CAA CCC
M G L E K E A LT K A CV DMUD Q K V V VN F Y P K C P Q P
631 GAC CTC ACT CTC GGA CTC AAG CGC CAC ACG GAT CCG GGT ACC ATT ACC CTT TTG CTT CAA GAC CAG GTT GGT GGT CTC CAA GCC ACT AGA
D L T L G L K R H T D P G T I T L L L Q D QV G G L Q A T R
721 GAT GGT GGA AAG ACG TGG ATC ACC GTT CAA CCT GTG GAA GGA GCT TTT GTG GTC AAC CTT GGA GAT CAT GGA CAT TTT CTG AGC AAC GGG
D G G KT W I T VQ P V E G A F V V N L G DHGHTF L S N G
811 AGATTC AAG AAC GCC GAT CAC CAG GCA GTG GTG AAC TCG AAC CAC AGC AGG CTG TCC ATA GCC ACA TTC CAG AAC CCT GCA CAG GAG GCC
R F K N A D HQ A V V NS N H S R L S 1 A T F Q N P A Q E A
901 ATA GTATAC CCA CTC AAG GTG AGG GAG GGA GAG AAA CCC ATT TTG GAG GAG CCA ATC ACC TAC ACT GAG ATG TAC AAG AAG AAG ATG AGC
1 VY P L KV R E G E K P 1 L E E P I T Y T EMTY K K K M 8
991 AAG GAC CTT GAG CTT GCC AGG CTG AAG AAG CTT GCC AAG GAA CAG CAA CTT GAG GAC TCA GAG AAG ACC AAA CTT GAG GTC AAG CAA GTG
K p L E L A R L K K L A K E Q Q L E DS E K T K L E V K Q V
1081 GAT GGT ATT TTT GCT TGA
p ¢ 1 r A H
& >~ 5 T 5 2 A
B2 ¥R AT ReF3H #3875 B3 Y 7 ) RAR BT 5
Figure 2 Nucleotide sequence and its encoded amino acid sequence of ReF3H genes in R. chingii
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Figure 3 Hydrophilic/hydrophobic prediction of RcF3H genes in R.
chingii
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Figure 4 Protein conserved domain of RcF3H protein in R. chingii
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Figure 6 Homology comparison of ReF3H protein in R. chingii protein sequences with other plant F3H proteins
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Kk Fe i Nekemias grossedentata (AFN70721.1) } % Rl Vitaceae
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Figure 7 Phylogenetic tree of RcF3H protein in R. chingii with other plant F3H proteins
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Table 2 Analysis of cis-regulatory elements of RcF3H promoter in R. chingii

eSSl PIREZ A Kokt e

R K Circadian 1 Z 5B AR oo
0,-site 2 TR AR AT A R T
AuxRE 1 AR ZE R TCF I —ER 53
CGTCA-motif 1 2 52RO P A e
TGACG-motif 1 Z: 5 AHIRR SO M R A FH T

— MYC 6 R AR T
P-box 1 BRI
Myb 1 MYBIHRFIN
MYB 1 MYBIR I A5
MYB-like sequence 1 MY B £
ARE 3 o PRAR 5 S0 B A M2 15 e 4
GC-motif 2 Z 5 S S R G SR T
LTR 1 Z 5 IR R = e 4
MBS 1 MYB& & S5 T 25
STRE 1 3 o 7 A

P as-1 1 T3 e T A
TC-rich repeats 1 Z: 5B B SONE R FE F oo
Box 4 2 Z: 56500 B SFDNASEER
GATA-motif 1 S 17 TC A (Y — 53
GTl-motif 3 G B e
Spl 1 S i e
W box 1 ST MmN C i

T EZAEN, HTResZ /b SRS TR G R R 5
2.6 RcF3H EREFREEX D
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Figure 8 Expression analysis of ReF3H in different tissues (A), different fruit development stages (B) and MeJA induction treatment (C) in R.
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