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Cloning and Analysis of Flavanone 3-hydroxylase Gene
and Its Promoter from Euphorbia maculata L.
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Abstract: In this study, a flavanone 3-hydroxylase (F3H) gene named EmF3H (GenBank: MW767838)
was cloned from Euphorbia maculata with homologous cloning, RACE technology and Tail-PCR. The
ORF of EmF3H is 1 092 bp, encoding 364 amino acids. Bioinformatics analysis showed that the theoreti-
cal molecular weight of EmF3H protein is 40. 93 kD, theoretical pl is 5. 47 and EmF3H protein belongs to
2-oxoglutarate-de pendent dioxygenase protein family. EmF3H protein is 85. 5% similar to VIF3H
(ARV78456. 1) and located on the independent evolutionary node in phylogenetic tree. The 1 604 bp se-
quence of EmF3H promoter was cloned by Tail-PCR and included TAAT-box, CAAT-box, light respon-
sive element and so on. The analysis of real-time quantitative PCR indicated that EmF3H gene was ex-
pressed among different tissues during different growth periods, with the strongest expression in the roots
at the flowering stage and the fruits at fruiting stage. These results will provide a foundation for further
research on gene expression regulation of EmF3H gene and improving the biosynthesis pathway of querce-

tin in Euphorbia maculata.
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BEHL R (Euphorbia maculata 1) 5 —F 4K
ik B} (Euphorbiaceae) K& J& (Euphorbia 1. ) B AR
R A3 A T ILVE BT I R A X
T P R R B B 1k I A PR TR R L
V5 DRI I T AR R A B A
BEE A B S W 2 1 R 2 R A W S A ), HE
i B BN s 2 — . H T, B b R
¢ LA PAE U 3 B L 25 0 (8 DA K R B 45
TR A F AR AR S S R D

i B R R T A 2R A S W AR A 2 th R
P e A 3 3% A2, T B B Bd-3-5% 46 B (flavanone 3-
hydroxylase, F3H) J& 78 N be 1L 8] 15 78 19 ¢ 8 g =~
— @Akl 2 & (naringenin) A B — & WA By (di-
hydrokaempfero, DHK), DHK J&& A & R 5 16
HREZ Y5, BB F3H MK EL, 7T &
SO R I R R AR P9 B R B AR B R S AR, H
Bi.F3H A B % 4 1 5 (Antirrhinum majus
LM, % ( Salvia miltiorrhiza D)™ Fl H ¥
(Bletilla striata)"" 5 Z Fh R4 oo o b, (R 5
Mo F3H PR g ik R WARE . S AR R R
MY F3H R HE A7 77 51 He X 78 e B O 1 X
i IF 5190, PCR 5 45 7 RACE £AR | #1OA Xt Bk
PCR(Tail-PCR)" SEREBEI B F3H £ & H i 3h
T A qRT-PCR HAKS DU 7E #1148 1 F1 R A
[ iy R IR 00 S itE— B DF S BE L A F3H
B PR 3R 3 AR R 5 3 TR M S A R AR W) R A R
BEEF] 251
1 MRV T
1.1 SEIH#

S A R SR B THUL VY B 2 i AR LR R A L
H VLV BE 2 m 5 R B R 2 R P 2 H =
Y E N BE M (Euphorbia maculata 1..), 4352k
S CRIFAD AL O 3 2= DL B Ry AE HOR 4550
FURI (45 3 UL BSOS 25 i DUACR B
FETT AR AR S S BB — 80 CUKAR A5 H
1.2 FERFEMF

Y B RNA 2B 7 & (Spin Column Plant
Total RNA Purification Kit) \JEF 41 DNA i $2 £
¥l & (Spin Column Plant Genomic DNA Purifica-
tion Kit) . JJi ki DNA /)& 41 #2130 57 & (SanPrep #*
20 VR NGRS & (SanPrep Column DNA Gel Ex-

traction Kit) \5¥& B P4, A TAEY TR (L
) ey A BR A Al 5 5% 5% ) & (PrimeSceript RT
Reagent Kit with gDNA Eraser) . % & & PCR i
5 £ (PrimeScript RT Master Mix) 45, E HEAY)
FHAR (AL 5) FH R Al Pfu B (TransStart FastPfu

DNA Polymerase) . Taq fff. Marker ( Trans2K®
Plus Il DNA Marker) . T-Z /& (pEASY-Blunt Sim-
ple Cloning Kit) &5, b &N &EWH AR B RA
A, TSI IR 1,

58 PCR 1Y (S1000™ Thermal Cycler) %%
FE i PCR X (CFX96 Real-Time) 4%, 3£ E Bio-Rad
78 H 5 B 43 % 96 BE 3T (NanoDrop One) , 32 5
Thermo Scientific 2Y#] .
1.3 XWHE
1.3.1 i RNA 2B, cDNA & 3 #1 DNA AJ$2 BX
BEHLAR A RNA $2 B DNA $2HUAT cDNA & 14 3%
WA B IEFT . M RNA UG 2 1% 505 b
B L VKA T RNA Jot &, il 52 40 06 06 B2 11 2
RNA ¥ JEZ .
1.3.2 F3H EAREBEMIKT 1 GenBank 4
IR KM (Jatropha curcas L.) ., AE W 2§ (Gerbera
jamesonii Bolus) 1S #1(Triadica sebifera) %)
B F3H FEHEF A, b T3 & A 5F X, Primer
Premier5. 0 #{4 & it 8 I 519 F3H-ZF fl F3H-
ZR,LL5IY FZL-1 % & RNA [ #4 5: 45 ] i cDNA
NN L PCR 3 BEHLER F3H JEPRF T, &
RiARZR (25 pl) 5 X GC Z il 5 pL.dNTPs 2 pL,
F3H-ZF .F3H-ZR 4 2 pl.,cDNA #i# 2 uL, Pfu
fitf 0.3 pL, RIEMAIK 11.7 pL, KB FEF:94 C 5
min; 94 “C 30 5,50 “C 30 5,72 'C 40 s,35 MEH;
72 °C 5 min, PCR ¥y vk J5 6 1nl i) & ml i,
# T-3 A B4k KA AT B DH5o J& 245 B PCR
7 3 PR S R I
1.3.3 F3H E[E ORF XWKEB MReERF 75
WP 45 T IE m 4 55 519 F3H-XF, i8S sk
514 FZL-1 #3151 % F3H-3R. #t 17 3'-
RACE, RRMAKZ (25 pl):5 X GC il 5 pl,
dNTPs 2 puL.,F3H-XF.F3H-3R 4 1 pL,cDNA ##
M1 pL,Plulif 0.3 pL, KIFMEEK 14. 7 pL. W
FEF:94 °C 5 min;94 °C 30 5,55 “C 30 5,72 °C 1 min,
30 MEFR 572 °C 5 min, PCR P28y ik 6 R ¥ o

M5 PR SF 7 500 e 45 Rt R R 51 W) F3H -
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List of primers used in this study

Table 1

5194 B

Primer name

I FHI (5" —>3")

Primer sequence

519 &

Primer purpose

F3H-ZF GGCAAGAAAGGYGGMTTYATYGT e
F3H-7R TCMGCATTCTTGAACCTYCCATT Conserved sequence clone
A T . A A ¢DNA &
FZL-1 AAGCAGTGGTATCAACGCAGAGTATTTTTTTTTTTTTTTTTTTTTTTTTV )
cDNA synthesis
F3H-XF CTGTTGAGGGTGCCTTTGTTGT
3'-RACE

F3H-3R AAGCAGTGGTATCAACGCAGAGT
F3H-SR1 ACCTGGTCCTGCAGCAACAGGGTAATGGTAC
F3H-SR2 ACGATGGACTCCAGTCCGGCCGGTAGAAATTGACCACCACTTTCTGGTC
F3H-SR3 TCGCTGTAGGCCTCGGTCACTGGAATCCAC
F3H-SR4 TAGAGCTCATGAACATGCTCGGTAAGAGG
F3H-SR5 ACGATGGACTCCAGTCCGGCCGGGTCAAAGTAGGAAGTTTACGTACTGAATG
F3H-SR6 CGAATCAATCTTAAAACTTAGCAAGAAAACG Tail-PCR

ADF1 ACGATGGACTCCAGAGCGGCCGCVNVNNNGGAA

ADF2 ACGATGGACTCCAGAGCGGCCGCBNBNNNGGTT

ADF3 ACGATGGACTCCAGAGCGGCCGCVVNVNNNCCAA

ADF4 ACGATGGACTCCAGAGCGGCCGCBDNBNNNCGGT

ADFO0 ACGATGGACTCCAGAG
F3H-CF CAATGGCTCCTACTACACTTAC ORF X i it
F3H-CR CCCAGATCAAGAACATTAAGAC ORF clone
F3H-PF TTGGCACTGTCAACTCCTAC BT
F3H-PR CATTTGCCAATGCGGTAAGT Promoter clone
F3H-qF AAGCAGTGGTGAACTCCAAC
F3H-qR CCAGCTCTAAATCCTTGCTCATC

qRT-PCR

UBQ-qF ATAACCCTCGAGGTCGAGTC
UBQ-qR TGGAGAGTGGACTCCTTCTG

SR1,F3H-SR2, F3H-SR3, 5 ffi #L 51 ¥ ADF1/
ADF2/ADF3/ADF4, Lk J 51 %) ADFO i 47 Tail-
PCR ¥4 F3H 3 5'%%, Tail PCR 4 —% PCR,
KRR (25 pl) 210 X ZZ il 2. 5 pL, dNTPs 2
pL, ADF1(/ADF2/ADF3/ADF4) 2 pL, F3H-SR1
1 pL. B K4 DNA itz 1 pL, Taq B 0.3 pL. K
ik 16,2 pl, % % PCR WK R (25 pul):
10 X ZZ P 2.5 pL,dNTPs 2 L, ADFO,F3H-SR2
% 1 pL Wi ke 100 51925 — % PCR ¥ 1 pL, Taq
fiti 0.3 pL, KEMAiK 17. 2 pL, 55 =% PCR KW
KRR (25 pl) 10 X Zwhig 2.5 pL. ANTPs 2 pl,
ADFO.F3H-SR3 £ 1 pL. # B 100 % 9 55 — %%
PCR 7##) 1 pl, Taq f 0. 3 pL, KEB4iK 17. 2
pL, Tail-PCR R AR P W SCRRL1T ], M4 25 — %
S =45 PCR 7=y i ik 45 R vk 36 K A 38 19 45

HEAT i BTl Iy

W BTk AR 0 F3H P57 7 5.5 b )5 51 f 37 3y
J#5) ] DNAstar 8 {4F 9f 3, 45 & GenBank ' 1y
blast 454, k1% ORF X ¥4, & it ¥ %5149 F3H-
CF.F3H-CR, {] Pfu M #EAT PCR 3 HF a6 0 .
1.3.4 XEMEBRZESH  F3H & 09 #1045 i
M=% A ExPASy Proteomics Server #& L i 7F 28 T
H. Protparam ( https://web. expasy. org/prot-
param/) , NCBI ¥ conserved domain database (ht-
tps://www. ncbi. nlm. nih. gov/Structure/cdd/
wrpsb. cgl) T A R SF 451, TMHMM 2. 0
(http://www. cbs. dtu. dk/services/ TMHMM) i
115 B 25 #3750 9, Phyre2 Chttp://www. sbg.
bio. ic. ac. uk/phyre2/html/page. cgi? id = index)
HEAT 45 4 3 = 4 g AT, NCBI #1 i Distance tree
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mode MY

g,
¥

Eird 41 %

of resultsChttps://blast. ncbi. nlm. nih. gov/Blast.
cgh) AT RGEHEALI 73BT

1.3.5 F3H 2ERARERPARAREIERSN
MAE F3H HP ORF X7 81t 986 5 & PCR 4]
Y) F3H-qF . F3H-qR, 73 31| 42 BUIE i 55 i 301 46 200
FR A AOAR 25 DARCRSE09 & RNA L 2Bl i 56
JBE FL Uk IR TR 2 O ' BE T ARG I S o B e s &
A cDNAL L UBQ NS R 7 9¢ )t 5 &t
PCR ¥ #., I & & (20 pl): 2 X TB Green
Premix Ex Taq(TIliRNaseH Plus)10 pL, I Fiif5]
P45 0.4 pL.cDNA B 2 pL, KK 7.2 pL; 354
%A% :95 °C 5 min;95 °C 30 5,53 C 30 5,72 C 30
$240 MEFR; A MR REEZ 3 . FIH] Excel
3 H Ak S HG 45 OR

1.3.6 F3H EERBHFFIINRFEHH HRIE
5' 3 JF 31 1% 31 45 5 51 F3H SR, F3H SRS,
F3H-SR6, LA 4] DNA Sy BA ., R A Tail-PCR
PEAT YO R L RS, 38 EmF3H RN E 3T, %
IO A Z RN AR )Y 5 1.3, 3 A, A4 Tail PCR
AP R A R BS54 F3H-PFLF3H-PR,
Pfu F§ 4T PCR & M . 751 433 ] Plant-
care ( http://bioinformatics. be/
webtools/plantcare/html/) #1 PLACE Chttps://
www. dna. affrc. go. jp/PLACE/? action = new-

place) 7317 J¥ 51 F#1E .
2 R H5H

2.1 Dith$s F3H EEMEE
TR B HBE M A B RN 350 i 0 58 Je H Tk

psb. ugent.

M 1

3000 bp
2000 bp

1000 bp
750 bp
500 bp

N5 =S e I D=l I T i b 2 e
5% F3H-ZF Ml F3H-ZR,PCR #4531 510 bp
LA RBEHE F3SH S RAESE 5.3 -RACE 315 8]
25 530 bp () 3" 5 51 ; Tail- PCR #4742 4K 2 % ,
RIS A YN 120 bp 224 K AR
PRI ARAFAR S R 0 AR 2 2 000 bp, Hr 4L
B 556 F 8 B AR SF 5 L3 i 4 L5 G I 8
DNASTAR Bl 72045 AR 4 41 2 45 R 1T R 7
514 F3H-CF f1 F3H-CR §"3 ORF X, il J¥ 4%
RERBEHE F3H FEF ORF XA & 1 092 bp,
Hifith 364 Az KR , H b 2 IR ITF 4 5 A (Verni-
cia fordii) S (Triadica sebifera) W 5 AL
ik 85.5%0.85. 40, Kk B A 4 EmF3H ,
GenBank % 3¢5 MW767838,
2.2 EmPF3H W4EWEBRESH

HIFEZ T. B Protparam 7 AT SE ML fH F3H HH
A BEAE P 2 HE S (pD ol 5. 47, AU 4 F T B
40. 93 KDa, Nz 280 47. 89, R Wi #5 % A 86. 54,
S SE KM —0. 371, % B EmF3H NAHX A 5E /Y
BiKMER A, RSB HN SR ZEARET 2-
i 8, TR R AR A 1) BL I 4R i ( 2-oxoglutarate/iron-
dependent dioxygenase, 2-ODD) #8 ZK %, 5 H fib 4
Y F3H W& <F 45 M B8O L, TMHMM 2. 0 i Il
EmF3H A& B X, Phyre = 4 #8525 5 1L &
2., VA ST P 4k i 4 il B (Clavaminate synthase, PDB
ID: d1gp6a) (1 A& = 2k 25 1) Sy B i AT, — 2 A 7
BER RN 9100 ¥ H I — Btk 31% ., A NCBI
148 BLAST T E¥% F3H 5 GenBank H HAb A
F3H & 1 #E47 o), 2 85 A8 UV B = 19 17 Fh F3H

M. Trans2K® Plus Il ;1. 8 RNA;2. £5F 553, 3-RACE;4—5. 5'-Tail 85 = . =# 7% ;6. ORF

iK1

EmF3H %R 5

M. Trans2K® Plus Il ; 1. Total RNA; 2. Conserved sequence; 3. 3'-RACE;
4—5. The second and third round products of 5'-Tail-PCR; 6. ORF

Fig. 1

Cloning of EmF3H
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% M, H Distance tree of results # Y Neighbor
Joining B4 R GEHEAL R (& 3) , A 6] 9 F ok U5 1Y
F3H RS FIHJE AR A 53 32, 5L T = 18
A CRAE B R0 F3SH . EmF3H A1y # % 4 37 (1 —
M3,
2.3 EmF3H EREARAERKBA[AREER

3 3] 4 BUCRE 3 B AN ) AR R 4 R I0T AR 300 2R A8
HLZE O R RNAL LU UBQ A S 360, kAT
qRT-PCR ¥4, 4R W8, EmF3H fEA 4 K 1Y)
HHL P YA R ERIKNEA BFER, H P
FIRY AR RIS S0 Y 2R 52 v 3R 3 i i v o O UK B DD Y AR
AR AR 28 7 45 AR KRG i L v BT Y 25 A AE
2R N LB KA 1), A 2L R K )

K2 EmF3H & A = 4E45 1 7
Fig. 2 The deduced three-dimensional structure of EmF3H

| =T

REAAW R G ERAREEL LS
TR
2.4 EmF3H EEBHFFINKBENHT
PLBE b 4 3 (K 4 DNA I #5EA4  Tail-PCR 3 i
gL B (8 5) K5 =529 2 000 bp ) PCR
P T WAL S 3 A TR . AR AR O A i
55519 F3H-PF.F3H-PR,Pfu i§#4T PCR ¥
B IF I L 45 R AR 2 1604 bp B EmF3H i3

95 ¢ [ #R Root [ 2 Stem MM Leaf M 3 Fruit
: a
< 20
2
i 4
,&H 2157
% 5
= O
= > L
=3 1.0
&
0.5 ¢

1M R
Flowering stage  Fruiting stage
A K3 Growth stage

i
Seedling stage

AR N SRR OR 28 5 1 3 (P <<0. 05)
B4 AREKBARHAA S EmF3H FARX RE &
Different normal letters indicate significant difference
at 0. 05 level (P<C0.05)
Fig. 4 The relative expression levels of EmF3H

from different tissues in different growth stages

B4R Euphorbia maculata (MW767838)
& 164 Arachis duranensis (XP_015952032.1)
KIEBBE lochroma grandiflorum (AMQ48666.1)
——— WG Hibiscus sabdariffa (ALB35017.1)
it Gossypium hirsutum (ABM64799.1)

Durio zibethinus (XP_022741107.1)

BHE L W AR 3% Herrania umbratica (XP_021301163.1)
Y31 Triadica sebifera (QOU08776.1)

WA Vernicia fordii (ARV78456.1)
L] R RB Jatropha curcas (XP_012065916.1)
—— Wit Morella rubra (KAB1219056.1)

JER Mocarpus longan (ABO48521.1)

FH L Litchi chinensis (AD095201.1)

I’i & Ziziphus jujuba (XP_015889639.1)

0.06

N1 Z& Morus notabilis (AHY35311.1)
W4 BER Quercus lobata (XP_030975239.1)

{ W& Vitis vinifera (NP_001268034.1)

K4 B Nekemias grossedentata (AFN70721.1)

B 3 EmF3H MMM F3H & A 8 RSk
Fig. 3 Phylogenetic tree analysis of EmF3H protein and other plant F3H proteins
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T 1%

M. Trans2K® Plus Il ;1. Ja 8
2—3. Tail-PCR % . =5 7=¥
K5 EmF3H 35 2 7 38 b

M. Trans2K® Plus I ; 1. EmF3H promoter;
2—3. The second and third rounds products
of Tail-PCR
Fig.5 Cloning of EmF3H promoter

T F# 4, Jil Plantcare il PLACE 5387 78 N & TA-
TA-box,CAAT-box A G 2 ¥4, L& H
Box 4(ATTAAT) .G-Box(CACGTG) .GATA-mo-
tif (AAGATAAGATT) . AE-box (AGAAACAA) .
I-box(TGATAATGT) . TCT-motif (TCTTAC) %
SRR e, LTR (CCGAAA) R I8 =2 1 7644, TC-
rich repeats(GTTTTCTTAC) v i ) v JeA4 » circa-
dian (CAAAGATATC) & % 1 & ¥ ¥ oc 4 M
ABRE(ABA JX i JCf4) . P-box (GAs J& B gt ) .
TGA-element (A £ 2 K Jo#F) S 303 K0 oG F .

31 ®

AN BEAR A R e Y B AR R R R 2
— IR AR AR TN SR R ) - 56 J5 HE R TN S R il
i (PAL) . A FERR-4-¥2 L i (CAHD) . 4-7F T BE-CoA
AW (ACL) (A R B G iU (CHS) £ /R R 55 44 il

S %k
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(2] MWRZMTH . hae AR ILRE 25 D03, 2015 4RRT 404
T WERIML bt P EBE AR R, 2015 127,
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AT N BE 1B v SR T — A F3H 3 K 4 %
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HAZIR . 78 EmF3H JA 8 F )75 N B A TAAT-
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