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Abstract: Objective To obtain the key enzyme gene involved in flavone C-glycosides biosynthesis pathway, a flavanone
2-hydroxylase (F2H) gene was cloned from Microcos paniculata, and its bioinformatics analysis and gene expression pattern were also
performed. Methods The specific primers were designed according to Unigene in F2H annotated in the transcriptome data of M.
paniculata. The open reading frame (ORF) of MpF2H gene was amplified by PCR. Then the PCR product was purified and ligated to
pET30a, and finally a prokaryotic expression vector pET30a-MpF2H was constructed. The bioinformation of F2H gene cDNA
sequences was analyzed by some online tools. Using RT-qPCR with suitable primers, the quantitative expression analysis of MpF2H
gene in different tissues, namely, buds, leaves, twigs, flowers and fruits was carried out. Results The length of MpF2H gene ORF was
1 557 bp (GenBank accession number KY652921), which encoded a protein with 518 amino acid residues, relative molecular weight of
54 500, theory isoelectric point of 5.49. In which was no transmembrane domain. It was hypothesized that this protein located in
chloroplast. MpF2H gene was expressed in different tissues, with the highest expression in leaves and the lowest expression in twigs
and flowers. Conclusion The expression of MpF2H gene varied widely in different tissues. The MpF2H gene was cloned from M.
paniculata based on pET30a-MpF2H expression vector. This study will provide the fundamental information for the further
preparation and functional research of MpF2H protein in flavone C-glycosides biosynthesis pathway.
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At Microcos paniculata L. RN R AR -
JEEY), M, BT T iR IR
PRft (s g ), IR T AR SR v s i
H3t (20100 A CPEZ0L) 2015 4R, ATHIREST
RIATVE & B WSS R Sy, Hoh B k- IR
w B A A EE R N T
Y, TEREIIRAN R B TR, HhRZh
AT, OB SRR DOBERCS K 2 AR
FEAEIL A BRI C-6/C-8 £, PRIBRHZ A5, HAPRA
JAHIF] . Ak, BRI ANBIRN, S b- 17 A
AR [ T R SN, BT R L,
A v s B SE Bk 1 2R 4 (apigenin
C-glycosides, ACGs), WIHIAIF . FALHITF. Mkl
L SRR, T A AT
PUR POF. DU, BRI A s >,

T A S M TR - AR E s AL S A
JEWEOR, &4, SRR -1 11 = 2@ A iR 2
MED) SR SR I S3 B8 B AR AE BRI R R,
T I R AR AR R (1 A P O AT LU R e AR =)
SRR AU TR PRI T 5 B R Rk
mHEE R A e HP% (T,
DAY I WS, AT, AHTHIZRTS )
KNEANEH RNA-Seq HlE /3 #rd, KMEZAZSYH
ACGs 77 Hf) Unigene, A< 5256505 Hrpr— MR 3
Leli-2-F2 4Ll (flavanone 2-hydroxylase, F2H) [1]
JPAIREAT T cDNA ZifE, FFEAT 7 AN A YME B
0 BT RN A% Ak Bk B A A, DU Ok A1
ACGs W& i 5ie it 7% .

1 MRl5R%®
1.1 ##5iF

FEAR AT 2R TR R E AR X 24 A ) el
(23°03'29.65N, 113°24'34.74"E), LK %E N
B M. paniculata FiEFAZ, P FE iR & W
RIE, T80 CHKIRIKFE IR

FIY) S RNA $REG & PCR 2l ik it
BB R AR A7) TransScript 11 Reverse
Transcriptase. Ex Taq B FRFIMEAZIR N VIEE. T4
DNA JE# I [ Takara A% 519H BGI & .
FEIFIFE (AT 111687-200602) 1 [ H E £ 4k 24
etk HEE CEatal, Merck Aw)), BER (7
Mraf, TR D, K GERK, MR KD,

1.2 RNA $2BUF0 cDNA &%
2y 100 mg A2, . 2,

Y

TR

EPREA, AW, MRIEHEYE RNA =BG
U6 TR RNA, LA NanoDrop 2000 Al 1%
TG B B I R VKA I RNA 1 & f g 38 vk,
TransScript II Reverse Transcriptase A7 & S o &5
J% cDNA.
1.3 MpF2H £[& cDNA TN F

AR5 O 3K A5 1 Al A A o 2 B, B
Unigene (MpF2H) W itHemtEs¥, 1Em549:
MpF2H-F (5’-CGGGATCCATGATGCCCATGATAC-
TTGAAT-3", FXIZFHRI: 4 BamHI BUIN K05
514%): MpF2H-R (5°-CCCAAGCTTTTAGGTTG-
CAAAGAGAGTGGGA3’, NRIZ#7)h HindIIl
DML KD PCR R VAAR A cDNA B 1 L, 1E&
544 1 uL, 10X ExTaq buffer 5 pL, 2.5 mmol/L
dNTP 4 pL, ExTaq M 0.25 uL, HH7K% 50 uL. PCR
P14 R N AR (B9 PCR): 95 CTIASYE S min, 1
A 98 C. 10s &M, M 65 CHRAMEIFE 1 CiR
K, 72 CHEAH 2 min, 10 MEH; {E 55 CIRK,
AT 20 M PCR W AEH G 72 ‘CHEfH 7 min,
IRJE 16 ‘CLRAF. PCR AL 1% B IERE IS FL bk A
AR 2liAl , FH R EIE A VI BamHI A1 HindIIT
% PCR 4iAL A1 pET-30a (+) JFORLFEAT U],
T4 DNA ZEHN 16 CIER ARG A RILFH E.
coli BL21 (DE3) AN, {ERBERERIET
AR AT, PR B o I 22 B PCR T L PR
W5, 3% BGLIF .
1.4 MpF2H E£E/EMIEEZF SR

X MpF2H gt it B 5T, A HEL T A
ProtParam Chttp://web.expasy.org/protparam/) Tl H
X o> a5 A (PD, PredictProtein
( https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?
page=npsa_sopma.html) 7FZ& AT — 2 45 R il
I, SWISS-MODEL Chttp://swissmodel.expasy.org/)
PELR R AF AT = 4E [ JR 22 B . SignalP 4.1 server
Chttp://www.cbs.dtu.dk/services/SignalP) 73785 15
Sk, TargetP 1.1 server Chttp://www.cbs.dtu.dk/
services/TargetP) Il £ [ BT V.40 i i f7, TMHMM
server Chttp://www.cbs.dtu.dk/services/ TMHMM/) 1t
TSI T . X MpF2H 25 (111924 JE 72 7 41 £
NCBI ##fs [ 1347 11 2634 2 (http://blast.ncbi.nlm.nih.
gov/Blast.cgi), NHFIEIUF 8L MpF2H KK 4 it
FR) A 1 BAR U B v R SLA R ) F2H 2 1 R
FRI751, 18 MEGAG6 A% (A AR % #5292 (neighbor



*190 -

¢ # % Chinese Traditional and Herbal Drugs 3549 % 25 18] 201851 A

joint) HJH RGHEAM .
1.5 MpF2H ERFEMFTES

F M “1.27 TR U7 VAR AT T AR R A
RNA, JfilistA ) cDNA. %% Tubulin FEKAE
HMNZ, UL cDNA AN, fid4s MpF2H JE[R it
RT-qPCR 5% F 5’-AACAAGCAAGGTCCTAATG-3’
1R 5°-CAGAGCCAAGACGAAGATA-3’, WZILA
514 F 5°-TACCAGCAACCACGACAG-3"FII R 5-C-
ACAAGAATCGTTGAGCC-3’, L 10 pL R MNAK R
Kk, 3% 5 uL SYBR Premix Ex Taq, 1F & [fA15]
Y% 0.2 uL (10 pmol/L), cDNA FitR 4.6 pL. [V
FERh 95 CHiAEME 30s; 95 'C. 5, 60 C. 20,
40 MR B RK4E; 65 C. 15s; I ihsk 60~
95 C; HlKtE: BARNVAR 3 ANEL.
1.6 FHEMAEHELF ACGs FIESN T

IS AT A R AL i, R BS Ja T
T, HEFIRRI 100 mg & AN, S CETT
0Nk & R, JFSR A HPLC il 2 A it e
8 Fh B EE, DAGERT 2+ 4EIIT . At
FEMRE . ROt ROt B0 7
AN A S AR TS ACGs &y R4
HAFRALI 3 AN, B PATIIE 3 1K
2 HEREDH
2.1 MpF2H E[& ¢DNA 7TfE

T A SIS = i WISRAS A v - e s s, R
MEANZY ACGs B HUERMZER, L —AThhg
VEREN F2H 1) Unigene, K&K 1 557 bp, FIHIEH
[ 5 A YRS bty NCBI _EfJ ORF Finder £2/7
Chttps://www.ncbi.nlm.nih.gov/orffinder/) 73 #1H 5 H
—ANSEHE() ORF, HR451% ORF JPAI B iHRERMES 19
MpF2H-F fll MpF2H-R, LU f 5 RNA %
SKAFEI) cDNA ABR, PCR #9738 1 4% 1 500 bp
KA R B, Hvk g Bl 1 Fs, ST MERE

FHBREIYE N DIBE BamH1 A1 HindII 435 %F PCR i
A= pET-30a (+) JBTRidi T XY, T4 DNA %
RG2S AL E. coli BL21 (DE3) J&Z254111,
FrRE FZPUMETHIL S PRI VE L e %, 1ET PCR RIS
OB %55, 45 3B/ 1500 bp 224711 H K471
(E 2). FEGDIERRR SRy BGLINT, Wfras
R H K MpF2H 5418, R Ik
pET-30a (+)-MpF2H HZH /K. MpF2H LK ORF 741
K 1557 bp, gwhid 518 NEIER (K 2), [FAfEE
O AT #) GenBank, 58 KY652921 .,

2000 bp
1000 bp_

M-Marker 1-MpF2H J£[X PCR 33474
M-Marker 1-PCR product of MpF2H gene

1 PCR #i& MpF2H £
Fig. 1 PCR amplification of MpF2H gene
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500 bp—
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M-Marker 1-BamHI and HindITT XU =4
M-Marker 1-double digestion results by BamHI and HindIII

B2 FiZFiEH K pET30a-MpF2H HIWEGTI K E
Fig. 2 Identification of expression vector pET30a-MpF2H

2.2 MpF2H ERRBEANENEEFESHN

MpF2H JEF4afid 518 N IER (K 3), FIH
ExPASy Proteomics Server [¥]#£2k 1_H Protparam %
St E A R BRAG R BOREAT TN 44T o HED 431+ 5K
4 Caa11H3840N6500742820, AR 731 it 54 500, pl:
5.49; IEHFRIE (Arg+Lys): 44, fiFRIE (Asp+
Glw: 56, Afaefa¥ch 33.13, UiH] MpF2H [
BRSE, RKTERFEI R ECN-0.073, #¥] MpF2H
S| RS . A https://www.ncbi. nlm.nih.
gov/Structure/cdd/wrpsb.cgi #E1T MpF2H & [ [ {R 5T
sERIR TN, 45 B8 MpF2H B S AR
P450 {R5F 45K

SignalP 4.1 server T MpF2H & (&% A 155
Ik CE 4D, it E, wr eIk IEIe SAE
SIS 15, 16 {72 [f); TargetP 1.1 server Tl
MpF2H # AR Al 8 E A7 T 4¢ 4K ;. TMHMM
server TR i% & A A & 5 I (B 5). H
PredictProtein % MpF2H & [ #] - 2J¢ 25 #4 BEAT Tl
(B 6), diRB R ILEAT o BRTE LM &
48.65%, IEMEEL 15.06%, B-Hfh 7.72%, &
G Ay 28.57%.
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1 ATGATGCCCATGATACTTGAATTCCTATCATATCTAGCTCCCT TAGTTGTTTCATTTCTTCTCGTTAAGAGAATACTC
1 »®mPXILEFLSESYLAPLVYVVYSFLLVETERTIL
79 ATCTCTACCAACAAGCAAGGTCCTAATGCCAAGCAGCTTCTTCCCOCAGGCCCAATCGCCTTACCGATCATTGGOCAC
27 I s TNEKEQGPWHNALAEKEQLLPPGPTIALPTITIGH
157 CTCCATCTCCTGGGOCCCTTCCTTCAT CAAACCT TCCGCAAGCTCTCCTCGCGUT ACGGTCCCT TAATGTATCTTCGT
3 LHLLG¢PFLHOQOQTF FRETLSGSSSERETYTYTGPLNTLER
235 CTTGGCTCTGTTGGOTGCGTGGTGGCT TCCAATCCAGAGTTTGCCAAAGAGCTTCTCAAAACTTACGAGCTCGOCTTC
79 L6 sS VvV Ge&CVV AESNPEF AEELLETTYETLATF
313 GCTGCCOGCATGCACACCGCTGCCATC ACCCACCTGACCTACAACTOGTCCTTTGCCTTOGCACCGTACGGAACGTAC
105 & AR XM HTAAITHLTTYTUHNZ SSEF AFAPTGT Y
391 ToGAAATTCATCAGAAAGTTCAGCACGTACGAGCTCCTAGGCAACCGTACTCTCGCCCAGTTTCTTCOCGTTCGAACC
31 ¥ £EF I REF STTYELLGUHNZETTLWSAQFTLPVRERET
469 AAGGAATTGCACCATCTCCTTCAGTTTGTTCT TGO AAGGCTAAAGCAGGGCAAAGCGTCAATTTAACCCAAGAGCTG
157 K ELHHLLQF VL GEAEKUSALAGEZSVHNTLTDOQEL
547 TTGAAACTAACCAACAACACCATATCGCAGATGATGCTGAGCATGOGOTGTTOGGGGACAGGARACCCTGCCGACTCG
183 LELTHNNTTI SOQNXNL SNERCSGTGNPATDS
625 GTTAGAACTCTTGTGCGAGAGGTCACAGAGATCTTOGGAGAGTTCAACATCTCAGATAGCATATGGTTTTTCAAAAAC
20 Y RTLVYVEREVY¥TETITFOGETFNTISDOSSI VW¥FLEHN
703 TGGGACTTGCAGGGATTCAGAAAGAGATTCOAAGACCTGCAT AGGAGGTTTGATGCATTGTTGGAGATGATTATGAGA
235 ¥ D LQGFERERTFEDLHEERETFTDALTLEUNTIDNE
781 GAACGTGAGCGAGTAAGATCAGAAAGCAAGCAANAGAAAGGCGACAATGTTAMCAAGGTAAMAGATTTCCTGGACATC
261 ERERVEGSESEOQETET GDNVNEVYVIETDTFTLTIDI
859 ATGCTTGACGTTTTGGAAAAGGATANCTOGGAGTCGGAGGTAGATTTTACCAGAAATCACATCAAGGOCTTAATTTTG
27 W L D ¥V LEEKETDNSEZSEV WV¥DFTEUNHTIIEHU AWLTITL
937 GATTTCTTCACAGCCGCTACAGAT ACAAC GO AATTGTACT TGAAT GGG AATGGCAGACTTGATCAACCACCOGAAG
330 F F TAATTDTTOSATIVLETVYWaANAETLTIDNHEPE
1015 CTACTAAAAATAGCTCAGCAAGAAATTCATCAAGTTCTOGCAAAAGGCAGGTTGGTGAAGAATCTGACAGCCCACAT
339 LLEI AQQFEIDOQVVGEEGERELTVYVETETSTDZSPH
1093 CTCCATTACATCCAAGCCATTATTAAAGAAACATTTCGOCTTCACCCACCAGTOCCAATCATCAATAGGARATCAATC
36s LHY I QA ITIZEKETTFERLHPPVENIHNTEESTI
1171 CAAMCATGCCAGGTTAAGGGATACACAATCCCTGCTGAATGTATGETGTTTGTGAACGTTTGGGCTATCGEAAGAGAT
39 @ T C o vV EGYTIPAEGCNYF VNVY AIGERTD
1249 COCAMGGTTTGGACAGAT CCATTGAAGTTTCAGCCTGAGAGAT TCCTCARATCOGATGATTCTATAGATGTTAGAGGG
417 P E ¥V W T DPLEFQPETRTFILET SDDS SESTITDVES®G
1327 CAACATTACGAGCTGTTGCCTTTCGGGTCAGGGAGGAGGGGCTGCOCTGECGCTTCTTTOGCGT TGCAGGAGCTGCCT
43 Q HY ELLPPFOGSGREREGOCPGASLALOGETLTP
1405 ACCACTTTGGCTGOCATGAT TCAGTGCTTTGACT GGAAGGTGGOGAATGECGTTGTTCACATGGTTGAAAGGCCTGGA
469 T T L A & W I QCF DV EV ANGY VDNV EERTPG
1483 CTTACGGCTCCCAGGGCTAAGGATCTCCAGTGTGTTCCTGTTGTACGCTTCACTCCCACTCTCTTTGCAACCT AL
495 L T A FPRAEKEDLECYVYPVVYEREFTPTILTFAT *

REL LT
*stands for the termination codon
3 %iEMH F2H #E (MpF2H)cDNA 43X FI R EEEFT)
Fig.3 Coding sequence and amino acid sequence of MpF2H gene cDNA
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Fig. 6 Prediction of secondary structure of MpF2H protein encoding by MpF2H gene
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FH SWISS-MODEL LA P450 1A2 #5[1(PDB ID:
2HI4) it Tl MpF2H & (I =4E 4, 7
HURMLLEE Ny 35%, fE55 56~512 A LM, FA
B 5% 85%, MpF2H & [ TR = 4ERmd I 7.
2.3 MpF2H S & F5Z ELLx 5 R G H

4 MpF2H gt ) 25 1 /E NCBI £54 42 12117 Blast
R, KILH 50 A] Theobroma cacao Linn. Le
Cacotier.(EOY17412. 1) KGR Corchorus olitorius

&7 MpF2H £B8 45 F=H TN
Fig. 7 Prediction of 3D structure of MpF2H protein
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... MMPAILEFLS¥LAPLVVSFLLUKRI LI STAECGPRAKCL

GONVINK]
RKGEDE]

Linn. (OMO095638.1). [ilh Gossypium hirsutum
( XP_016704458.1 ) F1 & 1 ¥ Populus
trichocarpa  Torr. & A. Gray ex Hook
(XP_002319566.2) SEARAMY) K40 I t4 5 PASO £
FT BRI 5 1T P =R AR R, A il
BT 78%- 1%+ 68%FH1 63%, AN fIZ 741 Ebxt
S5 R WA 8 frun. [FIINF, A NCBI #dl e b My
MpF2H AR 8 55 g SLA ) b ¥ s A s e 41,
MEGA 6.0 #it RGBT, Wik 9 s, B
AT LAE B A I MpF2H 5 R[] R AR 40 2 R
KWK, LAS AT ) (RS Stk d il
2.4 MpF2H ERF B RIEFFE

RT-qPCR £5938 0, MpF2H JERZEZE, . 2%,
PMURPIATRIE, e iRIA w2 RIK
2, PRI (10D X 5 AmE AN L1
AP R E RS R (B 1D BIIEACHE,
PR MpF2H JERA AR ACGs £ O HFE A, 1Y
2 MpF2H FER RIS REZ 2L ACGs AP o

Linn.
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Fig. 8 Alignments of amino acid sequences of MpF2H and similar proteins from other species
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AT T cacao (EQY 17412.1)

A M. paniculata (KY 652921)
4':5{%%31% C. olitorius (OMO 95638.1)

[l G hirsutum (XP 016704458.1)

I:ﬁﬁ’]i%‘ C. sinensis (XP 015385770.1)

TN TR C. clementina (XP 006441833.1)

EWW P, trichocarpa (XP 002319566.2)
4|£ﬁﬂf% P euphratica (XP 011023532.1)

BEWK R.. communis (XP015582042.1)

ZIRS. indicum (XP011089416.1)
4‘ E%ﬂfﬁﬁﬁ% C. forskohlii (AUJ 89438.1)
W WA S, baicalensis (AMW 91728.1)

E9 MpF2H ZH5HE ¥ F2H ZERMARFHLH S0
Fig. 9 Phylogenetic tree of MpF2H protein and F2H

proteins from other species
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Fig. 10 Relative expression of MpF2H in different organs of
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Fig. 11 Relative contents of ACGs in different organs of M.

paniculata
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FEREIZE S 1R A0 45 P L B8 I 4 )
AR B B IE DA 1 18 I D eS8 8 S %
(H BB T 1) B A A AR R L . F2H R
P SRR & R oS 2 Y, AR
LRWHIE. €4, X1 F2H [iFsT, 324
AN KRG, FRBUKRED YY) b, ity
IR A RO FARIE o« ASBIETT i I A e it v
FP B R T MpF2H BEH, JRARIIHRIAE Y
A ACGs & i S B R AOCHE, X0 AT - S I
B A T AT L S

st A S D WLy, HE)
PRI ARAR, Ay gy s it e — AT
W I AR, B AR S ) o lig
FIRBERRERIBT AR, DA 7AW o 5k
A G A~ A AR A RS, o PRI
Wil AT Jantiger 1o ARSI i A

ik T F2H FERH, JRIH pET-30a (+) JFUkifyi T
pET-30a (+)-MpF2H H41I4E, 4 Ji54E MpF2H H4 i
HISRIE . R ASHIAAY-IhRENF R B T HEht.
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