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Cloning and expression of key enzyme genes for chlorogenic acid synthesis in
Chrysanthemum morifolium
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ZHANG Wen-yan, WANG Rui
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Abstract: To investigate the effects of the expression of coumaroylquinate 3’-monooxygenase (C3’H) and shikimate
O-hydroxycinnamoyltransferase (HCT) in the chlorogenic acid-producing pathway and active ingredients in Chrysanthemum morifolium
under flooding stress, we cloned two C3’H genes which were CmC3’H1 and CmC3°H2 and two HCT genes which were CmHCT1 and
CmHCT?2 by the RT-PCR from Hangju and conducted bioinformatics analysis. During the flower bud differentiation stage, we flooded
the C. morifolium and then used B-actin as the reference gene to detect the relative expression of the four genes by the qRT-PCR. Finally,
the content of downstream products and other indicators of these four genes in C. morifolium were measured by HPLC. We obtained the
four genes’ complete open reading frame and predicted the relative molecular mass of the amino acid sequence and the theoretical
isoelectric point (pI). And the protein tertiary structure models were constructed. The qRT-PCR results showed that flooding the C.
morifolium for 3 days during the flower bud differentiation stage resulted in significant expression changes of the four genes at different
growth stages. The results of HPLC showed that chlorogenic acid, the downstream product catalyzed by the C3’H and the HCT, was
significantly higher than that in the control group. It was also found that the content of luteoloside and 3,5-O-di-caffeoylquinic acid was
also significantly higher than those of the control group. Therefore, C. morifolium regulates the synthesis of downstream products by
regulating the expression of the four genes under flooding stress, thereby responding to flooding stress. And the flooding stress during
flower bud differentiation can significantly enhance the accumulation of active ingredients of C. morifolium.
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¥i% Chrysanthemum morifolium Ramat. N%
FH Je 2 aE AR R, H AR A 5 MR )2
Fe RIS i R P B RN, BRI 2,
PATREICIRTE P N 25, W IR 258, BA BOE
Ao CPHFBIH . TEAERESETIAG T RVEE
Koz HARMR . IR E SEEE, & (hEZ
Ji) 2015 FEhi “H4E” BRI 5 KR (Bl
2. . T ) 2L B s £ R
AP, (REZ L) 2015 AR RROME AR BT
ZRIABR AN 3,5-0- - WEP 5E 22 7 R A5 SR I L Py PR 2
B E 9 BT R AR bR « S SR IR A i 7y IR W] B A
UL PUBE . S0HIIEEIRAR . FUMIE . P30
WiEE (HIV) S53EME, RN TER YT 5 55 fpE R
5 S 7 T R I T A B T Y i A
12 52 31 5% b 101 i A8 B 520, WK D aE {2
f—Fh. MRAESCH AL R, FE 8 H IE(HE 71
i 2 B 6 R, TN AR AN ] 3k A T — e A
A K 8, R 8 H b R Ay IR RN AL 5
S AR IR A TR0, R L2 A R B S R A
TEYLERE KA b2 MLV 2R AR B
A5 T AR A o FT BTSRRI FT AT, iR
USRI 5 245 14 T it 2R DR PR 46 8 1 70 0] A X
WA, RIS AR, e A L
AR A YRR A J55L TR] A2 e 7 A T 5 v Kk KL g £ 9 92
TEH.

28 W FT R I B MR Fo AR DA RE B 2L B RS
(shikimate O-hydroxycinnamoyltransferase, HCT,
EC2.3.1.133) it #r& W, HCT J&+ BAHD &
WA M R, R R ERER S H S
ARG Fc B, % ZE R SRR e b,
R HCT RefE ek 2 5o /oK Ag, T smik
LA A FIZEREIR . B DI RE BT R WY, SRS IT
H HCT ZER TR S BRI IR & U L, MR,
LW HCT RLLERR G R SRR . TEALE R & IR
waeH, HCT nfME R T TSR A 555
TR TR N, A ENERER, JF Hie ] bL
WAL 5-0- B P 2 8 TR IR AR R o v P i 7
AN AN S5 SR R A BT S R
NG HEEIREE (B BB TR IR ) 37-F
[coumaroylquinate shikimate)
3’-monooxygenase, C3’H, EC1.14.13.36], 2001 ¥
Schoch 25 3@ I Ty R FE R4 A0 5 9%, 8 UGAIE B AL
R BRI CYPISA3 /& C3'H JE[A, IEsK

(coumaroyl

C3’H J& T P450 EE I F R, fEARFHERE. /£
ANFECERIE, BRI AL, TR ] A
KIL T CYPI8A49 5 15 4k i Fg FI K it 3% & A
SR B R A T R e R BRI, X i
WILE SR AR IN 3 Fh & !, A 1 48748 C3°H
AR A LA RS AR, T2 A SRR
HE . HAESR R IR & S EF, C3H A DU
A 7 G 28 T R A RS SRR, T DU AL iz
T 57 0 5 5 R A RS b v P 5 R R A T S . A
SRR -

1947 4 Rudkin 25 S8R 7 SRR N 454
X, A RN E LG 0 Z B AN,
[Fi) o 453 55 2 Sy 2] B 58 1D 25 6 1 2 B R AR R4
[Rlk,  AHITF FE A8 B S22 8 7 PCR (qQRT-PCR)
TEFE TR e s AR R e B2 HCT Al C3°H 2%
R, SRR F AR 2 oA T 46 JEA T HE K A 2
WE ST A K B X L4 HCT 1 C3°H JE R R IA L H T
WEr= e A REma,  [R)PR I K bl 5 L T
DIRMK R,

1 7R
1.1 #¥&

MEER BT R sl R A s e p i w2
P ARV K 25 25 1 I 5 T 0 T A A e
AT R /ANESR Chrysanthemum morifolium
Ramat. ‘Zaoyang’. 8 H 25 HAEZFIFUG /AL 4k
BEAT KB AL TR, BAAITIEGN R B BT ATL
NZEEHMB AN, IR AE7K B 2R LR 1 3~5
cm, FEZKIRIRF IR, Bhidke A= KR ol — Sk vk v B
AERZAFINT R, H 3 U, M 3 AEF. 3 d
Ja fRBRIE, FUKE R 2 do MARERFE T4,
PUERERE 15 d K& 1 Ik, —HERIEAEM, REMR M
I A K — B S BCEORIE T IR J5 I
A—80 CUKFIRAE, FTHHLRNA; Mbisg Rk
S 2 R 50 0 AR U O 2 Y 45 18 SR A8 3 T TORE
PR T RTE T 70% - 5 IRTEFF T S0%ITE T
60 CHET 5 H T idE R & & .
1.2 XFE5E

ZHE 1260 = ROBAH B (£ Agilent
Technologies /A 7] ); ABI StepOne Real-Time PCR 1%
(ZE[E ABI A7]); PTC-200 PCR 1% Alpha-1506 7!
LHN-0] WAy BT (SEHE Alpha AF]D . ARE
H (5 20150916). )RR (iS5 20150709) F
3,5-O- - WMHERE 3L ZE T/ (L5 20131110), JlRED
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$=98%, M+ E & sk e b EY)
RNA #2HGA7 & (TaKaRa MiniBEST Plant RNA
Extraction Kit). & & H & #% i/ & (Prime
Script"™RT reagent KitwithgDNA Eraser). 52 [ H &
¥ 37 & (PrimeScript™ I 1st Strand cDNA
Synthesis Kit) % E B k7 & (SYBR"Premix Ex
TaqTM-TIi RNaseH Plus). KFEIIRFI & (TaKaRa
MiniBEST Agarose Gel DNA Extraction Kit
Ver4.0 ) . i & B i ( PrimeSTAR“GXL DNA
Polymerase) )W H EAEW T2 CRiE) GIRAF;
5o B % Fil TRANS pESAY-Blunt Cloning Kit I 7
A WrERH A PR 2 7] s DNA e i R 5 4 40 i AE
WEHA R AR e B R G H _EigsigE
PEARE R A7 & e
2 FHE
2.1 2 RNA i2BUK cDNA FU &AL

f% M TaKaRa MiniBEST Plant RNA
Extraction Kit F /=8 HI 35 B 45 v fa] 54 ) 2 24
ZRFRAERAE AR SR EUDT A 1O L RNA,  [R]I H
1% B JIE Ak ok IS AL UK VT4 RNA Jot &, e £ FL UK 5%

i E WG BRI B RNA BT . fE
PrimeScript' “II1st Strand cDNA Synthesis Kit 7
] Random 6 mers 7| ¥ J % 5% v % FH 1) cDNA 26
1 %%, 1# /] PrimeScript' VRT reagent Kitwith gDNA
Eraser P& gDNA H k¥ FH TR O6EEMN
cDNA.
2.2 CmC3’H1.CmC3’H2.CmHCT1 # CmHCT2
STEEFFRLAIRIE (ORF) m=pE

NS R ZHL 45 3] 1R A0 38 e 33 4H 38000 v O
A FIFE NP, f# ] Primer 5 M7 %1 ORF [X 2
a1 (£ 1) RH qRT-PCR J73% b3
IR 2 AN ) e K P i e . A FE A )
cDNA N Hi#g, ] PrimeSTAR®GXL DNA
Polymerase #£17 PCR §71, 20 uL ) M4k 5
5XPrimeSTAR GXL Buffer 4 uL, dNTP Mixture
(2.5mmol/L) 1.6 uL, E. X514 (10 mmol/L)
% 1 uL, cDNA B 1 pL, PrimeSTAR®GXL DNA
Polymerase 0.4 pL, K& Z818/K 11 pL. MNFEF?
98 C. 10s, 60 C. 15s, 68 C. 90s, 35
MEH, 68 CH LA 5 min.

#1 REXK qRT-PCR 5|4
Table 1 Oligonucleotide primers used for cloning and qRT-PCR

B i F (5°-3%) i
cC3’H1-F ATGCTCCCTCACAAGGCCA FE R v B
¢C3’HI-R TTACATATCCACAGCGATGCGTTTGT B[R e
¢C3’H2-F CGGATCCATGGCCCTCCTAGCTCTCC B[R e
cC3’H2-R GTCGACTCATGCTGGCACTCGCTTGTAC B[] v FE
cHCTI-F ATGCCTTCATCCTCCAAAGTTGC BEPR v b
cHCTI-R TTACGATACATATTGCATAAACTCTTGGT BEPR v b
cHCT2-F ATGAGTCCCAACCTACAAGTGAATGT HE K] o
cHCT2-R CTATCTCTTGCCACTCAAAATCATAGTTGG B[R v
qC3’HI1-F CTCCGGCTAACGGGTTGAGT qRT-PCR
qC3’HI-R ACCGCTTCCAGAGGAGTTCG qRT-PCR
qC3’H2-F ACTGGTGGTGCACAGGAACA qRT-PCR
qC3’H2-R GGCCATTGCCCATTCCACTG qRT-PCR
qHCTI-F CTTGGCGGGCGTCTTTCAAC qRT-PCR
gqHCTI-R TCGACACCGGAATCATCGCA qRT-PCR
qHCT2-F ACCGCACTATGGGCTCTCAC qRT-PCR
qHCT2-R ACGAACCAAACGACCCGTCA qRT-PCR
actin-F ACAACTGCTGAACGGGAAAT NS
actin-R TCATAGACGGCTGGAAAAGG e
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PCR 7= ) 2 Jig In] Wi 46 {6 Ja H 4% 8 H
pESAY-Blunt Cloning Kit 1T Ry, it—F
AL B2 KA Trans-T1 H, BRECPH 1 ve b
BEATYREE IR, ARG HEAT VR PCR Bl W0 EiE i
R T VL 8 B < i B AR MR B PR A m] HEAT
TP, I Fr &5 R 5 e s 20 2080 B xR il d GenBank
4T BLAST X
2.3 EYEERFESN

W FE AL T IR 7 51 R 3 = R R P 51 o
g /£ NCBI M ¥4 ( https://blast.ncbi.nlm.nih.gov/
Blast.cgi) BT H IR/ LEX] (BLASTn). 2%
IR 75 L% (BLASTp); H Prot Param #£/3 Chttp:/
au.expasy.org/tools/protparam.html) Tl 1% & 1L 7
FI 0 AH 43 ot 2 R B A R A (pDD s R A
SWISS-MODEL 7t £k T. HE ( https:/swissmodel.
expasy.org/interactive) A48 )i = MR
2.4 qRT-PCR ##f

f#H SYBR Green k& %6447 qRT-PCR 43
B, A & 87 o o\ AR 2OE &SR B
( https://www.genscript.com/tools/real-time-pcr-tagman-
primer-design-tool) Wit 3 G E &I S14) (K
D, ™Y 170 bp, KN 59 C. KM
1k Z 28 SYBR"Premix Ex Taq™-Tli RNaseH Plus
VLB, BNRMES 3 IR, 1E ABI StepOne
Real-Time PCR System 17, 45U EAT 15 fife th &
I3HTe B B-actin /F A SR RIEAT AN 2 B, R
2 AR AT R AT
2.5 JEMRSEENE
2.5 WIREVABIHI & BRI A R R
IR 3,5-O- XU g Jk 2 7 I ok HE et
FEEFRE, BB, I 70% TR e 2
% 35 pg/mL. ARBRFAF 25 ng/mL. 3,5-0- e
B2 TR 80 pg/mL MREVEW, RIS (10 CRLF
RAF).

252 B EEBRIHIE BRSO ARG 150
0.25 g, FHME, BERIEHIRMT, FEmA 70%
HIlE 25 mL, %28, PREMTE, BA LM (Th3 300
W, Ji% 45kHz) 40 min, J84, FMREmE, H
70% I AN R R T R, REA), DR, EXSEIEM
HIEG B

253 FERIIE ORERET. SREERM 3,5-0- ik
P2 T IR B A R ROBUE I 2, USRS IR
(FEZGgL) 2015 4R, SRR AR ECFHAN 3,5-0-

TUHERE L A T R A TR IO Y=84.274 X+
40213, #=0903 3; Y=314.53 X+4.779 8, *=0.982 0;
Y=98.932 X+13.265, *=0.972 5.
2.6 HHESR

KH Stst2 7 2253 Hr ik Aons SEER B #k AT G vt
A3
3 H#BR55
3.1 EERREMFTISHT

i R BRIP4 5 RNA, 2Rt F ks
Mgk R BN HORNA 44w, Cik®
RT-PCR # #fll qRT-PCR LK,

81T RT-PCR J7iAE45 3 7 h%6 C3'H BEA 2 4>
CmC3’H1 (Genbank 5 MH261358). CmC3’H2
(Genbank 5 MH261359), HCT &[4 2 /~: CmHCTI
(Genbank 5 MH261360). CmHCT2 (Genbank &
MH261361). H:H4 CmC3°H1 &K 747 bp, H:r ORF
K 429 bp, Fitidh 142 DM LR, AXF 41 B E 15 800,
PR H SE (pD) 7.02, [FIRHIEE T S E M 3D B
B (E 1. CmC3’H2 ZEF S K 1799 bp, H 1 ORF
11533 bp, Zh 510 NEIERR, HHEHXS 7> 55
57 900, pl A 8.99, [FIRH%E T A A1) 3D ALY
(E2).

1 CmC3H1 EER=RERTUNRE
Fig. 1 Three-dimensional structures of deduced CmC3’H1

protein

2 CmC3H2 ERR=RERTNEE
Fig. 2 Three-dimensional structures of deduced CmC3’H2

protein
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CmHCT1 JE[K B K 1 494 bp, HAF ORF £ 1 377
bp, Fifd 458 M AR, & EAXT 7T HiE 50 800,
pl {H°4 9.06, [FIISHYEE TR 3D B8 (& 3).
CmHCT2 # A &4 1 582 bp, H: A ORF #1416 bp,
ahd 471 NEIERR, HEAAMEXN T E 52 200, pl
H95.66, [FINSHE 7EER 3D B (B 4).

B3 CmHCT1 EHR=REHTNRE
Fig. 3 Three-dimensional structures of deduced CmHCT1

protein

El4 CmHCT2 ZEAR=HKEHTNEE

Fig. 4 Three-dimensional structures of deduced CmHCT?2
protein
3.2 BKBMEXHE CmC3’H1 EEF CmC3°H2
EHEFRIEHFNT

AR SZAE ] B-actin /E NS IEE, 1EH] 2744
Pt EMEK A JE MU AE S (JEF) i C3°H 2
BRIFEAN [A) AR I AR ik i (8] 50 6). 45
R, MXTFXTRRZ, AEEZHM CmC3 H1 JEREX)
K B8 I N — ELAL TR KR, BAEAS A
NRRREEA BN, EALER)E 30 d IR KPR
L) 96.4%, [FIIN A LGS HEZELRI 4 #2H () CmC3°HI
A TA] 1) 2 1 35 SR 3L A 4 A6 AR A N T ) A
Je NBEIE BTEs SRRZALRAGHEZE B3 CmC3 H2
HRIEEEAFRNE T A EEER, 20%
N LI R RS, Kb B AERK S 60
d N CmC3’H2 JEFFIREERZRTWRA, £
60~75d JHan i, EIFARZE, 75d 50T T
W ERFEERIEAC, (E2E 15 RINEERRIAET
TR RCOR, AR FRIAF X R 93.5%, 75 d
B FIRFERE R R, LU IR ZH R 12.0%.
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5 BAKELEEMFAERE CmC3 HI FHERT =
rE
Fig. 5 Relative expression of CmC3’H1 in different periods

after flooding stress
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Fig. 6 Relative expression of CmC3’H2 in different periods
after flooding stress

3.3 EKEMEXHIE CmHCT1 1 CmHCT2 EH
RIEHIFZ M)

4 H] -actin YE NN SIER, 1B 272k
WK JERUARAE S (FEFP) ) HCT JERIEA
A A AR s (B 7. 8). ZHR R
MR ANALFRZA BT CmHCT1 SE R (¥R B AEAN[H
WA EEER, R TIHE LRES,
Horp b H AR R K G5 30 K CmHCT1 FIRIE & &
FACT R4, HM30d 5IFHRE FFH, — B
SrRNEACH, FEH 30 RN R L& N &
Ky FIXSFRIL B LXK 46.4%, 45 d i LfE
FEf R, HOUHRALE 71.2%; XXt IR, 4
ZHE) CmHCT2 J KOS K e B e S — ELAE T 1
WK, BAEAFEIN N R A ), e
515 R N BRKGEE] 84.7%.
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3.4 EKEMEXT C3'H F HCT FRrEILEY T =4
FIEERE =T
HPLC VEMEWGRERI ISR IR &, 25
FEIRHK AR RRAE R R C3H A HCT L%
AR BRI, M 1.545% 0% 1.761% (& 9).
3.5 BB MEEMEEK S S =R
N T AR R K B B3 R A RS R 5

b w4
mALFRZH

0 15 30 45 .60 75 90
t/d
7 EKIMNELIEEMAEAERE CmHCT1 HE3 &
BE
Fig. 7 Relative expression of CmHCT]1 in different periods

after flooding stress
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Fig. 8 Relative expression of CmHCT?2 in different periods

after flooding stress
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Fig. 9
catalyzed by C3’H and HCT after flooding stress

Relative content of chlorogenic acid product

Wa), AR SHG 4 R 25 SRR AR R I 1 P05 oAt 2 FhdE bR
B, 4 SR R R 7K A 3 R 0% S 3 R v R R L A
3,5-0-MNHEBE R ZE TR A E, HPAREES
M 0.252%H 03] 0.378%, 3,5-O- Ml 3 45 5
BRI\ 2.584%1 % 2.755% (B 10). FINR &I, XF
HEZH RN AL 380 PRI HR B 1 70 3 15 6 24 LR 1B o

R I b 2
257 S
20T

151

%

i

)

1.0
051

ENEA

3,5-0- - WHERE 3 ZE T R

E 10 EKBHETHREMBIERRSSE
Fig. 10 Relative content of other active ingredients after

flooding stress
4 g
4.1 #KEMEXT CmC3°’H1.CmC3’H2.CmHCT1.
CmHCT2 EFEFRIARIF M

S 6 R IRAEAE S A A AR B A AT FR 4 3
d M /KA 2 S E CmC3’HI . CmC3’H2 .
CmHCT1. CmHCT2 R 7EAN [F A KB 1 P4 R A= 2
FFRIEDA, BAAERFR AR A .
o, MR, ALFRAHA) CmC3°H1 A K
B B — ELAL T N RSP, fEAREE S 30 d BPEYR
WA SRR AL FIHATE CmC3° H2 FEA]
(5 E S N RE LR A, Kl
HHLEREK G 60 d P IERIE 2 0 2T X R4, M
60~75d Ja s L, (HIEAREE, 75d )5 XIF R
N B R B A . ) 8 2 A T A BT A
CmHCT1 R 255 B L 56 N R s,
Hop AP AERKGSH 30 RIEIEE DT X
P4, E30d J5ITFah e B, —BERFs%y
o ARG TIEL, AEERAHA) CmHCT2 3K X}
KB R — B AL T R IRAKCE, fEAREEEE 15
R R AR

GG RN RILE SRR AN SR, 4
JRER A A& B 5 CmC3’HI. CmC3°H2 Fl
CmHCT2 Y AHXS Rk & AE 84k FARE A &,
5 CmHCT1 HIAHXS 3R IE 75 54k AR {k i 3
[F. £ TN S ESERNKREERRT
I, AHFEA SRR, HF TR IR
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MR R4 5 GS. GDH BRI KB E M T
KER: KA. WEAR. BER SRS GS Hy
IR B EE AR, MAZEKE GDH Hkt
Rk EIEMXM, A REBREESS E
W PR B R MR,
J2 DRI 9 ¥ 7K 3 ) 3 PR R 3RO P2 26 T 56, R4
PHEKRE AR B, BT R =& &
S EY R TR, W H HCT XJg C3°H 1Y
LR, WEZ MRS AR, A%
FAGE TR AR R B, X R RS T iR
M. LK hiEfE, C3H B 2 NER
CmC3’H1 1 CmC3°H2 7R L% FAHE, 1
X2 AN IR 3R 0A S v K e 38 i e R N B AR TR
W IX 2 A J5 ERL o T EC 20 A6 [ (7 A s T HCT B
) 2 ALK CmHCT1 A1 CmHCT2 fE £ ik# i
MR, Tl BIIX 2 A [R] ) 3R 6 W K ol 3 480 H 1
8B ANTR], HEMIX 2 A I8 (R XF il ke B A [ 1) /R
7] BN 52 56 445 SR B R B () A K il dE 22 X AL 1K 4
ANFE R R PR AE RE S IO RS, IE BH 4 1 v
K iE 2 AR OKHE b 52 A B 4 43 5L R & g A
1 JE& W 7K S R I i D 3% 1
4.2 BIKEMEXIFTE MR 5 RIS

T (R EZ L) 2015 FFRRALE RIBTE 1 3 Fhig
PR 38 J& T IR AEARU =4, HLA 2R I 1 A K
ZRIRAARE T, A TR I ZF 73 A AR B 2 2
AT HEK I T S5 R BRIX 3 MR AR B 8 B Y]
IR BE K 43 e v DA m A AR B 4L &
&R, HARKERARHYIE. (o s s by
PR PR AEAR R (g it 20, X 5 AR A (4G 18
FH—8 XA RESE RUNAE 2 04 AL T 245 FH R A A
KRR ], 7EIXANBY Bl AT HE/K e 3307
HIERZIH, WIAEAREIRTS, Fie =l , S
ARG, & T KRR R R AR YA
P S EN IR BTSN g K N S s |
FHRT IR R AR B T KA R -
43 EMARSFEIENXR

T T R 4 B AR S ) TR AR AR P A 2 2 A )
T A A, T R AR AR A 24 P AR 6 3
BENE R FEY),  [FRT2 AR <R b
G 1R A AR =, BRI 0 AN
A3 BT 25 A 8 TR R 2 A R S
B R B AR, Wiy B AT LA TR £ BTE i
NIEHLZH, T 2 B4 8 H N RIAN AT Gk 2
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