HYRZEEIE 2017, 35(2) . 260~266
Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2017. 20260

P, AEISC, BURE, BOR. RURICE N SRAELSERR A& BOCHERERE N LHCT F LiC3HT ik WsZ st [ J]. MR 3244, 2017, 35
(2) . 260-266

Jiang XH, She CW, Yuan J, Tan R. Effects of trace elements on the expression of LjHCT and LjC3H1 for chlorogenic acid synthesis in
Lonicera japonica Thunb.[ J]. Plant Science Journal, 2017, 35(2) . 260-266

WELENERERERE ML RBER
LjHCT # LjC3H1 5 3% B9 % IO i 5%

; y 1 A R A 1
BaE' 28X, h#, ER
(1. PLE A SAE R TR, SR 556011; 2. MbEpe A 5 a5 TR, WMk, 418008)

# E. fERmZ4AMRIE(Lonicera japonica Thunb.) AZjHY FEAb 22 iy, ANl f30E AR & 4R R MR 1 & f 2 il
SEN A RRAETT T O . ARSI T W 4R AL 4> ARG Fe, B Fl Mo 3 it e, WAL HERT . 54 EHh
MEITTR SRR S ENAEL, JFE T 3 MR T X SRS R IR A RO LHCT 1 LjC3HT #
BRI, FRSER SR, FUEN Fe AHXT LHCT JEN Y54 B W A0 ER, mirh, (R Fe 4B
ATLMRHE LHCT S£R 33k ; Wi B 1 Mo JeR MK iR, LHCT SR MKW B m, IKHkEm Fe &b
AT LM HE LJC3HT R, TR EER) Fe AbHEXT LiC3HT BRI B HAWHIMEM; B oEX LC3HT
PR AT BB R, T MR BE 1Y Mo AbBRAT DI iE [jC3HT JER Ak, MRt . (RN Fe L&, H. Hik
FER Mo Fil B JTR 5 S RALGERR & i W E I, WA S Y Fe JoR G &b h g R & i W W, i
FEAR KW MEICER Fe, B Hl Mo AT5E o i 15 4t SRR A= W B O Bt il 25 IR 1Y) 32 5 DA T S50 AIE 3 463 D 1 %) T iR
R, AWM N T E MR SR SRR &8 . TP R AN TR SR % M E T Z IR T BRI
KR &HAE; MEITTE,; SRR, LHCT, LjC3H1

FESES. Q943.2 XEAARIRED . A XEHS: 2095-0837(2017)02-0260-07

Effects of trace elements on the expression of LjHCT and LjC3H1
for chlorogenic acid synthesis in Lonicera japonica Thunb.
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Abstract. Chlorogenic acid is the main chemical constituent of Lonicera japonica Thunb., and
is responsible for various pharmacological activities. Therefore, increases in the chlorogenic
acid content in L. japonica flowers is economically and medically important. This study aimed
to characterize the effects of applying three micro-elements ( Fe, B and Mo ) on
hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyl transferase ( LjHCT ) and
p-coumaroyl-shikimate 3’-hydroxylase ( LjC3H1) genes in L. japonica. Results showed that
high Fe concentration had an obvious inhibitory effect on LjHCT gene expression, whereas low
and moderate concentrations promoted LjHCT gene expression. With the increase in B and Mo
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concentrations, the expression of LjHCT also increased significantly. Low Fe concentration
promoted LjC3H1 gene expression, whereas high Fe concentration exhibited an inhibitory
effect. The effect of B on LjC3H1 expression was not obvious, but high Mo concentration
promoted LjC3H1 gene expression. These results showed that chlorogenic acid biosynthesis
and accumulation increased with increasing LjHCT and LjC3H1 expressions, which were two
key enzymes in the synthesis of chlorogenic acid, and Fe, B and Mo concentrations had
significant effects on LjHCT and LjC3H1 expression. Application of moderate or low
concentrations of Fe, high or moderate concentrations of Mo, and high or moderate
concentrations of B significantly increased the accumulation of chlorogenic acid in L. japonica
flowers; however, the application of high concentrations of Fe significantly decreased
accumulation. This study provides research-based data for improving the cultivation of L.
japonica by increasing the use of trace element fertilizer.
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44848 ( Lonicera japonica Thunb.) X4 2.4,
A B (Caprifoliaceae) Z.& & 25 k", LA
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TR A BN P R KL, Zn,
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lensis Fisch) HH HHR F9TE 1l 5 A R B A B g A iF
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RPN (SQS) HE R K IR ARV BE Y
Zn Bya] R4S B-A A BE B G ( B-AS ) A Y
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1.1 KIedat

SHAET 2009 E5| AILARA TR E, £k
BRI EAE S % I AR T B B 2 e S 00 S b
PERRK AR —F . #Rm29 0.8 ~ 1.0 m, JBIE N
0.6 ~ 0.8 m MY KK SEI0 M K}, 5250 M oA 35 48
+, AEVHSRIEAE 16°C ~ 18°C2a], 4 IRk
it 1100 ~ 1300 mm., Xk BE 0 SL B ARk EA T8 B
(ESLIN
1.2 {EEFnitH

UV-240 ANt ( HAR S H) ;. Bz Z-
8000 AU Jii W SO HEA ( H 57 ) 5 Optima 5300DV
Pors B BB B A5 B TR R & SO AL (35
Pekin-Elmer) ; MX3000P #1%¢5% 5 & PCR ¥ (3£
[E] STRATEGENE) ; Waters2695 &5 %0 AH (4,151 ;
PDA 4Pl 2%, Waters Symmetry C18 43 41
(4.6 mm x 250 mm x 5 pym); Fe. B #1 Mo 3 F
JCEZ LA (H 7)) ; MARSXpress i ik 1 fit
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IR . AR g al, HAbiX o 4
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B KR A W AR 30 cm &b R — B AR 1 m. &
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Jifi 5K, MR TR RN TAHL,

F1 SHEEBTEMARE

Table 1 Fertilizer concentration of three trace elements
R e i (735

El t High Middle Low

eMeNts  concentration ~ concentration  concentration
(kg/hm?) (kg/hm?) (kg/hm?)

Fe 8.0 4.0 2.0

B 4.5 3.0 1.5

Mo 0.3 0.2 0.1

1.3.2 HmRXESLHE

2014 4F 3 H 27 H (KHiAE) R 5 4 R AL
THEETEEERA, o 40 B, HF e 1%
A EFRILR SR, 20144E 9 A 15 HRESHEE
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Ca, Mg. Na KA E S IR 204 B 25 i g
B A B IR R T Z 6% (ICP-0ES) .
1.3.4 SRUFERSENNE

SRR R S R I E SR R A A3 TR
(HPLC)'™®, i & F. 4 C18 4

(5um, 250 mm x 4.6 mm); VizhAH. W/
0.5% VKAEER (30 © 70); Wid: 1.0 mL/min;
FEfE. 20 ul; #E#E: 30°C,
1.3.5 LjHCT #1 LjC3H1 ERE MR LS
2014 4 9 J 156 H RELWAL L, FEHLA
RNA, Jf& . cDNA 55 —85, SIS 15
BT kTt E 5 PCR 43#T .
1.3.6 HEZITEHH
K HI SPSS 16.0 K A4 X} 52 56 $44is 47 7 2501
Mr5 2@ i, Jr2eoirid B b Jexd SC s 4ot i
TR, AHARFEES, HitiT LSD £
I,
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S A B+ (pH 7.65, A ML &
4 90.20 g/kg; &4 0.25 g/kg, 4#E 1.82 g/
kg, 48 10.64 g/kg, 445 0.64 g/kg, 4
6.53 g/kg, 4% 3.97 g/kg, A% 32.00 mg/
kg, A%UE 86.00 mg/kg, A RLEE 3.22 mg/kg,
R 0.87 mg/kg, ARk 11.41 mg/kg, HRL
#10.05 mg/kg) . HIEAES IS A 06 g R
JCE M F B bR e S E o kB, S5 5+
A, k. A MBS R, S
AR A TR YK AR T SR A
Xk Z
2.2 3FMWMETLEN LHCT 5 LjC3HT1 ERE &KX
Eap=Al
2.2.1 3FMPETEX JHCT BEEFRIEMN I

SHRACTEA R B R TR AT, LHCT
BEARFRIBEAR (K1), midkE Fe LLBX) LiH-
CT R Ry ILA B A HIVE N, WAL E Fe &b
BT DR R R R R s, Tk E Fe 43R I
)Rk R B R KME, BEE B Ml Mo Ju R b3
WM (K, P m), UHCT B £k &
i s, Hh B oo R AP S Rk a5k

XF AL K 2.33, 3.09 #13.61 fi5; Mo L& AL H 5
FeikE X ML 1,59, 2.52 F1 3.39 1, WF5E4:

REW], RIS SR ET, St B 1 Mo JLER AJ
ARt g R X T B Mo JuR ik 5
A
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2.2.2 3WMWETEX LiC3H1 EERIZR N

W R B, IRHEE 1) Fe b BT LIAR 4 4R 4
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B Fe ZbFRXT LjC3HT JLPH By ik A — & 13
HIER, AESAREBEKFE(E2), K£WKEB
JCRIRJE, LjC3HT R ik i 5 %)l G i % 22
5o SXTREAEL, MR Mo Tt AN HLS ¥l i
i LJC3HT FE Iy Rk, HAEDWREZMU4T,
LjC3H 1 M 235 1 15 HUAICRD o ok B b BRI AIG, 3%
AR TRV FE 1) Mo JT 2 X 4 SRR A= ) A iU 5K 1)
S
2.3 HEM3MHETEENEREFHETEN
A
2.3.1 XN&REF Fe tESENEM

RN EE /Y Fe JE G, &4R1EH Fe oo
R B Z (K& 3), SXIEMIL, ZREnE
WK (P <0.05), AFHEER B Fil Mo JLEAL
Mg, &Mt Fe mE S B, mWkE B A
Mo ARG 3 A B B, 400 FE XTI Fe ST R & it
W/ 24.46% 1 17.93%
2.3.2 MEREFBRLESENFI

Hiti B 1 Mo J & n] LA e it & 448 B
JTLEME, Hrh LIS B Al Mo Zb BRI AL
I(E 4), 5XF A 2z 3R 80 B K, 439
Fo X BRI 27.56% 1 13.39% 43 vt i A~ [+
WM Fe TR )G, &MLt B T Z AL,
ik B Fe b PR AR BB B, H X IR
13.78% ., LI 45K, jifin B F1 Mo JTCZE X 4

=LK J¥ Low concentration
m HFJK ¥ Middle concentration

_ o High concentration
*
L *
Fe B Mo Xf
(CE v YIS
Trace element type
* RN SRR EARF TR A G 2 7k 8 B #FKE(P<
0.05), .

* shows significant difference at 0.05 after treatment with the
same concentrations of different elements, same below.

1 HENARNMETERE LHCTERNFRIZE
Fig. 1 Relative expression of LjHCT in L. japonica
after application of different trace elements
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Relative expression of mMRNA

={KE Low concentration
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o= High concentration

<l T

Mo it
R TR P
Trace element type
2 MmMAREMETER LCIHI EEREE
Fig. 2 Relative expression of LjC3H1 in L. japonica
after application of different trace elements
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& 140.00 )
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()]
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Fe B Mo papiisl
(ST TiEN
Trace element type
3 REARMETEESRES Fe TEIETH
Fig. 3 Changes in Fe content in L. japonica
after application of different trace elements
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m 3% Middle concentration
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E 4 REAEMETEEEREPBTEIETL
Fig. 4 Changes in B content in L. japonica after
application of different trace elements

WAeh B iR M B A RIE,
2.3.3 X&MIEF Mo TESENZI

Hjite Mo Ml B sT& )5, &44Ed Mo TR & &
BB, oSk Mo, B R IR EE Y Fe
YEFE I (B 5) , 5 REAH H 25 S5 341k 31 4 3% K
S, Ay T BB 25.94% . 19.58%#11 13.68%,,
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(& weviiES

Trace element type

5 REABMETERERER Mo TERETL
Fig. 5 Changes in Mo content in L. japonica after
application of different trace elements
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A1

Mtirh , R ER) Fe STRA, &AM
s AEAIERE, SRIEIR S i 5 IR L 25
I, TN R Fe TR IE, SRALL
MG, HRATTETTE 22 iR ZE, R
BBE, MERELE, SRIERR S R B ERD, REA
[FEE Y B JUR Ja, SRIim & &0 wam, o
TR R P AL L 22 S 3k B W K P, AN TRDMR BE 1Y
Mo JCRALH, S5 & WA il ., 4 il 2
S Mo T R AL HIL S 22 S ik B i FH KK (P <
0.05), kB Ab BRI ik 21 B 2K, ARk 2 4k
s, ZRAREEG),

B Low concentration

m R E Middle concentration
oW High concentration

N
)
o

t *
[0] k
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~ 0
= O
< 5 0.80
il
41 0.60
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¥ 35 020
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E6 ARNMELRLERESRENEERIE
Fig. 6 Chlorogenic acid content in L. japonica after
application of different trace elements
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ANF R o TE X SR AL TP i T R S SRR
TR R, EOANRIR B AR B T ISR AN
HAE], H ., RHRBERY Fe, 3 Rk BE0 B s ik iE
) Mo JCR ¥l AU E 4R R AL B, R Fe
B. Mo JGE il A &34 in 4 4R AE XX 3 Fhow AWk
WHIFRE, HAeBAEX Fe TEM WYL 5% B Al
Mo JoE MR B A FEH/ER, M4 4+ Mo Fl
B L& MR R EA M EEH
3.2 WHEMERXZEYS LHCT, LjC3H1 £E XX
EMXER

i Fe. B, Mo 7T % J5 4 #r LHCT HI
LjC3H1 My Feik i B, RREM Fe, 3 Fhk
JER) B Fl Mo JTR AN HE5 v $ 55 LHCT L iy 3
kiR, HE RN Fe AbBXS LHCT F LjC3HT %
R 238 BA B W A4, B A1 Mo Ab 3T
LHCT B Rk m TR S 45~ LiC3HT R
fyZeikte, B ICEN LC3HT R [H i35 H 5 X} e
MR EZS, BE%E Mo Jo R AL BRIk (138,
LjC3HT R A w2 e TR, 5 LFriE
P ILHh, RHE Y Fe AbBEXT LjC3HT JE Rl 3
A BAEER , PSR ER, W& 3 Foc
RO, LHCT S LjC3HT BN ik
i, SRR RS AN 2, R EHRIE T Fe,
B. Mo 3 it jc & Xt LjHCT F1 LjC3HT 3K Ay
FiRERELWEEEN, MRt Fe, B, Mo
1) Fr i A3 AR P ik T AR
3.3 WMETEZEEYREREKFHRIENH

Campa 2511 I Ry i nfk ( Coffea liberica Bull
ex Hiern) I EEIEIR R 2 A 2 A ik, RIZE
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Koo fAITHIEETTI ST A R G SRR S R TR R R 22 T
HR 124 MK, Camacho-Cristobal 2™ B 5¢
HESZHHPE ( Nicotiana tabacum L.) it B TG I £35%
AR Y PAL 36 M, 51 52 M 2 DR R 11 5 &,

AL R PR, SWRER B X LJHCT HH
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W9k 31 & ( Senecio cannabifolius Less.) & 3G
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18 12 8 75 90 F M ( Acer truncatum Bunge) ' I
BRICEM TR MASREIR & &, Karki 42 #f58
NN, e TG R A G A DG 75 1 453 B
HHF, TR AR S 48 TR
BN TC A5 45 G 8 I R N RSCR AT SE BN 3L [
B SRR SRR TR PEVE Y L ARt AL, Fe,
B. Mo X} LjHCT #l LjC3H1 3N iy ik HA —E
AURZIR, SR 452 A St 0 X 3 R R R TR 4R
WRMIIFR A KRR, Fe mRB W HiE S5 %K
TE55, MBS LN B4 5% sHER 53R R
MO, T Mo SRR LT LR, AL B
JCRZ HHFR AP AR WIRIE, S
H B L& Al B L Ot SR . Rk iz
WAFEEA YRR R R R, R R
AR —HUESE

RN, IR v LU 2 s e
YR R R FRIE, DA 52 e A 0 AR ) A Gl i 7
SRR 2 202 AR gR 45 R,
i ICE Fe, B, Mo ¥ & i st 48 ml 8 4 R iR A=
V)6 WO FE A 3Rk R AE AN AR 1L, Fe 52
SRIFIRIIE AR 2, B, 38 B R R Gk o T,
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GO ) A FRAE AR ST, TT R A TR SR G 3R
S SRR A WA G BTG P P PR AL R IS 2

S E 3Lk
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