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Effects of light or medium components on gene expression
of DFR, LAR and PPO and content of catechins
in calli of Camellia nitidissima
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Abstract ; Studies on Camellia sinensis show that light and medium components had significant effects on metabolism of
catechins in materials cultured in vitro and that DFR gene, LAR gene and PPO gene all have close relationship with it.
For further study on molecular mechanism of metabolism of catechins and providing theoretical guidance for the deep
development of catechins in C. nitidissima, calli rich in catechins were used as materials to study the variation of DFR
gene expression, LAR gene expression, PPO gene expression and content of catechins and the correlation with each

other in calli under different light source, hormones, carbon source or PHE treatments for 30 d. The results showed
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that all the above four detecting items reacted to in vitro treatments significantly. Under the above treatments, the ex-
pression pattern of DFR gene and LAR gene was very similar. The correlation coefficients between the two under these
treatments were between 0.710 and 0.889. The correlation of PPO gene expression and content of catechins was signifi-
cantly negative under different carbon source treatments and their correlation coefficient was —0.696. DFR gene expres-
sion was significantly positively related to the content of catechins under different PHE adding quantity treatments and
the correlation coefficient was 0.786. LAR gene expression was also significantly positively related to the content of cat-
echins under different PHE adding quantity treatments and the correlation coefficient was 0.564. MS solid medium sup-
plented with 4 mg - L' 6-BA, 0.6 mg - L' 2,4-D, 30 g - L' sucrose and 0.660 8 g - L' PHE was suitable for in vitro
production of catechins. Content of catechins in calli cultured in this medium for 30 d was about 40.11 mg + g" DW.
Based on the above research we concluded that similar to C. sinensis there was a close connection between DFR gene
and LAR gene during metabolism of catechins in C. nitidissima and that the increase of expression of PPO gene caused

the loss of catechins in C. nitidissima and that it was an effective way to add suitable amount of PHE for the increase
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of content of catechins in calli of C. nitidissima.

Key words; light, hormone, carbon source, PHE, correlation analysis
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REARALES, HILZR R HAPUE (Lu et al,
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e AL RS AR HX A A S5 THEY)
T R 1A W (Stafford & Lester, 1985 ; Heller et al,
1985; Fischer et al,2003) ; LAR & 1G5 i1k JL25
R TCOAETE Z A OC I B b -3- 58 LB 4w 7 R 5%
BT LR X YR G R E k% 1T
B R U5 W 5 14 & B ( Tanner & Kristiansen, 1993 ;
Tanner et al,2003) ; PPO 5 Hi&—F&H 3 N4 1)
BH, XANE AL — A LA IE BRI 9 4
PR L 33 A il Al X 5 Al 1 BRAR Y L A% Bk 1
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AN A S A (1. A) IR MS+
4.0 mg - L' 6-BA+0.6 mg - L' 2,4-D LA 30 d A%
AR AR AT A A R AT ARG S 5 5% (18 1:B)
1.2 £ F AR AR LIE
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L' 6-BA 0.6 mg + L 2,4-D 130 g - L' BEBEAY MS
[Fl A 8 F5 1, JF 43 S & T LED £ LED #  LED
i \LED %% [LED [ LED Wz BR WG = H O6AT 8 Fh
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FEASEFRIE  pH ¥R 5.8,48 121 °C (101 kPa & K
B 20 min PRA7A BRI R (25+2) C 6T A
HOGAT  EIREWIA 12 h - 4, B3] 30 d, 4
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-1 58 A A LIRS0 IR BRI FP IS (O AR A
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Fig. 1 Induction and culture of calli rich in catechins from Camellia nitidissima A. Calli induced from
somatic embryo; B. Calli cultured in vitro; C. Calli treated under 0.660 8 g - L' PHE.
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1.321 512.643 0 g - L' AR NZRRI 7 Fl MS [ {45
FRAEEPE T H AT MR, HAME SR B8 4
mg + L' 6-BA 0.6 mg - L' 2,4-D 530 g - Lk,
1.3 £ % DFR,LAR 5 PPO EREEFR LS
1.3.1 27 RNA #2352 % R KR RNA
PG & (KRR, 650 XL EARFDEIR B3

VR BRI RIS I AL B 30 d J5 19 A AL 2% A i 4l
ZUHEAT 5 RNA I, i Sk FER 5 4% 15, R
TAKARA Primerscript™ RT Reagent Kit &5 & #E 17
RNA %% 5% JH T qPCR 55,

1.3.2 qPCR 314 Rtk 2 5 R w425 LA 18S N
WS AR 6 SCER B 1Y DFR (A1 243C,2012) 5
PPO(F¥J1597757.1) Je Sl A% 1Y) LAR (KR045740.1)
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Lai (2002 ) 21 1Y J5 6 IF AR 4R AH OG5 1 9 T™ (E #E47
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Table 1  Primers for realtime PCR for 18S, DFR, LAR and PPO and their annealing temperatures
B0 W5 iRzl IR
Gene Upstream sequence Downstream sequence AT (C)
18S CCTGAGAAACGGCTACCACAT CACCAGACTTGCCCTCCA 58
DFR ACTGTGGAAGGCGGATTTGA CGTTGATTGTCGGCTTGATTAC 58
LAR CATCAAGAGGTTTTTGCCATCG TTCTATCAATCGCCGCACCC 58
PPO CTGACGCCGAGTACATAGC GACTTGGTGATAAGCTCCGT 55
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KA SPSS 19.0 B XF B 1Y 7 25 25 5 W
PR RAH AT 28T

2 HREGAH

21 AERIELETRGHEL S DFR.LAR 5 PPO

BERMRIZEMBILEZREETUREXED
H#% 2 Al %1, LED 25 HGITA P DFR 31k
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x2 TEALFELETERARZERZILFZIENVE
Table 2 Determination of gene expression and contents of

catechins under different light sources

ey JLAEEE
. e DFR LAR PPO Catechins
Light source 0
(mg-g")
LED 41 0.57 = 0.92 + 1.60 + 17.05 =
LED red 0.08b 0.04a 0.10b 0.89de
LED #% 0.36 + 0.63 = 0.48 + 29.47 =
LED yellow 0.05b 0.02b 0.04¢ 1.33a
LED i#% 0.41 + 0.80 0.63 + 24.73 £
LED blue 0.10b 0.03a 0.06f 0.55¢
LED &t 1.28 + 0.86 + 1.85 = 15.46 +
LED green 0.05a 0.04a 0.16a 0.56f
LED 1 0.37 = 0.66 + 1.44 + 13.43 =
LED white 0.05b 0.15abc 0.04c¢ 0.54¢
LED B H 0.30 0.46 + 0.81 + 18.27 +
LED warm white 0.03b 0.03¢ 0.07e 0.73d
TR 0.35 + 0.46 + 0.47 + 16.75 +
Dark 0.04b 0.01c 0.07¢g 0.53ef
HLkT 1.01 = 1.01 = 1.01 = 27.88 =
Fluorescent lamp  0.18ab 0.13abe 0.07d 0.72b
1 ANRNGFEERIRTE 0.05 KV LA BEZES . TR,
Note ; Different lowercase letters mean having significant differences at 0.05 level.

The same below.

AR LAR F3A 850 LED 0403 PPO Fiki:
B s LED BN T BULAS R i,

T EHEE LW, 6xt DFR LAR Fil PPO X 3
M TRIVESUY S| S S8 sp e/ E 3 2 I P
PEATEE R AEARFDEAA T, DUITHE R 2
W4 DFR 5 LAR Z [ A7 7 1 35 B AH OGO R HH AR
KEFH0.71,
227476 6-BA 52,4D i RELAETREGHR
DFR.LAR 5 PPO ERMRIZEMRILFEEZSE
T RABE DT

M 3% 3 A%, 6-BA,+2,4-D AL BEF DFR ik
T 6-BA, +2,4-D A0 HL R LAR ik B
6-BA,+2,4-D,, .6-BA,+2,4-Dy, % 6-BA,+2,4-D,,
WHER PPO A A0 ;6-BA, +2,4-D AL HL R
LA R g m LS H A/ A BAr e 255

HEDS 45 R FEW, 6-BA 2, 4-D K 6-BA x
2,4-DIXt DFR LAR 5 PPO 3LHxX 3 PNEEH A%
KRR R B AEAE N B R, A AT 25 SR
LKW TEARIA 6-BA 5 2,4-D Wk JEALFE T, PUIRFE bR
BB Z 01X DFR 5 LAR Z 745 i E ARG 56 & HL
HAHK RN 0.889,

%3 AE6BA 52 4-DIRELETER
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Table 3 Determination of gene expression and contents of

catechins under different concentrations of 6-BA and 2,4-D

LR
(mﬁ'?é.) (m2’i"]L), 3 DFR LAR PPO  Catechins
. . (mg-g")
3 0.3 502+ 552+ 093+ 1771 =
0.10a 0.17a 0.10c 0.22¢g
0.6 1.82+ 133+ 076+ 31.66=
0.10d 0.12de 0.06¢ 0.41a
0.9 267+ 470+ 156 2381 %
0.07¢ 0.30b 0.16bc 0.39¢
4 0.3 391+ 471 348z 19.86
0.38b 0.07b 0.16a 0.35e
0.6 .00+  1.01 = 1.01 = 2281 %
0.04e 020e 0.16¢ 0.37d
0.9 1.82+ 158+ 417+ 2372 =
0.05d 0.23de 0.14a 0.22¢
5 0.3 1.04 + 1.80+ 200 19.16 +
0.0le 0.33d 0.17b 0.08f
0.6 1.76 + 258+ 124+ 20.08 =
0.09d 0.18¢ 0.13be 0.35¢
0.9 285+ 460+ 229% 2958 +
0.03¢ 0.79b 0.57ab 0.59b

23IAEHmBEMESTIMELE TRGAHARA T
DFR LAR 5 PPO EAKRIZEMZILEZEZS=E
T RABEMES T

M 4 W50 ,45 ¢ - L' REMEAL R DFR JEH &
IR 45 ¢ - LREHEAL T LAR JE Rk
A 15 g - L7 REREEL 15 g - L 45 b Ak B
T PPO JEH ik AR 5530 ¢ - L AL
SRR S W, BEN 25.1 mg - ¢, H5HAD
8 AL HIAAAAE 3 25 5

T5 225 T s R WY, A2 St B R 28 s
WX DFR LAR 5 PPO 3 NIER 35 LK &
SEAFTEN R R, A T g R R TR
[) B 8 b 25 5 78 A AL BER, 4 TS bR 9 9 22 )
DFR 5 LAR Z [AIf77E M i 35 IEAH G, oM 56 R0k
0.867, H PPO 5 8 LA R & S AE1E o 2 AR G,
FHIC R EN-0.696
24 REIFHWEERARMELIET DFR . LAR 1 PPO
HRIZERBILFZZSETURBEXEST

M55 I, 1.321 5 5(2.643 0 g - L' K RNE MR
LEERR DFR 3R 365 5 A 6 B 1,321 5 8§
2.643 0g - L7 R Z R AL 1T LAR K& [F 3R 35 1t A
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Table 4 Determination of gene expression and contents
of catechins under different carbon source

types and additive amounts

Il

e JLAER
:ﬂl " DFR LAR PPO  Catechins
Additive type a0
(g 1) (mg-g™)
b 15 1.53 = 1.22 + 0.83 = 23.10 =
White sugar 0.03¢ 0.14de 0.05¢d 0.37b
30 1.41 = 1.51 = 1.11 = 25.1 =
0.05¢d 0.25d 0.02b 0.56a
45 1.40 = 1.51 = 0.66 + 20.62 +
0.09d 0.15d 0.02d 0.34d
e 15 278+ 229+ 205+ 1547 =
Sucrose 0.05b 0.21b 0.11a 0.57¢
30 1.00 = 1.00 = 1.00 = 17.45 +

0.03e 0.07e 0.06bc 0.09f

45 321 3.69 + 0.93 £+  23.06
0.08a 0.23a 0.06¢ 0.34b

T 15 277+ 181+ 199+ 13.88
Glucose 0.05b 0.23¢ 0.23a 0.34h
30 0.58 = 0.91 = 0.87 = 18.51 =

0.05f 0.01e 0.02¢ 0.23e

45 1.91 = 1.52 = 0.50 = 21.29 =
0.05¢ 0.26cd 0.03e 0.18¢

x5 FAEXREBRFIMELETER
RIZERBILFZRIENNE
Table 5 Determination of gene expression and contents

of catechins under different PHE additive amounts

AR JLE#E

PHE DFR LAR PPO Catechins

(g- L") (mg-g")
0 1.00 = 1.00 = 1.00 = 20.39 +
0.07d 0.08cd 0.01a 0.48f

0.082 6 1.46 = 0.82 + 0.84 + 19.85 +
0.18d 0.09d 0.05a 0.71f

0.165 2 5.62 + 6.68 + 0.55 + 30.89 +
0.53¢ 0.47be 0.09abc 1.30d

0.330 4 9.00 = 20.16 + 0.67 = 28.39 +
0.10b 2.84ab 0.15abc 0.40e

0.660 8 7.64 + 542 + 0.35 + 40.11 =
0.56bc 0.80c 0.02¢ 1.03b

1.321 5 17.60 + 21.15 = 0.52 + 34.80 +
1.65a 1.54a 0.02b 0.50¢

2.643 0 21.62 + 20.19 = 1.68 = 41.56 +
1.09a 2.21ab 0.31abc 0.57a

X 0.0.082 6.0.165 2.0.330 4 8, 2.643 0 g - L
RNE TR T W AL 4 PPO JE R 35 B4

XTESET; 2.643 04 g + L' AN & B AL R () 4 4645
WAL SRR S i, HIEA 41.56 mg -
g, HEHA 7 AP 22 5,

T2 a5 R RN AR Nt X DFR |
LAR Fl PPO 3% 3 PR Rk LA R B m A
e B R, AHOCHE S BT 45 2 I FEAS R R TN &
PRSI AL FE R | PUITHE bR 9 9 22 (8] DFR 5 LAR 2
(A AE 3 IEAR DG OC & ARG R B 0.861; DFR
HRILKRESEAAEWE ZEEMEER, KX R
BN 0786 LAR 5 B LA R & B AFAE B 1A C
KEZR,HAHXREH 0.564,

3 3

30 HEEHFRAGEL S DFR 5 LAR EILEER
LipuR el ALz PS

TEANRDG BB E 77 3 i 40 AL BN DFR 3 5
LAR FER Z [ A2 7 1 25 L 2 W 3 IE A DG G &R
Wil 5 2, XA LR e e oL~ 2A oA L)
FR R, fERM R, DFR 885 LAR A 7F
HEATHEAL SN E  FT 7 B 7 ) 12 S5 2 09I (Hong
et al,2014) , i HAEM A A Eg2A et k30 T P&
Z A AT I AHIEME ( (Punyasiri et al ,2004)

HCH AR . 7F 4 4625 DFR 15 LAR 2
FI7E HEA T4 Ak SR B i 0 7= 2 I B S L
WE TR R Y UG AL B b s DA G
32 PPO RIZEABSSHEEFRGALAPILEE
EES

TEAS R AR DR R 25 5 A8 (9 Ab 3 1 A5 4 41
W, PPO R FIA 5 BULA R & m A7 e B3 Tl
KFR ., MBI N REE 15 ¢ - L' Z8E 15 ¢ -
L', PPO SER 0 3R5 5 e i B L ZS 2R 0 & it
JeHAR . ATABFFE R, PPO 8 1 B AT AL LA B
T B AH X 1 1 48 AR R 1Y 2 fiE ( Gregory & Bendall,
1967 ; Carsten et al,2002)

HAC El IH A A T s YR Ak B 1 A ) Ak
BILAR S5 W E R A T s PPO £
kR FE FIHER, WHLZU PPO £k E T
SRRSO HL LR R,

33 MNERNMMAERSRETRSSEXTHESN
DFR 5 IAR £ X BERMREMMEHILEZN

u]

I\NZIR

TN TR R IS I A A ) T A AR 5
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R LR
LA A H;‘ﬁﬂ? PR iR SR TN A TR AL 3

TRGAL LA R E i, IS0 B RN
e R it S AL A A A LU B LR R BN ARL
7=

SE

CARSTEN G, CHRISTOPH E, BERNT K, 2002. The ecrystal
structure of catechol oxidase; new insight into the function of
type-3 copper proteins [ J]. Acc Chem Res, 35(3) . 183-191.

FISCHER TC, HALBWIRTH H, MEISEL B, et al, 2003. Molecu-
lar cloning, substrate specificity of the functionally expressed di-
hydroflavonol 4-reductases from Malus domestica and Pyrus com-
munis cultivars and the consequences for flavonoid metabolism
[J]. Arch Biochem Biophys, 412(2) : 223-230.

GARCIA M, MICHELANGELI F, FERNANDEZ A, et al, 2013.
Anti-inflammatory effects of (+)-catechin isolated from the bark
of Byrsonima crassifolia [ J]. Plant Med, 79(13) ; 1173.

GREGORY RP, BENDALL DS, 1967. The purification and some
properties of the polyphenol oxidase from tea ( Camellia sinensis
L) [J]. Biochem J, 101(3) : 569-581.

HELLER W, FORKMANN G, BIRTSCH L, et al, 1985. Enzymat-
ic reduction of (+)-dihydroflavonols to flavan-3,4-cis-diols with
flower extracts from Matthiola incana and its role in anthocyanin
biosynthesis [ J]. Planta, 165(2) . 284-287.

HONG G, WANG J, ZHANG Y, et al, 2014. Biosynthesis of cate-
chin components is differentially regulated in dark-treated tea
( Camellia sinensis L.) [J]. Plant Physiol Biochem, 78 49-52.

LIN YL, LAI ZX. 2010. Reference gene selection for PCR analysis
during somatic embryogenesis in longan tree [ J]. Plant Sci, 178
(4) : 359-365.

LIU M, TIAN HL, WU JH, et al, 2015. Relationship between
gene expression and the accumulation of catechin during spring

and autumn in tea plants ( Camellia sinensis 1.) [J]. Hortic

es, 2. 15023.

LU N, CHEN PQ, YANG Q, et al, 2011. Anti- and pro-oxidant
effects of (+)-catechin on hemoglobin-induced protein oxidative
damage [ J]. Toxicol in vitro, 25(4) ; 833-838.

PAVETO C, GUIDA M, ESTEVA MI, et al, 2004. Anti-trypanoso-
ma cruzi activity of green tea ( Camellia sinensis) catechins [ J].
Antimicrob Agents Chemother, 48(1) : 69-74.

PUNYASIRI P, ABEYSINGHE 1, KUMAR V, et al, 2004. Fla-
vonoid biosynthesis in the tea plant Camellia sinensis : properties
of enzymes of the prominent epicatechin and catechin pathways
[J]. Arch Biochem Biophys, 431(1) . 22-30.

RANI A, SINGH K, AHUJA PS, et al, 2012. Molecular regulation
of catechins biosynthesis in tea [ Camellia sinensis ( L.)
0. Kuntze ] [J]. Gene, 495(2) : 205-210.

STAFFORD HA, LESTER HH, 1985. Flavan-3-ol biosynthesis:
The conversion of ( +)-dihydromyricetin to its flavan-3, 4-Diol
(Leucodelphinidin) and to (+)-gallocatechin by reductases ex-
tracted from tissue cultures of Ginkgo biloba and Pseudotsuga
menziesii [ J]. Plant Physiol, 78(4) : 791-794.

TANNER GJ, FRANCKI KT, ABRAHAMS S, et al, 2003. Proan-
thocyanidin biosynthesis in plants-purification of legume leuco-
anthocyanidin reductase and molecular cloning of its cDNA [J].
J Biol Chem, 278(34) : 31647-31656.

TANNER GJ, KRISTIANSEN KN, 1993. Synthesis of 3, 4-cis-
[ 3H]leucocyanidin and enzymatic reduction to catechin [ J].
Anal Biochem, 209(2) : 274-277.

WANG D, 2004. Tissue culture of plant [ M]. Beijing: China Agri-
culture Press; 7. [ £, 2004. YL EEFE [M]. L5 P
FE AR A 7.]

WEI'Y, WANG J, LUO JY, 1999. Detection of content of catechins
in tea polyphenols buccal tablet by vanillin colorimetric method
[I]. Chin J Chin Mat Med, 24(6) . 347-347. [ #4%:, 18,
&’my% 1999. AR ALIMNE R Z W 1 & A LR

i [J]. PB4, 24(06) : 27-28.]

YANG D, LIU Y, SUN M, et al, 2012. Differential gene expression
in tea ( Camellia sinensis L.) calli with different morphologies and
catechin contents [ J]. J Plant Physiol, 169(2) ; 163—-175.

ZHOU XW, LI JY, FAN ZQ, 2012. Cloning and expression analy-
sis of Chalcone Isomerase gene cDNA from Camellia nitidissima
[J]. For Res, 25(1): 93-99.

ZHOU XW, L1 JY, YIN HF, et al, 2013. Cloning of Camellia nitidis-
sima flavonol synthase ¢cDNA and construction of sense RNA inter-
ference expression vectors [ J]. Bull Bot Res, 33(1) : 58—-65.

ZHOU XW, 2012. Clonning and function reach of pigment genes
from Camellia nitidissima [ D]. Beijing: Chinese Academy of
Forestry Sciences. [ JA2%3C, 2012. 4855 AE (A S FE H 14 7
R S HDIRERST [D]. dbut: P EMARETFEEE. ]



