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MeJAX Ti S 2 i Z M An L EMFEHAE NEZER
RERGFHEXERRENZI
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fREA R A R T AR ST 81 350002

7] FRATER TR (MeJA) X HEH A B AR ™= P00 & b B AR R, 0T il MeJAXT 0 32 4 g vh 2%
AT DR A AR, DAL SRR T A0 AR, AR IS [R] e B MeJ AR I Ak 1] Ak Pk 288 o AN 2 8 N R
SR, 454 SE 20 E mPCREE AR, /M 2E BE A2 HH 8 PR G AN G F TR S H BRI R, 451 1R,
200 pmol/L MeJAKNF T, Ui ek 17 AN+ 8 . 2R AR AN B M7= m 338 B i K, 76 B R AN BT 37 19 5 4K 45 200
pmol /LA 2 5 lil FI 20 8 DAY & A7 ik 2 5 K S XTHR (MeJA 0 pmol/L) A EL, AS[R]¥E B MeJALL B R, PAL .
F3H, CHI, CHSHER 323k 6 Y0 0 35 1l 55 28 2 & & LA 1IEAH G, PDS. PSYRIZDSHE R 3% iR Rk, 5
FIE DR A H A EM T M5 MeJATR NN BRI (WHEIR , PAL, F3H, CHSHICHIE R Y 2 A8 20 5 A B & B 0
B R AH S, PDSHIPSY AR IEA — 3, HS 28 MR & B R R R — 30, ZDSEEE M BT R ik, A<
TIF 5% 2 I MeT AR 3 RS IS 5] XoF 68 2% 8 7 200 it b 218 B 1 AN 280 3 N4 iR 25 1 B VR, nlob itk — 2 88 MeJA
5 5 0 SRR T 2 I S BT AN DS B NG ML 2 S, (K18 1 £:28)
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Effects of methyl jasmonate on the contents and related metabolic genes of
flavonoids and carotenoids in suspension cells of Amaranthus tricolor L.*

LIU Shengcai”, PAN Junfei’, WANG Xiao, ZHAO Chunli, LAI Zhongxiong " & ZHANG Zihao

Institute of Horticultural Biotechnology, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Aﬂﬂ[’@(\ﬂ Methyl jasmonate (MeJA) plays an important role in the regulation of plant growth and secondary metabolite
synthesis. The effects of different concentrations of MeJA and time of addition on the content and yield of flavonoids and
carotenoids were studied using suspension cells of amaranth (4dmaranthus tricolor L.). The relationship between the expression
of flavonoids and carotenoids-related genes and their accumulation was analyzed by real-time quantitative polymerase chain
reaction (QPCR). The results showed that the dry weight, and flavonoid and carotenoid production of amaranth suspension
cells reached the maximum at 200 umol/L MeJA treatment. The content and yield of flavonoids and carotenoids reached the
maximum when MeJA was added at 200 umol/L on the fourth day of suspension cell culture. Under different concentrations
of MeJA, the expression levels of PAL, F3H, CHI and CHS were significantly up-regulated, and were positively correlated
with flavonoid content; PDS, PSY and ZDS genes were also significantly up-regulated and were positively correlated with
carotene content. When MeJA was added later, the expression patterns of PAL, F3H, CHS and CHI genes were not significantly
correlated with flavonoid content; PDS and PSY expression patterns were similar, and were consistent with the change of
carotenoid content; and the ZDS gene was down-regulated. The concentration and addition time of MeJA played an important
role in the regulation of flavonoids and carotenoids in suspension cells of amaranth. The study lays a foundation for further

study on the mechanism of MeJA-induced flavonoids and carotenoids in amaranth suspension cells.

[{'ﬁym Amaranthus tricolor L.; suspension cells; methyl jasmonate; flavonoids; carotenoids; gene expression

WO HIY Received: 2018-12-18 4552 H ] Accepted: 2019-01-27

e AR AARRESE S IH (2018101700) | & HE AR MR 2% B QBT LI 4: 10 H (CXZX2017174) Fike 44w 2 Bl 150 22 9% (71201801101) %t
Bf Supported by the Fujian Natural Science Foundation (2018J01700), the Fujian Agriculture and Forestry University Science and Technology Innovation
Special Fund Project (CXZX2017174) and the Program for High-level University Construction of the Fujian Agriculture and Forestry University (612014028)
#IL[H) 2 —1E#H Co-first authors

** i fE# Corresponding author (E-mail: Laizx01@163.com)



FEW R AR AR G 7= W 7 AR ) A i O Sl R P ke o T A
., BLVEZ 0 AEAR = W e M A A 15 B A m] /b gt
A g, ) FHA 0 2H 20 A B B R e R A 7 I AR AR 4 ST
A, B TTE SE 4002 Bl AR 1 4325 i i 600Fh Yk
AR AR T G (Methyl jasmonate, MeJA) /£
— R AL A ST, R A K AR A AR
HA E A PR 5 & B, S FTRR e AE
PES BARM U A P A9 A B AR R, R 3 i A K
)V 5 MeJ AT 52 1y B rE VR A P B R (b S 9 8 I 7
Wi, 7E 55 TR AN 2 B e .

TE IS BT AR W ad 42 v, AH Gl 04 JE RS S OKOT- RE A8 52
W FCA . AR (R f /A B ( Phenylalanine ammonia lyase,
PAL) Ji % 2 10 G AR 1 A0 2 T o A 188 1) o6 Bl il i Ak 28
B AR g A 0 A — 2B O™ 25 R A 8 (Chalcone
synthase, CHS) 244 28 TN Be 4 i 88 42 5 | 1) 24 o J 1 3 3 722
PR 2 — A PR S il 5 25 /K i 9 i (Chalcone isomerase, CHI)
A Ak A R R 4 2Rk 52 Ry HE e -3-#2 1K i (Flavanone-
3-hydroxylase, F3H) J& 4k 25 /K B 45 A fifg A1 A5 7K B S 440 1 J
PR 55 30 SRR, T e Ak B e T G ol e A i B A (5 3B Y
JEYNY. 2 PR R RS — A L IR R A B AL
VEHI N8R, AR 337 S BES MR s po g Y. M4
LB AL B kR (Geranylgeranyl pyrophosphat, GGPP)
YA N FE AR A GE A I B TR, P T I GGPP
TE\EF I L =4 iF (Phytoene synthase, PSY) By fiEALAE
R 4E e O A B LR PSYREETAE PR A
AR TP B, 2 R 9 i 2 1 2 S AR
JNEATE MLl Z A0 AT 4L & i A (Phytoene desaturase,
PDS) i 88 ME I A i (Carotene desaturase, ZDS) L [&] 4
VER T A R p AT ma £,

3% (Amaranthus tricolor L.) {E—FE G B8R 3E
EAT RS . JEH N RN 2 S P A R g Y,
AABEEmAHMERANE. MYk fidfp, BRn
55 A A IR T 5T 23 5 e 28 B B 2 B N 3R A A G 2k
IR 2% 35 7K, MeJART LUCh 175 5 7 52 i 28 2 T A0 28 A 4
NE AR A A S R B R 0 AN, ST S A
ZH ZUrp S B RIS B N 3 A AR AR ) 4 B 5 R
REU,. I, AR ST LA S8 BT AU R AR, BRI MeJ Ak
JRE RIS 00 BT T) X6 8 S 8 T 400 B SIS B R S B R B
R, R 56 B PCREE AR, X H IS B 45 Wi AH 56 5L
W PAL, F3H, CHS, CHIFIZE 8 MR & URH 5C HE K PDS
ZDS. PSYZF R IATIFT, LIV E— R MeJ A
B SRR TR 2 L SIS B T RN 25 8 R B ARG HL R AR 2 K
5.

1 SRS
L1 #+ #4

A Murashige and Skoog (MS) + 6.0 mg/L 6-BA + 0.5
mg/L 2,4-D + 30 g/LEEWE + 7 g/LENG M 3E 353k, 156 IBETK
16 h/dZ& 4T M0 T WAl St R i 43 4 23 #

(iR MO 22 I A AR ) TR ST B4 A1) L JFAMS

2585 XA 45 1169

+ 6.0 mg/L 6-BA + 0.5 mg/L 2,4-D + 30 g/Lj#E R + 7 g/LEE N
BB IR AL, AE OB BB A T LA20 dh 85 3% 8 B IR A5 A
AT YRR 55

12 A7 i

1.2.1 TEXREFMAMBMNRIES PEFARORES —Zy o
SR, HAFEIMS + 3.0 mg/L 6-BA + 0.5 mg/L 2,4-D +
30 o/ LEERE I IR G R 56, Dl S @Al Ul 18 2 /50
mL, 53720 df5 F20H 0 F i 08, 4k 22 542 2 A R ) 1
IR EE SRS AT A A L B2 R0 )% 810 mL/40 mL, 10 mL
ERVR AN A 2 F o 2.30 g, TECMO0.12 g, FRIER R If R —
;OB FRA IRE25 ¢, JBER1 000 Ix, SEHARTK 12 hid, £
PR 55120 r/min.

1.2.2 RE)REMeJART 5l 32572 20 B pY Ak 72 PITG K .1
FBhEE A, BB H 419100 mmol/L MeJARE £:0.45 umJGpa
8 AR 8 5 A BN AR B FE AL, (155 SR 3L P Me ATk [
9100, 200, 400 pwmol/L, X HE 25 Jim A KH 1 ¢ BE 11 2. 43 4
I 3U) S 56 I 5 B 08 32 B TR A A K 28, R IRV MeJATE
VR AN RS SRR A AR, BIVAR R R A K AR K TR S i #
IR BE R, 76 A0 AR B 16T s 8 4R 3 8 WA 4R 5 W /K
g1, WA URAFT-80 CYKA, HAMT ZEE, FRA MWK
MeJAFIK A ER (SA) X} 0 3B 17 A0 T8 . S8 Je 280 %
N BRI ARk P R 3R

1.2.3 MeJAIRMMATEIX TS 2 ZF MMM IE B AR
A FIZE T MR R SRR BE (I Mel A, 73 I 7E 2 7 20 it
REFRIEH0, 2, 4. 8, 12H I A SRR 2 3k v, [alAEAE 41
AR K BB ORI S SR # 5, IF 5T MeJ AN in s ) X6 0 25 2 0%
YT SRR S R R . AR AP E R 3
.

124 REWREENE SRRk, A B, K
BRI 150 mg, FH AT 4l P EE IR G S, FRGEAKE 2
2500 mL, RIF5310100 mg/Li* T brifE A i, HEHIIR0., 1.0,
2.0, 3.0, 4.0, 5.0 mLA T AREA ROMA 210 mLiY B .04,
B IMARFR ST B50% L BER B 45 25 mL, K58 I A BT 53
#5%NaNO, 0.3 mL, 45 # H 6 min, FRIA F & 53 4k
10%MAI(NO;); 0.3 mL, $25]#+ & 6 min, )5 FIIIA B2 7
#20%NaOHFE 4 mL, 43 B AR AL 53 50k 50% 1) £ B i
BZE10 mL, $259)5 S I B8 15 min, LIRS TFRIER BN
25 FARHR, F R R A3 6 R T T UK 510 n4h A6 300 ' 1
B, B P T ARk 2.

2 WATE BT A5 i, SR M R - AR B o
B SRRV 2 L) S R T A TR, Ak . g Ak P A TR
3050.3 ghbFAIF I I 09 0 % B TR AR IR A, B 1A i 2E
20 mLi & 1, AR RS> B 60% 2 BE A i 10 mL, #8751
HL60 min (60 °C, TJR300 W) , HAA]4EFF20 minkd #f 1T
BB ST, BB 7 4 R IRV A, R SR IO R AR AR 43 060%
MBS E A 210 mL, RF.

10 mLE A A B R SR B FRVR S mL, 4% 182
TSR I S 0 AL T R Y 2R A T 2 B e I e .
FETARIE M, ST AR i e SIS R TR 0 Tk S CL

B (mg/Jif ) =28l = (mg/g) x 2774l
T (g/iff) .
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1170 MeJAXF IS BRI 1 8 MR RAN B QAR SC R I Fab 5 . 549

KT (mg/g) = (Cx V1 x V3)/(m x V2). K1 CR&d

B Y T v (mg/mL) 5 mog AR BT (0.3 g) 5 VIZ$E
U I 60% BRI AR AR (10 mL) 5 P22 127 I 1) i B f
B(SmL) 5 V3ERWARRMAEF (10mL) .
125 KPERESENE  HAAHESE300.3 gt
B SR RV AN R, B TR ZE TR R, LA30
mLP B AN R A (R 1D FOMR R, InZE)
AR 3 100 v/minf FE R L, 3856 X 0 SE B A b 28
B MR AR S h, 1248 U8 5 B ORI R0 o YL
AR 445 nm R I E WO BE .

S N (pgif) = 88 MR G E (pg/g) x &
TR TE (/).

KIS MRS E (ug/g) = A x ¥ x 10000)/(4, x m), Hr
ASEAE P AL A45 nm I E O BE(E, VIR i FH 2 BO A) (
30 mL, AJEZEHH 8 MRS R B2 500, mIE A HTRE S
R
1.2.6 Vi3 EFMASRNARIFIcDNAR AL ;
7 AN HE B RNAM L H S I 2 05 2 1 B RNAR BUR ) & (b
W ETAEYEAREBRAF) UL T, RNARE R 58 %Pk
FH e B2 A 1% Bt G 0 6 e Bl K RT3

(Thermo) ¥ M H: e FE 54l . % HISYBR ExScriptTMifi #%
S A& (TAKARA) B RNA K F 55 S cDNAF] F 5 5t PCR
43T
1.2.7 R EEPCRE|¥iEIT S S 6 25 R R 1) T S
S B (SRA: SSR924089-SSR924092) H1 i 4 H 2 5 il
A3 PAL . F3H, CHS. CHIFNZSHA B N 224 1 A 26
FLFPDS, ZDS. PSYWFEH )P, 5NCBIE 5% 1 A1 3T ) F i
IR A L X 60, $6h ARSF X, R 9O E = s 1
J, FIFIDNAMAN 7R 4 O <7 K 1T R S5 14 (%
D). 5I¥ AL A R IE R BB B0 BR 2 7l A AL
1.2.8 LR R} EEPCRIH 4 B 2 50 ng/uL i 17
FE i 19 cDNAIE A IR ABE, 43 AR 2] B9 cDNARR BES, 25, 125,
62545 S5 MEMBAR, LA H ML (45 LS | kAT 1, A4l
3WHE AR, R 2 ik, MR 45 SR X A A B 3 R AR
FrifEh4.

PLISC G 2 16 038 DR IR R EF-Taoh NS A

(B0 #1) , F 2 K LightCycler 4805 i} %% % #: PCR
AL, AN ) Ak BER 0 35% B F 40AE R A G 3k R 1E £ qPCRAY
Hr. RINRZ H20 uL, 2B SYBR Premix Ex TaqTMix 7| &

(TAKARA) , JZ W 51 95 CHiIAENE30 s, 95 CAEPE10 s,
B R120 s (R AR5 |9 Tm B 38 2494 %L ) , 72 CHEffi12

F1 HEAEEEEPCRIHMFT
Table 1 Primers for qPCR of the related genes

s, 40NGIR. BEASFE L B3 A W E A, P Y R
WS, SKEEARTER. RN L X RIS B LS
By

129 HI\HITS5HH RHEXCEL 2016F1SPSS 19.0% £
P AT Bl A 3E M HT s SR GraphPad Prism 6.013E17 4
.

25 RS I

21 AEIKEMeIAX X B FMMETER L EINM
EPE MR RERIE M
Fifi 5 MeJ AV B i T, D8 S i iy T8 2 58 T
B AR (1) . M MeJAYRJE 8200 pmol/Lis, 7% 4l
Mo+ A B B OR(E M0.777 g, 5% IR 25 F B, e
LN B H AU 1.344% ; MeJAWK 400 pmol/LEIF 41+
i, (U045 g, e i K T XT IR 4H.

1.0 7
Aa
= 0.8 Ab =
H + [
E 0.6 Be
'%u —— cd
3 1
> 04 1=
[a)
o
H 0.2 1
0.0 T T T T
0 100 200 400

MelA (c/pmol L)

Bl REREMeJAM IR ZFHBTERNH M. ARG 51 LR
001 AFTEM 35 25 53, AN[Hl/ING 7 B R AR TE 005K -7 78 W 35 22 7,
NGE

Fig. 1 Effect of different MeJA concentrations on the dry weight of
amaranth suspension cells. Different capital letters indicate significant
difference at 0.01 level and different lowercase letters indicate significant
difference at 0.05 level.

Bifl 75 MeJAVR FE 1) T i, i 2% 8 V7 41 i v 28 B I 1 & i
B LT, R R TR R (E2) . 2%
B B 7EMeJAVER JEE /7400 pmol /L i 31 2 =1 #.3.084 mg/g

(DWTE) , 250 BRZH 19 1.444%, H5 4 kb B2 (8] 77 76 #)
02 9% S s S A P T MeJAVE B 4200 pmol/LAs ik Fl 45 25
{H1.944 mg/Jifi (DWT ), 53 WAFAEMN B EE R, AN
Yot B 2H A9 1.584%.

Fifi 25 MeJ AV JE () T, 008 BV i rp 28t 8 MR

K Gene |- JF %1 Upstream sequence Fii# 7 51 Downstream sequence iH Kl Annealing temperature (6/°C)
PAL TTGGTGCTACTTCTCATCGG TGATTCGGTTCCATTGCC 60
F3H TTCTTTGCTCTTTCGCCTG GCCATCTTGAATAATCCCTGT 59
CHS ATGGTGGTGGCTGAAGTTC TGGTAGAGCATAAAGCGGC 59
CHI TGGCTTCTACTTCAACATCTGC GTTCCAAGCAAGGACAATGA 59
PDS TGGGCATTTGGGTGAAGA GGAAGTCGTTGGGTAGTGTTG 60
ZDS CCAGAACCTGAATGTTACAAGG TGATTTCCACGCCTGTCA 59
PSY TCGGTGTGGTGAAGTTTGC ATCGCCCAGATAGCCTTTC 60
EF-lo GGGATGCTGGTATGGTGAA ACGGGTCATTTCTTCTTCTGAG 59
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i B RS TH R B S (1512) . 2R 8 MR i7EMeJA
e 910041200 pmol/LI AN A 35 1, (RS H A AR 212 fi]
FAERR 35 25 5, MeJAYRJE 51001400 pmol/Lisf 28 2 b
R i MR AR, 700 44.53F135.47 pg/g (TH) , &4
HR e I 29 0 BRZH B 1158 5 2R N BT MeTAYR JE
200 pmol/Lif sk i K, }y34.17 pg/ii (TH ), SRR 2=
SR, PR IR A 1554

49 O # ik Content r25
= [0 1 Production E
a Aa 5
= g 34 Aa ™ ,O;ﬂ 5]
®2 Ce Bb F20 § &
ES Dd Ab ~ .9
=9 2+ 0¥ 9
2% L3
= g
PR Be LS 5
Ex 14 Bc '3
= X3
% ﬁ E
0 . . . T 0 =
0 100 200 400
MelJA (c/umol L)
50 - O 7 i Content 1o
s O /%4 Production Aa : 2
] Be B Ag
o 40 {_ Bd F0.8 i:f 5
x 5 Aa & s a
Eas Ab g
=T 530+ -0.6 I .2
T Bc L2
I 5 Ce Bd W% g
41 5 20 F04 £ &
ik © Ce e
Zz 8 = 9
i © 10 F02 3 5
E "
RS ; ; ; —loo ©
0 0.5 1.0 2.0 4.0

MeJA (¢/pmol L)
B2 REREMeJAR SEsc 2 Z ML EAMERNL MR R M.
Fig. 2 Effect of different MeJA concentrations on accumulation of
flavonoids and carotenoids in amaranth suspension cells.

22 MelAFINET A SE R B F HMEMER KE
MZERE MERRHZ T
DA A 1 2 114 e M) T 8 R D S A T A M A K R B
Fi A A 8 N 2R 7™ 1 A MeJARY 73 ik &, BI200 pmol/L, B
FE MeT AU TN [ Xof 110 352k 1 4 0 A 1 B 288 B I A 2 1) 25 b
FRBURSZm. EBIIR, MeJAVS I [A] % 70 3 2 77 41 il

1.0
Aa Aa Aa
= Aa o Aa -
. o T
:;0 084 =7 [/ —— T —
=) 0.6
o
2
2 0.4
‘Q
;EH 0.2
0.0 T T T T T
0 2 4 8 12
MelAZRANA i)
Feeding time of MeJA (¢/d)

B3 MeJAF et jd) 3 BE 3 27 4 A T E RS0,
Fig. 3 Effect of different feeding time of MeJA on the dry weight of
amaranth suspension cells.

258 XL %

T TC R R L AT S R K B, MeJAR RN Jin
FF DS, 910 3 2L 77 41 M 1 B A 22 A R An i 14T, EL 200 it B

Fifi 5 MeJAUS A A A AL IR, T 2yFdifit T H T B F
PEARAL, VO 322 TR AN AR 2SR A i P g, AR |
R A R 2 TR AL (E4) . TEE ARG
J1200 pmol/LiyMeJART, 268 i (1 7 & Fl = i S 38 bR
B A= R B RO, 453747 me/g. 2.948 mg/iffi Al
60.53 ug/g, 47.62 pg/fifi, ELYJ5 X BRAIAFA e 3 25 5, bns
2B T B 0 o O R A Y 2. 3145 AN 2284, 2R
A E A= ) % TR 4 1 3.604% F113.6213.

O 7% Content
_ 47 o Procductlon Aa Bb -4 o
s c = =
a ™ Aa Aab Dd _ £
e 3 Ab 3 w3
=y O 3 o
= Be T =
£3 -
Bl | o8
~ 'é 2 Ee 2 [ é
G|« =z
= =)
51 F1 S
4 g
K E
|59
0 T T T T T 0
0 2 4 8 12
Mel AT i)
Feeding time of MeJA (#/d)
804 O @it Content - 60
= O 74t Production 2
a A Aa ,;D_g
- a
& 2 60+ Bb Em \; g
2 Bb Cc Celao =z
23 Ce Ce 0 .2
= 404 g
15 il
B £ 20 i o
- & 20 Dd Dd 0 &2
2 ] ol
= 0
0 T T T T T 0
0 2 4 8 12
Mel AT [f]

El4 MeJAFRIATERITIEAZ AL EMANLEAL MR RROT M.
Fig. 4 Effect of different feeding time of MeJA on accumulation of
flavonoids and carotenoids in amaranth suspension cells.

2.3 MeJAR & A0 7k hn B 18] X 0 32 27 40 B th 2K E R
BRHEXERERIEHNI
231 MeJARENM XS ZMEPRERMARBAXERRE
AT AN TR]HR B MeJ AL R Wi 352 2 77 41 ffd Hp 2 5 i 5
JRCAH 6 5 PRAH X 3 55 AN RS R, 45 B0, B MeJ Ak
JEWTE, PALMF3HELRA X ik & 5t BT #, CHSHEEA
AEXT e 38 B B AT B F ARk, CHIE R 38 38 1 ) 2 %%
R J T 35 A8 £ . MeJAR BE 7400 pmol/LIsf, PALFIF3H
FE AR G 2 0k e B, SRR 22 S 3, A T R Al
A 14.275 F15.090% ; CHSHE PR AR XT3 35 AR 45 4 B T 774
22 5, MeJAMRJE 200 pmol/LIN ik it Jh 2 fe iy, Hy
X R 2H 149 39.37135 , MeJAWk E 2400 pmol/LI 15 B E T
R, AELEG EEATS A Xk B 20 79 26.814% 5 7E CHIREPIAR XS 2 3k Bt v,
MeJ AV 25100 pmol/ LI 2 ik & fe ik, 5 X5 B AAAAE 3
22 5, MeJAYRJE H400 pmol/LE 3¢ 3k it T 3 f iy, 5 % R
2 2= S
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1172 MeJAXT ISR AR 1 8 MR RAN B QAR DGR I F b (5 . 540

232 MeJARMEEIX R FMHMALEMEGRIEXE
ESESey: A S TR S 8] I8 I MeJALE B R 918 32 2k 2 40 ity
R 2 U i B AT S 32 AR N 2R GA g A Rl 6T, 25 LRI,

Bl 25 MeJAVE BT ] B #E 3R, PALFE AR F s AL R
[ Ea 3, F3IHR CHSHE: DA X 26 3k i 2 e THR B A 28 4k
A, CHIFRLDR (1) 335 8 M JC I AR fE B, SR 12K 200
umol/L MeJAR, PALKEPIAR XT3k 1 e 2 e ik, H 54 b3
ZIRTEAER 3 22 5, F3IHSLD A0 3¢ 35 18 I AE S5 12K 7%
T ey, 5 HA A AR AR A 0 25 5 CHSIEPR AT A

WA 2R I B, S0 IR e 3 25 5, CHIZE DI AR X
PR TE ISR UM di 7, 55 HA AR BRA AR 35 1k 22 5.
2.4 MeJAR EEFIFR AN B (8] X B Sk B iZ B KA E
MRAEMBEXERRIZHIFIT
241 MeJAWREM IR FHMPLAL NREMBXER
RIEBIFM  ATERE MeJALL BR B 3 B I 4 i 2
BN ERG M R A X R R i M TR, SRR, BEE
MeJAJK JEE T, PDSFNZDSHEFAH X3 1k i 45 52 S TH I e i
THI AL R e, PSYHEDR R X 2 1 1 U 12 S T W ) A2 AL s

204 PAL 61 F3H
_ _ Aa
G Aa 2 T
2154 =
i 5 i 8 4]
® 5104 KE
T 5 ' 5
£ E 227 Bb
£ 7 Bb § | Be Be ﬁ
) Bbc A
~ Be [~
= = [ [ ]
0 T T T T T O T T T T T T T
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5 40- 3 :
=} =
o .S % .S 2
4 % 304 A aE
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= 104 =
& &
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Fig. 5 Effect of MeJA concentration on the expression of flavonoids metabolism related genes in amaranth suspension cells.
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Fig. 6 Effect of feeding time of MeJA on the expression of flavonoids metabolism related genes in amaranth suspension cells.
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. MeJA¥k i 7400 umol/LIN, PDSHIZDSHE R AH X % ik i %
B, MeJAVEEE #7100 pmol/LES, PSYHEP A% 28 ik i m, &
Xof PR AP TERR 35 25 5, MeJAV FE 47200 pmol/LE PSY5EA
AR 3k i 3 R W, TEWR BE 400 pmol/Lin ik B R A, 5
U ETE = DO

242 MeJARMBEIM EERZHMPRPET MEESHEX
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Fig. 7 Effect of MeJA concentration on the expression of carotenoid metabolism related genes in amaranth suspension cells.
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Fig. 8 Effect of feeding time of MeJA on the expression of carotenoid metabolism related genes in amaranth suspension cells.
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