A IR IE DR IK

JOURNAL OF TROPICAL AND SUBTROPICAL BOTANY

BB FTERE S R M A R R E R RIERT AR
ST, B MR, 2RI, SR, R, BEEE, B At

BIAA
e 0 2, 5 A T e . R 3K BT K B A U I 2 532 T . 40
FEY2A AR, 2023, 31(5): 615-622.

TELR R BE View online: https:/doi.org/10.11926/jtsh.4658

FRAT AR A SR

Articles you may be interested in

N [ SR R g e R P S SR B SR 2 R R
Transcriptome Analysis of Flavonoid Synthesis Related Genes in Different Maturity Leaves of Myrciaria cauliflora

PO T4 2019, 27(6): 702712 htips://doi.org/10.11926/jtsh.4040
VKCRERIE N 1% S 4L o by

Transcriptome Analysis of Mesembryanthemum crystallinum under Salt Stress

P B2 4R 2019, 27(3): 279284 https://doi.org/10.11926/jtsh.3972

i AN AR b e A5 s A e i
Analysis of Polysaccharide Content and Biosynthesis Pathway in Different Tissues of Alpinia oxyphylla
PO PP 4. 2021, 29(6): 669-677  https://doi.org/10.11926/jtsh.4374

UV-BHRHFE T R B hi e e oY
P B2 4R . 2020, 28(1): 70-77  https://doi.org/10.11926/jtsb.4079

S 7 i AR AR e A M4 B G R DL VR

Photoprotection of Anthocyanins in Young Leaves of Dominant Tree Species at Mid—and Late—successional Stages of Low Subtropical

Forest in Summer

PO PATAE Y24 4R. 2018, 26(4): 363-374  https://doi.org/10.11926/jtsh.3838

m] N EH T, WIS PDF4A


http://jtsb.scib.ac.cn/
http://jtsb.scib.ac.cn/
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4658
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4040
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.3972
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4374
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.4079
http://jtsb.scib.ac.cn/jtsb_cn/ch/reader/view_abstract.aspx?doi=10.11926/jtsb.3838

oy WA R 2023, 31(5): 615 ~ 622
Journal of Tropical and Subtropical Botany

BB B 5 R PR [ & B 2 R 2 7 R &
w5

O, WEA, FM, HGAME, RANE, BID#, HEL

(R LA 2B s RO LT, AR J8H 363005)
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Effects of Shading on Secondary Metabolites and Their Synthase Genes of
Flavonoid in Cymbopogon citratus

ZHANG Shaoping, JU Yudong", LI Zhou, LIAN Dongmei, WU Songhai, LAI Zhengfeng, HONG Jianji

(Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China)

Abstract: In order to understand the gene information of flavonoids and their synthase in Cymbopogon citratu,
the metabolome, transcriptome and qRT-PCR were studied by using young leaves of C. citratu growing in
sunlight and shade. The results showed that C. citratus contained 69 flavonoids belonging to 11 kinds. The
contents of flavonoids, such as rutin, demethyltorosaflavone, astragalin and glucosylorobol etc., decreased under
shade environment. The flavonoid biosynthesis involved 10 kinds of enzymes encoded by 54 genes. The
expressions of 4 genes, such as F3'H (c99177.1), decreased significantly under shade environment, while those of
6 genes, such as FSI (c51975.0) etc., were opposite. The up- or down-regulation expression trend of 5 flavonoid
synthase genes under light and shading was consistent with the change of FPKM in transcriptome sequencing,
however, there was difference in the differential expression multiples between the two methods. Therefore,
Shading could decrease the relative content of flavonoid in C. citratus, but the relative expression of synthetase
genes was irregular whether up or down regulation.
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B, ARG R U SR I 2 el bk
WD RER, HTEES O KIS
RARPUBHEYI, (EFRIBIE . e d & M. M
Bria~ R HLAR T Re B e S S5 B AR
BRI, AE RS AR NP A BRI, 128
BTN A R T AR U B R AT S0 SRR
M SEER KA, HBRZ N 2- R H 8 JF i ) — 2
B 2R IR, BA C6-C3-Co KAl
SEERU, AT E I 2 AN R AR AT IE R E B A
WUARSEAL, & BAH 2P A BT RE I S AL 2
ik, TR C M IR Eb, IR
THARER, AT NEN. IR . EE . T
i AREA. 67 &= IR DL Bk %2R
TESTEYE, KBE T2 AFTE TN E R R
TESMEMERN, Z5F DALY
Fo 3 Py R Hp S X A A P 3 5 o S B
PR, S Nk BA 58 K AEYEYE, bt
B A . PUEIEE L. SRR PUBRE. 16
I ol L S ORFF AR 7 T35 22 P DR 130, 2%
R A BOS A R B A aT AR BN B, |
W& B FE T B R A B (CHS) 257K B S5 44 I
(CHDRVFE el 3-F2ALBR(F3H), CAIRSSE T
TR B A )& ORI BT, RS
RS R R AL T 2105 6 Rk R 0 4
57 KM 3- AL EE(F3'H). K3 35 -4k
(F3'5'H)~ 2 3% B B8 )5 B (DFR) 1675 % & 1
(ANS)FIZE B -3-O- i WE L RS Mg (UF3G DM
046 R JF B (LAR) AL T 5 3E JE B (ANR) 73 5
AT AT I ROR bE-3-BE(1) LA ) F L AE
TR IERR-H e -3-BE(n2R ) LA F)M); thst, R
G WG (FNS)F2 i A 2 Jor R ) 265 ) 1) 6 A T 2 O
G B (FLS) WP~ S0 A B 4y o i e 20

B o BT I 32 B TR AR R I (15 PR B ) R 12
WO B TR, HA, AR LA 55 25 B AR
KW FEAE, MY R 5 E . DA A
T TR AR I AR A DGR R (s A R e S —
AR R0, SR, BEE A P R AR K A
B B R ZR R4 s, AP AR HILEAE LB
FhEERIE R, BRIULE AR A B SR
Rl AE K o ASHIF 7T LB IR AR T WA 45 & 50 bt
T iBuR awl SR Rl R g S s i R &
25 B 72 e B A7 BB AR AE 56 22 S R A Tl ik
BUE S, it 58 % & M A R AT & 5 2

TR BAR B DRPP A AR B DR 3k PR AR A
WEFCHT T RAF 2Lt

1 MR

1.1 #¥

T8 4 ORE A A R M b R 0 R R A
(Cymbopogon citratus), ¥ 5 7k EHE AR T3R50 7
i, o 3 BB R PR R AL, 5 3 A
BI85 6N 60% 1138 H N . 2> FRAHE 3 4>
AJG, BOGRE BB IR A K R R A7 A5 A o 1
W% 6 4y, TR 3 Gt B AT AR A 2 b T,
3 Oy AT e S A A L AT, R B LE BE AT i s 2E
Fe G HE BB B P AT A o o, S EC 1 At
1T H %A qRT-PCR 364IF, 3 IREH .
1.2 ACHHE 20 5 B KB A o s i

a3 B BB KB B A 58 R AR K AT AR S
M, &3 REEIL 6 AR R FE S K OGS I
AU T 18 HL(Scientz-100 F)T-Jg, #F B {3 (MM 400,
Retsch) B B&, FRESE RO TR, U F i 2L IE
DR, DR AT SRR R AT R OO R e
I 1 (UPLC-MS/MS) 7 27, B 5 3 & A w At
BRI AL AR i 4 A R A R R gl AT
Eb X 28 37 4 22 MWDB (metware database), 18
ot T B AT AT AR A S AU 1 E M E &
B AT AR A T, AR S P
BIA
1.3 BFH M E KRS B ik

3 B R B [ PR B T A K AT R S
-, % 3 RE R L 6 AR BRI FE SR CHEAT RNA
AL, SRR A4 RNA i, BiEkE % mRNA, ¥
s cDNA, &7k, 455 SCPE, PCR
EHEMFREA, Ilumina HiSeq 2500 J5-F 4 5
KRy A8, i — D AT S B A A A DS
BRI, AHICA BB R A RIA R 3 IKE R
)T S48
1.4 ZR7%EFA qRT-PCR 437

M T S A0 7 AT B S o o, Pk
BT M 1-DFERAFET: B 1-1)& 1 MEAR
(1 RNA #E47 OD HMll & , i & &k AT E &
&L RNA K Aidlab 2 ] [ % 56307 € (TUREscript
1st Stand cDNA Synthesis Kit)i 1T & 7 3%, iR 38 /e %
SRR B U B P P ) S RLAR R R SR, B O R R
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TR SRR R A S F M A R R 22 e R IK AT AT 617

BN AE KRR E W cDNA, LH g, Bt
AT 5 AN A UL ) QRT-PCR A (4

# 1 PO6EHE PCR 2P HTHI 5 ANJEDR K B & i 514

Table 1 qRT-PCR primers for 5 selected genes

KA BN R LS PSR 1), B G
PRI 3 0K, S5 SRECT4MH

(it ik

) Era 5|97 % Primer sequence (5'~3")

ID Gene 1E[A Forward J<Ii Reverse
99566.2 WS Actin TTTGACATGGCTGTTGAAACT TTGGAAATACCCGACTGAAGA
€99177.1 K 3Rk F3'H ACCTCTCCGGGATGAACT GTGTTCGTCAACGTGTGG
C102417.0 HIEE 3Rk EE F3'H CGACTAGAGGCGTTACAT TGTGTCAGCAGTACAACA
C99741.0 WL A IFR TGGAGTTTCAGAGTGTGA AAGACGAGACCAGTACAA
C102638.1 SIEERIE JREE IFR TCGAATGCAAGTGACAGGT TTCACAATAACAAGACGCTGAC
C51975.0 S R TFS AGGTCCTCAGTCTTCTATG TGCCCACATGCTTATTTAG

2 SR

2.1 R RRERILEY

A2 5 AT 6 I R B A B N AR K AT AR A o
g, B AT ST B oy S AR & B
Borth. 88REKW, IrEEF S RERLEYIL
69 Fi(FK 2), AREFEHEEIIL G 24 Fh. SHEARE 13
Bh BEBEER 7 Bh. EORORE 2 R FEEE 10 Fh. AR
il 7 Fp. AEFR 2 MULCEER. [RfeHE =, A
RBEVABEZES | M. 4 RZHEETLSWE
JEHRPREE NAR & B, JCHEE T
FEACZ VDT L 21 5% A A1 R R R R B 2
ANSHK, WIS S0, i b pE eSS
AR AR & B R e . SR B
TSR R T, BOIRRE R SE RS JE T C A
FWEER IR, SRl PN 3R AT R
WAE T S5 D A YITE SRR S T AR & E K
2.2 AW FIREEN & RBEEE R

T SR 2H 5 0 W 6 R R B A B R AR K AT AR
B, AT T A R R DR S AR X
FILEWE M. BRRW, K P& Ko
VG R gahD 10 KB 54 S FIREERF (R 3), A
REFE 9 4 CHS. 54> CHI. 6 A~ F3H. 12 4~ F3'H,
2/NF3'"5'H. 44> DFR. 14~ ANS. 44> FSI. 7/
IFS 1 4 A~ IFR . Y6 FEFE B A58 125 35 R A 1k
M LA R L EWIK A Z R REAHE, HfF
F3'H (c99177.1. ¢102417.0)« IFS (c98575.0)« IFR
(c99741.0)5% 4 /NHEDE 7E N FRIR I N ARG Fik 250
Il CHS (¢103029.3). CHI (¢97610.0)« DFR (c64180.0).
IFS (¢51975.0)« IFR (c99356.0. ¢102638.1)%% 6 N3k
DRITEJE A N AN R R T =

2.3 ZERRIEEHF qRT-PCR

MR H M 25 R, BRI~
A K BRI A SF o FPKM E 2 5 91 2. 1 5 AN 2R3 R
B I AE G R (R 4)H#E4T qRT-PCR A, &53R3E
B, 1% S5AS5REEE AL E R 3 AN
24 Bl 5S4 b FPKM 438140 —#(® 1), 1 —
FRn g R () 2 R R IR EEUEE — EE R

3 et

I E BRI TR KA
PSS, AT IR R LA 5 R S B AR 5% e 0 F L4,
A S B 7 458 DPAN LA S S 2 A
T RE A 5 3k A B e B S B SR AR TS5 — EL N
BT3RS MO AR K LT
i R R R 3R R, Ao RO LR AR R AR
A, I P 3 AR 2 AN 78 85 A
Koo AHE TR ROANIEE B P9 LT o b et AT
AR AN &5 & 3 s ZH I e, AT 220 T3 RAG 4
AT 11 3% 69 FREFL &Y, HRZHCEE
TR YA IR AR & B e, JCH
HEE R BT R AR . RS NS R T,
AR R m I, S b S A
T TN & BB E R . LA LN
AP AR Y 'Y, AR,
R B AT B 7 5 SRR ) B R 5 &, IS T AP
T B i o B P S 4 R A 2 SR R A
Wit o AW ORI BB TSR A, SR
HHOE S R B A R R S TR, e R o
TR ER BT AR TR S > B TR A
PIESE IR BT AR & B AR
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Table 2 69 Flavonoids and their related contents

ZHR Y hty e FIXF & & The relative content

Class IT D Compound JeHd Light MR Shading

BT pos_213 FFOKELF M A HETT Isomollupentin glucoside 325.51+4.95a 270.45+6.25b
Flavone pos_70 % T HMIHIBTF Tomentin 6,4-diglucoside 168.67+16.73a 50.85+13.99b
pos_384 I Apiin 117.44+14.78a 80.54+28.50a

pos_230 ZEEC BT HAAMKGHEEF Orientin arabinofuranoside 55.06%7.63a 6.60+1.85b

pos_174 R ZERER NS %K Rhamnosyl genkwanin 51.48+5.71a 7.10£2.79b

pos_103 #EBE Maysin 21.46+4.62a 17.14+2.82a

pos_170 B3 B FLE T Luteolin S-galactoside 16.89+6.04a 8.41+4.96a

pos_512 T Rutin 27.32+6.37a 2.75+1.56b

pos_84 R FOK AT M BR B2 Methylmaysin 20.37+12.56a 9.57+2.11a

pos_269 YRk T HE BB Precatorin 1T 11.66+5.94a 5.49+1.51a

pos_238 FroRE RAHEE Apigenin rhamnosyl 8.20+2.94a 28.80+4.80b

pos_338 SEEK 2"-0-F & Scoparin 2”-O-glucoside 7.72+1.63a 5.85+1.66a

pos_32 FMAZE Diosmetin 6.17+0.72a 1.24+0.32b

pos_247 F L VN Demethyltorosaflavone 5.01+0.41a 0.50+0.20b

pos_341 ZFRASEMIM TN Dimethoxyfurano flavone 3.85+0.35a 2.29+0.50a

pos_212 EHh B F M Luteolin glucoside 3.33+0.86a 1.1340.12a

pos_349 Z A FE TR Trimethoxyflavone 1.49£0.77a 0.56+0.07a

pos_132 A ZE ML HELF Chrysin gentiobioside 1.46+0.13a 1.01:£0.08b

pos_37 FE¥ YD #5H Torosaflavone 1.34+0.74a 0.61+0.25a

pos_202 VU2 HHH Tetrahydroxyflavone 1.20£0.71a 0.30+0.02a

pos_146 H A HEE Methylenedioxyflavone 1.15£0.49a 0.39+0.01a

pos_606 S6{E# Genkwanin 0.12+0.01a 0.04+0.02a

pos_580 FrEFE Apigenin 0.11£0.02a 0.10£0.01a

pos_640 5,7-¥2# W 5,7-Dihydroxyflavone 0.03+0.02a 0.01£0.01a

AR pos_454 BRI Astragalin 158.26+9.95a 10.46+4.67b
Flavonol pos_65 W25 — 2B Kaempferol 7,4"-dirhamnoside 66.66£9.17a 29.28+6.95b
pos_214 Hit e L BT R AH ML IRFEFF Quercetin arabinopyranoside 45.23+4.82a 21.21£2.25a

pos_371 =L EEEHEE Dorsilurin 8.81+2.43a 7.69+1.12a

pos_310 EFEJRTT Epimedoside 28.71%1.18a 88.17+6.49b

pos_167 AR AHESL L AHEH Isorhamnetin xylosyl galactoside 16.91+2.55a 11.55+2.90a

pos_87 Wit Bz 2% — H Tk 7 82 Quercetin dimethyl ether isovalerate 8.23+1.05a 19.75+3.49b

pos_831 FRZ4*FK Isorhamnetin 7.28+4.53a 2.99+0.42a

pos_224 I 23 R ZEPE 1 Kaempferol rhamnoside 5.49+1.13a 4.04+0.92a

pos_266 7+ Caohuoside 3.87£0.58a 3.94+0.89a

pos_641 JKAIEF Narcissin 0.72+0.30a 0.30+0.15a

pos_712 HRA% Ginkgetin 0.51+0.13a 0.86+0.22a

pos_667 HEFEE lcariin 0.31x0.06a 0.30+0.07a

5 Yot pos_209 MR EEHH Maackiaflavanone 11.02+3.37a 15.58+1.37a
Flavanone pos_67 P81 % Hesperetin 5.82+0.78a 5.38+1.04a
pos_256 55 - HE Eriodictyol dimethyl ether 3.19+0.43a 4.13+0.76a

pos_931 A FAE Pinocembrin 2.76+0.94a 1.89+£0.27a

pos_320 Hh i ZEML I AT 9% Naringenin glucopyranoside 2.56+0.77a 4.25+0.38a

pos_637 BT F Neohesperidin 0.56+0.26a 0.55+0.12a

pos_623 A% Naringin 0.47+0.14a 0.36+0.13a

HERE pos_138 JLASFK ML Z B H Catechin glucopyranoside 2.98+0.84a 1.10+0.18a
Flavanol pos_218 % % Dryopteric acid 0.39+0.09a 0.21+0.02a
S pos_220 FRILEIRE Pueraria glycoside 175.19+4.29a 94.63+8.06b
Isoflavone pos_48 Hi % ¥ Glucosylorobol 138.58+7.45a 5.86+2.85b
pos_227 I 5T #EIEF Isovolubilin 49.77+4.68a 39.25+1.64a

pos_105 HEH R B BF Fujikinetin methyl ether 20.35+1.52a 10.56+2.66b




550 0 SRR B 3 SR B £ R A R 22 7 B 619
4J:3% (Continued)
—gAk ) i A%} & & The relative content
Class I D Compound Sl Light Y] Shading
S T pos_327 24 HE 3K E 2'-Hydroxygenistein 9.29+0.39a 1.60£0.41b
Isoflavone pos_198 A% Odoratine 7.57+1.13a 4.83+0.33b
pos_156 e i 3 2 A2 — e — AR 35 Deerrustone 2.43+0.44a 1.89+0.14a
pos_221 RIT=ARIEF AT Formononetin laminaribioside 1.13+0.51a 2.17+0.16b
pos_696 RITEARAET Ononin 0.62+0.19a 1.31£0.22b
pos_135 nE PRg 254 5 B - Alpinumisoflavone 0.19+0.11a 0.37+0.03a
2RI pos_236 SR % S B IRE Prenyldihydrochalcone 30.33+8.23a 41.1342.13a
Chalcone pos_329 PR I 380 S R B 48 25 4R B Valafolone 9.59+1.18a 13.4342.37a
pos_91 R R AEH B Broussochalcone 4.43+1.78a 3.84+0.47a
pos_318 B3 A A /KB Geranyldihydrochalcone 2.64+0.89a 3.02+0.16a
pos_78 B9 4-Fk Okanin 4-methyl ether 2.183+0.85a 2.62+0.37a
pos_246 T & /R Flemichapparin 0.74+0.44a 0.60+0.07a
pos_880 % JE5E%  Xanthohumol 0.12+0.04a 0.19+0.01a
HHEE pos_243 RZEIE R A EMEH Oenin 84.84+1.09a 14.67£1.77b
Anthocyanidin pos_180 WK Malvidin 23.79+4.80a 18.59+3.30a
EYi pos_896 FIEME Medicarpin 0.51+0.13a 0.51+0.08a
Pterocarpans
FEAHR pos_872 JR7£7 & B2 Procyanidin B2 1.01+0.30a 0.35+0.15a
Proanthocyanidins
B R A pos_733 FRAKE Haematoxylin 2.34+0.87a 2.83+0.96a
Neoflavonoids
LS EES pos_321 #4351 Tetrahydroxyaurone 4.73+3.93a 1.510.18a
Aurone flavonoid
[EAT 588 f5 AN Al = BER R 22 57 0.3 (P<0.05) . T
Data followed different letters in the same line indicate significant differences at 0.05 level. The same below
3 REMAY G s kD 10 KA 54 ANJER
Table 3 54 genes encoding 10 kinds of enzymes in flavonoids biosynthesis
iy i FPKM
Enzyme ID JtIE Light 9 Shading
R A CHS ¢102453.0 31.47+£8.35a 48.12+12.26a
¢103029.3 13.28+3.07a 46.69+6.80b
¢53840.0 0.49+0.05a 0.36+0.04a
¢61556.0 0.42+0.32a 0.01+£0.01a
¢53342.0 0.35+0.36a 1.34£1.09a
¢82337.0 0.25+0.28a 1.04+0.22a
¢58201.0 0.15+0.11a 0.06+0.03a
¢123292.0 0.08+0.09a 0.08+0.07a
¢61268.0 0.01+0.01a 0.71+1.22a
2R Sl CHI €97610.0 1.84+0.65a 6.06:1.24b
c125965.0 0.34+0.32a 0.01+£0.01a
c56435.0 0.05+0.09a 0.13+0.11a
¢55941.0 0.01+£0.01a 0.34+0.59a
¢87063.0 0.01£0.01a 0.16+0.14a
L 3-72A0HE F3H ¢65851.0 0.49+0.22a 0.85+1.09a
¢79927.0 0.19+0.20a 0.15+0.14a
c125494.0 0.15+0.08a 0.04+0.06a
c76857.1 0.11+0.19a 0.01+£0.01a
¢129606.0 0.07+0.11a 0.08+0.14a
KR 34kl F3'H ¢58418.0 0.01£0.01a 0.60+1.03a
c99177.1 79.54+11.86a 25.12+10.85b
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4J:3% (Continued)
o) FPKM
Enzyme D JeHE Light JERH Shading
K3 32 LEE F3'H c101486.1 37.48+3.12a 32.18+23.20a
c102417.1 21.48+6.00a 13.79+17.53a
c102417.0 19.38+1.51a 8.04+4.61b
87999.0 8.06+4.29a 5.56+5.62a
87999.1 0.92+0.77a 0.43+0.41a
c43045.0 0.36+0.32a 0.07+0.13a
¢70935.1 0.15+0.13a 1.8243.01a
¢51141.0 0.06+0.11a 0.88+1.53a
€9793.0 0.05+0.08a 0.08+0.07a
¢70935.0 0.01+0.01a 1.16+0.69a
€70935.2 0.01+0.01a 0.14+0.25a
Kl 37,5 AEG F3'S'H 128107.0 0.03£0.06a 0.09+0.08a
¢103290.1 0.01+0.01a 1.66+2.88a
AW 4 iEJEEE DFR c101521.0 17.53+14.46a 11.25+5.90a
c64180.0 1.23+0.85a 8.10+1.68b
€95236.0 0.93+0.19a 1.05+0.56a
¢78526.0 0.01+0.01a 0.51£0.89a
WHZELH ANS ¢87658.0 0.110.15a 0.84+0.73a
A i FSI €50447.0 0.51£0.17a 0.42+0.47a
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