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CHEN Kaili', BAN Wenzhuo's DU Lingjuan®,
ZHOU Xinghua', ZHANG Xiongfei’

Weks H . 2023 -07 - 28
HETEH . ERARFFIEST LWE (32171863) T HE T “ K24 BB AL I gt R (A5 SR 90D 31 B (S202110635232).
EH T IR, 4, PR, FE NG KR sh Y T 5 M5,



72 BT HRXFFROA R http://xbbjb. swu. edu. cn B 46 K

1. College of Fishery, Southwest University , Rongchang Chongqing 402460 , China ;
2. College of Landscape Architecture and Arts, Northwest A & F University, Yangling Shaanxi 712100, China ;
3. Management Committee of Rongchang Campus . Southwest University s Rongchang Chongqing 402460 , China

Abstract: In order to determine the flavonoid content, components and key genes in the flavonoid metabol-
ic pathway of waterlily (Nymphaea colorata) petals at different developmental stages, high performance
liquid chromatography (HPLC) and ultra-performance liquid chromatography-tandem quadrupolar time of
flight high resolution mass spectrometry (UPLC-Triple-TOF-MS/MS) were used to analyze the content of
anthocyanin and flavonol glycosides in the petals of N. colorata in five developmental stages (S1-S5). The
results showed that the difference on flavonoid content between blue and white petals was obvious. The
content of anthocyanin and flavonol glycosides in white petals remained at a low level, especially in S4 and
S5 stages, while the flavonoids of blue petals were significantly higher than that of white. This may be the
cause of white and blue color of petal. Three anthocyanins and 11 flavonol glycosides were identified from
the petals of N. colorata. The flavonoid compositions of blue petals and white petals were the same. The
three anthocyanins were delphinidin 3-O-B-galactopyranoside, delphinidin 3-O-(2"-O-galloyl-6"-O-acetyl-3-
galactopyranoside, and delphinidin 3'-O-(2"-O-galloyl-6"-O-acetyl-B-galactopyranoside. The flavonol gly-
cosides mainly included quercetin 3-O-galactoside, myricetin 3-O-a-L-(3"-O-malonyl)-rhamnopyranoside,
myricetin 3-O-o-L-rhamnopyranoside, myricetin 3-O-a-L-(3"-O-acetyl)-rhamnopyranoside, and quercetin
3-0-a-L-(3"-O-malonyl)-rhamnopyranoside. Besides, Real-Time quantitative PCR (RT-gPCR) was used
to further analyze the expression of genes related to flavonoid biosynthetic pathway. We found that during
the five developmental stages of blue flower petals, the genes’s transcriptional expression patterns of fla-
vonoid 3'5'-hydroxylase (F3'5'H), flavonol synthetase (FLS) and dihydroflavonol 4-reductase (DFR)
were consistent with the trend of anthocyanin accumulation, indicating that these genes might be responsi-
ble for anthocyanin accumulation in blue petals. Moreover, the expression levels of F3'5"H and glycosyl-
transferase gene (GT) in blue flowers were much higher than those in white flowers, suggesting that F3’
5'H and GT play the roles in the color difference between blue and white flowers in N. colorata. This
study provides new evidence for further understanding the molecular mechanism of color formation of N.
colorata flower, and lays a foundation for molecular breeding of blue color flower in waterlily.
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MS/MS; gene expression
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1L BEREEAY . BER A, TEREEN A Y A BGEE, g% A R A U (CHS) o 25 R S A (CHD . #
Bt i 3-¥2 LM (F3HD . 2R 3'- ¥ (LM (F3'HD  ZE# il 3'5 - ¥ (L (F3'5 HD | B BE & i (FLS) . &
HHIEE A48 R (DFR) . fEH R A M (ANS) | BEREE B (GT) 2K MW AW A A% D25, W
B, R4 a3 e 8 b B A 9 % S T MIYBL,bHLH il WD40 g 3] 7 8 545 2. B, BF 584 4 46 35 o
SR A 40y RS L AE B L L AR R AR DL S AR (0 6 Bl S R K HL IR L i BT A (0 0] B B T S
il o 43 LR DR 4 0 4% TR R AR G S R R LIS 2 T Iy R RO I, X 2
B BB L AT A I R B G B A, AN TREER GO R
T W66 2 (Rosa chinensis) F135 16 (Chrysanthemum X mori folium ) 3 i 27

AR, Bl A O B S AL (B B AL R BR A SE . H T C S8 1 M 3% 28 o 1A 1 Q0 0 448 9 — S O i 45
W F3HY . GT6"" F1 R2R3 # MYB $ 35 [H 75 K] MYB6™ ., Ifit4r T Ihfg b, AR TR
BEE (N. colorata) BB ER W43 A5 it DA M AG 68 % B OCHE R R A AT S 1240, iR 6 DUHRIE. 15 A5 BE %
J& T R S R, AT AP A A AR AR R AR AR L AL AN AL B, SR, O 2 A5 IR, S oY IR
AT I A B AR U R AR ST LAE L R A 0 A i B S R R M R () A e T SR R
P S 53 R o, [R) ESEXOF 28 BE R A )  a AR A BE R iR AT S E i PCR(RT-qPCR) 43 #r . %88 16 F2 i 322 1
ALY WIS A AE €0 22 5 B S B L TR, Sl i — 20 ) B o 2 R 52 1% 0 I A= W 5 O IL ) B8 itk [RD R Sy i
TEWE €0 A6 5 T 7l AR AL IR K 5.

1 MR57RE
1.1 RIE

A A6 1) A W B B S P BRI TR T U A, B TV R KSR S B K AR R SRR L. R ORLR A
BFECA 7—8 A, 43 5IR4E 5 KGRI AER. BN 5 A& G R AL E G B KR, S1. &
B S2. AL hEBLL L3 S3. BT SR @, St B4k i 58 A R T ik S5. fEJF
A 1 R, K R E TR T R S T — 80 “C AR VKA P AR A A .
1.2 REBEARAEHNBEESENEMNESEERTHNE

T M B S AL M 20 VU I S R P B BB AR AR T R R R R AT, RO E S R Wa ST
J5 . AE T R A A 4 SR Agilent 1260 (Agilent, 26 ED W&, B EEVEBFEFE N . WM A K
0. 1% W, WehHH BAHZME; 0 min 5% B, 6 min 45% B, 9 min 90% B, 9.1 min 10% B, 13 min
10% B, 13.5 min 5% B, 20 min 5% B. ## 0.5 mL/min, #EEER N 7 pl. @4 N Agilent TC-C18
column(5 mm, 4.6 mm X 250 mm), F& 35 C, FEMEIRIE 10 C. IR EHEK 3-O-F &M (Cy-
anidin 3-O-glucoside, Cy3G) F1 T (Rutin) fE A5 M. DA R T R & (FW) P& A /M Z w5 i
T, 3 AW ¥ EE , M SPSS 20. 0 X H s 4T Turkey J7 25 0471, &3 43 B KA p<<0. 05.

A6 I E R B R 43 R ) UPLC-Triple- TOF/MS R 48, Acquity'™ ultra 7 5 2800 AH 4 3% L (Wa-
ters, JZ[E) M Triple TOF 5600 " A €47 I [] 57 i LA Je B W5 55 85 U8 (AB SCIEX, £ [E) RGEHATIE,
BAR:zE Cik22 ], U GEAR PR M2 sh: sl AN 0. 1R, WshH B A LN 0 min
5% B, 6 min45%B, 7 min 90% B, 7.1 min 10% B, 10 min 10% B, 10.2 min 5% B, 13 min 5% B. i
0.4 mL/min, #FEN 7 pl. BT B ORI BE ) B O B A5 R, 45 A BB AR R L Y
DA KGR IV 2 2% SOk 0 T P R AT A
1.3 HEEBELAFEL SIS RNARIE cDNA §K

WO A R R 5 DR E B 2 WA T W JS . ] Omega Plant RNA Kit(Omega,
K ED$EHL Total RNA. 345 1) Total RNA & ik 5 48 J5 » >k H I % 53X 7] PrimeScript RT reagent Kit
with gDNA Eraser Kit( Takara, HZ4<)#F 17 [ #% 5% . RAF AN cDNA J5 43 517 B 5 %5 T 986 e &t



74 BT HRXFFROA R http://xbbjb. swu. edu. cn B 46 K

PCR X 5.
1.4 HEEBEREHEEEZEPHEERRESHT

3 LK R AR ) A R R M OGS (CHS . CHI . F3H , FLS . F3'H . F3'5'H, DFR . ANS,GT,
MYBI1 .bHLH1 ,WD40) fMNZ3H NcACT11 #) RT-qPCR 514 (£ D, S Hre 17 2 M % AR F
I (S1~S5) B A M. RT-qPCR K ] ABI QuantStudio™ 3 Real-Time PCR Systems(ABI, 3
EDWAE. 2854k NovoStart® SYBR gPCR Super Mix Plus(novoprotein, HVE) , & 2 F1 5 W ¥
UL B AT, IR E 3 AN FEE . M 20 R B R AR X Rk L SPSS 20. 0 X U4
#E4T Turkey J5 224087, M HKFh p<<0. 05.

F1 AXRAEEE PCRETABEXSY

S i HE 4 PR LS R A (5" >3 TSR A (G —>30)
LOC116266774 NcACT11  GTCTGGATTGGAGGGTCTA CTCATCATATTCTGCCTTCGC
LOC116265581 NcCHS TGGAGGAGGCGATGTTGGAGAA CATGGAAGTCGGCACCAGGAAG
LOC116256153 NcCHI GGCTCCTTGACCATTGCGTTCT CCGTGTTTCCCGATGACTGACT
LOC116253956 NcF3H GAACTTCTACCCGAGGTGCC CCCGTTGCTCAAGAAGTGAG
LOC116261229 NcFLS GTACGGCACCAGGCTTCAGAA ACGGCGAAGTTGATGCGAGAA
LOC116247785 NcF3'H GCACGGATTTGGGAACGACAAC CGGTGACGGAGGAGTTCTACGA
LOC116264369 NcF3'5’H  GGCGATGGCTGAGTTGCTCTAT GGCGTATGTCCGATTCCTCCAG
LOC116268364 NcDFR GCTGACCTGTTGCGGAGGAAGT AGTGGTTGTTCTTGCGGCTTGG
LOC116260841 NcANS CTTGATAATCCATGTGGGCG CCTCACCTTCTCCTTGTTC
LOC116258810 NeGT CCAGCCGACCAACTGTAGATA GCACTCTCTTTCCATTCGT
LOC116263260 NeMYBI GCTGTAGACTGAGATGGCTGAATT CAGGCTCGGCACTTGAATCC
LOC116265702 NebHLHI  GCGATGGCAACCAGCAGTC CGTGAGGAAAGCATACAACAGTCT
LOC116261468 NcWD40 AAGAGGGACCCCAGGTACATT CTGTCGGCATCTCCCAGATAAG

2 HREHSH

2.1 BEEEARAERPERESENAEMETSE

SR FH 8 ACURRE €00 15 3 6 T AL (0 W R R S 5 N R B I I AE IR (S1~S5, B D AT 1. BEE T A i
PEAT TINRE. ZERFM, B AL AL T 0 B R B A A I B B o — B ML A T R B AE
ST RHWIEAEH H AR, AR A, S 82T & 5 BB (8 20, Bk,
TERFE @R ST PRGN BIETH, BELL TSR, EFHAE S2HUIFRMEA, RS EE0; £F
I TO0 R 320 7 1] FE R4 S8 . WEAEAE AL 5 1 % B e S3 B I 3K B IR K AE (0. 015 mg/g FW), B @A #E4E
s 76 S4 FI S5 W], B 1 & BT, MR 6. ST A BTE S3~S5 I 1T B 2%
5o AHGHAEAT REE 2 S . A AEAE AL TS H S AR S4 WA BB ORME . {2 0. 040 mg/g. 5 Y]
AT HHRIEREEZER. EEORMLRT. B S2 i, WALRAET TSRy EERTHIE.

(i) s S0 1 72 Al P R R R SNORGRI B AR T AR R R ST N A AR O R
B A8 T i D T S, 7R S5 Ik B R R ME (1. 327 mg/ ), 5 A I I 28 A B I S B
Y RV 2E S, T AL A B W B S A 5 B A T AN K, BRI AE 0. 100 mg/g i T B
W AR Y R S BEAE ST, S2 WA Y, HAE S3 I LS FH I T 1A%, B S4,85 mp . WAk
AR BB BT & B AR B R B 2R S e S5 P, WEAER FAERY 10 A5 (& 2b).
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W R S K AR T R B IR S R HPLC 3R . A DN 4300 525 nm Al 350 nm. 43 R HIAR ME & Cy3G FIM T 2 5 & (9 77
TR AR B BT i A TP G T R R R B R R B 3 AR A P H(E . SE RORFRUMEIR. 7 2 4 WT R A Turkey B3 U7
% /NG RN E R R R R AE 6 [/ & & B 08 28 36 B & R 7E p<<0. 05 AKPAT L35 25 5.
2 HPLCUEEEBES MR ENPAEBNESENEMETFRES Y
2.2 HEBEARRENPESEMEMBEERS SN
i UPLC-Triple-TOF/MS REEME 1 AEMEALTT 17 A8 B B2 09 32 2008000 . R IR B TR, 3L
FE T AR AL R AT T E AT 3 A (Kl 3a, £ 2, al~a3). EHEAE S1 BFTCAEHF TR AR, TE S2,S3
B EER AT N al RIE E-3-0 -8-FFLPHH (delphinidin 3-O -B-galactopyranoside, Dp3Ga), HiX
Ky a3 RMEH FE-3-0 -(2-0 - W& FBE-6"-O -2 BE-p-2F L 17 (delphinidin 3-O-(2"-O-galloyl-6"-O-acetyl-
B-galactopyranoside) , Dp3galloyl-acetyl-Ga); 7£ S4 #1 S5 Bf#], 78 H H al fl a3 FEH BIRD, FEEM
HHEHN a2 RMERK-3"-0 -(2"-0 -% & TWBE-6"-0 -2 Wt-p-2K FL B 1) (delphinidin 3'-0-(2"-O-galloyl-6"-
O-acetyl-B-galactopyranoside) » Dp3’galloyl-acetyl-Ga) (& 3a., & 2).
TEBR TR o 75 W R R AL rh e M 11 PR S (18] 3b, R 2, [1~111D), FZE MR ik
KL ZEB AT, Hor 11~13 FERTA I W R AL h X A 7E . P ) 11 i e R 3-O 2B FLIE T (quercetin
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3-O-galactoside, Qu3Ga) & S1~S3 W AR FE W R . BEGE LR TR, HAH g gk th. 7EE%
B S4.85 Y, HFEE BT N4 5 8 MR 3-0 o L-(3-O- N )~ A (myricetin 3-O -a-L-
(3"-O-malonyD)-rhamnopyranoside, My3malonyl-Rh), HKZH /> (4 B E 3-O -o-L- B 28 H (myricetin 3-
O -a-L-rhamnopyranoside, My3Rh) . #43 {6 B % 3-O -a-L-(3-O-Z BE)- R Z=HEH (myricetin 3-O ~a-L-(3"-
O-acetyD)-rhamnopyranoside, My3acetyl-Rh). 204} {1 Qu3Ga. 10 #il fz & 3-O -a-L-(3-O-7 — Bb)- B 2= i AF
(quercetin 3-O -a-L-(3"-O-malonyD)-rhamnopyranoside, Qu3malonyl-Rh).

0.08p a2 or
N/ \
0.07 . — s sl
., 006 a2 " A
< N | -] 4F
i 0.05 . (\ s =
R 0.04f | o | L
= — 2 J\ R 3k
g .8l S . -
vy ' al g r
D002k [ = 2 2
S Naz )\ e © |
0.01f T — . A’y ® s
oF— - f g — . L fl
I Vo . —T\, — 8 L A f2f3 ) ) s1
05 1.0 15 2.0 25 3035 40 45 50 55 6.0 05 1.0 15 2.0 25 3.0 35 40 45 50 55 6.0 6.5 7.0
A [8]/min B jB]/min
a b
S1~S5 NI 5 NMEK B ; al~a3 TR H A5y, 11~111 Fom 5 BT 4157
B3 ZEEREYBERERESH (1) IEWMET (b)BIER
R HEESEUBESHEFANEMBEFRESHRENEN
,17%5)7 HTJ‘ I‘Fﬂ/ 7)1/ N
da e 5 2 2% 30k
min  BEFIM] T EEEHERFETF
al 2. 64 463.051 3  303.013 4  KMEEE-3-O -p-KILWET [13]
KMERLE-3"-0 -(2-0 - B T BE-6"-0 -2 BE-B-
a2 2. 90 659.115 3  303.013 8 o ? [10JL13][15][16]
AT
KM E-3-0 -(27-0 - & T H-6"-0 -2 BE-5- )
a3 3. 40 659.125 7  303.050 1 - [13][15][16]
L AMEF
fl 2.67 463.057 4 301.000 3 MKz % 3-O-F LA [14]
12 3.13 479.0851  316.021 7 iR 3-0O -p-D-LFL M [13][15]
f3 3.18 463.055 1  300.998 7 Mt &K 7-O-FFL M [13][15]
f4 3. 40 463.089 5  316.022 0 MFHE 3-O -o-L- B =4 [5]C13]016][17]
f5 3. 88 505.101 2 316.0234 MK 3-0 -«-L-(27-O-Z. W) - R H [13][15][16]
16 4.16 505.101 2 316.022 0 WX 3-0 -o-L-(3"-O-Z BE)- R 24 [5][13][15]
{7 1.70 489.106 2 300.028 1 Ml & 3-O -B-D -(3"-O -Z. k) -o-L- 2 HEH [5]C13][15][16][20]
8 1. 88 547.1151  316.0226 MR 3-0 -«-L-(3"-O-1H B - Wl 2K [13]
574.114 5, il E 3-0 -(2"-0 % & T BE-6"-0 -4 k-8~
{9 5.28 699.128 8 o [13]
316.023 2 FFLHED
{10 5.51 531.119 2 300.028 4  #it & 3-O -a-L-(3"-O-1§ ) -l Z= 0 4 [13]
f11 6.03 515.123 3 284.033 3  IUZW 3-O -a-L-(3"-O- Bt - 28 [13]

W S1~S5 MMM 5 MEE BRI ; al~a3 BoRMLTE T 44, 11~111 Fom 8 1 B 15 414

2.3 RT-qPCRAOEEBERARNLZEMNPEXEMEREERERNRIETHL
R TR R AL T T A R T A S5 A BRI A IR R B R, IRIE AR AT
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3 it sR

HME 2O Z N RS, b @M B R EER N R 25 RUFg ., 1 5 e
AR T WA WA, 7 S2~S3 B IfE I 2 i 0, EEROEF TN Dp3Ga, Hik K
Dp3galloyl-acetyl-Ga; f£ S4~S5 W W6 25 0, E8 2 @EF N Dp3'galloyl-acetyl-Ga. Zhu 2715k
SR AR W G R (0 R R R O R 3 0 T S A A T U TR R R 3T kA T
SACKER B, 7E S2,S3 I, IEJE T R R 3 kA TR A e, BB EER
Wit 7F S4,S5 WY, FER KM R 3N A A BRI, A AR R . o 5 AR L
35 Pl HRHT M S A6 T A 00 2 BT 45 SR — B, I 9T 45 RN O BV I €8 AR R R 43 A Dp3Ga, B
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