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Abstract: Nymphaea hybrid is a large tropical water lily in the genus Nymphaea. Different from the common water lily
at present, N. hybrid has a long flowering period, beautiful flower shape, rich flower color, pleasant fragrance and rich
biological active substances, which has attracted more and more attention. The flower color of different N. hybrid varies
with the change of flowering stage, but the change rule of flower color is not clear yet. In this study, the outer petals of
four different colors of N. hybrid flowers at different flowering stages were used as the test materials. The chroma value,
anthocyanin, flavonoids, pH value of cell fluid, contents of soluble sugar (SS) and soluble protein (SP), and activities of
phenylalanineammonialyase (PAL) and chalconeisomerase (CHI) enzymes were measured during the flowering process.
The epidermal cells of most petals of the N. hybrid flower showed irregular folds and protrusions. The pigment of purple,
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pink and yellow N. hybrid flowers was mainly distributed in the upper and lower epidermal cells, while the pigment
distribution was almost absent in white N. hybrid flower. With the progress of flowering period, the total anthocyanin
(TA) content, PAL and CHI activity decreased, cell pH value increased gradually. The contents of total flavonoids (TF),
soluble sugar and soluble protein increased first and then decreased, while petals lightness L” increased, and there were
significant differences among parameters at different flowering stages. Total anthocyanin in petals was negatively cor-
related with L and pH of cell fluid, but positively correlated with PAL and CHI enzyme activities. This study shows that
the changes of flower color of N. hybrid are affected by multiple factors, and the presentation of flower color is related
to the shape of petals and the position of anthocyanin distribution. The content of anthocyanin and flavonoids in petals
directly affect the depth of flower color. The activities of PAL and CHI enzymes promote the formation of flower color
of N. hybrid to a certain extent. Meanwhile, pH, soluble sugar, and soluble protein affect the formation and stability of
the flower color of N. hybrid by participating in physiological metabolism during the flowering process, and then affect

the change of flower color tone of N. hybrid.
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Fig. 1 Changes of morphology and color of different
N. hybrid during flower period
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Tab. 1 Changes of flower color phenotype during different blooming season of N. hybrid
:lﬁai%t iﬁ; Flivguje%?od RHSCC L a b ¢ h
e KA S, White group NN155D  88.25+1.55 1205022  10.34%145 1041146  83.4120.69
S, White group NN155D 88.04+5.50 0.94+0.21 9.24+1.04 9.29+1.05 84.19£1.06
S3 White group NN155D 93.50+1.83 0.79+0.14 12.84+1.51 12.87+1.51 86.48+0.32
S4 White group NN155DB  92.99+0.53 0.64+0.21 13.58+0.20 13.60+0.22 87.33£1.68
BT K EAE S Yellow group 5C 88.41+£0.39 —0.44+0.17 43.26+1.06 45.32+1.01 90.58+0.24
S> Yellow group 6B 88.52+1.25 —0.12+0.03 36.66£3.63 38.62+2.13 90.20+0.21
S3 Yellow group 6A 91.29+2.87 —0.14+0.46 50.86+3.88 53.66+3.22 89.87+0.53
S4 Yellow group 6C 91.35+0.48 —0.09+0.01 45.69+0.52 47.58+1.31 90.11£0.30
8 (e K A S, Violet-blue group 94B  49.8544.12  19.2142.53 26424236 32.77+1.34  306.06+5.52
S, Violet-blue group 94A  49.60+3.49 15.18£1.00 —29.13+4.33 32.86+4.31  297.68+1.84
Ss Violet-blue group 94A 50.61£2.75 13.11+1.47 -25.84+4.17 28.98+4.37  297.02+1.35
S4 Violet-blue group 94C 51.38+£3.91 10.60£0.60  —25.02+0.22 27.18+0.12  292.95+1.31
¥ FEKEL S Red-purple group 73A  51.98+2.37 31.45+0.99 —7.21£1.37 32.29+0.70  347.05+2.73
S Red-purple group 68B  52.6442.46  40.4443.09  —4.68+1.58  40.84+2.64  353.20+5.59
S5 Red-purple group 68A  54.1642.86  33.1742.24  —5.83+1.10  33.74+1.90  349.91+4.13
S4 Red-purple group N74C  54.03+3.27 27.2942.35 —7.46+1.72 28.314£2.65  344.8242.52
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23.1 FRKLEHFKER TA 22T B
HPLC 4387, 78 EFIHE @A K EAL AR A 1
Y. RO E 2 N FKELEAR
REWIER P EE 1 T e R, 45

e 3 Fis. HmE 3A afER, Lafhad
KGELE TA BIELE 4 DIFEEHAZE SN, A
AHH 225 2 (P<0.05), 75 S, WIS B, %6,
Ky A K EAL TA % 1013k 886.51.1583.38 pg/g;
kA S, 3], TA FHEBE TR, 26, HEaF
KIEL TA EFEABIE S WTHET 34.76%.
36.34%, By EAEKIEML TA & EA R B
EETROFKEN.

232 FREBEFKRERTFEEEL 440FK
AT RAF R ERER T TF SaE 3 Br
o HIE 3B LA M, AEREGEEKELN TF
TR, AT A 2622.29~6051.50 pg/g,
HBEE FKEAT AR S, 4 FIE A K
AL TF S Efead—8, 2% bR
TR, Si~S, AW BFt, Sy~Sy IAKT T
W, Su M1 TF &3y W (R T Sy IR S, . AN

A~D: 0 B T B RGEAAMATIE ;. E~H: 30T RS T HKEEEMERR . A, E: AOFKEL;
B, F: BOFKEM,; C. G: KOFKEL; D, H: BOFAKEL.
A-D: cross-section structures of petals of N. hybrid use optical microscope; E-H: SEM of papillate cells from the outer epidermis and petals
of N. hybrid. A, E: White N. hybrid; B, F: Yellow N. hybrid; C, G: Purple N. hybrid; D, H: Pink N. hybrid.
B2 BRELLBAIEEEFIINRREMBENER
Fig. 2 Cross-section structures and SEM of papillate cells from the outer epidermisand petals of N. hybrid
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Fig. 3 Contents of total anthocyanins (A) and total flavonoids (B) during florescene in petals of in N. hybrid
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Fig. 4 Variation of pH during florescene in petals of
N. hybrid with different colors
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Fig. 5 Variation of soluble sugar (A) and soluble protein (B) contents during florescene in
petals of N. hybrid with different colors
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Fig. 6 Variation of PAL (A) and CHI (B) activities during florescene in petals of N. hybrid with different colors
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Tab. 2 Correlation coefficient of all indexes of N. hybrid during flowering process

T . . . .
it L a b c h TA TF pH SS SP PAL CHI

a -0.841 1
b’ 0.884  -0.736 1

0.183 0314 0392 1

h —0.775 0.9 —0.475 0.458 1

*

Oﬁ

TA  —0.952 0.785  —0.577 0.102 0.915 1
TF  —0.812  0.993" -0.761 0.297 0.845 0.712 1

pH 0.951" -0.874 0.668  —0.128  —0.94 -0.986" -0.818 1

SS 0.575  —0.044 0478 0.767 —0.111  -0.5 0.952" 0.426 1

SP 0.689  —0.188 0.642 0775  —0.18 -0.545  0.960" 0.502 0.980" 1

PAL  -0.963"  0.774 -0.657  —0.019 0.871 0.992  0.708  —0.982" -0.584  —0.639 1

CHI  -0.888 0.659  -0.585  —0.101 0.801 0.994”  0.581 -0.958"  —0.68 -0.707 0.986" 1

o FAREFME (P<0.05) , TEARWMBEMRL (P<0.01) .

Note:  indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).
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