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Abstract

The species and contents of anthocyanins in plant petals can make plants ap-
pear pink, red, violet and blue, etc., and play a major role in the coloration of
plants. In this study, the species and contents of anthocyanins in the petals of
three R. rugosa hybrid cultivars, R. rugosa “Zizhi”, R. rugosa “Fenzizhi” and
R. rugosa “Baizizhi”, were analyzed, and the direct cause of the differences in
flower color of three R. rugosa hybrid cultivars was inferred. This paper pro-
vides a reference for the coloration mechanism and flower color breeding of
R. rugosa. The specific methods are as follows: the petals of five flowering
stages of three R. rugosa hybrid cultivars were used as materials, and the types
and contents of anthocyanins contained in them were qualitatively and quan-
titatively analyzed by high performance liquid chromatography (HPLC). The
same six kinds of anthocyanins were identified in R. rugosa “Zizhi” and R.
rugosa “Fenzizhi”, mainly based on the diglycoside of paeoniflorin and cya-
nidin. The relative contents of the two anthocyanins were higher at budding
stage and initial opening stage. In the different flowering stages of R. rugosa
“Zizhi”, the content of Pn3G5G was up to 4280.84 *+ 20.82 pg-g™', and the
content of Cy3G5G was up to 789.41 + 1.21 pg-g™". In R. rugosa “Fenzizhi”,
the highest content of Pn3G5G reached 1293.50 * 17.64 pg-g~', and the con-
tent of Cy3G5G was up to 358.86 + 3.94 ug-g™". It could be speculated that the
difference in the contents of Pn3G5G and Cy3G5G was the main reason for
the difference in coloration between the petals of R. rugosa “Zizhi” and R.
rugosa “Fenzizhi”. A total of five species of anthocyanins were identified in R.
rugosa “Baizizhi” and their contents were relatively low. Compared with R.
rugosa “Zizhi” and R. rugosa “Fenzizhi”, the presence of Cy3G was not de-
tected. Therefore, we speculated that the two reasons above might be respon-
sible for the visual white flowers of R. rugosa “Baizizhi”.
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1. Introduction

Rosa rugosa is an important ornamental plant which belongs to the genus Rosa
in the family Rosaceae. It is native to China and has a long history of cultivation.
It is not only a precious Chinese herbal medicine, food and industrial raw mate-
rials, but also an excellent plant material for landscaping and soil and water
conservation. The color of most Rosa rugosa varieties is purple, only a few varie-
ties are pink and white, lacking yellow, orange and red flowers [1] [2]. The color
of R. rugosa is very simple, which seriously affects its application in landscaping
[3]. Therefore, understanding the mechanism of R. rugosa color development
has become the goal of many researchers.

The flower color of the plant is related to the pigment type, the pigment con-
tent (including the relative content of various pigments), the internal or surface
structure of the petals, but the most important factor is the types and contents of
the anthocyanidin. Anthocyanin is one of the main pigments of plant petal col-
ors and fruit colors. It is a kind of water-soluble pigment belonging to flavono-
ids. There are more than 20 kinds of anthocyanins, which are mainly found in
plants, Cyanidin, Delphinidin, Pelargonidin, Petunidin, Peonidin, and Malvidin.
Anthocyanins are found in vacuoles mainly in the form of glycosides in plants,
often referred to as anthocyanins [4] [5]. Anthocyanins are formed by binding
one or two sugar molecules at the B-ring C3 or A-ring C5 position of anthocya-
nin [6]. The species and contents of anthocyanins in plant petals can make
plants appear pink, red, violet, blue, etc. Niu and Chu performed UV-visible
scanning on the pigment in R. rugosa, and obtained two absorption peaks at 380
nm and 520 nm, which were presumed to be anthocyanins [7]. Wang measured
the anthocyanin species in Pingyin R. rugosa “Fenghua No. 1” and found that
the main component was Cy3G5G [8]. Zhang ef al. measured the pigment com-
ponent of R. rugosa “Zizhi”, and found that the diglucosides of Peonidin, Del-
phinidin, Cyanidin and Pelargonidin were the main components of R. rugosa
“Zizhi” anthocyanins [9].

Studies have shown that anthocyanidin is extremely easy to extract and it is
safe and non-toxic. At present, common methods for determining anthocyanin
content include pH differential method [10], high performance liquid chroma-
tography (HPLC) [11], high performance liquid chromatography-mass spectro-
metry (LC-MS) [12] and the like. However, the pH differential method is cum-
bersome, time consuming, and error-prone, and the LC-MS/MS method has
higher sensitivity but higher cost. HPLC has the advantages of short time, high
reproducibility and high analytical precision. It has been widely used in plants
such as black rice [13], peony [14], blueberry [15], peanut [16], black soybean
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[17], cherry and cranberry [18].

In this study, HPLC was used to analyze the changes of the main components
and contents of anthocyanins in three R. rugosa hybrid cultivars (R. rugosa “Ziz-
hi”, R. rugosa “Fenizhi” and R. rugosa “Baizizhi”) at five different flowering
stages, and it provides a reference for the color development mechanism and

color breeding of R. rugosa.

2. Materials and Methods
2.1. Plant Materials

With respect to Rosa, R. rugosa “Zizhi”, R. rugosa “Fenizhi” and R. rugosa “Bai-
zizhi” in the rose germplasm nursery of Shandong Agricultural University were
used as test material. We collected petals at the budding stage, initial opening
stage, half opening stage, full opening stage and wilting stage in the mornings of
sunny days from 20 April to 10 May 2017. After flash freezing in liquid nitrogen,
all samples, which were collected in triplicate, were put into a —80°C refrigerator

for storage.

2.2. Total Anthocyanin Extraction and HPLC Analysis

All samples (0.1 g fresh weight) were homogenized in liquid nitrogen, after
which they were extracted with 5 mL of an acidic methanol solution (70:0.1:29.9,
v/v/v; CH;OH:HCIL:H,0) at 4°C in darkness for 24 h and then sonicated for 30
min [19] [20]. After centrifugation, each extract was passed through a mem-
brane filter (0.22 mm).

Qualitative and quantitative analyses of anthocyanins were performed via
HPLC. The chromatographic analysis was conducted using a Prominence
LC-20AT series HPLC system (Shimadzu, Inc., Japan) with a detection wave-
length of 530 nm, and the column (TC-C18 column, 5 um, 4.6 mm x 250 mm)
was maintained at 30°C. The eluent consisted of an aqueous solution A (0.1%
formic acid in water) and organic solvent B (acetonitrile). The gradient elution
program was modified as described previously [21]: 0 min, 10% B; 15 min, 17%
B; 20 min, 23% B; 25 min, 23% B; and 30 min, 10% B. Moreover, the eluent flow
rate was 1.0 ml/min, with a 10 pL injection volume. Cy3G (C,H, CLO,,),
Cy3G5G (C,,H;ClO,), Pg3G (C,H,,ClO,), Pg3G5G (C,H;ClO,;), Pn3G
(C,,H,;ClOy,), Pn3G5G (C,H,,ClO), Dp3G (C,H, ClO,;,) and Dp3G5G
(C,,H;ClO,,) (EXTRASYNTHESE Trading Company, France) were used as ref-
erences for anthocyanin analysis. Three independent biological replicates were

measured for each sample.

2.3. Statistical Analyses

Three independent biological replicates were measured for each sample and the
data presented as the mean + standard error (SE). Where applicable, data were
analyzed by Student’s t test in a LSD analysis. Values of P < 0.01 were considered
to be statistically significant.
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3. Results

3.1. Analysis of Flower Phenotype of Three R. rugosa Hybrid
Cultivars

In the flower phenotypic display of R. rugosa hybrid cultivars, from top to bot-
tom are R. rugosa “Zizhi” (Figure 1(a)) R. rugosa “Fenizhi” (Figure 1(b)) and
R. rugosa “Baizizhi” (Figure 1(c)). The color of R. rugosa “Zizhi” is purple and
is the most common color. As the flowers gradually open, the color is slightly
lighter and is the shallowest at the wilting stage. The color of R. rugosa “Fenizhi”
is pink, and the color is the deepest at the initial opening stage. As the flowers
gradually open, the color is slightly lighter, and the flower color is the shallowest
at the wilting stage. The color of R. rugosa “Baizizhi” is white. In the budding
stage and initial opening stage, its petals are slightly pinkish at the edge, and the

pink disappears and turns white in the half opening stage.

3.2. HPLC Determination of Petals in Five Flowering Stages of
Three R. rugosa Hybrid Cultivars

Qualitative and quantitative analysis of the anthocyanins detected by the 530 nm
chromatogram was carried out in combination with the standard. Six kinds of
anthocyanins were detected in R. rugosa “Zizhi” (Figure 2(a)), which were
Cy3G5G, Cy3G, Pn3G5G, Pn3G, Pg3G5G and Pg3G. From the different flower-
ing stages of R. rugosa “Zizhi” (Table 1), the content of Pn3G5G was the high-
est, the highest was 4280.84 + 20.82 ug-g™', and Pn3G5G accounted for 82.83% of
the total anthocyanin contents in different flowering periods. The content of
Cy3G5G was higher, the highest was 789.41 + 1.21 pg-g™', and Cy3G5G accounts
for 13.56% of the total anthocyanin contents in different flowering periods. The
change trend of the two main anthocyanin contents was budding stage > initial
opening stage > half opening stage > full opening stage > wilting stage. The con-
tents of the other four anthocyanins were lower.

Six kinds of anthocyanins (Figure 2(b)) were detected in R. rugosa “Fenziz-
hi”, which were Cy3G5G, Cy3G, Pn3G5G, Pn3G, Pg3G5G, and Pg3G. From the
different flowering stages of R. rugosa “Fenizhi” (Table 2), the content of
Pn3G5G was the highest, the highest was 1293.50 + 17.64 ug-g™', and Pn3G5G
accounted for 76.93% of the total anthocyanin contents in different flowering
stages; The content of Cy3G5G was higher, the highest was 358.86 + 3.94 pg-g™’,
and Cy3G5G accounted for 20.03% of the total anthocyanin contents in different
flowering stages. The change trend of the two main anthocyanin contents was
initial opening stage > half opening stage > full opening stage > budding stage >
wilting stage. The contents of the other four anthocyanins were lower.

Five kinds of anthocyanins (Figure 2(c)) were detected in R. rugosa “Baiziz-
hi”, which were Cy3G5G, Pn3G5G, Pn3G, Pg3G5G and Pg3G. From the differ-
ent flowering stages of R. rugosa “Baizizhi” (Table 3), the anthocyanin contents
in each period was low and basically stable. Among them, Cy3G5G and Pn3G5G

reached maximum values in the full opening stage, which were 1.26 + 0.01 pg-g™*
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Figure 1. Flower phenotype of three R. rugosa hybrid cultivars. (a) Five different flower-
ing stages of R. rugosa “Zizhi”; (b) Five different flowering stages of R. rugosa “Fenzizhi”;
(c) Five different flowering stages of R. rugosa “Baizizhi”. S1, budding stage; S2, initial
opening stage; S3, half opening stage; S4, full opening stage; S5, wilting stage.

and 3.39 + 0.01 pg-g ™, respectively. Pg3G5G began to appear in the initial open-
ing stage, and then its content dropped sharply, and it was not detected in the
half opening stage. Pg3G also appeared at the initial opening stage, after which
the content remained basically stable.

Among the three R. rugosa varieties, six kinds of anthocyanins were detected
in R rugosa “Zizhi” and R. rugosa “Fenzizhi”, and only five kinds were detected
in R. rugosa “Baizizhi”. Compared to the other two varieties, Cy3G was not de-
tected in R. rugosa “Baizizhi”. The results of the comparison of anthocyanin
contents among different R. rugosa varieties in five flowering stages (Figure 3)
are R. rugosa “Zizhi” > R. rugosa “Fenzizhi” > R. rugosa “Baizizhi”. Compared
with R. rugosa “Zizhi” and R. rugosa “Fenzizhi”, the contents of anthocyanin in
R. rugosa “Baizihi” was very low. In addition, the presence of two kinds of an-

thocyanins of delphinidin was not detected in any of the three varieties.

4. Discussion

R. rugosa “Zizhi” is selected from the hybrid offspring of R. rugosa “Jinyiyurui”
and Rosa davarica [22]. Its shrubs are erect and open, with mauve branches. The

prickles are erect and sparse. And it can be flowered many times a year. It is a
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Figure 2. HPLC chromatograms in (a) R. rugosa “Zizhi”, (b) R. rugosa “Fenzizhi” and (c) R. rugosa “Baizizhi”. Eight kinds of
anthocyanin standards (St.) were used for detection: (a) Dp3G5G; (b) Cy3G5G; (c) Dp3G; (d) Pg3G5G; (e) Cy3G; (f) Pn3G5G; (g)

Pg3G; (h) Pn3G.

Table 1. Contents of anthocyanins in the flowers of R. rugosa “Zizhi” (ug-g™' FW).

Name  Stage Cy3G Cy3G5G Pn3G Pn3G5G Pg3G Pg3G5G Dp3G Dp3G5G
S1 2827 £0.16D 789.74 £ 1.21B 21.61 £0.51D 4280.84 +20.82A 4.56 +0.14D  117.57 +3.21C - -
S2 27.28 £0.23D 777.02+£3.72B  21.99 +0.05D 3904.65 + 23.24A 5.51 + 0.08D 108.28 + 0.39C - -

R. rugosa
wrizhi® S3 27.20 £0.16D 674.62 £3.69B 24.09 +0.01D 3511.42 +28.65A 4.54 £0.17D 88.31 £ 0.70C - -
izhi

S4 22.88 +£0.08D 334.67 £2.57B 40.55+0.16CD 2629.25 +9.84A 2.98 +0.01E 55.34 £ 0.80C - -
S5 16.85+ 0.03E  251.62 +2.96B 32.30 £ 0.09D 2091.76 + 5.04A  7.44 + 0.06E 44.62 +£0.20C - -

*Data are the mean values + SE of three independent replicates. Different upper case letters represent significant difference which is calculated using LSD
analysis at the level of P < 0.01. “-” means that no corresponding anthocyanin is detected.

species with very high ornamental value, and widely used in landscaping. R. rugo-
sa “Fenzizhii” and R. rugosa “Baizizhi” are two bud varieties of R. rugosa “Zizhi”,
the former is pink, and the latter is white. Because most of the R. rugosa flowers
are purple, this study used the universally representative R. rugosa “Zizhi”, and
then selected two different flower color bud varieties, studied their anthocyanin
composition separately, and analyzed the causes of the difference in flower color.

For three R. rugosa hybrid cultivars, the color of R. rugosa “Zizhi” is the deepest
and it’s purple; the color of R. rugosa “Fenzizhi” is second and it’s pink; the color
of R rugosa “Baizizhi” is the lightest and it’s white. For example, Pn3G5G,
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Table 2. Contents of anthocyanins in the flowers of R. rugosa “Fenzizhi” (ug-g™' FW).

Name Stage

Cy3G

Cy3G5G Pn3G Pn3G5G Pg3G Pg3G5G Dp3G Dp3G5G

S1 8.77 £ 0.10C

S2 17.08 £ 0.13D

R. rugosa
“Fenzizhi”

S4 8.53 £0.23D

S5 5.38 + 0.08DE

S3 11.70 £ 0.26D

358.86 £ 3.94B 4.34 £ 0.07C 1293.50 £ 17.64A 1.90 £ 0.06C 27.35+0.28C - -

71235+ 1.94B 13.11+0.12D 2978.92 £ 12.66A 2.53 +0.05D 90.63 + 1.05C - -

651.82 +4.25B 827 +£0.13D  2094.54 + 523A 1.51 £0.01D 63.81 £ 0.54C - -

530.40 £5.85B 7.17£0.10D  1332.25+7.12A 1.47+£0.02D 43.11 +£0.82C - -

124.96 + 1.81B  9.49 £0.01D  1116.41 +2.31A 0.80 £0.01E 26.41 +0.27C - -

*Data are the mean values + SE of three independent replicates. Different upper case letters represent significant difference which is calculated using LSD

analysis at the level of P < 0.01.

« »

means that no corresponding anthocyanin is detected.

Table 3. Contents of anthocyanins in the flowers of R. rugosa “Baizizhi” (ug-g™' FW).

Name Stage Cy3G Cy3G5G Pn3G Pn3G5G Pg3G Pg3G5G Dp3G Dp3G5G
S1 - 0.57£0.01B  0.38+£0.01D  2.36 £ 0.02A - - - -
S2 - 0.82+0.01C  0.23+0.01E  2.02+0.01B 0.65+0.01D  3.07+0.01A - -
R. rugosa
DI S3 - 0.52+0.01B  0.16 £0.01E  1.43 +£0.01A 0.23 +£0.01D - - -
Baizizhi
S4 - 1.26 + 0.01B - 3.39+£0.01A 0.27 £0.01C - - -
S5 - - - 2.54+0.01A 0.56 + 0.01C - - -

*Data are the mean values + SE of three independent replicates. Different upper case letters represent significant difference which is calculated using LSD

analysis at the level of P < 0.01.

« »

means that no corresponding anthocyanin is detected.

which was dominant in anthocyanin contents in three R. rugosa hybrid cultivars,
had the highest content in R. rugosa “Zizhi”, which was up to 4280.84 + 20.82
ug-g s the highest content in R. rugosa “Fenzizhi” was 1293.50 + 17.64 pg-g™’,
and the highest content in R. rugosa “Baizizhi” was only 3.39 + 0.01 pg-g™". It can
be seen that the anthocyanin contents are positively correlated with the flower
color, and the deeper the flower color, the more the anthocyanin contents. In
addition to the difference in anthocyanin species, Cy3G was not detected in R
rugosa “Baizizhi”, suggesting that these two factors may be the cause of the color
of R. rugosa “Baizizhi”. Cy3G is a precursor of the synthesis of Cy3G5. Cy3G5G
can be detected in R. rugosa “Baizizhi”, but Cy3G cannot be detected. It can be
speculated that Cy3G in R. rugosa “Baizizhi” is depleted before the flower bud
stage and converted into Cy3G5G. Zhang et al detected delphinidin in R. rugosa
“Zizhi” and found that its content was basically stable [9]. However, we did not
detect the presence of delphinidin in the HPLC test of anthocyanin species in
five flowering stages of three R. rugosa varieties, which was inconsistent with her
research results.

The types and contents of the pigments contained in the petals and the pH of
the cell fluid are the main factors affecting the color of the flowers [23]. This
study found that the anthocyanin derivatives in the three R. rugosa petals are
mainly diglycoside, which indicated that the structure of the diglycoside antho-
cyanins in the three R. rugosa hybrid cultivars was very stable, which was con-

sistent with previous reports [24] [25]. In addition, this study found that R.
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Figure 3. Comparison of anthocyanin contents of three R. rugosa hybrid cultivars at five flowering stages. (a) Budding stage; (b)

Initial opening stage; (c) Half opening stage; (d) Full opening stage; (e) Wilting stage. The error bars represent the SDs of triplicate

reactions. The experiment was repeated three times, and each yielded similar results.

rugosa “Zizhi” and R. rugosa “Fenzizhi” contain derivatives of paeoniflorin and
cyanidin. In the different flowering stages of R. rugosa “Zizhi”, the contents of
Pn3G5G and Cy3G5G decreased with the opening of the petals. In the different
flowering stages of R. rugosa “Fenzizhi”, the contents of Pn3G5G and Cy3G5G
also changed with the color of the flowers, reached the highest value in the initial
opening period, and then gradually became lower. From this, it can be inferred

that the flower color changes of R. rugosa “Zizhi” and R. rugosa “Fenzizhi” are
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mainly related to the changes of Pn3G5G and Cy3G5G contents.

Quantitative results of anthocyanins in petals of R. rugosa “Zizhi” and R. ru-
gosa “Fenizhi” showed that most of the anthocyanins had the highest relative
contents in the flower bud stage and the initial stage, and it can be inferred that
most of the anthocyanins required of R. rugosa colors have been fully accumu-
lated in the flower bud stage and the initial stage, and gradually degraded. With
the opening of flowers in R. rugosa “Zizhi” and R. rugosa “Fenzizhi”, the con-
tents of anthocyanins decreased with the opening of the flowers. This may be as
the flowers are opened, the petals gradually expand, and the light-receiving area
of the petals increases, and the light affects its stability, causing it to gradually
degrade, resulting in a gradual decrease in contents. Quantitative results of an-
thocyanins in petals of R. rugosa “Baizizhi” showed that Cy3G5G and Pn3G5G
had been synthesized at the flower bud stage and reached the highest value in the
flowering stage. It can be speculated that these two anthocyanins may be the
main causes of the formation of R. rugosa “Baizizhi”. Two kinds of anthocya-
nins, Pg3G5G and Pg3G, were synthesized in the initial stage. Pg3G5G was ra-
pidly depleted after synthesis and could not be detected in the half-opening
stage, which may be related to the pink disappearance of the petals edge at the
half-opening stage of R. rugosa “Baizizhi”. It can be speculated that Pg3G5G is
involved in the formation of the pink edge of its petals.

5. Conclusion

In conclusion, in this study, we analyze the differences in the types and contents
of anthocyanins in different flowering stages of three R. rugosa hybrid cultivars,
speculating on the low anthocyanin contents and the lack of Cy3G, which may
be the reasons for flower color generation of R. rugosa “Baizizhi”. In addition, it
is presumed that the difference in the contents of Pn3G5G and Cy3G5G is the
main cause of colors between R. rugosa “Zizhi” and R. rugosa “Fenzizhi”.
Through the above analysis, we have preliminarily identified the direct causes of
the differences in the color in three R. rugosa hybrid cultivars (R. rugosa “Zizhi”,
R rugosa “Fenzizhi” and R. rugosa “Baizizhi”), and we hope this will provide

necessary information for subsequent color-improvement projects in R. rugosa.
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