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QIN Xiaotianl’z, GUO Menggel, QIN Shaohuaz, CHEN Ruidan""

1 Beijing Key Laboratory of Ornamental Plants Germplasm Innovation & Molecular Breeding, Beijing Laboratory of
Urban and Rural Ecological Environment, Key Laboratory of Genetics and Breeding in Forest Trees and
Ornamental Plants of Ministry of Education, National Engineering Research Center for Floriculture, Engineering
Research Center of Landscape Environment of Ministry of Education, School of Landscape Architecture, Beijing
Forestry University, Beijing 100083, China

2 Yuxi Institute of Mei, Sanmenxia 472200, Henan, China

Abstract: ‘Zhizhang Guhong Chongcui’ is a new cultivar of Prunus mume with cross-cultivar
group characteristics. It has typical characteristics of cinnabar purple cultivar group and green
calyx cultivar group. It has green calyx, white flower, and light purple xylem, but the
mechanism remains unclear. In order to clarify the causes of its cross-cultivar group traits, the
color phenotype, anthocyanin content and the expression levels of genes related to anthocyanin
synthesis pathway of ‘Zhizhang Guhong Chongcui’, ‘Yuxi Zhusha’ and ‘Yuxi Bian Lii’e’ were
determined. It was found that the red degree of petals, sepals and fresh xylem in branches was
positively correlated with the total anthocyanin content. MYBal, MYB1, and bHLH3 were the
key transcription factor genes that affected the redness of the three cultivars of flowers and
xylem. The transcription factors further promoted the high expression of structural genes F3'H,
DFR, ANS and UFGT, thereby promoting the production of red traits. Combined with phenotype,
anthocyanin content and qRT-PCR results, it was speculated that the white color of petals of
‘Zhizhang Guhong Chongcui’ were derived from the high expression of FLS F3'5'H, LAR and
ANR genes in other branches of cyanidin synthesis pathway, and the low expression of GST
gene. The green color of sepals might be originated from the relatively low expression of F3'H,
DFR and ANS genes. The red color of xylem might be derived from the high expression of ANS
and UFGT genes. This study made a preliminary explanation for the characteristics of the
cross-cultivar group of ‘Zhizhang Guhong Chongcui’, and provided a reference for molecular
breeding of flower color and xylem color of Prunus mume.

Keywords: Prunus mume; cross-cultivar group; real-time quantitative PCR; flower color;
xylem color
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Figure 1

Comparison of petals, sepals and xylem color traits among ‘Zhizhang Guhong Chongcui’, “Yuxi Zhusha’

and “Yuxi Bian Lii’e’. S1, S2, S3 and S4 refer to stages of bud, initial flowering, flowering, and end of flowering
respectively; Sepal: Sepal color of different cultivars; Xylem: Xylem color of transverse section of branches.
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F1 HBEXFEXEEZ PCRBSIHFT 120 o
Table 1 Primers used for real-time quantitative L " ; g:
PCR of Prunus mume § 80 i

Primer Primer sequences (5'—3) Size g 60 —

names (bp) § 40 e
PMCHS ACCCACCTTGACAGTTTAGTG 21 g 20

PMCHI CGTTAAGTGGAAGGGCAAGAC 21 é . e

PmMF3H AGACAGTGAACTTGGCTCAG 20 — i

PmF3H TCGTAAACCCAGCAAAGGAG 20 =20+ ©l SZLES3 RIS o2 SS pHEL SZZ 83
PMDFR TGGAGCCACTGGTTTTATAGG 21 oo .

PMANS TTCTATGAAGGCAAGTGGGTC 21 = ar "

PMUFGT  TCATTCTTCAGCACTTCACAATCC 24 3 FH@HEesH L. at bE4 T
PmMYBal AAGTCGAGAATTTTAGTACGC 21 EMEREN  LE: RIS CCGH: YA
PMMYBL  GAAACAGGTGGTCATTGATTGCT 23 TEHLAER; ZS: BIER; S1, S2. S3 A
PMMYB108 CTCGCTGGGGAAATAGATGGT 21 SA RIS LIS . 0 TT4 . T 300 7 1
PmbHLH3 TGGGTGAATGAAGAAGACAGGG 22 . o

Actin TGCTGAGGACATTCAACCCC 20 Figure 3 The variation of flower color parameters

2 BERGAM

21 EBRESH

NF555 822300 25 R R (E 3): 3132
AR AN B LEAE 4 DB BERI R — BT
s TR R A (A ax(irE 4 DM BER BN
eIt Ja BEARE — E AL (A bHETE 4 DB
BRI Ry Je R ARG T sl s — H R a* 3R
NSRBI 2T 2 i, TR VG AR I 21 B i 2
BT BRI IR E A E R bR
e N =W TP S MO YK (R T 1]
F B ARE AR LA ER . AR FE
WESE EAAERRE R ES . BTN,
€8, 2 U (0 o 4 AR S [ R R B L s

R2 ZTEMAERAEMREERESE

L*, a* and b* of the 3 tested cultivars at four
flowering stages. LE: ‘Yuxi Bian Lii’e’; CCGH:
‘Zhizhang Guhong Chongcui’; ZS: ‘Yuxi Zhusha’.
S1, S2, S3 and S4 refer to stages of bud, initial
flowering, flowering and end of flowering,
respectively.

4 (Royal Horticultural Society Color Chart,
RHSCC) A1 A R UL 25 SR 58 — 80, IRFi 4L
HATEAE A i b S g ML, EAR
H b SRS R AR T
22 BRBESEN

3 AR 4 ASTEAE IS AR 0 2 Sl
TELREWI(R 2), IREBFLERTELMR B
AR OO R, BRI AR LR [ 2
MR, WFEBONEIT ., “CLAE" I BVE R
FEERBLAOEATMRER, SEgEA"H

Table 2 Determination of total anthocyanin content in three cultivars at different flowering stages (mg/g FW)

Cultivars

Flowering periods

S1

S2

S3

S4

“Yuxi Bian Li’e’
‘Zhizhang Guhong Chongcui’
“Yuxi Zhusha’

0.007 2+0.000 6°
0.004 9+0.000 5°
0.595 0+0.122 5°

0.012 2+0.000 2°
0.002 6+0.000 5°
0.866 1£0.012 4°

0.007 6+0.000 3°
0.001 9+0.000 4°
0.740 5+0.006 2°

0.009 1+0.001 8°
0.000 7+0.000 3°
0.279 8+0.063 2°

Different lowercase letters indicate significant difference at 0.05 level at the same flowering stage. FW represents fresh weight.

S1, S2, S3 and S4 refer to stages of bud, initial flowering, flowering and end of flowering, respectively.
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Total anthocyanin content (mg/g FW)
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Figure 4 Total anthocyanin content of sepals. LE:
‘Yuxi Bian Li’e’; CCGH: ‘Zhizhang Guhong
Chongcui’; ZS: “Yuxi Zhusha’. Different lowercase
letters indicate significant differences at 0.05 level
among different cultivars.
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Figure 5 Total anthocyanin content in fresh xylem.
LE: “Yuxi Bian Lii’e’; CCGH: ‘Zhizhang Guhong
Chongcui’; ZS: ‘Yuxi Zhusha’. Different lowercase
letters indicate significant differences at 0.05 level
among different cultivars.
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Figure 6 Relative expression levels of anthocyanin
synthesis transcription factors in petals of different
cultivars. LE: “Yuxi Bian Lii’e’; CCGH: ‘Zhizhang
Guhong Chongcui’; ZS: ‘Yuxi Zhusha’. Different
lowercase letters indicate significant differences at
0.05 level among different cultivars.
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Figure 7 Relative expression levels of anthocyanin synthesis structural genes in petals, sepals and xylem. In
order, the three columns are the gene expression levels of petals, sepals and xylem. LE: ‘Yuxi Bian Lii’e’;
CCGH: ‘Zhizhang Guhong Chongcui’; ZS: ‘Yuxi Zhusha’. Different lowercase letters indicate significant
differences at 0.05 level among different cultivars.
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Figure 8 Relative expression levels of anthocyanin synthesis transcription factors of sepals and fresh xylem. In
order, the left column is the gene expression levels of sepals and the right column is the gene expression levels of
xylem. LE: ‘Yuxi Bian Lii’e’; CCGH: ‘Zhizhang Guhong Chongcui’; ZS: “Yuxi Zhusha’. Different lowercase
letters indicate significant differences at 0.05 level among different cultivars.
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direct control. The dashed arrow indicates indirect regulation.
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