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Combined Transcriptome-Metabolome Analysis of Anthocyanin
Synthesis in ‘Zhongyoupan 9’ Peach Fruits under
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Abstract: Bagging-produced flat peaches have gained increasing consumer preference due to their reduced
fruit cracking, enhanced visual appeal, and golden to slightly reddish fruit surface. The cultivar ‘Zhongyoupan
9’ shows a distinctive reddish coloration under bagging conditions, attributed to anthocyanin synthesis. This
characteristic makes it particularly suitable for bagging cultivation, aligning with consumer preferences for
optimal color and appearance. In this study, we investigated the exocarp of bagged fruits of 'Zhongyoupan 9' at

89 and 102 days after blooming (DAFB) , through an integrated approach combining transcriptomic,
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metabolomic, and bi-histological analyses to elucidate the coloration mechanism. Transcriptome analysis
identified 2652 significant differential genes, including 16 genes associated with anthocyanin biosynthesis
(PpPAL, PpC4H, Pp4CLs, PpCHSs, PpCHIs, PpF3H, PpF3'H, PpDFR, PpANS, PpUFGT, PpGST) , 56
specifically up-regulated transcription factors, and phytoreceptors PpCRY3, PpUVRS.3. These genes were up-
regulated and expressed correlating with anthocyanin content. Metabolomic profiling using high performance
liquid tandem mass spectrometry detected 112 significantly differential metabolites, with cyanidin-3, 5-O-
diglucoside showing the most substantial up-regulation (Log,FC = 16.8). This metabolite was identified as the
primary contributor to the red coloration in the exocarp after bagging. Integrative analysis of transcriptomic and
metabolomics data, combined with transcription factor profiling, revealed that PpBL and PpNACI up-regulated
and activated the anthocyanin regulatory gene PpMYBI10.1. This activation promoted the catalytic synthesis of
cyanidin-3, 5-O-diglucoside by anthocyanin structural genes under bagging conditions, ultimately resulting in the
characteristic red coloration of ‘Zhongyoupan 9. These findings advance our understanding of anthocyanin
accumulation patterns in bagged peach fruits and provide a theoretical basis for selecting optimal peach varieties
for bagging cultivation practices.
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Table 1 Primer sequences for qRT-PCR
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Primer name Gene ID Forward primer (5'-3") Reverse primer (5'-3")
PpActin Prupe.8G132000 TGCCATTGAAATCCTGAAAC ACCAATTGGATCATCCTCCT
PpPAL Prupe.6G235400 CAGAGCAGCACAACCAAGACG CTCCAAATGCCTCAAATCAATG
PpC4H Prupe.6G040400 GGACGCTCAGCAGAAGGGA TGGATCTCAGGGTGGTTCACA
Pp4CL Prupe.2G326300 AGATGAGGCTGCTGGTGAAGT TTGGAATGGCATGGATGAAGT
PpCHS Prupe.1G002900 AACAAGGGTGCTCGTGTTCTC GCTGCACCATCACCGAATAAG
PpCHI Prupe.2G225200 GAGATCGTTACAGGTCCATTTG GTGGGAAGTTTTGATCCTTGA
PpF3H Prupe.7G168300 GGACTGGACACAGAGGCATT AATTGTGCCTGGGTCAGTGT
PpF3'H Prupe.5G203600 CTCTCGCTCAAAGAGGATGC CCATTCCACTGTGCTTGATG
PpDFR Prupe.1G376400 CGCCTCCAAGACTCTAGCTG CCAGTGAGTGGGGAAAGTCC
PpANS Prupe.5G086700 AGGAGTTGAAGAAGGCAGCA GCCTGGTCATTGGCATACTT
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A': Coloring of bagged fruits of 'Zhongyoupan 9' at different developmental periods; B: Changes in anthocyanin content and fruit color at different
developmental stages of ‘Zhongyoupan 9, the main anthocyanins of cyanidi n-3,5-O-glucoside in peach peel were used to represent the change
trend of anthocyanin content. ZYP9 89 DAFB: The bagged fruits of 'Zhongyoupan 9' at 89 days after flower bloom; ZYP9 102 DAFB: The
bagged fruits of 'Zhongyoupan 9' at 102 days after flower bloom. The line chart represents the a*/b* values. The bar chart illustrates the relative

content of the anthocyanin (cyanidin-3,5-di-O-glucoside). *indicates significant difference at the P<0.05 level
1 ‘HHEIS ERRTIINREERNMEBTRIENN

Fig. 1 Analysis of exocarp coloring and anthocyanin content of 'Zhongyoupan9' under bagging conditions
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Table 2 Statistics of transcriptome sequencing datasets

FEAID TR (Gb) 020(%) Q30(%) GCHH(%)  FHRAR(%)  BHXIR(%) ﬁ%m%(%)
Sample ID Clean data GC content Error rate Total map Unique map
ZYP9 89 _DAFB_1 6.83 98.08 94.12 45.56 0.02 97.57 95.41

ZYP9 89 _DAFB_2 6.77 97.99 93.91 45.39 0.03 97.35 95.17

ZYP9 102_DAFB _1 7.03 98.00 93.95 45.28 0.03 97.89 95.46

ZYP9 102_DAFB_2 5.88 98.21 94.34 45.65 0.02 97.85 94.94
1L 23R 2R
_1, 2 represents 2 repetitions
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Fig. 2 Analysis of differentially expressed genes of ‘Zhongyoupan 9’

at different developmental stages under bagging conditions
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Table 3 Transcriptional profiles of structural genes and transcription factors related to anthocyanin biosynthesis

F3ie s AP S R ZYP9_102 DAFB ZYP9 89 DAFB | eS|
0

The major Gene ID Annotation (FPKM) (FPKM) & Type
DEGs
ZER A Prupe.6G235400 PpPAL(Phenylalanine ammonia-lyase) 20.47 0.66 498 iR
Structural - p e 6G040400 PpC4H(Cinnamic acid 4-hydroxylase) 53.81 10.19 242 FiE*
genes

Prupe.2G326300 Pp4CL(4-Coumarate : coenzyme A ligase) 35.38 2.84 3.66 L
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TR L2 TR ZYP9 102 DAFB ZYP9 89 DAFB Log FC s
The major Gene ID Annotation (FPKM) (FPKM) 2 Type
DEGs
ZEM R Prupe.5G154100 Pp4CL(4-Coumarate: coenzyme A ligase) 43.91 20.45 112 biAE*
Structural b e 1G002900 PpCHS(Chalcone Synthase) 287.41 1.67 745 LA
e Prupe.1G003000 PpCHS(Chalcone Synthase) 91.15 2.10 546 i
Prupe.1005800 PpCHS(Chalcone Synthase) 248.57 3.07 6.36  _Li*
Prupe.1005700 PpCHS(Chalcone Synthase) 23.86 0.28 6.43  [if*
Prupe.2G225200 PpCHI(Chalcone isomerase) 174.85 85.38 1.06  _Lif*
Prupe.2G263900 PpCHI(Chalcone isomerase ) 14.22 2.34 2,62 L
Prupe.7G168300 PpF3H(Flavanone 3-hydroxylase gene) 174.67 66.19 142 ki
Prupe.5G203600 PpF3'H(Flavonoid 3"hydroxylase) 461.93 144.53 170 Ly
Prupe.1G376400 PpDFR(Dihydroflavonol 4-reductase ) 373.64 8.62 5.46  Fi*
Prupe.5G086700 PpANS(Anthocyanidin synthase) 912.98 103.04 3.17 B
Prupe.2G324700 PpUFGT(UDP-glucose-flavonoid 3-O-glucosytransferase) 337.62 5.12 6.07 L=
Prupe.3G013600 PpGST(Glutathione S-transferase) 764.23 1.16 9.38  Lifx
s+ Prupe.3G163100 PpMYBI0.1 45.57 4.07 351 RiAE*
Transeription b 5G006200 PpBL(BLOOD) 6.43 0.58 351 kiR
factors Prupe.4G187100 PpNAC(NAM ATAF1/2 .CUC1/2) 769.33 279.90 1.48 i

*FIRTE P<0.05 K- [ 245 8 2+ FR/RTE P<0.01 K- F22 S B2 T

*indicates significant difference at the P<0.05 level, ** indicates extremely significant difference at the P<0.01 level; The same as below
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Table 4 Transcriptional profile of genes associated with light receptors

SENZ TR HRE ZYP9_102_DAFB ZYP9_89 DAFB Log,FC e
Gene ID Annotation (FPKM) (FPKM) 2 Type
Prupe.3G179800 PpPIF(Phytochrome interacting factor) 0.21 2.82 -3.40 T
Prupe.4G073900 PpPHYE(Phytochrome E) 5.30 19.42 -1.82 T
Prupe.1G462400 PpCRY3 (Cryptochrome ) 7.92 3.45 1.07 LA
Prupe.1G239800 PpUVRS.3(UV Resistence locus8) 117.99 51.50 1.15 e
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