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Abstract

To gain insghtsinto the genetic mechanisms underlying blooming and petal movement in flowering
cherry (Cerasus x yedoensis), we performed time-course RNA-seq analysis of the floral buds and
open-flowers of the most popular flowering cherry cultivar, ‘Somei-Y oshino'. Independent biological
duplicate samples of floral buds and open-flowers were collected from 'Somei-Y oshino' trees grown
at three different locations in Japan. RNA-seq reads obtained from floral bud and open-flower
samples collected in the current study (in 2019) and in a previous study (in 2017) were aligned
against the genome sequence of 'Somei-Y oshino' to quantify gene transcript levels. Clustering
analysis of RNA-seq reads revealed dynamic changes in the transcriptome, with genesin seven
modules predominantly expressed at specific time points, ranging from 5 weeks before flowering to 2
weeks after flowering. Based on the identified gene modules and Gene Ontology (GO) terms
enriched at different floral stages, we speculate that the genetic mechanisms underlying petal
movement and flower opening in cherry involve the processes of development, cell wall
organization, reproduction, and metabolism, which are executed by genes encoding transcription
factors, phytohormones, transporters, and polysaccharide metabolic enzymes. Furthermore, we
propose a method for cherry bloom forecasting, based on gene expression levels at different time
points before flowering as RNA markers.

1 Introduction


https://doi.org/10.1101/2021.10.26.465862
http://creativecommons.org/licenses/by/4.0/

36
37
38
39
40
41
42
43

45
46

47
48
49
50
51
52
53
54
55
56

57
58
59
60
61
62
63
64

65
66
67
68
69
70
71
72

73

74

75
76
77
78

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.26.465862; this version posted October 28, 2021. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY 4.0 nfrpgnegifipptesme Dynamics in Cherry Flowers

Flowering cherry, also known as sakura, typically blooms in the spring and is valued as a popular
ornamental flower across the world. * Somei-Y oshino’ (Cerasus x yedoensis), which is presumed to
be an interspecific hybrid between C. spachiana and C. speciosa (Takenaka, 1963; Innan et al., 1995;
Nakamuraet a., 2015), is the most popular cultivar of flowering cherry in Japan. Given its genomic
heterozygosity and sdlf-incompatibility, ‘Somei-Yoshino' is propagated by grafting (Iketani et al.,
2007). Because of its clonal nature, * Somei-Y oshino’ trees planted within a specific location bloom
at the same time; however, across the Japanese archipelago, the blooming front progresses from
south to north because of differencesin environmental conditions. Since the blooming dateis
important for the tourism industry in the spring season, forecasting methods based on cumulative
temperature have been devel oped to predict the flowering date of cherry blossoms (Aono and
Murakami, 2017).

Flowering involves two main processes: floral bud initiation and flower opening. The molecular
mechanisms of floral bud initiation have been well studied in Arabidopsis thaliana and rice (Oryza
sativa) as flowering models of long- and short-day plants, respectively, revealing that FLOWERING
LOCUST (FT) isthe key geneinvolved in floral bud differentiation (Izawa et al., 2003). This
mechanism iswidely conserved across plant species (Higuchi, 2018). In woody plants, following
floral bud initiation, buds enter a period of dormancy, which is followed by dormancy release and
bud break. In the Rosaceae family members, DORMANCY-ASSOCIATED MADS-box (DAM) genes
have been reported to regulate bud dormancy (Y amane, 2014). However, while the physiological
aspect of the flower opening mechanism has been thoroughly investigated, only afew studies have
been conducted to explore the genetic basis of this mechanism (van Doorn and Van Meeteren, 2003).

The genome sequence of ‘ Somei-Y oshino’ has been determined at the chromosome level, and genes
involved in the regulation of dormancy and flowering time have been identified in this cultivar
through time-course transcriptome analysis (Shirasawa et a., 2019). Since expression levels of key
genes transmit the environmental conditions, such as day-length and temperature, to biological
processes such as blooming, the identification of these genes might help predict the blooming date in
flowering cherry. Because the transcriptome is affected by environmental conditions (e.g., changesin
weather and habitat), biological replications of flowering cherry trees over multiple years and
locations would be required for the accurate identification of genes affecting the blooming date.

In this study, we aimed to identify genes uniquely expressed before and after flowering, and to obtain
insights into the molecular mechanisms underlying blooming in flowering cherry. We collected floral
buds and open-flowers from ‘ Somei-Y oshino’ trees planted at three locationsin Japan (Chiba, Kyoto,
and Shimane) in 2019, and analyzed their transcriptome using the RNA sequencing (RNA-seq)
technology. The time-course transcriptome data generated in the current study and in our previous
study (Shirasawa et al., 2019) was used to characterize gene expression patternsin ‘ Somei-Y oshino’
floral buds, some of which could be used to forecast the blooming time and to gain insights into the
molecular mechanisms controlling blooming in flowering cherry.

2 Materialsand Methods

21 Plant Materials

Seven clonal trees of ‘ Somei-Y oshino’ were used in this study. One tree was planted at the Kazusa
DNA Research Institute (KDRI; Kisarazu, Chiba, Japan), and three trees each were planted at two
different locations. Shimane University (SU; Matsue, Shimane, Japan; trees 1-3) and Kyoto
Prefectural University (KPU; Sakyo, Kyoto, Japan; trees A—C). Floral buds and open-flowers were
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79  collected in 2019 over an extended time period, ranging from 36 days before flowering (DBF) to 11
80 daysafter flowering (DAF) (Figure 1), corresponding to 6 weeks before flowering (WBF) to 2 weeks
81 after flowering (WAF) (Supplementary Table S1).

82 22 RNA-seq Analysis

83  Library preparation and sequencing analysis were performed as described in Shirasawa et al. (2019).
84  In short, total RNA was extracted from the buds and open-flowers with RNeasy Plant Min Kit

85 (Qiagen, Hilden, Germany). The RNA was treated with RNase-free DNase (Promega, Madison, WI,
86 USA) and used for library construction with TruSeq Stranded mRNA Library Prep Kit (Illumina, San
87 Diego, CA, USA). The library was sequenced on NextSeq 500 (Illumina) in paired-end, 76 bp mode.

88 2.3 RNA Sequence Data Processing

89 RNA-seq datawas analyzed as described previously (Shirasawa et al., 2019). High-quality reads

90 were sdlected by trimming the adapter sequences using fastx_clipper (parameter, -a

91 AGATCGGAAGAGC) inthe FASTX-Toolkit v.0.0.13 (http://hannonlab.cshl.edu/fastx_toolkit), and
92 by deleting low-quality bases using PRINSEQ v.0.20.4 (Schmieder and Edwards, 2011). High-

93 quality reads were mapped to the CYE _r3.1 pseudomolecule sequence (Shirasawa et al., 2019) using
94 HISAT2v.2.1.0 (Kim et al., 2015), and reads mapped to each gene model were quantified and

95 normalized to determine the number of fragments per kilobase of transcript per million mapped reads
96 (FPKM) using StringTiev.1.3.5 (Pertea et al., 2015) and Ballgown v.2.14.1 (Frazee et al., 2015), as
97  described previously (Perteaet al., 2016). Genes showing a variance of >1 in expression levels

98 among samples were used for further analysis.

99 24 GeneOntology (GO) Enrichment Analysisof Gene Modules

100 Theweighted gene correlation network analysis (WGCNA; v.1.66) package of R (Langfelder and
101  Horvath, 2008) was used for module detection. The floral bud and open-flower samples were

102  grouped in accordance with gene expression levels using the hierarchical clustering algorithm. Then,
103  highly co-expressed gene clusters were constructed as modules. Genes included in the modules were
104  functionally annotated by performing a BLAST sequence similarity search (Altschul et al., 1997)
105 against the non-redundant (nr) protein database. GO terms were assigned to genes, and the statistical
106 analysis of the GO term enrichment in each module was performed using Fisher’ s exact test

107  implemented in OmicsBox (BioBam, Valencia, Spain). GO maps were drawn with QuickGO

108 (Huntley et a., 2009).

109 3 Results

110 3.1 RNA-seg Analysisand Quantification of Gene Expression Levels

111 A total of 94 samples were collected from flowering cherry trees at KDRI, SU, and KPU over a

112  period of 47 days (i.e., 36 days before anthesis to 11 days post-anthesis) in 2019 (Figure 1,

113  Supplementary Table S1). Total RNA was extracted from the samples and subjected to RNA-seq

114  analysis, which returned approximately 4.7 million reads per sample. Nucleotide sequence data of the
115 RNA-seq were deposited in the DDBJ Sequence Read Archive (accession numbers DRA012801,

116 DRA012802, and DRA012803). We also utilized the RNA-seq data generated previously (Shirasawa
117 et al. 2019; DRA accession number DRA008100) from samples collected at KDRI in 2017. The

118 RNA-seq reads from both datasets were mapped on to the genome sequence of ‘ Somei-Y oshino’

119 (Shirasawaet al., 2019), and expression levels were normalized in al samples based on the total
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120 readsto obtain FPKM values for each gene across the samples. Of the 95,076 genes predicted in the
121  ‘Somei-Yoshino' genome (Shirasawaet al., 2019), atotal of 29,712 genes (31.3%) were expressed
122  acrossthe different samples, with avariance of >1.

123 3.2 Gene Module Detection

124  Onthe basis of the expression patterns of 29,712 genes, one floral bud sample collected at 27 days
125  before anthesis from the KDRI location was identified as an outlier and therefore was excluded from
126  further analyses (Supplementary Figure S1). The remaining 93 samples were roughly clustered into
127 53 highly co-expressed gene modules, based on the expression patterns of 29,712 genes

128  (Supplementary Figure S2), which were further classed into four groups, based on eigengenes

129  (Supplementary Figure S3). Genesin 7 out of 53 modules were prominently expressed at specific
130 daysbefore or after anthesis (Figure 2): dark-red module (110 genes expressed at 4-5 weeks before
131  flowering [WBF]), tan module (267 genes, 4 WBF), pink module (332 genes, 3 WBF), royal blue
132  module (127 genes, 2-3 WBF), midnight blue module (176 genes, 1-2 WBF), black module (457
133  genes, at flowering days), and sky-blue module (72 genes, 1-2 weeks after flowering [WAF]).

134 3.3 GO Enrichment Analysis

135 Toidentify the GO terms enriched in each module, the ratios of GO terms in each gene module were
136  compared with those of the remaining gene set (Table 1, Figure 2, Supplementary Table S2,
137  Supplementary Figure $4).

138 At 4-5 WBF (dark-red module), the following GO terms were enriched: biological process (BP)
139  category: ‘developmental process' related GO termsincluding ‘aging’, ‘embryo development’,

140 ‘developmental maturation’, ‘developmental process’, and ‘anatomical structure development’;

141  molecular function (MF) category: ‘ oxidoreductase activity’; and cellular component (CC) category:
142  ‘plasmamembrane and ‘cell periphery’.

143 At 4 WBF (tan module), GO terms enriched in the BP category were not only related to

144  ‘developmental process (‘anatomical structure formation involved in morphogenesis and

145 ‘anatomical structure development’) but also ‘cellular process’ (‘ sulfur compound metabolic

146  process, ‘biosynthetic process’, ‘developmental process’, and ‘cell wall organization or biogenesis’).
147 GO terms enriched in the MF category included ‘ DNA binding’, * DNA-binding transcription factor
148  activity’, ‘catalytic activity’, ‘ oxidoreductase activity’, ‘transferase activity, transferring acyl groups,
149 ‘hydrolase activity, acting on glycosyl bonds', ‘lyase activity’, and ‘transcription regulator activity’,
150 whilethose enriched in the CC category included ‘ extracellular region’.

151 At 3 WBF (pink module), the following GO terms were enriched: BP category: ‘ lipid metabolic

152  process, ‘autophagy’, ‘small molecule metabolic process’, and ‘ process utilizing autophagic

153 mechanism’; MF category: ‘catalytic activity’, ‘transporter activity’, ‘lipid binding’, ‘ oxidoreductase
154 activity’, ‘transferase activity, transferring acyl groups’, and ‘transmembrane transporter activity’;
155 and CC category: ‘extracdlular region’, ‘extracelular space’, ‘vacuol€e', ‘ plasma membrane’,

156 ‘membrane’, and ‘cell periphery’.

157 At 2-3 WBF (royal blue module), the following GO terms were enriched: BP category: ‘mitotic cell
158 cycle', ‘carbohydrate metabolic process’, ‘ catabolic process, ‘ secondary metabolic process, ‘cell
159 divison’, and ‘cell wall organization or biogenesis' ; and CC category: ‘ extracellular region’, ‘cell
160 wall’, ‘Golgi apparatus, ‘plasma membrane’, ‘ endomembrane system’, ‘ membrane’, ‘ external

161 encapsulating structure’, ‘cell periphery’, and ‘ cellular anatomical entity’.
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162 At 1-2 WBF (midnight blue module), the enriched GO termsincluded ‘pollen development’ and
163  ‘gametophyte development’ (BP category); and ‘transporter activity’ and ‘transmembrane transporter
164  activity’ (MF category).

165 At theflowering stage (black module), the following GO terms were enriched: BP category:

166 ‘carbohydrate metabolic process’, ‘ cytoskeleton organization’, ‘ catabolic process’, and ‘cell wall
167  organization or biogenesis'; MF category: ‘lipid binding’, ‘lyase activity’, ‘enzyme regulator
168 activity’, and ‘molecular function regulator’; and CC category: ‘extracellular region’ and

169 ‘extracelular space’.

170 At 1-2 WAF (sky-blue module), the following GO terms were enriched: BP category: ‘ carbohydrate
171  metabolic process, ‘cellular protein modification process, ‘responseto stress', ‘cell

172  communication’, ‘signal transduction’, ‘ metabolic process’, ‘ catabolic process’, ‘signaling’, ‘protein
173  modification process , ‘macromolecule modification’, ‘ primary metabolic process’, ‘regulation of
174  biological process, ‘regulation of cellular process’, ‘response to stimulus', ‘cellular response to

175 stimulus, ‘biological regulation’, ‘cell wall organization or biogenesis’, and * organic substance

176  metabolic process' ; MF category: ‘lipid binding’, *hydrolase activity, acting on glycosyl bonds',

177  ‘enzymeregulator activity’, and ‘molecular function regulator’; and CC category: ‘nucleus'. Thus,
178 the GO termsenriched at this stage were drastically different from those enriched at the other stages.

179 3.4 Genetic Mechanisms Underlying Blooming in Flowering Cherry

180 Togaininsghtsinto the genetic mechanisms regulating blooming in flowering cherry, we focused on
181  genes categorized in four functional categories (Figure 2, Supplementary Table S3): 1) transcription
182 factor genes, 2) phytohormone-related genes; 3) transporter and aquaporin genes, and 4) cell wall-
183 related genes.

184 3.4.1 Transcription factor genes

185  Genes encoding three types of transcription factors that trigger blooming were predominant during
186 theflowering period. The MYB transcription factor genes were overrepresented from 4 to 3 WBF,
187  whilethe ethylene-responsive transcription factor (ERF) genes and NAC transcription factor genes
188 wereexpressed at 4 and 3 WBF, respectively.

189  3.4.2 Phytohor mone-related genes

190 Genesinvolved in biosynthesis and signal transduction pathways of gibberellin, ethylene, and
191  cytokinin were enriched at 3-5 WBF, 34 WBF, and 3 WBF, respectively. Auxin-related genes were,
192  onthe other hand, expressed at 1 WBF and at the flowering days.

193 3.4.3 Transporter and aquaporin genes

194  Genes encoding sugar and inorganic transporters and aquaporins that affect the turgor and osmotic
195 pressure of cells and vacuoles were congtitutively expressed from 5 WBF to the day for flowering.
196 Among these, genes encoding 10 types of transporters (ABC transporter G family members,

197  bidirectional sugar transporters, cationic amino acid transporters, lysine histidine transporters,

198  organic cation/carnitine transporters, phosphate transporters, potassium transporters, UDP-galactose
199 trangporters, vacuolar amino acid transporters, and zinc transporters) were overrepresented at 3 WBF.
200 Aquaporin genes were overrepresented at 1-2 WAF.
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201 3.4.4 Céll wall-related genes

202  Cell wall organization followed by cell expans ons actuate petal movement, leading to flower

203  opening. Genes encoding polysaccharide biosynthesis enzymes including UDP-glycosyltransferases
204  and cellulose synthases were expressed from 5 WBF to the day for flowering. Genes encoding

205 fasciclin-like arabinogalactan proteins were mainly expressed at theinitial stage of the flowering
206  period, while those encoding arabinogalactan peptides were expressed at the flowering days.

207  Pectinesterase genes were overrepresented at the flowering days.

208 4 Discussion

209  Time-course RNA-seq analysis revealed the dynamics of the transcriptome of floral buds and flowers
210  of the flowering cherry cultivar * Somei-Y oshino’. Subsequent WGCNA of the RNA-seq data

211 indicated that 1,541 genes belonging to seven modules were involved in blooming at stages from 4-5
212  WBFto 1-2 WAF (Figure 2). In accordance with the functional annotations of these genes, those
213  involvedinfloral bud and open-flower development as well as blooming were identified in flowering
214  cherry (Figure 3). Foral bud development potentially occurs from 4-5 WBF, with the gibberellin-
215 mediated activation of genes controlling sugar and polysaccharide metabolism. Subsequently, at 34
216  WBF, ethylene and cytokinin likely accelerate the expression of MYB, ERF, and NAC transcription
217  factor genes, resulting in theinitiation of cell wall organization and cell division (Nakano et al.,

218 2015). Some MYB and NAC genes are also involved in gametophyte or ovule integument

219  development (Kunieda et al., 2008; Renak et al., 2012). According to the observationsin sweet

220  cherry (Prunus avium), the 34 WBF timepoint corresponds to the formation of tetrads or

221  microspores after meiosisin the pollen (Fadon et a., 2019). At this stage, amino acid metabolism is
222  also upregulated. Metabolome analysis of the flower buds of Japanese apricot (Prunus mume)

223  reveded significant changes in the abundance of several amino acids before the bud break stage

224 (Zhuang et al., 2015). Amino acids play important roles in bud break. At 1-2 WBF, the reproduction
225  process, together with metabolism, islikely activated. Auxin-related genes were also activated at this
226  stagein thiscurrent study. On the flowering day, we speculate that the auxin signal aters

227  pectinesterase gene expression to initiate cell wall remodeling, leading to rapid petal enlargement and
228  movement, which isthe most dynamic movement in flowering plants (Habu and Tao, 2014; Nakano
229 e al., 2015). The high-level expression of aquaporin genes, which encode water channel proteins
230 localized to the plasma membrane or tonoplast membranes, on the day of flowering might facilitate
231 thewater flux into the petals to alow smooth petal movement (Azad et a., 2013). The relationship
232  between auxin signaling and pectinesterase gene expression has been demonstrated in the ripening
233  process of strawberry fruit (Castillgo et al., 2004). Similar hormonal regulations might be conserved
234  inthe Rosaceae species. Therole of the auxin signal in the dynamic movement of petals during

235 flower opening needs further investigation. After blooming, genesinvolved in the stimulus response
236  and cell-to-cell communication are expressed the flower, especially in the pistil and ovary, which
237  might reflect the pollination and fertilization process, even though ‘ Somei-Y oshino’ is self-

238 incompatible. Similar transcriptome profiles were observed in other Prunus species (Habu and Tao,
239  2014; Gomez et al., 2019; Igbal et a., 2021).

240  Because the flowering time of * Somei-Y oshino’ isimportant for the tourism industry in Japan,

241  methods for predicting the flowering date of this cultivar have been developed in accordance with the
242  cumulative temperature before flower opening (Aono and Murakami, 2017). Gene expression

243  analysis could upgrade the current forecasting model, for which genes expressed on specific days
244 before flowering could be employed as diagnostic markers. However, practical RNA quantification
245  methods, such as real-time quantitative PCR and the next-generation sequencing (NGS)-based RNA-
246  seq, are time-consuming and labor-intensive. Since diagnostic markers can be detected easily within

6
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247  ashort time, easy-to-use target-RNA qualifying methods are required to predict the flowering timein
248  ‘Somei-Yoshino', based on gene expression data.

249  Comparative time-course transcriptome analysis would enable the selection of high-confidence
250 diagnostic markers for various purposes. For example, time-course transcriptome analysis can be
251 appliedto floral buds of vegetable and fruit crops and cut flowers. Moreover, this comparative
252 analysisisnot only limited to the selection of markers for forecasting flowering time but is also
253  applicable to the prediction of disease, fertilization, and harvest timein thefield. Indeed,

254 transcriptome profiling has been employed to monitor nutritional responses and adaptation in rice
255 (Takehisaand Sato, 2021).

256  Overdl, thisstudy provides insights into the genetic mechanisms controlling petal movement and
257  blooming in cherry. Further studies are required to connect the genetic insights with the physiological
258  mechanisms (van Doorn and Van Meeteren, 2003). Once the connection or relationship is validated,
259  the transcriptome-based prediction would serve as a powerful tool for monitoring the plant phenotype
260 under controlled cultivation conditions as well asin the field. For example, genome-based prediction
261  hasbeen used to predict progeny phenotypes in breeding programs. The transcriptome- and genome-
262  based predictions would promise high-confidence forecasting plant traits in the near and distant

263  future, respectively.
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352 10 Figurelegends

353  Figurel Horal buds and open-flowers of 'Somei-Y oshino'. The numbers in each picture indicate
354  daysbefore (-) or after (+) the flowering day (0). Photos were taken at Kazusa DNA Research
355 Ingtitutein 2021.

356 Figure 2 Expression patterns of genes categorized into seven modules. X-axis indicates the number

357 of daysbefore (-) or after (+) the flowering day (0). Lines show moving averages of gene expression
358 (diding window size = 8, walking speed = 4). Symbols indicate biological replicates. KDRI in 2017
359 (circle); KDRI in 2019 (triangle); SUL in 2019 (plus); SU2 in 2019 (cross); SU3 in 2019 (diamond);
360 KPUA in 2019 (upside-down triangle); KPUB in 2019 (square cross); and KPUC in 2019 (star).

361 Figure 3 Genes enriched in the biological process (BP) category and involved in the flower opening
362 mechanismin 'Somei-Y oshino'. Upper panels show the time frame (from 5 weeks before flowering
363 [WBF] to 2 weeks after flowering [WAF]) and the corresponding gene modules. Arrows indicate the
364 Gene Ontology (GO) terms enriched in the BP category (see Table 1). Boxes indicate the properties
365 of the genes highly expressed in the seven characterized modules (see Supplementary Table S3).
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Table 1 Gene Ontology (GO) terms enriched at the different flowering stages.

No. of genes ~ Stage'

Biological process (BP)

Molecular function (MF) Cdlular component (CC)

‘developmental process

related GO terms including

‘aging’, ‘embryo
development’,
‘developmental
maturation’,
‘developmental process,
and ‘anatomical structure
development’

‘anatomical structure
formation involved in
morphogenesis’,
‘anatomical structure
development’, ‘sulfur
compound metabolic
process’, ‘ biosynthetic
process’, ‘ developmental
process’, and ‘cell wall
organization or biogenesis

‘lipid metabolic process,
“autophagy’, ‘small
molecule metabolic
process’, and ‘ process
utilizing autophagic
mechanism’

‘oxidoreductase activity’ ‘plasma membrane’ and

‘cel periphery’

‘DNA binding’, ‘DNA-
binding transcription factor
activity’, ‘catalytic
activity’, ‘oxidoreductase
activity’, ‘transferase
activity, transferring acyl
groups’, ‘hydrolase
activity, acting on glycosyl
bonds', ‘lyase activity’, and
‘transcription regulator
activity’

‘extracellular region’

‘catalytic activity’,
‘transporter activity’, ‘lipid
binding’, ‘ oxidoreductase
activity’, ‘transferase
activity, transferring acyl
groups’, and
‘transmembrane transporter
activity' activity,

‘extracellular region’,
‘extracellular space’,
‘vacuol€, ‘plasma
membrane’, ‘ membrane’,
and ‘cdll periphery’
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Royal blue

Midnight
blue

Black

Sky-blue

127

176

457

72

2-3 WBF

1-2 WBF

Flowering
day

1-2 WAF

‘mitotic cell cycle,
‘carbohydrate metabolic
process, ‘ catabolic
process’, ‘ secondary
metabolic process, ‘cell
divison’, and ‘cell wall
organization or biogenesis

‘pollen development’ and
‘gametophyte devel opment’

‘carbohydrate metabolic
process’, ‘ cytoskeleton
organization’, ‘catabolic
process’, and ‘cell wall
organization or biogenesis

‘carbohydrate metabolic
process, ‘cellular protein
modification process’,
‘response to stress', ‘cell
communication’, ‘signal
transduction’, ‘metabolic
process, ‘ catabolic
process’, ‘signaling’,
‘protein modification

Transcriptome Dynamicsin Cherry Flowers

transmembrane transporter
activity

not detected ‘extracellular region’, “cell
wall’, * Golgi apparatus’,
‘plasma membrane’,
‘endomembrane system’,
‘membrane’, ‘external
encapsulating structure’,
‘cdl periphery’, and
‘cellular anatomical entity’

‘transporter activity’ and not detected

‘transmembrane transporter
activity’
‘lipid binding’, ‘lyase ‘extracellular region’ and

activity’, ‘enzymeregulator ‘extracellular space
activity’, and ‘molecular
function regulator’

‘lipid binding’, ‘hydrolase  ‘nucleus
activity, acting on glycosyl

bonds', ‘ enzyme regulator

activity’, and ‘molecular

function regulator’
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process’, ‘macromolecule
modification’, ‘ primary
metabolic process’,
‘regulation of biological
process , ‘regulation of
cellular process, ‘response
to stimulus', ‘cellular
response to stimulus,
‘biological regulation’, ‘cell
wall organization or
biogenesis', and ‘organic
substance metabolic
process

367 'WBF, weeks before flowering; WAF, weeks after flowering.

"9sSUdI| [eUONRUIBIU| O'Y AG-DDR lapun a|qe|iene
apeuw sl | ‘Aunadiad ui uudaid ayy Aejdsip 01 asuadl| B AIxHoIq pajuelh sey oym ‘Ispunyloyine ayi si (mainal 19ad Aq paijiniad Jou sem Yyaiym)
Juudaud siys Joy Japjoy 1ybuAdod 8yl "TZ0Z ‘82 1890190 Palsod UoISIaA SIYl 29859192 0T T202/TOTT 0T/Bi0"10p//:sdny :iop Jundaid AixHolg

13


https://doi.org/10.1101/2021.10.26.465862
http://creativecommons.org/licenses/by/4.0/



https://doi.org/10.1101/2021.10.26.465862
http://creativecommons.org/licenses/by/4.0/

Module darkred

10

Days after anthesis

Module tan

10

-10

-20

-30

Days after anthesis

Module pink

ioRXiv-preprimt doittps7dqiorgrt0-1 1017202 1-16-26 465862, this versjorm posted-Octpter28;2631. Th
(which was not caertified by peer review) is the author/funder; who has granted bioRxiv a license to display t

International license.

40

WMdd

10

-10

-20

-30

Days after anthesis

Module royalblue

o

Days after anthesis

Module midnightblue

o

Days after anthesis

Module black

o

Days after anthesis

Module skyblue

10

-10

-20

-30

Days after anthesis


https://doi.org/10.1101/2021.10.26.465862
http://creativecommons.org/licenses/by/4.0/

0
Stage 5WBF 4WBF 3WBF 2WBF 1WBF (flowering day) 1WAF 2WAF

darkred pink midnightblue black skyblue
Gene module
tan royalblue

Biological process Development > Reproduction > Response to stimulus >

Cell wall organization > Cell communication >

Metabolism >
Transcription ERF NAC
factor genes
MYB
Phytohormone- Gibberellin Auxin
related genes
Ethylene
Cytokinin
Transporter and Sugar
aquaporin genes . .
Amino acid
K, P, Zn Aquaporin

Cell wall-related Fasciclin-like arabinogalactan Arabinogalactan peptide

genes
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