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Abstract
Background Phalaenopsis is an important ornamental plant, which occupies an important position in the
world �ower market and has great economic value due to its rich and diverse �ower colors. In order to
investigate the �ower color formation of Phalaenopsis at transcription level, the �ower color formation
involved genes were identi�ed from RNA-seq in this study.

Results White and purple petals of Phalaenopsis were collected in this study, and results were focused on
two aspects: (1) the differential expression genes (DEGs) between white and purple �ower color; and (2)
association between SNP mutations and DEGs in transcriptome level. Results indicated that a total of
1,175 DEGs were identi�ed, and the up- and down-regulation genes were 718 and 457, respectively. Gene
Ontology (GO) and pathway enrichment showed that the biosynthesis of secondary metabolites pathway
was key responsible for color formation and twelve crucial genes (C4H, CCoAOMT, F3'H, UA3'5'GT, PAL,
4CL, CCR, CAD, CALDH, bglx, SGTase and E1.11.17) from them involved in the regulation of �ower color
in Phalaenopsis.

Conclusion This study �rstly reported that the SNP mutations strongly associated with DEGs in color
formation at RNA level, and provides a new insight to further investigate the gene expression and its
relationship with genetic variants from RNA-seq data in other species. 

Background
Phalaenopsis is an important ornamental plant with abundant colors in petals, and lips such as white,
yellow, red, purple, etc. It is also an important economical horticulture plant and has been widely sold as
potted or cut �owers in the commercial trade market [1]. The production of Phalaenopsis is continuously
increasing due to its wide popularity in China, United States and many European countries [2]. The
commercial values increase with the improvement of Phalaenopsis cultivation, such as brightness of the
color, multiple color forms and different color patterns etc. The global consumption of Phalaenopsis has
been increasing recent years [3], and the ornamental and commercial values of Phalaenopsis are mainly
determined by the quality and variety of the �ower colors [4].

Previous studies on the Phalaenopsis �ower color were focused on the breeding of rare or colorful
varieties, and the mechanism of the color formation [5, 6]. Phalaenopsis is an ideal material for studying
the �ower coloring mechanism because of its color diversity. Tanaka et al. �rstly reported that the
diversity of anthocyanin was the primary cause of the colorful �owers [7]. Anthocyanin was originated
from malonyl-coenzyme A and coumaryl-coenzyme A catalyzed by a series of enzymes in cytoplasm,
then it was modi�ed by different glycosylation, methylation and acylation and generated stable
anthocyanin. With the assistance of transporters or transporters vesicles, anthocyanin entered the
vacuoles and accumulated to emerge various colors from white to purple [1, 7, 8]. The most related
enzymes in the anthocyanin synthesis pathway were encoded by genes that existed in the form of
multiple gene families [9]. Among them, four key enzyme genes included Chalcone synthase (CHS),
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Dihydro�avonoid reductase (DFR), Flavanone 3', 5’ –hydroxylase (F3'5'H) and Anthocyanin synthetase
(ANS) were highly associated with the anthocyanin synthesis in Phalaenopsis. Su et al. isolated �avonoid
3', 5'-hydroxylase gene from cytochrome P450 family and transferred into petal of Phalaenopsis
sa�ower by gene marksmanship, which resulted petal color changed from red to purple within 48h [2].
These genes had high homology with color-related genes and also been reported in other ornamental
plants [10]. In addition, Tatsuzawa et al. isolated cyanidin 3, 7, 3'- triglucoside acylated by acid from �ve
red-purple Phalaenopsis varieties [11], and identi�ed several anthocyanin components such as
delphinidin, peonidin, petunidin, malvidin and pelargonidin [12].

The gene expressions related to �ower color formation can be resolved by RNA-seq sequencing
technology, which had been extensively used for decoding differential genes due to its low cost and high
throughput of data. Chen et al. conducted RNA-seq sequencing of �owers and leaves from Osmanthus
serrulatus Rehd and obtained 2,602 differentially expressed genes, and 33 of them involved in carotenoid
biosynthesis in metabolic pathway[13]. Zhou et al. reported that the expression of carotenoid
biosynthesis genes (PSY, CrtZ and BCH) and �avonoid biosynthesis genes (CHS, F3H, FLS and ANS)
jointly caused the golden yellow of petals in Camellia nitidissima [14]. Wu et al. identi�ed 127 unigene
related to color synthesis and con�rmed the candidate gene UA3GT in �avonoid metabolism pathway
caused color formation of blue petals in Nymphaea ‘King of Siam’ [15].

The �ower color formation mechanism of Phalaenopsis is an important research topic, but the most of
current researches were focused on genetic engineering technology, genetic analysis and breeding
selections in Phalaenopsis. At present, only Gao et al. investigated the regulation mechanism of �ower
color by using RNA-seq in transcriptome level and revealed the anthocyanin synthesis pathway was
responsible for the differences between red and yellow �owers in Phalaenopsis[16]. Recently, RNA-seq
had been used to analyze a large number of single nucleotide polymorphisms (SNPs) and associated
with plant biological and agronomic traits [17]. However, there is a lack of research on the relationship
between transcriptional level SNP and differential expressed genes of the �ower color traits in
Phalaenopsis. Therefore, we collected two contrasting �ower colors (white and purple) in this study, and
analyzed the differential expressed genes and SNP in transcriptome level. Furthermore, the contribution
of SNP related to differential expression genes of �ower color trait was decoded. It provides an insight on
the mechanism of �ower color formation, and enhances the understanding of theoretical basis for the
breeding improvement of Phalaenopsis �ower color and cultivation of new varieties.

Result
Unigene assembly and functional annotation

RNA-seq datasets of six samples from purple �owers (P1, P2 and P3) and white �owers (W1, W2 and W3)
of phalaenopsis were sequenced on Illumina HiSeq platform, and generated 60,293,026, 48,567,124,
57,043,822, 53,586,804, 60,652,854, and 55,117,678 raw reads in P1, P2, P3, W1, W2 and W3, respectively
(Table 1). The total raw data (335,261,308) was treated and removed joints, impurities and low-quality
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reads, then 329,491,250 clean reads were retained. Sample P2 and W2 had the most (58,673,380) and
least (48,567,124) number of clean data, respectively (Table 1). Moreover, the GC content of each sample
was around 45%, and the nucleotide bases with Phred (Phred = -10log10(e)) values greater than 20 and
30 account for 97% and 93% of the total nucleotide bases (Table 1). These results showed that the
quality of clean data obtained from sequencing was adequate enough for subsequent analysis.

Table 1
Sequencing row data of the six samples

Sample Raw reads No. Clean reads No. Clean bases
(G)

Q20 (%) Q30 (%) GC (%)

W1 60,293,026 58,137,588 8.72 97.44 93.5 45.47

W2 48,567,124 48,567,124 7.29 98.13 95.09 45.20

W3 57,043,822 57,043,822 8.56 98.11 95.03 45.39

P1 53,586,804 53,586,804 8.04 98.16 95.14 45.56

P2 60,652,854 58,673,380 8.80 97.48 93.62 44.89

P3 55,117,678 53,482,532 8.02 97.39 93.43 44.78

Total of 215,191 unigene sequences with total nucleotide base number of 54,354,436 bp were
sequenced. Among them, the maximum and minimum length of the sequences were 8,698 bp and
201 bp, respectively (Table 2). And the average and N50 length of assembled sequences were 253 bp
and 703 bp, respectively (Table 2). Moreover, the length of these unigene sequences was mainly
distributed between 200 bp and 4,000 bp, which accounted for 98% of the sequences reads (Figure
S1). Then we used Nr, Swissprot, GO, KEGG and COG databases to obtain the functional annotation
of the Amino acid sequence of the unigene. The number of annotations obtained in the Nr, Swissprot,
GO, KEGG, and COG databases were 21,143(90.7%), 15,062 (64.6%), 10,827 (46.4%), 9,854 (42.3%)
and 18,954 (82.7%), respectively (Table S1).
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Table 2
The statistical results of unigene sequences

Items Assembled transcripts

Total sequence number 215,191

Total sequence base (bp) 54,354,436

GC% 43.84

Median contig length (bp) 139

Largest length (bp) 8,698

Smallest length (bp) 201

Average length (bp) 253

N50 length (bp) 703

Total Amino Acid Sequence number 23,314

COG database distribution

To further annotate homologous proteins of unigene, the 18,954 unigenes from COG database were
further analyzed. About 12,436 (61.84%) unigene sequences were grouped into three categories included
(1) Information Storage and Processing (3,947), (2) Cellular Processes and Signaling (4,432) and (3)
Metabolism (4,057), which accounted for 19.63%, 22.04% and 20.17% of all sequences, respectively
(Table 3 and Figure S2). Besides, 32.41% of the sequences were still functional unknown.

Identi�cation of differentially expressed genes
The correlation between paired samples from six datasets was calculated by using the FPKM values of
the transcripts. The three biological reduplications from purple and white �owers had a high degree of
similarity (Fig. 2A, R2 > 0.95). There were 1,175 differentially expressed genes (DEGs) were detected
between purple and white samples, 718 genes of them were up-regulated and 457 genes were down-
regulated (Fig. 2B and C, Table S2). And DEGs were annotated in Nr, Swiss-Prot, GO, KEGG, and COG
databases, and the numbers were 1,163 (98.9%), 898 (76.4%), 474 (40.3%), 431 (36.7%), and 882 (75.1%),
respectively (Fig. 2D and Table S3).
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Table 3
COG Categories Distribution

Information Storage and Processing  

Transcription (K) 1,649

Replication, recombination and repair (L) 878

Translation, ribosomal structure and biogenesis (J) 699

RNA processing and modi�cation (A) 555

Chromatin structure and dynamics (B) 166

Total 3,947 (19.63%)

Cellular Processes and Signaling  

Posttranslational modi�cation, protein turnover, chaperones (O) 1,871

Signal transduction mechanisms (T) 1,393

Intracellular tra�cking, secretion, and vesicular transport (U) 1,522

Cytoskeleton (Z) 188

Cell wall/membrane/envelope biogenesis (M) 175

Cell cycle control, cell division, chromosome partitioning (D) 139

Defense mechanisms (V) 137

Extracellular structures (W) 1

Nuclear structure (Y) 6

Cell motility (N) 0

Total 4,432 (22.04%)

Metabolism  

Carbohydrate transport and metabolism (G) 1,021

Energy production and conversion (C) 961

Secondary metabolites biosynthesis, transport and catabolism(Q) 526

Amino acid transport and metabolism (E) 512

Lipid transport and metabolism (I) 392

Inorganic ion transport and metabolism (P) 391

Coenzyme transport and metabolism (H) 157
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Information Storage and Processing  

Nucleotide transport and metabolism (F) 97

Total 4,057 (20.17%)

Poorly Characterized  

Function unknown (S) 6,518

General function prediction only (R) 0

Total 6,518 (32.41%)

 

GO and KEGG pathway Enrichment analysis of DEGs
To further annotate the function of DEGs, GO enrichment analysis was performed on the DEGs. There
were 1,247 genes involved in biological processes, 134 genes related with cell components and 314
genes involved in molecular functions were represented by DEGs (Fig. 3A and Table S4). The biological
processes were signi�cantly enriched in response to organonitrogen compound, in response to chitin, and
in response to wounding and the secondary metabolite biosynthetic process etc (Fig. 3A). The enrichment
of cell component included apoplast, peroxisome, microbody, plastoglobule and peroxisomal membrane
etc (Fig. 3A). The signi�cant enrichment of the molecular function mainly involved in calcium ion binding,
CoA-ligase activity, ligase activity and forming carbon-sulfur bonds etc (Fig. 3A).

Furthermore, we used KOBAS v3.0 to analyze KEGG pathway enrichment from DEGs (Fig. 3B and Table
S5). The results indicated that these differential genes were involved in 76 signaling pathways, which
included Biosynthesis of secondary metabolites, Metabolic pathways, Phenylpropanoid biosynthesis, and
Flavonoid biosynthesis and Carotenoid biosynthesis etc. Among them, the Biosynthesis of secondary
metabolites pathway was the most signi�cant (Fig. 3B).

Total of 4 DEGs (F3'H, C4H, CCoAOMT and UA3'5'GT) were identi�ed and annotated in the Flavonoid
biosynthesis metabolic pathway by KEGG, which had been reported to play an important role in �ower
color formation [18]. Among them, F3'H gene was up-regulation expression and C4H, CCoAOMT and
UA3'5'GT were all down-regulation (Table 4 and Table S2). Besides, 10 DEGs were identi�ed and
annotated in the phenylpropanoid biosynthesis of KEGG pathway. And the expressions of CCoAOMT,
C4H, PAL, 4CL, CCR, CALDH and Bglx were down-regulation except CAD, SGTase and E1.11.1.7 with up-
regulation (Table 4 and Table S2). The phenylpropanoid biosynthesis was also an important bio-pathway
in �ower color formation [18].
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Table 4
The annotation pathway of identi�ed unigenes of phalaenopsis

Unigene id Gene
name

De�nition Pathway

LOC110024427 C4H trans-cinnamate 4-
monooxygenase

Flavonoid/ Phenylpropanoid
biosynthesis

LOC110023518 CCoAOMT caffeoyl-CoA O-
methyltransferase

Flavonoid/ Phenylpropanoid
biosynthesis

LOC110022396 F3’H �avonoid 3'-monooxygenase Flavonoid biosynthesis

LOC110030623 UA3'5'GT anthocyanidin 5,3-O-
glucosyltransferase

Flavonoid biosynthesis

LOC110031047 PAL phenylalanine ammonia-lyase Phenylpropanoid biosynthesis

LOC110038424

LOC110018262

LOC110026381

4CL 4-coumarate–CoA ligase Phenylpropanoid biosynthesis

LOC110024447 CCR cinnamoyl-CoA reductase Phenylpropanoid biosynthesis

LOC110028720 CAD cinnamyl-alcohol
dehydrogenase

Phenylpropanoid biosynthesis

LOC110037950

LOC110019312

CALDH coniferyl-aldehyde
dehydrogenase

Phenylpropanoid biosynthesis

LOC110031840 SGTase scopoletin glucosyltransferase Phenylpropanoid biosynthesis

LOC110024203 bglx beta-glucosidase Phenylpropanoid biosynthesis

LOC110029660 E1.11.1.7 peroxidase Phenylpropanoid biosynthesis

 

RNA SNP identi�cation

Total of 207,759 SNPs were identi�ed in transcripts (Table S6), and the transition (G-A and C-T) frequency
was higher than transversion sites (Fig. 4A). The G->A, A->G, C->T, and T->C ratio of transition sites were
13.45%, 13.41% and 13.35%, 13.32%, respectively (Table S7), which was about 1.15 times of the
transversion sites (T->A: 8.60%, A->T: 8.49%, A->C: 5.72%, G->T: 5.67%, C->A: 5.66%, T->G: 5.55%, G->C :
3.40% and C->G: 3.37%) (Table S7).

In addition, a total of 44,808 SNPs were identi�ed in annotated genes (Table S8), among which 2,260
SNPs belonged to DEGs and 42,548 SNPs belonged to non-DEGs. And the average mutation frequencies
of DEGs and non-DEGs were 0.0024 and 0.0029, respectively (Table S9 and Table S10). In 12 key genes,
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the total number of SNPs was 20, and the average mutation frequency was 0.0015 (Table S11), which
was lower than that in DEGs and non-DEGs.

To further study whether SNP mutations in transcripts were associated with �ower color, the mutation
location of genes were identi�ed (Table S8) and the mutation frequency of DEGs and non-DEGs from the
unigene sequences were compared. The results showed that the mutation frequency of SNPs between
DEGs and non-DEGs was extremely signi�cant (P = 0.0021) (Fig. 4B). In DEGs group, the mutation
frequency of SNPs in up- and down-regulation genes were highly signi�cant (Fig. 4C), which was bene�t
for pigmentation based on the foldchange value. Furthermore, the genes of each group were divided into
four categories: A, C, T and G in base level. And the mutation frequencies in four categories were
compared between the two groups (DEGs and non-DEGs). The SNPs mutations in A, C, T and G
categories between DEGs and non-DEGs were all signi�cant (A: P = 0.0013, C: P = 0.0022, T: P = 0.039, G:
P = 0.019) (Figure S3A, B, C and D). All above results illustrated that the RNA SNP mutations was strongly
associated with color formation in Phalaenopsis.

Discussion
Transcriptome refers to the transcription of all RNA at a speci�c developmental stage or physiological
state. Understanding the transcriptome is necessary to explain the functional elements of genome and to
understand the underlying mechanisms of biological growth and disease[19]. In this study, the petal color
formation mechanism of phalaenopsis from purple �owers and white �owers were explored by RNA-seq
in transcription level. We identi�ed a total of 215,191 unigenes with annotated information, and 1,175 of
them were differential expression genes. Among them, 718 DEGs were up-regulated and 457 DEGs were
down-regulated. This study, �rst time reported the correlation between SNP and gene expression in color
formation of Phalaenopsis, which clearly explained the �ower color formation mechanism, and provided
new insights for the close correlation between genetic variation and gene expression at transcription
level.

Previous studies had found that the SNPs in DNA level related to �ower color in chrysanthemum and
cabbage, which were used as markers to assist breeding [20, 21]. In Phalaenopsis hybrids, DNA allele
diversity of SNP had been used as an assistant marker to associate and predict the color of �owers [22].
However, it was rarely reported that the relationship between SNP and phenotype at the transcriptional
level. RNA-seq, a powerful technique for gene expression at transcriptome level, can be used not only for
differential expression gene identi�cation, but also for genetic variation analysis [23]. In this study,
207,759 SNP sites were identi�ed through the RNA-seq and the mutation frequencies of SNP associated
with DEGs in genes were �rstly investigated at nucleotide base level. And the results showed that the SNP
mutations were signi�cantly different between DEGs and non-DEGs, which indicated that SNPs from
RNA-seq were strongly related to the change of �ower color in Phalaenopsis.

Both GO enrichment and KEGG pathway analysis showed that DEGs were signi�cantly enriched in
biosynthesis of secondary metabolites pathway. And the Flavonoid biosynthesis and Phenylpropanoid
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biosynthesis were two metabolic pathways related to the �ower color formation [18]. In this study, we
identi�ed 12 genes (C4H, CCoAOMT, F3'H, UA3'5'GT, PAL, 4CL, CCR, CAD, CALDH, Bglx, SGTase and
E1.11.17) that related �ower color synthesis pathways. And these genes had been investigated and
reported in previous studies [24–33]. C4H had been reported not only the key enzyme involved in the
second step of �avonoid synthesis, but also is the �rst oxidoreductase of cytochrome P450 in
phenylpropane biosynthesis pathway, which catalyzed a speci�c hydroxylation reaction and generated
coumaric acid that was a precursor of �avonoids [24]. CCoAOMT contributed to the formation of
Phenylpropylene, and the down-regulation of its expression would lead to the activation of biosynthesis
of anthocyanins [25]. F3'H was a microsomal cytochrome P450-dependent monooxygenase which was
the key enzyme to generated the hydroxylate B-ring in �avonoids that play an important role in �ower
coloring [26]. Yang et al. mentioned that the up-regulation and inhibition of F3’H gene were closely related
to anthocyanin accumulation in torenia hybrid, and the over-expression of F3’H increased the
accumulation of cyanidin and resulted in red sun�ower petals [34]. Anthocyanin 3', 5'- O-
glucosyltransferase (UA3'5'GT), a bifunctional enzyme with both anthocyanin 3'- and 5'- O-
glucosyltransferase activities, catalyzed the formation of the �rst stable anthocyanin by UDP-glucose:
anthocyanidin 3-O-glucosyltransferase [27] and modi�ed anthocyanins to be more stable molecule
complex and produced purple color by UDP-glucose: anthocyanin 5-O-glucosyltransferase [28].
Phenylalanine ammonia lyase (PAL) was the key enzyme to catalyze the �rst step of phenylpropanoid
pathway in plants, and Coniferyl-Aldehyde Dehydrogenase (CALDH) is a gene involved in this pathway,
which is related to the synthesis of anthocyanins. [29–31]. 4CL was a key enzyme that functions early in
the phenylpropane pathway. And the proprotein 4CL converts 4-coumaric acid and other cinnamic acids
to the corresponding CoA thiol esters, which can be used to many secondary metabolites, such as
�avonoids, iso�avones, lignin, etc [32]. SGTase can be used as a multiple phenylpropanoid glucosylation
enzyme, which exhibited signi�cant activity with �avonoids [35].β-glucosidase (bglx) was an
anthocyanase, which can hydrolyze anthocyanidins into anthocyanin [33]. E1.11.1.7 is a peroxidase that
may lead to the degradation of anthocyanin [36]. Above previous studies further con�rmed the rationality
and reliability of identi�ed genes in phalaenopsis from RNA-seq in this study.

In summary, this study provides a good reference and veri�cation basis for the selection and
identi�cation of �ower color regulatory genes and the discovery of regulatory pathway. Furthermore, the
correlation between SNP mutation and DEGs related �ower color of Phalaenopsis was explained in RNA
level for the �rst time. These results would provide a new insight to further study the gene regulation and
expression in genetic variants and differential expression gene from RNA-seq data in other species.

Materials And Methods
 
 
Sample collection and extraction
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Purple and white �owers were collected and used from Hainan Boda Orchid Scienti�c Technology
Company nursery in this study (Fig. 1). Three replicates of each color sample were collected from one
single plant during the blooming period. These samples were put into liquid nitrogen immediately and
stored at -80°C, and the total RNA of them were extracted by using the kit in Qubit 2.0 Flurometer (Life
Technologies, USA). The purity of the RNA sample was tested by Nanodrop (Nanodrop Technologies,
USA). RNA concentration and RNA integrity were evaluated by using Qubit and Agilent 2100.

Construction of cDNA library and sequencing
The magnetic beads labeled with Oligo (dT) were used to enrich the mRNA of eukaryotes by A-T
complementary pairing with the ployA tail of mRNA. The fragmentation buffer solution was added to
break the mRNA into short fragments, and mRNA was used as a template to synthesize single-stranded
cDNA by random hexamers. Then the double-stranded cDNA was synthesized with the buffer solution,
dNTPs and DNA polymerase I, and then puri�ed with AMPure XP beads. The puri�ed double-stranded
cDNA was optimized and the sequencing adapter was added. Finally the cDNA library were ampli�ed by
PCR, and library quality was assessed by Agilent Bioanalyzer 2100 system. Sequencing was carried out
using an Illumina HiSeq 2500 instrument. The above work is completed by the laboratory staff of the
company.

Quality control and function annotation

The quality of raw data from RNA-seq was controlled by fastQC v0.11.7. The reads with joints and low-
quality (Qphred < = 20 bases account for more than 50% of the whole read) were removed, and the clean
reads were used for subsequent analysis. Next, the unigene obtained by sequencing were annotated by
the eggNOG v5.0 software and the Diamond software, which aligned protein sequences into the Nr,
Swiss-prot, Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), Cluster of
Orthologous Groups ofproteins (COG) databases [37, 38].

Differential expression analysis

In order to con�rm the reliability of samples selection and reduplication, we carried out the correlation
analysis of the gene expression among six samples. The Pearson's correlation coe�cient (R2) is set
greater than 0.9 as the evaluation standard for correlation analysis between biological repeat samples.
The Unigene was quanti�ed and transcript abundances were calculated, then we used the DESeq2
package of R to normalize the abundances of gene expression and analyzed differentially expressed
genes (DEGs). The P-value < 0.01 was set for DEGs, and DEGs with |log2foldchange|>1.5 were considered
as up-regulated or down-regulated genes. The foldchange was the ratio of the expression value of purple
�ower samples to the white �ower samples.

Enrichment analysis of differential genes

The DEGs were compared with the analysis results of eggNOG v2.0.0 software and obtained the
annotation information from the Gene Ontology (GO) databases of these differential genes. GO
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enrichment analysis of DEGs was implemented by the clusterPro�ler package of R[39], and GO terms with
corrected P-value that less than 0.05 were considered signi�cantly enriched by differential expressed
genes. Furthermore, we used KOBAS v3.0 to analyze the statistical enrichment of DEGs in KEGG
pathways under FDR ≤ 0.05 [40].
SNP identi�cation and relationship with differential expression genes

The single nucleotide polymorphisms (SNP) from the unigenes were identi�ed by using GATK4 v1.8.1
with the default parameters [41]. In order to further study the relationship between SNP and differential
expression genes, we conducted the evaluation in two aspects: (1) Gene level: the mutation frequency of
the gene was calculated, mutation frequency was de�ned by the formula of

Then, the genes were divided into two groups: DEGs and non-DEGs, and the mutation frequency of these
genes between two groups were tested by T-test. (2) Base level: the genes were divided into four
categories according the mutated nucleotide bases: A, T, C and G, which indicated the genes with the
most mutations in base A, T, C, and G, respectively. Then each type genes were divided into two groups:
DEGs and non-DEGs, and the mutation frequency of these two groups were also tested by T-test.
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Figures

Figure 1

The experimental materials used in this study (A: purple petals of Phalaenopsis; B: white petals of
Phalaenopsis)
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Figure 2

Differential expression genes of six samples (A: Correlation among samples; B: DEGs between purple and
white samples; C: Number of up and down regulated genes; D: Functional annotation databases of DEGs)
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Figure 3

Enrichment pathway of DEGs (A: GO classi�cation; B: KEGG pathway)

Figure 4

SNP identi�cation, comparison between DEGs and non-DEGs and comparison between down and up (A:
Distribution of variation types of SNP; B: Mutation frequency comparison of DEGs and non-DEGs; C:
Mutation frequency comparison of down and up)
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