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including orange, red, purple, violet, and blue in plant 
tissues. Their role besides as pollinator attraction is to 
provide UV protection in plants, and promote health in 
humans, such as antibacterial, hypoglycemic, and antip-
roliferative effects [3–7].

In C. ternatea, anthocyanins known as ternatins impart 
the vivid blue coloration of the flowers [8, 9]. However, 
the regulatory elements and transcriptomic framework 
underlying ternatin biosynthesis remain poorly charac-
terized. The absence of comprehensive genomic informa-
tion has limited deeper exploration of the anthocyanin 
biosynthetic pathway in this species, despite its emerg-
ing significance in agriculture, food technology, and 
pharmacology.

Clitoria ternatea flower is one anthocyanin source con-
taining stable blue colour polyacylated anthocyanins [10, 
11]. The presence of polyacylated anthocyanins, metal 
ions, other phenolic compounds and the resulting co-
pigmentation effect may assist to form more stable and 

Objective
Clitoria ternatea L. commonly known as the butter-
fly pea, is widely cultivated in Southeast Asia as both 
an ornamental and a medicinal plant. Beyond its tradi-
tional use in food and beverages, the species is valued 
for its rich phytochemical composition, particularly 
anthocyanins, which function as natural colorants and 
antioxidants [1, 2]. Anthocyanins are water-soluble fla-
vonoid pigments responsible for a diverse range of colors 
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Abstract
Objective  The Clitoria ternate flowers are widely used for its anthocyanin pigmentation. However, the flowers’ colour 
ranges from white to light blue to deep blue, purple or even pink. The butterfly pea flower colours are known to 
be influenced by variety and not environmental factors. Despite its interest there is a lack of understanding of the 
level of gene expression between varieties, in producing blue and white butterfly pea flowers. Hence, transcriptome 
assembly of genes expressed in different butterfly pea flowers and subsequent understanding of the key genes will 
help in increasing the pigments accordingly.

Data description  An RNA library was generated from RNA extracted from three different sources of flower petals as 
in white, light blue and dark blue butterfly pea flowers and sequenced using the Illumina HiSeq Platform. These data 
sets were then used to produce and assemble the first transcriptome assembly based on Clitoria ternate or commonly 
known as butterfly pea, paving way for anthocyanin related gene identification.
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intense blue colours [12, 13]. Anthocyanin biosynthe-
sis involves a well-established pathway of structural and 
regulatory genes whose expression is strongly influenced 
by environmental conditions such as light, temperature, 
and nutrient availability [14]. These regulatory dynam-
ics likely contribute to the variation in flower pigmen-
tation observed among different C. ternatea varieties, 
particularly white, pale blue, and dark blue flowers. Yet, 
systematic investigations comparing gene expression, 
metabolite accumulation, and tissue localization across 
these color variants are lacking.

As a first step towards the goal of spatial validation 
of pigment deposition that is tied to morphology and 
expression would be transcriptome analysis based on 
expression in blue, white and light-blue or sky-blue but-
terfly-peas. In this paper, a brief analysis of the transcrip-
tome data of three variants of butterfly-peas based on 
colour is being presented. Here we report the assembled 
and annotated transcriptome of three different variants 
of butterfly pea based on flower petal RNA extracts. The 
analysis will serve as valuable genomic information for 
subsequent metabolic association and gene identifica-
tion for future applications in sustainable agriculture and 
plant biotechnology.

Flower samples and RNA quality
Commercial Clitoria ternatea L. seeds (SHS Kebun, 
Kulim, Malaysia) of dark blue, light/sky blue, and white 
flower variants were cultivated in plastic pots (30 cm 
in diameter) containing commercial potting soil mix 
at Taylor’s University, Selangor, Malaysia under natu-
ral photoperiod (about 12 h) and ambient temperature 
conditions (28 ± 2 ℃). A total of 18 plants were grown 
from seeds to flowering stage, two pots per variant, and 3 
plants per pot. The plants were adequately provided with 
water, NPK (10:10:10) fertilizers, and regular pruning. 
The second round of blooms after ensuring flower colour 
was used to avoid metabolic fluctuations. Flower sam-
ples used are fully opened fresh new flowers harvested 
between 11 a.m. to 12 noon to minimize circadian varia-
tion in gene expression throughout the research and were 
immediately transported to the laboratory on ice. The 
samples were prepared, and RNA was extracted follow-
ing Fareed and Singaram [15] method of RNA extraction 
using NucleoSpin® RNA Plant kit (Macherey-Nagel, Ger-
many). The purified RNA was assessed and subsequently 
sent to Azenta SZ NGS Laboratory (Bio3 Sdn. Bhd.) for 
sequencing.

High-quality total RNA was successfully extracted from 
all butterfly pea flower samples (Table 1, Data File 1 [16]). 
RNA concentrations ranged from 80.3 to 390.9 ng/µl, 
yielding total RNA amounts between 3.29 µg and 13.9 µg 
per sample, which reflects inherent differences in tissue 
type, developmental stage, or physiological state at the Ta
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time of sampling [17], even though strict measures were 
taken to include coloured portions of the petals, first 
day full-bloom harvest, and consistent harvesting time 
of the day. Purity ratios of A260/280 ranged 2.15–2.23, 
and A260/230 was between 1.65 and 2.18, this confirmed 
minimal protein and solvent contamination, indicating 
that the extracted RNA was of sufficient purity for down-
stream sequencing applications. Furthermore, the RNA 
Integrity Number (RIN) values were consistently high, 
ranging from 7.1 to 10.0, with majority of the samples 
scoring above 9.0. Since RIN values ≥ 7 is considered suit-
able for RNA-Seq library preparation, all samples met the 
required quality threshold [15–18]. The samples PBS3, 
SBS1, SBS2, SBS3, and PWS3 achieved the maximum 
RIN score of 10.0, reflecting excellent RNA integrity, 
while PBR2 (RIN 7.1) and PWR4 (RIN 8.1) still fell within 
acceptable ranges. Overall, these results confirmed that 
the extracted RNA was of high integrity, purity, and yield, 
validating its suitability for Illumina RNA-Seq library 
construction and comparative transcriptomic analyses.

Data description
To generate a whole-plant library for each flower colour 
as in dark blue (PB), white (PW), and sky-blue (SB), three 
replicates from independent plants per colour variant 
were used. A standard amount of intact, high-quality 
total RNA (RIN value > 7.0) for each biological replicate 
of each colour variety was used for cDNA library con-
struction and sequenced on the Illumina NovaSeq X Plus 
platform (GENEWIZ Biotechnology Co. Ltd., Beijing, 
China). The Raw Illumina RNA-seq data were depos-
ited in the NCBI Sequence Read Archive (SRA) database 
SRP627045 (Table 1, Data File 2 [19]). The Transcrip-
tome de novo assembly and annotation methodology are 
reported in Data File 3 (Table 1) [20].

Raw RNA-Seq reads were subjected to quality control 
and trimming using Trimmomatic preprocessing tools, 
and the resulting clean reads were assembled de novo 
with Trinity, applying a minimum k-mer coverage of 2 to 
minimize mis-assemblies. Nine RNA-Seq libraries were 
generated from three variants of butterfly pea (Clitoria 
ternatea). Read quality was evaluated using FASTQC 
(v0.12.1) and summarized with MultiQC (v1.14). Each 
RNA-Seq library produced an average of 66.4 to 82.5 mil-
lion paired-end reads with average read lengths of about 
146 bp. Quality analysis showed that ≥ 97% and ≥ 93% 
of bases had Phred quality scores above Q20 and Q30, 
respectively, with a mean per-base error rate of < 0.1%. 
The GC content ranged from 42.8% to 43.3%, and the 
frequency of ambiguous bases (N) remained < 3.7 ppm 
across all libraries, suggesting minimal sequencing arti-
facts. Thus, no significant adapter contamination or GC 
bias was observed, confirming high sequencing accuracy 
and suitability for downstream analyses [21], Data File 

4 (Table 1) [22] illustrates the distribution of the mean 
read counts per quality score for both first-in-pair and 
second-in-pair reads. Across all sequencing cycles, the 
first-in-pair reads maintained consistently high base-call-
ing accuracy, with average Phred quality scores exceed-
ing 33, indicating an error probability of less than 0.0005 
per base. The second-in-pair reads also displayed simi-
larly high-quality profiles, with only a slight decline in the 
terminal bases, a trend commonly observed in Illumina 
sequencing runs. Overall, these results demonstrate the 
robustness of library preparation and the suitability of the 
dataset for reliable downstream transcriptomic analyses.

The longest isoform from each gene cluster was 
selected to represent unigenes for downstream analyses. 
The filtered reads were assembled into 106,344 unigenes 
with an average length of 889.56 bp and N50 of 2022 bp 
using the de novo assembler Trinity v2.15.1. The RNA-
seq De novo transcriptome assembly dataset (Table 1, 
Data file 5 [23]), has been deposited in the Transcrip-
tome Shotgun Assembly database of NCBI under acces-
sion number GLLN00000000 (Table 1, Data file 6 [24]). 
A total of 455,232 open reading frames (ORFs) were pre-
dicted (Table 1, Data file 7 [25]).

The Functional annotation of unigenes through 
sequence similarity searches against the NCBI non-
redundant protein (Nr) (49098 hits), InterPro (27713 
hits), KEGG (13688 hits), eggnog (28472 hits), and Gene 
Ontology (GO) databases (35210 hits) was performed. 
GO terms were further classified and visualized using 
WEGO 2.0 to illustrate gene distribution across biologi-
cal processes, molecular function, and cellular compo-
nent categories.

Gene Ontology (GO) annotation of the assembled 
unigenes was performed using Blast2GO, categorizing 
them into three major GO domains: Cellular Compo-
nent, Molecular Function, and Biological Process (Table 
1, Data File 8 [26]). A total of 106,344 genes were suc-
cessfully annotated, representing diverse cellular roles 
and molecular activities. Within the Cellular Component 
category, majority of genes were associated with the cell, 
cell part, organelle, and membrane components, indi-
cating that a large proportion of the transcripts encode 
structural and compartmental proteins. Approximately 
13% of the unigenes had a hit to proteins included in 
at least one database. A smaller subset was linked to 
membrane-enclosed lumen, extracellular region, and 
protein-containing complexes, suggesting involvement 
in intercellular communication and specialized organ-
ellar functions. The Biological Process category encom-
passed a wide array of pathways, with enrichment in 
metabolic processes, cellular processes, biological regula-
tion, response to stimulus, and developmental processes. 
The dominance of genes under metabolic and biosyn-
thetic pathways suggests active transcriptional regulation 
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supporting cellular growth, stress response, and second-
ary metabolite production.

The GO annotation shows that the butterfly pea tran-
scriptome is functionally diverse, with strong represen-
tation in the Core cellular structures (CC), Catalysis, 
binding, and regulatory roles (MF) and Development, 
metabolism, and pigmentation-related processes (BP). 
Further, the GO classification indicates that most genes 
in the butterfly pea transcriptome are involved in essen-
tial cellular and metabolic functions, with significant sub-
sets associated with transcriptional regulation, pigment 
biosynthesis, and stress responses (Table 1, Data File 9 
[27]). These functional annotations provide a basis for 
linking differentially expressed genes to pathways regu-
lating flower color diversity among varieties.

Limitations
The transcriptome assembly was obtained from RNA 
extracted from three different biological replicates by 
ensuring consistent time of harvest and fresh first-day 
blooms. However, environmental factors or plant physi-
ological state as well as potential plant stress due viral 
infection may contribute to the expression profile.
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