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Abstract 

Lonicera japonica and L. macranthoides are popular medicinal plants used for treating various diseases. Recently, new 
chromosome level genomes of Lonicera have provided a huge resource for understanding gene function. Although 
LjaFGD was created for analyzing L. japonica gene functions, it is now outdated due to updated genomes and more 
transcriptome data. Utilizing new chromosome-level genomic and transcriptomic data, we developed co-expression 
networks of L. japonica and L. macranthoides. Gene annotations were performed by comparing sequences with NR, 
TAIR, Swissprot, and trEMBL databases. GO and KEGG annotations were predicted using InterProScan and Ghost-
KOALA software, while gene families were identified with iTAK, HMMER, and InParanoid. To fully leverage the utiliza-
tion value of public resources and data, we developed LoniComp (www.​gzybi​oinfo​rmati​cs.​cn/​LoniC​omp) as a newer 
and information-rich alternative, a platform for gene function comparison and analysis by integrating genomic, 
transcriptomic data and processed functional annotations. It features tools like BLAST, Extract Sequence, Enrich-
ment, Heatmap, DEG, and JBrowse2. We demonstrated its use with examples like LjFT and LjMYB12. It offers superior 
genomic data, transcriptomic resources, and analysis tools compared to LjaFGD, aiding researchers in gene function 
studies and comparison.
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Introduction
Lonicera Linn. is the largest genus in the Caprifoliaceae 
family, with around 200 species primarily found in North 
Africa, North America, Europe and Asia. Many spe-
cies of the genus are valued for their ornamental beauty, 
medicinal properties, and health benefits. In countries 
like Australia, the US and China, Lonicera is often cul-
tivated vegetatively as a hardy ornamental [1]. Research 
on Lonicera has gained worldwide popularity [2–5]. For 

instance, in the United States, researchers inferred the 
phylogeny of Lonicera using restriction site-associated 
DNA sequencing (RADSeq) [2]. In Japan, Masaaki et al. 
explored the therapeutic effect of L. japonica flower bud 
extract (LJFE) on digestive tract infections induced by 
Citrobacter rodentium, a pathogen that mimics human 
intestinal infections, in a mouse model [3]. In addition, 
about 98 species of genus Lonicera are distributed in 
various provinces of China, with the largest number of 
species in southwest China. L. japonica and L. macran-
thoides are commonly used medicinal plant of genus 
Lonicera [6]. From the 1963 edition of the Chinese Phar-
macopoeia, L. japonica’s dried buds and flowers were 
officially recorded as "Jinyinhua" [7]. L. macranthoides 
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was identified as the primary source of ’Shanyinhua’ 
in the 2005 Chinese Pharmacopoeia, separate from L. 
japonica [8].

L. japonica is a key herb in traditional Chinese medi-
cine, extensively used and cultivated across China [9]. 
Shen Nong Ben Cao Jing states that L. japonica has 
been used since ancient times for its anti-inflammatory, 
antipyretic, and antibacterial effects. Recent research 
indicates that phenolic acids, flavonoids, iridoids and 
saponins are the primary active components in L. japon-
ica [10], which collectively offer anti-inflammatory, 
bacteriostatic and antimicrobial benefits [11], antiviral 
properties, antioxidant potentiality, and even anti-tumor 
activity [12]. Consequently, L. japonica is mainly used 
in daily diets and clinical prescriptions for the preven-
tion and treatment of inflammation and bacterial or viral 
infections. In response to market demands, new varieties 
are continually developed. The L. japonica (sijihua) is a 
high-yield, long-blooming, and stress-resistant variety 
created through hybridizing traditional L. japonica types 
[12]. Primarily cultivated in Pingyi County, Shandong 
Province, L. japonica (sijihua) is identified as the hardi-
est honeysuckle variety through regional studies [12]. L. 
macranthoides, native to southwestern China, is used in 
traditional Chinese medicine, with its dried flower buds 
treating fever, inflammation, and infections [13]. L. mac-
ranthoides primarily contains phenolic acids, flavonoids, 
and carotenoids, notably chlorogenic acid [14].

Advancements in sequencing technology have gener-
ated extensive data on L. japonica, L. japonica (sijihua), 
and L. macranthoides. In 2020, Pu et al. created a high-
quality genome sequence of L. japonica at the chromo-
somal level with a genome size of 843.2  Mb and nine 
pseudochromosomes [15]. Using this, we developed 
LjaFGD, a platform for analyzing gene functions in L. 
japonica [16]. Huang et  al. recently assembled a chro-
mosome-level genome of L. japonica (sijihua), sized at 
886.04 Mb with a scaffold N50 of 79.5 Mb, this genome 
is a valuable resource for exploring the genetic basis of its 
high stress resistance, aiding in the study of genetic diver-
sity and the breeding improvement of L. japonica [12]. 
Yin et al. reported that the chromosomal-level genome of 
L. macranthoides consists of nine pseudochromosomes, 
and evolutionary analysis indicates that L. japonica and 
L. macranthoides diverged 1.30 to 2.27 million years ago 
[17]. The refinement of the three genomes of the two 
species of honeysuckle provides a valuable resource for 
studying the biosynthesis of their active components. For 
LjaFGD contains only one species of L. japonica, with 
the update of genome and transcriptome data, we built 
a new gene function comparison and analysis platform 
named LoniComp based on the published chromosome 
level genome of L. japonica, L. japonica (sijihua) and L. 

macranthoides. It provides reference for domestic and 
foreign users to study the comparison and analysis of 
gene function.

Materials and methods
Data resource
Genomic data and genome annotation of L. japonica 
was obtained from the National Genomics Data Center 
(NGDC, https://​ngdc.​cncb.​ac.​cn/) (Accession number: 
GWHAAZE00000000), L. japonica (sijhua) Genomic 
data was obtained from the China National Gene Bank 
database (CNGBdb, https://​db.​cngb.​org/) (Accession 
number: SAMN24662184), and the genome annotation 
file was obtained from the Figshare platform (https://​
figsh​are.​com/). Transcriptomic data for L. japonica 
and L. japonica (sijihua) were retrieved from the NCBI 
Sequence Read Archive (SRA, http://​www.​ncbi.​nlm.​
nih.​gov/​sra), the CNGBdb, and the NGDC. Data for L. 
macranthoides, comprising reads of PacBio and Illu-
mina RNA sequence, were sourced from the SRA data-
base under Accession Number PRJNA800599. Annotated 
public protein sequences were gathered from non-redun-
dant protein sequence database (NR, https://​ftp.​ncbi.​
nlm.​nih.​gov/​blast/​db/​FASTA), the  Arabidopsis  infor-
mation resource (TAIR, https://​www.​arabi​dopsis.​org/) 
[18], and Universal Protein (UniProt, https://​www.​unipr​
ot.​org/). InterProScan software[19] was used to predict 
Gene Ontology (GO, https://​www.​ebi.​ac.​uk/​Quick​GO/) 
terms and The Protein Families Database (Pfam, http://​
pfam.​xfam.​org/) domain (Table S1).

Genome assembly, structural annotation
Using public third-generation sequencing data gener-
ated by the PacBio platform (SRA accession number: 
SRP357305), a genome assembly of L. macranthoides was 
developed using Canu softwore [20]. We firstly anno-
tated the gene structure by aligning RNA-seq reads to 
the genome with hisat2 (v2.1.0) [21], reconstructing tran-
scripts using stringtie (v2.1.4) [22], and predicting cod-
ing regions with TransDecoder (v5.1.0) to identify coding 
genes. Secondly, the protein sequences of L. japonica and 
L. japonica (sijihua) were mapped to the genome using 
the miniprot [23], and predict coding region. Following 
that, Augustus [24] was employed for predicting gene 
structure de novo. Lastly, EVidenceModeler [25] software 
was used to integrate the genetic annotation results pre-
dicted by various software.

Functional annotation
For gene function annotation, we utilized diamond blastp 
software to compare protein sequences with public data-
bases like NR, TAIR, Swissprot, and translated EMBL 
nucleotide sequence data library (TrEMBL) database 

https://ngdc.cncb.ac.cn/
https://db.cngb.org/
https://figshare.com/
https://figshare.com/
http://www.ncbi.nlm.nih.gov/sra
http://www.ncbi.nlm.nih.gov/sra
https://ftp.ncbi.nlm.nih.gov/blast/db/FASTA
https://ftp.ncbi.nlm.nih.gov/blast/db/FASTA
https://www.arabidopsis.org/
https://www.uniprot.org/
https://www.uniprot.org/
https://www.ebi.ac.uk/QuickGO/
http://pfam.xfam.org/
http://pfam.xfam.org/


Page 3 of 12Zhang et al. BMC Genomics          (2025) 26:328 	

(https://​www.​unipr​ot.​org/​downl​oads). InterProScan soft-
ware [19] was used to predict GO terms and Pfam domain. 
GO annotations were obtained from the GO Consortium 
[26], the Kyoto Encyclopedia of Genes and Genomes 
(KEGG, https://​www.​kegg.​jp/) annotation was predicted 
by GhostKOALA (https://​www.​kegg.​jp/​ghost​koala/) web-
site [27] (Table S1).

Classification and identification of gene families
Initially, the hidden Markov model with ubiquitin and 
ubiquitin-like conjugation database (iUUCD 2.0, http://​
uucd.​biocu​ckoo.​org/) and its recommended threshold 
effectively identifies the ubiquitin family [28]. OrthoFinder 
[29] was employed with default settings to predict 
orthologs between Arabidopsis and Lonicera species. Using 
its Arabidopsis homolog, we identified the transporter 
family (TPs) and Carbohydrate-Active EnZymes (CAZy, 
http://​www.​cazy.​org/) in three Lonicera species [30]. The 
iTAK software (http://​itak.​feilab.​net/​cgi-​bin/​itak/​index.​
cgi) [31] was used to identify transcription factors/regula-
tors (TFs/TRs) and protein kinases (PKs) in Lonicera spe-
cies. Protein sequences were subjected to KEGG pathway 
annotation using GhostKOALA. Additionally, Cytochrome 
P450 (CYP450, http://​drnel​son.​utmem.​edu/​Cytoc​hrome​
P450.​html) genes were identified using KEGG annotations 
(Table S1).

The construction of co‑expression network
The transcriptome data was first aligned to the reference 
genome with Hisat2 [21], and TPM for each sample was 
calculated using StringTie [22]. The Pearson Correlation 
Coefficient (PCC) algorithm is a method used to calculate 
the correlation coefficient between two genes. It deter-
mines the correlation between two continuous variables 
by measuring the linear relationship between them. In the 
construction of the co-expression network, the PCC algo-
rithm was employed to calculate the correlation between 
the expressions of every pair of genes. The Mutual Rank 
(MR) algorithm is a method to further increase the con-
fidence of common representation relationships. It con-
structs the co-expression network by calculating the 
geometric mean of the ranking of gene A in gene B and the 
ranking of gene B in gene A. The MR algorithm was used to 
rank the resulting gene correlations, applying the following 
formula:

PCC =

∑

n

i=1
(Xi − X)(Yi − Y )

√

∑

n

i=1

(

Xi − X
)2

√

∑

n

i=1
(Yi − Y )

2

MR(AB) = Rank(AB)× Rank(BA)

In the provided formulas, ’n’ denotes the total sample 
count in the RNA-seq dataset, and ’Xi’ stand for the TPM 
value of gene X in the i sample, and ’Yi’ stand for the 
TPM value for gene Y in the i sample. X represents the 
average value of gene X in all samples, and Y represents 
the average value of gene Y in all samples. For the calcu-
lation of MR, we first sort the PCC values between gene 
B and other genes from largest to smallest. The ranking 
of A in this sequence is Rank (AB), and conversely, it is 
Rank (BA).

Protein–protein interaction (PPI) network construction
The protein–protein interaction networks for L. japonica, 
L. japonica (sijihua), and L. macranthoides were created 
based on their homologous relationship with Arabidopsis 
and its PPI network.

Differentially expressed genes (DEGs) in different 
transcriptome
For the analysis of DEGs, we used the Student’s t-test 
(significance threshold: P < 0.05) combined with a log2 
fold change threshold of > 1 for upregulation and <  − 1 for 
downregulation to identify significant differences in gene 
expression between experimental and control groups, as 
these thresholds align with cutoffs used in previous stud-
ies [32–35]. Genes that met both criteria were considered 
significantly differentially expressed.

Construction of LoniComp
The platform was developed with the LAMP stack 
(Linux, Apache, MySQL, PHP). A MySQL database was 
populated with data on gene structure, function, co-
expression, PPI networks, and gene family classification. 
Dynamic web pages for data presentation and analysis 
were created using HTML, PHP, JavaScript, and CSS.

Toolkit for gene function analysis in Platform
For the visualization of genome, transcriptome data, we 
employed JBrowse2 software [36]. The identification of 
similar sequences was done using the blast tools devel-
oped by Deng et  al. [37]. We used the ClusterProfiler 
package in R language to integrate Gene Set Enrichment 
Analysis [38]. The background contained four kinds 
of gene sets: KEGG pathway, GO, TF and PK. Among 
these, L. japonica, L. japonica (sijihua), and L. macran-
thoides contained 1511, 1578, and 1557 background 
gene sets, respectively (Table S2). Additionally, the DEG 
tool is employed to facilitate the comparative analysis of 
various samples within the same transcriptome, with the 
results ultimately depicted in the form of a volcano plot. 
Furthermore, we developed an extract sequence tool 
utilizing a Perl script and implemented a heatmap using 
the pheatmap package in the R programming language. 

https://www.uniprot.org/downloads
https://www.kegg.jp/
https://www.kegg.jp/ghostkoala/
http://uucd.biocuckoo.org/
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These enhancements expanded the platform’s capabilities 
and improved data visualization and analysis.

Results
Gene structure and functional annotation
L. japonica genome data from NGDC comprised 33,939 
genes, 33,961 transcripts, and 33,961 proteins. L. japon-
ica (sijihua) genome data, sourced from GenBank, 
comprises 39,320 genes, 39,320 transcripts, and 39,320 
proteins. L. macranthoides was structurally annotated 
with 44,841 genes, 44,841 transcripts, and 44,841 pro-
teins (Fig. 1A). To ensure accurate annotation, we com-
pared these resources with renowned protein sequence 
databases like NR, TAIR, Swissprot, and trEMBL. The 
annotated gene counts for L. japonica were 31,784, 
28,333, 24,634, and 31,815, respectively. For L. japonica 
(sijihua), annotated gene counts were 36,432, 31,222, 
26,814, 36,450, respectively. For L. macranthoides, the 
counts were 40,904, 37,093, 31,923, and 40,938, respec-
tively. InterProScan annotated 17,574, 17,399, and 19,390 
genes by GO in L. japonica, L. japonica (sijihua), and 
L. macranthoides, respectively, and predicted Pfam for 
25,344, 29,481, and 31,926 genes. We used GhostKOALA 
online tools to map KEGG annotations onto 5,975, 6,106, 

and 8,676 genes in L. japonica, L. japonica (sijihua), and 
L. macranthoides (Fig. 1A).

In terms of the proportion of genes annotated, among 
the three genomes, L. japonica had the highest propor-
tion of genes annotated in trEMBL, NR, TAIR10, Swis-
sprot and GO databases, which were 93.74%, 93.65%, 
83.48%, 72.58% and 51.78%, respectively. L. japonica (siji-
hua) accounted for the largest proportion of genes anno-
tated in the Pfam database with 74.98%. L. macranthoides 
was responsible for the largest proportion of genes anno-
tated in the KEGG database (19.35%) (Table S3).

Gene family classification
Utilizing the iTAK software, we identified 7,313 tran-
scription factors/regulators and 4,601 protein kinases 
across three Lonicera species. Additionally, employ-
ing the iUUCD v2.0 tool, we predicted a total of 3,861 
ubiquitin protease genes within these species. Through 
comparative analysis with the TransPortDB and CAZy 
databases, we discerned 2,683 transport family genes and 
2,857 CAZy family genes in the three Lonicera species. 
Furthermore, our analysis predicted 243 genes belonging 
to the Cytochrome P450 family, as illustrated in Fig. 1B.

Fig. 1  Overview of the L. japonica, L. japonica (sijihua) and L. macranthoides functional genomics database. A Gene function annotation 
information. From top to bottom, the full names are Coding sequence (CDS), Transcript Variant (Transcript), Genes, translated EMBL nucleotide 
sequence data library (trEMBL), Non-Redundant Protein Sequence Database (NR), the Arabidopsis information resource (TAIR10), The Pfam protein 
families database (Pfam), Swiss-Prot, Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG). B Gene family classification. 
From top to bottom, the full names are respectively Transcription Factors/Regulators (TF&TR), Protein Kinases (PK), Ubiquitination (ubiquitin), 
Carbohydrate-Active EnZymes (CAZy), Transporter Family (TP), Cytochrome P450 (CYP450)



Page 5 of 12Zhang et al. BMC Genomics          (2025) 26:328 	

Co‑expression network
RNA samples from various plant tissues, developmental 
stages, and stress conditions were mapped to the refer-
ence genome (Table  S4). To ensure data reliability, only 
RNA-seq samples with over 80% mapping rate were 
used for TPM calculation, which then helped compute 
the PCC. Most gene pairs showed weak correlation in 
expression patterns (Fig.  2A). The MR method, using 
PCC ranking values, was used to identify closely linked 
gene pairs within networks.

To ensure network reliability, we assessed AUC values 
for PCCs (0.6, 0.7, 0.8, 0.9) using a binary classifier as 
described in supplementary information. No significant 
AUC differences were found among the PCC networks. 
To include more genes, a PCC threshold of over 0.6 was 
chosen (Fig. S1). The AUC values were analyzed across 
various MR thresholds, ensuring the PCC exceeded 0.6. 
This resulted in a positive co-expression network thresh-
old of MR ≤ 30 (Fig. S2). For the negative co-expression 
network, thresholds were set at PCC < −0.5 and MR ≤ 30. 
The resulting positive co-expression network for L. 
japonica, L. japonica (sijihua), and L. macranthoides 
comprised, 369,804, 404,643, and 270,347 co-expression 
gene pairs, respectively (Fig.  2B). The resulting nega-
tive co-expression network for L. japonica, L. japonica 

(sijihua), and L. macranthoides comprised, 162,021, 
163,730, and 179,021 co-expression gene pairs, respec-
tively (Fig. 2C). The positive co-expression network com-
prised 31,530, 35,134, and 41,676 genes (Fig.  2B), while 
the negative co-expression network consisted of 16,161, 
16,805, and 27,260 genes, respectively (Fig. 2C).

Protein–protein interaction (PPI) network
We predicted orthologous genes between Arabidopsis 
and Lonicera species, mapping Arabidopsis’s PPI net-
work to L. japonica and L. macranthoides. This identified 
30,416, 36,388, and 55,112 PPI gene pairs involving 6,784, 
7,500, and 9,049 genes, respectively (Fig. 2D).

Network display with DEGs in LoniComp
To integrate gene co-expression and PPI networks with 
expression data, DEGs were identified from 21 transcrip-
tome datasets, resulting in 524 DEG groups (Table  S5). 
We then created a combined display contain network and 
DEGs, marking up-regulated DEGs in red and down-reg-
ulated DEGs in blue.

Construction of LoniComp
A platform called LoniComp has been developed for 
comparing and analyzing functional genomics in L. 

Fig. 2  Statistics of LoniComp’s PCC distribution, co-expression network and PPI network data. A The relationship between the Pearson correlation 
coefficient (PCC) and the number of edges in the co-expression network. B Statistical analysis of nodes and edges in the positive co-expression 
network. C Statistical analysis of nodes and edges in the negative co-expression network. D Statistical analysis of nodes and edges in the protein–
protein interaction (PPI) network
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japonica, L. japonica (sijihua), and L. macranthoides, 
utilizing functional annotation, gene family classifica-
tion, co-expression, and PPI network. There are eight 
sections within LoniComp, including Home, Genomes, 
Network, Search, Tools, Pathway, Download and Man-
ual. The genome section consists of three genomes 
from L. japonica, L. japonica (sijihua), and L. mac-
ranthoides. Each link provides descriptions related to 
the species, genome, and hyperlinks to gene families. 
Network section includes PPI and co-expression net-
work. To aid users in gene function search and analysis, 
LoniComp includes seven tools: Search, Blast, Extract 
Sequence, Enrichment, DEG, Heatmap, and JBrowse2. 
Users can search for specific genes by entering key-
words or the exact accession number on the search 
page. The Blast tool allows for finding similar nucleic 
acid or protein sequences in L. japonica, L. japonica 
(sijihua), and L. macranthoides. The Extract Sequence 
tool extracts sequences by gene accession number and 
location. Enrichment performs gene set enrichment 
analysis, while Heatmap analysis visualizes gene expres-
sion data for the candidate genes. The DEG tool swiftly 
identifies differentially expressed genes in Lonicera spe-
cies. JBrowse is integrated into LoniComp for visualiz-
ing genomic and transcriptome features. A download 

and manual section offers user guidance and download 
details (Fig. 3).

Case study
Structure and functional analysis of the LjFT gene
The FT gene plays a crucial role in modulating flower-
ing time through its interactions with various regula-
tory genes. It is capable of forming complexes with 
genes such as CONSTANS (CO) and SUPPRESSOR 
OF OVEREXPRESSION OF CONSTANS 1 (SOC1), 
thereby contributing to the initiation of the flower-
ing process [37]. The GWHGAAZE001702 gene in L. 
japonica, identified as an FT member on chromosome 
1 (58,252,707–58,257,150  bp), includes transcript and 
protein sequences. The phosphatidylethanolamine-bind-
ing protein domain is located between 60 and 159 bp in 
sequence PF01161 (Fig. 4A-4D).

We analyzed the positive co-expressed genes of LjFT. In 
samples SRP173429, SRP363000, and SRP417164, these 
genes were highly expressed in flower buds, especially 
in the calyx and petal, but their expression significantly 
decreased after flowering (Fig. 4E, Fig. 5A-5C). Further-
more, JBrowse2 read mapping revealed higher expres-
sion levels in bud samples compared to post-flowering 
samples (Fig.  5D-5F). Network analysis revealed that 7 

Fig. 3  Organizational chart of the LoniComp
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genes were positively co-expressed with LjFT (Fig.  6A). 
Among the genes that are positively co-expressed with 
LjFT, Floral-binding protein 9 (Fragment) (GWH-
GAAZE030453) and ABC transporter B family member 
8 (GWHGAAZE025707) positively regulate flowering in 
many species [39–43]. In addition, many genes in the co-
expression network are significantly up-regulated in juve-
nile bud (Fig. 6B-6D). Therefore, our analysis shows that 
the LjFT gene plays an important role in the regulation 
of flowering, a conclusion that is supported by numerous 
relevant studies [39–43].

Characteristic and functional analysis of LjMYB12 gene
Previous studies have shown that LjMYB12 (GWH-
GAAZE009942) can promote the biosynthesis of fla-
vonoids [44], Genetic details are in Fig. S3, with its 
transcriptional sequence on chromosome 2 from 
120,315,361 to 120,318,481 bp (Fig. S3B). Network links 
were established (Fig. S3C). The MyB-like DNA binding 

domain, identified as PF00249, is located at 67–112  bp 
or 14–61  bp of the protein-coding sequence (Fig. S3D). 
This gene family annotation belongs to the MYB gene 
family (Fig. S3E). Through the analysis of expression pro-
file, we found that the expression level of this gene was 
higher in flower buds than in flowers (Fig. S3F). And the 
results of the transcriptomic data on our website show 
that the transcription level of LjMYB12 is indeed pro-
portional to the total flavonoid content of honeysuckle 
during development. Furthermore, studies have shown 
that the expression pattern of luteoloside is higher before 
flowering than after flowering [45], and the expres-
sion pattern of LjMYB12 is also consistent with that of 
luteoloside. In addition, KEGG enrichment analysis of 
LjMYB12 and its co-expressed genes showed that these 
genes are associated with Naphthalene degradation, Reti-
nol metabolism, Chloroalkane and chloroalkene degrada-
tion, AMPK signaling pathway, HIF-1 signaling pathway, 
Fatty acid degradation, Tyrosine metabolism, Methane 

Fig. 4  Gene detail page of LjFT gene. A Gene functional annotation. B Location and transcript sequences. C Network of LjFT. D Protein structure 
and sequence. E Expression pattern in different samples
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Fig. 5  Heatmaps of the LjFT gene and its positive co-expression genes in three sets of samples and visualization of the LjFT gene using JBrower2. A 
Heatmap of LjFT and its positive co-expressed gene in SRP417164. B Heatmap of LjFT and its positive co-expressed gene in SRP173429. C Heatmap 
of LjFT and its positive co-expressed gene in SRP363000. D The expression of LjFT gene in SRP417164 was visualized by JBrowse2. E The expression 
of LjFT gene in SRP173429 was visualized by JBrowse2. F The expression of LjFT gene in SRP363000 was visualized by JBrowse2
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metabolism, Fructose and mannose metabolism, Drug 
metabolism-cytochrome P450, Metabolism of xenobiot-
ics by cytochrome is associated with the P450 pathway 
(Fig. 7, Fig. S4).

Discussion
L. japonica, L. japonica (sijihua), and L. macranthoides 
are widely used in traditional Chinese medicine, requir-
ing substantial quantities. The genomes of L. japon-
ica, L. japonica (sijihua) and L. macranthoides have 
been sequenced [12, 15, 17], which provides available 
resources for the study of biochemistry, genetics, molec-
ular biology, and molecular evolution. Integrating their 
omics data is crucial for advancing scientific research. 
We developed LoniComp, a platform that integrates 
genomes, transcriptome data, annotations, and analytical 
tools for functional genomics comparison and analysis 
between L. japonica and L. macranthoides.

Numerous platforms have been developed to collect 
and analyze gene function information for various plant 
species, primarily focusing on crops, fruits, and vegeta-
bles. However, our platform is about medicinal plants 
L. japonica, L. japonica (sijihua) and L. macranthoides, 
which can provide reference for the subsequent con-
struction of gene function platforms in other medicinal 
plants. Currently, many gene function platforms are out-
dated, and some websites are unusable. Since complet-
ing LjaFGD in 2021, we’ve focused on Lonicera research, 
collecting the latest genomic and transcriptome data. 
As a newer and more informative alternative to LjaFGD, 
LoniComp represents a significant advancement over its 
predecessor, addressing previous limitations through the 
integration of more comprehensive genomic datasets and 
broader transcriptome resources. By prioritizing access 
to up-to-date data and advanced functionality, Loni-
Comp serves as a critical resource for driving innovation 
in genomic and transcriptomic research.

Fig. 6  Co-expression network of the LjFT gene. Red nodes represent up-regulated genes, blue nodes represent down-regulated genes, orange 
links represent positive co-expression relationships and green represent no significant change genes. A Positive co-expression network of the LjFT 
gene. B Comparison of co-expression networks of LjFT genes between Juvenile bud stage and Gold flowering stage in SRP173429. C Comparison 
of co-expression networks of LjFT genes between gold flowering stage and juvenile bud stage in SRP363000. D Comparison of co-expression 
networks of LjFT genes between flowers and green buds and juvenile bud stage in SRP417164
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To ensure the platform’s availability, we analyzed two 
typical cases. As a key flowering integration gene, FT 
gene plays an important role in the process of flowering 
transition [46]. In A. thaliana, AtFT gene promotes the 
transition of reproduction and flowering [47]. The VcFT 
gene in blueberries induces early and continuous flower-
ing by counteracting photoperiod and low-temperature 
stress [48]. We used the information and tools provided 
by LoniComp to conduct correlation analysis of LjFT 
gene function and regulation. Several groups of pre- and 
post-flowering transcriptome heat maps showed that 
the LjFT gene decreased rapidly after flowering (Fig. 5), 
so the LjFT gene was most likely involved in the regula-
tion of flowering in L. japonica. This provides some ref-
erence for the future study of LjFT gene. In addition, 
previous studies have shown that ectopic expression of 
LjMYB12 in A. thaliana can increase PAL activity and 
flavonoid content, and promote the transcription of a 
series of flavonoid biosynthesis genes [44]. That is, the 
transcription level of LjMYB12 is directly proportional to 
the total flavonoid content of honeysuckle during flower 

development. Studies also shown that the expression pat-
tern of luteoloside before flowering is higher than that 
after flowering [45]. Our platform analysis found that 
the expression patterns of LjMYB12 and its co-expressed 
genes aligns with that of luteoloside (Fig. 6). These results 
validate the study of Qi et al., and provide a reference for 
further studies of LjMYB12. Therefore, our analysis can 
provide a valuable reference for the future utilization of 
the platform.

In addition, although the species in the current plat-
form are mainly distributed in China, the platform 
stores genomic, transcriptomic, and other annotation 
data, providing researchers worldwide with the pos-
sibility of conducting cross-species comparative stud-
ies. However, while the LoniComp platform provides 
more genomic data, more transcriptome resources and 
more analytical tools than LjaFGD, it should be pointed 
out that the LoniComp platform also has some limita-
tions that require further improvement. Firstly, only 
three genomes from two species are integrated into 
the platform. Whenever there is accessible genomic, 

Fig. 7  Co-expression network of LjMYB12 and its associated heatmaps. A Positive co-expression network of the LjMYB12 gene. B Heatmap 
of LjMYB12 and its co-expressed gene in SRP417164 (RNA-Seq of L. japonica flowers at different developmental stages). C Heatmap of LjMYB12 
and its co-expressed gene in SRP173429 (RNA-seq data of L. japonica flowers at different developmental stages). D Heatmap of LjMYB12 and its 
co-expressed gene in SRP363000 (RNA-seq was performed on the different developmental stages of L. japonica flowers)
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transcriptomic, or other data, including those of Loni-
cera species around the world, we will integrate them 
into the data platform in a timely manner. Secondly, 
the continuous accumulation of other omics data, 
such as epigenomics, metabolomics, and proteomics, 
will provide essential support for the ongoing updates 
and enrichment of our data platform. Lastly, with the 
advancement of artificial intelligence technologies, 
integrating AI into the database will play a crucial role 
in enhancing the construction and functionality of the 
platform in the future.

We believe that as ongoing advancements in sequenc-
ing technology, reduced costs, and sustained investment, 
multi-omics data will keep growing. In addition, as data 
resources continue to accumulate, we believe that the 
database platform established in this study can provide 
potential assistance to researchers around the world. 
Access the site for free at www.​gzybi​oinfo​rmati​cs.​cn/​
LoniC​omp.
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