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Abstract

Transcriptome analysis, particularly RNA-sequencing, is an important tool for predicting gene function and investigat-
ing the physiology and phenology of organisms. We conducted RNA-sequencing analyses on 35 samples of Crypto-
meria japonica collected from 11 specific tissues of 3-year-old trees during the growing season. In addition to these
datasets, we retrieved 118 RNA-sequencing datasets from public databases and analyzed gene expression patterns
by mapping them to the C. japonica genome sequence. By integrating the read counts and counts per million files
from all 153 RNA-sequencing datasets, we constructed a comprehensive repository entitled “SugiExDB: Data reposi-
tory for Cryptomeria japonica RNA-sequencing read counts”under TogoDB platform (http://togodb.org/db/index_
rnaseq_cj). This repository enables users to see expression patterns for each gene and to download all datasets for fur-

ther analyses.
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Introduction

Cryptomeria japonica is a coniferous tree with signifi-
cant potential for research in molecular biology and new
breeding technologies. Widely cultivated in Japan and
parts of southern China, C. japonica accounts for 44% of
Japan’s forests and is a major species in silviculture. Tree
breeders have developed numerous C. japonica cultivars,
including low- or no-pollen varieties and fast-growing

"Naoki Takata and Ryosuke Sato have contributed equally.

*Correspondence:

Naoki Takata

naokitakata@affrc.gojp

! Forest Bio-Research Center, Forestry and Forest Products Research
Institute, Forest Research and Management Organization, 3809-1 Ishi, Juo,
Hitachi, Ibaraki 319-1301, Japan

2 Forest Tree Breeding Center, Forestry and Forest Products Research
Institute, Forest Research and Management Organization, 3809-1 Ishi, Juo,
Hitachi, Ibaraki 319-1301, Japan

3 Department of Forest Molecular Genetics and Biotechnology, Forestry
and Forest Products Research Institute, Forest Research and Management
Organization, 1 Matsunosato, Tsukuba, Ibaraki 305-8687, Japan

@ Springer Open

trees, which have been planted in artificial forests for sev-
eral decades. One notable biological trait of C. japonica
is its ability to be crossbred at just one or two years old,
whereas many tree species require several years to flower.
Additionally, advancements in generating transgenic and
gene-edited C. japonica have greatly facilitated breeding
programs in Japan.

C. japonica has 11 chromosomes (7= 11) with an esti-
mated genome size of approximately 11 Gb, which is
about three times larger than the human genome (3.1
Gb). The genome sequencing of C. japonica were com-
pleted for two genotypes in recent years [1, 2]. Using
HiFi PacBio long-read sequencing, the genome assem-
blies of the two genotypes yielded 2,650 contigs with an
N50 value of 12.0 Mb [1] and 2,740 contigs with an N50
value of 8.3 Mb [2], covering more than 93% of the esti-
mated genome size. Fujino et al. [1] predicted protein-
coding genes in these assemblies, providing two gene
catalogues: the"Permissive gene set"with 152,527 genes
and the"Standard gene set"with 55,246 genes. These
predicted gene sets are based on RNA-sequencing data
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and homology with protein databases. The availability of
common C. japonica transcript IDs (e.g., SUGI_0000010)
in the genome database marks an important milestone,
allowing different research groups to use the same gene
sets for transcriptome and proteome analyses, thereby
enabling data comparison across studies.

Transcriptome analysis is commonly used to study the
physiology and phenology of organisms. In the past dec-
ade, RNA-sequencing using massive parallel sequencing
technology allows us to analyze transcriptome for even
non-model organisms. All RNA-sequencing data are
required to be deposited in public databases managed by
the International Nucleotide Sequence Database Collab-
oration (INSDC), which includes the National Institute
of Genetics (NIG), the National Center for Biotechnol-
ogy Information (NCBI), and the European Molecular
Biology Laboratory (EMBL), prior to the publication
of scientific papers, in accordance with the policies of
the respective journals. Researchers typically upload
sequencing read files, such as FASTQ files, to these public
databases, allowing other researchers interested in tran-
scriptome data to download and reanalyze them. Reana-
lyzing transcriptome data in a comprehensive manner is
a crucial tool for predicting gene function and assessing
the specific physiological conditions of an organism.

In this study, we sampled several tissues from C. japon-
ica to investigate tissue-specific gene expression patterns
and conducted RNA-sequencing analyses using the gene
sets published by Fujino et al. [1]. Data sets of tissue-
specific expression greatly contribute to elucidate gene
function. In addition to our own transcriptome data,
we reanalyzed previously deposited transcriptome data-
sets using the same C. japonica gene set. By integrating
all available transcriptome data, we created a compre-
hensive data repository of C. japonica RNA-sequencing
read counts under the TogoDB platform. This repository
allows users to download read count files and visualize
gene expression patterns in dot plots.

Experimental

Plant materials

Plantlets of Cryptomeria japonica (plant strain #13—-8—
12) were propagated in vitro using a culture bottle con-
taining half-strength WPF-f medium [3]. The plantlets
were transferred to pots containing soil mixture con-
sisting of peat moss-based soil (Jiffy Mix; Sakata Seed,
Kanagawa, Japan), akadama soil (granules of volcanic ash
soil; Nagahama Shouten, Tochigi, Japan) and vermiculite
(Asahi Kogyo, Okayama, Japan) in a 1:1:1 ratio. These
plants were subsequently cultivated in a special net-
ted greenhouse under natural photoperiod and ambient
temperature conditions. For summer growth, the trees
were fertilized with Maruyama No.1 (solid fertilizer;
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Nihon Ringyo Hiryo, Tokyo, Japan), while during win-
ter they were maintained by regular watering without
fertilization.

RNA extraction and RNA-sequencing

We collected samples during the growing season from
three independent C. japonica plants grown in the spe-
cial netted greenhouse for three years. Tissue samples
were taken from various plant parts, including the shoot
tip, leaves from one-year-old stems, xylem and bark from
both the upper and lower sections of one-year-old stems,
phloem fibers from the lower section of one-year-old
stems, xylem, phloem fibers, and bark from 2-year-old
stems, and roots. Those samples were frozen with enough
liquid nitrogen and stored at — 80 ‘C until RNA extrac-
tion. The frozen samples were ground into a fine powder
using a MM300 TissueLyser Mill Mixer (Retsch, Haan,
Germany) and a ShakeMaster (Bio Medical Science,
Tokyo, Japan). Total RNA was extracted using a Maxwell
RSC Plant RNA Kit (Promega, Madison, WI, USA). RNA-
sequencing libraries were constructed using a NEBNext
Ultra II Directional RNA Library Prep Kit for Illumina
(New England Biolabs, Ipswich, MA, USA). Sequenc-
ing of the RNA-sequencing libraries was performed on
a DNBSEQ-T7 platform (MGI Tech, Shenzhen, China),
yielding 44.9-104.9 million 150 bp paired-end reads per
sample (Table S1). The sequence reads indicate the rep-
resentative transcripts present in the tissue samples.
Library preparation and sequencing were conducted by
Novogene. (Beijing, China). The resulting sequence data
have been deposited in the DNA Data Bank of Japan
(DDB]J) Sequence Read Archive under accession number
PRJDB18881.

Data collection

In addition to our RNA-sequencing data, we collected C.
japonica RNA-sequencing data from the BioProject data-
base of NCBI. We also collected transcriptome data for
Cryptomeria fortunei, as C. fortunei is synonymous with
C. japonica var. sinensis, which is the only accepted scien-
tific name according to The Plant List [4].

Data analyses
Raw reads of RNA-sequencing data were trimmed
using Trimmomatic (ver. 0.39) [5] (Table S1). The

following parameters were used for trimming:
ILLUMINACLIP:adapter.fa:2:30:10, LEADING:20,
TRAILING:20, SLIDINGWINDOW:4:15, and MIN-

LEN:36. adapter.fa contained the 5" and 3’ adapter
sequences AGATCGGAAGAGCGTCGTGTAGGGAAA
GAGTGTAGATCTCGGTGGTCGCCGTATCATT and
GATCGGAAGAGCACACGTCTGAACTCCAGTCAC
ATCTCGTATGCCGTCTTCTGCTTG, respectively.
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The trimmed paired reads were aligned to the reference
genome of C. japonica SUGI_1 (https://forestgen.ftpri.go.
jp/en/info_sugil.html) using HISAT2 (ver. 2.1.0) [6] with
the following options: —no-discordant and —no-mixed
(Table S1). The obtained Sequence Alignment Map was
converted into a Binary Alignment Map using SAMtools
(ver. 1.15) [7]. Reads were counted using featureCounts
(ver. 2.0.2) [8] with the following options: -p -t gene -g
ID. The GFF3 file was downloaded from https://fores
tgen.ftpri.go.jp/SUGI_1/SUGI_1.pmsv.gene.gff3.gz and
used for the analysis. The raw counts of all samples were
merged into one file and processed using R (ver. 4.2.1)
[9]. The read counts were normalized using the variance
stabilizing transformation (VST) in DESeq [10]. The 400
genes with the highest standard deviation (SD) across
samples (Table S2) were selected for hierarchical cluster-
ing. Heatmaps were generated with the R function heat-
map.2, available in the gplots library [11], and clustering
was performed using Ward’s method.

Results and discussion

Collection of RNA-sequencing data of C. japonica plants

To examine tissue-specific gene expression patterns, we
conducted RNA-sequencing for 35 total RNA samples
extracted from 11 specific tissues, including shoot tips,
leaves from one-year-old stems, xylem and bark from
both the upper and lower sections of one-year-old stems,
phloem fibers from one-year-old lower stems, xylem and
phloem fibers from 2-year-old stems, bark from 2-year-
old stems, and roots (Table 1). In our RNA-sequencing

Page 3 of 6

analyses, RNA sample quality had no significant impact
on raw read count throughput, quality trimming, and
mapping rate (Table S1). We also searched C. japonica
RNA-sequencing data in public databases and found 11
BioProject data sets that have been deposited in the Bio-
Project database of NCBI (January, 30 th, 2024). From
these, we retrieved 118 RNA-sequencing data from eight
BioProjects; (accession IDs; PRJDB13625, PRJDB6436,
PRJDB8803, PRJDB10268, PRINA644276, PRINA697258,
PRJNA793065, and PRJDB12272) [1, 12-18] (Table 1).
The remaining three BioProjects were excluded from our
analysis: two contained RNA-sequencing data for mixed
tissue samples, and the third focused on small RNA. In
total, 153 RNA-sequencing datasets were collected and
mapped to the C. japonica genome sequence (SUGI_1)
[1]. The raw read counts were processed and normal-
ized to counts per million (CPM) for all datasets. Clus-
ter analysis of genome-wide gene expression revealed
that the 153 datasets could be grouped into six clusters,
largely based on the tissue types sampled (Fig. 1). This
result suggests that, despite being generated by differ-
ent research groups, each RNA-sequencing dataset pre-
served the major gene expression profiles characteristic
of the respective tissues.

Construction of the data storage of RNA-sequencing read
counts in TogoDB

To store RNA-sequencing data, we selected TogoDB,
an online storage server provided by the Database
Center for Life Science (DBCLS), part of the Research

Table 1 RNA-sequencing datasets stored in“The data storage of Cryptomeria japonica RNA-sequencing read counts”

Accession ID Tissues Conditions References
PRIDB18881  Shoot tip, leaves on one-year-old stem, xylem in one-year- This study
old upper stem, bark in one-year-old upper stem, xylem
in one-year-old lower stem, bark in one-year-old lower
stem, phloem fibers in one-year-old lower stem, xylem
in 2-year-old stem, phloem fibers in 2-year-old stem, bark
in 2-year-old stem, roots
PRIDB13625  Roots from 2-year-old seedling, female flower buds, cone, m
seeds in cones
PRJDB6436 Male strobili 5]
PRJDB8803 Needles of seedlings 24 h before heat shock, 1 h after heat shock, 24 h after heat  [11]
shock
PRIDB10268  Embryogenic cells, non-embryogenic cells 5 weeks after maturation, 7 weeks after maturation, 9 weeks [12]

PRINA644276 Vascular cambium from 60-year-old tree

PRINA697258 Seasonal needles of the secondary lateral branches

of 5-year-old trees

PRINA793065 Seasonal needles of the secondary lateral branches

of 5-year-old trees

PRIDB12272  Shoot from 2-year-old seedling

after maturation

_ (14]

Elevated (800 ppm) and lowered (200 ppm) CO2 concen- [171
tration
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Fig. 1 Hierarchical clustering and heatmap of 153 RNA-sequencing datasets using the top 400 genes with the SD values. Genes with higher
expression levels are represented in yellow, while those with lower expression levels are depicted in blue. The 153 datasets were grouped into six
clusters, largely based on the tissue types sampled. cluster 1, bark, shoot, younger needles; cluster 2, seedlings and needles in growing season;
cluster 3, male strobili; cluster 4, needles in dormant season; cluster 5, xylem, phloem fibers, and roots; cluster 6, embryogenic cells

Organization of Information and Systems (ROIS) in
Japan. TogoDB is a simple, user-friendly, and updatable
database system that allows data uploads through an
intuitive web interface. This enables easy data addition
and updates in just a few steps. In this study, all read

count files and CPM files were uploaded to TogoDB
and indexed under the sample list entitled “SugiExDB:
Data repository for Cryptomeria japonica RNA-
sequencing read counts” (http://togodb.org/db/index_
rnaseq_cj) (Fig. 2). Users can access and download all
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SugiExDB: The data repository for Cryptomeria japonica RNA-sequencing read counts
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Fig. 2 The data storage of Cryptomeria japonica RNA-sequencing read counts. a A comprehensive index of the data storage. b An example list
of CPM values from the dataset"cjtissues_sat02023". Users can download the complete CPM values for all genes as a CSV file. ¢ A summary of CPM
expression values accompanied by dot plots for all genes. d A specific dot plot illustrating the expression of a single gene

the data as CSV files via this storage. To summarize the
gene expression patterns for each gene, we created an
additional dataset, “all_expressionvalues + dotplots’,
which contains the CPM values for all samples, along
with dot plots visualizing gene expression patterns.
Users can retrieve expression values for all samples
and view the expression patterns for specific transcript
IDs using the dot plot feature. For example, transcript

ID SUGI_0000010 shows higher expression levels in
roots and male strobili (Fig. 2). Transcript IDs (e.g.,
SUGI_0000010) are referenced from the C. japonica
genome database available on ForestGen (https://fores
tgen.ffpri.go.jp/en/index.html). In summary, we devel-
oped a simple RNA-sequencing data storage system,
which is regularly updated and provides downloadable
read count and CPM data.
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Conclusion

We have made the data storage system, “SugiExDB:
Data repository for Cryptomeria japonica RNA-
sequencing read counts” available on TogoDB. Users
can freely download the data and perform various anal-
yses, such as co-expression network analysis. We plan
to update the storage as new data become available
through the BioProject database on NCBI. Users who
wish to submit their own RNA-sequencing data are
encouraged to contact us for inclusion in the storage.
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