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ABSTRACT
Dendrocalamus brandisii (Munro) Kurz is a
sympodial bamboo species with inimitable
taste and flavorful shoots. Its rapid growth and
use as high‐quality material make this bamboo
species highly valued for both food processing
and wood applications. However, genome in-
formation for D. brandisii is lacking, primarily
due to its polyploidy and large genome size.
Here, we assembled a high‐quality genome for
hexaploid D. brandisii, which comprises 70
chromosomes with a total size of 2,756 Mb,
using long‐read HiFi sequencing. Furthermore,

we accurately separated the genome into its
three constituent subgenomes. We used Oxford
Nanopore Technologies long reads to construct
a transcriptomic dataset covering 15 tissues
for gene annotation to complement our genome
assembly, revealing differential gene ex-
pression and post‐transcriptional regulation. By
integrating metabolome analysis, we unveiled
that well‐balanced lignin formation, as well as
abundant flavonoid and fructose contents,
contribute to the superior quality of D. brandisii
shoots. Integrating genomic, transcriptomic,
and metabolomic datasets provided a solid
foundation for enhancing bamboo shoot quality
and developing efficient gene‐editing techni-
ques. This study should facilitate research on
D. brandisii and enhance its use as a food
source and wood material by providing crucial
genomic resources.
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INTRODUCTION

Bamboo, a member of the Bambusoideae subfamily in the
grass family (Gramineae), is one of the fastest‐growing

and most abundant forest resources. Bamboo species are
broadly distributed in tropical and subtropical regions,
playing a pivotal role in the economic advancement of
numerous countries within these areas (Scurlock et al.,
2000; Dixon and Gibson, 2014; Yang et al., 2018; Liu et al.,
2020). In addition to its economic value, bamboo also holds
significant ecological value, as its high carbon sequestration
potential contributes to mitigating global climate change by
acting as a carbon sink (Venkatachalam et al., 2015; Bhan-
dawat et al., 2016). Based on the characteristics of their
rhizomes, bamboos can be classified into three distinct
groups: monopodial bamboos, sympodial bamboos, and
mixed bamboos. Monopodial bamboos have a wide geo-
graphical distribution and spread rapidly, mainly growing in
subtropical regions. Sympodial bamboos, which mainly grow
in tropical regions, present a number of advantages over
monopodial bamboos, including tall culms, high biomass
production and carbon sequestration rate, and easy re-
production (Wang et al., 2010; Teng et al., 2016). To gain
insight into the evolutionary characteristics and growth reg-
ulation mechanisms of bamboo, the genomes of four
bamboo species with different geographical distributions
have been sequenced. Additionally, chromosome‐level
whole‐genome sequencing has been carried out for Moso
bamboo (Phyllostachys edulis) and Ma bamboo (Den-
drocalamus latiflorus). These efforts have greatly facilitated
molecular mechanistic studies of related bamboo species
(Peng et al., 2013; Zhao et al., 2018; Guo et al., 2019; Zheng
et al., 2022).

Bamboo serves as a complete food source for certain
animals and is valued as a health food and medicine for hu-
mans; its shoots are edible and are used for culinary pur-
poses. Young bamboo shoots are consumed in various
forms–fresh, dried, and fermented. Juvenile shoots not only
have a delectable taste but are also highly nutritious, con-
taining essential amino acids, carbohydrates, minerals, vita-
mins, and dietary fiber, while being low in fats and sugars.
Moreover, shoots serve as an excellent source of health‐
enhancing bioactive compounds including phenols and
phytosterols, contributing to the prevention of various dis-
eases such as cancer, diabetes, and obesity (Chongtham
et al., 2011b). In addition, bamboo shoots are an econom-
ically important source of timber. Over the last decade, re-
markable progress has been achieved in exploring different
aspects of bamboo shoot chemistry and biology. Based on
spectroscopy analysis, bamboo shoots have been shown to
contain substantial amounts of carbohydrates, amino acids,
and nucleotides, as major chemical constituents (Sun et al.,
2016). Additionally, metabolomic and phytochemical anal-
yses have revealed the presence of L‐phenylalanine, uridine,
L‐ornithine, L‐tryptophan, and adenine, with L‐phenylalanine
contributing to the bitterness of bamboo shoots (Gao et al.,

2019). The rapid growth of bamboo internodes in hedge
bamboo (Bambusa multiplex (Lour.) Raeusch. Ex Schult)
(Wei et al., 2019) and P. edulis (Chen et al., 2022) has been
unveiled through a combination of morphological inves-
tigations and molecular biology assays. Bamboo shoot
growth is regulated by phytohormones, including auxin (Li
et al., 2018; Bai et al., 2023b) and cytokinins (Bai et al.,
2023a). However, there has been a lack of sustained effort in
consolidating the current knowledge regarding the funda-
mental nutritional aspects of bamboo shoots, as well as ex-
ploring more advanced facets of bamboo shoot biology. In
addition, the current stage of bamboo genome sequencing
and analysis of its shoot nutrient composition are not yet
amenable to a comprehensive understanding of important
biological characteristics such as bamboo shoot growth and
palatability. An analysis of plastid genomes indicated that
Dendrocalamus brandisii (Munro) Kurz (D. brandisii) is closely
related to D. latiflorus, but these two species strongly differ in
their shoot taste, with D. brandisii exhibiting superior shoot
quality, even compared to P. edulis (He et al., 2020). There-
fore, there is an urgent need to identify bamboos with ex-
cellent shoot characteristics in order to advance bamboo
shoot research.

D. brandisii is a large tropical and subtropical evergreen
sympodial bamboo species in the subfamily Bambusoideae
(Gramineae). It originates from southern and northeastern
India and Myanmar, and is mainly distributed in southern
China, as well as in South and Southeast Asian countries,
and Ethiopia, Bosnia, Herzegovina, and Brazil (Seethalakshmi
et al., 1998; Zhan et al., 2018). D. brandisii, together with
Hamilton's bamboo (Dendrocalamus hamiltonii) and giant
bamboo (Dendrocalamus asper), are the three major sweet
bamboo species in China, South Asia, and Southeast Asia.
Their fresh shoots are of exceptional quality, possessing a
sweet taste and containing the highest levels of glutamate
and sugars among bamboo species used for shoot con-
sumption in China. As a result, D. brandisii is one of the pri-
mary providers of high‐quality edible shoots, satisfying both
domestic demands and export needs (Li, 1997).

In addition to the excellent quality of its shoots, D. bran-
disii can regenerate shoots from callus (Lv et al., 2023), which
serves as an important foundation for developing efficient
gene‐editing methodologies (Zhang and Wan, 2004; Zhong
et al., 2019). Polyploid plants are generally larger and have
higher nutrient contents compared to diploid plants.
However, their genomes are also larger, posing challenges
for genome sequencing. While the sequencing of polyploid
genomes has been extensively conducted in crops, genome
sequencing and assembly at the chromosome level in
polyploid forest trees is rarely reported. A high‐quality
genome assembly for D. brandisii will pave the way for ex-
ploring bamboo shoot development. Here, we obtained a
chromosome‐level genome assembly for D. brandisii using
PacBio single molecule real‐time (SMRT) sequencing tech-
nology in conjunction with high‐throughput chromosome
conformation capture (Hi‐C). Based on this sequence
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information, we delineated three closely related subgenomes
for D. brandisii. Additionally, we performed transcriptome
sequencing of 15 different tissues using Oxford Nanopore
Technology to help with genome annotation and to elucidate
the factors determining the excellent quality and devel-
opmental pattern of D. brandisii shoots. The generation of a
high‐quality chromosome‐level genome, extensive tran-
scriptome data, and global metabolome data presented in
this study not only provides valuable insights into the nutri-
tional value of bamboo shoots but also greatly facilitates re-
search on D. brandisii. Our data will serve as an important
basis for studying bamboo shoot growth, development, and
quality improvement.

RESULTS

Assembly of a high‐quality, chromosome‐scale
D. brandisii genome
To investigate the molecular mechanism underlying
D. brandisii growth and development, we assembled a
high‐fidelity genome for D. brandisii and performed gene
annotation based on transcriptome data gathered by
Nanopore sequencing from 15 tissues (Figure 1A). We
initially constructed a genomic DNA library with an
average insert size of 350 bp, which we sequenced on an
Illumina instrument to perform a genome survey. This first
analysis yielded a total of 206.15 Gb of high‐quality data,
corresponding to ~145× coverage. The results from Ge-
nomeScope analysis showed that the genome size of
D. brandisii is approximately 1.42 Gb, with a GC content of
around 45.0%. Heterozygosity was estimated at 2.65%,
with a repetitive sequence content of about 61.85%
(Figure S1). The D. brandisii genome thus exhibited char-
acteristics of a complex and large genome with high het-
erozygosity and many repetitive elements.

To expand on this genomic survey, we employed circular
consensus sequencing (HiFi) on a PacBio instrument, in
combination with Hi‐C reads to generate a full genome as-
sembly for D. brandisii. After applying quality filters and data
evaluation, we generated 144 Gb of clean data through HiC‐
Pro v2.10.0 analysis (Servant et al., 2015). We then employed
LACHESIS (Burton et al., 2013) software to delineate, sort,
and orient the genomic sequences into an oriented scaffold,
followed by manual inspection. Following Hi‐C correction and
assembly, we obtained contig N50 values of 15,196,104 bp
and scaffold N50 values of 38,763,808 bp. In total, we
anchored 2,756,032,269 bp of allele‐resolved genomic se-
quences onto 70 chromosomes, accounting for 98.0% of the
genome, as estimated by short‐read Illumina sequencing
(Figure 1B). Furthermore, we divided the D. brandisii genome
into subgenomes A (green), B (blue), and C (red) (Figure 1C),
which provides the foundation for future analysis of sub-
genome evolution. We observed high syntenic blocks among
the three subgenomes, which also shared syntenic blocks
with the 12 chromosomes of the rice (Oryza sativa) genome.

Annotation of coding genes and repetitive sequences
To annotate the D. brandisii genome, we predicted all
protein‐coding genes by following three methodologies:
homology‐based prediction, de novo prediction, and
transcriptome assembly. When combined, the outputs
from the three approaches resulted in the identification of
126,817 genes (Figure 1B). Most of these genes were
supported by at least two methods, reflecting the high
quality of these predictions. We also evaluated the com-
pleteness of the resulting genome assembly by calculating
the benchmarking of universal single‐copy orthologs
(BUSCO) score, which returned a score of 99.6% for our
predicted genes, confirming a high level of genome com-
pleteness. We next annotated all predicted genes using
the National Center for Biotechnology Information's
(NCBI's) non‐redundant (NR) database, eggNOG (Huerta‐
Cepas et al., 2019), Gene Ontology (GO), Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) (Kanehisa et al.,
2016), SWISS‐PROT (Boeckmann et al., 2003), and Pfam
(Finn et al., 2006) databases. We succeeded in associating
95.6% of all genes with a functional annotation. We also
identified 3,892 transfer RNA (tRNA) genes, 7,261 ribo-
somal RNA (rRNA) genes, and 666 microRNA loci using
Infenal 1.1 (Nawrocki and Eddy, 2013).

The D. brandisii genome consists of 58.3% repetitive se-
quences, with transposable elements (TEs) accounting for
50.2%, and DNA transposons accounting for the remaining
8.1% (Figure 1B). Among the TEs, long terminal repeats
(LTRs) were the most prominent, with 19.4% Gypsy and
18.7% Copia elements. Due to the repetitive nature of these
elements, their assembly poses a significant challenge. To
assess the quality of our genome assembly in the context of
repetitive sequences, we estimated the continuity of LTR
assembly by calculating the LTR Assembly Index (LAI), which
falls into three categories: draft (LAI < 10), reference (10–20),
and gold (LAI > 20) (Ou et al., 2018). The LAI for D. brandisii
averaged 20.68, while most subgenomes having LAI values
exceeding 20 (Figure 1C), indicating the high quality of our
genome assembly.

Evolutionary analysis of the D. brandisii genome
In general, the size of bamboo genomes gradually increases
from diploid herbaceous bamboos to tetraploid and hex-
aploid woody bamboos, with the insertion of TEs playing a
major role in their genome expansion (Komatsuda et al.,
2007). In the D. brandisii genome, the LTRs exhibited three
recent bursts: approximately 0.046 million years ago (MYA),
1.092 MYA, and 1.475 MYA, similar to those observed for
D. latiflorus (Figure 2A). However, herbaceous bamboo spe-
cies experienced recent LTR bursts around 2–2.67 MYA,
while tetraploid woody bamboos experienced bursts around
0.55–1.12 MYA. The LTRs bursts in hexaploid D. brandisii
and D. latiflorus thus occurred much earlier, supporting their
distinct evolutionary history. Notably, the most recent burst
for D. brandisii was closer to that seen in maize (Zea mays)
(Figure 2A).
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Using synonymous substitutions (Ks) and four‐fold syn-
onymous (degenerative) third‐codon transversion (4DTv)
analysis, we discovered that D. brandisii may have under-
gone two recent whole‐genome duplication (WGD) events
(Ks = 0.035 and 0.128), with values that are very similar

to its closest relative D. latiflorus (Ks = 0.035 and 0.128)
(Figure 2B, C). Notably, the paleotropical woody bamboo
B. amplexicaulis only experienced the earliest WGD event
(Ks = 0.137), while the temperate woody bamboo P. edulis
only underwent one WGD event (Ks = 0.12). Therefore, based

Figure 1. Chromosome‐scale assembly of the Dendrocalamus brandisii genome
(A) Representative photographs of the tissue samples and the abbreviations used in this study for full‐length transcriptome sequencing by Oxford Nanopore
sequencing. The illustration in the bottom left corner incorporates three samples, representing the upper (T‐SH‐U), middle (T‐SH‐M), and lower base
segments (T‐SH‐B) of the bamboo shoot. (B) Circos plot summarizing the genome features of the chromosome genome assembly produced for D. brandisii
in this study. Concentric circles, from outer to inner circles, represent chromosomes (a), transposable element (TE) density (b), gene density (c), and GC
content (d). A and B represent the two haplotypes. (C) Global collinearity relationships among Oryza sativa chromosomes and the three subgenomes of
D. brandisii. The bar chart in the top left corner of the figure represents the Long terminal repeats Assembly Index (LAI) values of different subgenomes.
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Figure 2. Evolutionary analysis of the Dendrocalamus brandisii genome
(A) Density plot showing the burst of long terminal repeats (LTRs) in the indicated species. (B) Density plot showing pairwise synonymous substitutions (Ks)
values between the indicated pairs of genomes. (C) Density plot showing pairwise four‐fold synonymous (degenerative) third‐codon transversion (4DTv)
values between the indicated pairs of genomes. (D) Phylogenetic tree of 12 plant species, with the predicted divergence time shown as each branch. (E)
Petal plot showing the overlapping (center circle) and specific (individual petals) gene families among the 12 species. (F) Proportion of gene families as a
function of copy number among 12 species. (G) Evolutionary history of gene family expansion (shown in purple) and contraction (shown in green) among 12
species. The size and color of the circles represent the proportion of genes.
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on the divergence times (Figure 2D), we estimate that pale-
otropical woody bamboos first underwent one WGD event
(9–9.79 MYA) simultaneously, followed by the successive
divergence of B. amplexicaulis (6.02 MYA), D. brandisii, and
D. latiflorus (4.27 MYA). Subsequently, there was one more
WGD event (2.4–2.5 MYA) at the same time for D. brandisii
and D. latiflorus, but not for B. amplexicaulis. The most recent
WGD event did not occur in B. amplexicaulis.

To further investigate the genomic evolutionary patterns
of D. brandisii, we selected 1,633 single‐copy genes from the
three bamboo species B. amplexicaulis, D. brandisii, and
D. latiflorus and from another nine plant species, with which
we reconstructed a phylogenetic tree (Figure 2D). The tree
indicated that D. brandisii, a paleotropical woody bamboo
species, is most closely related to D. latiflorus and
B. amplexicaulis (Figure 2D). Indeed, we observed a global
collinearity among D. brandisii, B. amplexicaulis, and D. lati-
florus (Figure S2). Additionally, we also observed global col-
linearity of D. brandisii with the P. edulis and rice genomes
(Figure S2).

We compiled a list of all gene families in the above 12
plant species: a pairwise comparison of their numbers, as
illustrated by a petal plot, indicated 2,423 gene families being
shared among all species, with another 2,126 gene families
being present specifically in the D. brandisii genome
(Figures 2E, S3A). We subjected the gene families specific to
D. brandisii to a GO term enrichment analysis, which unveiled
enrichment in the biological processes “negative regulation
of translation”, “transposition”, “DNA biosynthetic process”,
“photosynthetic electron transport in photosystem”, “positive
regulation of translational termination”, “positive regulation
of translational elongation”, “tryptophanyl‐tRNA amino-
acylation”, and “sesquiterpenoid biosynthetic process”
(Figure S3B). In terms of molecular function, we observed an
enrichment of the gene families specific to D. brandisii for
“RNA/DNA‐directed DNA polymerase activity” (Figure S3C).
For GO terms related to cellular component, “he proteasome
core complex” and “translation preinitiation complex” were
enriched (Figure S3D). KEGG pathway enrichment analysis
revealed an enrichment for “protein export”, “photosyn-
thesis”, and “glucosinolate biosynthesis” (Figure S3E).

Taking a closer look at gene families, we counted the
number of gene copies per gene family for every species. We
classified all gene families according to their copy number in
each species, from zero to four copies, and those exceeding
four copies. D. brandisii and D. latiflorus had the highest pro-
portion of gene families with two or more gene copies
(Figure 2F). Expanded gene families were predominant in
D. brandisii and D. latiflorus, whereas we largely only identified
contracted gene families in B. amplexicaulis (Figure 2G).
Specifically, D. brandisii had 3,519 expanded gene families
and 1,362 contracted gene families, similar to D. latiflorus
(expansion, 2,818; contraction, 1,097). The contracted gene
families were primarily associated with the GO biological
process terms “ion transmembrane transport”, “water trans-
port”, “polyamine biosynthesis”, “mRNA polyadenylation”,

“Rab protein signal transduction”, “protein secretion”, “protein
sumoylation”, and “regulation of exocytosis” (Figure S4). By
contrast, the expanded gene families were mainly involved in
the GO biological process terms “recognition of pollen”, “cell
surface receptor signaling pathway”, “telomere maintenance”,
“glutathione metabolic process”, “mitochondrial gene ex-
pression”, “intercellular transport”, and “cell wall macro-
molecule catabolic process” (Figure S5).

Overview of the transcriptome atlas of D. brandisii
We chose 15 tissue types from D. brandisii plants, each
represented by three biological replicates, for sequencing of
full‐length transcripts by Oxford Nanopore long‐read tech-
nology and produce an extensive transcriptome dataset
(Figure 1). These tissues encompassed six different above-
ground organs: sheath (T‐SHE), culm (T‐S), leaf (T‐L), flower
(T‐F), buds at the base of the culm (T‐BB), and branch (T‐B);
as well as three root organs: root primordium (TBRC), root tip
(TBR), and root base (T‐R). Additionally, we included three
bud developmental stages: bud primordium (TBLB), current‐
year bud (TBLBC), and annual bud (TBLBY). Lastly, we ana-
lyzed three distinct parts of 50‐cm tall shoots: the base
(T‐SH‐B, at the soil level), middle (T‐SH‐M), and upper
(T‐SH‐U, including the apical meristem). The number of long
reads ranged from 2,097,152 to 6,032,837 across tissues.
We polished the full‐length sequences within each dataset by
using Illumina RNA‐seq reads to correct errors and mapped
these transcripts back to the genome assembled above for
downstream analysis. Principal component analysis and
correlation analysis of the samples demonstrated excellent
reproducibility within groups and clear differentiation be-
tween groups (Figure 3A, B). Notably, the three bud devel-
opmental stages (TBLB, TBLBC, and TBLBY) clustered
together, as did the three parts of shoots (T‐SH‐B, T‐SH‐M,
and T‐SH‐U). This clustering pattern is particularly intriguing
in sympodial bamboos such as D. brandisii, where buds at
the base of the stem are precursors for shoot development.
These buds can develop into bamboo shoots, while young
branches may have the potential to develop into root struc-
tures. Our transcriptome data provide valuable insights to
support this hypothesis.

Gene expression and post‐transcriptional regulation in
the D. brandisii shoot by Oxford Nanopore long‐read
sequencing
D. brandisii shoots are of exceptional quality; thus, we focused
on them here (Figure 3C). We produced paraffin sections of
shoots at different positions along the top 50 cm, which re-
vealed substantial cell elongation in the base (T‐SH‐B) and
middle (T‐SH‐M) regions of the shoot. Conversely, the upper
(T‐SH‐U) region of the shoot tip exhibited a compact ar-
rangement of cells with a visible condensed nucleus, indicative
of active cell division. The mapping rates of the full‐length
transcripts obtained for the base (T‐SH‐B), middle (T‐SH‐M),
and upper (T‐SH‐U) regions of the shoot were 90.1%, 91.1%,
and 92.1%, respectively, suggesting that the D. brandisii
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Figure 3. Overview of the transcriptome atlas of Dendrocalamus brandisii and paraffin sections of shoots
(A) Heatmap showing the Pearson's correlation coefficients between all pairwise comparisons of replicates and tissue type. (B) Principal component
analysis of all replicates and tissue samples. (C) Representative images of paraffin sections from the base, middle, and upper regions of D. brandisii shoots.
Scale bars, 200 µm. (D) Heatmap representation of the relative expression levels of genes with high expression in the base, middle, and/or upper regions of
D. brandisii shoots. (E–G) List of enriched Gene Ontology (GO) terms for highly expressed genes in the base region (E), middle region (F), or upper region
(G) of D. brandisii shoots.
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genome assembly represents most of the transcribed regions
captured by Nanopore long‐read sequencing. We identified
2, 731 differentially expressed genes (DEGs) (502 upregulated,
2,229 downregulated) between the middle and the base of the
shoot, and 4,231 DEGs (2,983 upregulated, 1,248 down-
regulated) between the upper and middle regions of the shoot.
A heatmap and clustering analysis of all DEGs revealed three
distinct gene clusters with higher expression levels specifically
in T‐SH‐B, T‐SH‐M, or T‐SH‐U (Figure 3D). We subjected the
upregulated DEGs that are specific to each part of the shoot to
a GO term enrichment analysis: the upregulated DEGs specific
to the basal part of the shoot were primarily enriched in
processes related to “plant‐type cell wall biogenesis” and
“callose deposition in cell wall” (Figure 3E). The DEGs spe-
cifically upregulated in the middle part of the shoot were en-
riched in terms related to various signaling pathways (Figure
3F), while the upregulated DEGs in the upper part of the shoot
were associated with cell division (Figure 3G). This analysis
indicates that different parts of the D. brandisii shoot exhibit
differentiated functions during development, with cell cycle
and nuclear division being more concentrated in the upper
portion of the shoot.

Post‐transcriptional regulation mainly includes alternative
polyadenylation (APA) and alternative splicing (AS). APA of
precursor messenger RNAs (mRNAs) plays a major role in
transcriptome diversity (Abdel‐Ghany et al., 2016). Among
the three shoot samples (T‐SH‐B, T‐SH‐M, and T‐SH‐U),
10,170 genes had a single polyadenylation site (Figure 4A);
these genes showed an enrichment for GO terms related to
photosynthesis (Figure S6A). Another 22,073 genes exhibited
APA events with two or more polyadenylation sites; these
genes showed an enrichment for GO terms related to mRNA
binding and splicing (Figure S6B). An inspection of the 200 bp
of sequence centered on each poly(A) cleavage site revealed
an AU‐rich composition close to the cleavage site, indicating
their authenticity (Figure 4B). In total, we identified 10,185
differential APA events through pairwise comparisons of the
T‐SH‐B, T‐SH‐M, and T‐SH‐U samples (Figure 4C). For ex-
ample, the gene DhA07G023870 associated with an integral
membrane component had three putative polyadenylation
sites, of which distal polyadenylation sites were prominent in
the T‐SH‐U samples (Figure 4D).

Alternative splicing is a crucial mechanism that contributes
to increased complexity and diversity of protein isoforms in
plants (Filichkin et al., 2010). Similar to other plant species, AS
in D. brandisii mostly consisted of intron retention (IR) (Figure
4E–G). The order from highest to lowest occurrence was IR >
alternative 5ʹ splice site (A5SS) > alternative 3ʹ splice site
(A3SS) > exon skipping (ES) > mutually exclusive exon (MEE).
We identified differential AS events in pairwise comparisons
between the T‐SH‐B, T‐SH‐M, and T‐SH‐U samples (Figure
4H). For example, DhA03G020950, encoding an RNA‐binding
protein with an NFACT‐R domain, exhibited partial retention of
its third intron in all shoot samples, but with the T‐SH‐B and T‐
SH‐M samples showing a lower overall splicing efficiency of
this intron compared to the T‐SH‐U sample (Figure 4I).

Investigating whether differential post‐transcriptional regu-
lation regulates bamboo shoot development will be an im-
portant future research goal.

Analysis of the small RNAome of D. brandisii shoots
To explore the transcriptional regulatory patterns in different
sections of bamboo shoots, we conducted separate small
RNA sequencing analysis on the base, middle, and upper
segments of 50‐cm tall bamboo shoots. We produced 280.73
million clean reads, with each of the three tissue samples
having at least 27.79 million clean reads. The size distribution
of all small RNA species ranged from 18 to 26 nt. After re-
moving duplicates, we discovered that 24‐nt small RNAs are
the most frequent in each sample (Figure 5A). Furthermore,
the abundance of microRNAs (miRNAs) increased with in-
creasing proximity to the shoot tip (Figure 5B). Additionally,
we identified significantly differentially abundant miRNAs in
the pairwise comparisons T‐SH‐M versus T‐SH‐B, T‐SH‐U
versus T‐SH‐B, and T‐SH‐U versus T‐SH‐M (Figure 5C, D).
The greatest number of differentially abundant miRNAs oc-
curred between the T‐SH‐M and T‐SH‐B samples (Figure 5D).
Clustering analysis of all differentially abundant miRNAs re-
vealed that the abundance of miRNAs in one of the clusters
gradually increased from the base to the tip of the shoot,
such as with miR390 (Figure 5E), which might be associated
with auxin‐related genes in the shoot. Conversely, the
abundance of miRNAs in other clusters gradually decreased
from the base to the tip of the shoot, such as with miR168
and miR396 (Figure 5F). We also observed high abundance
for miR166 in the T‐SH‐M samples; miR166 potentially tar-
gets the transcript of DhA05 G023140, encoding a serine/
threonine kinase. In agreement, DhA05G023140 transcript
levels were low in the T‐SH‐M samples.

We next aimed to identify the target transcripts for all
differentially abundant miRNAs. Specifically, we looked for
more abundant transcripts and less abundant miRNAs
across the T‐SH‐B, T‐SH‐M, and T‐SH‐U samples. In the
base of bamboo shoots, the main functions of the resulting
miRNA–gene network were related to “phenylalanine bio-
synthesis,” “plant–pathogen interactions,” and “flavonoid
biosynthesis” (Figure 5G). In the middle part of the shoot, we
identified a distinct set of connections between miRNAs and
genes, which were involved in processes such as “material
transport”, “energy metabolism”, and “signal transduction”
(Figure 5G). In the upper part of the shoot, the miRNA–gene
network was largely related to “DNA replication” and “cell
division” (Figure 5G). Numerous DEGs encoding growth
regulation factors were among the targets of miRNAs in the
middle and upper parts of bamboo shoots, suggesting a
higher concentration of growth and developmental regulators
in these regions.

Lignin biosynthetic characteristics and metabolite
differences between D. brandisii and P. edulis shoots
The concentration and composition of lignin in bamboo play
pivotal roles in determining the taste and dietary fiber content
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Figure 4. Overview of post‐transcriptional regulation of the Dendrocalamus brandisii shoot transcriptome
(A) Histogram showing the number of genes with multiple poly(A) sites. (B) Sequence preference around poly(A) cleavage sites. (C) Histogram showing the
number of differential alternative polyadenylation (APA) events through pairwise comparisons of T‐SH‐B (base of the shoot), T‐SH‐M (middle part of the
shoot), and T‐SH‐U (upper part of the shoot). (D) Wiggle plots showing the relative abundance of transcripts with one of the three detected poly(A) sites of
DhA07G023870 in the T‐SH‐U, T‐SH‐M, and T‐SH‐B samples. (E) Upset plot showing the number of alternative splicing (AS) events. (F) Histogram showing
the number of genes with different types of AS events. (G) Percentage of different AS types in the T‐SH‐B, T‐SH‐M, and T‐SH‐U samples. (H) Volcano plots
showing differential AS events in the indicated pairwise comparisons. Blue dots indicate less abundant differential AS events; red dots indicate more
abundant differential AS events. (I) Wiggle plots showing differential splicing of DhA03G020950 intron three.
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Figure 5. Analysis of the small RNAome of Dendrocalamus brandisii shoots
(A) Normalized number of small RNAs as a function of length (in nucleotides) in the T‐SH‐B, T‐SH‐M, and T‐SH‐U samples. (B) Relative normalized
abundance of microRNAs (miRNAs) in the three shoot tissue types. (C) Heatmap representation of relative miRNA abundance in the three shoot tissue
types. (D) Venn plot showing the extent of overlap among differentially abundant miRNAs in each of the three shoot tissue types. (E, F) Abundance of
miR390 (E) and miR168, miR396, and miRNA9993a (F) in the three shoot tissue types. (G) Network showing newly identified and previously annotated
miRNAs, their target genes, and their target gene networks.
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of its shoots, as well as the quality and applicability of
bamboo as timber. Genes encoding the key lignin bio-
synthetic enzymes 4‐coumarate:coenzyme A ligase (4CL),
cinnamoyl‐CoA reductase (CCR), and ferulate 5‐hydroxylase

(F5H) were expressed at higher levels in P. edulis than in
D. brandisii (Figure 6A). F5H serves as the principal rate‐
determining enzyme, governing the conversion of guaiacyl
lignin precursors to syringyl lignin precursors. We used the

Figure 6. Synteny and expression of Ferulate 5‐hydroxylase in Dendrocalamus brandisii shoots
(A) Lignin biosynthesis pathway. The green and yellow droplets on either side of the scale respectively represent their expression levels in D. brandisii and
Phyllostachys edulis. (B) Collinearity analysis of ferulate 5‐hydroxylase (PH02Gene24107 and PH02Gene10864) from P. edulis and the three subgenomes of
D. brandisii. (C) Relative expression levels of PH02Gene24107 and PH02Gene10864 from transcriptome data and those of the collinear genes on each of
the subgenomes of D. brandisii, as determined by reverse transcription – quantitative polymerase chain reaction (RT‐qPCR). CPM, counts per million.
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P. edulis sequence for F5H to perform a microsynteny gene
pair analysis against the D. brandisii genome, which identified
two collinear gene pairs of F5H between the two bamboo
species (Figure 6B). We obtained RNA‐seq data for shoot
samples collected from P. edulis (Li et al., 2018) and com-
pared the expression levels of all genes participating in
the lignin biosynthesis pathway between P. edulis and
D. brandisii. F5H was generally expressed at a low level in
D. brandisii. F5H expression was higher in the P. edulis
samples than in D. brandisii, as determined by reverse tran-
scription quantitative polymerase chain reaction (RT‐qPCR)
analysis (Figure 6C). Thus, the slightly higher expression of
F5H in P. edulis shoots relative to those of D. brandisii sug-
gests that P. edulis may produce more G‐type lignin, while
D. brandisii shoots may accumulate lower levels of G‐type
lignin. This difference in lignin composition may be one of
the reasons why D. brandisii shoots are more palatable and
have a longer period of edibility than those of P. edulis.

The edibility of bamboo shoots is a crucial economic trait,
and D. brandisii shoots are widely recognized as the most
delicious and edible among various bamboo species. Therefore,
we performed a comparative metabolomic analysis of
D. brandisii shoots and shoots from P. edulis, which are another
important edible bamboo species (Figure 7A). This metabolomic
analysis identified 990 metabolites in D. brandisii shoots and 909
metabolites in P. edulis shoots, with 561 shared metabolites
between the two species (Figure 7B). We conducted a differ-
ential metabolite analysis and identified 475 differential metab-
olites between the two species, with 269 more abundant
metabolites and 206 less abundant metabolites in D. brandisii
shoots relative to P. edulis shoots (Figure 7C). The top 10 most
differentially abundant metabolites were mainly 4ʹ‐hydroxy‐5,
7‐dimethoxyflavanone, 5,7,4ʹ‐trihydroxy‐3ʹ,5ʹ‐dimethoxyflavone,
4ʹ,5,7‐trihydroxy‐3ʹ,6‐dimethoxyflavone, L‐tryptophan, vanillic
acid, and L‐Valyl‐L‐Phenylalanine (Figure 7D). Flavonoids and
alkaloids were the primary metabolites showing variations
between D. brandisii and P. edulis, with D. brandisii exhibiting
a higher proportion of flavonoids (12.7% compared to
9.8% for P. edulis) but a lower content of alkaloids (7.6%
compared to 9.7% for P. edulis). Additionally, P. edulis had
higher levels of bitter amino acids such as phenylalanine
(Phe), valine (Val), leucine (Leu), and isoleucine (Ile). This
finding suggests that the taste difference between
D. brandisii and P. edulis can be attributed to disparities in
their amino acid, alkaloid, and flavonoid contents.

Moreover, we detected differences in the contents of
D‐glucose and D‐fructose, with D. brandisii having higher
levels of both sugars in its shoots than P. edulis (Figure 7E, F).
Using genes related to fructose metabolism from P. edulis as
a starting point, we performed a microsynteny analysis,
which revealed several collinear gene pairs associated with
fructose metabolism between the two bamboo species
(Figure 7G). Among them, genes encoding the enzymes
glutamine‐‐fructose‐6‐phosphate aminotransferase, fructose‐
bisphosphate aldolase 1, and fructose 6‐phosphate
1‐phosphotransferase subunit alpha were more highly

expressed in D. brandisii than in P. edulis (Figure 7H). In
conclusion, the excellent taste of D. brandisii shoots can be
attributed primarily to their high flavonoid contents and low
alkaloid contents. Additionally, the elevated sugar contents
and the presence of palatability‐related substances also
partly contribute to their desirable edible characteristics.

DISCUSSION

Bamboo, the largest type of grass in the world, comprises a
single evolutionary radiation of 1,642 species, including 1,521
woody bamboo. Bamboo, a common plant with exceptional
properties, has been intricately linked with human civilization
since antiquity. In contemporary society, the role of bamboo
as a construction material is often highlighted, while its sig-
nificance as a food source is frequently underappreciated,
despite its enduring role over centuries as a critical food and
medicinal resource for both animals and humans. Im-
portantly, for certain species like the giant panda and the
golden bamboo lemur, bamboo represents the only source of
food. However, only six bamboo genomes have been se-
quenced thus far; of these, only two have been assembled at
the chromosome level, resulting in limited knowledge about
bamboo shoot formation and growth mechanisms and hin-
dering the development of bamboo utilization and industry
(Peng et al., 2013; Zhao et al., 2018; Guo et al., 2019; Zheng
et al., 2022). An in‐depth molecular characterization of D.
brandisii, known for its high‐quality shoots, is crucial for ex-
ploring the growth regulation and improving bamboo shoot
quality. Thus, genome sequencing of D. brandisii needed to be
addressed. In this study, we obtained a high‐quality genome
assembly for D. brandisii (2,756,032,269 bp with contig N50
values of 15.19Mb), consisting of three subgenomes, slightly
larger than the genome of D. latiflorus. Comparative genomics
analysis revealed that the genomes of hexaploid bamboos
have undergone a recent WGD event. The examination of
gene families showing expansion and contraction indicated
that D. brandisii and D. latiflorus have much larger gene fam-
ilies compared to other bamboo species, potentially aiding in
their adaptation to the environment after recent genome‐wide
duplication (Ajayi and Showalter, 2020; Gomez‐Perez and
Kemen, 2021). However, they differ in gene families related to
flower development, suggesting different pathways to flower
formation.

To establish the relationship between gene expression
patterns and related tissues, we constructed a high‐quality
transcriptome dataset of 15 tissues to facilitate future studies
on D. brandisii. Clustering analysis demonstrated a closer
relationship between lateral branches and shoots than to
other tissues, aligning with the specifics of bamboo biology.
D. brandisii, being a sympodial bamboo, exhibits high re-
generation ability, where lateral branches can be regenerated
and develop into new plants through the culm‐burying
method. This observation suggests that bamboo shoots
and lateral branches might have overlapping functions, but
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Figure 7. Metabolite profiling of Dendrocalamus brandisii and Phyllostachys edulis shoots
(A) Representative photographs of shoots from D. brandisii and P. edulis used for metabolome profiling. Scale bars, 10 cm. (B) Venn diagram showing the
overlap between metabolites detected in both species. (C) Volcano plot showing the differentially abundant metabolites between D. brandisii and P. edulis
shoots. Red circles indicate more abundant metabolites in D. brandisii; blue circles indicate less abundant metabolites in P. edulis. (D) Histogram showing
the top 10 differentially abundant metabolites. (E, F) Content of 1‐O‐salicyloyl‐β‐D‐glucose (E) and D‐fructose (F) in D. brandisii shoots and two different
stages of P. edulis shoots (winter shoots and spring shoots). (G) Collinearity relationships among the genes encoding fructose 6‐phosphate
1‐phosphotransferase subunit beta, 6‐phosphofructokinase 1, and fructose‐bisphosphate aldolase 3 from P. edulis and the three subgenomes of
D. brandisii. (H) Relative expression levels of the genes shown in (G), as determined by RNA‐seq analysis. CPM, counts per million.
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the regulatory mode and expression of related genes during
specific bamboo developmental stages will require further
exploration. Moreover, we examined genes with high ex-
pression levels in different segments of the shoot and dis-
covered notable variations in function. The upper part of the
shoot appears to be more involved in cell division, while the
base and middle portion of the shoot tend to be associated
with cell wall biogenesis. These findings provide guidance for
future shoot function‐related studies.

In contrast to many other agricultural crops, bamboos
flourish naturally with minimal human intervention, demon-
strating an impressive resilience to diseases, pests, and
weather‐related challenges, and thrive without the need for
fertilizers or pesticides. Furthermore, bamboo shoots remain
free from residual toxicity, as they are protected by multiple
layers of tightly clasped sheaths, thus sheltering from sur-
rounding pollutants. The extraction and identification of nu-
merous nutritious and bioactive constituents, such as vita-
mins, amino acids, proteins, phenolic acids, polysaccharides,
trace elements, and steroids, from bamboo shoots revealed
their health benefits, including antioxidant, anti‐aging,
anti‐bacterial, and anti‐viral properties (Nirmala et al.,
2007; Chongtham et al., 2011a; Pandey and Ojha, 2013). As a
result of these favorable chemical properties and the ca-
pacity of bamboo to address various global challenges,
bamboo shoots are currently experiencing unprecedented
interest worldwide. Over the past decade, despite a global
economic downturn, the international trade in bamboo
shoots has continued to grow steadily, with an export growth
rate of 3.85%. Asia has emerged as the continent with the
largest volume of bamboo shoot exports, totaling US $1.71
million and accounting for approximately 62.5% of the global
trade volume (Figure S7) (Comtrade, 2022).

D. brandisii is recognized for its excellent shoot quality.
While D. brandisii, one of the major sweet bamboo species,
produces shoots in the summer, Moso bamboo produces
shoots in the spring; this seasonal difference may contribute to
variations of various aspects of their shoots. Moreover, Moso
bamboo and D. brandisii have different natural distribution
areas; therefore, it cannot be ruled out that these differences
exist due to factors such as climate and soil. The distribution
range of Moso bamboo is extensive, ranging from the western
Guangxi to the eastern Fujian and Zhejiang, and further inland
to Anhui. However, it exhibits no taste differences. Based on
practical production experience from transplantation experi-
ments, it has been observed that D. brandisii consistently
maintains excellent shoot quality wherever it manages to sur-
vive, indicating that it is not influenced by environmental factors.
To investigate the differences in shoot quality between bamboo
species, we conducted a comparative metabolomic analysis
between D. brandisii shoots and P. edulis shoots (winter shoots
and spring shoots as separate samples), which are also edible.
The results revealed variations in the composition of various
metabolites, particularly alkaloids and flavonoids, between the
two bamboo species. Differential metabolites analysis revealed
that flavonoids are less abundant in D. brandisii shoots

compared to P. edulis shoots. Additionally, we analyzed the
expression of F5H, related to lignin biosynthesis; F5H was less
expressed in D. brandisii shoots than in P. edulis shoots, which
may contribute to a lower content of S‐type lignin in D. brandisii
shoots, which may be related with their superior quality (Hendra
et al., 2011; Martins et al., 2015; Huang et al., 2022). The gene
regulatory networks underlying bamboo shoot edibility will
remain a main focus of research.

Bamboo shoots are more than just a natural delicacy; they
are a nutrient‐rich and wholesome food choice that aligns
seamlessly with contemporary dietary trends. Among the
various bamboo species, Dendrocalamus species are dis-
tributed worldwide (Table S1, https://doi.org/10.15468/DL.
879ZRT) (User, 2023), although D. brandisii is now less
commonly distributed (Table S2, https://doi.org/10.15468/dl.
tp4br7) (User, 2023); it belongs to the genus Dendrocalamus,
suggesting that it may adapt well to climatic environments
similar to those populated by other Dendrocalamus species.
In China, this species has gained widespread popularity
owing to its exceptional taste and outstanding quality. Orig-
inally cultivated in the Yunnan Province, its cultivation has
now extended to the provinces of Guangdong, Sichuan,
Guangxi Zhuang Autonomous Area, and Chongqing City.
Additionally, simple greenhouse cultivation has been initiated
in regions such as Zhejiang, Jiangsu, and Beijing city. To
further enhance D. brandisii cultivation, it is anticipated that
this particular bamboo species will continue to gain a larger
market share in the bamboo shoot industry in the future.

In this work, we assembled a high‐quality genome assembly
for the heterozygous hexaploid species D. brandisii, and used
Oxford Nanopore long‐read sequencing to construct a com-
prehensive transcriptome dataset encompassing 15 tissues for
gene annotation, revealing differential gene expression and
post‐transcriptional regulation. By integrating metabolomic
data, we revealed how differences in lignin formation, along with
abundant flavonoids and fructose, help distinguish D. brandisii
edible shoots from those of the other edible bamboo species
P. edulis. Using a multi‐omics integrative approach, we un-
covered the regulatory mechanisms underlying the superior
quality of D. brandisii shoots at the genetic, transcriptional,
and metabolic levels. The taste quality of bamboo shoots is
regulated by a synergistic interplay of multiple factors, rather
than being controlled by a single determinant. The high‐quality
chromosome‐level genome, comprehensive transcriptome
data, and expansive metabolomic data generated in this study
provide insights into the taste quality of bamboo shoots and
provide a wealth of reliable omics data for future compre-
hensive research on bamboo shoots.

MATERIALS AND METHODS

Plant material collection
All of the bamboo materials used in this study were collected
from Pu'er City, Yunnan Province (100.94370° E, 22.72578° N),
which is the natural distribution area of D. brandisii.
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The bamboo materials collected include: young leaves (for
genome sequencing), mature leaves, roots, culms, flowers,
lateral buds, current‐year lateral buds, annual lateral buds,
lateral branches, sheaths, bamboo buds at the base of culm,
the base, middle, and upper portions of 50‐cm tall bamboo
shoots, the root base, and root tips. For each biological rep-
licate, six plant samples were combined, for a total of three
replicates. To ensure RNA integrity, all samples were imme-
diately subjected to snap‐freezing in liquid nitrogen, followed
by transport on dry ice, and then storage at −80°C.

Paraffin sections of D. brandisii shoots
After fixing the upper, middle, and lower sections of bamboo
shoots in formalinacetic acid‐alcohol (FAA), several steps
were carried out including dehydration through a graded
ethanol series, sample clearing, wax infiltration, and embed-
ding. Slices were then obtained using a microtome to a
thickness of 8–10 μm (LIECADEM2135, Germany). The slices
were placed on microscope slides and then stained with
hematoxylin‐eosin; the slides were mounted in Canada
balsam, and subsequently examined using a microscope
(Leica MC170 HD, Germany).

Genomic DNA extraction, library construction, and
genome survey
Genomic DNA was isolated from young leaves by employing
a Plant Mini Kit (Qiagen, Hilden, Germany). The purity and
concentration of the extracted DNA was assessed using a
NanoDrop One UV‐Vis spectrophotometer (Thermo Fisher
Scientific, USA). High‐grade genomic DNA was subsequently
fragmented to a target size of 350 bp in preparation for
constructing a DNA sequencing library. Following rigorous
quality control procedures, the library was then submitted for
paired‐end sequencing with a read length of 150 bp on an
Illumina instrument. The resulting sequencing data were
subjected to quality controls to generate clean reads. The
resulting high‐quality clean reads were processed using Jel-
lyfish (v2.1.4) and GenomeScope (v2.0), allowing for the as-
sessment of genome size, assembly of the genome, deter-
mination of GC content, and evaluation of heterozygosity
(Li et al., 2008, 2010; Vurture et al., 2017).

Genome assembly and chromosome scaffolding
PacBio libraries (15‐kb insert size) were constructed using
genomic DNA, followed by PacBio circular consensus se-
quencing (CCS). High‐quality data were obtained by elimi-
nating low‐quality information. The clean CCS data were then
assembled using the hifiasm software (Cheng et al., 2021) to
yield scaffold sequences. Subsequently, Hi‐C libraries were
constructed, sequenced, and used to anchor the scaffolds
into chromosomes. The library titer was determined using a
Qubit 2.0 instrument, while insert size was assessed on an
Agilent 2100 instrument. Upon validation, the libraries were
sequenced on an Illumina NovaSeq. 6000 instrument to yield
paired‐end 150‐bp reads. The raw data obtained from Hi‐C
sequencing went through a data filtering step to yield

high‐quality clean data. HiC‐Pro v2.10.0 (Servant et al., 2015)
was used to filter and evaluate the Hi‐C data. Subsequently,
LACHESIS software was used to cluster and order the
scaffolds (Burton et al., 2013). Manual mapping and in-
spection were performed to obtain the final version of the
chromosome‐level genome assembly. The assembly results
were evaluated in three aspects: mapping ratio of Oxford
Nanopore long‐read RNA‐seq, BUSCO evaluation (Parra
et al., 2007; Li and Durbin, 2009; Simão et al., 2015) and LAI
(Ou et al., 2018) with default parameters.

Annotation of repeat elements and genes
To identify repetitive sequences in the D. brandisii genome, Re-
peatModeler2 (v2.0.1) was used (Flynn et al., 2020) for de novo
prediction, which mainly employed two repetitive sequences
prediction software: RECON (v1.0.8) (Bao and Eddy, 2002) and
RepeatScout (v1.0.6) (Price et al., 2005). The predictions were
then classified using RepeatClassifier (Flynn et al., 2020), which
uses repbase (v19.06) (Jurka et al., 2005), REXdb (v3.0)
(Neumann et al., 2019), and Dfam (v3.2) (Wheeler et al., 2012) as
reference databases. Additionally, LTR_retriever (v2.8) (Ou and
Jiang, 2018) was specifically employed for de novo prediction of
LTR sequences. The de novo prediction results and known da-
tabases were merged and collapsed into a NR database of re-
peat sequences specific to the species. Finally, transposable
element (TE) sequences within the genome were predicted using
RepeatMasker (v4.1.0) (Chen, 2004) using the established re-
petitive sequence database above.

For gene prediction, three commonly used approaches
were employed. First, de novo prediction was carried out
using Augustus v2.4 (Stanke et al., 2008) and SNAP (Korf,
2004). Second, a homology search was conducted using
GeMoMa v1.7 (Keilwagen et al., 2016) for species‐based
prediction. Third, transcript‐based assembly was performed
using Hisat v2.0.4 (Kim et al., 2015), Stringtie v1.2.3 (Pertea
et al., 2015), and GeneMarkS‐T v5 (Tang et al., 2015). The
prediction outcomes derived from the three aforementioned
methods were consolidated using Evidence Modeler (EVM)
v1.1.1 (Haas et al., 2008).

Phylogenetic analysis
To determine the evolutionary relationship between D. bran-
disii and other plant species, 11 species were selected to
reconstruct a phylogenetic tree: P. edulis, D. latiflorus, Am-
borella trichopoda, Guadua angustifolia, Raddia guianensis,
Z. mays, Oryza sativa, Oxalis latifolia, Bistorta amplexicaulis,
Arabidopsis thaliana, and Brachypodium distachyon. A
collection of 1,633 single‐copy genes was employed to
reconstruct a phylogenetic tree, using IQ‐TREE v1.6.11
software, with the maximum likelihood (ML) method and
1,000 bootstrap replicates (Nguyen et al., 2015). A. tricho-
poda was selected as the outgroup to establish a rooted
phylogenetic tree. The divergence times were computed
using the MCMCTREE package included in the PAML v4.9i
software (Yang, 1997). The results were visualized with
MCMCTreeR v1.1 software (Puttick, 2019).
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CAFE v4.2 software was used to assess the changes in
the size of gene families, examining both contractions and
expansions (Han et al., 2013). To determine significant con-
tractions and expansions of gene families, a threshold had to
be met where both family‐wide P‐values and Viterbi P‐values
were required to be less than 0.05. Additionally, positive se-
lection analysis was conducted using the CodeML module
within PAML.

Whole‐genome duplication was investigated using the
synonymous mutation rate Ks method and the 4DTv method
(Zwaenepoel and Van de Peer, 2019). Candidate LTR‐RT
sequences in the genome were identified using LTR_FINDER
v1.07 (Xu and Wang, 2007) and LTRharvest v1.5.9 (Ellinghaus
et al., 2008). The Kimura model was used, via EMBOSS
v6.6.0 software (Rice et al., 2000), to compute the evolu-
tionary distance.

RNA extraction and Nanopore sequencing
Initially, total RNA was isolated using an RNAprep pure Plant
Kit (DP432, TIANGEN, China). Complementary DNA (cDNA)
libraries were then assembled using a cDNA‐PCR se-
quencing kit (SQK‐LSK110+ EXP‐PCB096, ONT, England), in
accordance with the standard protocol. The procedure in-
volved reverse transcription into first‐strand cDNA, addition
of switch oligos, synthesis of complementary strands, and
purification using magnetic beads. The cDNA library was
processed on a Nanopore sequencing platform. The tran-
scriptome consisting of full‐length transcript sequences was
obtained by following four main steps. First, ribosomal RNA
sequences and low‐quality reads were removed from the raw
data (sequences shorter than 200 bp, Q‐score below 6).
Second, full‐length sequences were identified by the pres-
ence of primers at both ends. Third, the full‐length sequences
were polished by short reads. Fourth, all sequences were
compared and collapsed to a NR consensus based on
comparison to D. brandisii genome using minimap2 software
(Li, 2018). The full‐length transcripts identified by Nanopore
sequencing were cross‐referenced to known transcripts
using the gffcompare tool to uncover previously unannotated
transcripts and enrich the genome annotation (Geo and
Mihaela, 2020).

Alternative splicing analysis based on Nanopore long
reads
The Nanopore long reads were mapped onto the reference
genome using minimap2 software, applying the command
“minimap2 ‐ax splice” (Li, 2018). The generated Sequence
Alignment Map (SAM) files were subsequently managed
using samtools, undergoing view, sort, and index operations.
The resulting assembled Binary Alignment Map (BAM) files,
produced from the minimap2 alignment, were then further
processed through Stringtie2 in long‐read mode, utilizing the
command parameters “‐conservative ‐L.” The assembled
gene transfer format (GTF) files were compared to the an-
notation file using the default parameters of gffcompare to
establish transcript annotations. The assembled and

annotated transcripts were then analyzed for AS events
using SUPPA2 (Trincado et al., 2018). The command “suppy
generateEvents ‐e SE SS MX RI FL ‐f ioe” was used to
detect seven different types of AS events. The gffread tool
was employed to extract transcript sequences from the
D. brandisii genome, which were subsequently aligned
to the transcriptome via minimap2, using the command
“‐ax map‐ont.” The aligned long reads per transcript were
enumerated, with expression levels being quantified via reads
per million (RPM) normalization. To compute the percent
spliced‐in (PSI) values for various AS events, the psiPerEvent
command from SUPPA2 was used, with default parameters.
The diffSplice tool was used for differential analysis of AS
events with the following parameters “‐‐method empirical ‐pa
‐gc ‐c.” AS events with a P‐value below 0.05 deemed to
represent significant differential AS events.

Alternative polyadenylation analysis
For APA detection, the polyadenylation site (PAS) of each
gene was required to have a minimum coverage of five reads
and a usage rate of at least 5% to be considered as a can-
didate PAS. Additionally, a minimum distance of 30 nucleo-
tides (nt) was required between two independent PASs. The
PAS with the highest usage rate in each gene was considered
the major PAS. Genes in which the major PAS changed be-
tween comparison groups were considered to be subjected
to APA. The relative positions of the major PASs in the control
group were used to determine whether the shift in PAS oc-
curred in the proximal or distal direction. Evaluation of stat-
istical significance used Fisher's exact test, with genes with a
P‐value below 0.05 regarded as having significantly modified
PASs (Herrmann et al., 2020). Bedtools software was em-
ployed to extract the sequences covering 100 bp upstream
and downstream from the PASs, followed by computation of
the base content distribution.

Small RNA sequencing and target gene prediction
Nine samples were selected for miRNAs analysis, each
comprising three biological replicates from the base, middle,
and upper sections of the bamboo shoots. The raw se-
quencing data, obtained on an Illumina platform, underwent
rigorous quality control steps to produce clean data, con-
firming that the clean data for each individual sample con-
sisted of at least 25 million reads. To identify miRNAs, small
RNA reads were compared to the standard miRBase (v22)
database using Bowtie software (Langmead et al., 2009).
Additionally, new miRNAs were predicted using miRDeep2
software (Friedlander et al., 2012). For target gene identi-
fication, both known miRNAs and newly predicted miRNAs
were used. For target gene prediction, the miRNA sequences
and the transcriptome data generated in this study were
combined with TargetFinder software (Allen et al., 2005).
Furthermore, differential abundance analysis between
sample groups was conducted using edgeR (Robinson et al.,
2010) with specific parameters of |log2 (fold‐change)|≥ 0.58
and P‐value≤ 0.05.
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Metabolomics analysis
The experimental materials used in this study were 50‐cm tall
shoots of P. edulis and D. brandisii. Three biological replicates
were meticulously prepared. The samples were lyophilized in
a freeze‐dryer (Scientz‐100F), after which they were ground
into a fine powder (at 30 Hz for 1.5min). A 100‐mg portion
of the powder was suspended in 1.2mL of 70% (v/v) meth-
anol for extraction. After overnight incubation at 4°C, the
mixture was subjected to centrifugation at 12,000 r/min
(15,294 g) for 10min to obtain the supernatant. The collected
supernatant was then passed through a 0.22‐μm filter and
collected into an injection vial for ultra‐performance liquid
chromatography (UPLC) (on a SHIMADZU Nexera X2 plat-
form) and tandem mass spectrometry (MS/MS) analyses. The
mass spectrometry data were processed using Analyst v1.6.3
software.

Availability of supporting data
The raw data generated in this study have been deposited in
the NCBI Sequence Read Archive under the BioProject ac-
cession number PRJNA885281. The assembled genome and
the annotation files were uploaded to figshare with DOI:10.
6084/m9.figshare.24455197.
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