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Abstract
Expansins (EXP) constitute a gene family that participates in nearly all as-
pects of plant development, from seed germination to fruit ripening. In this
study, bioinformatics approaches were employed to identify members of the
Expansin gene family in Physcomitrella patens, and to analyze their gene struc-
ture, chromosomal localization, and phylogenetic relationships. The results re-
vealed that the Physcomitrella patens genome contains 32 Expansin A (EXPA)
and 6 Expansin-like A (EXLA) members, while no Expansin-like B (EXLB)
or Expansin B (EXPB) were detected. The amino acid sequence lengths of
expansins range from 228–290 residues, with the encoded proteins harboring
two conserved domains, Pollen_allerg_1 and DPBB_1. Protein subcellular lo-
calization predictions indicated that approximately four-fifths of EXP family
genes in Physcomitrella patens were predicted to localize extracellularly by the
CELLO online tool, whereas Euk-mPLoc predicted all EXP gene family mem-
bers to be extracellularly localized. Gene structure analysis demonstrated that
approximately 68% of Expansin genes in Physcomitrella patens contain 1–3 in-
trons. This study provides a comprehensive analysis of the basic characteristics
of the expansin gene family in Physcomitrella patens, laying a foundation for
further investigation into the molecular evolution and biological functions of its
expansin genes.
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Abstract
Expansins (EXP) constitute a gene family that participates in nearly all aspects
of plant development, from seed germination to fruit ripening. Using bioinfor-
matic approaches, we identified members of the expansin gene family in the
moss Physcomitrella patens and analyzed their gene structures, chromosomal lo-
cations, and phylogenetic relationships. The results revealed that the P. patens
genome contains 32 Expansin A (EXPA) genes and 6 Expansin-like A (EXLA)
genes, while no Expansin-like B (EXLB) or Expansin B (EXPB) members were
detected. The encoded expansin proteins ranged from 228 to 290 amino acids
in length and possessed two conserved domains: Pollen_allerg_1 and DPBB_1.
Subcellular localization predictions indicated that approximately four-fifths of
EXP family genes were localized extracellularly according to the CELLO online
tool, while Euk-mPLoc predicted all EXP family members to be extracellular.
Gene structure analysis showed that about 68% of P. patens expansin genes con-
tain 1–3 introns. This study provides fundamental information on the expansin
gene family in P. patens, laying the groundwork for further investigation into
the molecular evolution and biological functions of these genes.
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Introduction
The plant cell wall is a crucial structure that determines cell shape, provides me-
chanical support and rigidity, and serves as the final barrier against pathogens.
Expansins are cell wall proteins that mediate cell wall loosening by disrupting
non-covalent bonds between cell wall components, thereby increasing wall exten-
sibility and participating in numerous plant developmental processes. Expansins
were first discovered in studies of acid-induced extension in cucumber (Cucumis
sativus) hypocotyl cell walls, where they were shown to restore extensibility to
heat-inactivated cell walls without exhibiting lysozyme activity, suggesting a
role in regulating cell wall expansion. Subsequent research has linked expansins
to various developmental processes, including fruit softening, pollen tube elon-
gation, leaf abscission, and plant stress responses. Early studies proposed that
expansins function through an enzymatic mechanism to loosen cell wall com-
ponents, facilitate cell expansion, and enhance cellular flexibility under adverse
environmental conditions.

With the advent of genome sequencing technologies, expansin genes have been
identified in an increasing number of species. Based on evolutionary relation-
ships, the expansin superfamily is classified into four subfamilies: �, �, �, and �,
now designated as EXPA, EXPB, EXLA, and EXLB, respectively. EXPA and
EXPB subfamily proteins exhibit cell wall extension activity and participate in
cell elongation and other developmental processes, whereas EXLA and EXLB
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subfamilies are only known from their gene sequences, with no experimental
evidence demonstrating cell wall-loosening functions.

Physcomitrella patens, a model organism for non-vascular plants, occupies a
unique evolutionary position and has a fully sequenced genome, making it an
ideal system for functional genomics, developmental biology, plant physiology,
and evolutionary studies. The P. patens genome is 511 Mb and contains 27
chromosomes. Its advantages include high efficiency of homologous recombi-
nation with exogenous genes, ease of cultivation, short life cycle, and readily
observable phenotypes. Based on the completed genome sequence of P. patens
(http://www.cosmoss.org/), this study employed bioinformatic methods to iden-
tify and characterize the expansin gene family, including phylogenetic analysis,
chromosomal mapping, and gene structure analysis, providing a reference frame-
work for future functional studies.

Materials and Methods
1.1 Experimental Materials

This study utilized the model plant Physcomitrella patens as the research subject.
The complete genome data were downloaded from the Ensembl Plants database
(http://plants.ensembl.org/index.html) using the most recent release available.

1.2 Identification of the P. patens Expansin Gene Family

Genomic data for P. patens were obtained from the Ensembl database
(http://asia.ensembl.org/index.html). Hidden Markov Model (HMM) profiles
for conserved protein domains were downloaded from the Pfam database
(http://pfam.xfam.org/). The HMMER software (Finn et al., 2011) was
used to search the P. patens predicted proteome for sequences containing the
Pollen_allerg_1 (PF01357) and DPBB_1 (PF03330) conserved domains (Li
et al., 2014). Sequences with E-values < 1 × 10�²� were selected as preliminary
candidates. These candidate sequences were then used to construct a P. patens-
specific HMM profile, which was employed for a second round of screening
(E-value < 0.01). To ensure accuracy, the resulting candidate proteins were
manually verified using the SMART website (http://smart.embl-heidelberg.de/)
(Letunic et al., 2012) to confirm the presence of both Pollen_allerg_1 and
DPBB_1 domains, with sequences lacking either domain being eliminated.

1.3 Protein Characterization and Subcellular Localization Prediction

Molecular weight (Mw) and isoelectric point (pI) data for the identi-
fied P. patens expansin proteins were obtained from the NCBI database
(https://www.ncbi.nlm.nih.gov/). Subcellular localization was predicted using
the CELLO online tool (http://cello.life.nctu.edu.tw/) and the Euk-mPLoc
website (http://www.csbio.sjtu.edu.cn/bioinf/euk-multi-2/).
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1.4 Phylogenetic Analysis of the P. patens Expansin Family

Protein sequences of P. patens expansins were aligned with expansin sequences
from Arabidopsis thaliana retrieved from the TAIR (https://www.arabidopsis.org/)
and NCBI databases. Multiple sequence alignment was performed using
ClustalX, and phylogenetic trees were constructed using MEGA 7.0 with the
Maximum Likelihood method and bootstrap validation (1,000 replicates).

1.5 Conserved Motif and Gene Structure Analysis

The MEME suite was used to identify conserved motifs in P. patens expansin
gene sequences. Intron and exon distribution patterns were extracted from
genome annotation files and visualized using TBtools software.

1.6 Chromosomal Mapping of P. patens Expansin Genes

Chromosomal location information was obtained from the Phytozome database
(https://phytozome.jgi.doe.gov/pz/portal.html) and mapped using MapInspect
software (Yi et al., 2015).

Results
2.1 Members of the P. patens Expansin Gene Family

HMMER screening of the P. patens predicted proteome yielded 91 candidate
proteins. After manual verification using SMART, 38 expansin proteins were
ultimately identified (Table 1 ), a number comparable to that found in the di-
cot model Arabidopsis thaliana (Seader et al., 2016). Protein characterization
revealed that the 38 P. patens expansin genes encode proteins ranging from
25.14 to 73.95 kDa in molecular weight, with approximately 87% falling within
the 20–30 kDa range. The isoelectric points ranged from 4.14 to higher values,
and the proteins comprised 228–290 amino acids. Subcellular localization pre-
dictions indicated that about one-fifth of EXP family genes were predicted to
be periplasmic by CELLO, while Euk-mPLoc predicted all members to be ex-
tracellular. Pfam database verification confirmed that all 38 expansin proteins
contained both Pollen_allerg_1 and DPBB_1 characteristic domains.

2.2 Conserved Domains and Gene Structure Analysis

MEME analysis identified 10 highly conserved motifs in P. patens expansin
gene sequences (Figure 1 [Figure 1: see original paper]A). The arrangement of
these motifs followed distinct patterns: the EXPA subfamily exhibited a stable
architecture of motif 2–(motif 8)–motif 4–motif 1–motif 3, except for PpEXPA32
which lacked motif 1. The EXLA subfamily displayed a consistent structure of
motif 2–motif 9–motif 7–motif 10–motif 6, with no instances of motif loss, gain,
or substitution.
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Analysis of intron-exon structure among the 38 P. patens EXP genes (Figure
1B) revealed that approximately 49% of EXPA genes contained two introns,
about one-fifth contained a single intron, 9% contained three introns, and ap-
proximately 22% were intronless. In contrast, the EXLA subfamily almost ex-
clusively contained one intron, except for PpEXLA1 and PpEXLA4. Notably,
PpEXLA1 contained five introns, the highest number observed in the expansin
gene family.

Note: A. Distributions of conserved motifs in Expansin genes. Ten putative
motifs are indicated in different colored boxes (see Table 2 for details). B.
Exon/intron organization of Expansin genes. Green boxes represent exons and
black lines represent introns. The upstream/downstream regions of Expansin
genes are indicated in yellow boxes. Exon lengths can be inferred from the scale
at the bottom.

Figure 1. Gene structure and conserved motif analysis of Physcomitrella patens
Expansin genes.

Table 2. List of putative motifs of Expansin proteins

Motif E-value Width
motif1 2.2e-911 -
motif2 2.8e-1148 -
motif3 6.3e-610 -
motif4 1.1e-521 -
motif5 6.30E-298 -
motif6 2.9e-399 -
motif7 8.40E-146 -
motif8 2.60E-133 -
motif9 1.10E-121 -
motif10 9.20E-107 -

2.3 Phylogenetic Analysis of the P. patens Expansin Gene Family

Phylogenetic analysis based on amino acid sequence alignment revealed three
distinct clades in the P. patens expansin gene family (Figure 2 [Figure 2: see orig-
inal paper]), with both subfamilies forming independent evolutionary branches.
The EXPA subfamily comprised two separate evolutionary branches, indicating
divergent evolutionary paths among its members during long-term evolution.
Some expansin genes exhibited long branch lengths, suggesting early divergence
and substantial sequence differentiation, though they maintain clear evolution-
ary relationships.

To investigate the evolutionary relationship between P. patens and Arabidopsis
thaliana EXP genes, a phylogenetic tree was constructed using 38 expansin
amino acid sequences from each species (Figure 3 [Figure 3: see original paper]).
The tree clearly divided the 38 P. patens EXP genes into two subfamilies. Twelve
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pairs of putative orthologous proteins were identified, with four pairs showing
bootstrap values of 99, while only one paralogous pair was detected within the
species.

Figure 2. Phylogenetic tree of Expansin genes in Physcomitrella patens.

Figure 3. Phylogenetic tree of Expansin genes in Physcomitrella patens and
Arabidopsis thaliana.

2.4 Chromosomal Distribution of P. patens EXP Genes

Chromosomal location information obtained from Phytozome revealed that the
38 P. patens expansin genes are distributed across 15 chromosomes. Chromo-
somes 8 and 14 each harbor six EXP genes (Figure 4 [Figure 4: see original
paper]). A small gene cluster was identified on chromosome 14 based on the
definition of gene clusters. The remaining genes were unevenly distributed, with
seven chromosomes containing a single gene and three chromosomes containing
two genes each.

Figure 4. Chromosome distribution of the Expansin gene family in
Physcomitrella patens.

Discussion
Expansins are essential components of the plant cell wall that participate in cell
expansion and various developmental processes involving cell wall modification.
This study identified 38 expansin genes in P. patens, which can be classified into
EXPA and EXLA subfamilies. The two subfamilies exhibit conserved features in
intron-exon distribution and motif architecture that represent their distinctive
characteristics. Approximately 70% of EXPA subfamily genes contain 1–2 in-
trons, while about 22% are intronless. In contrast, the EXLA subfamily almost
exclusively contains a single intron. Motif analysis revealed that both subfami-
lies share motif 2, while EXLA genes consistently exhibit the motif 2–motif 9–
motif 7–motif 10–motif 6 structure, showing greater conservation than the EXPA
subfamily. The conserved intron-exon structures and motif features within each
subfamily, along with motif diversification between subfamilies, suggest that P.
patens EXP genes participate in multiple metabolic pathways. Chromosomal
mapping revealed random distribution of expansin genes across 15 chromosomes,
with minimal gene clustering except on chromosome 14.

EXP genes play crucial physiological roles in plant growth, development, and
stress responses, making them a focal point in plant functional genomics. How-
ever, their specific functions in P. patens remain largely uncharacterized. This
study leveraged existing database resources and bioinformatic tools to identify
38 expansin gene family members in P. patens and analyze their protein char-
acteristics, evolutionary relationships, gene structures, and chromosomal loca-
tions. These findings provide a theoretical foundation for future investigations
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into expansin gene function at the molecular level and illuminate species-specific
features of P. patens.
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