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Proteins with domains of unknown function (DUF) play an essential role in the growth of plants. However, we
conducted a study on the genome-wide identification of DUF789 genes and the functional evolution of different
members of the DUF789 gene family in the Arabidopsis thaliana genome. A total of 11 AtDUF789s were discovered
in the A. thaliana genome, and a phylogenetic tree was constructed using sequences from A. thaliana, G. max, Vitis
vinifera, Solanum tuberosum, Medicago truncatula, and Sorghum bicolor. Gene structure analysis showed that the

number of non-coding regions varied between 4 and 5, while the coding pattern ranged from 5 to 6. The pro-
moter of AtDUF789s contains the cis-regulatory elements ABRE, MBS, and LTR, specifically. By analyzing the
expression of the 11 AtDUF789s in tissues, we observed that these AtDUF789s were up-regulated in all observed
tissues, which may indicate their involvement in plant growth. The study of the DUF789 gene family in
A. thaliana provides new and valuable data for plant breeding and molecular studies.

1. Introduction

Advancements in sequencing technology have led to an exponential
increase in data related to genomics, transcriptomics, proteomics, and
metabolomics. Despite the vast amount of data that has been generated,
a significant portion of it remains unexplored (Chaudhari et al., 2024).
There exists a group of conserved protein families that are composed of
domains with unknown functions that have not yet been characterized.
In 1998, researcher Chris Ponting was the first person to identify and
designate these domains as DUF1 and DUF2 (Vishwakarma et al., 2024).
After sequencing genomes in various species, additional DUF families
were subsequently identified. Additionally, the Pfam database version
35.0 includes a total of 19,632 families, with 4,795 of them classified as
DUF families. Certain proteins that possess DUFs play a crucial role in
plant development. These proteins include DUF724, DUF1218, and

* Corresponding author.
E-mail address: sfli@szu.edu.cn (S. Li).

https://doi.org/10.1016/j.jksus.2024.103478

DUF231 (Lv et al., 2023). Cellulose comprises the primary and sec-
ondary cell walls. Proteins containing the DUF266 domain are believed
to play a role in cellulose biosynthesis, possibly functioning as glyco-
syltransferases. A mutation in the DUF266 gene significantly decreases
cellulose synthesis in rice (Yang et al., 2017). The A. thaliana possesses
six genes related to RUS, all of which code for proteins featuring the
DUF647 domain. However, both RUSI and RUS2 have been reported to
have a significant role in regulating early seedling growth, vitamin B6
homeostasis and auxin transport (Tong et al., 2021). Furthermore, the
expression of RUS6 was observed during various stages of plant growth,
with a notably high level of expression in flowers. This indicates the
significant role of RUS6 in the development of A.thaliana (Perry et al.,
2021). Research conducted by Verges et al. (2023) discovered that 23
genes were found to be expressed in the reproductive organs, of
A. thaliana with the majority of them being expressed in the endosperm
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(Verges et al., 2023). In A. thaliana DUF239 genes show a characteristic
expression pattern that suggests a new role for plant neprosin-related
proteins, particularly during seed maturation. Furthermore several
studies have reported on the role of DUF gene families in A. thaliana and
rice in responding to abiotic stress (Zhong et al., 2019). In A. thaliana,
the TBL3 and TBR genes encode proteins that contain the DUF231
domain. This domain has significant function in the development of
secondary cell walls in plants (Yuan et al., 2016). In A. thaliana the ESK1
gene (DUF231), acts as an inhibitor during cold acclimation (Yuan et al.,
2013). Furthermore, the expression of the AtRDUF1 and AtRDUFZ2 genes
in A. thaliana was found to be stimulated by abscisic acid (ABA) and
drought stress. Conversely, when their expression is decreased, it leads
to reduced drought stress tolerance. The salt-responsive gene TaSRHP
(DUF581) was overexpressed in transgenic A. thaliana plants, resulting
in increased resistance to stress (Hou et al., 2013). Furthermore, over-
expression of the TaSRG (DUF662) transcription factor has been shown
to enhance salt tolerance in both rice and A. thaliana. However, the gene
SbSGL (DUF1645) has a significant function in sorghum by regulating
the process of seed maturation (Zhang Bin et al., 2018). A mutation in
the DUF1517 gene of A. thaliana renders it susceptible to cold stress
(HAO et al., 2018). In this study, we analyzed the AtDUF789s at the
genome-wide level. Our analysis included conducting a phylogenetic
analysis, examining the gene structure, and assessing the chromosome
location. Furthermore,we have identified members of the DUF789
family in several plant species including G. max, Vitis vinifera, Solanum
tuberosum, Medicago truncatula, and Sorghum bicolor in this study.
Moreover, we conducted an analysis of the expression of AtDUF789s in
various plant tissues, including leaves, flowers, fruits, and roots, utiliz-
ing RNA-seq data. This study provides a basis for future research on the
role of AtDUF789 genes. Further investigation into AtDUF789 genes will
also enhance our understanding of the regulatory mechanism of
DUF789s in crops.

2. Materials and Methods
2.1. Identification of AtDUF789 genes

The Hidden Markov Model approach was used to search for DUF789
genes within the Arabidopsis thaliana genome. The genome of A. thaliana
was obtained from the TAIR Arabidopsis database (http://www.arabido
psis.org/.). The HMM file containing the DUF789 domain (PF05623)
was downloaded from the Pfam database (http://pfam.xfam.org).
However, for further analysis we used HMMER 3.2.1 to search for amino
acid sequences of DUF789 (PF05623) with an E-value less than 1e—5.
The sequences of G. max, V. vinifera, S. tuberosum, M. truncatula, and
S. bicolor were obtained from the JGI Phytozome 12.0 database
(https://phytozome. jgi. doe. gov/pz/ portal. html). Additionally, the
DUF789 sequences of A. thaliana, G. max, V. vinifera, S. tuberosum, M.
truncatula, and S. bicolor were further validated through the CD-based
search tool (https://www. ncbi. nlm. nih. gov/ Structure/ bwrpsb/
bwrpsb. cgi).

2.2. Analysis of physicochemical properties and prediction of subcellular
location

To determine the isoelectric point, protein size, and molecular
weight of the AtDUF789s protein, physicochemical analyses were per-
formed using the ExPASy ProtParam program (http://us.expasy.org/t
ools/protparam.html). The subcellular localization of AtDUF789s was
investigated using the CELLO online tool (http://cello. life. nctu. edu.
tw/).

2.3. Chromosomal position and synteny analysis

The chromosomal position of DUF789 genes was obtained from the
GFF file of A. thaliana. The TB-tools application was used to identify the
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chromosomal position of the AtDUF789 genes. The Circoletto tool was
used to perform the synteny analysis of DUF789s. The sequences of
A. thaliana, G. max, V. vinifera, S. tuberosum, M. truncatula, and S. bicolor
species were used to analyze the synteny of DUF789.

2.4. Analysis of phylogenetic tree and chromosomal locations

We performed a multi-sequence alignment of the DUF789 genes of
the following species:A. thaliana, G. max, Vitis vinifera, Solanum tuber-
osum, Medicago truncatula, and Sorghum bicolor. We used Clustal W for
the alignment. The alignment analysis used the protein sequences of
A. thaliana, G. max, Vitis vinifera, Solanum tuberosum, Medicago trunca-
tula, and Sorghum bicolor. Redundant sequences were excluded prior to
the alignment analysis. A phylogenetic tree was constructed using the
Neighbor-Joining approach with a bootstrap value of 1000. The analysis
included the genes of DUF789 from the following species A. thaliana, G.
max, Vitis vinifera, Solanum tuberosum, Medicago truncatula, and Sorghum
bicolor. The software used to construct the phylogenetic tree was Mega
and the tree was subsequently modified using iTOL.

2.5. Analysis of conserved motifs, domains and exon-intron arrangement

To analyze the conserved motif domains of AtDUF789s we used the
Multiple Expectation Maximization for Motif Elicitation (MEME) online
program with its default values. The amino acid sequences were also
analyzed using the Conserved Domain Database (https://www.ncbi.
nlm.nih.gov/Structure/cdd/wrpsb.cgi) to identify domains. Moreover,
the TB-tools application (Chen et al., 2020) was utilized to create a gene
structure diagram for AtDUF789s.

2.6. Prediction of miRNA and gene expression analysis

The psRNATarget server (http://plantgrn. noble. org/psRNATa
rget/home) (Dai and Zhao, 2011) was utilized to predict miRNA tar-
gets for AtDUF789s using the CDS sequences of AtDUF789s. The stan-
dard settings were employed for this prediction. The expression datasets
of DUF789 genes in different tissues of A. thaliana such as the leaves,
flowers, roots, and fruits were obtained from NCBI (SRA: SRP128359:
BioProject ID:2345). Gene expression levels were measured in fragments
per kilobase of exon per million mapped reads (FPKM) (Ghosh and Chan,
2016).

3. Results
3.1. Identification of AtDUF789 and their localization

The Arabidopsis thaliana genome contains 11 DUF789s, with proteins
ranging in size 186 to 409 amino acids and molecular weights between
21.15 and 45.81 kDa. The smallest identified protein is AtDUF789-9,
while the longest identified protein is AtDUF789-11. A protein is deemed
stable if its instability index is less than 40, and considered unstable if
the instability index is greater than 40. Therefore, it was predicted that
AtDUF789-1, AtDUF789-2, AtDUF789-3, AtDUF789-4, AtDUF789-5,
AtDUF789-6, AtDUF789-7, AtDUF789-8, AtDUF789-9, AtDUF789-10,
and AtDUF789-11 are unstable. The hydropathy grand average values
suggest that the majority of AtDUF789s are mostly hydrophobic. The pI
values range from 4.67 to 6.63, indicating that AtDUF789s do not have
an overall electrical charge within this pH range. This study identified a
total of seven genes in the forward direction and four genes in the
reverse direction. The number of exons varied from 5 (AtDUF789-1,
AtDUF789-6, AtDUF789-9) to 6 (AtDUF789-2, AtDUF789-3, AtDUF789-
4, AtDUF789-5, AtDUF789-7, AtDUF789-8, AtDUF789-10, and
AtDUF789-11). Interestingly, there are eight genes that have a maximum
of 5 introns, while three genes have a minimal number of introns (4).
These genes, namely AtDUF789-1, AtDUF789-6, and AtDUF789-9, are
listed in Table 1. Additionally, the subcellular localization analysis has


http://www.arabidopsis.org/
http://www.arabidopsis.org/
http://pfam.xfam.org/
https://phytozome.jgi.doe.gov/pz/portal.html
https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi
http://us.expasy.org/tools/protparam.html
http://us.expasy.org/tools/protparam.html
http://cello.life.nctu.edu.tw/
http://cello.life.nctu.edu.tw/
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http://plantgrn.noble.org/psRNATarget/home
http://plantgrn.noble.org/psRNATarget/home

M. Zaynab et al.

Table 1
Physicochemical properties of AtDUF789 genes.
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Gene ID Chromosome Strand Start (bp) End (bp) Protein (AA) M.W (kDa) pl GRAVY Instability Subcellular localization
AtDUF789-1 Chrl 1 900887 903003 308 35774.16 5.22 —0.556 51.58 Nucleus
AtDUF789-2 Chrl 1 5177529 5180049 360 40491.14 5.62 —0.466 49.17 Nucleus
AtDUF789-3 Chrl -1 6135803 6138432 337 38413.95 4.87 —0.463 53.76 Nucleus
AtDUF789-4 Chrl -1 27528052 27530952 314 36094.13 4.67 —0.638 60.33 Nucleus
AtDUF789-5 Chr2 -1 135244 137806 369 41643.29 5.57 —0.528 60.21 Nucleus
AtDUF789-6 Chr4 1 1511839 1514030 310 35808.13 5.25 -0.533 49.12 Nucleus
AtDUF789-7 Chr4 1 9105720 9108159 394 44658.91 5.69 —0.698 61.62 Nucleus
AtDUF789-8 Chr4 -1 13977303 13979006 285 33294.44 5.07 —0.392 56.25 Nucleus
AtDUF789-9 Chr5 1 2689713 2690974 186 21158.78 4.98 —0.384 43.95 Nucleus
AtDUF789-10 Chr5 1 7866742 7870302 301 33735.67 4.73 —0.406 48.72 Chloroplast
AtDUF789-11 Chr5 1 19956437 19958833 409 45812.54 6.63 —0.57 54.2 Nucleus

confirmed that AtDUF789s are present in both the chloroplast and nu-
cleus. Notably, AtDUF789-10 is primarily located within the chloroplast,
while AtDUF789-1, AtDUF789-2, AtDUF789-3, AtDUF789-4, AtDUF789-
5, AtDUF789-6, AtDUF789-7, AtDUF789-8, AtDUF789-9, and AtDUF789-
11 are located within the nucleus. Furthermore, 12 genes from Solanum
tuberosum, 12 from Vitis vinifera, 13 from Medicago truncatula, 20 from
Glycine max, and 11 from Sorghum bicolor have also been identified.

3.2. Cis-Regulatory element analysis

Specifically, this research examined eight cis-regulatory elements,
four of which are related to phytohormones: gibberellin, methyl jasm-
onate, auxin, and abscisic acid. Furthermore, the components related to
phytohormones include TGA, ABRE, TATC box, GARE motif, P-box,
CGTCA motif, and TGACG motif. These components were found in
various genes, emphasizing the crucial role of AtDUF789s in regulating
phytohormones. Furthermore, we discovered components that respond
to different types of stresses, namely anaerobic, low-temperature,
drought, and salt. These components consist of the TCA-component,
MBS, LTR, and ARE, indicating their involvement in stress response.
Specifically, the MBS component, which is responsible for responding to
drought, was predominantly discovered in AtDUF789-6, AtDUF789-7,
and AtDUF789-8 (Supplementary Table S2).

The low-temperature responsive (LTR) element was found in six
genes, namely AtDUF789-2, AtDUF789-3, AtDUF789-4, AtDUF789-5,
AtDUF789-8, and AtDUF789-11. The anaerobic responsiveness (ARE)
component was present in AtDUF789-1, AtDUF789-2, AtDUF789-3,
AtDUF789-4, AtDUF789-5, AtDUF789-6, AtDUF789-7, AtDUF789-8,
AtDUF789-9, AtDUF789-10, and AtDUF789-11 (Fig. 1).

3.3. Construction of phylogenetic tree for DUF789 genes

A phylogenetic tree for DUF789 was created using protein sequences
from A. thaliana, G. max, Vitis vinifera, Solanum tuberosum, Medicago

AtDUF789-1 —H —1

truncatula, and Sorghum bicolor. The tree was divided into 5 groups, as
shown in Fig. 2. Group I contained 15 proteins (4 S. bicolor, 4
M. truncatula, 2 S. tuberosum, 3 V. vinifera, and 2 G. max) (Fig. 2). Group
II consisted of 15 proteins (2 M. truncatula, 1 S. tuberosum, 4 V. vinifera, 6
G. max, and 2 A. thaliana). Group III included 16 proteins (4 S. bicolor, 2
M. truncatula, 2 S. tuberosum, 2 V. vinifera, 4 G. max, and 2 A. thaliana).
Group IV comprised 20 proteins (3 S. bicolor, 3 M. truncatula, 4
S. tuberosum, 4 A. thaliana, 4 G. max, and 2 Vitis vinifera). Group V
consisted of 13 proteins (3 A. thaliana, 4 G. max, 1 V. vinifera, 3
S. tuberosum, and 2 M. truncatula). According to the constructed tree,
Group IV had the highest number of proteins, while Group V had the
lowest.

3.4. Analysis of conserved motifs and domains

Ten unique motifs were identified and their locations were analyzed
using the MEME tool for AtDUF789 proteins. Additionally, the full
amino acid sequences were analyzed to identify conserved motifs. It was
observed that all AtDUF789 proteins contain an AtDUF789 superfamily
domain, indicating that this domain is conserved across all proteins.

During the motif analysis of AtDUF789 genes, it was found that genes
within the same classes may contain different motifs, which could act as
regulators for the various activities of the classes. For example, motif 1,
with 50 amino acids (Supplementary Table S1), was found to be unique
to group I, while motif 10 was also found in AtDUF789-3 and AtDUF789-
4. The majority of genes have motifs 1, 4, and 6. It was also observed that
motif 8 was unique to certain genes. For instance, motif 8 alone was
present in GmDUF789-1, GmDUF789-6, GmDUF789-8, GmDUF789-7,
and GmDUF789-11, while other motifs such as 1, 2, 3, 4, 5, 6, 7, 8,
and 9 were identified in GmDUF789-1, GmDUF789-6, and GmDUF789-7
(Fig. 3).
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Fig. 1. Cis-elements in the promoter regions of the AtDUF789 genes are linked with different hormone- and stress-responsive elements. Different color boxes show

different identified elements.
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Fig. 2. A neighbor-joining phylogenetic tree assessment of DUF789 genes from S. tuberosum, G. max, Sorghum bicolor, A. thaliana, Vitis vanifera and M. truncatula.

Overall, AtDUF789 were clustered into five major classes.

3.5. Gene structure analysis

Gene structure analysis showed that the number of non-coding re-
gions varied between 4 and 5, while the coding pattern ranged from 5 to
6. As a result, we identified three genes with four introns and five exons,
as well as eight genes with five introns and six exons (Fig. 3). Interest-
ingly, members of AtDUF789s exhibited similar gene structures within
their respective groups, indicating a potential shared evolutionary
origin.

3.6. Chromosomal positions and synteny analysis of AtDUF789s

The chromosomal positions of all 11 AtDUF789 genes indicate that
the genes were unequally distributed across chromosomes. Table 1
provides the specific chromosome positions for the AtDUF789 genes.
The results show that four chromosomes contain the AtDUF789 genes,
with chromosomes 1, 2, 4, and 5 all having AtDUF789 genes. In total,
there were eleven AtDUF789 genes across these four chromosomes, with
three genes located in chromosomes 4 and 5 (Fig. 4).

Additionally, this investigation reveals the presence of synteny
among Vitis vinifera, S. tuberosum, G. max, A. thaliana, S. bicolor, and
M. truncatula plants. The purpose of this investigation was to determine
the role, evolution, expression, and duplications of DUF789 genes. Our
results indicate a synteny relationship between the sequences
VIT 2055007701510, AtDUF789-11, and GmDUF789-7. Furthermore,
AtDUF789-2 and AtDUF789-5 of A. thaliana and the gene

VIT 2015001104000 of M. truncatula also exhibited synteny. Notably,
AtDUF789-6 of A. thaliana showed synteny with the S. tuberosum gene
PGSC0003DMG400021665 sequence (Fig. 5).

3.7. miRNA prediction

Several studies have emphasized the significance of miRNA in plant
stress response. In summary, the studies revealed that ath-miR156 tar-
gets three genes (AtDUF789-1, AtDUF789-2, and AtDUF789-8), ath-
miR159 targets two genes (AtDUF789-2 and AtDUF789-8)
(Supplementary Table S3), ath-miR172 targets AtDUF789-2, ath-
miR8167 targets AtDUF789-8, ath-miR845 targets AtDUF789-8, ath-
miR415 targets AtDUF789-2, ath-miR854 targets AtDUF789-2, and
ath-miR1888 targets AtDUF789-11. Additionally, ath-miR5021 targets
AtDUF789-1, AtDUF789-4, AtDUF789-5, and AtDUF789-11, while ath-
miR5656 targets AtDUF789-4, AtDUF789-1, AtDUF789-6, and
AtDUF789-11. Moreover, two members of the ath-miR3932 family
target AtDUF789-4 and AtDUF789-5.

3.8. Expression of AtDUF789s in different tissues

RNA-seq data were used to examine the expression of AtDUF789s in
leaf, flower, fruit, and root tissues. The analysis revealed that several
AtDUF789 genes, namely AtDUF789-1, AtDUF789-2, AtDUF789-3,
AtDUF789-4, AtDUF789-5, AtDUF789-6, AtDUF789-7, AtDUF789-8,
AtDUF789-9, AtDUF789-10, and AtDUF789-11, showed high expression
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Fig. 5. Synteny map among all identified DUF789 sequences of S. tuberosum, M. truncatula, A. thaliana, and G. max.

levels in leaf, flower, fruit, and root tissues (Fig. 6). For instance,
AtDUF789-1 had high expression in both leaves and roots, while
AtDUF789-6 showed high expression in flower and root tissues
(Supplementary Table S5). These genes were found to be highly
expressed throughout plant development, along with other genes.

4. Discussion

The DUF gene family is known to regulate various biological func-
tions in plants (Zaynab et al., 2022). However, there has not been a
thorough investigation of the AtDUF789 gene family in A. thaliana. In
this study, we aim to fill this gap by conducting a genome-wide identi-
fication of DUF789 genes. Additionally, we examined the functional
evolution of different members of the DUF789 gene family in the Ara-
bidopsis thaliana genome. Furthermore, the current study has discovered
a total of 11 AtDUF789s within the genome of Arabidopsis thaliana. In
order to identify the distinctive qualities of the AtDUF789s within the
family, we also analyzed the physicochemical features of the eleven
members. This analysis revealed that each AtDUF789 possesses its own
unique characteristics. Zaynab et al. (2023) reported that each
GmDUF668 protein exhibited unique characteristics (Zaynab et al.,
2023b). We conducted subcellular localization prediction to determine

the specific location of AtDUF789 proteins within intracellular organ-
elles. Upon examination of subcellular localization, it was found that the
majority of AtDUF789 proteins were primarily located within the nu-
cleus (Paulo et al., 2013). This suggests that these proteins play a crucial
role in this organelle.

Exons play a crucial role in the protein synthesis process by con-
taining essential information. On the other hand, introns have a pro-
tective function, preventing specific random mutations that could
potentially harm the coding proteins (Lesk, 2010). The analysis has
significant implications for researchers who study the evolutionary
perspective, structure, and function of the DUF789 gene family.
Furthermore, the examination of the gene structure has unveiled the
quantity of exons and introns in the AtDUF789 genes. This analysis of
gene structure yields crucial insights into the evolutionary patterns of
exon-intron distribution and the factors that influence the diverse range
of biochemical functions (Gelfman et al., 2012). Furthermore, it was
observed that various AtDUF789s shared the same structure. Further-
more the analysis of the gene structure of AtDUF789 revealed variations
in the number of exons and introns. Moreover, the differences in the
number of exons observed among the AtDUF789 genes imply functional
variations within this gene family. Similarly, the analysis of conserved
gene motifs suggests that some AtDUF789 genes share the same set of
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Fig. 6. Expression profiling of AtDUF789 genes in various developmental tissues. The red,white, and green colors display high to low expression. levels.

motifs. The fact that the AtDUF789 genes have similar motifs suggests
that they are evolutionarily related and serve the same biological
purpose.

The promoters of AtDUF789s contain cis-acting components that
demonstrate their responsiveness to different hormones and stresses.
This suggests that AtDUF789s can be regulated by various stresses
(salinity, drought, and low temperature) as well as phytohormones
(auxin, ABA, MeJA, and GA). The current study findings are supported
by multiple studies that have reported the role of cis-components in a
plant’s response to stress (Raza et al., 2020). In addition, TaGAPC1 also
responds to various stresses and its expression pattern is controlled in
response to salinity and osmotic stress. During stress, the LTR, GT1,
DRE, and MBS elements of the TaGAPC1 promoter undergo alterations
due to methylation (Wen et al., 2021). This modification serves to
counterbalance the effects of stress and regulate the gene’s expression
levels. MicroRNAs, also known as miRNAs, are a group of small RNAs
that are non-coding and endogenous in nature. They typically measure
20-22 nucleotides in size (Ling et al., 2013). These miRNAs play a sig-
nificant role in various cellular and physiological processes, including
plant development, growth, and response to environmental stress con-
ditions (Kumar, 2014). Several studies have shown that miRNAs play a
potential role in various biological processes. In this study, we identified
several miRNAs that target 11 AtDUF789 genes. Importantly, our find-
ings are in line with previous research and serve to confirm our results.
Wang et al. (2020) examined the role of miR156 in A. thaliana (Ye et al.,
2020), while Wang et al. (2020) focused on investigating the develop-
mental role of miR156 in rice (Wang et al., 2023). Additionally, Zhao
et al. 2024 reported that miR172s play a positive regulatory role in
development (Zhao et al., 2024). Previous studies have also confirmed
the significance of miR172 and its target expression in plant develop-
mental processes. Spanudakis et al and Jackson reported the essential

role of miR159 at different stages of plant growth (Spanudakis and
Jackson, 2014). Therefore, these findings suggest that miRNAs play a
vital role in plant development, growth, and stress tolerance.

To investigate the involvement of AtDUF789 genes in plant devel-
opment, we examined the expression of 11 specific genes in leaves,
flowers, fruits, and roots. This analysis was carried out using an RNA-seq
dataset from the BioProject PRJINA168212. Furthermore, previous
studies have demonstrated that the expression patterns of certain DUF
genes undergo significant variations across different tissue types
throughout the process of development. A study conducted by Zhang
et al. (2024) revealed that OsDUF247 genes were expressed in rice
(Zhang et al.,, 2024). Their findings revealed that OsDUF247 was
expressed in seedlings, roots, stems, and leaves. Zaynab et al. (2023)
conducted a study on the expression of DUF668 genes in soybean
(Zaynab et al., 2023b). Their findings revealed that GmDUF668 was
expressed in flowers, nodules, roots, and leaves. The expression analysis
demonstrated higher levels of gene expression in these tissues. Specif-
ically, genes such as GmDUF668-30, GmDUF668-28, GmDUF668-27,

GmDUF668-26,  GmDUF668-22,  GmDUF668-19, GmDUF668-17,
GmDUF668-16, GmDUF668-15, GmDUF668-13,  GmDUF668-10,
GmDUF668-9, GmDUF668-8, GmDUF668-7, GmDUF668-4, and

GmDUF668-3, showed upregulation across roots, nodules, leaves, and
flowers (Zaynab et al., 2023b). The expression of GhDUF4228 genes in
various tissues of cotton, including stem, root, leaf, bract, pistil, sepal,
petal, anther, and filament was also investigated. The gene expression
profiles at different developmental stages provided information about
various genes (Rochette et al., 2008). It was reported that certain genes
exhibited upregulation in different parts of the plant, including the stem,
root, leaf, bract, pistil, sepal, petal, anther, and filament (Rochette et al.,
2008). Furthermore, Aulakh et al. (2014) conducted a tissue-specific
expression analysis for sweet potato using RNA-seq data (Aulakh
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et al., 2014). The findings revealed that several IbDUF668 genes had
increased expression patterns across different tissues during develop-
ment. Multiple IbDUF668 genes were found to exhibit increased
expression in tissues during development. Upon examining the tran-
scriptome data for the GmDUF4228 genes, it was found that these genes
were expressed in leaves, root hairs, nodules, and pods. It is worth
noting that GmDUF4228-56, GmDUF4228-70, and GmDUF4228-73
exhibit particularly strong expression in roots (Leng et al., 2021). The
study found that several DUF599 genes were expressed in potato tissues.
To assess the importance of StDUF599-6 and StDUF599-9 in develop-
ment, their expression in tissues was examined (Zaynab et al., 2023a).
These findings support that AtDUF789s play a crucial role in plant
development.

5. Conclusions

In this investigation, we identified a total of 11 AtDUF789s. These
AtDUF789s were classified into five clusters based on a phylogenetic
tree. To create this tree, we used protein sequences from G.max, Vitis
vinifera, Solanum tuberosum, Medicago truncatula, Sorghum bicolor, and A.
thaliana. Furthermore, the proteins ranged from 186 to 409, and with
molecular weights between 21.15 and 45.81 kDa. Analysis of cis-ele-
ments suggests that AtDUF789 genes may be involved in stress re-
sponses. Most of the identified AtDUF789 genes have shown significant
upregulation during the expression stages. This suggests that AtDUF789s
play a crucial role in plant development. Further analysis of DUF789
genes will yield valuable data for the molecular breeding of A. thaliana,
aiming to improve plant growth.
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