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Glycine max L. reveal its importance in cold stress responses modulated by melatonin
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ABSTRACT

The soybean (Glycine max L.) is the world's most significant oilseed crop in terms of total production and
international trade. Determining the genetic composition of soybeans is essential for identifying their
characteristics, enhancing crop productivity and quality, and creating sustainable farming methods. AP2/ERF
transcription factors regulate the responses against biotic and abiotic factors in the plants. However, little
investigation of the AP2 family has been conducted in soybean. This study aims to introduce the expression of
AP2 genes. A total of 50 nonredundant AP2 genes were analyzed by using a systematic genome-wide analysis.
These genes were distributed on 19 chromosomes except chromosome number 20 that have no AP2 gene.
Analysis of gene structure confirmed the presence of 2-10 introns in the AP2 family. In addition to the signature
AP2 domain being completely conserved, 19 other domains were discovered to be conserved in a group-specific
way. Synteny analysis expressed an intensive resemblance of orthologous regions between soybean and
Arabidopsis thaliana. In-silico expression study based on transcriptome data demonstrated that soybean has
differential expression of AP2 genes under cold stress. Additionally, during cold stress, most of these genes had
the same patterns of expression but one gene (GLYMA_13G329700) is always upregulated irrespective of stress
applied to soybean. This study revealed the characteristics of the AP2 gene family in soybean and provides
valuable resources for further evolutionary and functional investigations of AP2 genes in this crop plant.
Keywords: Glycine max L., AP2 gene family, Characterization, Phylogenetic Analysis, Synteny analysis,
Expression Analysis

INTRODUCTION

Cultivated soybean (Glycine max L.) is an
economically important crop that belongs to the
Fabaceae family. It is one of the world's most
cultivated and versatile crops, valued for its high
protein content and oil-rich seeds [1]. Soybean is
utilized in wvarious industries, including food
production, animal feed, biofuels, and
pharmaceuticals [2]. Gaining insight into the genetic

Article History
Received: October 11, 2023, Accepted: December 23, 2023,
Published: December 30, 2023.

Copyright: © 2022 by the authors. Licensee Roots Press,
Islamabad Pakistan.

This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution
(CC BY) license.
https://creativecommons.org/licenses/by/4.0/

https://doi.org/10.55627/pbulletin.002.02.0499

composition of soybean is essential for enhancing
crop productivity and quality as well as creating
sustainable farming methods [3].

Soybean genome is complex and consists of
approximately 20 chromosomes. It is a diploid species
with a haploid genome size of about 1.1 billion base
pairs. The genomic sequence of soybean was proposed
firstly in 2010 and has been further studied afterward
[4]. Investigation of these genomes has a great impact
on the production and growth of soybeans. It
excessively aided the scientists for further innovation
on its composition, structure, gene location, gene
region and functions [5]. A wide range of gene
families found in soybeans support different defense
mechanisms against biotic and abiotic stresses as well
as plant development. An extensive range of
resistance genes found in soybean are used in defense
against environmental damage, diseases, and pests.
Transcription factors are a class of regulatory proteins
that command how other genes are expressed.
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Soybean has many transcription factor families that
are associated with a range of processes related to
development and stress responses, such as AP2/ERE,
SBP, MYB, WRKY, NAC, and bZIP. Plant growth
mechanisms are substantially regulated by the AP2
transcription factor family, also known as
APETALAZ [6].

The transcriptome data generated by new technologies
suggested the gene expression of AP2 genes is
regulated by various environmental factors in soybean
[7]. Different analyses on AP2 genes have greatly
contributed to improve traits to boost the immunity
and production of soybean in response to diverse
stresses [8]. Soybean’s huge genetic variation has
captured the attention of scientists in plants biology
and genetics field to explore different ways to improve
this crop [9] [7]. The AP2 gene family holds great
significance in understanding the genetic processes
that underlie soybean improvement, yied potential and
stress tolerance [10]. The AP2 genes are members of
the AP2/EREBP (APETALAZ2/Ethylene Responsive
Element Binding Protein) transcription factor super
family, which is widely distributed in plants and have
diverse functions in several metabolic and growth
phases [11]. It is well recognized that AP2
transcription factors are essential for controlling the
growth of flowers, germination of seeds, ripening of
fruit, hormone signaling, and reactions to biotic and
abiotic stresses. AP2 family is characterized by the
AP2 domain that is the DNA conserved binding
domain. The cysteine and histidine residues in this
domain are arranged in a distinctive order to create
structures resembling zinc fingers. The AP2 proteins
can attach to DNA sequences and control the
expression of target genes because of these zinc
fingers [12]. Comprehending the molecular pathways
governed by the AP2 genes can offer valuable
perspectives on the management of the crucial
developmental events in soybean [13]. The way
soybean plants react to different environmental
conditions has been linked to the AP2 genes as they
are well known to play a role in regulating plant
responses to cold, drought, and diseases [14, 15].
Knowing the molecular principles by which the AP2
gene contributes to stress responses can aid in the
development of stress-tolerant soybean varieties with
improved resilience to challenging environmental
conditions [16]. Similarly, exogenous application of
melatonin has led to alleviation of various stresses in
different plants species and especially in soybean [17].
Additionally, application of melatonin leads to
enhanced growth and development in the plants. The
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main objectives of this research article are to
characterize AP2 gene family members for different
attributes in soybean and their expression analysis
under cold stress following the application of
melatonin.

No study on the AP2 domain proteins in G. max has
been reported, mostly because of the later release of
the genome than in other species. Fortunately, with the
release of the high-quality reference genome and
annotation file downloaded from the Phytozome
website (https://phytozome-next.jgi.doe.gov/), quick
and efficient methods for understanding Soybean
genetics and genomics have been developed rapidly.
In this research article a total of 50 AP2 genes of the
Glycine max genome, were firstly identified with a
genome-wide scan on the latest genome and then a
systematical analysis, including the gene phylogenetic
relationship,  protein-conserved  domain, gene
structure, chromosome localization, synteny analysis,
conserved motif, and gene expression analyses were
performed for these genes to investigate their
evolutionary and functional features.

MATERIALS AND METHODS

Database Search and Sequence Retrieval

From the Plant TF Database, the soybean AP2 family
member’s DNA and protein sequences were retrieved.
To validate the putative AP2 TFs, BLASTP on the
NCBI webserver was employed. The detected AP2
TFs' gene accession numbers (GI), chromosomal
counts, genomic data, and protein sizes were then
obtained by searching the Phytozome database. The
genomic nucleotide sequences for all the identified
AP2  TFs  were retrieved from  NCBI
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpshb.c
gi). The molecular weight and isoelectric point were

calculated using the EXPASy Bioinformatics
Resource Portal (http://web.expasy.org/compute_pi/)
[18].

Conserved Domain  Analysis, Intron/Exon

Identification, and Chromosomal Mapping

The positions of the AP2 genes in G. max on the
chromosomes were recorded using the NCBI
database. Map Chart (v. 2.32) was used to create a
chromosomal distribution map of the discovered non-
redundant AP2 genes [19]. The gene structure,
including the pattern of introns and exons, was
visualized using the GSDS as described by [20]. The
genomic DNA and CDS sequences of all the AP2
genes were submitted to the server for generating the
gene structure maps, taking into consideration the
intron phases. To get conserved domains within the
soybean AP2 proteins, their protein sequences
underwent analysis using MEME which was
described by [21]. With the exception of limiting
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motif occurrence to 0 or 1 per sequence, setting the
number of motifs at 50, defining the minimum number
of sites for a motif as 5, and determining the ideal
width of motifs to range from 10 to 55 residues, the
analysis was carried out using the standard settings.
Phylogenetic Investigation of AP2 Proteins

The AP2 transcription factor (TF) protein sequences
from soybean were used to construct a phylogenetic
tree to determine the evolutionary relationship.
Originally, 99 AP2 protein sequences were obtained
from the Plant TFDB (https://planttfdb.gao-lab.org/)
then 50 non-redundant protein sequences were
selected for phylogenetic analysis. The multiple
sequence alignment of these 50 non-redundant AP2
sequences was performed using Clustal Omega [22] at
the following web address
(https://www.ebi.ac.uk/Tools/msa/clustalo/). The
resulting alignment was then utilized to generate a
phylogenetic tree using the neighbor-joining method
with 1000 bootstrap replicates. This was
accomplished using the Molecular Evolutionary
Genetics Analysis (MEGA v7.0) tool [23, 24].
Comparative Synteny Gene Analysis
Arabidopsis thaliana

For comparative synteny analysis, 30 protein
sequences of AP2 gene family of Arabidopsis thaliana
were obtained from plant PlantTF database server
(https://planttfdb.gao-lab.org/). The 50 protein
sequences of soyabean were uploaded in query
FASTA format and Arabidopsis thaliana sequences
were uploaded in database FASTA format on
Circoletto webserver
(http://tools.bat.infspire.org/circoletto/) by using the
procedure given by [25].

In silico Gene Expression Analysis of AP2 Under
Cold Stress

Transcriptomic data of AP2 was obtained from NCBI.
Sequence Read Archive (SRA) accession numbers
were taken and then subjected to Galaxy Server to
obtain Fragments per Kilobase of Transcript per
Million mapped reads (FPKM) values of entire
genome [26]. To investigate the expression of AP2
family genes in soybean in response to cold stress
modulated by melatonin application the SRA data
were used (SRA accession number PRINA916852).
Under bio project (PRINA916852) total 18 runs were
observed. FPKM values of understudy 48 genes of
AP2 family were separated. Using these values

with
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Heatmap analysis was performed through TBtool
[27].

RESULTS

Identification and Distribution of AP2 TFs
Encoding Genes

Initially, 99 AP2 genes encoding putative AP2 TFs
from soybean genome were identified. We then
looked for major domains in the encoding proteins
which were specific to AP2 in the retrieved genes. For
this reason, the basic requirement for a gene to be
included in the AP2 family was determined to be the
presence of the entire AP2 domain. As a result, 49
AP2 genes were eliminated because their amino acid
sequences' AP2 domains were comparable.

All these 50 genes are present on 19 chromosomes and
no gene was found on the chromosome no. 20. The
isoelectric point value had a range from 5.8161 to
10.1309, while the molecular weight ranged from
24.10 to 77.51 KDa, with an average of 50.80 KDa.

Genomic Localization and Mapping of AP2 Genes
Using Map Chart

Insights into chromosomal positions and distribution
chromosomal data were collected from SOYABASE
webserver, and obtained values of chromosome
positions on the chromosomes were arranged on excel
sheet. This chromosomal data regarding the length of
the chromosomes and positions of the gene were used
for localization of genes on the corresponding
chromosomes by using MapChart (Fig 1). According
to the map chart, chromosome 1 contains 3 genes.
Similarly, chromosome 2 shows the presence of four
genes. Chromosome 3 contains two genes
Glyma.03G136100.1 and Glyma.03G177500.1.
Chromosome 4 also has two genes. Likewise,
Chromosome 5 contains two genes
(Glyma.05G091200.1 is present in center of
chromosome at scale 23, Glyma.05G108600.1 is
present between middle and end of the chromosome at
scale 29). The numbers and localization of the AP2
genes on soybean chromosomes is shown in Figure 1.
Among them two genes are present on the scaffold.
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Table 1: Detailed properties of identified AP2 Genes

TRANSCRIP | Locati | Start End Prot | Dom | Dom | PI M Wt. | Protein
TS on ein ain ain (KDa)

Chrom size | Start | End
Glyma.01G02 | Chr01 22461 | 22513 | 511 223 282 7.19 | 55861 | XP_003517
2500.1 69 98 7 4 351.1
Glyma.01G18 | Chr01 52343 | 52347 | 503 149 198 8.17 | 55637 | XP_006573
8400.1 828 518 79 5 642.1
Glyma.01G19 | Chr01 52990 | 52994 | 616 274 333 7.57 | 69425 | XP_014631
5900.1 264 010 03 4 851.1
Glyma.02G08 | Chr02 76188 | 76244 | 417 161 210 8.27 | 46347 | XP_003520
7400.1 99 14 92 2 010.1
Glyma.02G17 | Chr02 30470 | 30475 | 393 113 170 8.28 | 44062 | XP_006575
9500.1 574 871 98 2 992.1
Glyma.02G18 | Chr02 32607 | 32613 | 448 |90 149 9.05 5016 | XP_003519
5200.1 457 210 95 5.1 085.1
Glyma.02G20 | Chr02 39191 | 39194 | 366 |48 107 6.74 | 42175 | XP_006575
7100.1 302 205 25 N4 322.1
Glyma.03G13 | Chr03 35199 | 35203 | 424 61 120 9.05 | 4708 | XP_006576
6100.1 502 392 66 6.6 818.1
Glyma.03G17 | Chr03 39015 | 39018 | 460 124 173 6.73 | 50271 | XP_003520
7500.1 668 941 97 N4 641.1
Glyma.04G04 | Chr04 38580 | 38623 | 664 297 356 7.86 | 73455 | XP_006578
7900.1 51 48 34 .8 065.1
Glyma.04G15 | Chr04 35946 | 35950 |348 |44 100 7.26 | 39632 | XP_006579
4900.1 733 623 37 7 217.1
Glyma.05G09 | Chr05 21947 | 21951 | 534 178 227 6.46 | 59057 | XP_006579
1200.1 028 107 78 7 885.1
Glyma.05G10 | Chr05 28773 | 28777 | 666 | 319 378 6.54 | 74367 | XP_006579
8600.1 212 586 28 962.1
Glyma.06G04 | Chr06 36931 | 36976 | 661 297 356 7.75 | 73129 | XP_006581
9200.1 18 85 72 .3 282.1
Glyma.06G22 | Chr06 30990 | 30994 | 352 |44 100 7.26 4007 | XP_025984
5200.1 649 490 38 6.3 526.1
Glyma.07G02 | Chr07 16340 | 16383 | 291 |30 89 6.64 | 33105 | XP_003529
1000.1 20 70 35 4 766.1
Glyma.07G03 | ChrQ7 31411 | 31452 | 580 246 305 6.82 | 63750 | XP 006583
8200.1 88 27 25 .9 159.1
Glyma.07G19 | ChrQ7 36835 | 36836 | 218 2 44 10.1 | 24107 | XP_028242
9700.1 549 275 309 .3 307.1
Glyma.08G22 | Chr08 17942 | 17946 | 314 |50 109 8.17 | 35882 | XP_003530
0800.1 538 419 62 .6 350.2
Glyma.08G22 | Chr08 18539 | 18545 | 427 |55 114 6.46 | 4818 | NP _001357
7700.1 711 318 41 8.1 993.1
Glyma.08G27 | Chr08 37694 | 37700 | 448 163 222 8.22 | 4890 | XP_006585
9000.1 278 595 26 5.1 923.1
Glyma.08G29 | Chr08 41326 | 41329 | 408 72 131 9.79 | 45816 | XP_003530
7000.1 370 183 05 686.1
Glyma.09G19 | Chr09 42427 | 42433 | 513 222 281 7.19 | 56063 | XP_006587
9800.1 981 197 74 4 577.1
Glyma.09G24 | Chr09 46283 | 46285 | 393 71 130 7.87 | 4460 | XP 006587
0400.1 701 756 9 4.5 765.1
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http://www.ncbi.nlm.nih.gov/protein/XP_003517351.1
http://www.ncbi.nlm.nih.gov/protein/XP_003517351.1
http://www.ncbi.nlm.nih.gov/protein/XP_006573642.1
http://www.ncbi.nlm.nih.gov/protein/XP_006573642.1
http://www.ncbi.nlm.nih.gov/protein/XP_014631851.1
http://www.ncbi.nlm.nih.gov/protein/XP_014631851.1
http://www.ncbi.nlm.nih.gov/protein/XP_003520010.1
http://www.ncbi.nlm.nih.gov/protein/XP_003520010.1
http://www.ncbi.nlm.nih.gov/protein/XP_006575992.1
http://www.ncbi.nlm.nih.gov/protein/XP_006575992.1
http://www.ncbi.nlm.nih.gov/protein/XP_003519085.1
http://www.ncbi.nlm.nih.gov/protein/XP_003519085.1
http://www.ncbi.nlm.nih.gov/protein/XP_006575322.1
http://www.ncbi.nlm.nih.gov/protein/XP_006575322.1
http://www.ncbi.nlm.nih.gov/protein/XP_006576818.1
http://www.ncbi.nlm.nih.gov/protein/XP_006576818.1
http://www.ncbi.nlm.nih.gov/protein/XP_003520641.1
http://www.ncbi.nlm.nih.gov/protein/XP_003520641.1
http://www.ncbi.nlm.nih.gov/protein/XP_006578065.1
http://www.ncbi.nlm.nih.gov/protein/XP_006578065.1
http://www.ncbi.nlm.nih.gov/protein/XP_006579217.1
http://www.ncbi.nlm.nih.gov/protein/XP_006579217.1
http://www.ncbi.nlm.nih.gov/protein/XP_006579885.1
http://www.ncbi.nlm.nih.gov/protein/XP_006579885.1
http://www.ncbi.nlm.nih.gov/protein/XP_006579962.1
http://www.ncbi.nlm.nih.gov/protein/XP_006579962.1
http://www.ncbi.nlm.nih.gov/protein/XP_006581282.1
http://www.ncbi.nlm.nih.gov/protein/XP_006581282.1
http://www.ncbi.nlm.nih.gov/protein/XP_025984526.1
http://www.ncbi.nlm.nih.gov/protein/XP_025984526.1
http://www.ncbi.nlm.nih.gov/protein/XP_003529766.1
http://www.ncbi.nlm.nih.gov/protein/XP_003529766.1
http://www.ncbi.nlm.nih.gov/protein/XP_006583159.1
http://www.ncbi.nlm.nih.gov/protein/XP_006583159.1
http://www.ncbi.nlm.nih.gov/protein/XP_028242307.1
http://www.ncbi.nlm.nih.gov/protein/XP_028242307.1
http://www.ncbi.nlm.nih.gov/protein/XP_003530350.2
http://www.ncbi.nlm.nih.gov/protein/XP_003530350.2
http://www.ncbi.nlm.nih.gov/protein/NP_001357993.1
http://www.ncbi.nlm.nih.gov/protein/NP_001357993.1
http://www.ncbi.nlm.nih.gov/protein/XP_006585923.1
http://www.ncbi.nlm.nih.gov/protein/XP_006585923.1
http://www.ncbi.nlm.nih.gov/protein/XP_003530686.1
http://www.ncbi.nlm.nih.gov/protein/XP_003530686.1
http://www.ncbi.nlm.nih.gov/protein/XP_006587577.1
http://www.ncbi.nlm.nih.gov/protein/XP_006587577.1
http://www.ncbi.nlm.nih.gov/protein/XP_006587765.1
http://www.ncbi.nlm.nih.gov/protein/XP_006587765.1
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Glyma.09G24 | Chr09 | 46951 | 46956 | 708 | 265 324 6.81 | 77344 | XP_028179
8200.1 465 221 58 A 766.1
Glyma.10G11 | Chrl0 | 29253 | 29259 | 414 | 156 205 9.19 | 45539 | XP_003535
6600.1 588 287 57 2 179.1
Glyma.10G17 | Chrl0 | 40494 | 40498 | 576 | 209 265 6.76 | 63705 | XP_014618
1400.1 362 737 62 .6 314.1
Glyma.11G04 | Chrll | 34142 | 34180 |613 | 276 335 7.42 | 68684 | XP_006590
5800.1 33 61 76 .6 617.1
Glyma.11G05 | Chrll | 40484 | 40520 | 497 | 236 286 8.02 | 54211 | XP_028190
3800.1 54 90 85 .6 290.1
Glyma.11G13 | Chrll 10107 | 10113 | 599 | 209 263 6.66 6653 | XP_006590
1900.1 578 569 03 5.2 237.1
Glyma.12G05 | Chrl2 | 40998 | 41032 | 554 | 163 222 6.62 | 61370 | XP_006592
6300.1 66 87 09 2 171.1
Glyma.12G07 | Chrl2 | 54257 | 54301 | 494 | 156 205 7.56 | 54101 | XP_006592
3300.1 71 81 01 .8 242.1
Glyma.13G09 | Chrl3 | 21189 | 21193 |529 | 146 205 7.98 | 56967 | XP_003541
6900.1 580 427 13 3 472.1
Glyma.13G32 | Chrl3 | 42422 | 42426 | 477 | 136 185 7.65 | 52685 | XP_003542
9700.1 212 795 44 g 008.1
Glyma.14G08 | Chrl4 | 80954 | 80995 | 600 | 227 286 7.31 | 65992 | XP_014622
9200.1 83 13 08 .8 036.1
Glyma.15G04 | Chrl5 | 35278 | 35327 | 486 | 136 185 8.45 | 53752 | XP_003547
4400.1 18 07 02 042.2
Glyma.15G22 | Chrl5 | 40067 | 40073 |413 |53 112 5.81 | 46503 | XP_025981
1600.1 762 180 61 3 368.1
Glyma.16G00 | Chrl6 | 60528 | 60928 | 575 | 244 303 6.42 | 63424 | XP_006598
7400.1 6 7 78 4 829.1
Glyma.17G06 | Chrl7 | 48129 | 48167 |578 | 299 350 7.91 | 62166 | XP_028211
2600.1 29 34 54 2 618.1
Glyma.17G07 | Chrl7 | 55460 | 55491 | 371 |49 108 6.68 | 42767 | XP_003550
0800.1 49 15 08 3 676.1
Glyma.17G15 | Chrl7 13595 | 13600 | 685 | 326 385 6.80 7654 | XP_014625
8300.1 432 012 04 8.3 550.1
Glyma.17G17 | Chrl7 15975 | 15979 | 533 | 176 225 6.51 | 58862 | XP_006600
0300.1 183 979 32 .6 938.1
Glyma.18G12 | Chrl8 16381 | 16384 | 407 |72 131 9.57 | 45717 | XP_003553
5200.1 350 071 01 .9 203.1
Glyma.18G14 | Chrl8 | 25334 | 25341 | 440 | 159 218 8.62 | 48377 | XP_003551
8000.1 271 458 74 9 311.1
Glyma.18G24 | Chrl8 | 53236 | 53240 | 710 | 369 420 6.63 | 77512 | XP_003552
4600.1 144 803 83 .6 462.1
Glyma.18G25 | Chrl8 | 54212 | 54215 |[393 |71 130 6.80 | 4461 | XP_006602
6000.1 716 640 86 4.6 898.1
Glyma.19G13 | Chrl9 | 39934 | 39938 | 419 |60 119 9.05 | 4651 | XP_003554
8000.1 457 605 66 8.1 171.1
Glyma.19G17 | Chrl9 | 43733 | 43738 | 495 | 159 208 8.01 | 54330 | XP_003554
8200.1 666 337 95 3 357.2
Glyma.u0221 | scaffold | 35507 | 35551 | 449 | 160 209 6.19 | 4912 | XP_028189
00.1 21 91 49 1 7 749.1
Glyma.u0377 | scaffold | 4329 9453 500 7.30 | 55890 | XP_025983
00.1 _44 33 .6 430.1
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http://www.ncbi.nlm.nih.gov/protein/XP_028179766.1
http://www.ncbi.nlm.nih.gov/protein/XP_028179766.1
http://www.ncbi.nlm.nih.gov/protein/XP_003535179.1
http://www.ncbi.nlm.nih.gov/protein/XP_003535179.1
http://www.ncbi.nlm.nih.gov/protein/XP_014618314.1
http://www.ncbi.nlm.nih.gov/protein/XP_014618314.1
http://www.ncbi.nlm.nih.gov/protein/XP_006590617.1
http://www.ncbi.nlm.nih.gov/protein/XP_006590617.1
http://www.ncbi.nlm.nih.gov/protein/XP_028190290.1
http://www.ncbi.nlm.nih.gov/protein/XP_028190290.1
http://www.ncbi.nlm.nih.gov/protein/XP_006590237.1
http://www.ncbi.nlm.nih.gov/protein/XP_006590237.1
http://www.ncbi.nlm.nih.gov/protein/XP_006592171.1
http://www.ncbi.nlm.nih.gov/protein/XP_006592171.1
http://www.ncbi.nlm.nih.gov/protein/XP_006592242.1
http://www.ncbi.nlm.nih.gov/protein/XP_006592242.1
http://www.ncbi.nlm.nih.gov/protein/XP_003541472.1
http://www.ncbi.nlm.nih.gov/protein/XP_003541472.1
https://phytozome-next.jgi.doe.gov/report/transcript/Gmax_Wm82_a2_v1/Glyma.13G329700.1
https://phytozome-next.jgi.doe.gov/report/transcript/Gmax_Wm82_a2_v1/Glyma.13G329700.1
http://www.ncbi.nlm.nih.gov/protein/XP_003542008.1
http://www.ncbi.nlm.nih.gov/protein/XP_003542008.1
http://www.ncbi.nlm.nih.gov/protein/XP_014622036.1
http://www.ncbi.nlm.nih.gov/protein/XP_014622036.1
http://www.ncbi.nlm.nih.gov/protein/XP_003547042.2
http://www.ncbi.nlm.nih.gov/protein/XP_003547042.2
http://www.ncbi.nlm.nih.gov/protein/XP_025981368.1
http://www.ncbi.nlm.nih.gov/protein/XP_025981368.1
http://www.ncbi.nlm.nih.gov/protein/XP_006598829.1
http://www.ncbi.nlm.nih.gov/protein/XP_006598829.1
http://www.ncbi.nlm.nih.gov/protein/XP_028211618.1
http://www.ncbi.nlm.nih.gov/protein/XP_028211618.1
http://www.ncbi.nlm.nih.gov/protein/XP_003550676.1
http://www.ncbi.nlm.nih.gov/protein/XP_003550676.1
http://www.ncbi.nlm.nih.gov/protein/XP_014625550.1
http://www.ncbi.nlm.nih.gov/protein/XP_014625550.1
http://www.ncbi.nlm.nih.gov/protein/XP_006600938.1
http://www.ncbi.nlm.nih.gov/protein/XP_006600938.1
http://www.ncbi.nlm.nih.gov/protein/XP_003553203.1
http://www.ncbi.nlm.nih.gov/protein/XP_003553203.1
http://www.ncbi.nlm.nih.gov/protein/XP_003551311.1
http://www.ncbi.nlm.nih.gov/protein/XP_003551311.1
http://www.ncbi.nlm.nih.gov/protein/XP_003552462.1
http://www.ncbi.nlm.nih.gov/protein/XP_003552462.1
http://www.ncbi.nlm.nih.gov/protein/XP_006602898.1
http://www.ncbi.nlm.nih.gov/protein/XP_006602898.1
http://www.ncbi.nlm.nih.gov/protein/XP_003554171.1
http://www.ncbi.nlm.nih.gov/protein/XP_003554171.1
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Figure 1. The positioning of 48 AP2 genes across soybean chromosomes is depicted in the figure. Each bar at
the top corresponds to a specific chromosome (1-19) in soybean. The left side of the figure indicates the scale
in Mb. On the right side of each chromosome, the location of each AP2 gene is marked.

Unveiling the AP2 Gene Family Classification,
Gene Structure, and Conserved Domain
Investigations

The gene structure i.e., the intron/exon distribution
pattern of 50 AP2 genes was also determined to gain
further insights into the evolution of AP2 gene family
in soybean. The position and intron—exon distribution
pattern in the genomic region of a gene is used as
supporting evidence of expansion pattern of a gene
family and its evolutionary relationship with its
ancestors.

Soybean AP2 genes exhibited a diversity with respect
to the number of introns e.g., ranging from 2 to 10.
Despite the differences in the size of their genomic
regions, a somewhat conserved gene structure within
the groups of phylogenetic trees has been observed
(Fig 2) except Glyma.11G131900. The gene structure
of Glyma.08G225200 was observed because of
having maximum portion of exons and only two
introns, while there is absence of non-coding region
due to very short size of its genomic DNA sequence
i.e., 0.7 Kb (Fig 2). One gene (Glyma.U037700) was
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found to have maximum portion of introns i.e., 10
introns, 11 exons and 2 untranslated regions. The gene
Glyma.18G148000 is observed to have large size as
compared to other genes i.e., 7.2 Kb (Fig 2).

The identification of conserved domains in a gene
family also serves as supporting evidence to verify the
gene duplication events during evolution; and to
dissect their functional conservation. For this purpose,
the protein sequences of all the AP2 TFs were
subjected to MEME, for the identification of
conserved domains. All the genes show duplication in
conserved domains which is observed by NCBI. The
conserved domain was shown with grey color in Fig.
3 while colored portion shows the non-conserved
region Among them, domains 1 and 2 represent the
characteristic AP2- DNA binding domain which is
absolutely conserved among all the 50 AP2 protein
sequences.
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Figure 2. Phylogenetic tree-based clustering and structure of AP2 TFs. An unrooted phylogenetic tree was
created based on the full-length peptide sequences of AP2 with 1000 bootstraps. Using various hues,
classification is displayed at the base of the phylogenetic tree. An analysis of the exon-intron structure in AP2
genes. Exons are represented by yellow boxes and introns by a grey line. The untranslated region (UTR) is
indicated by the blue boxes. Gray lines represent the non-conserved sequences.

https://doi.org/10.55627/pbulletin.002.02.0499 128



Plant Bulletin Vol 2, (2) 2023: 122-134

ISSN: 2959-3379 (Print), 2959-3387 (Online)

Glyma.02G179500 -

Glyma.01G6022500 M (T ) )
Glyma.09G199800 M [T A 1 [
Glyma.08G279000 M T T ]
Glyma.18G148000 M [T [,
Glyma.10G171400 B [ - ] [ —
Glyma.09G248200 B T I ] I
Glyma.18G244600 M [ I -
Glyma.11G131900 M [ ] ] —
Glyma.12G056300 W el | il |
Glyma.13G096900 M T O [ —
Glyma.17G062600 M - I -
Glyma.07G03g200 B W I [T O N [
Glyma 166007400 B W W [T T T
Glyma.01G195900 M - TN - |
Glyma. 11G045800 — M _— OO |
Glyma.05G108600 —M L W [ ) [ - —
Glyma.17G158300 - | | B TN [T - ]
Glyma.04G047900 M W W T ] - —
Glyma.06G049200 . I [T T T |l
Glyma.14G089200 - [T I 1 [ |
Glyma.U027700 | | "Bl | mmies] B
Glyma.08G227700 [ T (]
Glyma.15G221600 - I T —
Glyma.08G297000 N — —
Glyma 18G125200 [ I — /
Glyma.09G240400 [T — [/
Glyma.18G256000 T — -
Glyma.07G021000 —— - MBI 77 M—
Glyma.08G220800 I I T
Glyma.02G207100 I — —
Glyma.17G070800 I ] ] — /
Glyma.04G 154900 [ T — /
Glyma.06G225200 [ N T —-— /
Glyma.07G199700 ] I
Glyma.01G1688400 N
Glyma.11G053800 ]
Glyma.05G091200 ] —
Glyma.17G170300 o —
Glyma.02G087400 o
Glyma.10G116600 ) — —
Glyma.03G177500 ) — —
Glyma.19G 178200 N —
Glyma.12G073300 =
Glyma.U022100
Glyma.13G329700 1 W — =
Glyma.15G044400 I —
Glyma.02G 185200 . — —

- Glyma 036136100 S —

100 Glyma.19G 138000 - -
|

Figure 3. Motif analysis is done by MEME and conserved regions are observed which are shown in above

diagram.

AP2 Gene Correlation between Arabidopsis
thaliana & Glycine max L. through Synteny
Analysis

A comparative study of the protein sequences from
model plant, Arabidopsis thaliana and soybean was
done by using Circoletto tool which provides
information about the evolutionary relationship and
conservation of AP2 genes presented in both species
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(Fig 4). After running protein sequence of both
species, each gene shows evolutionary relation with
one another. Genes of same color are connected,
which shows there is evolutionary relation between
genes. Query sequence is magnified as a bulging
region in the histogram as compared the subject
sequence. (Fig 4) shows syntenic resemblance among
Glycine max L. and Arabidopsis thaliana. All labels
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are clockwise in direction. Through this analysis we
identified AT3G20840.1 and AT1G51190.1 genes
showed syntenic relationship with Glyma.11G131900
and  Glyma.12G056300. other two  genes
Glyma.09G199800 and Glyma.01G022500

»
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Figure 4. Synteny analysis between Arabidopsis thaliana and Glycine max L. genes which shows
evolutionary relation of both species in AP2 gene family. In this analysis blue, green, orange, and red
colors show 50, 75, 99.9 and 100% identity respectively.

Expression analysis of AP2 genes under various
cold stress stages

A transcriptome wide study using SRA database from
NCBI made us able to identify the expression of 48
AP2 genes in different treatments under cold stress
(Figure 5). Under control and melatonin application at
room temperature treatment first three genes
(GLYMA_08G220800, GLYMA _07G021000,
GLYMA_10G116600) show slightly differetial
expression against cold and under application of
malatonin. Only one gene, GLYMA _13G329700 was
identified with the highest expression under control
and all five treatments. At the last one gene
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(GLYMA _12G073300) gives very high expression
under low temperature treatment after 24 hours
treatment and after 24 hours melatonin application
under low temperature treatment. Further heat-map
profile shows that other six genes which is
(GLYMA_02G087200, GLYMA_15G044400,
GLYMA_05G091200, GLYMA_17G170300,
GLYMA_01G188400, GLYMA_11G053800)
express moderately in all six treatments under cold
stress. Overall results demonstrated no differential
gene regulation of AP2 genes by application of
melatonin.
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Figure 5. Heatmap chart of 48 AP2 genes of Glycine max L. for expression of genes under cold stress. Where
(H) represents the number of hours of cold stress while (M) represents the melatonin sprayed to the plants.
Maximum expression is shown by red color whereas the minimum expression was shown by boxes in green
color. The color scale for expression is given in the legend.

DISCUSSION

The AP2 (APETALAZ2) gene family plays a critical
role in various aspects of plant development,
encompassing flower development, seed maturation
and responses to environmental stresses [28]. In this
investigation, we conducted a comprehensive study to
uncover and characterize AP2 genes in the soybean
genome.

In the present study, 50 non redundant AP2 genes
were identified and characterized. Comparison of this
number with other species showed that AP2 genes in
soyabean is greater than that in Tiepishihu (14 AP2)
[29], Arabidopsis (18 AP2) [30], peach (21)[31],
sweet potato (21 AP2) [32], rice (26 AP2) [33] and
maize (44 AP2) [34]. While less than that in wheat (62
AP2) [35] and rapeseed (58 AP2) [36]. This
comparison suggests that the number of genes
expressing AP2 proteins is not correlated with the size
of the corresponding plant species' genomes.

By unraveling the genomic organization, gene
structures, conserved domains, and expression
patterns of AP2 genes, we acquire valuable insights
into their functional roles in soybean development and
stress responses [37]. This knowledge contributes to
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our understanding of the regulatory mechanisms
underlying plant growth and adaptation, which may
hold significant implications for crop improvement
and agricultural practices. Comparative analysis of
AP2 genes across different plant species reveals both
conserved and divergent features in terms of gene
structure, expression patterns, and functional roles.
The classification of soybeans using phylogenetic
trees followed a similar pattern to other plant species.
The analysis of AP2s regarding the distribution of
introns and exons and conserved domains revealed
that members of the identical group in the
evolutionary tree share both gene structure and
domain conservation. Gene structure analysis
involved scrutinizing the exon-intron organization of
AP2 genes, thereby providing insights into their
structural diversity like number of introns ranges from
2-10 like in Mosa bamboo [38]. Higher number of
introns were also reported like 5-14 in sweet potato
[32] and 5-114 in Japonica rice [11].

In this study, to find orthologs of AP2 genes between
G. max and A. thaliana, a comparative synteny study
was conducted. According to the findings, 30
Arabidopsis genes and 50 G. max genes exhibited high
similarity (identity > 70%). Through this analysis we
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identified AT3G20840.1and AT1G51190.1 genes
showed orthologous relationship with
Glyma.11G131900 and Glyma.12G056300. Prior
research has revealed that orthologous gene pairs 54
and 84 showed 100% identity between BnAP2/ERF
genes with B. rapa and B. oleracea genes,
respectively, no A. thaliana gene was found to exhibit
100% identity with BnAP2 genes [36].

Plant genetic improvement relies on the identification
and functional verification of TFs, which can yield
valuable candidate gene resources. According to
earlier studies, AP2 TFs are important regulators of
certain stress responses and developmental processes,
making them promising candidates for plant
betterment [39]. Furthermore, we explored the
functional roles of AP2 genes by examining their
expression patterns under various stress conditions at
different timepoints. Leveraging publicly available
transcriptomic  data, already investigated the
expression profiles of AP2 genes in diverse organs
[40]. Additionally, we scrutinized their expression
responses to cold modulated with melatonin.

The expression of AP2 genes was investigated in this
work under cold stress followed by melatonin
application. At the seedling stage, soybeans were
exposed to cold stress and were sprayed with
melatonin at OH, 3H, and 24H. Under cold stress, one
gene, GLYMA 13G329700, exhibits up-regulation.
Under varied melatonin stress treatments, six other
genes also displayed upregulation. Previously, AP2
genes, OsAP2-4.1, OsAP2-6.1, OsAP2-5.3, OsAP2-
6.4, OsAP2-6.2, and OsAP2-8.1 were up-regulated in
under heat stress in rice, showed their importance in
heat tolerance [33].

Cotton AP2 genes have been characterized for their
roles in fiber development, including fiber initiation,
elongation, and secondary cell wall biosynthesis [41].
Gene expression analysis primarily focuses on how
genes are activated (expressed) or inactivated in
diverse cells and environmental contexts. The proteins
that are expressed because of this process ultimately
affect the characteristics and functions of the plants in
response to stresses [42-43].

CONCLUSIONS

In summary, this study discovered 50 AP2 encoding
genes in soybean, which is an important oil seed crop.
The research involved classifying and characterizing
these genes based on their gene structure and
conserved domains. Comparative phylogenetic
analyses indicated that AP2 classes are clustered on
the basis of similar motifs and intron-exon patterns in
soybean. Most of the AP2 genes were not
differentially expressed under normal, cold and
cold+melatonin applications. GLYMA_13G329700
gene showed maximum expression under all
treatments. This approach will help for the functional
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characterization of AP2 TFs much faster. Over all
these analyses will help to increase the functional
characterization of AP2 TFs especially in response to
biotic and abiotic stress.
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