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Abstract: The Gibberellic Acid-Stimulated in Arabidopsis (GASA) gene family, a plant-specific
transcription factor family, is regulated by gibberellins and plays a crucial role in regulating plant
growth and development. To further explore the functions of GASA genes in Hevea brasiliensis, based
on the rubber tree genome data, 18 HbGASA genes were identified and named HbGASAI to
HbGASA18. Bioinformatics approaches were utilized to conduct a comprehensive analysis of the gene
structure, chromosome distribution, protein structure, phylogenetic evolution, and expression
profiles of these genes. Subsequently, the expression of selected genes was investigated by
quantitative real-time polymerase chain reaction (qQRT-PCR) under low-temperature stress. The
results demonstrated that the 18 HVGASA genes were distributed across 10 chromosomes. The
encoded proteins ranged from 88 to 253 amino acids in length, and the number of exons varied from
2 to 4. Phylogenetic tree analysis indicated that the HhGASA genes could be classified into three
groups. The 18 members of the HIGASA gene family contained 10 motifs, among which Motif1 and
Motif2 were relatively conserved in this gene family. Promoter analysis of HVGASA genes revealed
the presence of multiple cis-acting elements related to hormone and stress responses. Transcripts of
the 18 HbGASA genes were detected in various tissues, and significant differences were observed in
their expression levels. In addition, qRT-PCR results showed that multiple HhGASA genes were
significantly up-regulated under low-temperature stress. This study provides valuable insights into
the structure, evolution, and function of GASA genes in the important tropical crop, Hevea brasiliensis.

Keywords: Hevea brasiliensis; GASAs; expression profile; cold stress

1. Introduction

The GASA gene family, widely distributed in plants, is a cysteine-rich gene family regulated by
gibberellins (GA) , playing important roles in plant growth and development, and response to biotic
or abiotic stress [1]. The GASA protein generally contains three parts: an N-terminal signal peptide
with the characteristics of an extracellular secreted protein, composed of 18 to 29 amino acid residues;
a variable hydrophilic segment composed of 7 to 31 polar amino acid residues, in which there are
significant variations among different GASA proteins; a C-terminal conserved domain of 60 amino
acids, known as GASA domain, containing 12 fully conserved cysteine residues [2]. Generally, a
GASA gene contains only one GASA domain, in which the deletions or changes of key amino acids
can make the gene lose its function [3, 4]. Therefore, this domain was considered to be the key region
for maintaining the spatial structure and function of GASA proteins.

In plants, GASAs are usually strongly expressed in young and vigorously growing tissues and
organs, and most members are regulated by gibberellins [5, 6]. Analysis of GASAs sequences showed

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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that the promoter region was enriched with cis-acting elements related to development,
phytohormones, and stress, indicating that GASAs not only involved in plant growth and
development but also plant responses to stress. As various plant GASAs had been identified, it was
demonstrated that GASAs played important regulatory roles in plant growth and development,
including seed germination [7], flower and fruit development [8], lateral root formation [9], hormone
signal transduction [10], and response to biotic or abiotic stress [11, 12]. AtGASA4 was rapidly up-
regulated under short-term heat treatment, and the heat tolerance of Arabidopsis plants were
enhanced by overexpressing AtGASA4 [13]. In AtGASA5-overexpressing plants, AtGASA5 gene
acted as a negative regulator in heat-tolerance by regulating both SA signaling and heat shock-protein
accumulation [14]. SmGASA4 isolated from Salvia miltiorrhiza, improved Arabidopsis resistance to salt,
drought, and paclobutrazol (PBZ) [15]. AtGASA14 regulated the resistance to abiotic stress by
modulating the accumulation of reactive oxygen species [16]. OsGASR1 enhanced plant tolerance to
salt stress via the reactive oxygen species scavenging system in Oryza sativa [17]. In Glycine soja,
GsGASA1 was involved in inhibiting root growth via the accumulation of DELLA proteins under
chronic cold stress [18].

The rubber tree (Hevea brasiliensis) is an important tropical cash crop and the primary source of
natural rubber all over the world [19]. Natural rubber is an essential raw material, widely used in
medical and health care, transportation, aerospace, and other fields [20]. The rubber tree, originating
in the high-temperature, high-humidity, and windless Amazon River basin, is a typical tropical
rainforest species with weak resistance to low temperature. China's rubber-planting areas are located
between 18°N and 24°N, belonging to non-traditional rubber-planting areas, in which the rubber tree
often suffered from abiotic stresses like low temperature, seasonal drought, typhoons [21]. Among
these stresses, low temperature is the most severe disasters affecting rubber tree growth. Therefore,
identification of genes associated with cold stress is very important for cold-stress-resistant molecular
breeding of rubber tree.

In the present work, the GASA genes of Hevea brasiliensis were genome-wide identified,
meanwhile, the structure characteristics and expression patterns of all the HVGASA genes were
investigated. Furthermore, the responses of HHGASA genes to low temperature were detected. Our
research provided some clues to elucidate the functions of GASA proteins in the the biological
functions and regulatory mechanisms of GASAs.

2. Results

2.1. Identification and characteristics of HHGASA genes

In the rubber tree, a comprehensive exploration of GASA - domain encoding genes was carried
out. Employing the HMMER tool, a total of eighteen genes, namely HhGASA -HbGASA18, were
successfully identified (Table 1). Chromosomal localization analysis revealed that these 18 HVGASAs
were distributed across 10 chromosomes in a rather dispersed manner (Figure 1). On Chromosome
12, a gene cluster composed of HVGASA1 and HbGASA11 was formed. Notably, Chromosome 12
harbored the highest number of HVGASA genes, with a count of 4, surpassing the quantity on other
chromosomes. Sequence analysis further unveiled detailed characteristics of the corresponding
proteins. The lengths of the 18 HbGASA proteins spanned from 88 to 253 amino acids. Specifically,
HbGASAI18 encoded the largest number of amino acids, reaching 253aa, while HbGASA2 and
HbGASAO9 encoded the fewest, with only 88aa. In terms of relative molecular weight, it ranged from
9680.57 to 26546.86 Da. HbGASA18 exhibited the largest molecular weight, and HbGASA2 the
smallest. Regarding the isoelectric point, it varied from 7.46 to 9.98. HbGASA5 had the lowest
isoelectric point, and HbGASA18 the highest. Significantly, the isoelectric points of all 18 proteins
were above 7.0, indicating that they all belonged to the category of alkaline proteins.Analysis of the
instability index showed that five proteins had an instability index less than 40, while the other 13
proteins were unstable, with an instability index greater than 40. In terms of hydrophobicity, except
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for HbGASA5 and HbGASA14, which encoded hydrophobic proteins, the remaining 16 HbGASAs
encoded hydrophilic proteins.

Table 1. Physiochemical characteristics of HbGASA proteins

Gene name Gene ID Protein  \ /1w (Da)  pI  GrRAvy  [nstability
(aa) index
HbGASAT — HB12G01226.t1 91 1000797  9.05  -0.071 35.77
HbGASA2  HB12G00438.t1 88 968057 892  -0.006 27.25
HbGASA3 ~ HB9GO1711.t1 94 1041346 912 -0.059 38.58
HbGASA4 — HB17G00879.t1 106 11639.83 927  -0.176 37.78
HbGASA5  HB12G00124.t1 100 10764.64 746  0.184 64.30
HbGASA6  HB3G00732.t1 112 1242458 945  -0.446 54.82
HbGASA7  HB16G01943.t1 107 12053.17 938  -0.407 45.44
HbGASAS  HB9G02012.t1 107 1211624 942 -0427 53.83
HbGASA9  HBSG00808.t1 88 970973 933 -0.194 35.92
HbGASAL0  HB2G00189.t1 104 1106693 892  -0.015 45.58
HbGASA11 — HB12G01227.t1 111 1232553 946  -0.154 56.89
HbGASAT2  HB7G01329.t1 98 1040624 916  -0.179 45.23
HbGASA13  HB2G01401.t1 9% 1057241 89  -0.328 50.72
HbGASA14  HB9G00885.t1 105 1144252 875  0.078 59.26
HbGASAI5  HB17G00792.t1 109 11904.03 875  -0.083 46.10
HbGASA16  HB16G01340.t1 106 1149955  9.01  -0.013 49.44
HbGASA17 ~ HB15G00224.t1 241 2522532 979 -0.226 62.00
HbGASA1S  HB18G00432.t1 253 26546.86 998  -0.355 66.68

MW: molecular weight; pl: isoelectric point; GRAVY: grand average of hydropathicity.
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Figure 1. Chromosome location of HbGASAs in rubber tree

2.2. Protein and gene structure of HhGASA genes

The protein sequences of HbGASAs were aligned with those of GASA proteins from Arabidopsis,
poplar, rice, and wheat. The alignment results revealed that all GASA proteins, with the exception of
TaGASA16, were grouped into three subfamilies. Each subfamily encompassed homologous proteins
originating from five distinct plant species (Figure 2). Specifically, within the rubber tree's GASA
proteins, there were three pairs of homologous genes. HbGASA7-HbGASAS belonged to subfamily
A, while HbGASA13- HbGASA14 and HbGASA17-HbGASA18 were part of subfamily C. Overall, in
the phylogenetic analysis, the GASA proteins of the rubber tree exhibited a closer evolutionary
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relationship with the homologous proteins in poplar compared to those in the other plant species
examined.

Figure 2. Phylogenetic tree of GASA protein sequences from various plant species. Proteins from five species
were indicated in different colors symbols. Red-colored triangles represented rubber tree proteins, green-colored
squares represented rice proteins, yellow-colored circles represented Arabidopsis proteins, blue-colored
pentagons represented wheat proteins, and purple-colored check marks represented poplar proteins. Different

colored fan shapes indicated different subfamilies(A, B, C).

To thoroughly clarify the characteristics of HbGASA proteins, the full-length HbGASA protein
sequences were aligned by means of GeneDoc software. The results demonstrated that all 18
HbGASA proteins exhibited a comparable structure. Each of them contained an N-terminal signal
peptide ranging from 18 to 30 amino acids and a highly conserved C-terminal domain. Comprising
approximately 60 amino acids, this C- terminal domain harbored 12 cysteine residues (Figure 3,

Figure 4B).
A N-terminal signal peptide ~ Variable region C-terminal domain
B = z
HbGASA1 : LERSKE ¢ BIRABNTER R IR G S AFM’[ﬁHGGR : 9
HbGASA2 s MKNSKGK 3 : 88
HbGASA3 WK RKEGG : 94
HbGASA4 SRKARRGGEEQSY : 106
HbGASAS SMTVHGGRHGSS : 100
HbGASA6 WP RRGGH{®: : 112
HbGASA7 WEMKEGG : 107
HbGASAS WEQKEGG : 107
HbGASA9 : KKNSKGR 3 : 88
HbGASA10 : A5L$HGGR : 104
HbGASALL : ASLRUHGNK = 133
HbGASA12 : " KKNSKGTS : 98
HbGASA13 : o TVe MTI HGNE TS : 96
HbGASAl4 : 2 3 S TIEMTHHGNKT)®: : 105
HbGASA1S5 : C v ENRASGTEE Ve K S0 EVSGRNTEMTHHGNRT)®: : 109
HbGASAL6 : 3C c E s s - (&2 L TH RKQV R : 106
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HbGASA18 : RGNK z 253
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Figure 3. Features of HbGASA proteins. A: Structure of HbGASA proteins. The 12 cysteine residues were
presented in the red-colored column. B: Multiple sequence alignments of the C-terminal domains of HbGASA

proteins. The 12 cysteines residues were marked in red arrows.

Gene structure analysis unveiled that all 18 HbGASAs were split genes, with exons being
separated by introns. Each gene displayed structural disparities to different extents. The coding
regions of HhGASAs encompassed 1 to 3 introns (Figure 4A). A total of 10 conserved motifs were
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detected in the 18 HbGASA proteins (Figure 4C). Notably, all HbGASA proteins harbored Motif 1
and Motif 2, which together form the conserved structural domain of GASA. Moreover, all HhGASA
proteins except HbGASA13 contained Motif 3. In contrast, Motif 7 was exclusively present in
HbGASA7 and HbGASAS, and Motif 9 was only found in HbGASA17 and HbGASA18, respectively.
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Figure 4. Analysis of HVGASA genes and proteins. A: The phylogenetic tree of HbGASA proteins and gene

structure; B: Conserved domain; C: The distribution of conserved motifs.

2.3. Promoter region analysis of HhGASA genes

Analysis of cis-acting elements revealed that the promoters of HGASA genes harbored various
elements associated with growth, stress responses, and phytohormone responses (Figure 5). A
relatively large number of cis-acting elements related to ethylene, abscisic acid (ABA), methyl
jasmonate (MeJA), gibberellic acid (GA), and salicylic acid (SA) were detected. Besides these,
elements related to cold, drought, and disease were identified in promoter regions of the majority of
HbGASA genes. Notably, the promoter of HhGASA13 contained the most diverse array of cis-acting
elements. These included elements associated with environmental signals like light, low temperature,
and disease, as well as those related to hormone responses such as GA, MeJA, and auxin. This implies
that HhGASA13 might play a pivotal role in plant growth and responses to abiotic stress.
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Figure 5. Distribution of cis-acting elements in the promoter regions of HhGASAs. A: Numbers with gradient
red colors indicated the number of cis-acting elements; B: Color-coded histograms indicated the number of cis-
acting elements in each category; C: Pie charts showed the proportion of different cis-acting elements in each
category.

2.4. Tissue-specific expression patterns of HhGASA genes

Based on the published RNA-seq data of the rubber tree, remarkable differences in the
expression levels of the 18 HVGASAs were evident across various tissues (Figure 6). To further
validate the tissue-specific expression of HhGASAs using qRT-PCR, 10 genes with relatively high
expression levels, as determined from the expression heatmap, were selected. Among five distinct
tissues of the rubber tree, viz., bark, leaves, latex, female flowers, and male flowers, the expression of
these ten genes demonstrated tissue- specific characteristics (Figure 7). Specifically, HhGASA2,
HbGASAG6, and HVGASA18 exhibited higher expression levels in male flowers. HHGASA3, HhGASASY,
and HhGASA14 were more highly expressed in the bark. Moreover, HhGASA7, HhGASAS, and
HbGASA15 had elevated expression levels in female flowers.
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Figure 7. Tissue-specific expression profiles of H(GASAs detected by qRT-PCR

2.5. Expression profiles of HhGASAs under cold stress

Analysis of the promoter cis-acting elements of HVGASAs indicated that the promoter regions
harbored low-temperature response elements, suggesting that the transcription of HDGASAs was
likely to be regulated by low temperature. The expression of ten selected HVGASAs was analyzed via
qRT-PCR under cold stress. The expression levels of most HGASAs exhibited a pattern of initial up-
regulated expression followed by down-regulated (Figure 8). Specifically, HhGASA2, HbGASA3,
HbGASA7, HbGASA15, HbGASA17, and HbGASA18 responded rapidly to cold stress. Their
expression levels reached the highest points merely 2 hours after the onset of cold stress. Meanwhile,
HbGASA9 and HhGASA14 reached their peak expression levels 6 hours after the start of cold stress
treatment. Among them, HhGASA8 demonstrated the most rapid response to cold stress during the
low-temperature treatment. Its expression level peaked after only 0.5 hours of cold stress exposure.
In contrast, the expression level of HHGASA6 decreased significantly, indicating that it was negatively
regulated by cold stress.
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Figure 8. Expression patterns of HHGASAs detected by qRT-PCR under cold stress

3. Discussion

The GASA gene family, a plant-specific gene family regulated by gibberellins, has attracted
extensive research attention in recent years. In the present study, a total of 18 HbGASA genes were
identified, which is more than reported in the previous study[22]. This increase can be attributed to
the high-quality reference genome that has been published in recent years. In Arabidopsis, the GASA
genes were dispersed across all chromosomes. In contrast, in Hevea brasiliensis, akin to plants such as
rice [23], grapevine [24], and cotton [25], the 18 GASA genes (HVGASA1-HbGASA18) were unevenly
distributed among 18 chromosomes. This non-random distribution might be associated with the
evolutionary history of the rubber tree and the functional specialization of different chromosomal
regions. For instance, the gene cluster on chromosome 12, which contains HhGASA1 and HbGASA11,
could be the outcome of gene duplication events. These events may have led to the functional
divergence or sub-functionalization of these genes.

The proteins encoded by HhGASA genes are all small polypeptides, which is consistent with the
findings in Arabidopsis [26] and potato [27]. This conservation during evolution implies that the GASA
gene family plays fundamental and universal roles in basic physiological processes of plants. Motifs,
which are structural aggregates within protein molecules, have the capacity to determine the specific
functions of proteins or form specific structural domains within proteins. Common motifs in protein
families play pivotal roles in both the functional expression and structural stability of these proteins
[4].

In this study, a comprehensive motif analysis was carried out on the 18 members of the GASA
protein family in Hevea brasiliensis. The conserved motifs and gene structures observed among
HbGASAs provided valuable insights into their potential functions. Notably, the presence of Motif 1
and Motif 2 in all 18 HbGASA proteins, which together constituted the conserved GASA domain,
underscored their essential role in maintaining the structure and function of GASA proteins.
Furthermore, the additional motifs, such as Motif 4 found in HbGASA4, HbGASA7, and HbGASAS,
might confer unique functions to these proteins, especially considering their higher expression levels
in male flowers. It is thus hypothesized that Motif 4 could be intricately involved in regulating the
reproductive development of the rubber tree.

The tissue-specific expression patterns of HVGASA genes vividly illustrated their remarkable
functional diversity. Distinct HHGASA genes exhibited preferential expression in particular tissues,
including bark, leaves, latex, female flowers, and male flowers. This tissue-specific expression is likely
intrinsically linked to the diverse physiological functions of these tissues. For instance, genes that
were highly expressed in the bark might be engaged in processes such as pathogen defense or the
regulation of latex production. In contrast, genes expressed in flowers were probably pivotal for
reproductive development. Gaining a deep understanding of the regulatory mechanisms governing
tissue-specific expression is of utmost importance for accurately deciphering the precise functions of
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HbGASA genes. It will provide key insights into how these genes contribute to the overall growth,
development, and survival strategies of the rubber tree in different tissue-specific contexts.

The promoter analysis of HVGASA genes uncovered the existence of numerous cis- acting
elements associated with hormone and stress responses. The prevalence of elements responsive to
ethylene, GA, MeJA, ABA, and SA strongly implied that HHGASA genes were probably intricately
involved in complex hormonal regulatory networks. The identification of cold-related elements in
the promoters of the majority of the genes were consistent with the observed regulation of multiple
HbGASA genes under low-temperature stress. Additionally, HhGASA genes have been reported to
be regulated by fungal pathogens [22]. Notably, the wide array of cis-acting elements presented in
the HbGASA13 promoter indicated its crucial role in coordinating plant growth and responses to
abiotic stress. Nevertheless, the precise mechanisms through which these elements interact with
transcription factors and regulate gene expression still await further in-depth investigation.
Understanding these regulatory mechanisms is essential for fully elucidating the functions of
HbGASA genes in plant development and stress adaptation.

4. Materials and Methods

4.1. Plant materials and stress treatment

One-year-old bud-grafted seedlings of rubber clone Reyan73397 were supplied by the National
Rubber Germplasm Repository of China. To investigate the expression patterns of HhGASA genes
under cold stress, these seedlings were placed in a plant growth room at 0°C, with a 16-hour
photoperiod and a relative humidity of 80 + 5%. The treatment duration was 24 hours. Leaves of the
plantlets were sampled at 0, 0.5, 2, 4, 6, 8, and 24 hours after the onset of stress treatment. After
harvested, the leaves were immediately frozen in liquid nitrogen and stored at —80°C for RNA
extraction. For each sampling time point, three replicate samples were collected.

4.2. Identification and chromosomal distribution of HhGASA genes

The genome sequences, protein sequences, and annotation information of the rubber tree were
downloaded from the NCBI database (https://www.ncbi.nlm.nih.gov/). The Hidden Markov Model
(HMM) profile of the GASA domain (PF02704), retrieved from the protein families database (Pfam;
http://pfam-legacy.xfam.org/), was employed to search for GASA proteins in the rubber tree genome
using the HMMER program. To verify the presence of the complete GASA domain and extract it from
the obtained protein sequences, the NCBI Conserved Domain Database (https://www.ncbi.nlm.nih.
gov/Structure/cdd/cdd.shtml) and the Simple Modular Architecture Research Tool (SMART;
http://smart.embl - heidelberg.de/) were utilized. After eliminating redundant sequences, all non-
redundant putative protein sequences containing a conserved GASA domain were selected for
further analysis. TBtools was used to visually analyze the chromosomal locations of HhGASA genes
in the rubber tree and generate a chromosomal location map.

4.3. Physicochemical properties of HGASA proteins

The fundamental physicochemical properties of HbGASA proteins, such as the theoretical
relative molecular weight (MW), theoretical isoelectric point (pl), instability index (II), and grand
average of hydropathicity (GRAVY), were analyzed using Protparam
(https://web.expasy.org/protparam/). Additionally, the secondary structure of HbGASA proteins
was predicted by utilizing SOPMA (https://npsa-prabi.ibcp.fr/cgi -
bin/npsa_automat.pl?page=npsa_sopma.html).

4.4. Analysis of conserved motifs and gene structures

Conserved domain analysis was carried out by NCBI's CD-search tool (https://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). Meanwhile, MEME (http://memesuite.


https://doi.org/10.20944/preprints202502.0826.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 February 2025 d0i:10.20944/preprints202502.0826.v1

10 of 13

org/tools/meme) was utilized to predict the conserved motifs of HbGASA proteins, and visual files
were saved for the purpose of creating conserved structure analysis maps and motif structure maps.
In addition, the exon—intron study of the HhGASA genes was conducted using TBtools.

4.5. Analysis of promoters and phylogeny of HhGASA genes

The 2Kb upstream sequences of the start codon ATG of HVGASA genes were extracted from the
rubber tree genome data and served as promoter sequences. The PlantCARE tool
(http://bioinformatics.psb.ugent.be/webtools/plantcare/html/) was employed to predict and analyze
the characteristics of cis-acting elements in the promoters. Subsequently, TBtools was used to create
cis-acting element analysis maps. The HbGASA protein sequences, along with GASA protein
sequences from different species including Arabidopsis, poplar, rice, and wheat, which were
downloaded from Phytozome (https://phytozome-next.jgi.doe.gov) and the NCBI database
(https://www. ncbi.nlm.nih.gov/), were aligned using the Clustal W algorithm in MEGA11 software.
In MEGAT11, the Neighbor-joining method was utilized to construct a phylogenetic tree with 1000
bootstrap replicates. Finally, the phylogenetic tree was generated using the online software Evolview
(https://www.evolgenius.info/evolview-v2/#login).

4.6. Tissue-specific expression profiles of HhGASA genes

Using the published rubber tree RNA-seq data available at HeveaDB database
(http://hevea.catas.cn), the FPKM (Fragments Per Kilobase of exon per Million reads mapped) values
of HhGASA genes were retrieved and normalized. Based on the normalized FPKM values, the tissue-
specific expression profiles of HVGASA genes in five distinct tissues, namely bark, leaves, latex,
female flowers, and male flowers, were acquired. Subsequently, TBtools was employed to construct
an expression heatmap of HbGASA genes. To validate the tissue-specific expression patterns,
quantitative real- time polymerase chain reaction (qQRT-PCR) was carried out on selected HVGASA
genes in these five different tissues.

4.7. RNA isolation and qRT-PCR reaction

Total RNA was extracted from different tissues (bark, leaves, latex, female flowers, and male
flowers) as well as leaves exposed to various cold stress conditions. The extraction was performed
using the RNAprep Pure Plant Plus Kit (TIANGEN, Beijing, China) following the manufacturer's
instructions. The concentration and integrity of the extracted RNA were evaluated using the
NanoDrop One spectrophotometer (Thermo Fisher Scientific Inc., USA) and agarose gel
electrophoresis. Subsequently, the quanlified RNA samples were reverse-transcribed into cDONA with
the PrimeScript™ RT reagent Kit with gDNA Eraser (Takara, Dalian, China). The cDNA was diluted
five-fold. All qRT-PCR assays were conducted using the 2xQ3 SYBR qPCR Master Mix (TOLOBIO,
China) according to the manufacturer's protocol. The qRT-PCR primers, designed with Primer 3
software, were listed in Table 2. HbYLS8 was selected as the reference gene. The relative expression
levels were calculated using the 2-44¢t method. Each assay included three biological replicates and
three technical replicates.

Table 1. Primers for qRT-PCR of HVGASA genes

Primer name Forward primer (5'-3') Reverse primer (5'-3")
YLSS8 CCTCGTCGTCATCCGATTC CAGGCACCTCAGTGATGTC
HbGASA2 GTGACTCCAAGTGTGGGGAG ATAAGTTCCAGAGGGCACGC
HbGASA3 GCCTCAGGTGTACTTCCCTC AGCACGAAACTTAGCACCCT

HbGASA®6 CAGCTTACAAGAAGCCGTGC TTGTTGTAGCAAGGGCAGGA
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Primer name Forward primer (5'-3") Reverse primer (5'-3")

HbGASA7 GTTATGGCATCGCATGGTCA ATTGGGTCTTGCTGCACCTC

HbGASAS GGCTAAATTTGTTGCTGCCTTCCT GCCTTTGGTTGTCATAGTGGTG

HbGASA9 CAAGTCCCCTTACTGCACGA AGAGGGCACACACTTGCATT
HbGASA14 TGAAGAGCAAAGCACCGAGIT TGCAAACTACACCTCACCITG
HbGASA15 GGCAGTCCGTTTGCTTCTTG GAGCCTCCTGTTTCCACCTC
HbGASA17 CCAAGGCTGTGTTGTTTCTGG AGGAGTCTTGGCTGGTGGTA
HbGASA18 CCCAAATACTAGTCGCCCCA GGAGTTGGTGCCTTGACTGG

5. Conclusions

A total of eighteen HhGASA genes were identified. All of the identified HhGASA genes included
a conserved GASA domain, and can be classified into three groups. Additional analyses of the
promoter regions indicated that HHGASA genes were involved in plant growth, development, and
stress responses. Analysis of tissue-specific expression patterns demonstrated that, compared to in
latex, most HDGASA genes exhibited higher expression levels in barks, leaves, female flowers, and
male flowers. Moreover, the expression levels of selected HVGASA genes were investigated under
cold stress. The resulting data indicated that HDGASA genes might be involved in the response to
cold stress in rubber tree. In summary, the data presented in this study offered fundamental and
relevant information of HhGASA genes, which will serve as a valuable foundation for future research.
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Abbreviations

The following abbreviations are used in this manuscript:

ABA Abscisic acid

MeJA Methyl jasmonate

GA Gibberellic acid

SA Salicylic acid

GASA Gibberellic Acid-Stimulated in Arabidopsis

qRT-PCR quantitative real time PCR
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