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Cloning and expression analysis
of RhHsf24 gene in Rose (Rosa
hybrida)

Sudan Li%%*, Yaqi Sun®3*, Zongxia Hu?%3, Fei Dong?, Jiao Zhu?, Mengqi Cao*3 &
Chengpeng Wang®2**

Rose (Rosa hybrida) is one of the most important ornamental and perfume industry crops worldwide,
both economically and culturally. Abiotic stresses, such as high temperature and salt are crucial factors
influencing the quality of roses. In this study, RhHsf24 was isolated from rose (R. hybrida ‘Samantha’),
which encodes 295 amino acids (aa). Sequence comparison with members of Arabidopsis Hsfs family
revealed that this gene is most closely related to AtHsfB1; phylogenetic tree analysis with proteins
from other species showed that it clusters with R. rugosa (RrHSF24), Fragaria vesca (FvHSFB1a) and
Argentina anserina (AaHSF24), which are the closest relatives and belong to the class B heat shock
transcription factors. RhHsf24 was localized in the nucleus. The qRT-PCR results indicated that the
gene was expressed in roots, stems, leaves, flowers and buds. Expression analysis of the gene in
leaves subjected to various temperatures and durations of heat stress treatment demonstrated that
RhHsf24 gene expression is induced by heat stress. Under salt stress, the expression of the RhHsf24
gene generally exhibited a high level of expression with increasing concentration. The above results
preliminarily clarified the biological function of RhHsf24, and provide a genetic resource and theoretical
reference for the resistance breeding of roses.
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Instruction

Heat shock transcription factors (Hsfs) are key regulatory factors that play crucial roles in a multitude of biotic and
abiotic stress responses! ™. They are particularly pivotal in plant tolerance to high temperature stress and other
adversities™®. Hsfs are extensively involved in responding to plant adversity, including biotic and abiotic stresses’.
Their relationship with high temperature stress is particularly close. In response to high temperature stress, Hsf
specifically binds to the heat shock element (HSE) located on the heat stress-responsive gene promoters, thereby
inducing the expression of downstream responsive genes®. The expression of Hsfs varies in different plants under
high temperature stress’. The plant Hsf is divided into three main categories, A, B, and C, each performing
different functions®. Class A Hsfs are involved in the regulation of high-temperature stress response, while class
B Hsfs lack transcriptional activity owing to the absence of activation domains*!%-!2, Class C Hsfs may function
as transcriptional repressors by means of protein interactions and other mechanisms'?, and there is a relative
lack of research on this class. Abiotic stresses, such as drought and salt, have a profound impact on plant growth
and development'*-!7. Studies have demonstrated that following exposure to a high temperature environment
for an extended period, the majority of MdHsfs are induced to express in Malus domestica. And the expression of
certain Hsfs has been observed to increase significantly after exposure to stress'®. The expression of several class
A Hsf genes in Fragaria vesca demonstrated a gradual increase in response to an environmental temperature of
42°C™0, VpHsfl, a member of the HsfB2 family of Vitis pseudoreticulata, was shown in overexpressing Nicotiana
benthamiana to exert a dual regulatory function, acting as a positive regulator in acquired heat tolerance'®.
Furthermore, some Hsf genes have been reported to play a pivotal role in salt stress response. Arabidopsis plants
overexpressing AtHsfA2 and AtHsfA7b exhibited enhanced salt tolerance?®?!. Additionally, numerous genes
within the Hsf family demonstrated a notable response to salt stress. The enhanced expression of DcHsfI0,
DcHsf01, and DcHsf16 was observed in the Daucus carota variety ‘Jun-chuanhong??. The CsHsf and CsHsp
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genes, which were found to be up-regulated by heat stress in cucumber (Cucumis sativus L.), were also induced
by salt stress and regulated salt stress via a pathway common to heat stress®.

The rose (Rosa hybrida) is a perennial woody plant in the genus rosa, family rosaceae, known as the “Queen
of Flowers”” It is the world’s largest cut-flower and an important garden flower?*. Additionally, it occupies an
important position in terms of economic and ornamental value. The development of the rose industry has the
potential to drive regional tourism development and promote rural revitalization?®. However, rose planting is
susceptible to abiotic stresses, and the intracellular ionic equilibrium is easily disrupted in high-temperature
and high-salt environments, which shortens the flowering period and reduces the metabolism of roses, thus
affecting the growth and development of roses and their ornamental effects. Concurrently, abiotic stress also
constrains the quality and yield of cut flowers of rose and increases the cost of planting. Currently, the majority
of studies on the isolation of genes related to abiotic stress in rose are focused on regulatory genes such as NAC
and HB*-%, while fewer reports on the Hsfs genes. In this experiment, an Hsfs gene, designated RhHsf24, was
cloned for the first time from rose (R. hybrida ‘Samantha’). The gene was then subjected to biological analysis,
and transcriptional changes of the RhHsf24 gene were analyzed under different parts of the rose. The basic role
of the RhHsf24 gene was investigated by QRT-PCR in rose samples subjected to heat stress treatments of different
temperatures and durations, as well as treatments of different salt concentrations. The objective was to expand
the gene reserve of the rose for resistance breeding and provide a theoretical reference for future studies.

Results

Cloning and bioinformatics analysis of the transcription factor gene RhHsf24 in Rose

PCR amplification of RhHsf24 gene was performed with the designed primers, and the amplified bands are
presented in Fig. 1. After correction, the sequence of RhHsf24 was obtained, and its CDS comprised 888 bp
nucleotides, encoding 295 amino acids (aa).

The aa sequence of the rose RhHsf24 gene was employed to construct a phylogenetic tree with 21 members
of the Hsfs family of Arabidopsis using MEGA 11 (Fig. 2). The results of the analysis revealed that the proteins
of RhHsf24 and AtHsfB1 exhibited the closest relationship (Fig. 2A). Furthermore, the aa sequence encoded by
the RhHsf24 gene was also used to construct an evolutionary tree with the Hsfs transcription factors of other
species. The results indicated that the rose RhHsf24 fell within the same branch as R. rugosa (RrtHSF24), E. vesca
(FvHSFBla) and A. anserina (AaHSF24), and displayed a closer relationship (Fig. 2B).

The protein structural domains of RhHsf24 were analyzed, and a search using the NCBI (National Center for
Biotechnology Information) website revealed that the aa sequences of the RhHsf24 gene were similar to those
of eight plant species, namely R. rugosa, E vesca, A. anserina, Prunus dulcis, P. persica, P. mume, Ziziphus jujuba,
and Theobroma cacao. The aa sequence comparison maps were constructed using ClustalX and BioEdit software
(Fig. 3). It was found that RhHsf24, like the Hsfs of the other species, contains the DNA binding domain (DBD),
oligomerization domain (OD or HR-A/B), nuclear localization signal (NLS). Additionally, it has a repress
domain (RD) at its C-terminus with the core sequence -LFGV-, which indicates that RhHsf24 belongs to the
class B heat shock transcription factors.

Subcellular localization of RhHsf24 protein in Rose

In order to further study the function of the RhHsf24 protein, N. benthamiana was transiently transformed with
pSuper::1300-GFP-RhHsf24 recombinant vector and control vector pSuper::GFP and subsequently observed
by confocal laser scanning microscopy. The results, as shown in Fig. 4, indicated that the control pSuper::GFP
showed green fluorescence signals in the nucleus and plasma membrane, while the green fluorescence of the
pSuper::1300-GFP-RhHsf24 recombinant vector was only present in the nucleus. These results indicate that
the protein encoded by the RhHsf24 gene is localized within the nucleus. Among the genes from other species
that are most closely to RhHsf24, the subcellular localization of strawberry FvHSFB1a is known to reside in the
nucleus’, which is consistent with the localization of the RhHsf24 protein in this study. Similarly, Arabidopsis
AtHsfB1 is also localized in the nucleus®.
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Fig. 1. PCR amplification of RhHsf24. (M: BM2000 DNA Marker; Lane 1, 2: Amplification product of RhHsf24
gene. Original gels are presented in Supplementary Fig. 1.).
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Fig. 2. Phylogenetic tree analysis. (A) Phylogenetic tree of RhHsf24 and all HSFs in Arabidopsis. (B)
Phylogenetic analysis of RhHsf24 and related proteins from other species. This tree was constructed by MEGA
11. The dark dot indicates an RhHsf24 protein.

Expression characterization of Rose RhHsf24 under different treatments

In order to clarify the expression pattern of RhHsf24, qRT-PCR detection was performed. The results of gqRT-PCR
analysis showed that RhHsf24 gene was expressed in roots, stems, leaves, flowers and buds, with predominant
expression in stems and the lowest level of expression observed in buds (Fig. 5).

After examining the expression of RhHsf24 under different thermal treatment temperatures, it was found that
the expression of RhHsf24 exhibited an upward trend as the treatment temperature increased (Fig. 6). To further
simulate outdoor high-temperature stress, thermal treatments at 42 °C were conducted for various durations,
and the results revealed that the expression level of RhHsf24 gradually increased as the duration of the heat
treatment was extended (Fig. 7).

Normal-growing rose ‘Samantha’ plants were subjected to salt stress treatment by watering with solutions
containing salt concentrations of 0%, 0.20%, 0.40%, 0.60%, 0.80%, as well as 1.00%, respectively. After 30 days,
leaves from the treated plants were harvested for RNA extraction and subsequent reverse transcription into
cDNA, followed by the analysis of RhHsf24 expression at each concentration. RhHsf24 expression changes with
treatment. As shown in Fig. 8, the expression of RhHsf24 in leaves showed an increasing and then decreasing
trend. This suggests that RhHsf24 is capable of responding to salt stress in roses, with its induction gradually
intensifying as the salt concentration rises, peaking at the 0.80% salt concentration treatment.

Discussion

Heat shock transcription factors are important regulators that control the expression of heat shock proteins
(HSPs) in cells**2, acting as molecular chaperones of the proteins. Heat shock proteins are induced by various
abiotic stresses in plants and exhibit a wide range of responses by reducing protein damage from abiotic stresses
through protein folding and processing in cellular responses®*3%. In this study, we cloned the CDS sequence of
the heat shock transcription factor RhHsf24 gene from R. hybrida ‘Samantha” and obtained a CDS sequence of
888 bp in size encoding a total of 295 aa after PCR amplification. Relevant studies have shown that HSFs can
be categorized according to the length of the helical linkage between the N-terminal conserved DNA-binding
domain and the oligomerization domain structure and the number of aa inserted between HR-A/B: 9-39 for
class A, 50-78 for class B, and 14-49 for class C>>%, it can be clearly stated that RhHsf24 belongs to the B class
of heat shock transcription factors. Class B HSFs are generally regarded as repressors of the heat stress response
and function by regulating class A HSFs*’. In tomato (Lycopersicon peruvianum), HsfB1 acts as a coactivator and
is involved in the regulation of high-temperature stress together with members of the HsfA family®, HsfB2a
and HsfB2b in Arabidopsis can improve the heat tolerance of Arabidopsis by binding to HsfAla and HsfA1b%.
Therefore, it is hypothesized that RhHsf24 interacts with class A family members to participate in abiotic stress
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Fig. 3. Alignment of amino acid sequence of Hsf24 in different plants. Rr: Rosa rugosa; Fv: Fragaria vesca
; Aa: Argentina anserina; Pd: Prunus dulcis; Pp: Prunus persica; Pm: Prunus mume; Zj: Ziziphus jujuba; Tc:
Theobroma cacao.

GFP Bright Merge

pSuper::GFP

pSuper::
1300-GFP-RhHsf24

Fig. 4. Subcellular localization of RhHsf24. (The pSuper::GFP vector served as the control).

response in plants, the principle of which is not yet clear. The phylogenetic tree results showed that RhHsf24 of
rose was in the same branch with RrHSF24, FvHSFBla and AaHSF24 with close affinity, and compared with
21 genes of Hsfs family of Arabidopsis, it was closest in affinity to AtHsfB1, which was hypothesized to have a
similar role with AtHsfB1 of Arabidopsis. The subcellular localization results showed that the RhHsf24 gene was
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Fig. 5. Expression analysis of RhHsf24 in different organs by qRT-PCR. (Bars are means + SD of three
independent experiments, with different letters indicating statistically significant difference. p <0.05.).
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Fig. 6. Expression analysis of RhHsf24 under different temperature treatments by qRT-PCR. (Bars are
means * SD of three independent experiments, with different letters indicating statistically significant
difference. p <0.05.)

localized to the nucleus, indicating that the RhHsf24 gene exerts transcriptional translational functions in the
nucleus, consistent with most class B heat shock transcription factors.

The qRT-PCR results showed that the expression of RhHsf24 was generalized in different parts of the rose.
RhHsf24 was expressed in roots, stems, leaves, flowers and buds, and the highest expression was found in stems,
followed by roots, leaves and flowers, and the lowest expression was found in buds, which may be related to
the reproductive period of the rose at the time of sampling. During the growth of the rose, the leaves undergo
photosynthesis and transpiration to regulate growth, while the leaf cytoplasmic membrane adapts to adversity
through ion transport. The expression of RhHsf24 in rose can be studied in more detail by applying different
temperatures and different times of heat treatment. The vast majority of HSF genes in Hypericum perforatum
were up-regulated and expressed under heat-excitation treatments®, in Cymbidium ensifoliu, the relative
expression level of CeHSFI peaked at 24 h of high-temperature treatment*!. In this study, RhHsf24 in leaves
showed up-regulated expression with increasing treatment temperature, and the expression of RhHsf24 at 24 h
was significantly higher than that of 0 h time treatment under heat-excited treatment at 42 °C. Consistent with
previous studies, it further indicated that RhHsf24 was sensitive to high-temperature stress response.

Currently, there are not many studies on the response of rose Hsfs to salt stress. In white clover, expression
of the TrHSFB2 gene in roots and shoots showed a trend of increasing and then decreasing after treatment
with 200 mM NaCl. The expression gradually increased at 0, 3, 6 and 12 h of treatment and decreased at 24 h
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Fig. 7. Expression analysis of RhHsf24 under 42 °C heat stress treatment at various time points by qRT-PCR.
(Bars are means + SD of three independent experiments, with different letters indicating statistically significant
difference. p<0.05.).
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Fig. 8. Expression analysis of RhHsf24 under different salt concentration treatments by qRT-PCR. (Bars
are means + SD of three independent experiments, with different letters indicating statistically significant
difference. p <0.05.)

of treatment*’. Since the expression of RhHsf24 in leaves showed a trend of first increasing and then decreasing
when treated with salt concentrations of 0, 0.20%, 0.40%, 0.60%, 0.80%, and 1.00% in this experiment, the
preliminary study indicated that the rose RhHsf24 has a certain response to salt stress.

Numerous studies of overexpressed Arabidopsis plants have shown that Hsf family genes act in interaction
with other transcription factors (TFs) to initiate physiological adaptations to salt stress in plants by initiating in
vivo adaptation to salt stress’®*>. Overexpression plants constructed from the ThHsfAI gene of Tamarix hispida
and Arabidopsis showed that the ThHsfA1 protein can regulate salt stress by mediating ThWWRKY4%, resulting in
lower levels of reactive oxygen species (ROS), higher levels of antioxidant enzyme activities, and plants showing
greater salt tolerance®. Similarly, AeHsfA2b transgenic Arabidopsis outperformed wild-type Arabidopsis under
salt stress by binding directly to the AeRFS4 promoter using Actinidia eriantha as a material®, thereby increasing
raffinose levels and enhancing plant tolerance to salt stress?®. In addition, the function of class B heat shock
transcription factors is different from that of class A. It has been found that some class B Hsf with a repressor
domain at the C-terminus can interact with class A Hsf or other protein factors*’. In this experiment, the
significant response of RhHsf24 to different salt concentrations suggests that this gene is also involved in the salt
stress response process in rose plants, but whether it interacts with related protein factors and what the response
mechanism is still needs further investigation.
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Usage Forward primer (5'>3") Reverse primer (5'>3)
qRT-PCR of RhUBI2 GCCCTGGTGCGTTCCCAACTG CCTGCGTGTCTGTCCGCATTG
RhHsf24 ORF amplification GGAGTTCCTCACTGCCCTTC GCCGATCCATAGGCCTTACC
qRT-PCR of RhHsf24 GATCAGATCAATCAGATTATGCGGC gé;E%TCATTCTCACTGTGA

. . CCCTTGCTCACCATGGTACCG
Used for pSuper::1300-GFP-RhHsf24 vector Construction | GACTCTAGTCTAGAAAGCTTATGATCAAAATGGCTCAAAG TTGTACACCTTCCCGCTCT
RT-PCR of GFP GCCATTTCGCCTTTTCAG TGATAATCATCGCAAGACCG

Table 1. The primers used in this study.

In conclusion, by cloning the sequence of the RhHsf24 gene in rose and analyzing the expression status of
RhHsf24 in different organs, different heat stress treatments as well as different concentrations of salt stress, it
helps to find out the expression pattern of RhHsf24 and provides theoretical references for the study of gene
expression regulation mechanism under the adversity of rose.

Materials and methods

Plant materials and treatments

Rose (R. hybrida ‘Samantha’) was grown in greenhouse at (24+1) °C with appropriate photoperiod, and the

plants were selected to be of similar fertile period, good growth, free from pests and diseases and uniform in size.
The selected rose was sampled in different parts of roots, stems, leaves, flowers and buds, and other rose

plants were selected to be treated under different heat stress conditions for five time periodsof 1 h,3h,6h, 12h

and 24 h at 42 °C and for 3 h at five temperatures of 28 °C, 32 °C, 37 °C, 42 °C and 45 °C. Salt concentrations of

0%, 0.20%, 0.40%, 0.60%, 0.80% and 1.00% were also treated for 30 d. Immediately after the end of the treatment,

samples were taken from the leaves of the rose, and the samples were wrapped in tin foil and put into liquid

nitrogen, and stored in a refrigerator at -80 °C.

Total RNA extraction and cDNA synthesis

RNA was extracted using the FastPure Plant Total RNA Isolation Kit (RC401), The samples were subjected to
lysis, DNA removal, transfer to an adsorption column for centrifugation, deproteinization, rinsing, and elution.
And cDNA synthesis was performed with reference to the instruction manual of the SPARKscript II 1st Strand
cDNA Synthesis Kit (AG0302). A total of 9.0 uL of RNA (0.1-1 ng) were added to the RNase-free tube, along with
20.0 pl of gDNA Eraser. The volume of RNase-free water was adjusted to 10.0 pl. The solution was transferred
gently and blown into the PCR instrument, which should then be set to 42 °C for 5 min. Upon completion of
the reaction, the solution was transferred to an ice bath. An additional 10.0 uL of Master Mix was added, mixed
thoroughly, and then subjected to centrifugation. Subsequently, the incubation programme was conducted at
50 °C for 30 min using a PCR instrument, and the solution should be heated to 85 °C for a period of 5 min.
Subsequently, the sample was placed in a -20 C freezer for further use.

Cloning of RhHsf24 gene

To clone the RhHsf24 gene, firstly, the sequence of the rose RhHsf24 gene was obtained from the NCBI website.
Two specific primers (Table 1) were designed according to the results, and then PCR amplification was
performed using the cDNA sequence of rose as a template. The PCR reaction system consisted of 2.0 ul cDNA,
1.5 ul upstream and downstream primers, and 25.0 pl Taq enzyme (2xM5 HIPer plus Taq HiFi PCR mix (with
blue dye) (MF002-plus-100)). PCR amplification was performed after brief centrifugation. The reaction program
was 95.0 °C for 3 min, 95.0 °C for 15 s, 57.0 °C for 15 s, 72.0 °C for 2 min, with a total of 34 cycles. After the
reaction was completed, the PCR amplification products were detected by agarose gel electrophoresis, and after
confirming that the bands were correct, the target fragment was recovered by using a Gel DNA Purification Kit
(Bejing Zoman Biotechnology Co., Ltd.) (ZPN202-3), and the recovered product was ligated with the vector
5xZTOPO Mix and then transformed into Escherichia coli, and then cultured overnight, a single colony was
picked for transient amplification. After overnight incubation, single colonies were picked and subjected to PCR
identification. Positive colonies were selected for sequencing verification by Sangon Biotech (Shanghai) Co., Ltd.
For those colonies with correct sequencing results, the plasmid was extracted using the FastPure Plasmid Mini
Kit (DC201-01), and the bacterial cultures were stored in glycerol at -80 °C for future use.

Bioinformatics analysis of RhHsf24 gene in Moonflower season

The correctly calibrated RhHsf24 gene sequence was searched for several plants with high aa sequence similarity
using the NCBI website, and aa sequence comparison maps were constructed using Clustal X*® and BioEdit*’,
phylogenetic trees were constructed using MEGA 11.0% for 21 genes of Arabidopsis Hsfs families and the
RhHsf24, proteins of RhHsf24 and other species.

Construction of overexpression vectors for RhHsf24

To construct the overexpression vector, two primers should be designed (Table 1), and the plasmid extracted
from the correctly sequenced E. coli liquid of RhHsf24 gene was used as the template for PCR amplification, and
the system was as follows: PrimeSTAR DNA polymerase 25.0 ul, plasmid 1.0 ul, two primers (24-1300-HindIII-E,
24-1300- KpnI-R) 1.5 pl each, ddHZO 21 yl, the amplification program was 95 °C for 3 min, 95 °C for 15 s, 59 °C
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for 155,72 °C for 120 s, and 34 cycles, and the correct bands were selected for recovery after gel electrophoresis.
The PCR-amplified fragments were digested with Kpn I and Hind IIT double digests system, and then loaded
into the 1300-GFP-C expression vector, and the ligation system was as follows: recovered product 1.0 pl, 5xCE II
Buffer 2 pl, Enzyme-cut vector 3.0 yul, Exnase II 1.0 ul, ddH20 3.0 pl. 37 °C PCR was incubated for 1 h to obtain
the recombinant plasmid pSuper::1300-GFP-RhHsf24. The ligated product was transformed into E. coli, single
colony PCR was performed, and positive clones were selected for sequencing verification.

Subcellular localization of RhHsf24 protein

In order to investigate the localization of RhHsf24 gene expression protein in cells, the binary vector was
transformed into Agrobacterium EHA105 strains and were injected into leaves of N. benthamiana. The treated
tobacco (Nicotiana benthamiana) seedings were then placed in a controlled environment chamber with a 16 h
light/ 8 h dark light photoperiod at a constant temperature of 24 C. After 48 h, images were captured using
confocal laser scanning microscopy.

Gene expression assay

The primers for quantitative real-time PCR of RhHsf24 were designed using SnapGene and DNAman software,
and the primer sequences are shown in Table 1. The reaction system for qRT-PCR consisted of a total of 20 pl:
cDNA template 1 pl, upstream and downstream primers 0.5 pl each, the fluorescent dye (2x RealStar Fast SYBR
qPCR Mix) 10.0 ul, ddH20 8.0 pl. The reaction program was: pre-denaturation at 95 °C for 3 min, denaturation
at 95 °C for 10 s, annealing at 60 °C for 30 s, for a total of 39 cycles. RhUBI2 was used as internal controls for R.
hybrida®'. The experiments were performed on three or four independent biological replicates of each sample.
Relative expression was calculated using the 2744t method, and the data obtained were analyzed for significance
using Prism 8.0 software.

Conclusion

In this study, the RhHsf24 gene with a CDS length of 888 bp and encoding 296 aa, was cloned from the R.
hybrida ‘Samantha’. Sequence comparison with Arabidopsis Hsfs family genes and phylogenetic tree analysis
with proteins from other species revealed that this gene is the closest relative to AtHsfBI, and is in the same
branch as R. rugosa (RrHSF24), E vesca (FvHSFBla) and A. anserina (AaHSF24), which belongs to the class
B heat shock transcription factors. The results of subcellular localization showed that RhHsf24 protein was
localized to the nucleus. qRT-PCR indicated that RhHsf24 responded to high-temperature and salt stress. It may
play an important role in the perception, transmission, and amplification of stress signals and the response of
regulatory factors and functional proteins in rose. This study provides an important gene source and theoretical
basis for further research on the stress tolerance mechanism of the rose and for expanding the cultivation of rose
germplasm resources.

Data availability

All data generated in this study is included in this article. The nucleotide and protein sequence of RhHsf24
is available at in the National Centre for Biotechnology Information (NCBI) GenBank repository [Accession
number: LOC112187155].
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