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Abstract: Introduction: High-throughput RNA sequencing (RNA-Seq) studies demonstrate that Al-
ternative Splicing (AS) is a widespread mechanism that enhances transcriptome diversity, particularly
in plants exposed to environmental stress. In an attempt to determine the transcriptome and AS pat-
terns of cabbage inbred line “HO” under Heat Stress (HS), RNA-Seq was carried out using HS-treated
and control samples. Genome-wide analysis indicated that AS is differentially regulated in response to
HS. The number of AS events markedly increased in HS-treated samples compared to the control.

Conclusion: We identified 1,864 genes, including Heat shock transcription factor (Hsf) and heat
shock protein (Hsp) genes, that exhibited >4-fold changes in expression upon exposure to HS. The en-
riched Gene Ontology (GO) terms of the 1,864 genes included ‘response to stress/abiotic stimu-
lus/chemical stimulus’, among, which the genes most highly induced by HS encode small Hsps and
Hsf proteins. The heat-induced genes also showed an increased number of AS events under HS condi-
tions. In addition, the distribution of AS types was altered under HS conditions, as the level of Intron
Retention (IR) decreased, whereas other types of AS increased, under these conditions. Severe HS-
induced AS was also observed in Hsfs and Hsps, which play crucial roles in regulating heat tolerance.
Our results support the notion that AS of HS-related genes, such as Hsf42 and HsfB2a, are important

for heat stress adaptation in cabbage.

Keywords: Alternative splicing, Cabbage, Heat shock, Heat shock transcription factor, Heat shock protein, Transcriptome.

1. INTRODUCTION

Plant growth and development are influenced by various
aspects of climate change such as global warming. As heat
stress due to high ambient temperatures poses a serious
threat to the productivity and quality of various crop plants
worldwide, the mechanisms underlying the responses of
plants to elevated temperatures are an important focus of
study [1-3]. Understanding how plants respond to high tem-
perature at the molecular level will help breeders produce
thermo-tolerant crop varieties. Cabbage (Brassica oleracea
L.) is a valuable vegetable crop that is sensitive to high tem-
peratures, making heat-tolerant cabbage a strong focus of
breeding programs [4].

We previously compared the heat-responsive gene expres-
sion levels of four Heat-Tolerant Cabbage Lines (HTCLs)
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and four heat-sensitive cabbage lines (HSCLs) [4]. We iden-
tified differentially expressed heat shock protein (Hsp) and
heat shock transcription factor (Hsf) genes under heat stress
conditions in inbred lines, ‘HO’ and ‘JK’, using microarray
analysis. Hsf and Hsp proteins are central regulatory proteins
that function during heat responses and have a significant
impact on thermotolerance. The Hsfs comprise a large fam-
ily consisting of 21 and 25 members in the model species
Arabidopsis and rice, respectively [5]. Plant Hsfs can be di-
vided into three classes, A, B, and C, based on variations in
their three domains (DNA binding domain, oligomerization
domain, and C-terminal activation domain) [6, 7]. Hsf pro-
teins reprogram gene expression to repair protein damage
through elevated biosynthesis of Hsp chaperones and prote-
ases [8, 9]. The Hsps are classified into five conserved
classes according to their approximate molecular weight:
Hsp100, Hsp90, Hsp70, Hsp60, and the small Hsps (sHsps)
[10]. The two best-studied families, Hsp60 and Hsp70 rec-
ognize and bind to unfolded proteins, thereby preventing
their aggregation by functioning as molecular chaperones
[11]. Some higher plants have many more sHsps than do
other eukaryotes and are characterized by the presence of
more than 30 types of sHsps, which are induced upon expo-
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sure to stresses, including heat. The diversity of plant sHsps
suggests that some aspects of these proteins, possibly
including substrate specificity, are quite variable among
sHsps in relation to the adaptation of plants to heat stress
[12].

AS of pre-mRNA is an important post-transcriptional
regulatory mechanism that enhances transcriptome complex-
ity and proteome diversity in metazoan organisms. AS oc-
curs in ~95% of intron-containing genes in human, as re-
vealed by RNA-Seq [13]. Genome-wide studies revealed
complex AS patterns in plants [14-16]. In Arabidopsis, 40—
61% of intron-containing genes are alternatively spliced un-
der normal growth conditions. AS is particularly prevalent in
plants exposed to environmental stress and is likely impor-
tant for stress adaptation. Several types of AS events, such as
intron retention (IR), alternative 3" or 5" splice site selection,
exon skipping (ES), and the production of mutually exclu-
sive exons in plant, can increase protein diversity, cause
translational process, and affect mRNA stability in plants
under stressful environmental conditions [17, 18].

There are few reports describing how elevated tempera-
ture affects pre-mRNA splicing, although several studies
demonstrated that temperature changes affect the regulation
of splicing [18]. In the current study, based on this reference
genome for the mesopolyploid B. oleracea, we characterized
the HS transcriptome of cabbage line ‘HO’ under HS. Our
genome-wide analysis of AS from whole transcripts helped
elucidate which type of AS events affect thermos-tolerance
in the heat-tolerant inbred cabbage line, ‘HO’. Our findings
about changes in the structures and functions of heat stress
proteins due to AS increase our understanding of the com-
plexity of the heat stress response in cabbage. AS represent
an important level of regulation of gene expression under
heat stress conditions, which should be considered in basic
and molecular breeding studies.

2. MATERIALS AND METHODS

2.1. Plant Materials, Growth Conditions and Heat
Treatment

Seeds of heat-tolerant inbred line cabbage (Brassica
oleracea L.) line ‘HO’ were obtained from the Asia Seed
Company (Gyeonggi-Do, Korea). ‘HO’ was selected as an
HTCL line, based on its ability to form normal heads after a
single summer season in a vinyl greenhouse [4]. The seeds
were surface-sterilized with 70% ethanol for 5 min and with
10% chlorox bleach for 30 min, followed by five rinsed with
sterilized distilled water for 5 min per rinse. The seeds were
directly germinated in sterilized soil and grown for 2 weeks.
The plants were maintained under controlled growth
conditions of 16 h light/8 h dark cycles with 150 pE m™s™
light at 24°C in a growth chamber. For heat treatments, 2-
week-old young soil-grown plants were subjected to HS at
42°C for 4 h and sampled for RNA preparation.

2.2. RNA Isolation, Library Construction, and RNA Seq

An equal amount of total RNA from each treated/non-
heat-treated sample was pooled for transcriptome sequencing
to obtain a comprehensive range of transcripts. Poly(A)+
RNA was purified from the pooled total RNA (20 pg) using
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oligo(dT) Dynabeads. Impurities were removed from the
hybridized sample using a series of low-salt washes. First-
strand cDNA was synthesized using oligo(dT) primers. The
RNA was then degraded with RNase H (Invitrogen,
Carlsbad, CA, USA) and second-strand cDNA was
synthesized using DNA polymerase I (New England
BioLabs, Ipswich, MA, USA). Double-stranded cDNA was
randomly fragmented using a nebulizer. The fragments were
then repaired and extended at their 3’ ends by the addition of
a single adenine, and different adapters were ligated to the 5’
and 3’ ends. The ligated fragments were separated on a gel,
and fragments of ~200 bp were isolated. After amplification
by polymerase chain reaction (PCR), the fragments were
separated using electrophoresis, purified, and subjected to
INlumina HiSeq2000 sequencing. The forward and reverse
paired-end reads of two sequencing data sets were linked,
and the indexed adapter sequences were trimmed using the
SOLEXA QA package v. 1.13 [19].

2.3. Reads Mapping to the Reference Genome and
Splicing Junction Prediction

Reads mapping to the Brassica oleracea genome [20]
and splice junction detection were performed using TopHat
v. 2.0.6 software [21].

2.4. GO Analysis and Gene Clustering

Among the altered transcripts as a result of HS, genes
exhibiting >4-fold changes in expression (up or down-
regulated) upon exposure to heat were identified from whole
transcripts. To further assess their biological functions, these
HS-induced and HS-repressed genes were subjected to func-
tional enrichment analysis using the Agro Gene Ontology
(GO) (FDR < 0.05) annotation tool with GI number for
Brassica oleracea. All Brassica oleracea genes were anno-
tated by TAIR ID, and analyzed with default criteria (counts
> 2 and EASE score < 0.1) to obtain enriched GO terms. In
detail, GO terms (biological process) among functionally
annotated genes were investigated using the gene GO data-
base. Clustering of Differentially Expressed Genes (DEGs)
was performed with Cluster 3.0 software and illustrated by
heat map.

2.5. Quantitative Real Time-PCR (qPCR) Analysis and
High-Resolution Reverse Transcription-PCR RT-PCR

Total RNA was isolated from B. oleracea tissue using
RNAiso Plus (Takara, Tokyo, Japan). The cDNA was
synthesized with M-MLV reverse transcriptase and an
oligo(dT) primer in a 20 pL volume according to the
manufacturer’s instructions (Invitrogen, Carlsbad, CA,
USA). Four Hsp and three Hsf genes were selected for RT-
PCR. Quantitative real time PCR (q-PCR) was performed in
10 pL reactions containing gene-specific primers, 1 pL of
cDNA as template, and SYBR Premix Ex Taq. The reactions
were performed using a CFX96 Real-Time PCR system
(BioRad, Hercules, CA, USA). The thermal profile for g-
PCR was as follows: 3 min at 95°C, followed by 40 cycles
consisting of 95°C for 25 s, 60°C for 25 s, and 72°C for 25 s.
Primer specificity and the formation of primer-dimers were
monitored by dissociation curve analysis. The expression
level of B. oleracea Actin2 (BoActin2) was used as an
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internal standard for normalization of cDNA template
quantity. RT-PCR and q-PCR were performed in triplicate.

2.6. Identifications of AS Transcripts Using MultiNA

The PCR mixture (10 pL) contained 100 ng of DNA
templates, 2x PCR master Mix (Noblebio, Hwaseong, Ko-
rea) and 1 pM of each primer. The following PCR protocol
was used: 94°C for 3 min, followed by 32 cycles at 94°C for
30 s, 60°C for 30 s, and 72°C for 30 s and, an extension step
at 72°C for 5 min. AS transcripts were separated by electro-
phoresis in a 1.5% agarose gel using a 1 kb Plus DNA Lad-
der (BioFact, Daejeon, Korea) to calculate the length of the
AS transcripts. The number and abundance of AS transcripts
were calculated using MultiNA microchip electrophoresis
(Shimadzu Biotech, Kyoto, Japan).

3. RESULTS

3.1. HS Treatment, mRNA Sequencing, and Data Analy-
sis

We previously showed that HS at 42°C for 4 h could be
used to reveal the obvious heat-tolerant phenotypes of the
heat-tolerant inbred cabbage (Brassica oleracea L.) line
‘HO’ compared to heat-sensitive inbred lines [4]. Based on
this finding, in the current study, we used ‘HO’ plants grown
at 24°C as the control and ‘HO’ plants incubated at 42°C for
4 h as the heat treatment to prepare RNA samples for RNA-
Seq (Fig. 1a). The extracted RNA was then used for mRNA
isolation, fragmentation, cDNA synthesis, and sequencing.
After data trimming and filtering, we performed read map-
ping to the reference genome and splice junction detection
using TopHat and in-house Perl scripts (Fig. 1b). Finally, we
counted reads at gene region and intron boundaries, pre-
dicted mRNA transcripts, and selected AS forms (Fig. 1b).
Nearly 275.4 million reads were generated, including 130.7
and 144.7 million reads for the control and HS samples, re-
spectively (Table S1). We mapped the sequence reads to the
B. oleracea genome using the TopHat program. In total, 99.1
million reads (75.8%) from the control and 99.6 million
reads (68.8%) from the HS samples were mapped to the ref-
erence genome. Among the mapped reads, 38.2 million
(38.6%) and 30.5 million (30.6%) reads from control and HS
samples were alternatively spliced, respectively (Table 1).

When these reads were located in the 59,225 annotated
genes of the cabbage reference (Table S2), 88,833 AS events
from the control and 118,525 AS events from the HS sample
were potentially detected among alternatively spliced tran-
scripts.

3.2. Identification of AS Events in Response to HS

AS generates two or more mRNAs from the same precur-
sor mRNA (pre-mRNA) by using different splicing sites.
The different forms of AS events in the transcriptome of
inbred line ‘HO’ were divided into five classes: IR, alterna-
tive 3'splice site donor (A3SS), alternative 5' splice site ac-
ceptor (A5SS), ES, and exon deletion (ED) (Fig. 2). Of the
most common types of AS, IR and ES are the most frequent
AS event in plants and human, respectively [14, 22]. In gen-
eral, ED is not a common type of AS, as shown in previous
reports [23-25]. Here, we investigated this type of AS event
because a significant number of ED events were identified in
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the cabbage inbred line regardless of HS condition. The most
common AS type was IR, comprising 73-75% of AS events,
followed by ES (12%), ASSS and A3SS (6-7%), and ED
(1%) (Fig. 2).
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Fig. (1). Experimental design and data analysis. (a) HS treatment of
heat tolerant inbred cabbage line ‘HO’. Arrows indicate the time of
sample collection for total RNA extraction. (b, ¢) The work flow
and algorithm used to detect AS and heat stress-responsive genes.

RNA-Seq analysis showed that the number of AS events
changed in response to HS (Fig. 3). The total number of pre-
dicted AS events in B. oleracea line ‘HO’ with HS increased
by more than 30% compared to the control condition (Fig.
3a, ¢). The distribution of all AS forms in control and HS-
treated samples was similar. We analyzed the number of AS
events per gene according to type to investigate AS diversity
around each gene, finding that AS occurred 30,049 times
under control conditions, and 40,227 times under HS-
induced conditions (Fig. 3b, d). HS conditions caused a
greater number of different AS types than control conditions,
with nearly 20% more types of AS per gene in the HS sam-
ple versus the control. In particular, the number of ES events
was markedly higher in the HS samples, compared to the
control (Fig. 3b). The distribution of IR AS forms was mark-
edly reduced under elevated temperatures, but the distribu-
tion of ASSS and A3SS AS forms was nearly identical under
both conditions. Interestingly, the number of ES events in
the HS samples exhibited the greatest increase, suggesting
that the AS form of ES may be important in the response to
HS (Fig. 3d).

3.3. Identification of DEGs in Inbred Line ‘HO’ Under
HS

In a previous study, we compared the expression levels
of HS-related genes between the HTCL, ‘HO’ and the
HSCL, ‘JK’ through GeneChip assays [4]. Since the inbred
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Table 1.  Statistics of mapping to reference.
Sample Total Reads Mapped Reads Spliced Reads
Control 130,704,165 99,083,464 (75.81%) 38,246,833 (38.60%)
Heat treatment 144,692,690 99,555,630 (68.80%) 30,498,399 (30.63%)

line ‘HO’ used in the current study is the heat tolerant, we
expected that genes identified as induced under HS would be
involved in the heat tolerance of this line. When the cabbage
plants were treated with HS, a complex network of heat-
responsive B. oleracea genes appeared. The RNA-Seq data
show that HS regulates a number of transcription factor
genes and genes associated with the heat stress response. The
normalized read count processed by TopHatll was used to
quantify transcript abundance [21]. Among the transcripts
with altered levels as a result of HS, 1,864 genes/3,355 genes
exhibited >4-fold changes in up/downregulated expression
upon exposure to HS.

Splicing type I Constitutive exon Alternatively spliced exon

IR ——/\ ——
A3SS T i ——

A5SS e a—

ES S i N—
ED i D i —

Fig. (2). Schematic representation of alternative splicing. The figure
illustrates the different types of alternative splicing: intron retention
(IR), alternative 3/ splice site donor (A3SS), alternative 5’ splice
site acceptor (A5SS), exon skipping (ES), and exon deletion (ED).
Exons, introns, and constitutively/alternatively spliced regions are
represented by boxes, black lines, and blue/orange lines, respec-
tively.

To further assess the biological functions of these genes,
1,864 HS-induced and 3,355 HS-repressed genes were sub-
jected to functional enrichment analysis. (Fig. S1) shows the
percentage of annotated genes classified in the biological
process (BP) category using the Agro GO annotation tool
with GI number for Brassica oleracea.

When the GO categories from the 1,864 HS-induced
genes were compared to those of the total cabbage reference
genes [26], the dominant subcategories were as follows: ‘re-
sponse to stimulus’, ‘immune system process’, ‘signaling’,
and ‘death’ (Fig. Sla). On the other hand, 3,355 HS-
repressed genes were highly enriched in GO terms such as
‘developmental process’, ‘regulation of biological process’,
‘biological regulation’, and ‘multicellular organismal proc-
ess’ (Fig. S1b). We also identified over-represented GO

terms in the BP category among genes that were functionally
annotated in detail (Fig. 4). GO classification of HS-induced
genes at the level 2 revealed that ‘response to stress/abiotic
stimulus/chemical stimulus/ reactive oxygen species’, and
‘protein folding’ (Fig. 4a), as well as GO terms related to
transcription, primary metabolic process, macromolecule
biosynthesis, and protein phosphorylation were the most
highly represented GO terms among HS-repressed genes
(Fig. 4b). These results indicate that specific subsets of
genes are differentially regulated by HS.

3.4. HS-Induced Genes Among DEGs and q-PCR Valida-
tion

HS-induced genes are enriched in several important func-
tional pathways, such as ‘response to stimulus’ and ‘re-
sponse to abiotic/temperature stimulus’ (Fig. Sla and Fig.
4a). Among these, the genes most highly induced by HS are
sHsps and Hsf proteins, indicating that a subset of genes
with critical heat stress response functions are transcription-
ally regulated. To investigate trends in gene expression pro-
files, DEGs that exhibited genes >4-fold upregulated expres-
sion between the control and HS transcriptomes were clus-
tered using Cluster 3.0 software. The heat map shows three
distinct gene clusters of highly expressed genes (Fig. S2,
arrow-head), including three families of Hsps, sHsps and
Hsfs such as the genes encoding Hsp90, H70B, Hspl0l,
Hsp21, Hsp20-like protein, Hspl7.6, Hsp22, HsfA2,
HsfA7A, and HsfB2A (Table S3).

The expression levels of the Hsps, sHsps and Hsfs were
further validated by q-PCR using specific primer pairs de-
signed to detect the transcripts of the corresponding genes
(Table S4). The q-PCR results correlated with the RNA-Seq
results (data not shown); the results of q-PCR analysis of
seven genes that were highly differentially expressed be-
tween the HS and control samples are showed in (Fig. 5).
The greatest difference in expression was observed for
Hsp21, which exhibited a nearly 50,000-fold increase in ex-
pression in response to HS. The others genes exhibited a 10-
400 fold increase in expression in response to HS.

3.5. AS of HS-Induced Genes

To analyze the post-transcriptional regulation of the
1,864 highly HS-induced genes, we classified the AS events
(Fig. 6). The total number of predicted AS events for these
genes was over 300% greater under HS than under control
conditions (Fig. 6a, c). The distribution of AS types differed
between HS-treated sample and the control. The most com-
mon AS type was IR, comprising 81% and 62% in the con-
trol and HS samples, respectively. While there was an ap-
proximately 20% reduction in IR-type events in the HS sam-
ples compared to the control, the frequency of ES events
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increased from 9% to 13% in the HS samples versus the con-
trol, and the frequency of ASSS and A3SS increased from 4-
5% to 12% in the HS samples compared to the control,
whereas both the control and HS samples had an ED rate of
1%. We analyzed the number of different types of AS events
per gene to explore AS diversity around each HS-induced
gene, finding that, among the 1,864 genes, AS occurred 985
times under control conditions, and 2,240 times under HS-

induced conditions (Fig. 6b, d). Therefore, HS conditions led
to more than twice as many AS events were detected under
control conditions. Interestingly, the number of ES, ASSS,
and A3SS events increased approximately 2-fold under HS,
whereas the number of IR type AS events was reduced by
HS. These results indicate that HS-induced genes exhibited
more ES-, A3SS-, and A5SS-type AS under HS compared to
the control, suggesting that HS-induced genes are regulated
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at the post-transcriptional level as well as the transcriptional
level upon HS.

3.6. HsfA2 and HsfB2 Generated Alternatively Spliced
Variants by HS in Cabbage

In light of the different splicing types of HS-induced
genes in ‘HO’ genotype, we investigated the splicing pat-
terns of Hsps and Hsfs. Severe HS-induced AS also occurred
in Hsfs and Hsps, which play crucial roles regulating the
heat tolerance response. Specially, we investigated the AS
forms of representative Hsfs, HsfA2, and HsfB2a transcrip-
tion factor genes to determine whether their transcripts ex-
hibited AS under HS. RT-PCR analysis was conducted using
specific primers (Table S4). The RT-PCR products were
cloned and sequenced, revealing altered transcript structures
between control and HS conditions (Fig. 7). Upon HS condi-
tions, BoHsfA2 was mainly expressed with ES in the second
exon, which was not the major form detected under control
conditions. Unlike in Arabidopsis, BoHsfA2 was properly
spliced with a mini exon or ES of the mini exon under nor-
mal conditions in cabbage. Therefore, BoHsfA2 exhibited the
contrary trend in AS, ie., ES, compared to its homolog in
Arabidopsis (Fig. 7a, b, ¢). BoHsfB2a contained a single
intron that was completely removed to generate proper
BoHsfB2a transcript under control conditions, whereas upon

HS conditions, two new introns retained in AS variants were
identified (Fig. 7d, e, f), indicating that HS induces the pro-
duction of new splice variants post-transcriptionally. Our
results support the notion that AS of specific genes, such as
HsfA2 and HsfB2, is likely important for the heat stress tol-
erance of ‘HO’.

4. DISCUSSION

Heat stress responses are highly sophisticated events that
alter the biochemical composition of plant cells to protect
them from damage caused by high temperatures. Plants have
evolved a variety of strategies for coping with environmental
stresses such as HS. One such strategy is AS. A plethora of
alternatively spliced isoforms have tissue-preferential ex-
pression patterns [27]. In addition, increasing evidence indi-
cates that AS is a critical post-transcriptional event that plays
an important role in plant stress responses [28]. Our effort to
acquire the transcriptomes of cabbage in response to high-
temperature stress will be helpful for developing heat-
tolerant cabbage cultivars. In the current study, we used a
heat tolerant genotype, ‘HO’, which we previously identified
from among eight cabbage genotypes [4] to investigate the
responses of cabbage to high temperatures at the global
transcriptional level using high-throughput RNA-Seq
approach.
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CONCLUSION

We detected an increase in the number of AS events in
HS-treated samples compared to the control more than 50%
of which comprised IR-type AS (Fig. 3). The presence of
retained introns is not surprising; in fact, a number of re-
tained introns have been reported in various cell types across
many species [29-31]. In the non-vascular plant Physcomi-
trella patens, the number of IR events is markedly reduced
under HS conditions, which helps the plant overcome this
stress; IR is repressed in transcripts of genes involved in
photosynthesis and protein production but is induced genes
for directly involved in protein folding and degradation [32].
Our genome-wide analysis yielded similar results for cab-
bage: the number of IR-type events was reduced by HS,
whereas the number of ES, A3SS, and A5SS-type events
was induced by as much as 200% under HS (Fig. 3). Genes
undergoing HS-induced AS are mostly involved in specific
functions, which suggests that plants regulates AS with tran-
script specificity under elevated temperatures. Furthermore,
the 1,864 HS-induced genes exhibited sensitivity to HS in
terms of the regulation of AS. Upon exposure to HS condi-
tions, the relative frequency of IR-type AS events was re-
duced by approximately 20%, a level greater than the reduc-
tion for cabbage genes genome-wide (Fig. 6). A mRNA se-
quencing study of P. patens under HS revealed that tran-
scripts exhibiting HS-induced IR contain a purine-rich, GAG
repetitive motif in their exonic regions, which may serve as a
regulatory cis element during HS-mediated AS regulation
[32]. This finding led to the speculation that cabbage genes
undergoing HS-induced IR also possess this motif; further
investigations are needed to elucidate the mechanism under-
lying HS-induced AS in cabbage.

Many of Hsfs share a common feature, namely AS. The
conserved splicing position in these proteins plays an impor-
tant role in Hsf gene evolution across organisms [33]. On
reason that plants contain many more functional Hsfs than
other organisms is that plant Hsfs undergo AS followed by
specialization, eventually leading to the formation of differ-
ent plant Hsfs. The results from our RT-PCR analysis of
Hsfs in cabbage (Fig. 7) support the notion that Hsf genes
are involved in post-transcriptional thermoregulation. HsfA2
AS has been extensively studied in Arabidopsis, Medicago
sativa, rice, and moss [32-35]. These studies indicate that
intronic Hsf42 exhibits AS, a post-transcriptional regulatory
mechanism that is conserved in plants. In the current study,
we found that pattern of AS in cabbage Hsf42 differed from
that of Arabidopsis: a mini exon was produce under control
conditions and mini ES occurred under HS conditions, a pat-
tern that is the opposite of that of Arabidopsis, despite we
verified the AS with three replicated cloning and sequencing
of the RT-PCR products. Further investigation is needed to
clarify the regulation of BoHsfA2 expression in cabbage.
Heat-inducible HsfB2a is involved in the development of the
female germ line and slightly represses HsfA2 activity in
Arabidopsis [36], however, to date, little information is
available about the regulation of HsfB2a by AS so far. In this
study, we demonstrated that BoHsfB2a generates two AS
variants, which may contribute additional complexity to the
transcriptional regulation of Hsf, under HS conditions. Heat-
induced transcripts and their alternative spliced forms in in-
bred line ‘HO’ might also contribute to the heat tolerance of
‘HO’.
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