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Genetics and Breeding

Involvement of the transcriptional variants of histone H3.3 in the development and heat stress 
response of Arabidopsis thaliana

M. Naydenov*, B. Georgieva, V. Baev, G. Yahubyan

Department of Plant Physiology and Molecular Biology, University of Plovdiv, 24 Tsar Assen, 4000 Plovdiv, Bulgaria

Abstract. Unlike prokaryotic DNA, eukaryotic DNA is packed in a chromatin with a number of proteins, of which histones are the most important for chromatin 
structure and dynamics. Along with the 5 canonical histones- H2A, H2B, H3, H4 and H1 linker histone, there are many histone variants. The latter proteins play 
a crucial role in chromatin remodeling and gene regulation. Studies investigating the involvement of the H3 variant – H3.3 in later developmental stages and 
stress response of plant are few. In this work we searched available databases for histone variants of A. thaliana and 54 genes coding histones in A. thaliana 
were identified, 14 of them belonged to the H3 family. In order to analyze this family, multiple alignments of the corresponding amino acid sequences were 
performed. The gene AT4G40030 which encodes H3.3 showed 3 transcriptional variants. The expression analysis revealed that the two of variants – H3.3 (1) 
and H3.3 (2) were found in all overground organs, but the third one – H3.3 (3) was not detected in any of them. Semi-quantitative PCR analysis of heat-treated 
plants revealed that H3.3 (1) and H3.3 (2) had a higher expression compared with untreated control. These results suggest participation of these H3.3 (1) and 
H3.3 (2) variants in development processes and plants response to abiotic stress.

Keywords: histone variants, gene expression, Arabidopsis thaliana, semiquantitative PCR (RT-PCR)
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Introduction available for them in Arabidopsis thaliana (Okada et al., 2005; Yi et 
al., 2006).

Recent studies have mapped the genome-wide distribution of Chromatin can be classified into two structural distinct forms, an 
the two histone H3 variants in Arabidopsis thaliana – H3.1 and H3.3. open structure called euchromatin and a compacted and largely 
Stroud and colleagues found that H3.1 is associated with repressive form called heterochromatin (Dillon, 2004). Euchromatin 
transcriptionally silent regions in the genome, whereas H3.3 is includes the less compacted domains associated with high 
associated with transcriptionally active regions and is most highly transcriptional activity. In contrast, the heterochromatin is 
enriched in the 3′ end of genes (Stroud et al., 2012). In addition, predominantly associated with transcriptionally inactive and gene 
Wollmann and colleagues (Wollmann et al., 2012) found poor sequences. This compacted chromatin can be further 
transcriptional changes of H3.3 during leaf differentiation, but subdivided into constitutive heterochromatin which is always 
changes in levels of H3.1 were not showed. The role of histone 3 and compacted and few present genes are silenced, and facultative 
its variants during early development and pluripotency of animals heterochromatin with genes repressed only at certain stages.
have been studied intensely, while studies dissecting H3.3 dynamics The regulation of chromatin states plays a key role in the control 
in later developmental stages and plant stress are few (Filipescu et of gene expression. Extensive work has demonstrated that histones 
al., 2014).are involved in gene regulation (Berger, 2002; Turner, 2002).The 

In this paper, we analyzed the multigene histone families (H2A, structure of histones in eukaryotic species is similar and it has hardly 
H2B, H3, H4 and H1/5) and their variants in A. thaliana by using changed throughout evolution. In multicellular organisms, multiple 
bioinformatics-based approaches. The expression profile of the variants of each histone protein that replace their canonical forms 
transcriptional variants of H3.3 in different plant organs was have been reported to coexist in the same nucleus. Histone variants 
analyzed. Some changes in expression levels of these variants in are non-canonical forms of histones with one or a few amino acid 
response to high temperature stress were also documented.differences. They have specific localization and species-distribution 

patterns. They possess novel structural and functional properties, 
affecting histone post-translational modifications and chromatin 

Material and methodsremodeling. Histone variants have evolved crucial roles in 
chromosome segregation, DNA repair (Murr, 2010; Talbert and 
Henikoff, 2006), transcriptional activation and repression during Plant material and stress application
differentiation (Buttinelli et al., 1999), and other processes. Seeds of A. thaliana (Col-0) wild type were planted on soil and 

Like all eukaryotes, the genes encoding histones in A. thaliana stratified at 4ºC for 4 days. Seedlings were grown in a Percival 
are organized in four multigene families, for histones constituting the chamber at 21ºC, 16 h light (100 umol m-2 s-1)/8 h dark for 5 weeks 
nucleosomes (core histones) – H2A, H2B, H3, H4 and one gene (35-day-old). For high-temperature treatment, the plants were 
family for the linker histone H1. The histone family genes are well transferred to 36ºC. Plant material (rosette leaves) of four plants was 
characterized in humans and yeasts, however, only few reports are taken at different time points – 0, 6, 24 and 48 h after the beginning of 
* e-mail: naydenov@plantgene.eu
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stress application. For organ specific expression, we collected plant (Huang et al., 2008).
material from different organs (rosette leaves, cauline leaves, stems 
and flowers) from 35-day-old plants and from 10-day-old seedlings. Bioinformatics identification of new H3 variants in A. thaliana.

The nucleotide and amino acid sequences of the genes of H3 
Isolation and purification of nucleic acids family (canonical and variant forms) were downloaded from TAIR 
Total RNA was extracted using RNeasy Plant Mini Kit (Qiagen) database and uploaded in a local database. Multiple alignment of the 

according to the manufacturer's instructions. RNA samples from all amino acid sequences, including the open reading frames of all 
time points were used for cDNA synthesis and semi-quantitative available transcriptional variants, was performed (Figure 1A). On the 
PCR expression analysis. cDNA synthesis by reverse transcription- base of this alignment a phylogenetic tree was constructed and it is 
polymerase chain reaction(RT-PCR) represented in Figure 1B.

One µg of RNA was reverse transcribed with NEB kit (New Five of the H3 genes encode the canonical H3.1 protein, and 
England Biolabs) under following conditions: 70ºC for 5 min, 4ºC for the other 9 genes encode H3 variants (Okada et al., 2005). CENT3 
5 min; 42ºC for 60 min; final inactivation at 80ºC for 5 min. (AT1G01370) is a H3 variant with essential difference in the amino 

acid sequence comparing with the other H3 protein sequences. The 
Semi-quantitative PCR analysis rest 8 variants could be divided in three sets of genes – H3.1-like, 
One μl of cDNA products were amplified using Taq polymerase H3.3 and H3.3-like. Our analysis revealed that on AT4G40030 locus 

(Thermofisher scientific). The following primer pairs were used: F2 which encodes the Н3.3 variant, 3 transcriptional variants are 
5'-ACGACAATAGAGTTTCGGG-3' and R2 5'-AGTCAGAACTTTAG annotated: AT4G40030.1 – H3.3 (1), AT4G40030.2 – H3.3 (2) and 
AACTCG-3' for the transcription variant AT4G40030.1; F3 5'- AT4G40030.3 – H3.3 (3) (Figure 1A). The H3.3 variants are 
GTCAGCTCAGGCGAAGAAG-3' and R1 5'-CTGTCGTACCGAGA clustered on the base of 3 amino acid substitutions at positions 31, 
CCTTTG-3' for AT4G40030.2 and AT4G40030.3. The housekeeping 87 and 90 (Malik and Henikoff, 2003). The alignment showed 
Ef1a cDNA was amplified with the primer pair: 5'-ATTGTGGTC additional 28 amino acids at the N-terminal end of the protein 
ATTGGYCAYGT-3' and 5'-CCAATCTTGTAVACATCCTG-3'. PCR encoded by AT4G40030.2 (Figure 1A) which was not described by 
protocol: 94ºC for 5 min, followed by 25 cycles of 94ºC for 30 sec, Okada and coworkers (Okada et al., 2005). This protein is the only 
56ºC for 30 sec and 72ºC for 1 min, and final elongation at 72ºC for 7 one among the H3 family proteins which has this particular N-
min. Reactions were performed with 1 unit of Taq polymerase in the terminal domain.
buffer provided by the manufacturer. We usually performed a 
negative control containing RNA instead of cDNA to rule out genomic Semi-quantitative PCR analysis of the expression of H3.3 
DNA contamination. transcriptional variants in different organs of A. thaliana

The localization of the primers for the semi-quantitative PCR 
Bioinformatics tools analysis is represented in Figure 2. Briefly, on cDNA level, the F2/R2 
Databases used in this work include TAIR database primer pair amplifies a fragment which is specific for H3.3 (1) and 

(www.arabidopsis.org)and ChromDB (www.chromdb.org). For F3/R1 amplifies fragments specific for H3.3 (2) and H3.3 (3). The 
bioinformatics analysis, the software products Vector NTI F3/R1 primer pair amplifies two fragments of a distinct size – 319bp 
(Invitrogen) and DNAMAN were used. for H3.3 (2) and 556bp for H3.3 (3). All primers were tested for 

specificity and annealing temperature of 56ºC degrees was chosen 
for PCR.

RNA samples obtained from rosette leaves, cauline leaves, Results and discussion
flowers, stems and seedlings were reverse transcribed and the 
resulted cDNAs were used as templates for amplification. The Bioinformatic analysis of the genes, which code canonical 
transcription of the housekeeping gene Ef1α was used as histones and their variants in Arabidopsis thaliana
endogenous control and all the transcript expressions were In order to find all genes coding histone proteins in A. thaliana, 
normalized against it.we searched the The Arabidopsis Information Resourse - TAIR and 

The PCR products of the organ specific expression analysis the Plant Chromatin Database - ChromDB. By combining the 
were visualized on 1% agarose gel (Figure 3). For H3.3 (1) and H3.3 outputs from the two databases 39 genes coding histones were 
(2) variants signals in all organs were observed; for variant H3.3 (3) identified. As it was expected, the genes generated five clusters 
there were no signals detected in any sample.corresponding to the five families. The family of H2B includes 11 

genes, H3 - 14 genes, H4 - 8 genes, H1 - 6 genes. Despite the high 
Semi-quantitative PCR analysis of the expression of H3.3 degree of conservative sequence for all the histone proteins, in the 

variants in A. thaliana under heat stress conditionsliving organisms there are histone variants with small nucleotide 
To analyze the expression of H3.3 transcriptional variants under differences but specific role in the chromatin remodeling, gene 

heat stress, plants were treated with high temperature (37ºC). activation or DNA replication (Henikoff and Smith, 2015). It was 
Rosette leaf samples from 0h, 30 min, 1h, 3h, 6h, 24h, 48h and 72h previously shown that some of the histone variants participate in 
were collected and used for subsequent expression analysis. The plant stress response. For instance, AT1G52740 (HTA9) 
results from semi-quantitative PCR are presented in Figure 4. participates in the response of bacterial infection required to control 
Signals for variants H3.3 (1) and H3.3 (2) were detected in all time immunity in Arabidopsis (Ding et al., 2009; March-Díaz et al., 2008); 
points. Notably, the expression of both transcripts was increased at HTA11(AT3G54560) participates in the regulation of many genes 
48 and 72 h of high-temperature treatment.involved in the response to developmental and environmental cues 

The comparative analysis of the 5'-UTRs of the three H3.3 (Ascencio-Ibáñez et al., 2008). HIS4 (AT2G28740) a drought-stress 
variants (Figure 2) suggests that the origin of the additional 28 amino inducible histone gene (Ascenzi and Gantt, 1997). The expression of 
acids of H3.3 (2) is an alternative intron located in the 5'UTR. These HIS3 (AT2G18050) is induced by dehydration and abscisic acid 
additional amino acids derive from this intron, which transformed 
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Figure 1. H3 genes and their transcriptional variants in A. thaliana (A) Multiple alignment of the open reading frames
corresponding to genes and their transcriptional variants. Residues are colored according to the following criteria: 
high level of overlapping sequences are shown in light grey, fully matching sequences are black, all other unique or low 
level overlapping residues have no color. The residue range for each sequence is shown after the sequence at the left 
border of the figure. (B) Phylogenetic relationships in A. thaliana. The phylogenetic tree constructed from the amino 
acid sequence alignment using the neighbor-joining method with bootstrapping analysis. The branches of different 
clades are indicated by spatial separation.



405

A. 
thaliana

A. thaliana

Figure 2. Schematic representation of AT4G40030 gene with the primers positioned on each variant
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Figure 4. Semi-quantitative RT-PCR analysis of H3.3 (1)
and H3.3 (2) cDNA from rosette leaves in A. thaliana under 
heat stress. Mock RT-PCR was performed without a reverse 
transcriptase (-RT) using EF-1a primers. The same primers 
were used for normalization of input RNA for each genotype.

Figure 3. Semi-quantitative RT-PCR analysis of H3.3 (1),
H3.3 (2) and H3.3 (3) cDNA in different A. thaliana organs.
Mock RT-PCR was performed without a reverse 
transcriptase (-RT) using Ef1  primers. The same primers 
were used for normalization of input RNA for each 
genotype. Samples for all organs were collected from 
39-day-old plants and from the seedlings.
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Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
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ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
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publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
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Journal articles: Author(s) surname and 
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for  Animal  Science and Heal th,  
Netherlands.
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In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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