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Introduction 

As sessile organisms it is absolutely essential for plants to monitor their environment 

properly. For the quick and effective adaptation to the changing enviroment they need a 

regulation system which constantly monitor the biotic and abiotic factors and adjust their 

developmental program to it. Although temperature influences plant growth and development 

in a large extent, the process, how temperature is sensed and integrated into development is 

largely unknown. From an earlier study we know that chromatin structure has a key role in 

ambient temperature sensing in Arabidopsis (Kumar és Wigge 2010). Chromatin is a complex 

of DNA and proteins found in eukaryotic cells. The basic repeat element of chromatin is the 

nucleosome. In this „beads on a string” structure 146 base pair DNA wraps around histone 

octamers. It was shown that the alternative H2A.Z histone containing nucleosomes acts, like 

regulators of ambient temperature transcriptome. There is a decreased number of H2A.Z histone 

at higher ambient temperature which leads to a less tight chromatin structure and that can 

promote transcription. As sRNAs also have a major function during epigenetic regulation of 

chromatin structure in plants we assumed that they have a role during temperature sensing. 

In a previous study we showed that sRNAs can regulate the defense against molecular 

parasites in a temperature dependent manner (Szittya és mtsai. 2003). At lower ambient 

temperature (15°C) the amount of viral or transgene-induced sRNAs decreased. Therefore 

plants are much more susceptible for viral infection in colder environment. In contrast to this, 

the RNA silencing activity and the amount of the transgene or antiviral orginated sRNAs 

increase following the temperature gradually.  

Aims 

In this work we would like to identify the sRNAs involved in temperature sensing in 

plants. To answer our questions we used the model plant Arabidopsis thaliana seedling, root, 

leaf and flower samples grown on three different ambient temperatures. We prepared cDNA 

sequencing libraries, and combined high.throughput methods with bioinformatics and 

molecular biology. 

At first we have to optimalize the sequencing library preparation methods for our 

samples as only human and animal sRNA library preparation kits were available. We also have 

to optimalize the RNA purification methods as we used different materials from different plants. 

To study the miRNA cleaved mRNA target genes in a whole genome scale we prepared 
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„degradome” cDNA libraries. This is a high-throuhput technique which we used also have to 

set up in our laboratory (German és mtsai. 2008). 

As we could answer difficult questions in the future we had to set up an experimental 

system and bioinformatic pipeline. For that very reason, at first we described the tissue-specific 

miRNA profile of the Nicotiana benthamiana. N. benthamiana is particularly popular among 

plant virologist and also widely used in studies requiring protein localization, interaction, or 

plant-based systems for protein expression and purification in our institute. 

Methods 

Genomic DNA isolation, RNA isolation, library preparation for high-throughput sequencing, 

(mRNA sequencing library, sRNA cDNA library, „degradome” library), Northern blot analysis, 

miRNA quantification by RT-PCR, real-time quantitaive PCR, methylation analysis by Chop-

qPCR, bioinformatics 

Results 

1. We prepared mRNA, sRNA and „degradome” cDNA libraries in good quality from N. 

benthamiana seedling, root, leaf, stem and flower samples. 

2. We identified 40 known or conserved miRNA families in the twelve sRNA libraries 

generated and described their tissue specific expression profile. We checked the size 

distribution and starting nucleotide of the conserved and known miRNA families since 

it is an important feature that is correlating to their biogenesis and function. We were 

the firts group who identified the already know miRNA cleaved mRNA sequences by 

an experimental method in N. benthamiana. In addition to these targets we also 

identified 15 new targets in N. benthamiana for conserved miRNAs 

3. Based on strict criterias we found 18 new miRNA candidates, specific for 

N.benthamiana, and validated them by molecular methods. We checked the size 

distribution and starting nucleotide of the new N. benthamiana specific miRNAs in our 

libraries. We identified 32 targets for new miRNAs using our degradome sequencing 

datas. 

4. We prepared mRNA, sRNA and „degradome” cDNA libraries in good quality from A. 

thaiana seedling, root, leaf, and flower samples. 

5. We performed a de novo miRNA prediction using all sRNA libraries and combined it 

with the miRBase v21 A. thaliana miRNA sequences. A union of the two sets, 378 

unique sequences was created and used for further analysis. 
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6. We identified 50 temperature-regulated miRNA sequences in Arabidopsis and 

described their tissue-specific expression pattern. Next, we analysed „degradome” 

libraries, and we found 133 target mRNA for these miRNAs. 

7. We investigated the thermoregulated miR169 family in more detail. The miR169 family 

target mRNAs encoding Subunits A of the NF-Y transcription factor complex, which 

control flowering time by integrating environmental and developmental signals. 

8. We found most of the known TAS genes, and identified new phasiRNA-producing loci 

in Arabidopsis. The expression of many phasiRNA-producing loci is tissue-specific and 

were down-regulated with the temperature increasing. 

9. The vast majority of endogenous plant sRNAs are heterochromatin-associated siRNAs. 

In our samples the genomic locations and expression level of these loci are stable and, 

to our surprise, are not influenced by ambient temperature. 

10. We found some temperature-regulated 24 nt siRNA loci at distinct sites which were 

mostly associated with transposons or intergenic regions. Such a strongly 

thermoregulated heterochromatic siRNA-producing locus is located in the promoter 

region of YUC2. We speculate that the temperature-dependent epigenetic regulation of 

YUC2 expression by heterochromatic siRNAs and RNA-dependent DNA methylation 

represents a PIF4-independent regulation of auxin level that may help the plants to adapt 

to higher ambient temperature by adjusting body shape, flowering time, and other auxin-

dependent processes. 

Summary 

Plants continuously monitor their environment to collect and interpret the environmental 

cues and adjust their developmental program to it. As sessile organisms it is absolutely essential 

for them that they grow and develop accordingly. Although temperature influences plant growth 

and development in a large extent, the process, how temperature is sensed and integrated into 

development is largely unknown. In plants short 21-24 nucleotides long non coding RNAs have 

been recognised as important gene expression regulators both transcriptionally and post-

transcriptionally. To study how the different sRNA classes respond to changes in the ambient 

temperature we profiled the sRNA populations in four different tissues of A. thaliana plants 

grown at 15°C, 21°C and 27 °C. We found that only a small fraction (0.6%) of the sRNA loci 

are ambient temperature-controlled. We identified thermoresponsive miRNAs and confirmed 

their target genes using degradome libraries. We discovered that the target of the 

thermoregulated miR169, NF-YA2, is also ambient temperature-regulated. NF-YA2, as the 
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component of the conserved transcriptional regulator NF-Y complex, binds the promoter of the 

flowering time regulator FT and the auxin biosynthesis gene YUC2. Other differentially 

expressed loci include thermoresponsive phased siRNA loci that target various auxin pathway 

genes and tRNA fragments. Furthermore, a temperature dependent 24-nt heterochromatic 

siRNA locus in the promoter of YUC2 may contribute to the epigenetic regulation of auxin 

homeostasis. Most of the de novo predicted sRNA loci have a dominant sequence size of 24-nt 

and at a global scale the genomic location and expression level of these loci are stable, not 

influenced by ambient temperature or tissue type. However, there are some clearly temperature-

dependent 24-nt siRNA loci at distinct sites which are usually associated with transposons or 

intergenic regions. This holistic approach facilitated a better understanding of the role of 

different sRNA classes in ambient temperature adaptation of plants. 

We have also characterized the miRNAs and their cleaved target mRNAs in another 

important model plant, N. benthamiana. We sequenced small RNA transcriptomes and 

degradomes of two N. benthamiana accessions and validated them by Northern blots. Based on 

our samples we described the N. benthamiana miRNA expression profile in different tissues 

(seedling, root, leaf, stem and flower). We identified 40 conserved miRNA families and found 

18 new, N. benthamiana specific miRNAs. Furthermore, we validated the target mRNAs 

cleaved by the miRNAs with a high throughput method. Among them there were several targets 

that we described first. Our result will be very helpful for studiing plant-pathogen interactions 

as well as other areas of plant science. 
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