
Abstract 

The PhD thesis is focused on a transcriptomics-based comparison of barley cultivars 

differing with respect to their low temperature acclimation capacity, with a particular 

focus on genes transcribed in the leaf and crown. The crown was of interest because of its 

importance for the winter survival of the plant. To involve both the first and the second 

phase of hardening, the test plants were exposed first to +3°C for 21 days, followed by -

3°C for one day. Freezing damage was assessed by measuring electrolyte leakage (Papers 

2 and 3), using a modified version of a protocol developed by Prášil and Zámečník 

(1998). The same protocol was adapted to evaluate crown regrowth (Paper 2); for this 

purpose, the plants were cooled, then replanted and cut above the crown, and their 

survival rate calculated over the following week. Each RNA sample was queried by 

hybridization to an Affymetrix 22 K Barley1 GeneChip Genome Array (Close et al. 

2004). The data were statistically analysed with the help of the software packages R, 

MAS 5.0 (Ihaka & Gentleman 1996) (Papers 2 and 3), Gene Spring GX 7.3 (Agilent 

Technologies, Santa Clara CA) and MapMan (Thimm et al. 2004; Usadel et al. 2005) 

(Paper 2), the “Self-Organizing Maps” algorithm (Kohonen et al. 1996) (Paper 3) and 

MIPS FunCat (Ruepp et al. 2004) (Paper 2). 

Paper 1 comprises a review of the literature surrounding the means whereby plants cope 

with low temperature stress, as well as providing a detailed description of transcription 

and the likely metabolic pathways induced by low temperature stress, predominantly in 

Arabidopsis thaliana but also to some extent in the cereals. The experimental part of the 

thesis includes Papers 2 through 4, one of which is focused on the transcriptional 

profiling of the leaves and crowns of winter barley during the first and second phase of 

hardening (Paper 2) and one on a comparison of three barley cultivars differing with 

respect to their low temperature acclimation capacity, featuring in particular a contrast 

between the behaviour of the leaves and the crowns (Paper 3). Paper 4 focuses on the 

choice of an appropriate reference gene set for the assessment of the transcriptional 

response of barley to low temperature and drought stress. 

The overarching aim of the research was to investigate what specific molecular 

mechanism(s) underlie the low temperature response of the crown and to identify which 

genes and signalling/metabolic pathways are induced in frost tolerant but not in intolerant 



barley cultivars. The outcome was that both the leaves and the crowns respond to low 

temperature stress by up-regulating a suite of ABA (abscisic acid) responsive genes, most 

of which are known to participate in osmotic adjustment. Ca2+, calmodulin binding and 

the MAPK (mitogen-activated protein kinase) cascade were frequently identified as 

providing the necessary signalling. The study concluded that the maintenance of both 

protein synthesis (ensured by the induction of several elongation factors) and chloroplast 

function are the key physiological differences between frost tolerant and intolerant 

cultivars. On the other hand, the most important feature of the crown lies in its ability to 

selectively repress the transcription of genes associated with nucleosome assembly and 

transposon regulation. The results provide some support for the suggestion of Fowler and 

Thomashow (2002) that a selective repression of gene activity is likely to represent the 

major component of the low temperature acclimation response. 
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