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Figure 1. Sampling of plant material and profiles of differentially expressed genes.
A, Central region of a barley spike. One floret was removed to determine the onset of 
flowering. At 12 days post anthesis (d.p.a.) the five barley caryopses closest to the floret 
used for determination of the onset of anthesis were harvested (white asterisks). B, Prior 
to pooling and freezing the samples, awns and possibly remaining anthers were 
removed from the caryopses. C, Expression profile of 2,091 differentially expressed (DE) 
genes during the diurnal cycle. Six time points of harvest in dark and light phase are 
indicated at the x-axis as follows: beginning and end of the dark phase (1h and 9h), 
beginning of the light phase (10h), middle of the light phase (17 and 20h) and end of the 
light phase (23h). 
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Figure 2. Expression patterns of k-means clusters of DE genes and their classification 
into functional categories of Gene Ontology (GO). A, Gene expression trajectories of 
the k-means clusters named Set 1 to 6. The respective six time points are indicated at 
the x-axis. Total numbers of assigned probesets are given in parentheses. Colors of 
the profiles depict the normalized transcript level of the probeset at 1h: red, high 
expression; yellow, moderate expression; blue, low expression. B, Classification of 
genes according to GO groups for Biological Processes. The number of genes 
belonging to a particular GO group is shown as percentage for all present probesets 
detected by the microarray (17,416 expressed), all DE genes (2,091 genes) and the 
subsets of genes belonging to clusters 1 to 6 (Set 1 to Set 6). Asterisks indicate a 
significant over- or underrepresentation of functional categories compared to the 
functional categories of all expressed genes with putative orthologs in Arabidopsis (* p
0.01; ** p 0.001; *** p 0.0001).



Figure 3. MapMan display showing diurnal amplitudes of 17,416 present genes in a 
metabolism overview map. Genes on the Barley1 microarray are represented by individual 
squares. Genes with increasingly large amplitudes are shown as an increasingly intense blue 
saturating at an amplitude of 1.3 (log2-value). Genes with no significant change in the 
amplitude are shown in white. Abbreviations used in the Figure:TCA, tricarboxylic acid; CHO,
carbohydrate; OPP, oxidative pentose phosphate.
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Figure 4. Levels of sugars and amino acids 
undergo diurnal fluctuations in developing 
caryopses of barley. A, The amount of sugars 
was determined at six times during the day. 
B, C and D, The amount of indicated amino 
acids was determined at six times during the 
day. Sampling times were as indicated for the 
glucose samples in A. Grey and light blue 
bars depict times in darkness and light, 
respectively. The data are displayed as mean 
plus standard deviation. Significant 
differences compared to the first sample (1h) 
are indicated by asterisks (*p 0.01; ** p
0.001; *** p 0.0001).
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Figure 5. Correlation of sugar contents and 
expression profiles. Profiles of the indicated 
sugars and their correlating and 
anti-correlating gene expression profiles are 
shown as pink or black lines, respectively.
Time points are indicated at the x-axis. 
Numbers of correlating and anti-correlating 
genes are displayed for each of the 
diagrams. Sugar contents and signal 
intensities are normalized to the mean and 
plotted in log-scale.



Figure 6. Correlation of amino acid contents and expression profiles. Profiles of the 
indicated amino acids and their correlating and anti-correlating gene expression 
profiles are shown as blue or black lines, respectively. Numbers of correlating and 
anti-correlating genes are displayed for each of the diagrams, time points are 
indicated at the bottom. The amino acid contents and signal intensities are normalized 
to the mean and plotted in log-scale.
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Figure 7. Gene expression profiles of genes involved in sugar metabolism and signaling. 
Signal intensities at indicated time points during the day are normalized to the mean 
expression values and plotted in log-scale. Genes are grouped based on their 
involvement in different pathways as follows: Initial sugar transport and processing (A), 
starch and fructan synthesis and degradation (B,C), potential sugar signaling (D), 
ferredoxin/thioredoxin system (E). DE genes are indicated by asterisks. For complete 
gene names please refer to Table 1.
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Figure 8. Diurnal gene expression in 
suborgan tissues of the caryopses. (A) The
total number of genes that were expressed 
in the suborgans pericarp, endosperm and 
embryo are shown in blue, red and yellow,
respectively. Subsets of genes that were 
exclusively expressed in one suborgan are 
shown in light-shaded colors. Diurnally 
expressed genes are depicted in 
dark-shaded colors. (B) Venn diagrams 
depicting the exclusive and interference of 
suborgan-specific and diurnally regulated 
genes.



Figure 9. Presence of transcripts in four 
different tissues of the developing barley 
caryopsis. Normalized transcript abundance of 
selected genes were determined by qPCR. 
Expression levels in endosperm, pericarp, 
husk and embryo tissues are shown. Results 
are displayed for genes coding for the 
following proteins: WRKY transcription factor 
41 (HvWRKY41), beta-Amylase 5 (HvBAM5), 
Isoamylase 1 (HvISA1), Glucan Water
Dikinase 1 (HvGWD1), Isoamylase 3 
(HvISA3), Plant Glycogenin-like Starch 
Initiation Protein 1 (HvPGSIP1), Isoamylase 2 
(HvISA2), Plant Glycogenin-like Starch 
Initiation Protein 2 (HvPGSIP2), Limit 
Dextrinase (HvLD) and WRKY transcription 
factor SUSIBA2 (HvWRKY46).
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Figure 10. Schematic overview of the diurnal expressional trends in developing caryopses 
of barley. Functional groups of DE genes with high transcript levels at the investigated 
times of the day, summarized as morning, midday and evening, are depicted as blue 
boxes. The length of the blue boxes is indicative for the duration of high expression levels 
over just one or several investigated time points that are indicated at the bottom of the 
model. Five phases of diurnal adaptation, named starvation & priming, energy collection & 
carbon fixation, light protection & chaperone activity, storage &  growth, and embryo 
development, were defined and are indicated in italics. White and grey areas depict light 
and dark phases of the day, respectively. TF, Transcription factors; LEA, Late embryo 
abundant proteins; EMB, Embryo defective proteins.




