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Recent biochemical and molecular investigations on heterosis indicate that 
quantitative variation of gene expression may be important in vigor manifestation. In the 
present study we examined differences in quantitative expression for 35 genes between 
hybrids and their parents and compared these differences in a heterotic and a non-heterotic 
hybrid at different developmental stages. The heterotic hybrid had a significant number of 
genes expressed over the quantity of the better parent at three developmental stages. The non-
heterotic hybrid had a minor number of genes expressed over the better parent at the first and 
the second stage. In addition, the non-heterotic hybrid had a significant number of genes ex-
pressed below the level of the worst parent. These results support the significance of 
regulatory mechanisms involved in the quantitative modulation of gene expression. Since 
DNA methylation could be considered as a genome-wide general regulatory mechanism that 
affects the expression of many genes important for the manifestation of heterosis, we 
measured total DNA methylation in maize parental inbreds and their hybrids using HPLC 
chromatography, and site-specific DNA methylation changes re-lated to stress using the 
CRED-RA technique. We found developmental differences in the level of total DNA 
methylation among the different genotypes, which could be related to hybrid vigor. Stressful 
growth con-ditions resulted in more methylated DNA (less expressed) and, in general,  
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vigorous hybrids were more resistant to such density induced methylation 

changes. 
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INTRODUCTION 
 
Heterosis is a genetic phenomenon, in which hybrids manifest superiority 

over the inbred parental genotypes, for several quantitative characters, including 
yield. While plant breeders and agronomists achieved an impressive increase in yield 
of maize, utilizing heterosis, the biological basis of the phenomenon remains 
unknown. Previous attempts to understand physiological and biochemical aspects of 
heterosis demonstrated that maize hybrids possess physiological and biochemical 
properties superior than those of the parental lines (for review see Tsaftaris 1995).  
Since 1990, the construction of high density linkage maps, especially the Quantitative 
Trait Loci (QTL1) mapping, enabled reasearchers to establish genetic relationships 
between heterosis and the role of single QTL, identifying gene interactions 
responsible for heterosis in different crops including maize (Stuber et al. 1999). On 
the other hand parameters derived from the variability of gene expression could 
provide a source of non-neutral markers for different phenotypes including hybrid 
vigor. The question is whether quantitative variation in gene expression also plays a 
role in the phenotypic diversity of the different genotypes of plants, and in variation 
of different biochemical/physiological processes relevant to hybrid vigor. Variability 
in gene expression can be assessed through RNA amount polymorphism (RAP) of 
individual genes, and through protein amount polymorphism (PAP) both of which are 
consistently detected comparing Northern and two-dimensional PAGE patterns of 
gene expression, respectively. 

In PAP studies Damerval et al. (1987), and Leonardi et al. (1991) reported 
that PAP was related to general combining ability examining 14 morphological and 
developmental traits in five maize lines. They also reported non-additive inheritance 
of protein amounts in maize hybrids (Leonardi et al. 1987, 1988). In a subsequent 
experiment where 28 maize single-cross hybrids of a diallel design between eight 
parental lines were characterized for agromorphological performances in four 
different environments, significant correlation between PAP indices and hybrid vigor 
for agronomic traits was found (Leonardi et al. 1991). These results suggest that 
genes controlling protein amounts and enzyme activity may directly affect the 
expression of hybrid vigor. Damerval et al. (1994) suggested that QTL might direct 
the genetic determinism of the quantitative variation of 72 anonymous proteins 
separated by high-resolution two-dimensional polyacrylamide gel electrophoresis in 
an F2 population of maize. Recently Mitchell-Olds and Pederson (1998) working with 
arabidopsis have identified a number of such QTLs controlling ten enzymes in central 
and secondary metabolism.  

 
 

1Abbreviations: HHF1: High Heterosis F1, LHF1: Low Heterosis F1, PAP: Protein 
Amount Polymorphism, RAP: RNA Amount Polymorphism, QTL : Quantitative Trait 
Loci,  CRED-RA: Coupled Restriction Enzyme Digestion - Random Amplification 
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Results obtained for polymorphism of individual RNA amounts (RAP) were 

similar to those of PAP. Romagnoli et al. (1990) reported that a heterotic maize 
hybrid showed differential expression of many genes and had approximately 33% 
possibly new and/or more abundant in vitro translated major proteins in comparison 
with its parental inbreds. Thus, they suggested that increased expression of certain 
loci might be important in manifestation of vigor.  Differential gene expression 
between heterotic and non-heterotic wheat hybrids and their parental inbreds has also 
been reported (Sun et al. 1999). The quantitative differences included gene over-
expression and under-expression as well as silencing in hybrids of genes expressed in 
parents. It was found that some genes expressed at high levels in the heterotic hybrid 
were under-expressed or expressed at low level in the non-heterotic hybrid.  Sun et al. 
(1999) also refer to results of Chen et al. (1996, 1997) who detected significant 
differences in mRNA quantity and expression patterns between hybrids and their 
parental inbreds in maize and rice.  

In a similar analysis we tested the expression of 35 genes in different maize 
tissues and developmental stages, using three maize parental inbreds and two of their 
hybrids, the heterotic HHF1 and the non-heterotic LHF1 (Tsaftaris and Polidoros 
1993, 1994). We detected significant quantitative differences in the amounts of the 
individual RNAs for the tested genes, which were significantly correlated with 
agronomic performance. The HHF1 exceeded the LHF1 as well as the inbreds in 
average mRNA quantities for the tested genes at three developmental stages. We 
report here the results after examining the deviation of mRNA quantity measured in 
each hybrid from the quantity of the same mRNA in the two parental inbreds in four 
developmental stages and for the 35 tested genes. Comparing the two hybrids, which 
differ significantly in their degree of heterosis, we conclude that in early 
developmental stages the difference of the two hybrids could be attributed to the 
higher number of HHF1 genes expressed at levels higher than the parents.  

Taken together, the data derived from PAP, enzyme amounts, and RAP 
studies indicate that quantitative variation of gene expression may be important in 
vigor manifestation, and underline the significance of regulatory mechanisms 
involved in the quantitative modulation of gene expression in manifestation of vigor. 
DNA methylation could be considered as a genome-wide general regulatory 
mechanism that affects the expression of many genes important for the manifestation 
of heterosis (see review Tsaftaris and Polidoros 2000).  The extent and distribution of 
genomic DNA methylation was found to be significantly correlated with the rate of 
expression of many genes examined not only in plants but in all higher organisms as 
well (Tsaftaris and Polidoros 2000). Methylation of certain residues, frequently 
cytosine within a dinucleotide sequence CpG or CpNpG (typically found in plant 
genomes; N could be any nucleotide except G) is an important post replication 
modification of DNA (Gruenbaum et al. 1981). Cytosine methylation has been 
implicated in several functions of molecular significance including modulation of 
gene expression, position effect, variegation, transgene inactivation, quelling, 
transvection, etc. (Hollick et al. 1997). Differential methylation may constitute an 
important, even not thoroughly studied, source of DNA polymorphism (Silva and  
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White 1988, Messeguer et al. 1991). We report here the results of our investigations 
on the extent of cytosine methylation in maize genomic DNA, its variation among 
different genotypes (parental inbred lines and hybrids) and developmental stages as 
well as its possible involvement in manifesting heterosis. Finally, with the 
development of PCR novel techniques have been evolved to identify DNA 
methylation and to map methylation polymorphism. Random amplification of 
genomic DNA by PCR with arbitrary 10-mer oligonucleotide primers is widely used 
to generate random amplification polymorphic DNA (RAPD) markers for 
fingerprinting or genetic mapping (Williams et al. 1990). A modification of this 
technique that allows site-specific detection of DNA methylation is based upon the 
coupled restriction enzyme digestion and random amplification (CRED-RA) of 
genomic DNA (Cai et al. 1996).  The CRED-RA relies on the assumption that a DNA 
fragment cannot be amplified if it contains a specific restriction site in the region 
between two primer binding sites and that site is cut by restriction enzyme digestion 
prior to PCR. If DNA methylation prevents digestion at the site within the genomic 
fragment, the fragment can be amplified. In such an analysis using a different set of 
inbreds and hybrids we estimated the effects of growth conditions on site-specific 
DNA methylation. Significant differences were revealed between inbreds and 
hybrids. F1 hybrids accumulated fewer methylated sites than inbreds. There were 
more methylated sites in inbreds under dense planting (more stressful) conditions in 
relation to spaced planting. These data indicate that hybrids may be more resistant to 
density-induced methylation in comparison to their parents, and this can be related 
with stability of performance. 

 
MATERIALS AND METHODS 

 
Plant material: Three commonly used inbreds: B73, H108 and H109 and 

two of their hybrids, B73 X H109 (HHF1) and H108 X H109 (LHF1) were tested in 
this study. HHF1 is a highly heterotic hybrid while the LHF1 is a lowly heterotic one. 
Thus, a common genome (H109) once combined with the genome of B73 leads to 
hybrid vigor, while the same genome combined with the genome of H108 leads to the 
absence of vigor from the F1. Total mRNA quantities of a sample of 35 cloned genes 
in 4 developmental stages were examined as described (Tsaftaris and Polidoros 1993, 
1994). Total methylation was estimated in 4 developmental stages. Samples were 
prepared from the three upper leaves including the interval shoot portion of plants 
growing in the field for 20 days (stage 1) and 32 days (stage 2) and the leaf of the first 
emerging ear for 47 days (stage 3) and 66 days (stage 4). Stages 1, 3 and 4 were 
common with three stages (stages B, C, and D, respectively in Tsaftaris and Polidoros 
1993) of our previous mRNA quantitation analysis. 

Plant material for the CRED-RA assay included 6 inbred lines bred from the 
F2 population of the commercial hybrid PR 3183, (Pioneer Hi-Bred, Des Moines, IA) 
along with 6 hybrids resulted from crosses of these inbreds, and 7 more hybrids 
resulted from crosses of other inbreds originated from the same  

 



A.TSAFTARIS et al.: GENE REGULATION AND ITS ROLE                            193 
 

population (Tokatlidis et al 1997). The first set of plant material was tested with 10 
and the second with 8 random 10mer primers (AB-0320-kit 7, Advanced 
Biotechnologies, Surrey, UK). In order to study the impact of the environment we 
estimated DNA methylation grown under two different plant densities: 1.5m (spaced) 
and 25cm (dense) distance between individual plants with a density of 0.513 
plants/m2 and 18.5 plants/m2 respectively. 

DNA isolation, hydrolysis, and HPLC analysis: DNA was isolated as 
described by Karlinsey et al.(1989). DNA hydrolysis was performed in a sealed glass 
vial at 170oC for 30min (Eick et al., 1983). For HPLC analyses 5µg of the hydrolyzed 
DNA were dissolved in 100µl of 0.01N HCL and a 20 µl aliquot was injected into the 
chromatograph. The molar concentrations of cytosine and 5-methylcytosine in all the 
samples were determined using a Varian (Palo Alto, CA, USA) high-performance 
liquid chromatographic system by the HPLC method of Patel and Gopinathan (1986). 
Repetitive chromatograms of all the samples tested in the present study revealed that 
variation was lower than 0.05% for the same sample.  

CRED-RA assay: Genomic DNA from each maize line was isolated from 
60 day-old field grown plants according to Dellaporta et. al. (1983). DNA digested 
with HpaII was used as PCR template. PCR was performed according to the 
following conditions: denaturation at 94oC for 5 min, followed by 45 cycles of 
denaturation at 94oC for 1 min, annealing at 35oC for 1 min, and extension at 72oC for 
2 min. The final extension  step was 7 min to ensure completion of PCR in every 
synthesized product. 

 
RESULTS 

 
Comparison of gene expression between the two hybrids. Total mRNA 

quantities of a sample of 35 cloned genes in 4 developmental stages were examined as 
described (Tsaftaris and Polidoros 1993, 1994).  The extensive variation in the 
intensity of hybridization signals, for all the clones and developmental stages tested, 
allowed for comparisons between each of the hybrids with its parental inbreds, for 
every individual gene in each developmental stage. With this kind of comparison, of 
the mRNA in the hybrid and the relative mRNA quantity of each parent, for every 
individual probe, five categories could be defined. That is the quantity of the mRNA 
of the hybrid could be: 

a) Lower than that of the parent with the lower quantity, 
b) Equal with the parent with the lower quantity, 
c) Between the mRNA quantities of the two parents, 
d) Equal with both parents 
e) Equal with the parent with the higher quantity. 
f) Higher than that of the parent with the higher quantity. 
Accordingly, categories a, and b, are characterized as low, c, and d, is 

characterized middle, and e, and f, are characterized as high. 
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Fig 1. Comparison of the two 
hybrids for the expression of every 
tested gene relatively to the 
expression of the same gene in the 
parents. With the comparison of the 
mRNA in the hybrid and the relative 
mRNA quantity of each parent, for 
every individual probe, six 
categories were defined. 
 
 The quantity of the mRNA of the 
hybrid could be:  
LL) Lower than that of the parent 
with the lower quantity  
EL) Equal with the parent with the 
lower quantity,  
BP) Between the mRNA quantities 
of the two parents,  
EB) Equal with both parents 
EH) Equal with the parent with the 
higher quantity,  
OH) Higher than that of the parent 
with the higher quantity 
 
The categories LL and EL were 
designated as LOW, BP and EB as 
MIDDLE, and EH and OH as HIGH 
in the figure.  
For each hybrid we estimated the 
number of the genes in every one of 
the above categories in each of the 4 
developmental stages. The 
comparison of the two hybrids for 
the number of genes in each 
category is presented. 
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For each hybrid we estimated the number of the genes in each the above 

categories at  the 4 developmental stages. The comparison of the two hybrids for the  
number of genes belonging in each one of the above categories is plotted on 

Figure 1. As it is shown, HHF1 has more genes in the high category while LHF1 has 
more genes in the medium and low category, at the first stage. At the second stage, 
which represents the first well differentiated leaf stage, HHF1 shows a significant 
advantage over LHF1 in the number of genes in the high category. About half of the 
HHF1 genes were found to be expressed in equal or higher quantity than that of the 
better parent, when more than half of the LHF1 genes were expressed similarly or 
even lower than the lower parent.  

At the third stage the majority of the genes for both hybrids are classified to 
the high category. For HHF1 the number of the genes that are expressed over the 
quantity of the better parent reached the highest value observed in this study. The 
LHF1 has an impressive increase in the number of genes in the high category, 
especially in genes expressed more than the better parent. 

At the forth stage, as it was previously mentioned, both hybrids have the 
biggest number of inactive genes and lower mean mRNA quantity of the 35 tested 
genes than the parental inbreds. The majority of their genes belong to the low 
category. However, 8 genes of the HHF1 remain to the high category while only 2 
genes of the LHF1 remain in this category. 

Differences between the two hybrids are actually reflected to differences in 
the number of the genes belonging in each of the 6 categories of expression. The 
major difference between the two hybrids is that in the high category the number of 
the genes expressed over the better parent is always higher for HHF1 while the 
opposite is true for genes expressed to the level of the better parent.  

 
Developmental variation of DNA methylation: Methylation was found to 

be developmentally altered (Table 1). A statistically significant increase in average 
methylation of the three upper leaves (F=6.09 p=0.005) was observed for the 
examined genotypes from 27.48% at stage 1, to 29.3% at stage 2. The average 
methylation level for the ear's leaf was the same for stages 3 and 4. 

 
Table 1 5-methylcytosine (5-mC) content expressed as 5-mC/(5-mC+C)x100 for 5 

maize genotypes at 4 developmental stages. 
 

GENOTYPE     STAGE 1a STAGE  2b STAGE 3c STAGE 4d Mean 
B73  27.5  29.9  28.3   28.7   28.6 
H109  27.4  28.2   28.8  28.6   28.2 
H108   27.7   29.3   29.0   27.7   28.4 
HHF1   27.2   30.6   27.1  28.5  28.4 
LHF1  27.6  28.5   28.8   28.9  28.4 
Mean 27.48   29.3   28.4   28.48   28.4 

Stages in days after planting and tissues of sampling are: a20 days/three 
upper leaves; b32 days/three upper leaves; c44 days/leaf; d66 days/leaf. The mean for 
every genotype and every stage is also shown. 
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Tissue variation of DNA methylation: The methylation of several sections 

of the leaf of the HHF1 at the stage 4 (Table 2) was examined. The leaf of this hybrid 
, as an organ, had 5-mC content 28.5% . Sections of the leaf found to be methylated at 
27.6% for midrib and sheath, 31.6% for the upper blade section and 31.4% for the 
middle blade section. Leaf's methylation was higher than the methylation in the roots 
of this hybrid. The roots had 24.6% methylation, one of the lower values recorded in 
different studies in maize (Tsaftaris and Polidoros 2000). 

 
 

Table 2 5-methylcytosine (5-mC) content expressed as 5-mC/(5-mC+C)x100. The 5-mC 
content measured in different tissues or tissue sections of the HHF1 hybrid at stage 4 

 
TISSUE 5-mC 
Leaf    28.5 
Midrib and sheath    27.6 
Upper blade section  31.6 
Middle blade section  31.4 
Root  24.6 

 
 
Site-specific methylation changes induced by stress: The results after 

examining the accumulation of methylated sites under spaced and dense planting in 
inbreds and hybrids are shown in Figure 2. The bar designated as equal in Figure 2 
represents either the absence of HpaII sites between the primer locations or that any 
HpaII sites in this region are methylated at both planting densities. More sites of this 
category are present in hybrids. The bar designated as dense in the figure represents 
the appearance of a band only in the dense planting indicating the presence of a site(s) 
methylated only in dense planting. Inbreds have significantly higher number of such 
sites than hybrids. The bar designated as spaced represents the appearance of a band 
only in the spaced planting indicating the presence of methylated site(s) only in dense 
planting. A low number of such sites are present in hybrids and even lower in inbreds. 

 
 

DISCUSSION 
 
An important parameter that could be related with the genetic basis of 

heterosis at the molecular level is the variation in expression of different genes, 
between parents or between parents and F1 hybrids. This variation can be assessed, at 
the protein level, studying the variation in the amount of individual proteins 
(Damerval et al. 1987, Leonardi et al. 1991), or at the mRNA, through quantitative 
measurement of differentially synthesized mRNAs (Romagnoli et al. 1990). The 
analysis preceded this paper aimed to the assessment of the variation in gene 
expression in maize, using random polymorphic maize cloned DNAs, as probes, 
through quantitation of their mRNA transcripts (Tsaftaris and Polidoros 1993, 1994). 
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Fig. 2. Estimation of methylated sites present in inbreds and hybrids under dense and spaced 
planting using the CRED-RA analysis. Dense represents the appearance of a band only in the 
dense planting indicating the presence of a site(s) methylated only in dense planting. Spaced 
represents the appearance of a band only in the spaced planting indicating the presence of a 
site(s) methylated only in spaced planting. Equal represents the presence of a band at both 

planting densities indicating either the absence of HpaII sites between the primer locations or 
that any HpaII sites in this region are methylated at both planting densities. 
 
The experimental data indicated that the variation observed is mainly 

quantitative, since differences in the numbers of inactive genes, are not significant 
between any genotype, at least for the first three critical developmental stages. This 
finding could argue against the classical dominance hypothesis of heterosis 
(Davenport 1908, Bruce 1910, Jones 1917) according to which a significant number 
of fully inactive recessive genes is expected between the two parental inbreds. 
However, as the inbreds used in this study are improved, relatively high yielding, 
contemporary homozygous lines, it is reasonable to assume that they are depleted to a 
large extent of a significant number of recessive inactive genes. This does not, of 
course, exclude the possibility that dominant genes, affecting the amount of 
expression of active genes, are important for heterosis (Leonardi et al. 1987). 
Extensive quantitative variation of gene expression was also observed comparing the 
5 genetic materials. Mean mRNA quantity of the 35 tested genes was found genotype 
and developmental stage dependent. High mean mRNA quantity of the 35 tested 
genes was associated with the genome of the heterotic hybrid. This hybrid always 
excelled the non-heterotic one in mean mRNA quantity of the 35 tested genes with 
statistically significant difference (Tsaftaris and Polidoros 1993, 1994).   Similar 
conclusions were made after comparing the two male parents of the two half-sib 
hybrids. The male parent of the heterotic hybrid was superior in mean mRNA 
quantity of the 35 tested genes from the male parent of the non-heterotic one. This is  
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supporting evidence that different genomes possess diverse inherited capacities to 
express their genes. And their differences in genome expression are reflected into the 
phenotypic diversity of their respective F1 hybrids, and consequently, could be 
related with heterosis. 

In a more detailed study, we now analyzed the deviation of every individual 
mRNA quantity of each hybrid from the quantity of the same mRNA in the two 
parental inbreds at the same developmental stage. The heterotic hybrid had a 
significant number of genes expressed over the quantity of the better parent at the first 
three stages. Genes belonging to this category were the 30% of the tested genes at the 
first stage and reached the 63% at the third stage. The non-heterotic hybrid had a 
minor number of genes expressed over the better parent at the first and the second 
stage, representing no more than 15% of the tested genes, and reached the 57% at the 
third stage. In addition to the above also for the LHF1 hybrid a significant number of 
genes (28% of the tested genes) expressed below the level of the worst parent. Thus 
genes of the two hybrids are differentially expressed during development. And since 
these differences were found in field-grown plants, the data could be indicative of 
differential responses of the two hybrids to fluctuations of the environment. 

 These observations are in accordance with the data of Romagnoli et al. 
(1990), where an heterotic hybrid in comparison with it's parental inbreds, showed 
differential expression of many genes, since approximately 33% of the major proteins 
of the hybrid, translated in vitro, were more abundant or possibly new. Thus, the 
suggestion made by Romagnoli et al. (1990) that increased expression of certain loci 
may be important in vigor manifestation, is further supported by our analysis. This 
experimental procedure could be adopted to further investigate heterosis, using higher 
number and/or more appropriate molecular markers, like stage specific cDNA or QTL 
probes, with perspective to obtain more information concerning variation of the 
expression in certain developmental stages or QTL loci, respectively. This can be 
facilitated by the tremendous analytical power of DNA microarrays (Baldwin et. al. 
1999) combined with advances in the maize genome sequencing project (Gai et. al. 
2000). With availability of sequence information of a high number of maize genes 
representing most of the genome (for more information see http://zmdb.iastae.edu, 
verified on November 2000) it will be possible to analyze every gene in a similar way 
with the one presented in this study. High throughput methods like DNA microarrays 
could provide information regarding the expression patterns of many more maize 
genes, enabling us to determine significant parameters and important genes and 
developmental stages for manifestation of hybrid vigor. 

Our results also indicate that regulation of gene expression may be important 
for manifestation of heterosis, and interactions of the regulatory mechanisms between 
specific parental inbreds could give rise to a heterotic F1 genome with better 
programmed development and growth. It has been suggested that gene regulatory 
networks could be responsible for generating the phenomena of additivity, dominance 
and epistasis and heterosis could be a robust feature emerging from regulatory 
interaction of these networks (Omholt et. al. 2000). In order to obtain information 
concerning the nature of the possible regulatory mechanisms involved, we examined  
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DNA methylation, that was found in many studies to be involved in the quantitative 
regulation of eucaryotic gene expression (Yisraeli and Szyf 1984). Variation in total 
DNA methylation was found among the different maize genetic materials. The 
developmental variation of DNA methylation, observed in our study, occurs in a very 
narrow range. This may be indicative that not all, but only a few C-residues 
undergoing methylation or demethylation, are exerting an important role in gene 
regulation. Evidence has been provided that developmental changes of chromatin 
structure and DNA methylation at, or close to the promoter region of a gene are 
responsible for epigenetic regulation of expression (Hoekenga et. al. 2000). Other 
regions of the genome, (e.g. heterochromatic DNA), remain highly methylated 
permanently, throughout plant growth. For instance, in certain genes, DNA 
methylation upstream from the TATA signal have proved to be essential, while 
downstream methylation has not affected gene activity (Doerfler et al., 1984). 
Therefore, correlation between percent of total DNA methylation and the state of 
activity of a gene will have to be sought predominantly at the promoter regions of the 
gene. This hypothesis could explain that slight changes of total methylation observed 
in our material, are concomitant with significant changes in mRNA quantities for the 
tested genes. So, developmental alteration of the methylation in a specific tissue could 
be restricted only to the regulatory sequences of tissue specific genes.  

Significant differences were revealed between inbreds and hybrids examined 
for site-specific methylation using the CRED-RA analysis. F1 hybrids accumulated 
fewer methylated sites than inbreds. There were more methylated sites in inbreds 
under dense planting (more stressful) conditions in relation to spaced planting. These 
data indicate that hybrids may be more resistant to density-induced methylation in 
comparison to their parents.  

This resistance of the hybrid genome to methylation induced by stress, and 
consequently, avoidance of suppression of many of its genes could be at the core of 
high F1 yield and, maybe more importantly, F1 stable yield. Taking advantage of 
existing criteria for evaluating stability of performance of different hybrids (Fasoula 
and Fasoula 1997) experiments are underway for a systematic study of possible 
correlation between stability of performance and methylation changes in the genotype 
(A. S. Tsaftaris and colleagues, unpublished data). If such a correlation exists then 
time and money could be saved from multi-year and multi-site evaluation of the 
genetic material, since criteria and tests could be devised for fast evaluation of 
genotypes for tolerance to density induced integrated stress, securing later stability of 
performance. 
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