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Genetic information on genomic DNA is faithfully replicated and transmitted to the two 
daughter cells through mitosis. However, to achieve differential expression of genes in 
various cell lineages during development, or prompt genetic responses to environmental 
stimuli, organisms further utilize epigenetic mechanisms that generate another layer of 
heritable information on chromosomes. Inheritance of the epigenetic information is 
mediated by a variety of covalent modifications of nucleotide and chromatin, such as 
methylation of cytosine residues in the DNA, post-translational modifications of the core 
histone proteins, chromatin remodeling and production of small RNA molecules. In 
particular, DNA cytosine methylation and covalent modifications of histone tails are key 
epigenetic modifications that are important for coordination of genome integrity and 
proper gene function during development (1). For instance, DNA methylation is essential 
for genomic imprinting, transcriptional silencing of transposable elements, and regulation 
of tissue specific gene expressions in both animals and plants. On the other hand, 
misregulation of epigenetic modifications such as ectopic DNA hypermethylation causes 
transcriptional gene silencing and developmental defects (2, 3). Epigenetic modifications 
can mediate both short-term (mitotic) and long-term (meiotic) transmission of active or 
silent state in particular genes without changes to the primary DNA sequences. Specific 
enzymes are involved in the stable propagation of the epigenetic marks during DNA 
replication. Importantly, the epigenetic marks are heritable but potentially reversible, 
which allows dynamic regulation of gene activities in response to environmental stimuli.  
 
Plants offer ideal model systems for the studies of epigenetic regulation of gene activities 
and epigenetic inheritance of developmental phenotypes. A wide range of epigenetic 
modifying factors found in other organisms is evolutionally conserved in plants. Recent 
advances in mass sequencing technology have accelerated the decoding of the 
epigenomes of various tissues and cell types in model plants such as Arabidopsis and 
rice, and provided new insights into the dynamics of epigenetic changes during the plant 
life cycle and in response to environmental challenges. Plants often show stable 
transgenerational inheritance of induced alterations of epigenetic states that are 
associated with morphologically or physiologically distinctive phenotypes (3). This 
pattern of inheritance may be due to the fact that germ cells produced by terminal 
differentiation and to the absence of appreciable epigenetic reprogramming during the 
life cycle. In addition, alteration of activities of epigenetic modifiers leads to genome-wide 
formation of epigenetic alleles (epialleles) on the chromosomes. These epialleles are 
associated with both ectopic expression and silencing of developmental genes that often 
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persists for multiple generations. One of the epialleles associated with developmental 
abnormalities is bonsai (bns), which was first identified in a propagating population of a 
hypomethylation mutant in Arabidopsis. The bns plants show aberrant phyllotaxy of 
inflorescence and dwarf phenotype that is heritable over generations. However, the 
phenotypes are very unstable, and often show variable expressivities among the 
progenies. We performed linkage analysis and identified a gene that is subjected to 
transcriptional gene silencing in the mutant. BNS gene encodes a protein homologous to 
APC13, a subunit of Anaphase-Promoting Complex. The repression of BNS transcription 
in the mutant was associated with hypermethylation of DNA occurred in the whole BNS 
region. The DNA hypermethylation at the BNS locus were due to spreading of DNA 
methylation from the flanking retrotransposon (4). 
 
Recent studies of Arabidopsis demonstrated that epigenetic alteration of the genome 
can generate continuous phenotypic variations for complex polygenic traits including 
flowering time, plant height, biomass, and responses to both abiotic and biotic stresses 
(5, 6). Furthermore, some of these phenotypic variations were inherited to next 
generation, indicating the potentials of the epigenetic contribution to the heritable 
quantitative phenotypes. Thus, epigenetic alterations introduced in the genome can 
provide a source of heritable phenotypic variations that might allow plants for quick 
adaptation to environmental changes. These experimental results/observations might 
support the Lamarck’s theory regarding inheritance of acquired characteristics. 
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