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DNA methylation plays a crucial role in regulating gene expression 
and preserving genome stability. The dynamic DNA methylation 
levels throughout the life cycles of eukaryotes provide an orches
trated epigenetic regulation of cellular functions during develop
ment. 5-Methylcytosine (5mC) represents the most abundant 
DNA methylation in both plants and animals, which is sometimes 
regarded as the fifth base of eukaryotic genomes (Zhang et al. 2022). 
5mC has been found to target both promoters and gene bodies at 
symmetrical CG and CHG sites and asymmetrical CHH sites, where 
H can be nucleotides A, C, or T (Mattei et al. 2022). The patterns of 
5mC vary a lot across eukaryotes. Plants express considerable lev
els of CHG and CHH methylation, while vertebrate genomes are 
predominated by CG methylation, and 5mC may even be absent 
in some insects (Schmitz et al. 2019).

DNA methylation that occurs in plant embryos is established 
during embryogenesis, and maternal environments may exert 
substantial effects on the DNA methylation pattern (Mattei et al. 
2022). A “memory” of maternal environments is crucial for the 
survival and adaptation of the offspring (Iwasaki et al. 2022; Sun 
et al. 2022). Considering the continuing changing climate, it is im
portant to investigate whether temperature during embryogene
sis might affect DNA methylation patterns and the subsequent 
post-embryo development of plants (Fig.). In this issue of Plant 
Physiology, Trontin et al. (2024) investigated temperature-induced 
memory during embryogenesis of maritime pine (Pinus pinaster 
Ait.) and found 10 potential candidate genes for the establishment 
of temperature memory.

Somatic embryogenesis provides an excellent research model 
to investigate the developmental transitions and DNA methyla
tion dynamics during embryogenesis and post-embryonic growth. 
Trontin et al. (2024) incubated somatic embryos, initiated from 
the cryopreserved embryogenic line (PN519), at various tempera
tures (18 °C, 23 °C, 28 °C). The robust embryo culture method 
yields healthy mature embryos, which successfully develop into 
maritime pine seedlings. Compared with somatic embryos incu
bated at standard growth conditions (23 °C), embryos incubated 
at both 18 °C (considered as cold temperature) and 28 °C (consid
ered as heat temperature) showed delayed maturation and al
tered sugar accumulation, suggesting considerable influence of 
the temperature on embryogenesis.

The authors analyzed global DNA methylation levels using 
high-performance liquid chromatography and performed gene 
model-specific methylome profiling using sequence capture bi
sulfite. During embryo development at standard growth condi
tions, early somatic embryos have less DNA methylation 
(15.1%) compared with further developed embryos, called cotyle
donary somatic embryos (29.3%), whereas the DNA methylation 
level in the post-embryonic shoot apical meristem (SAM) exhibits 
an intermediate level (around 25%). Interestingly, the DNA 
methylation profile of early somatic embryo clustered closer 
with the profile of post-embryonic SAM rather than cotyledonary 
somatic embryos, suggesting alterations in DNA methylation 
modification during development. Despite the development- 
dependent changes of DNA methylation, no significant effect of 
temperature was detected on the overall DNA methylation lev
els. Thus, the different developmental phases undergo more pro
nounced DNA methylation modifications than the growth 
temperatures used in this study. In addition, clustering of the 
DNA methylation data aligned more with developmental stages 
than the temperature.

The authors further focused on the differential methylated 
cytosines (DMCs) in genes and promoters in response to growth 
temperature and developmental stage. The DMCs could be more 
frequently mapped to genes compared with promotor regions, par
ticularly in response to temperature. Whether those DMCs lead to 
gene expression changed remains to be investigated.

The DMCs could be further grouped into 3 categories: DMCs that 
occur during either stage of embryonic development due 
to temperature (temperature-DMCs), maintained temperature- 
induced DMCs in SAM that were also detected in cotyledonary 
embryos (remaining temperature-DMCs), and DMCs due to develop
mental phase (development-DMCs). GO enrichment analyses 
showed that the DMC genes were highly associated with pri
mary and secondary metabolism. Notably, unigenes contain
ing the temperature-DMCs, remaining temperature-DMCs, and 
development-DMCs were most enriched in GO terms of photosyn
thesis, protein autophosphorylation, and polysaccharide metabol
ic processes, respectively.

Those memorized temperature-DMCs were more frequently 
detected in CG and CHG context compared with CHH, and the 
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genes that maintain an epigenetic memory are related to stress 
responses and metabolic activities. In addition, the memorized 
temperature-DMCs were more prevalent under cold temperature 
compared with heat. In promotor regions, no temperature- 
dependent epigenetic memory seems to be observed in maritime 
pine, in contrast to a high retention rate of developmental mem
ory in promoters, especially in the CG context.

Overall, the temperature effect on epigenetic memory was less 
pronounced than the developmental memory in this study of 
maritime pine. Considering that clustered DMCs are more likely 
to endow regulatory effects of a single gene, the authors screened 
genes with at least 5 temperature-induced DMCs and found sev
eral candidate genes for epigenetic control of temperature mem
ory. The roles of those genes remain to be tested to further 
enhance our understanding of how plants retain memory of envi
ronmental conditions. In addition, with more diverse maternal 
environments and plant species investigated, in combination 
with the use of the recent advances in epigenetic technologies 
(Chen et al. 2023), the epigenetic secret of how plants adapt to 
the changing world might be unraveled soon.

Conflict of interest statement. None declared.

Data availability
No new data were generated or analysed in support of this 
research.

References
Chen X, Xu H, Shu X, Song C-X. Mapping epigenetic modifications by 

sequencing technologies. Cell Death Differ. 2023. https://doi.org/ 

10.1038/s41418-023-01213-1
Iwasaki M, Penfield S, Lopez-Molina L. Parental and environmental 

control of seed dormancy in Arabidopsis thaliana. Annu Rev Plant 

Biol. 2022:73:355–378. https://doi.org/10.1146/annurev-arplant- 

102820-090750
Mattei AL, Bailly N, Meissner A. DNA methylation: a historical per

spective. Trends Genet. 2022:38(7):676–707. https://doi.org/10. 

1016/j.tig.2022.03.010

Schmitz RJ, Lewis ZA, Goll MG. DNA methylation: shared and diver

gent features across eukaryotes. Trends Genet. 2019:35(11): 

818–827. https://doi.org/10.1016/j.tig.2019.07.007
Sun M, Yang Z, Liu L, Duan L. DNA methylation in plant responses 

and adaption to abiotic stresses. Int J Mol Sci. 2022:23(13):6910. 

https://doi.org/10.3390/ijms23136910
Trontin J-F, Sow MD, Delaunay A, Modesto I, Teyssier C, Reymond I, 

Canlet F, Boizot N, Le Metté C, Gibert A, et al. Epigenetic memory 

of temperature sensed during somatic embryo maturation in 

2-year-old maritime pine trees. Plant Physiol. 2024. https://doi. 

org/10.1093/plphys/kiae600
Zhang H, Gong ZZ, Zhu J-K. Active DNA demethylation in plants: 20 

years of discovery and beyond. J Integr Plant Biol. 2022:64(12): 

2217–2239. https://doi.org/10.1111/jipb.13423

Figure. Illustration of the epigenetic memory of maternal temperatures. Representation of the investigation of DNA methylation alterations across 
generations using somatic embryogenesis of maritime pine (images from Trontin et al. (2024)).
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