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Tomato (Solanum Iycopersicum) is a fruit crop mostly cultivated worldwide due to its high consumption.
It is also a model plant for research due to its genomic information availability, easy cultivation, and aptness for
experimental purposes. However, the tomato fruit can easily change its form, flavor, and texture when applied abiotic
stress, such as drought, to the plant. Since drought stress will increase with climate change, agriculture will be most
affected by low crop yield and economic losses. Grafting is a method used in agriculture to improve crop production
and tolerance to biotic and abiotic stress. Plant grafting is the technique of primarily connecting two plant sections,
the scion and the rootstock. This technique is widely used in tomato; however, the effects of grafting on changes in
gene expression and epigenetic modifications associated with stress tolerance in shoot apical meristem (SAMs) cells
are still under-discovered. I used ‘Momotaro peace’ variety as scion, it is cultivated in Japan and its fruit is known

for its sweetness, hardiness, and flavor.

Material and Methods

In the present study, I exposed non-grafted F1 hybrid rootstock varieties, TTM-079 (TD1), green guard
(GS), and green force (GF), and Momotaro peace (Momo), together with three grafted combinations (Momo/TD1,
Momo/GF, and Momo/Momo) to 12 days drought stress treatment. Moreover, I tested two groups of ‘pre-drought’
treatment in non-grafted Momo for 4 and 7 days before the 12 days of treatment. To clarify the effect of grafting on
drought tolerance, I performed a transcriptomic analysis through RNA-sequencing in the SAMs between non-grafted
and grafted tomato plants, before and during 3- days drought stress. Also, I studied the effects of self-grafting tomato
plants on epigenetic modification like histone H3 modifications (H3K4me3 and H3K27me3) by ChIP-sequencing,
and cytosine-5 DNA methylation by bisulfite-sequencing, in Momo-scion SAMs.
Results and Discussion

Drought tolerance was significantly improved by a combination of compatible resistant rootstock TD1
and self-grafted compared to non-grafted lines and pre-drought stress-treated plants. Next, I found the differences
in gene expression between grafted and non-grafted plants before and during drought stress treatment. These altered

genes are involved in the regulation of plant hormones, stress response, and cell proliferation. Furthermore, when



comparing compatible (Momo/TD1 and Momo/Momo) and incompatible (Momo/GF) grafted lines, the
incompatible line reduced gene expression associated with phytohormones but increased wounding and starvation-
stress responsive genes. These results showed that grafting generates drought stress tolerance through several gene
expression changes in the apical meristem. Furthermore, self-grafting also alters specific gene expression and
epigenetic changes involved in nitrogen compound metabolic process, cellular component organization or
biogenesis, response to stimulus, chromosome organization, cell cycle-related genes, and regulation of hormone
levels in SAMs. These results indicate that drought stress tolerance in SAMs with epigenetic modifications is

acquired during the wound-graft healing process in tomato plants.

Conclusion

This study presented transcriptional and epigenetic modifications in drought tolerance using grafted
tomato plants. First, I assessed whether a vigorous rootstock and self-grafted Momo could improve drought tolerance
by transcriptomic analysis between grafted and non-grafted lines. In addition, the epigenetic changes due to histone
H3K4me3, H3K27me3, and DNA cytosine methylation were compared between self-grafted and non-grafted Momo.
My data further support that grafting alters epigenetic marks in the apical meristem tissue of the scion, resulting in
increased drought stress tolerance through stress memory within specific genes involved in pathways related with

hormone and stress-response.
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