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FHRMXEE Study on release of chimeras and efficient selection of editing
mutants by CRISPR/ Cas9-mediated gene editing in apple
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Gene editing is a technology that precisely modifies genes by targeting specific gene sequences and
is expected to be applied to breeding that imparts new gene functions. To make genome editing a
practical breeding technique for apple, it is essential to select mutants in the T, generation through
transient expression. In this thesis, the CRISPR/Cas9 system was used to investigate the gene editing
process targeting the visual marker gene phytoene desaturase (PDS) via Agrobacterium, using the apple
cultivar Greensleeves.

In the experiment, transgenic plant “GS-1” was observed and analyzed. In the fifth month after the
infection, mutant sequences were detected in green-transformed plants. PDS mutants were obtained
from the sixth month after the infection. Mutant plants were obtained with an albino phenotype, and a
pale green or variegated chimeric phenotype. Sequencing results showed that chimeric plants had a
mixture of wild-type and mutant cells while albinos consist only of mutant cells. These chimeras can be
released by 2-3 times of subculture. In the whole process of subculture, all mutant plants were detected
with same mutation types, consistent with the mutations detected in the fifth month, no new mutations
were detected.

An “Additional regeneration” step was performed on green transgenic plants that had been cultured
for 12 months. During the “Additional regeneration” of green leaves, high frequency (89.8%) of mutant
(albinos and chimera) plants were obtained, and new mutations were detected from the regenerated
mutants that suggest the regeneration step may be a favorable factor for promoting NHEJ pathway-
mediated mutations in gene editing.

The results of this study indicate the following possibilities. The “Additional regeneration” method

can be used to obtain chimaera-free genome-edited individuals efficiently in a short period of time,



even in the case of transient expression by the direct transfection method without using marker genes

for cell selection. This finding promotes the practical application of genome editing in apple breeding.
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