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5. Tobacco shoot induction by transient expression of developmental regulator genes—Can

it facilitate transient expression-mediated genome editing?

Olrma Jamaluddin - Hidetaka Kaya + Kappei Kobayashi

(The United Graduate School of Agricultural Sciences, Ehime University)

Crop breeding is about to make great progress
with the aid of CRISPR/Cas9-mediated
genome editing technology. At the same time,
there are still significant concerns over
genetically manipulated crops. Transgene-free
genome editing is, therefore, much expected,
especially in genetically unfixed crops. We
have been trying to optimize methods of
transient expression-mediated genome editing
to obtain transgene-free mutant plants. Plants
that have a history of transient expression of
some foreign genes cannot be selected later by
antibiotics or herbicides. Thus, we have been
testing the use of developmental regulators
(DRs) in a model plant, Nicotiana tabacum
genes, to enrich plants with a history of
transient expression.

Tobacco leaf discs were inoculated with
Agrobacterium tumefaciens EHA105
harboring constructs expressing Shoot
meristemless (STM) + Wuschel 2 (Wus2) or
isopentenyl transferase gene (ipt) + Wus2, in
addition to Cas9 and the expression unit for
multiplexed single guide RNAs (sgRNAs) for
N. tabacum phytoene desaturase gene (4
sgRNAs; NtPDS-4g) or N. tabacum Multi-
Antibiotic Resistance 1 gene (2 sgRNAs;
NtMarli-2g). The leaf discs were cultured on
phytohormone-free MS medium without

antibiotic selection unless otherwise indicated.

We have tested the effect of (i) a short-term
antibiotic selection, (ii) a heat treatment,
which we previously reported to be effective
in enhancing CRISPR/Cas9-mediated genome
editing, and (iii) timing of shoot formation on
the efficiency of shoot induction by the
transient expression of DRs.

The expression of STM+Wus2 did not
produce shoots at all under our experimental
conditions. On the contrary, co-expression of
Ipt+Wus2 produced shoots in more than 97%
of leaf discs with an average of 7-9 shoots/leaf
disc. Therefore, we focused on these DRs in
further experiments.

The leaf discs inoculated with the
Agrobacterium above were cultured on
medium containing meropenem alone for

suppressing  Agrobacterium  growth or
meropenem and kanamycin for 3 days to
enrich shoots with a history of transient
foreign gene expression. The leaf discs were
cultured on media containing meropenem
alone after the short-term selection. The short-
term selection slightly reduced the shoot
formation from 8.8 to 7.5 shoots/leaf disc.

Next, we tested the effect of heat
treatment on the DRs-mediated shoot
formation. To this end, we first tested different
heat treatment times using a Cas9 expression
vector and culture with regeneration media.
The experiments revealed that the single-day
heat treatment on the second day after 3 days
of co-culture supported efficient PDS gene
editing. The heat treatment reduced the DRs-
dependent shoot formation. Therefore, we
have continuously compared transient
expression-mediated shoot formation with or
without heat treatment.

PCR analysis of the induced shoots
revealed that more than 70% of unselected
shoots had transgene. Unexpectedly, only
about half of those formed after short-term
antibiotic selection did so. The cause for these
observations remains unknown. By contrast,
the heat treatment did not affect the transgene-
positive rates. These observations collectively
suggest that applying both treatments is
unlikely to reduce the efficiency of the
transient expression-mediated genome editing
significantly. The DRs-driven shoot formation
was observed 3 weeks post-co-culture (wpc)
and onward. We compared the transgene-
positive rates in shoots isolated at 3 wpc and
those isolated after 4 wpc and found no
differences.

Finally, we tried to detect mutation in the
target genes. Most evident mutants had the
transgenes. However, some transgene-free
shoots were shown to be chimeric plants with
some target gene mutations. The mutation
rates could be improved by augmenting the
transient expression levels by regulating the
plant-Agrobacterium interactions.
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