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Homologous and nonhomologous recombination-mediated genome modification in plants
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™ Introduction

Primary (TO) plants, obtained by our homologous
recombination-promoted modification of the rice genome,
usually carry only one anticipated knock-out or knock-in allele
in the heterozygous condition. We showed that the
reproducible, dosage-dependent, and spatiotemporal
expression of the GUS reporter gene fuses with the
endogenous METa promoter in the selfed progenies of
independently isolated knock-in-modified TO plants. We also
reproducibly obtained and characterized TO plants bearing a
knock-in modified null allele of ROSIa for DNA
demethylation of 5-methylcytosine. For nonhomologous
recombination, we characterized endogenous DNA
transposons nDart! in rice and Tip 100 in the common
morning glory (Ipbomoea purpurea).

™ Results

Figure | shows our strategy for the knock-in modification of
ROS I a with positive-negative selection; all the knock-in lines
obtained displayed the same GUS staining patterns. The
knock-in null allele, ros/a, is non-transmittable; the maternal
allele causes failure of early endosperm development resulting
in incomplete embryo development (Figure 2), whereas the
paternal allele cannot be transmitted to progeny.

The nDart| elements are predominantly integrated into
single-copy genic regions, particularly the promoter proximal
regions.

The mutable allele, caused by Tip 00 insertion into CHS-D for
flower pigmentation, confers incomplete dominance (Figure
3). Amounts of CHS-D transcripts, CHS-D protein, and
anthocyanin pigment in heterozygous flowers were about half
those in homozygous flowers, indicating that
dosage-dependent expression of CHS-D is the primary cause
of the observed incomplete dominance.

™ Perspectives

Without our knock-in modification procedure, the
non-transmittable ros/a allele would be difficult to isolate by
conventional mutagenesis techniques that isolate mutants as
segregants in the progeny population. It would also be difficult
to characterize its transmission by tracking of spatiotemporal
ROS!a expression.

Our findings provide an explanation for the observation that
nDart[-insertion mutants often confer gain-of-function
phenotypes.

Our findings on gene-dosage effects imply that expression of
a single copy of many genes following Mendelian Laws
appears to be sufficient to confer wild-type phenotypes.
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[Figure 1]

Strategy for knock-in modification of ROS/a in rice.

(a) Genomic structure of ROS/a. (b) T-DNA region of the targeting vector used

(c) Genomic structure of the ROS I a locus targeted for knock-in
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[Figure 3]

Incomplete dominance in flower pigmentation of |. purpurea and the structures of the
wild-type and mutant CHS genes.

The large horizontal arrows and the triangles indicate CHS and Tip | 00, respectively.

(b) ROS1a/ros1a::GUS.

a) ROS1a/ROSI1a

(2]

IV VEEERDETF RO E

(a) /w1 VW ERETERR TESNBCUSREZNBVEERREDET. (b) B4
BEMRELT/ v I VREREDRETRONDHADRERT ECUSRENE
KEhaET.

[Figure 2]

fEffects of the knock-in allele on seed development.

(a) A normal-shaped seed, obtained as selfed progeny of the knock-in plant, displaying
no beta-glucuronidase (GUS) staining. (b) A deformed seed containing severely
underdeveloped endosperm and displaying GUS staining. We obtained the seed by
crossing emasculated flowers of the knock-in plant with wild-type pollen. Note that
the designation of the knock-in allele is ros [a:GUS |
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