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Analysis of DNA lesions induced by ionizing radiation using the pollen irradiation method
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Table 1 Sizes of large deletions observed in the mutants
induced by y-ray or carbon ion irradiations.

A H><# yray/GLI

e Irradiation dose (Gy) 150 300 600
ZERMA% No. of mutants? 9 28 6
=N Max (Mbp)? >45 >6.0 >4.5
/b Min (Mbp)* 1 0.7  0.08
S Ave (Mbp)? 2.2 2.7 1.8
B. 7 < # yray/ TTG1

RE Irradiation dose (Gy) 300

ZRMAES No. of mutants? 5

R Max (Mbp)? >3.5

B/ Min (Mbp)© 0.5

¥ Ave (Mbp)? 2.1

C. jJkR$A &> Carbon ions/GL 1

RE Irradiation dose (Gy) 40 150
RS No. of mutants? 3 9

fZ2N Max (Mbp)? 1.1 >45

B/ Min (Mbp)© 0.5 0.5

S Ave (Mbp)? 0.7 2.5

A ERR I DI RAR S

Number of mutants with a large deletion.
BREDIKRY A A

Size of the largest deletion.
CERREDR N A X

Size of the smallest

deletion among the large deletions.
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Average size of the large deletions.

Recent molecular studies in plants have mainly
analyzed M. plants or their progeny, which
contain only transmissible mutations; however,
these studies are thought to be insufficient as
comprehensive descriptions of radiation-induced
mutations. In order to study radiation-induced
mutations caused by low-LET y-rays and
high-LET carbon ions at the molecular level, we
used the pollen irradiation method and the plant
Arabidopsis thaliana to study various mutations,
including nontransmissible mutations. The
experimental procedure was as follows: (1) the
pollen of wild-type plants was irradiated; (2) the
irradiated pollen was used to pollinate plants
homozygous for a recessive marker mutation; and

(3) F: plants were screened for the recessive

marker phenotype. Because the whole body of an
F: plant is derived from a single fertilized egg,
this method can avoid chimeras that make the
molecular analysis of mutations difficult.

The analysis using trichomeless g/7 as a marker
mutation revealed that most mutants induced
with irradiation with y-rays (150 — 600 Gy) or
carbon ions (40 — 150 Gy) irradiation carried
extremely large deletions of up to more than 6
Mbp. Mutations containing 1- or 4-bp deletions,
which were transmitted normally, were also
found. The large deletions were thought to be
generated in the following mechanism: when both
terminal DNA fragments of the three DNA
fragments generated by two DSBs in one
chromosome are joined together, the consequent
omission of the middle fragment constitutes a
deletion. When the omitted fragment is large, a
large deletion occurs.

The majority of mutants carrying the large
deletions showed semi-sterility and the deletions
did not

heterozygously. The most likely explanation for

appear to be transmitted even
these observations is that the large deletions
contained a gene or genes required for the
formation or viability of pollen and egg cells: only
egg cells and pollen that do not carry the large
deletions and are able to survive can undergo
successful fertilization, resulting in semi-sterility
and nontransmissibility of the deletions. These
nontransmissible mutations cannot be used for
the analysis of gene function and plant breeding.
Characterization of transmissible mutations
induced by ionizing radiation will be required in

the future.
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