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Persistence and elimination of somatic chromosomal changes induced
by fission neutrons and X rays in seeds of Haplopappus gracilis

(2n=4), an annual Compositae, during the growing stage’

Hidehiro HANMOTO?®, Yoshihiko YONEZAWA®; Tetsuo ITOHY,
Kazuo FUJIKAWA® and Sohei KONDO?

ABSTRACT

Root tip cells of Haplopappus gracilis were cytogenetically analysed at 48hr and about two
months after the seeds were irradiated with fast neutrons in the nuclear reactor UTR-KINKI
(0.4 0r1.2Gy)or with X rays(17.1 or 34.2 Gy). When analysed at 48hr post-irradiation, fragment,
ring, dicentric, translocation, and/or inversion were found in any of the germinating seeds in-
spected. When analysed about two months after irradiation, only 11 among total 150 seedlings
from the irradiated groups had chromosomal changes throughout or in a portion of the root tip
tissue. The changes were chromosome fragments with centromere (2 seedlings), translocation
(5 seedlings), translocation and inversion (1 seedling), and tetraploids (3 seedlings). The
majority of break points of the structural changes were located at the two chromosomal sites
previously determined as rejoining sites of chromosomal changes associated with the speciation
from H. ravenii (2n=8) to H. gracilis 2n=4).
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Fig. 1 Normal karyotypes of prometaphase (A) and metaphase (B) in the root tip
cells of Haplopappus gracilis (2n=4). Long arrows indicate chromosme 1
(1g) and short arrows chromosome 2 (2g). Bar is 10 pm.
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Chromosome aberrations observed at 48 hr after X-ray irradiation. A) Gap. B) Inver-
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sion. C) Fragment and ring. D) Fragment. E) Translocation and fragment. F-H) Dicent-

rics and fragment. I) Translocation,
chromosomes. Bar is 10 pm.
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Fig. 3 Chromosome aberrations observed at
48 hr after neutron irradiation.
A) Translocation. B) Fragments. C) Frag-
ment and ring. D) Translocation and
ring. Arrows indicate mutated chromo-
somes. Bar is 10 pm.
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Table 1 Types and frequencies of chromosomal mutations observed at 48 hr after irradiation

Dose No. cells No. cells with chromosomal mutation
Irradiation - _
Fragment | Dicentric Transl.
Gy observed Gap or Ring +Fragment | or Inver. "Total
X rays 17.1 72 1 7 2 1 11
34.2 167 7 20 9 6 42
Neutrons 0.4 68 0 1 0 1 2
1.2 101 0 6 0 2 8
Table 2 Frequency of seedlings with mutated karyotypes observed about
two months after irradiation
Dose No. seedlings l No. seedlings with mutated karyotype?
Irradiation
(Gy) observed ’ Fragment | Translocation | Tetraploid Total
X rays 17.1 46 2 0 1 3
34.2 38 0 4 1 5
Neutrons 0.4 52 0 1 1 2
1.2 13 0 1 0 1

1) Except for one seedling with a fragment chromosome, all were either inter-roots or
intercellular chimera having both normal and mutated karyotypes.

Fig. 4 Mutated karyotypes observed about two months after X-ray irradiation at 17.1 Gy. A)
1800R-17, Tetraploid (intercellular chimera). B) 1800R-38, Fragment (whole). C) 1800R-49,
Fragment (inter-roots chimera). Normal karyotypes in 1800R-17 and 1800R-49 are not
shown. Arrows indicate mutated chromosomes. Bar is 10 pm.
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Fig. 5 Mutated karyotypes observed about two months after X-ray irradiation
at 34.2 Gy. A) 3600R-11. B) 3600R-29. C) 3600R-40. D) 3600 R-53. All mu-
tations are translocations and each plants shows inter-roots chimera
with normal and mutated karyotypes. Normal karyotype in each plant is
not shown. Arrows indicate mutated chromosomes. Bar is 10 gm.
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Fig. 6 Mutated karyotypes observed about two months after neutron irradiation at 0.4 Gy (A
and B) or 1.2 Gy (C). A) N2-30, Tetraploid (intercellular chimera). B) N2-44, Trans-
location (inter-roots chimera). C) N6-5, Translocation (inter-roots chimera). Normal
karyotype in each plant is not shown. Arrows indicate mutated chromosomes. Bar is
10 pm.
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Fig. 8 Breakage points deduced from the idiograms of mutated karyotypes found in
the root tip cells of Haplopappus gracilis about two months after irradiation
of the seeds with neutrons or X rays. Arrows indicate the breakage points.
The letters » and g indicate haploid sets of H. ravenii and of H. gracilis chr-
omosomes, respectivey. The number attached to each chromosome represents
the chromosome no. The chromosome figures were originally drawn by
Tanaka (1967).
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Fig. 7 Idiograms of normal and mutated karyotypes observed about two months after
irradiation. Number under each idiogram is the plant no. Dotted regions in
idiogram are mutated ones. Each idiogram was drawn based on measurements
of more than 30 metaphase cells.
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Table 8 Pollen fertilities of plants from seeds irradiated with X rays or neutrons
at the early stage of germination

Plant® Fertility? Plant Fertility Plant Fertility

No. (%) No. (%) No. (%)

1800R- 1 57.2, 61.1 3600R- 1 17.9, 51.5 N2- 3 53.9, 78.2
2 5.9, 3.6 3 40.2, 38.4 5 75.2, 86.3
5 24.0, 1.0 6 5.5, 70.5 6 1.7, 50.6
6 0 0 7 80.4, 79.6 8 28.3, 37.3
7  68.7, 69.4 9 28.9, 12.0 100 65.5, 78.0
8 37.0, 41.4 10 72.1, 61.5 11 93.8, 89.5
9 69.5, 49.4 11®  59.8, 67.4 12 41.1, 45.8
12 78.3, 93.5 13 48.7, 81.9 14 37.2, 57.6
13 93.4, 94.2 14 36.1, 35.6 ‘ 15  89.3, 71.3
14 81.5, 83.1 18 39.1, 37.0 18 20.9, 33.5
18 76.0, 79.3 19 78.1, 83.0 19 91.3, 76.7
20 64.7, 69.0 © 20  89.0, 75.4 22 85.4, 59.3
21 70.5, 63.8 22 48.6, 82.8 24 90.0, 88.6
22 18.2, 17.5 23 81.0, 72.2 25  26.6, 65.6
23 17.1, 11.1 24 36.1, 47.0 27 80.2, 69.7
25 83.9, 76.4 25 74.3, 58.2 31 87.1, 86.9
27  82.6, 73.3 27 25.0, 32.4 34  96.5, 82.1
28 8.9 28 81.5, 91.6 37 74.8, 50.2
29  60.8, 89.6 30 13.4, 22.3 ' 38 93.4, 76.5
30 71.7, 74.6 31 41.6, 39.4 41 57.7, 69.7
31 61.1, 71.9 36 32.9, 3.6 42 83.3, 77.1
34 39.0, 40.7 39 - 35.2, 14.9 46 6.2, 0
35 59.3 40  48.2, 57.7 47 14.9, 27.4
36 71.8, 71.7 41  67.3, 62.5 48  45.9, 84.3
37 27.5, 32.8 43 49.3, 0.1 50  54.5, 82.2
38 61.2, 90.1 44 77.7, 37.0 51 77.5, 69.0
39 54.6, 59.7 47 81.1, 91.5
40 67.8, 7.1 49 87.1, 64.9 N6- 2 79.8, 19.3
41 4.0, 6.6 56 44.4, 40.8 4 2.5, 50.8
43 92.4, 88.8 ‘ 59 37.0, 40.0 : 59 69.2, 65.4
44  86.9, 88.4 60  98.5, 75.7 8 91.5, 80.0
45 40.7, 4.6 63 84.3, 87.2 . 9 57.4, 62.7
46  15.9, 13.8 68  86.7, 85.9 10 77.4, 65.9
47  38.3, 48.6 69  40.3, 66.1 16  73.8, 65.1
49 5.9 78 8.0, 75.5 )

1) Plants were numbered according to the type and dose of radiation, i.e., 1800R-: X rays,
17.1 Gy ; 3600R-: X rays, 34.2 Gy; N2-: neutrons, 0.4 Gy; N6-: neutrons, 1.2 Gy.

2) Two head flowers were randomly selected in each plant and more than 1000 pollen grains
were examined in each head.

3) Plant with a mutated karyotype in the root tip cells.
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