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Rice stocks carrying one or more recessive marker genes were fertilized with pollen of
a stock carrying normal alleles at the corresponding loci, that had been preirradiated with
gamma rays. Plants derived from such hybridization were investigated for their marker
genes, morphological features and seed fertility. Fifty-two pseudo-dominant plants for 9
marker genes were detected from 13,063 plants of 10 cross combinations, and a number of
other plants that did not show pseudo-dominant for any marker genes but had variations
in morphological features and/or seed fertility, were also obtained. The chromosome
number of those plants were counted in the root tip cells, and plants with 2n= 12, 2n=23,
2n=23+1Fr (fragment chromosome), 2n=23+2Fr, 2n=23+3Fr,  2n=25,  and chromosome
interchange heterozygous, were observed. This study suggests that the use of irradiated
pollen is an effective method for inducing chromosome aberration, such as chromosome
deficiency, monosomics and chromosome interchange in rice (Oryza  sativa  L.).

INTRODUCTION

Linkage studies in rice (Oryza  sativa L.) have been carried out for decades. Nagao
and Takahashi (1963) tentatively proposed twelve linkage maps corresponding to
haploid chromosome numbers (n=12), though no cytological evidence was shown.
Since then the relationship of the linkage groups to individual chromosomes has been
studied by many researchers using reciprocal translocations and trisomics (Iwata and
Omura 1971a,  b, 1975, 1976 ; Iwata et al. 1984 ; Kinoshita et al. 1975 ; Sato 1976 ; Sato
et al. 1973, 1975 ; Yoshimura et al. 1982). Great progress has been made in this field
with the achievement of a trisomic series in rice, leading to the establishment of the
relationship between the linkage maps and their chromosomes (Iwata and Omura 1984 ;
Khush et al. 1984). However, the centromere position and orientation of those maps
have yet to be determined.

In order to map centromeres of each chromosomes and to determine the orienta-
tion of linkage maps, we conducted an experiment in which a segmental deficiency in
specific chromosome regions was obtained by means of the “pseudo-dominant tech-
nique”, i. e., stocks carrying one or more recessive marker genes were fertilized with
irradiated pollen of a stock carrying normal alleles at corresponding loci. This paper
reports the results of cytological investigation of plants derived from the cross
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combination between marker gene lines and irradiated pollen.

MATERIALS AND METHODS

Genotypes and phenotypes of parental cultivars
Several marker gene lines (FL lines), preserved at the Breeding Laboratory of

Kyushu University, were used as female parents. A rice cultivar, Taichung 65, was
used as male parent. Each of the marker gene lines used in the experiment had two
or more homozygous recessive marker genes, which were located in different chromo-
somes. In order to detect pseudo-dominant plants early, the marker genes expressing
themselves at the seedling stage, such as marker genes for chlorophyll and leaf
features, were mainly selected. The male parent, Taichung 65, always has homozygous
dominant alleles for each of the marker genes of female parents.

Pollen irradiation and pollination
Taichung 65 plants at flowering stage were exposed to gamma rays from a ‘j°Co

source emitting at rate of 137.7 R/min  in ‘j°Co  irradiation Laboratory of Kyushu
University. Irradiation doses of 5 kR and 10 kR were used in 1984 and 1986, and one
of 5 kR was used in 1987 and 1988. Panicles flowering on the following day were used
to pollinate the emasculated florets of marker gene line. M, seeds (F, seeds from the
crosses between marker gene lines and irradiated Taichung 65) were harvested 30~35
days after pollination for sowing the next year.

Morphological observation
M, seeds were first sown on media containing 0.3% agar for germination in the

light-incubator at 25°C. Germinated seeds were then transferred to nursery in green-
house. When seedling grew to 5-7 leaves, investigation was done on the marker genes
and morphological features. Plants which showed pseudo-dominant for marker genes,
very weak nonpseudo-dominant for marker genes, or unique morphological features,
were picked up and transferred to nurse-field for special management. Plants showing
normal morphological features were transplanted to usual field, and another investiga-
tion was made on their morphological features and seed fertility after mature. Plants
showed unique features and/or highly and completely sterility in this stage were also
picked up. These abnormal plants were vegetatively maintained for cytological and
genetical investigations.

Cytology
For mitotic studies, root tips of abnormal plants were used, and the method of

making chromosome preparation followed that of Kurata and Omura (1978). Root tips
were pretreated with 1.5 mM 8-hydroxyquinoline for 2.0-3.0 hours at 20°C fixed with
ethanol acetic acid (3 : 1 v/v) for 2-24 hours at 4°C and then enzyme-treated with an
enzyme mixture of 4% cellulase RS and 2% pectolyase Y-23 at 37°C for 60 minutes.
Chromosome preparations were stained with l/20 Giemsa’s solution at 20°C for 1 hour,
and then examined with Nikon photomicroscope.

For meiotic studies, pollen mother cells (PMCs)  were squashed in 0.1% acetic
carmine and examined with phase contrast microscope.
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RESULTS

Irradiation effects
The present study shows that the effectiveness of hybridization with irradiated

pollen was as high as that of with nonirradiated pollen, and that most of the M, seeds
produced from such hybridization were apparently normal F, seeds having well-filled
endosperm. Shrivelled seeds with collapsed endosperm, which either failed to germi-
nate or germinated but failed to give seedlings, were also observed at a low rate. The
germination rate of M, seeds of above 90x, was as high as that of normal F, seeds.
Furthermore, there was no difference between the irradiated doses of 5 kR and 10 kR
on seed germination rate, M, plants (plants derived from M, seeds) survival rate and
the rate of abnormal plants in the experiment of 1986 (Table 1).

Table 1. Dosage effects on frequencies of M, seed germination, M, survival plants and abnormal
plants*

Dosage
(W

M, seeds Germinated
seeds

Survival
plants

Abnormal
plants

5 835 792 (95%) 788 (98%) 29 (3.68%)
10 606 576 (95%) 568 (99%) 32 (5.63%)

* : 1986 data.

Pseudo-dominant plants in Ml plants
Two kinds of pseudo-dominant plants were observed in the M, plants : those

which expressed all of the marker genes of the female parents accompanied by normal
seed fertility or completely seed sterility, and those which expressed a part of the
marker genes of the female parents accompanied by high or complete sterility and/or
unique morphological features.

Plants which expressed all of the marker genes and had normal fertility were
considered to be self progenies of the female parents and discarded. The other pseudo-
dominant individuals were considered to be breeding true and preserved for further
investigations. In four years of experiment, 52 such plants were obtained from 13,063
M, seeds of 10 cross combinations. The frequency of such pseudo-dominant plants is
0.39% (Table 2). In the cross combination of FL 26 (dl,  d-18) as female parent, there
was one pseudo-dominant plant for marker gene dl (drooping leaf) and 3 plants for d-

18 (dwarf 18) ; in FL 60 (Zg, c&l) there were 6 plants for Zg (liguleless), 6 plants for
ch-l (chlorina-1)  and one plant for Zg and ch-l ; in FL 84 (29,  WX)  there were 3 plants
for wx (glutinous endosperm) ; in FL 85 (dl, wx) there was one plant for wx ; in FL 99
(Zg,  dl, d-18) there were 3 plants for Zg ; in FL 126 (Zg, La, ws) there were 2 plants for
Zg and 4 plants for la (‘lazy’ growth habit) ; in FL 175 (Zg, v-1) there were 4 plants for
Zg, one plant for v-1 (virescent-1) and 2 plants for Zg and v-l ; in FL 242 (Zg, fl) there
were 2 plants for fl (faded green leaves) ; in FL 281 (Zg,  la, v-4) there were 2 plants for
Zg, 2 plants for la, 5 plants for la and v-4 (virescent-4) and 3 plants for Zg, la and v-
4 ; and in FL 297 (Zg, v-6)  there was one plant for Zg. Besides expressing pseudo-
dominant for marker genes, these plants always had a high or complete sterility and/
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Table 2. Number of pseudo-dominant plants detected in the cross combinations between each
marker gene line and irradiated Taichung 65

Feynl; ;;a,rent

marker genes Normal

Phenotype of M, plants

Pseudo-dominant

Frequency
(%)

FL 26
(dl, d-18)

FL 60
(lg ch-1)

FL 84
(lg, wx)
FL 85

(dl, wx)
FL 99

(lg, dl, d-18)
FL 126

(lg la, WS)
FL 175

(lg, v-1)
FL 242
(lg, PI
FL 281

(lg, la, v-4)
FL 297

(&, v-6)

2Y
697
ff

3,947

tt+
61

fff
1,104

fS
2,295
e

90

fff
2,756

Igf
6

f
s

f
1

lg +f
3

lg Sf
2

Ig-f
4

fP
2

lgff
2

ti
1

f d-18
3

+ ch-1
6

f la f
4

f v-l
1

f la f
2

lg ch-1
1*

0.58

0.32

0.38

0.23

1.80

0.72

lg V-I
2* 0.30

0.22

f la v-4 lg la v-4
5 3+ 0.43

1.30

13,063 52 0.39

* : All of them were haploid plants.

or unique morphological features.
To test if they were breeding true or not, test cross or selfed progenies of some

pseudo-dominant plants were investigated. Table 3 shows the mode of segregation for
genes Zg and d-1 in the test cross progenies of an Zg pseudo-dominant plant derived
from the cross combination of FL 60 (Zg,  ch- 1). When the plant used as female parent
was crossed with FL 60 (the origin female parent), all of the progenies were recessive
for gene Zg, and a segregation rate of 1: 1 was observed for gene ch-1. When the plant
used as female parent was crossed with FL 58 (dominant for gene Zg and recessive for
gene &-I),  all of the progenies were dominant for gene Zg, and the gene ch-I showed
a segregation rate of 1 : 1, which is to be expected in the test cross. Table 4 shows the
mode of segregation for genes Zg, la and ws in the selfed progenies of an la pseudo-
dominant plant derived from the cross combination of FL 126 (Zg, la, ws). Segregation
rate of 3 : 1 was observed for genes Zg and ws (white striped leaf), but the gene la
showed a deviated segregation rate (dominant : recessive=7 : 101). These results
revealed that the pseudo-dominant plants were breeding true.

Chromosomes of those pseudo-dominant plants were counted with their root tips.
Three kinds of plants were observed, plants with 2n=24,  plants with 2n=23+ 1Fr
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Table 3. The segregation of marker genes lg and ch-1 in the progenies from test crosses of Zg
pseudo-dominant plant MI 863-l {FL 60 (Zg, ch-I) XTaichung 65 irradiated} with marker lines
FL 60 (Zg, ch-1) and FL 58 (Ig+,  ch-1)

Cross combination Marker
genes

Segregation mode
x2 (1 : 1)

Dominant Recessive Total

Ml 863-l X FL60 lg 0 55 55
ch-1 24 31 55 0.891

Ml 863-l  X FL58 & 24 0 24
ch-1 13 11 24 0.167

Table 4. The segregation of marker genes Ig, ws and la in the selfed progenies of la pseudo-
dominant plant M, 868-l {FL 126 (Zg, ws, la) X Taichung 65 irradiated)

Marker
genes

Dominant

Segregation mode

Recessive Total
x2 (3 : 1)

kc? 79 29 108 0.198
WS 78 30 108 0.444
la 7 101 108 270.420***

***  : Significant at 0.1% level

(fragment chromosome), and plants with 2n=23.  Fig. 1A shows somatic chromosomes
of a pseudo-dominant plant for Zg from cross combination of FL 60, in which there
were 24 chromosomes without any chromosome aberration ; Fig. 1B shows somatic
chromosomes of a pseudo-dominant plant for la from cross combination of FL 126, in
which there were 23 chromosomes and one fragment chromosome. Fig. 1C shows
somatic chromosomes of a pseudo-dominant plant for la from cross combination of FL
126, in which there were 23 chromosomes.

The 6 plants that showed pseudo-dominant for all of marker genes of their female
parents, one plant for Zg and A-1  from cross combination of FL 60, 2 plants for Zg and
v-1 from FL 175, and 3 plants for Zg, la and v-4 from FL 281 (Table 3), were
completely sterile and looked like haploid plants. Cytological observation revealed
that all of them had 12 chromosomes in their root tips cells.

Other chromosome aberrants in RI1 plants
In the M, plants, there were also some plants that did not show pseudo-dominant

for any marker gene but had a high or complete seed sterility and/or had unique
morphological features. Those plants were also picked up and cytologically observed,
and the results shown in Table 5. Twenty-nine plants with 2n=23,  19 plants with 2n=
23+ lFr, one plant with 2n=23 +2Fr,  one plant with 2n= 23 +3Fr,  and one plant with
2n = 25, were obtained.

A lot of other plants that showed so-called semisterility were also observed in the
M, plants. Cytological examination of PMCs of those plants revealed that there were
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C
Fig. lA-D. A, Somatic chromosomes of an lg pseudo-dominant plant derived
from the cross combination of FL 60xTaichung  65 irradiated. There are 24
chromosomes, and no chromosome aberration as far as can be observed under the
limitation of photomicroscope. Arrows show chromosome 4, where the gene lg
locates. B, Somatic chromosomes of an la pseudo-dominant plant derived from
the cross combination of FL 126 X Taichung 65 irradiated. There are 23 chromo-
somes and one fragment chromosome. Arrow shows the fragment chromosome.
C, Somatic chromosomes of an la pseudo-dominant plant derived from the cross
combination of FL 126 X Taichung 65 irradiated. There are 23 chromosomes. D ,
Chromosome configuration at MI of PMCs  of a plant that showed so-called
semisterility. There are 10 bivalents and one quadrivalent. Arrow shows the
quadrivalent.
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Table 5. Number of plants with chromosomal aberrations detected from M, plants*

Number of plants with
Year

2n=12 2n=23 2n=23+1Fr  2n=23+2Fr  2n=23+3Fr 2n=25

1984 2 3 3
1986 1 4 2
1987 6 5 1 -

1988 4 16 9 1 1

Total 7 29 19 1 1 1

* : Chromosome interchange plants are not included in this list.

10 bivalents and one quadrivalent at metaphase I (Fig. lD), which is the chromosome
configuration expected in meiosis of the translocation heterozygous plant.

Frequency of abnormal plants in M, plants
In this study, the individuals which were called abnormal plants are those which

showed any morphological variation including pseudo-dominant plants, those which
showed any seed sterility, and those which showed variation both in morphology and
seed fertility. In four years of experiment, a total of 357 such plants were obtained
from 21,117 M, seeds. The average frequency of abnormal plants was 1.69% (Table 6).

Table 6. Numbers of abnormal plants detected from M, plants

Year MI seeds Number of abnomal plants

1984 7,163 35 (0.48 %)
1986 1,441 61 (5.34 %)
1987 4,097 94 (2.29 %)
1988 8,416 167 (1.98 %)

Total 21,117 357 (1.69 %)

DISCUSSION

Among the several cytogenetical technique that can be employed in centromere
mapping and determining the orientation of linkage maps, translocation, deficiencies,
and trisomics have been used profitably. Extensive use of translocation was made in
the study of maize (Anderson and Randolph 1945) and barley (Kasha and Burnham
1965). Telocentrics were used in wheat for locating their respective arms and for
determining the orientation of linkage maps (Sears, 1966). Induced deficiencies were
utilized for determining the cytological loci of certain marker genes in maize
(McClintock,  1931, 1944 ; Singleton, 1939) and tomato (Rick and Khush 1961; Khush
and Rick 1968).

In rice, however, there are not enough cytogenetic materials that can be used for
centromere mapping studies or for determining the orientation of linkage maps at
present. Although reciprocal translocations were used in such studies by Sato et al.
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(1980),  since the chromosome of rice is too small to obtain clear cytological evidence
by present techniques and since the reciprocal translocation that can be used are few,
little progress has been made up to now. Chromosome aberrants are expected to be
produced in number in rice.

In this study, we tried to induced chromosome deficiency by using irradiated pollen
for the first time in rice. The results reveal that not only chromosome deficiencies, but
also monosomics and chromosome interchanges can be obtained by this method.

Of pseudo-dominant plants obtained in the experiment, the plants with 2n=24
should have chromosome deficiencies so small that they can not be detected within the
limits of photomicroscope or are merely point mutation induced by irradiation ; the
plants with 2n=23+ lFr, should have the chromosome deficiencies for the regions of
related marker genes ; and the plants with 2n= 23 should be monosomics for the
chromosome in which the marker genes locate. Six plants that expressed all marker
gepes of their female parents and had 12 chromosomes in the root tip cells, should be
haploid plants induced by the pollination with irradiated pollen.

Among the pseudo-dominant stated above, those with 2n= 23 + 1Fr could serve as
useful materials in the studies of centromere mapping and determining the orientation
of linkage maps. By analyzing pachytene chromosomes of those plants, the arm
position of the region including given marker genes in their chromosomes and the
position of centromeres can be determined.

Plants with 2n= 23+1Fr  but showed nonpseudo-dominant for any marker genes
could also be useful materials in such studies. By the aid of techniques such as RFLP
(restriction fragment length polymorphism) analysis and in situ hybridzation, the kind
of fragment chromosome can be identified, and information about the related chromo-
some can be obtained.

The plants having 10 bivalents and one quadrivalent at metaphase I of PMCs in
meiosis should be translocation heterozygous plants. This kind of plant appeared
frequently in M, plants, which suggests that the use of irradiated pollen is an effective
method for production of chromosome interchange in rice.

Since the marker gene lines used in the experiment were diploid plants, most of the
chromosome aberrants obtained in this study were weak or had poor seed fertility.
This makes preservation and further studies difficult. However, trisomics should be
less sensitive to the irradiation because of their extra chromosomes. If the trisomics
having homozygous recessive marker genes in the related chromosome can be used in
such studies, monotelotrisomics showing pseudo-dominant for marker genes can be
expected, which should have better seed fertility and more useful for research. It is
recommended that trisomics having homozygous recessive marker genes in their
related chromosome be used as female parents instead of diploid marker gene lines in
such studies.

In conclusion, this study suggests that the use of irradiated pollen is an effective
method for inducing chromosome aberrants, such as chromosome deficiencies,
monosomics and chromosome interchange in rice.

Irradiated pollen have also been used to transfer limited genetic fragment from
one variety to another, as originally proposed by Pandey (1975). The possibility of such
an approach in rice was tried by Chin and Gordon (1989a,  b), who suggested that the
method of pollination with irradiation was not promising for rice breeding. They also
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observed no haploid plants or chromosome aberration in MI plants. However, con-
trary to their findings, the results of the present study reveal that not only haploid
plants (6/X,117) but also a number of chromosome aberrations were produced as a
result of this process.
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