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Sexual reproduction observed in the loss-of-apomixis mutants of guineagrass  
induced by heavy-ion beam irradiation 
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Apomixis, an asexual mode of reproduction, provides a 
method for reproducing clonal plants through the seed. By 
using apomixis in the breeding program, we can develop a 
new efficient method for fixing desirable genotypes of F1 
hybrids and simplifying commercial seed production. 
Therefore, we aimed to isolate the gene(s) controlling 
apomixis from a tropical forage grass, guineagrass 
(Panicum maximum Jacq.). In a previous study, we found 
two mutant lines (SM-1 and SM-2) that were suggested to 
have lost the apomictic pathway of reproduction and to 
propagate using the sexual mode of reproduction.1), 2) In the 
present study, we analyzed the mode of reproduction of 
these loss-of-apomixis mutants with two methods: the 
progeny test using amplified fragment length polymorphism 
(AFLP) patterns and embryo sac analysis. The results 
showed that they lost the apomictic mode of reproduction. 

The M1 plants of SM-1 and SM-2 were generated from 
the dry seeds of an apomictic cultivar “Natsukaze” 
irradiated with 20Ne10+ (63 keV/μm) ions at 200 Gy and 
with 56Fe24+ (624 keV/μm) ions at 20 Gy, respectively.1) 
Forty M2 plants of each line were grown in a field. DNA 
from the leaves of each M2 plant was extracted and 
analyzed using the AFLP method. For the embryo sac 
analysis, inflorescences at anthesis were fixed in Farmer’s 
fixative (100% ethanol:acetic acid = 3:1), and then 
dehydrated and cleared as described previously.3) The 
cleared pistils were observed with a differential interference 
contrast microscope (Nomarski). 

The AFLP patterns of 40 M2 plants are shown in Fig.1. In 
case of the apomictic cultivar “Natsukaze”, the AFLP 
results show the same pattern among progenies. In contrast, 
all the AFLP patterns of M2 plants of both SM-1 and SM-2 
were different from each other. This result suggested that 
SM-1 and SM-2 propagated with the sexual mode of 
reproduction. 

To confirm the sexual mode of reproduction of SM-1 and 
SM-2, embryo sac analysis was performed. In the case of 
guineagrass, an apomictic embryo sac has four nuclei (an 
egg, two synergids, and a polar nucleus; Fig. 2A), while a 
sexual embryo sac has eight nuclei (an egg, two synergids, 
two polar, and three antipodal cells’ nuclei; Fig. 2B). The 
most clear differences between the sexual and apomictic 
embryo sacs are whether antipodal cells are formed or not, 
and whether the number of polar nuclei is two or one. 3) In 

the embryo sac analysis of SM-1 and SM-2, we observed a 
few sexual embryo sacs (Fig. 2B), many aborted embryo 
sacs (Fig. 2C), and no apomictic embryo sac in each line. 
These results suggested that they lost the apomictic pathway 
of reproduction. 

Our previous results suggested that the deleted region in 
the loss-of-apomixis mutants were relatively small.2) We are 
currently searching for the genes located within these 
deletion regions. 
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Fig. 1. AFLP patterns of M2 plants in the sexual mutant line 
SM-2. (A) The AFLP pattern of “Natsukaze” detected by the 
ABI 3130xl capillary sequencer (as a reference). Red 
arrowheads indicate the loci that are polymorphic among M2 
plants. (B) Schematic presentation of AFLP patterns of M2 
plants in SM-2. White box shows the presence of the peak, and 
gray box shows the absence of the peak. Similar results have 
been obtained for SM-1 (not shown). 

Fig. 2. Typical embryo sacs in guineagrass. (A) Apomictic 
embryo sac observed in “Natsukaze” (apomictic cultivar). (B 
and C) Sexual embryo sac (B) and aborted ovule (C) observed 
in the loss-of-apomixis mutants. a, antipodal cell; e, egg cell; 
p, polar nuclei. Synergid cells are small and difficult to 
observe in both types.3) Bar = 200 µm.  
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Heavy-ion beam irradiation effectively induces mutations 

and has been used in plant breeding1). Ar-ion beam 
irradiation is expected to provide a different spectrum of 
mutant phenotypes from the C-ion irradiation due to their 
different LET values. Therefore, we irradiated 
Chrysanthemum tissue with an Ar-ion beam in order to 
obtain flower color mutants. We previously reported the 
induction of flower color mutants by Ar-ion irradiation to 
cuttings of spray-mum ‘Southern Chelsea’, which was 
developed by Kagoshima Prefecture2). In addition, we 
reported the effects of Ar-ion beam irradiation on the 
regeneration of leaf blades3). Here, we report the induction 
of flower color mutants by leaf blades irradiation. 

Leaf blades of the spray-mum cultivar ‘Southern 
Chelsea’, having pink flowers, were irradiated with an 
Ar-ion beam (LET: 310 keV/μm) at doses of 0.1, 0.3, 0.5, 1, 
2, and 3 Gy, and a C-ion beam (LET: 23 keV/μm) at doses 
of 1, 2, and 3 Gy. After irradiation, these tissues were 
cultured in vitro. Adventitiously regenerated buds were cut 
and grown to plantlets in vitro and they were transferred to 
a greenhouse to investigate the occurrence of flower color 
mutations. 

Twenty plants among 1,716 irradiated regenerants 
showed flower color mutation [Table 1] The regenerants 
were white, light pink, deep pink, light reddish yellow, and 
orange, suggesting that increase, decrease, disappearance of 
anthocyanin and the increase of carotenoid were induced in 
these mutants, respectively [Table 1].  
 
 
Table 1. Flower color mutation induced by heavy-ion beam 
irradiation.  

                                                  
＊1  Kagoshima Prefectural Institute for Agricultural Development 
＊2  RIKEN Nishina Center  
＊3  University of Miyazaki 

These results were the same as those obtained by irradiation 
to cuttings with a C-ion beam. The mutation rates in flower 
color changes with Ar-ion beam irradiation were 0.5-2.6% 
at 0.1-1 Gy, and those with C-ion were 0.8-1.4% at 1-3 Gy 
[Table 1]. Irradiation to cuttings could cause simultaneous   
mutation in both anthocyanin and carotenoid content and 
yellow flower mutants were obtained2). However, 
irradiation to leaf blades could not cause the simultaneous 
mutation in the anthocyanin and carotenoid content in this 
examination. Some mutants also showed flower-shape 
variation by Ar-ion beam irradiation [Figure 1]. Relative 
regeneration rate decreased to less than 10% under Ar-ion 
irradiation at doses of 2 Gy, and no flower color mutants 
were obtained at these doses. All of the regenerated plants 
irradiated with Ar-ion beam showed less growth than non 
irradiated control plants.  

Ar-ion beam irradiation to leaf blades is not thought to be 
suitable for practical breeding in ‘Southern Chelsea’ 
because its regeneration rate and mutation rates are lower 
than that of cuttings in flower color. Currently, we are 
investigating the stability of flower color of the mutants 
derived from Ar-ion irradiation. 
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Fig.1 Spectrum of mutant phenotypes. ( A,B,C,D ) Mutants 
showing different flower shapes. Bars = 5cm. 
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