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Heavy ion radiation-based mutation breeding driven by multi-
technology integration: from mechanism to application
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Abstract: Heavy ion radiation (HIR) is effective for generating new germplasm in plants and
microorganisms due to its high mutation induction rate, broad mutagenesis spectrum, and excellent
stability of mutants. However, the random mutagenesis induced by radiation limits the efficiency
and quality of HIR-based mutation breeding, which has become a key problem to be tackled.
According to the process of heavy ion radiation-based mutation breeding, this review proposes a
set of tandem strategies to enable efficient and high-quality HIR-based mutation breeding practices.
These strategies include adjusting the radiation parameters from multiple dimensions, regulating
cellular sensitivity to radiation damage and damage repair capacity, combining heavy ion radiation
with adaptive laboratory evolution, integrating heavy ion radiation with other mutagenic agents,
adopting progressive radiation, formulating high-throughput screening schemes for mutants, and
efficiently identifying, verifying, and integrating positive mutations. These strategies aim to
improve the mutagenesis rate, screening efficiency, and utilization of positive mutations.
Meanwhile, we envision a mutation breeding workstation that integrates a series of strategies to
form a complete cycle for heavy-ion radiation-based mutation breeding. This study is expected to
provide valuable insights for creating high-quality microbial resources through heavy-ion radiation.
Keywords: heavy ion radiation; mutation breeding; efficient mutation induction; high-throughput
screening; positive mutation mining; integrated workstation
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Table 1  Application strategy and case of heavy ion radiation mutagenesis in biological improvement
Biological/ Strategy Core results Technical highlights and References
Strain name innovations
Bacillus subtilis  Carbon ion (80 MeV/u, Increased production of Screening high-yielding mutants  [38]

10-160 Gy) nattokinase in a wide dose range
Neurospora Carbon ion (30 keV/um), iron ~ Determination of biological Comparison of biological [39]
crassa ion (641-646 keV/um), argon  effect ranking efficacy and mutational spectrum
ion (287 keV/um) of different ion types
Oryza sativa Argon ion (92 keV/um), Different structural variation =~ Mechanism of structural [40-41]
carbon ion (13 keV/um), neon  patterns variation (SV) formation induced
ion (31 keV/pm) by different LET ions
Petunia High expression of The number of color mutants  High gene expression and [32]
anthocyanin gene coupled with increased by 2.5 times chromatin remodeling enhance
carbon ion beam mutagenic efficiency
Arabidopsis Carbon ion irradiation for The mutation frequency of Comparison of mutagenic [25]
drying seeds vs. seedlings dry seeds was 1.4-1.9 times  efficiency of materials at
that of seedlings different developmental stages
Chrysanthemum lon beam irradiation of petal The mutation rate of petal Effect of tissue origin selection [42]
vs. leaf cloning clones was 6.47%, and that of on the production of flower color
leaf clones was 3.89% mutants
Saccharomyces ~ Combination of HIR and Tolerance to 1.6 g/L vanillin ~ Heavy ion radiation combined [43]
cerevisiae adaptive laboratory evolution with adaptive laboratory
(ALE) evolution
Flavobacterium  Combination of nitrogen ion Improved substrate tolerance ~ Compound mutagenesis using [37]
sp. implantation and y-ray and increased yield of methyl ion implantation and y-ray
naphthoquinone
Trichoderma Combination of nitrogen ion The yield of alkaloids Combined mutagenesis to [44]
longibrachiatum implantation and ultraviolet increased by 2.62 times improve the yield of endogenous
irradiation bacterial secondary metabolites
Trichoderma Combination of carbon ion The activity of soluble Enhancing enzymatic [45]
viride irradiation and electron beam  protein and cellulase doubled  performance by combined
radiation radiation mutagenesis
Clostridium Multiple-round heavy-ion Robust organic acid Improving industrial [46]
tyrobutyricum irradiation production in extreme acidic  environmental adaptability
environment through multiple-round heavy-
ion irradiation
Lecanicillium Five rounds of nitrogen ion The propamocarb ECsy value  Multiple rounds of progressive [28]
attenuatum implantation increased 2.54-fold irradiation to improve the
tolerance of fungicides
Saccharomyces ~ Multiple rounds of progressive  Tolerance to 4.5 g/L furfural ~ Multiple rounds of progressive [47]
cerevisiae radiation combined with ALE radiation combined with ALE
Euglena gracilis Combination of iron ion beam  Oil content increased by 40%  Fluorescence-labeled flow [48]
radiation and flow cytometry cytometry screening of high-
screening yield oil-producing algae strains
Chlamydomonas Combination of heavy ion High oil yield under high Cultivation and screening under  [49]

sp.

irradiation, high nitrate culture,
and fluorescence sorting

nitrate conditions

specific stress conditions
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