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Induced mutation breeding

First used in 1928 by Stadler, increases the frequency of mutations to several
orders of magnitude compared to natural spontaneous mutation rates, as a
result it provides diverse variability to breeders to select and improve upon
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Yield losses in some major crops caused by drought

Crop species Stress Yield losses (%) Reference
Maize (Zea mays L.) . Drought B83-87 K.amara et

Heat 42 Badu-Apraku et a
Wheat (Triticum Drought 57 Balla et a
aastivum L.)

Heat 31
Rice (Oryza sativa L.) Drought 53-92

Heat 20 ,
Chickpea (Cicer Drought 45-69 MNayyar et al., 2006
anetinum L.)
Soybean (Glycine Drought 46-T1 Samal
max L.)
sunflower (Helianthus Drought 60 Mazahery-Laghab et a
annuus L.) :

Fahad, S., Bajwa, A. A, Nazir, U., Anjum, S. A., Farooq, A., Zohaib, A., ... Huang, J. (2017). Crop Production under Drought and Heat Stress: Plant

Responses and Management Options. Frontiers in Plant Science, 8. doi:10.3389/fpls.2017.01147
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New Plant Breeding Techniques (NBTs)

GENOME CONTAINS NEW DNA

Techniques such as transgenesis,
cisgenesis and intragenesis involve taking
a piece of DNA from one organism and
inserting it into the genome of another
organism. The result is a genome that
contains new DNA.

By inserting DNA from insect-resistant
bacteria and inserting it into an apple we
can create insect-resistant apples.
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GENOME UNCHANGED BY
GENE TECHNOLOGY

These techniques are used to produce null
segregants—progeny of GM plants or animals
that have not inherited the new DNA—and are
often used with conventional breeding
techniques like cross-breeding.

a high quality tree that
normally flowers after many
years has been genetically
modified to accelerate its
flowering time

now that the flowering time
has been accelerated,
traditional cross-breeding

is used to introduce a disease
resistance gene from an
otherwise poor quality tree
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GENOME CHANGED BUT
NO NEW DNA

These techniques involve deleting a
specific piece of DNA or editing the DNA
without adding new DNA.

In 2017, a new and improved waxy corn
variety was developed using CRISPR
technology. By deleting the waxy gene,
scientists were able to create a waxy corn
variety that produces a type of starch with
properties useful to the food industry.
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Mutagens applied in rice mutagenesis
according to FAO/IAEA-MVD

Chemical agents

B Ethyl methanesulfonate (EMS)
B Ethylene imine (EL)
W Sodium azide (NaN.)
Il Nitrosomethylurea (NMU)
I Nitrosoethylurea (NEU)
% Dimethyl sulphate (DMS)
Il Diethyl sulfate and Pingyangmycin (DES/PYM)
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V.E. Viaffa, C. Pegoraro, C. Busanello and A. Costa de Oliveira (2019). Mutagenesis in Rice: The Basis for Breeding a New Super Plant. 5

Front. Plant Sci. 10:1326. doi: 10.3389/fpls.2019.01326



Fast neutrons as a type of radiation mutagenesis

Physical agents

= higher energy compared to y rays, especially in
biological materials (H- high interaction cross-
section with n)

* neutron capture and elastic scattering with C, H, O,
N nuclei

 generation of direct and indirect ionizing radiations

BN Gamma-rays EENeutrons BEOthers
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Physical mutagens applied in rice
mutagenesis according to FAO/IAEA-MVD
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» Increase the frequency of chlorophyll mutations

Changes in amylose content not alter the amylopectin structure

Changes in the FRO1 gene =========) tolerance to iron toxicity

Deletions, inversions, translocations, tandem duplications

NPR1 homologue =======) immune responses against bacterial infection by
Xanthomonas oryzae
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Kadam, &T., Vishwakarma, G., Kashyap, Y. et al. Thermal neutron as a potential mutagen for induced plant mutation breeding: radiosensitivity respense on
wheat and rice. Genet Resour Crop Evol 70, 789-798 (2023). https://doi.org/10.1007/s10722-022-01461-z



Fast neutron irradiation

* neutron monitor of the PIXE-4

type
* 204 hours
e 35 -40 million particles [hour Zhakhaev” in the Republic of Kazakhstan.

The study performs in the scope of the Ministry of Agriculture of the Republic of Kazakhstan project number BR107 65056



Results of fast neutron irradiation
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contain rice seeds the Syr-Syluy control variety, by resistance to salinity and

bottom is irradiated samples). drought.

received mutant forms resistant to salinity (NaCl) and drought factors (sorbitol). The largest number of
mutant forms was obtained from variety Syr Suluy, followed by Leader and Aikerim varieties

it was discovered that the median lethal dose (LD50) for fast neutrons — 50 Gy

M1 plants differ significantly from the original forms in morphological features : plant height, length,
stunting and dwarfism (40-80 cm), and high empty-grain of panicles (up to 100%)
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Results of fast neutron irradiation
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Figure 1. Laboratory germination and survival of seeds treated with y-rays, fast neutrons and
sélinity (NaCl) and drought factors (sorbitol) °



Conclusion

¢ It was discovered that the median lethal dose (LD50) for
fast neutrons — 50 Gy

“* Received mutant forms (max Syr Suluy), resistant to the
stressful conditions of the Kazakhstan region of the Aral
Sea (salinity, sorbitol)

** Mutant forms are going to be used as initial forms in
synthetic selection

¢ A distinct dependence on the effect of ionizing radiation
and stress factors on the number of induced resistant
mutant forms has been related to the initial rice variety.
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