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Figure 2.1a. Chemical mutagens most frequently applied in generating mutant varieties. Among top agents are EMS (ethyl
methanesulphonate), with 106 officially registered mutant varieties, NEU (nitrosoethyl urea) (57), MNU (N-methyl N-
nitrosourea) (53), colchicine (46), and EI (ethylenimine) (36). Figure 2.1b. Officially released mutant crop varieties registered in

the MVD produced via chemical mutagenesis.
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Figure 2.2. Molecular structure of alkylating agents commonly used in chemical mutagenesis of plants.
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name), ploidy level g density GIC>AIT  A/T>GI/C versions Reference
(kb) (%) (%) (%)
fyabidopsis thaliana, g 1/200 100 0 0 Greene et al., 2003
Avena sativa (oat), 6x EMS 1/24 94.4 0 5.6 Chawade et al., 2010
Brassica rapa (field EMS 1/56 and - - - Stephenson et al., 2010
mustard), 2x 1/67
Cucumis melo Dahmani-Mardas et al.,
(melon), 2x EMS 1/573 97.8 0 2.2 2010
Glycine max EMS 1/74 84.3 - 231047 Tsudaetal., 2015
(soybean), 4x (repeated)
Hordeum vulgare EMS 1/500 n.a n.a n.a Gottwald et al., 2009
(barley), 2x
Hordeum vulgare EMS 1/1,000 70 10 20 (Caldwell et al., 2004)
(barley), 2x
Musa acuminata Jankowicz-Cieslak et al.,
(banana), 3 EMS 1/57 100 0 0 01
Oryzasativajaponica  py/q 17147 88 - - Henry et al., 2014
(rice), 2x
Solanum lycopersicum EMS - - - 55 Minoia et al., 2010
(tomato), 2x
Triticum aestivum 1/23.3 to
EMS
(bread wheat), 6x 1375 99.2 0 0.8 Dong et al., 2009
Triticum durum
(durum wheat), 4x EMS 1/51 - - - Uauy et al., 2009
Triticum durum
(durum wheat), 4x EMS 1/50 - - - Henry et al., 2014
i japonic
Glycine max Oryza . EMgd)rMNU ) ) (%lz\)/lpselaréijal., 2008

(soybean), 4x sativa




1/140to

1/550
1/265 to 70410 Tillet
(rice), 2x SAMNU b8y 29610 333
Oryza sativa (rice), 2x MNU 20aB5 92 - - Suzuki et al., 2008a
Hordeum vulgare MNU 1/504 23 33 37 Kurowska et al., 2011
Hordeum vulgare Olsen, Wang and von
(barley), 2x SA ) 86 14 Wettstein, 1993
Hordeum vulgare SA 1/374 95.5 - 45 Talamé et al., 2008
Hordeum vulgare SA-MNU  1/477 88 45 75 Szarejko et al., 2017
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Figure 2.3. Preparation of banana in vitro materials for chemical mutagenesis. Steps include tissue
multiplication under aseptic conditions and transfer of explants into autoclaved bottles, here 200
meristems/bottle, for transfer to the chemical mutagenesis laboratory.



EMS concentrations EMS concentratitns

Figure 2.4. Establishing EMS dose-response curve for in vitro banana shoot tip explants. Explants
below: different EMS concentrations, from left to right: 0.25%; 0.5%; 1% and 1.5% EMS. Explants on
top: different types of controls, from left to right: water, DMSO and untreated explants. Plate left: 2 hr
incubation; Plate right: 4 hr incubation. Figure adapted from (Jankowicz-Cieslak and Till, 2016).
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Figure 2.5. Post-treatment washing of banana in vitro explants. Treated meristems need to be carefully
washed after EMS treatment to remove the remaining EMS solution. After a minimum of 3 washes, the
explants are placed on Petri plates, sealed with parafilm and moved back into the in vitro laboratory.
Mutated banana explants should be immediately transferred to fresh liquid growth medium. Figure
adapted from Jankowicz-Cieslak et al., 2012.



Figure 2.6. A mutant banana plant exhibiting a stable rolled leaf phenotype induced via EMS
mutagenesis. Courtesy of J. Jankowicz-Cieslak.
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Figure 2.7. Differential sensitivity of barley cultivars ‘Class’ (A, B) and ‘Mauritio’ (C, D) to mutagenic
treatment with MNU (A, C) and NaNs (B, D) based on seedling emergence and growth reduction.
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