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Use of Chemical and Physical Mutagens In vitro 

PHILIP J. DIX 
Department of Biology, St. Patrick's College, Maynooth, Co. Kildare, Ireland 

Introduction 

In the twenty years since the first unequivocal reports (including inheritance 
data) on the selection of mutants in vitro [ !, 2], a large number of mutants have 
been isolated, and reviews have frequently updated the progress, most exten
sively in a recent treatise [3]. The earliest reports made no use of deliberate 
mutagenesis, relying instead on the wide genetic variation exhibited by cultured 
cells, based on spontaneous mutation rates and possibly enhanced by genetic 
instabilities of rapidly dividing cells in culture [ 4]. The fact that the numbers 
worked in favour of selection of spontaneous mutants, when a dominant 
monogenic trait with a strong positive selection pressure was involved, probably 
delayed a critical evaluation of the role of chemical and physical mutagens in 
enhancing "mutation frequency". This was exacerbated by difficulties in reliable 
quantification of the latter term, given that single cell cultures were generally 
not in use, and colony forming potential (or plating efficiency) was usually 
profoundly influenced by viable cell density. 

Whatever the precise reasons, many reports on in vitro selection of mutants 
have not used mutagens, and many others have had a "just for luck" attitude 
to their use. Mutagenic agents have been applied to cultures prior to selection, 
but little effort was made to optimise the treatment, or to evaluate its success 
in enhancing the yield of the desired mutant lines. Fortunately there have been 
sufficient exceptions to demonstrate how effective mutagenesis treatments can 
be. The most detailed and rigorous studies on both physical [ 5] and chemical 
[ 6] mutagenesis, benefited from the use of the efficient single cell plating 
procedures, and low density media, available for Nicotiana mesophyll proto
plasts. While these investigations have clearly supported the value of mutagenic 
treatments for the isolation of biochemical mutants, other developments show 
a more critical dependence on their use. 

The advent of efficient culture procedures for haploid protoplasts of several 
species led to the realistic methodical screening (total selection) of colonies for 
deficiency mutations, particularly auxotrophs [7, 8]. The laborious nature of 
this approach renders the use of mutagenesis procedures important to bring the 
number of colonies to be screened down to a manageable level. Additionally 
the increasing interest in minimising the callus step in in vitro selection, by 
selecting in organised cultures [ 9, 10 ], means that the number of selective units 
(cells with potential to develop into shoot primordia or embryos) is much lower 
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