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Abstract: Plant assays play a great role in the biomonitoring of ecogenotoxicity and 

environmental pollution. Amongst them, specific locus systems provide a simple, 

relatively easily scored system for the detection of mutations in testing of chemicals and 

in situ. The screening is based on a phenotypic change caused by a mutation in a single 

locus. Numerous test systems have been developed, although some of them use a 

phenotypic characteristic based on more loci, and therefore are not a true specific locus 

system. A true specific locus system is for example the waxy locus of maize and the 

locus for the colour of Tradescantia stamen hair, while most of the chlorophyll mutants 

in most plants and embryonic mutants of Arabidopsis use a phenotypic characteristic 

based on more loci.  
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INTRODUCTION 

 

Higher plants provide valuable genetic assay systems for screening and 

monitoring environmental pollutants and chemicals for cytogenetic aberrations 

and gene mutations (Mičieta, Murín 1996). Grant (1994, 1998) and Constantin 

(1978) have summarized the advantages and limitations of plant bioassays. 

A specific locus is equivalent to a gene in the classical Mendelian sense. 

As such, it is defined as a chromosomal region that controls the development of 

a phenotypic characteristic, and that is separable by crossing over from adjacent 

loci governing other specific phenotypic characteristics (Constantin 1978). 

When the mutations at the gene level occur in a specific locus controlling a 

certain phenotypic characteristic, it is possible to score the mutants that differ in 

this characteristic. The principle of allele dominance and recessivity is often 

used in these systems, with a model organism with known genotype. If the 

dominant allele in a heterozygote mutates, the resulting phenotype is the one of 

the recessive homozygote. By scoring of this phenotype the number of 

mutations in the dominant allele can be estimated, although the mutants in the 

recessive allele remain undetected. It is also possible to score reverse mutations 
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in a recessive homozygote. In that case, the mutant phenotype is the one of a 

heterozygote or dominant homozygote, and mutations in both alleles are scored. 

 

 

RESULTS 

 
Tab. 1: Specific locus systems used in the tests for mutations 

 

 

DISCUSSION AND CONCLUSION 

 

The present concept of testing for mutagenicity involves a tiered-system 

approach including both prokaryotic and eukaryotic organisms. These 

organisms are used as surrogates for humans, and any substance which yields 

positive results is suspect (Constantin 1978). The use of plants as a model 

Test organism Test principle References 

Oryza sativa Induction of chlorophyll mutations 

in the M1 and mutations in the waxy 

locus of pollen 

Kumari, Vaidyanath 

1989 

Zea mays Detection of mutations in the waxy 

locus of pollen (both forward and 

reverse mutations) 

Plewa 1982 

The Yg2 system with yellowish 

phenotype of the mutant 

heterozygote caused by deletion or 

mutation of the dominant allele 

Smith et al. 1964 

Conger 1976 

Hordeum vulgare The chlorophyll deficiency system 

observed in the M2 generation 

(caused by mutations of numerous 

various loci) 

Constantin 1982 

Arabidopsis 

thaliana 

The thiamine auxotrophy and 

embryonic mutants 

Rédei 1976 

Gichner et al. 1993  

Tradescantia Stamen hair mutation assay on the 

4430, 02 clones heterozygous for the 

flower colour with dominant blue 

and recessive pink allele 

Underbrink et al. 1973 

Sparrow, Schairer 1971 

Ma et al. 1994 

Glycine max Formation of mosaicism which leads 

to leaf spots varying in their colour 

and morphology; detection of 

somatic crossing over, chromosome 

deletions, nondisjunction and point 

mutations 

Vig 1982 

Nicotiana 

tabacum 

Avena sativa The al locus of diploid oats, 

heterozygous for the albino gene 

Nishiyama et al. 1966 

Prunus avium, 

Oenothera 

organensis 

and others 

The gametophytic type of the self-

incompatibility systems based on a 

multiallelic S locus 

Mulcahy, Johnson 1978 
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organism enables not only the testing of single chemical with a potential 

mutagenic effect in the laboratory, but also in situ testing of all parts of the 

environment in their reciprocal interactions. The specific locus systems do not 

show all occurring mutation in the model organism, but enable a relatively 

simple and accurate scoring of the mutants according to the phenotypical 

manifestation of the studied locus. The principle of allele dominance and 

recessivity is used in a model plant cultivar with a known genotype. In that 

case, a divergence from the expected phenotype is caused by mutation in the 

specific locus. Both forwards and reverse mutations can be scored, with the 

difference that the reverse mutations enable the scoring of mutations in both 

alleles, while in the case of the forward mutations only the dominant allele can 

be examined. Neither of the possibilities discerns double mutants on both 

alleles. 

In the terminology, several assays are listed as specific locus systems, but 

the scored phenotypical characteristic is in truth influenced by several loci. It is 

mostly the case of the chlorophyll mutants in several model plants, like Oryza 

sativa (Kumari, Vaidyanath 1989), Hordeum vulgare (Constantin 1982), 

Arabidopsis thaliana (Gichner et al. 1993), Glycine max and Nicotiana 

tabaccum (Vig 1982). Also the S-locus of the self-incompatibility system are 

actually two loci, responsible for the interaction of pistil and pollen (Tao, 

Iezzoni 2010). In a true single locus systems, like the waxy locus of Zea mays 

(Plewa 1982), the phenotypical change connected with the mutation can be 

caused by various types of mutations in different positions of the locus and on 

all levels of the DNA structure. However, there are certain types of mutations 

characteristic for the given locus that occur more often than the other types, for 

example the insertion and deletion mutations of the waxy locus (Wessler, 

Varagona 1985). Therefore, several different assays should be executed in order 

to discern all possible mutagenic effects of the tested chemical or complex of 

chemicals.  

 

 
ACKNOWLEDGEMENT 

The authors gratefully acknowledge financial support by VEGA (Project No. 

1/0182/09). 

 

 

REFERENCES  

 

Conger B. V. 1976. Effectiveness of fission neutrons versus gamma radiation for 

inducing somatic mutations in presoaked seeds of maize. Mutat. Res. 34, pp. 223-

232. 

Constantin M. J. 1978. Utility of Specific Locus Systems in Higher Plants to Monitor 

for Mutagens. Environ. Health Perspect. 27, pp. 69-75. 

Constantin M. J. 1982. Chromosome aberration assay in barley (Hordeum vulgare). 

Mutat. Res. 99, pp. 13-36. 



41 

Gichner T., Badayev S. A., Demchenko S. I., Relichová J., Sandhu S. S., Usmanov P. 

D., Usmanova O., Velemínský J. 1993. Arabidopsis assay for mutagenicity. Mutat. 

Res. 310, pp. 249-256. 

Grant W. F. 1994. The present status of higher plant bioassays for the detection of 

environmental mutagens. Mutat. Res. 310, pp. 175-185. 

Grant W. F. 1998. Higher-Plant Assays for the Detection of Genotoxicity in Air 

Polluted Environments: Ecosyst. Health. 4, pp. 210-229. 

Kumari T. S., Vaidyanath K. 1989. Testing of genotoxic effects of 2,4-

dichlorophenoxyacetic acid (2,4-D) using multiple genetic assay systems of plants. 

Mutat. Res. 226, pp. 235-238.  

Ma T. H., Cabrera G. L., Cebulska-Wasilewska A., Chen R., Loarca F., Vandenberg A. 

L., Salamone M. F. 1994. Tradescantia stamen hair mutation bioassay. Mutat. Res. 

310, pp. 211-220. 

Mičieta K., Murín G. 1996. Microspore analysis for genotoxicity of a polluted 

environment. Environ. Exp. Bot. 36, pp. 21-27. 

Mulcahy D. L. Johnson C. M. 1978. Self-Incompatibility Systems as Bioassays for 

Mutagens. Environ. Health Perspect. 27, pp. 85-90. 

Nishiyama I., Ikushima T., Ichikawa S. 1966. Radiobiological studies in plants – XI: 

Further studies on somatic mutations induced by X-rays at the al locus of diploid 

oats. Radiat. Bot. 6(3), pp. 211-218. 

Plewa M. J. 1982. Specific-locus mutation assays in Zea mays: A report of the U.S. 

environmental protection agency Gene-Tox program. Mutat. Res. 99, pp. 317-337. 

Rédei G. P. 1976. Induction of auxotrophic mutations in plants. In: Genetic 

Manipulations with Plant Material, NATO Advanced Study Institute, Liege, 

Belgium, Plenum Press, New York, 329 p. 

Smith H. H., Bateman J. L., Quastler H., Rossi H. H. 1964. RBE of monoenergetic fast 

neutrons: cytogenetic effect in maize. In: Biological Effects of Neutron, Proton 

Irradiations, IAEA, Vienna, pp. 233-248. 

Sparrow A. H., Schairer L. A. 1971. Mutation response in Tradescantia after an 

accidental exposure to a chemical mutagen, EMS Newslett. 5, pp. 16-19. 

Tao R., Iezzoni A. F. 2010. The S-RNase-based gametophytic self-incompatibility 

system in Prunus exhibits distinct genetic and molecular features. Sci. Hortic.–

Amsterdam, 124, pp. 423-433. 

Underbrink A. G., Schairer L. A., Rossi H. H. 1973. Tradescantia stamen hairs: A 

radiobiological test system applicable to chemical mutagenesis. In: Hollaender A. 

(Ed.): Chemical Mutagens: Principles and Methods for Their detection, Vol. 3, 

Plenum, New York, pp. 171-207. 

Vig B. K. 1982. Soybean (Glycine max [L.] merrill) as a short-term assay for Study of 

environmental mutagens. Mutat. Res. 99, pp. 339-347. 

Wessler S. R., Varagona M. J. 1985. Molecular basis of mutations at the waxy locus of 

maize: correlation with the fine structure genetic. P. Natl Acad. Sci. USA. 82, pp. 

4177-4181. 


