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ABSTRACT 

Pla nts of Tradescantia clone 02 bearing young ílower buds were exposed to 
different concentrations of methanol vapors ( 14 X lQS ppm to 17 5 X 1 os ppm) 
in order to investigate the mutagenicity of methanol and, if positive, to deter· 
mine thc exposure-response relationship. 
Pink mutant events in the stamcn hairs were recorded and increases in the 
frequencies wcre obscrved between 7 and 16 days aftcr treatments. 
The mutation frequency produced by doses lower than 43 x 10ª ppm was the 
sarne as that of the control, whcrcas higher exposures caused an exponential 
increase in the number of mutations. 
The slope and amplitude of the exposure-response curve were compared with 
results obtained using the alkylating agent, ethyl methanesulfonate, the fumigant 
and gasoline additive, 2-dibromoethane, and x rays. The results of this comp
arison allow us to consider methanol as a "weak" mutagen. 
To the best of our knowledge this is the first report on the mutagenic action 
of methanol in vapor forro. 

RESUMEN 

Plantas del Clone 02 de Tradescantia fueron expuestas a vapores de metanol de 
diversas concentraciones ( 14 x 10ª ppm a 175 x 1 os ppm) para investigar la 
mutagenicidad del metano! y, si es positiva, determinar la relación exposición
respuesta. 
Se registraron los eventos mutantes rosa y los aumentos en las frecuencias fueron 
observados entre los días 7 y 16 después de los tratamientos. 
La frecuencia de mutación producida por dosis menores de 43 x 103 ppm fue 
similar a la de los testigos, mientras que exposiciones mayores causaron un 
aumento exponencial en el número de mutaciones. 
La pendiente y la amplitud de la curva de exposición-respuesta fue comparada 
con los resultados obtenidos usando el agente alkilante. Etilmetanosulfonato, el 
fumigante y aditivo de gasolina, 1, 2 dibromoetano y los raxos X. Los resultados 
de esta comparación permiten considerar al metano) como un mutágeno débil. 
Hasta lo que se sabe, ésta es la primera descripción de la acción mutagénica del 
metano! aplicado en forma de vapor. 

* This research was carried out at the Instituto de Biología of the Universidad Nacional 
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INTRODUCTION 

An evergrowing number of substances are being released by man into his 
environrnent. It is highly probable that human beings and other organisms as well 
are being exposed with increasing frequency and at increasing levels to many 
kinds of weak and potent mutagens. By the time an increase in the rate of human 
mutation is detected, the genetic damage will have already occurred. Therefore, 
it is urgent to develop biological test systems sufficiently sensitive to monitor the 
genetic damage caused, especially that brought on by exposures to low concentrations 
of chemicals. 

Much work has been done with the effects of radiation on the stamen hair 
system of Tradescantia ( Ichikawa and S,parrow, 1,,967 ; Underbrink et al., 1970; 
Sparrow et al., 1972) . Furthermore, this system has been shown to be sensitive 
to the gaseous forms of such chemical mutagens as ethyl methanesulfonate (EMS) 
and 1, 2-dibrorP.oethane (DBE) (Sparrow et al., 1974) and certain atmospheric 
oxidants (Sparrow and Schairer, personal communication) . 

Sparrow and Schairer ( 1971 ) have shown that this stamen hair system was 
sensitive enough to detect an accidental exposure to a gaseous chemical that pro
duced a high mutagenic response. 

These facts enable us to regard the system as effective in the detection of 
mutagenic activity of atmospheric oxidants or pollutants that are in the gaseous 
state. 

MATERIAI,S AND METHODS 

Clone 02 ( or 0081 ) of Tradescantia was discovered by the late Dr. Arnold H. 
Sparrow in 1958. It was growing outdoors in Profesor W. V. Brown' collection at 
the University of Texas at Austin (Underbrink et al., 1973) . 

This clone 02 is heterozygous for flower color. A color gene mutation results 
in the appearance of pink cells among the normally blue cells in the stamen hairs 
of the inflorescences exposed to mutagenic agents. 

The plants were cultivated in an ordinary greenhouse in the Jardín Botánico 
Exterior of the Universidad Nacional Autónoma de México. 

Plants bearing inflorescences were brought from the greenhouse to laboratory 
conditions at least a week before the theatment and were placed in beakers con
taining Hoagland's solution No. 2 (Conger, 1964) and the beakers were wrapped 
in aluminum foil to retard alga! growth in the nutrient solution. 

Plants in beakers with Hoagland's solution were placed into closed glass chamr 
bers of 9.5 liters. The methanol was placed in an open Petri dish in the chamber 
and vaporized. No special provision was made to circulate the gas within the 
chambers because methanol, is highly volatile. All of the liquid became va,porized 
in each e~osure ( O. 75 to 3.0 mi) . Control groups were enclosed in similar 
chambers with an amount of distilled water equal to that of the substance used 
for the exposure. The chambers were sealed with high vacum grease and sub
merged in a bath at 25º C. A period of exposure of six hours was selected in order 
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to compare meaningfully the effects produced by other substances used at other 
institutions. 

After treatment the plants were placed in beakers with fresh Hoagland's solution 
acrcated and maintained at laboratory temperature (25 ± 5ºC) throughout the 
remainder of the experiment. 

Pink mutant events were recorded daily in mature blue stamen hairs of bloom
ing flowers of controls and of the inflorescences exposed to methanol. A single 
mutant cell or a row of contiguous mutant cells that sometimes involved the whole 
h::i.ir was scored as one mutant event. When the mutant cell or grou,ps of mutant 
cells were separated by one or more normal blue cells, they were regarded as the 
result of two separate mutant events. 

The number of m:1tant cvents per mature flower was recorded e::i.ch day from 
day seven through day sixteen following treatrr.ent. The mean values of mutant 
events per 100 hairs per treatment for each day were tabulatcd. 

RESUL TS AND DISOUSSION 

Based on preliminary results, days seven to sixteen were selected as peak days 
for pink mutant events. The mean values for thcsc days were used as the mutation 
frequency induced by methanol. 

TABLE I 

FREQUENCIF.S OF PINK MUTATIONS INDUCED IN STAMEN HAIRS 
OF Tradescantia CLONE 02 BY 6-HR EXPOSURES TO METHANOL 

C oncentration Number of hairs A verage number of pink events/ l 00 
ppm X 10

3 
scored hairi (-Control)± S .E ( Da,,s 7-16) 

43.76 46,672 0.1316 ± 0.0410 
58.35 33,520 0.2117 ± 0.0761 
87.53 11 ,950 0.9161 -+- 0.0861 

116.71 29,470 0.4182 :±: 0.1680 
145.89 22,385 0.5677 -+- 0.2503 
175.07 32,993 0.9679 -+- 0.2367 

Methanol exposures were perfonned in a range of concentrations from 14.59 x 
10ª parts per mi Ilion (,ppm) to 175.07 x 103 ppm. Doses below 4-3. 76 x 103 ppm 
<lid not produce more the doubling of the spontaneous mutation rate and hence 
were considered as nondistinguishable from the control val11e of 0.091 / 100 hairs. 
Doses higher than 175.07 ppm caused physiological damage resulting in floral 
inhibition, gradual fading and death. 

In order to compare the mutation frequency induced by rnethanol with those 
produced by other substances applied in gasco~1s form~ the data prcsented in Tab\e 
I were .plotted on a log-log graph (Fig. 1) . 
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Data from Sparrow et al. ( 1974) on ethyl methanesulfonate and x rays and 
data from Nauman et al. ( 1976) on 1, 2-dibromoethane were used for comparison, 
where one rad of radiation was arbitrarily made equivalent to 100 ppm of gas (6 
hr ex pos u re) for convenience in plotting curves obtained from chemical an physical 
agents on the same set of axes (Fig. 1). Pink mutations were plotted along the 
ordinate axis versus <lose ( in rad or ppm) a long the abscissa. T he regression line 
for x rays below 5 rad has a slope of + l. At higher doses the slopes is + 1.41 
and at yet higher doses saturation of the response occurs. Anywhere above 5 rad, 
as the slope is greater than + 1, the response is no longer linear but quadratic. 

The slope of the regression line due to EMS is + 2.41 when bases on three 
points. This is considerably higher than the slopes for the x-ray <lose-response curve. 
However, when a fourth point regarded as the saturation point is included in the 
calculation, the slope of the regression line becomes + 1.43. The slope become 
parallel to the x-ray second component slo.pe which, in both cases, could be due 
to a combination of deletions and point mutations (Mericle and Mericle, 1967; 
Nauman et al., 1975, 1976) . 

T he exposure-response curve of mutant events induced by gaseous DBE has 
a slope of 1.33 (Nauman et al., 1976). However, when ali the points including 
those regarded to be in the saturation level are taken into account, the slope is 
lower and equal to + 1.11. 

The mutagenic effect of EMS on plants and animals has been demonstrated 
several · times (Loveless, 1966) and the mechanism of action of this and other 
a lkylating agents has been investigated (Wheeler, 1967; Price et al., 1969; Oster
man-Golkar et al., 1970; Freese, 1971 ; Lawley, 1974) . 

In order to compare the slopes and amplitudes of the curves, as one rad was 
made equivalent to 10 .ppm it could then be seen (Fig. 1) that the methanol 
slope ( + 1.32) was close to that of the x-ray regression line ( + 1.41) and the EMS 
curve ( + 1.43) . 

The amplitudes of the curves can also be seen in Fig. 1. Exposures of 170 x 
103 ppm of methanol, 42 ppm of EMS and 160 ppm of DBE induced mutation 
frequencies equal to 8.5 rads of x rays. Thus methanol, like S02, N°'2, 0 3 freon 
and vinyl chloride (Schairer and Nauman, personal communication), is one of the 
weak mutagens. The difference in activity between potent mutagens, like EMS and 
DBE, and weak mutagens could be the result of sorne activation mechanism or 
rate of penetration of the mutagen or a detoxification mechanism occuring at lower 
exposures that it is saturated at high exposures. 

It has been shown that methanol (Gómez Arroyo and Villalobos-Pietrini, un
published results) as well as ethanol (Michaelis and Rieger, 1968; Gómez Arroyo 
and Villalobos-Pietrini, unpublished results) induce chromosomal aberrations and 
lagging chromosomes in Vicia faba root tips. Methanol and ethanol also produce 
chlorophyll mutations in gametophytes of fem spores (Villalobos-Pietrini and Me
neses, unpublished results) . Although Ehrenberg ( 1973) found ethanol completely 
inactive in the barley test, Badr and Badr ( 1975 ) found it could induce dominant 
lethal mutations in mice. 



86 R. Vll..LALOBOS·PIETRINI ANO R. HERNÁNDEZ 

ACKNOWLEDGEMENTS 

The authors are very grateful to Virginia Pond, Lloyd Schairer and Charles 
Nauman from Brookhaven National Laboratory for the critics, comments and sug
gestions on the manuscript; to Armando Manjarrez and Santiago Capella of the 
Facultad de Química, UNAM, and to Francisco González-Jarquín, for the dosi
metric calculations and suggestions. 

REFERENCES 

BADR, F. M . ANO, BADR, R. S. ( 197 5) . Induction of dominant lethal mutation in male mice 
by ethyl alcohol. Nature 253, 134-136. 

CoNGCR, /\. D. ( 1964 ) . A 5;mplc Equid-culture meihod of growing plants. Proc. Fla. Sta te 
Hort. Soc., 77, 536-537. 

EHRENBERG, L. (1973 ) . Higher plants. In Chemical Mutagens; Principies and Methods for 
their D etection. (A. Hollaender, Ed.) Plenum, New York, Vol. 2. p. 377. 

FREES E, E. ( 1971 ) . Molecular mechanisms of mutation. In Chemical Mutagens. Principies 
and Methods for their D etect ion. (A. Hollaender, Ed. ) Plenum Press, New York, Vol. l. 
pp. 1-56. 

Ic~m<AWA, S. ANO SPARRow, A. H . ( 1967 ) . Radiation-induced loss oí reproductive integrity 
in the stamen hairs of a polyploid series oí Tradescantia species. Radiat. Bot. 7, 429-441. 

LAWLEY, P. D. ( 1974). Sorne chemical aspectos oí <lose-response relationships in alkylation 
mutagenesis. Mutation Res. 23, 283-295. 

LoVELEss, A. ( 1966). Genetic and Allied E/fects of Alkylating, Agents, Butterworths, London, 
pp. 260-270. 

MERICLE, L. W. ANO MERICLE, R. P. ( 1967 ) . Genetic nature of somatic mutations for 
flower color in Tradescantia clone 02. Radiat. Bot. 7, 449-464. 

M1cHAEL1s, A. ANO R1EGER, R. ( 1968 ) . On the distribution between chromosomes o í 
chemically induced chromatid aberrations: studies with a new garyotype of V icia faba. 
Mutation Res. 6, 81 92. 

NAUMAN, C. H., UNOERBRINK, A. G. ANO SPARROW, A. H. ( 1975). l nfluence of radiation 
dose rate on somatic mutation induction in Tradescantia stamen hairs. Radiat. Res. 62, 
79-96. 

NAUMAN, C. A., SPARRow, A. H . ANO Sc HAIRER, L. A. ( 1976 ) . Comparative cffects oí 
ionizing radiation and two gaseous chemical mutagens on somatic mutation induction in 
one mutable and two non-mutable clones of Tradcscantia. Mutation Res. 38, 53-70. 

Ü STERMAN-KOLKAR, S., EHRENBERG, L. ANO WACH1'MEISTER, C. A. ( 1970) . Reaction 
· kinetics and biological action in barlcy oí monofunctional methanesulfonic esters. Radiat. 

Bot. 10, 303-327. 
PR1cE, C. C., GAUCHER, G. M. KoNERU, P., SHIBAKAWA, R., SowA, J. R. ANO YAMAGUCHI, 

M. ( 1969). Mechanisms of action of alkylating agents. Ann. N. Y. Acad. Sci. 163, 593-
600. 

SPARnow, A. H . ANO SCHAIRER, L. A. (1971 ) . Mutation response in Tradescantia aftcr an 
accidental exposurc to a chemical mutagen. EMS Newsletter 5, 16-19. 

SPARROW, A. H ., UNOERBRINI<, A. G. ANO Ross1, H. H . (1972). Mutations induccd in 
Tradescantia by small doses of X-rays and neutrons: analysis of <lose-response curves. 
Science 176, 916-918. 

SPARROw, A. H ., Sc HAIRER, L. A. ANO V1LLALOBOs-P1ETRIN1, R. ( 1974) . Comparison of 
somatic mutation rates induced in Tradescantia by chemical and physical agentes. Mut
ation Res. 26, 265-276. 

SPARROW, A. H., SCHAIRER, L . A., NAWROCKY, M. M. ANO SAUTKULIS, R . C. ( 1971 ) . Eí
fects of low temperature and low leve! chronic gamma radiation on somatic mutation 
rates in Tradescantia. Rad:ation Res. 47, 273-274. 

UNOERBRINK, A. G., SPARRow, R. C., SPARROW, A. H . ANO Ross1, H . H . ( 1970). Relative 
biological effectiveness of X-rays and 0.43 MeV monoenergetic neutrons on somatic 
mutations and loss of reproductive integrity in Tradescantia stamen hairs. Radiatlon Res. 
44, 187-203. 



METHYL ALCOHOL I NDUCED MUTATIONS 87 

UNDERBRINK, A. G., Sc HAIRER, L. A. A NO SPARROW, A. H . ( 1972 ). Tradescantia stamen 
hairs: a radiobiological test system applicable to chemical mutagenesis. In Chemical 
Mutagens; Principies and Methods for their Detection (A. Hollaender, Ed. ). Plenum, 
New York, Vol. 3. pp. 171-207. 

WH Er;LER, G. P. ( 1967 ). Sorne biochemical effects oí alkylating agentes, Federation Proc. 
26, 885-892. 




