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Summary. The theoretically expected and experimentally observed phenotypic ratios have been compared in pop- 
ulations of haploids derived from chlorophyll mutants of Nicotiana t~ac~ L. with a known genotypic constitution. 
The frequencies of mutant genotypes were significantly lower than the expected values, proving the existence of 
selection in a system of haploid embryoids developing in the anther. 

The anthers from M I plants of a diploidized Nicotiana tabac~ haploid cv. Samsun, treated with various con- 
centrations of N-nitroso-N-methylurea and n-butylmethane sulphonate, were cultivated in vitro. The number of 
anthers which gave rise to haploids (embryogenic anthers) was stimulated by lower concentrations of both the 
mutagens. The stimulation at the level of M I sporophyte is explained by internal genetic heterogeneity induced 
by adequate mutagen concentration. The average number of haploids per embryogenic anther decreased in all 
the treatments. The frequency of haploid plants of the mutant phenotypes increased with increasing mutagen con- 
cent ration. 

Introduction 

A haploid system in higher plants would be important 

for studying spontaneous and induced mutagenesis as 

well as for hybrid analysis. During the analysis of 

haploids derived from anther culture of hybrids devi- 

ations have been observed from the expected segrega- 

tion r a t i o s  ( M e l c h e r s  and Labib 1970; M e l c h e r s  1972; 

Opatrn~ 1973),  m i s r e p r e s e n t i n g  the r e s u l t s  of a r e a l  

game t i c  s e g r e g a t i o n  of the f a c t o r s .  To v e r i f y  the su i t -  

ab i l i ty  of an ther  d e r i v e d  haploids  fo r  genet ic  ana lys i s  

we c o m p a r e d  the t h e o r e t i c a l  and o b s e r v e d  phenotypic  

r a t ios  in popula t ions  of haploids  d e r i v e d  f rom h e t e r o -  

zygous ch lorophyl l  mutants  of Nicotiana tabacum L. The 

conc lus ions  of these  model  t r i a l s  have a d e c i s i v e  in-  

f luence  on the i n t e r p r e t a t i o n  of s tud ies  involving s e g -  

r ega t ion  in haploid p r o g e n i e s  of p lants  with unknown 

genotypic  cons t i tu t ion .  

In f u r t h e r  t r i a l s ,  which w e r e  r e l a t ed  to our  p r e v i -  

ous work (Vyskot et a l . ,  1974),  we s tudied the d e v e l -  

opments  of haploids  f rom an the r s  of M 1 plants  ob ta in-  

ed a f t e r  the seeds  had been t r e a t e d  with i n c r e a s i n g  

concen t r a t i ons  of the m u t a g e n s .  In haploid p r o g e n i e s  

of M 1 plants  we e s t i m a t e d  not only the f r e q u e n c i e s  of 

mutant  phenotypes  but a lso  s o m e  quant i ta t ive  c h a r a c -  

t e r i s t i c s  of a n d r o g e n e s i s  p r e v i o u s l y  omi t t ed .  

Materials and Methods 

The chlorophyll mutants Sulfur (Su), Yellow seedling 
(ys) and White seedling (ws) of Niaotiana tabac~ L. , 
kindly provided by prof. L.G. Burk, served as initial 
material for analyses of haploids. The mutation Sulfur 

is  i ncom ple t e ly  dominant  with a monogenic  cons t i tu -  
t ion and is  le thal  at the homozygous  dominant  s t age .  
H e t e rozygous  (Su / su )  plants  w e r e  u t i l i zed  fo r  an the r  
c u l t u r e .  The monogenic  muta t ion  Yellow seedl ing  is 
le thal  at the homozygous ly  r e c e s s i v e  s t age .  The phe-  
notype White s eed l ing ,  p roduced  by two genes  with a 
dupl ica te  n o n - c u m u l a t i v e  funct ion,  is non -v i ab l e  under  
n o r m a l  condi t ions  in the homozygous  r e c e s s i v e  condi -  
t ion .  We used plants  which w e r e  homozygous ly  r e c e s -  
s ive  in one of both the loci  so that the muta t ion  White 
seedl ing  r e sponded  as a s ing le  r e c e s s i v e  during s e g -  
r ega t ion .  Acco rd ing  to the s e g r e g a t i o n  of ys and ws 
mutants  in an the r  c u l t u r e s ,  the t r i a l  involved  only do- 
nor  plants  with h e t e r o z y g o u s  genotypic  cons t i tu t ion .  
Phenotypic  f r e q u e n c i e s  in haploid p r o g e n i e s  were  s tud-  
ied using f ive  plants  f rom each of the t h r e e  types of 
ch lorophyl l  mutant .  The cu l tu re  conta ined  60 an the r s  
f rom each plant .  

In f u r t h e r  t r i a l s  the in i t ia l  donor  m a t e r i a l  was a 
d ip lo id ized  haploid  of Nicotiana tabacwn L. cv .  ' S a m -  
sun '  obtained through r e g e n e r a t i o n  f rom t i s sue  cu l -  
t u re  of an androgen ic  haploid  pe t i o l e .  The seeds  w e r e  
t r e a t e d  with so lu t ions  of n -bu ty lme thane  sulphonate  
(BMS - 5 m M ,  10mM,  2 0 m M ,  4 0 m M )  and N - n i t r o -  
s o - N - m e t h y l u r e a  ( M N U -  0 . 1 r a M ,  0 . 2 r a M ,  0 . 4 r a M ,  
0.8mM) for 24 hrs at 23 - 25~C in the dark. Thecon- 
trol was soaked in distilled water. The seeds were 
then rinsed in running water and sown on moist garden 
soil. Randomized sets of 20 plants in each variant (M I 
generation) were planted out in the experimental field 
and the anthers were taken from individual plants at 
the stage of uninuclear microspores. We have culti- 
vated 40 anthers from each Mz plant, i.e. 800 anthers 
per variant, with the exception of 40mM BMS and 0.8 
mM MNU (240 anthers and 600 anthers, respectively). 
The experiment was carried out at room temperature 
and under continuous illumination. The haploid plants 
were evaluated during the course of the trial (detec- 
tion of chlorophyll mutations) and also in one lot after 
13 weeks' cultivation (evaluation of quantitative char- 
acteristics of androgenesis). The evaluation involved 
3,255 haploid plants. The chlorophyll mutations were 
classified according to the system proposed by Lam- 
precht (1960). In all the trials the anthers were cul- 
tivated on the medium of Nitsch (1969) with an addi- 
tion of 0.1 mg/e [~ - indoleacetic acid (IAA). 
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Table I. Evaluation of segregation ratios in populations of haploid plantlets in the 
in vitro anther culture derived from heterozygous chlorophyll mutants of N. tabacwn L. 

Donor Total of Theor. Observed 
plant regenerants segreg, segreg. 
No. obtained ratio ratio 

2 
X P 

1 1 5 9  7 9 . 5  : 7 9 . 5  8 9  : 7 0  2 . 2 7  
2 1 2 1  6 0 . 5  : 6 0 . 5  7 0  : 5 1  2 . 9 8  
3 1 7 1  8 5 . 5  : 8 5 . 5  9 7  : 7 4  3 . 0 9  
4 1 4 4  7 2  : 7 2  8 2  : 6 2  2 . 7 8  
5 1 1 2  5 6  : 5 6  6 5  : 4 7  2.89 

T o t a l  7 0 7  3 5 3 . 5  : 3 5 3 . 5  4 0 3  : 3 0 4  1 3 . 8 6  

0 . 3 0  - 0 . 1 0  
O .  1 0  - 0 . 0 5  
0 . 1 0  - 0 . 0 5  
O .  10  - 0 . O 5  
O .  1 0  - 0 . 0 5  

0.001 

1 9 6  4 8  : 4 8  5 4  : 4 2  1 . 5 0  
2 7 4  37  : 37  4 2  : 3 2  1 . 3 5  
3 8 2  4 1  : 4 1  4 8  : 3 4  2 . 3 9  
4 9 0  4 5  : 4 5  5 3  : 3 7  2 . 8 4  
5 7 2  3 6  : 3 6  4 1  : 31  1 . 3 9  

T o t a l  4 1 4  2 0 7  : 2 0 7  2 3 7  : 1 7 7  8 . 7 0  

0 . 3 0  - 0 . 1 0  
0 . 3 0  - 0 . 1 0  
0 . 3 0  - 0 . 1 0  
O .  1 0  - 0 . 0 5  
0 . 3 0  - 0 . 1 0  

0 . 0 1  - 0 . 0 0 1  

1 9 1  4 5 . 5  : 4 5 . 5  5 6  : 3 5  4 . 8 5  
2 1 2 1  6 0 . 5  : 6 0 . 5  7 4  : 4 7  6 . 0 2  
3 1 0 2  5 1  : 5 1  6 1  : 4 1  3 . 9 2  
4 9 6  4 8  : 4 8  5 8  : 3 8  4 . 1 7  
5 1 0 8  5 4  : 5 4  6 3  : 4 5  3 . 0 0  

T o t a l  5 1 8  2 5 9  : 2 5 9  3 1 2  : 2 0 6  2 1 . 6 9  

0 . 0 5  - 0 . 0 2  
0 . 0 2  - 0 . 0 1  
0 . 0 5  - 0 . 0 2  
0 . 0 5  - 0 . 0 2  
O .  10  - 0 . 0 5  

0 . 0 0 1  

Results 

In anther cultures derived from heterozygous N. taba- 

cz~ plants of the mutations Sulfur, Yellow seedling and 

White seedling the frequency of mutant phenotypes was 

lower than of green plants. Although in most cases the 

biometric evaluation of haploid progenies, derived 

from individual mother plants, was in agreement with 

an expected gametic ratio 1 : 1, there was a significant 

disagreement in all three mutant types when the total 

values, obtained by summarizing results of segrega- 

tion in 5 plants of the same mutation, were considered 

(Tab. 1). The gene frequencies of mutant alleles Su, 

ys and ws decreased from the initial value of 0.50 (at 

the level of pollen grains) to that of 0.43, 0.43 and 

0.40, resp. (at the level of haploid plants in the in 

vitro anther cultures). The coefficients of selection of 

mutant alleles reached the values of 0.25, 0.25 and 

0.36 resp., fitness 0.75, 0.75 and 0.64, resp. 

Haploid plantlets derived from M l plants emerged 

during the third week of anther culture and continued 

to appear until the 13 TM week. The highest number of 

haploids per anther was 55, the highest number of true 

leaves per haploid plant was 14. The concentrations of 

the mutagens influenced the frequency of haploid for- 

mation in all the studied parameters. The efficiencyef 

the method of in vitro anther culture can be well demon- 

strated by taking the average number of haploid plants 

obtained per cultivated anther (Fig. 1). The concentra- 

tion 5 mM BMS stimulated the number of haploid plants 

per cultivated anther and increased variability. Aver- 

age numbers of haploid plants per cultivated anther and 

their variances decreased with increasing concentra- 

tions of BMS. The application of 0.1 mM MNU had no 

effect on the frequency of androgenesis but decreased 

its variability. There was a continual decrease in the 

average number of haploids per cultivated anther with 

higher concentrations of MNU. The average number of 

haploid plants per embryogenic anther decreased in all 

the treatments (Fig. 2). The average number of embryo- 

genie anthers per M 1 plant was also dependent on mu- 

tagen concentration. It was stimulated at a concentra- 

tion of 5 mM BMS but decreased with increasedconcen- 

trations. A similar relationship was recordedwith MNU 

(Fig.2). All the applied concentrations of both the mu- 

tagens increased the variance. 

The number of embryogenic anthers increasedthree- 

fold, twofold and by 50 ~ in the variants with 5 mM BMS, 

10 mM BMS and 20 mM BMS, respectively, when com- 

pared with the control. The concentration 0.1 mM MNU 

increased the number of anthers which gave rise to 

haploids by 75 %. 

After 13 weeks' culture the mean number of true 

leaves on haploid plants was significantly higher in all 
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Fig. I. Average number of androgenic haploids per cul- 
tivated anther in the control and treated variants ({ = 
P < 0.05)  
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Fig. 3. Average number of true leaves on haploidplant- 
lets after 13 weeks' cultivation in the control and treat- 
ed variants (9 = P <0.05) 
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F i g . 2 .  Average  number  of embryogen ic  anthers  per  
M z plant (full line) and that of haploid plants per em- 
bryogenic anther (dashed line) in the control and treat- 
ed variants 
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Fig.4. Frequency of androgenic haploids of mutants 
phenotype (full line), frequency of embryogenic an- 
thers segregating haploid mutants (short-dashed line) 
and of M~ plants with embryogenic anthers and haploid 
mutants (long-dashed line) in the control and treated 
variants 

the treated variants (except for 0.8 mM MNU) than in 

the control. The application of the mutagens also in- 

creased the variance, except in the case of 40 mM BMS. 

In relation to the MNU and BMS concentrations, the 

mean numbers of true leaves showed the same tenden- 

cy - a slight decrease followed by an increase (Fig.3). 

With respect to chlorophyll mutations the treated 

variants contained the following phenotypes: a~bina, 

viridalba, albina-xanthescens , a lbina-virescens , xantha, 

xantha-viresaens, chlorina virescens, chlorotica and 

viridissimus. In the control a chlorophyll chimera with 

albina, xantha, chlorina and chlorotica segments ap- 
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Table 2. Numbers of haploid plants, embryogenic anther and 
chlorophyll mutants 

Variants Number of Total of Number of 
embryogenic haploid chlorophyll 
anthers plants mutants 

obtained 

C o n t r o l  47 
5 m M  BMS 128 

10 mM BMS 98 
20 mM BMS 71 
40 mM BMS 8 

0 . 1  mM MNU 82 
0 . 2  m M  MNU 47 
0 . 4  mM MNU 18 
0 . 8  mM MNU t3 

439 1 
956 25 
637 21 
414 38 

22 4 
439 24 
208 15 

92 11 
48 11_ 

peared, while there was no chlorophyll chimera in the 

treated variants. The frequency of haploid plantlets of 

a mutant phenotype increased with increasing mutagen 

concentration. There was a linear relationship between 

mutagen concentration and mutation frequency. The 

mutagen concentration also influenced the increase in 

the frequency of embryogenic anthers with mutant plants, 

and the proportion of M I plants whose anthers gave 

rise to androgenic mutants (Fig.4). A part of the al- 

bino types remained in the culture, while a major part 

became green some time later. The highest and lowest 

frequencies of mutant phenotype plants were induced 

by 0.8raM MNU and 5raM BMS, respectively (Tab.2). 

Because production of androgenic haploids in chimer- 

ical plants was low, the relationship between the fre- 

quency of chimeras in M 1 and that of haploid chloro- 

phyll mutants could not be determined. The haploidge- 

nomic state of the plants obtained from anther cultures 

in both parts of the trial was verified at random by 

meiotic analysis. In all cases we found a haploidchro- 

mosome number (n = 24). 

Discussion 

In order to use the technique of in vitro anther culti- 

vation for basic studies in plant genetics and breeding, 

it is essential to determine if competition betweenthe 

various genotypes of pollen grains occurs. The mean 

number of pollen grains per anther is in the order of 

40,000. Sunderland (1970) observed that in the in vi- 

tro culture only about 5 % of pollen grains were em- 

bryogenic, i.e. the anther contained about 2,000"po- 

tential plantlets". The actual number of haploids ob- 

rained from one anther is, however, essentially lower, 

e.g. in our trials with Nicotiana tabac~ cv. 'Samsun' 

there were 2 plants per cultivated anther (Vyskot and 

Nov~k 1974). This shows that only about 0,005 % pollen 

grains give rise to haploid plants. During embryonic 

development some gametes with unfavourable alleles 

or allele combinations may be eliminated by selection 

and thus the real gametic segregation of the factors 

may be misrepresented. In some studies the phenotyp- 

ic ratios found in F 2 haplophase for various morpho- 

logical characters, such as resistance to diseases etc., 

agreed with the expected segregation (Nakata 197 I; 

Nakata and Kurihara 1972; Vyskot et al., 1974). Cer- 

tain complications occur during the study of the ex- 

pression of subvital and lethal alleles. In the present 

trials we have found a statistically significant decrease 

in the frequency of lethal alleles Su, ys and ws com- 

pared with the theoretically expected values. 

In spite of a certain decrease in frequency, these 

plantlets (being subvital under in vitro conditions) 

were relatively numerous in anther cultures. It canbe 

regarded as an experimental demonstration of the suit- 

ability of induced androgenesis for genetic analysis 

with the aim of obtaining rare haploid genotypes. The 

ascertained selection against the phenotypes with sub- 

vital expression of the alleles should be taken into ac- 

count when interpreting the results obtained in the in 

vitro anther cultures for genetic analysis. 

In other studies dealing with in vitro induction and 

detection of mutations at the level of androgenic plants , 

the mutagens were applied, as a rule, directly to an- 

thers or haploid plantlets (Nitsch 1969 ; Tyrnov et al. 
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1973;  D e v r e u x  a n d  L a n e r i  1974;  M o n d e i l  1974 ;  S t o l a r z  

1 9 7 4 ) .  V y s k o t  e t  a l .  ( 1 9 7 4 )  d e t e c t e d  h a p l o i d  m u t a n t s  

f r o m  a n t h e r s  of  M I p l a n t s  ( a f t e r  N - n i t r o s o - N - m e t h y l -  

u r e a  t r e a t m e n t s ) .  F o r  t h e  p r e s e n t  s t u d y  we c h o s e  a 

s i m i l a r  p r o c e d u r e ,  w h i c h  a l l o w e d  c o m p a r i s o n o f t h e  

s p o r o p h y t e  and  g a m e t o p h y t e  and  e l i m i n a t e d  u n d e s i r -  

a b l e  e f f e c t s  p r o d u c e d  b y  t h e  i m m e d i a t e  a c t i o n  of t h e  

m u t a g e n  on  m i c r o s p o r e  m e t a b o l i s m .  The  f i r s t  i n t e r e s -  

t i n g  f a c t  w a s  an  i n c r e a s e  in  t h e  a b s o l u t e  n u m b e r  of h a p -  

l o id  p l a n t s  in  t h e  v a r i a n t s  t r e a t e d  w i th  l o w e r  m u t a g e n  

c o n c e n t r a t i o n s .  O u r  e x p e r i m e n t s  s h o w  t h a t  t h e  d i p l o i d  

s p o r o p h y t e  p l a y s  a d e c i s i v e  r o l e  in  s t i m u l a t i o n  of t h e  

a v e r a g e  n u m b e r  of  a n d r o g e n i c  p l a n t s  p e r  c u l t i v a t e d  

a n t h e r .  The  n u m b e r  of e m b r y o g e n i c  a n t h e r s  w a s  s t i -  

m u l a t e d  w h i l e  t h e  a v e r a g e  n u m b e r  of h a p l o i d s  in  t h e  

e m b r y o g e n i c  a n t h e r  d e c r e a s e d .  T h i s  l e a d s  to  t h e  c o n -  

c l u s i o n  t h a t  t h e  i n d u c e d  l e t h a l  m u t a t i o n s  w h i c h  c o m e  

in to  e x i s t e n c e  m a y  h a v e  a n e g a t i v e  i n f l u e n c e  on  t h e  

n u m b e r  of  h a p l o i d s  in  t h e  a n t h e r .  

The  s t i m u l a t i n g  e f f e c t  of p r o p e r  d o s e s  of i o n i z i n g  

r a d i a t i o n  at  t h e  l e v e l  of d i p l o p h a s e  h a s  b e e n  s t u d i e d  e .  g .  

b y  Sax  ( 1 9 5 5 ,  1963)  e t c .  i n  i n t a c t  p l a n t s ,  and  by  King  

( 1 9 4 9 ) ,  H o l s t e n  et  a l .  ( 1 9 6 5 )  and  B a j a j  e t  a l .  ( 1 9 7 0 )  

in  t i s s u e  c u l t u r e s .  The  s t i m u l a t i o n  w a s  a l s o  r e c o r d e d  

a f t e r  a p p l i c a t i o n  of  c h e m o m u t a g e n s  ( V a g e r a  1972)  e t c .  

The  s t i m u l a t i o n  of a n d r o g e n e s i s  c a n  b e  e x p l a i n e d  b y  a n  

i n c r e a s e  in  i n t e r n a l  g e n e t i c  h e t e r o g e n e i t y  in  M 1 ( A n -  

d r e e v  1963)  due  to  t h e  a p p l i c a t i o n  of a n  a d e q u a t e  m u -  

t a g e n  c o n c e n t r a t i o n .  At  t h e  s a m e  s u r v i v a l  f r e q u e n c y ,  

BMS and  MNU i n d u c e  m o r e  p o i n t  m u t a t i o n s  and  f e w e r  

c h r o m o s o m a l  a b e r r a t i o n s  t h a n  d o e s  i o n i z i n g  r a d i a t i o n  

( G i c h n e r  1 9 6 8 ) .  The  p h e n o t y p i c  e f f e c t  of  t h e  i n c r e a s e  

in i n t e r n a l  g e n e t i c  h e t e r o g e n e i t y ,  c a u s e d  b y  t h e  i n d u c -  

t i o n  of r e c e s s i v e  po in t  m u t a t i o n s  in  M 1, s h o u l d  b e  p a r -  

t i c u l a r l y  e x p r e s s e d  in  a d i p l o i d i z e d  h a p l o i d  w i th  r e g a r d  

to  i t s  h o m o z y g o s i s .  M a r u y a m a  and  C r o w  ( 1 9 7 5 )  d e -  

m o n s t r a t e d  t h e  i m p o r t a n c e  of  h e t e r o z y g o u s  o r  h o m o -  

z y g o u s  g e n e t i c  b a c k g r o u n d  in  a f f e c t i n g  t h e  v i a b i l i t y  

d u r i n g  i n d u c t i o n  of  m u t a t i o n s  in  Drosophila me lanogas tar. 

U n d e r  t h e  s a m e  c o n d i t i o n s  of c u l t i v a t i o n  in t h e  c o n t r o l  

v a r i a n t  w i t h  Nicotiana tabacum L. c v .  ' S a m s u n ' ,  we 

h a v e  o b t a i n e d  a s m a l l e r  m e a n  n u m b e r  of  h a p l o i d s  p e r  

c u l t i v a t e d  a n t h e r  t h a n  in  o u r  p r e v i o u s  w o r k  ( V y s k o t  et  

a l . ,  1 9 7 4 ) .  H o w e v e r ,  in  o u r  p r e v i o u s  w o r k  h e t e r o z y -  

g o u s  m a t e r i a l  w a s  u t i l i z e d ,  w h i l e  in  t h i s  t r i a l  a d i -  

p l o i d i z e d  h a p l o i d  w a s  u s e d ,  i n d i r e c t l y  s u p p o r t i n g  o u r  

c o n c l u s i o n  of a p o t e n t i a l  s t i m u l a t i o n  m e c h a n i s m .  O u r  

r e s u l t s  i n d i c a t e  t h a t  a d e q u a t e  BMS c o n c e n t r a t i o n s  c a n  

be recommended for stimulating androgenesis, per- 

haps even with other plant species. 

An increase in the average number of true leaves 

in haploids derived from the treated variants corres- 

ponded with a smaller number of plant lets in an embryo- 

genic anther, i.e. with their spatial and nutritional 

advantages. Under such conditions the growth and dev- 

elopment of androgenic plants are dependent primarily 

on their density in the embryogenic anther, and sec- 

ondarily on the applied mutagen concentration. It should 

be pointed out, however, that the concentration applied 

is decisive in determining the mean number of haploid 

plants per androgenic anther. 

The induced chlorophyll defects were phenotypically 

identical with common chlorophyll mutations. The am- 

p h i d i p l o i d  n a t u r e  of Nicotiana tabacum L. d o e s  not  e x -  

c l u d e  t he  m u l t i p l e  p r e s e n c e  of g e n e s  w i t h  s i m i l a r  e f -  

f e c t s .  It w o u l d  a l s o  i n f l u e n c e  t h e  p h e n o t y p e  of  s o m e  

c h l o r o p h y l l  m u t a t i o n s .  S o m e  of t h e  o r i g i n a l  m u t a t i o n s  

of t h e  albino p h e n o t y p e  d id  not  c h a n g e  t h e i r  o w n p h e n o -  

t y p e  in t he  c o u r s e  of  t h e  w h o l e  c u l t i v a t i o n  ; a m a j o r  p a r t  

c o u l d b e  c h a r a c t e r i z e d  a s  albina-virescens a l a t e r  s t a g e .  

A s i m i l a r  d e v e l o p m e n t  w a s  o b s e r v e d  in t h e  o r i g i n a l  

phenotypes xantha and chlorina.  

The r e s u l t s  of  t h e  f i r s t  p a r t  o f t h e p r e s e n t  w o r k  s h o w  

t h a t  m u t a n t  e m b r y o i d s  w i th  s u b v i t a l  p h e n o t y p i c  e x p r e s -  

s i o n  w e r e  p a r t l y  e l i m i n a t e d  due  to t h e  a c t i o n  of  s e l e c -  

t i o n  p r e s s u r e .  It i s  v e r y  p r o b a b l e ,  t h e r e f o r e ,  t h a t t h e  

f r e q u e n c y  of m u t a n t  p l a n t l e t s  due  to s e l e c t i o n  d e c r e a s e d  

e v e n  in t h e  c u l t u r e s  d e r i v e d  f r o m  M 1 p l a n t s ,  p r o v i d i n g  

t h e  t e c h n i q u e  of  in v i t ro  a n t h e r  c u l t i v a t i o n s  was  t h e  

s a m e .  
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