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A b s t r a c t .  The effects of low doses of two mutagens (UV-light and ethyl methansulphonate) 
o n  the growth of algae on a solid minimal (anorganic) medium were studied. I t  was supposed 
that  low doses of mutagens will be more suitable for the induction of growth mutations. 

The UV-light had an inhibitory effect in the whole range of the applied doses on the growth of 
colonies of algae from the ceils inoculated on the solid medium immediately after irradiation. 

Ethyl methansulphonate produced growth stimulation if applied in the lowest doses. The 
growth was inhibited in a further range of doses and then there appeared the range of lethal 
doses. 

The growth responses to the influence of these mutagens were different in all the three algal 
species used and to the previous cultivation conditions before their exposure to the mutagens. 
I t  is certain that most of these growth responses are only modifications. 

The influence of ethyl methansulphonate differed according to the method of apphcation. 
I f  it affected the algae for a long time (it means if they were inoculated directly on the solid 
medmm containing mutagens), or, if the algae were exposed to its influence immediately before 
their inoculation on the solid medium, the growth responses of colonies were quite different. 

Growth responses with the single studied strains differed quantitatively only. 

T h e  s e l e c t i o n s  o f  a l g a e  o n  a s o l i d  m e d i u m  c a n  b e  c a r r i e d  o u t  a c c o r d i n g  to  
t h e  c h a r a c t e r s  o f  s i ng l e  cel ls  o r  a c c o r d i n g  t o  t h e  c h a r a c t e r  o f  t h e i r  o r g a n i z a -  
t i o n a l l y  b o u n d  g r o u p s  (e.g. c o e n o b i a )  i m m e d i a t e l y  a f t e r  t h e  i n o c u l a t i o n .  
L a t e r ,  t h e  s e l e c t i o n s  a r e  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  g r o w t h  i n t e n s i t y  a n d  
f e a t u r e s  o f  c o l o n i e s  f r o m  s ing l e  cel ls  ( c o e n o b i a ) .  T h e  c h a r a c t e r i s t i c  g r o w t h  
i n t e n s i t y  a n d  f e a t u r e s  o f  t h e  c o l o n i e s  on  a so l id  m e d i u m  (and ,  c o n s e q u e n t l y  
o f  t h e  ce l l s  c o m p o u n d i n g  t h e m )  a r e  g i v e n  u n d e r  s t a n d a r d  c u l t i v a t i o n  con-  
d i t i o n s  p a r t l y  b y  t h e  g e n e t i c a l  c o n s t i t u t i o n  o f  t h e  s t r a i n s  u s e d ,  p a r t l y  
b y  t h e  m o d i f i c a t i o n  i n f l u e n c e s  a f f e c t i n g  al l  t h e  co lon i e s  e i t h e r  in  t h e  s a m e  
w a y  ( m a c r o e l i m a t e  o f  t h e  c u l t i v a t i o n  d i sh ) ,  or ,  s o m e t i m e s  in  a d i f f e r e n t  w a y  
( a c c o r d i n g  t o  t h e  s u b m i c r o c l i m a t e  o n  t h e  s u r f a c e  c f  t h e  m e d i u m ) .  I n  t h e  
s c o p e  o f  o n e  s t r a i n  t h e  c o l o n i e s  v a r i a b i l i t y  is a l so  c o n O i t i o n e d  b y  t h e  i n d i v i -  
d u a l i t y  o f  s i n g l e  cel ls  ( c o e n o b i a )  a n d  t h e i r  o n t o g e n e t k a l  p h a s e  (of  cou r se ,  
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it does not concern the material from synchronous culture). I t  is very im- 
portant, especially with the coenobial algae such as Scenedesmu~ quadric, auda, 
if all the four cells in the coenobium share equally, with their progenies, in 
the growth of the colony. 

All these influences manifest themselves by the variability in the size and 
features'of the colonies grown from single cells (coenobia). I t  is necessary to 
take this variability into account when selecting on the solid medium. Among 
other factors, which can enlarge or narrow the variability in the size of 
colonies, or perhaps shift it both in negative and positive directions, various 
mutagens play an important role. From this point of view I have investigated 
the influence of both, physical (UV-irradiation) and chemical (ethyl methan- 
sulphonate) mutagens in this work. 

Material and Methods 

Material. For the experiments the following algal strains were chosen: 
the eoenobial chlorococcal alga Scenedesmus quadricauda (Tu~P.) BlUrB., 
strain Greifswald 15, unicelled chlorococcal alga Chlorella vulgaris BEIJ., 
var. vulgaris strain Sorokin-Myers Tx 71105, both these strains were from 
the collection of the Laboratory of Experimental Algology of the Micro- 
biological Institute of the Czechoslovak Academy of Sciences, T~ebofi. 
Further, the flagellate Chlamydomonas reinhardi strain A20 was from the 
Collection of Autotrophic Organisms of the Czechoslovak Academy of 
Sciences, Prague. Cultures, taken for experiments from the solid medium, 
were not older than 30 days after inoculation. Cultures from the liquid 
medium were taken from the test-tube cultivation apparatus (N~As, 
1966) where they were cultivated approximately in the linear phase of the 
growth curve, in a temperature of 25--30 ~ C, with illumination 0.056 cal/cm 
square, min. PhAI~. The medium was the same as that used for the pre- 
paration of the solid medium. 

Methods. A special irradiation lamp was used equipped with two germicidal 
tubes Phillips TUV 15 W L4 constructed in our laboratory. UV-radiation 
passes throughthe Schott UG5 filter. In this way the narrowed spectrum is 
gained which corresponds better with the absorption region of DNA. The 
irradiated layer of the suspension in the Pctri dish without cover was 1 mm 
thick. The distance of the light source of the suspension surface was 34 cm. 
The irradiation intervals are given with the individual experiments. The 
density of the radiation flux was 7.1 ?A to 1 cm square (measured by a dosi- 
meter, constructed in our laboratory and calibrated according to the standard 
of Dr. V~chet, Microbiological Institute of the Czechoslovak Academy of 
Sciences). 

For the studies of the ethyl methansulphenate (EMS) effects the substance 
(prepared in the Institute of Organic Chemistry and Biochemistry of the 
Czechoslovak Academy of Sciences, obtained by the courtesy of Dr. FuSik) 
was used in dilutions, given with each single experiment. The EMS was 
applied in the same doses partly to the solid medium, partly for a short time 
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into the liquid medium before inoculating on the solid medium (the times of 
its action are given with individual experiments). The cultures with EMS m 
the liquid medium were darkened in the course of its action with aluminium 
foil in order to avoid its decomposition in the strong light. Before inoculation 
the suspension in this liquid medium on the solid medium the cells (coenobia) 
were not  deprived of the imperceptible amounts of the EMS either by  
centrifugation or by  washing. 

As a solid cultivation medium a 2% agar with 1/4 concentration of the 
medium according to BJ6RK~_I~ et al. (1955) modified by  K O ~ R E K  et 
R~.I6KA (1968) was used. The control cultures and the ones affected by  
EMS were inoculated on the dry  surface of the solid agar in Petri  dishes 
( g ~ 9 cm) by  means of a revolving inoculating device. The inoculated cul- 
tures in the dishes (both control as well as experimental variants), were 
darkened for 24 h in order to prevent  photoreaet ivat ion of cells irradiated 
by  LWV-light and the premature  decomposition of E~IS. Then the cultures 
were exposed to the continuous illumination of fluorescent tubes Tesla 
Z25WB. The dishes with the cultures were placed under two different light 
intensities, namely 1350 lux (0-021 cal.cm -e min -1 PhAR)  and 750 lux 
(0.015 cal.em -2 min -1 PhAR),  measured in the middle of the dish covers. 
The density of the inoculum was such as to ensure the isolation of most of 
the colonies and that  these colonies came from one cell. 

The growth of colonies was measured directly on the surface of the agar 
with objective 10 and measuring ocular 8. The size of the colonies was ex- 
pressed by  the diameter of the circle outline of the growing colony. The 
growing colonies of Ohlorella and Chlamydomonas are regularly circular in 
shape. The margins of ,.%enedesmus colonies are slightly irregular (coenobial 
character), however they  are circular in shape, too. Therefore I have measured 
only the diameter of the colonies outlines including the surface of the medium 
covered entirely with the cells. 

50 (in some experiments only 25) colonies from each dish taken at  random 
were measured. Only such colonies were excluded as those of abnormal size 
caused by  the well-known interfering effect. The colonies of the coenobial 
alga Scenedesmus had to meet, first of all, the requirement tha t  they  originat- 
ed from the whole coenobium (that means from all four cells). The average 
values were est imated from all the measured values by  the usual statistical 
method. According to the data  obtained, the growth curves of the average 
colonies were designated for the control and experimental variants in single 
experiments. 

Results and Discussion 

Presupposit ions for the evaluat ion o! the 9rowth of algal  colonies  on solid medium.  

On the basis of their experiments, some authors (WETHERELL and K~Aus 
1957; HABTSHO~NE 1955, EVERSOLE 1956; TSCH~PE 1966 and others) 
have shown, tha t  it is possible to isolate the growth mutants  on the solid 
medium according to the colonies growth from cells, inoculated there after 
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their being influenced by  mutagens. KVITKO 1961, using a mixture of different 
coloured strains of Uhlorella proved, tha t  when carefully inoculated on the 
surface of a solid medium colonies originating from two cells occurred only 
seldom. Although Scenedesmus quadricanda has not such favourable char- 
acters for a good and easy inoculation it is possible, with a little practice, 
to distinguish colonies which originated from one coenobium from those 
which originated from two. The later must be excluded from the measure- 
ment. I t  is rather  difficult to exclude colonies originating from one eoenobium 
only when some of its cells have died. After some experience even this is 
possible. 

The probabil i ty of a successful selection of growth mutants  on the minimal 
medium decreases b y  the higher frequencies of modifications, above all, 
those which are due to the specific effects of the used mutagens. The effects of 
the mutagens are mostly studied in doses, which fall in the range of the effi- 
cacious mutagenesis and manifest themselves by  conspicuous lasting varia- 
tions. Less at tent ion was paid to the range of lower doses in algae. 

I t  was shown, in our previous experiments ( N ~ A s  1966), tha t  it is neces- 
sary to take into consideration even the effects of the lower mutagene doses 
on the growth of colonies from the influenced cells or eoenobia when selecting 
the growth mutants .  This has been prGved by  the results of Tsc~gPE (1966) 
and IqES),SEK et al. (1967) with bacteria. There exists, among the surviving 
cells a certain number  which show the effects of the lower doses of mutagene 
without  producing any changes of muta t ion  character, only the modificatioll 
ones. When selecting, it is very  difficult to distinguish them on the solid 
medium from the persistent changes, in which we are particularly interested. 

In order to give a clear picture, the range of variabil i ty in the single marked 
points" is not  presented in the figures of the growth curves. The curves are 
drawn in the most probable way  ensuring from the comparison of results 
of other experiments carried out  with the same mutegens doses. The range 
of the variabil i ty of individual values aronnd the diameter, pointed out in 
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Fig.  1. The  d i s t r i bu t i on  curves  of the  colonms raze of Scenedesmus quadricauda (A) a n d  Chlorella 
vulgaris (B) in  one p o i n t  of the  g r o w t h  curve.  

A n = 50 B n = 25 
d = raze of colonies in  m i c r o m e t r m  ocular  sec t ions  
f = f requencies  of colonies of  t he  g iven  sizes 
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the growth curves follows from the comparison of the distribution curves 
concerning the colonies growth for Scenedesmus and Ghlorella (Fig. 1). 
(It corresponds with Ghlamydomona~, too.) The growth curves of the control 
variant of one expsriment are given from both levels of light intensities in 
Fig. 2. Both curves are significantly different. They prove the reliability of 
results presented in different variants if they are in accordance in both illumi- 
nation levels. From the comparison of the responses in both illumination 
levels the orientation information concerning the interaction of the in- 
fluencing factor with illumination can be obtained. 

Fig.  2. F ig .  3. 
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The  g r o w t h  curves  o f  the  Scenedesmus quadrzcauda colonies on  m i m m a l  (anorganic)  solid 
m e d m m  in  t h e  cu l t i va t i on  she l f  w i t h  con t i nua l  i l l umina t i on  of  1350 l u x  (0.021 ea l /cm I 
m m .  P h A R )  (I) a n d  750 l ux  (0.015 ca l . cm a . m i n  -1 P h A R . )  (II).  The  cu l tu re  was  t a k e n  
f r o m  t h e  solid m e d i u m .  T h e  size o f  colonies  in  s ingle  p o i n t s  o f  t he  g r o w t h  cu rves  is ex-  
p ressed  b y  t he  ave rages  e s t i m a t e d  f r o m  t h e  d i s t r i bu t i on  cu rves  (fig. 1) in  t h e  sec t ions  of  
t h e  mic rome t r i ca l  ocular  m e a s u r e  (1 sec t ion  (d) = 13,46 tz). I t  ho lds  for  t he  o the r  m e n t i o n -  
ed  f igures,  too.  

T h e  g r o w t h  curves  o f  t he  Scenedesmus quadricauda colonies on t h e  m i n i m a l  s o h d  m e d m m  
wi th  con t i nua l  i l l umina t ion  of  1350 lux '  a f t e r  i r r ad ia t ion  w i t h  UV- l igh t .  The  cu l tu re  
was  t a k e n  f r o m  t he  solid m e d i u m .  ~ ~. 
K = control ;  2, 4, 6, 8, 10 = v a r i a n t s  o f  t h e  e x p e r i m e n t s  accord ing  to t h e  t i m e  o f  ir- 
r ad i a t i on  w i t h  U V - h g h t  m m i n u t e s  wi th  r ad i a t i on  f lux 7.1 ~A  to 1 c m  ~. 
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Inhibit ion of the  growth  of algal eolonles  after irradiation wi th  UV-l ight .  

As it is given in Figure 3. the inhibition of the growth of algal colonies of 
Scenedesmus quadricauda manifested itself after irradiation with T_TV-light 
at all applied doses, even at low ones. 

I t  means that when selecting the colonies according to their growth on 
the solid medium after the pretreatment with this mutagen, it is necessary 
to take into account the raised frequencies of the negative modifications. 
A better growth of colony which does not exceed the level of the control 
variant can be caused by the slighter mutagen influence. Such colonies, 
which start growing very rapidly above the control level after the short 
initial inhibition, can offer a certain selection perspective. However the 
decisive criterion remains the testing in the liquid medium. 

Fig .  4. 
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The g rowth  curves of the  Chlorella vulgariJ colonies on the  minimal  solid m e d m m  in the  
cult ivation shelf wi th  cont inual  i l luminat ion of  750 lux. The respective doses of EMS 
were added to the  solid medium.  
The culture was  taken  f rom the  cul t ivat ion a p p a r a t u s  f rom the  l iqmd medium.  
K = control; 6, 9, 12, 15 ~ exper imenta l  var ian ts  according to the doses of EMS in 
x .  10 -s ml of EMS/25 ml  of medium.  

Dependence of the  inhibit ion of the colomes g rowth  of  JScenedesmus quadmcauda on the 
minimal  solid m e d m m  upon  the  lrradiatzon doses of UV-light,  expressed as decrease 
of the colonies raze as compared  wi th  the control  in the  sections of  mmrometr lca l  ocular 
measure  after  12 days  of  growth.  The cul tures were taken f rom the  sohd medium.  

I = exper iment  in the  figure 3, 
I I  = replication of  the  same exper iment  wi th  other  mater ia l  of the same strain,  
d = raze of colonies m the  control  minus  size of colonies m the var iant .  
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I t  follows from the comparison of the dependence curves of the inhibition 
growth effect on the l_W-light doses in both illumination levels (Fig. 4) that  
the single experiments do not offer quanti ta t ively reproducible results. 
The shape of the curves does not change very  much even in their  relatively 
different position. I t  proves, tha t  not  only the interaction with the cultivation 
factors on solid medium plays an important  role here, first of all the illumi- 
nation, but  it depends also on the conditions under which the culture grew 
before being influenced by the mutagen. There is a very important  difference 
between the culture growing on a solid medium and this one growing in 
a liquid medium before irradiation with LrV-light. The cultures from the solid 
medium, if they  are not very old, are usually more resistant (NE~AS, unpu- 
blished yet). 
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The g rowth  curves of the ChloreUa vulgaris colonies on the  minimal  sohd m e d m m  m the 
cul t ivat ion shelf wi th  cont inual  i l lumination 1350 lux af ter  the  t.loculatlon of the 
culture.  This  culture was  exposed before inoculat ing for 4 hours  in the  aera ted  liquid 
m e d m m  in darkness  wi th  the  respective doses of  EMS. The cul ture was  t aken  f rom the 
cul t ivat ion a p p a r a t u s  f rom the  liquid medium.  
K = control;  6, 9, 12, 15 = expcrnnenta l  va r mn t s  according to the  doses of  EMS in 
x .  10 -a ml of EMS/25 ml  of  medium.  

The dependence of the  g rowth  s t imuiat lon of ChloreUa vulgaris colonies on the  mmrmal  
sohd  med ium on the EMS doses, expressed as  increase of the  colonies raze as  compared  
w] th  the  control  in the  sections of the  micrometrical  ocular measure  af ter  12 days  of 
growth.  The cul tures were t aken  f rom the  cul t ivat ion a p p a r a t u s  f rom the  liquid medium.  
A = EMS was added to  the  sohd  medium;  B = EMS was added to the  l iqmd med ium 
for  4 hours  before the  inoculat ion on the  solid medium,  
d = size of colonies in the  vamant  minus  size of colonies in the  control. 
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The mechanism of the growth inhibition especially the question if it is 
more affected, by the proper growth of single cells or by the whole process of the 
cell division will be the subject of our further studies. 

Stimulation of the 9rowth of algal eolonies by ethyl methansulphonate. 

The chemical mutagen ethyl methansu]phonate (EMS) caused, in all low 
doses with all the used algal strains, a contrary effect on the growth of 
colonies than the UV-light. The stimulation in the colonies growth took 
place here but  its dependence on the doses was different according to the 
kind of application. Given in Fig. 5 there are the growth curves of the colonies of 
Ghlorella vulgaris on solid agar, which was enriched by various doses of EMS. 
All the applied doses showed growth stimulation, the higher were the doses 
the higher the stimulation. When applying the same doses to the darkened 
culture in the liquid medium for 4 hours before inoculating on a solid medium. 
EMS stimulates the growth of colonies, too (Fig. 6), but  the dependence of 
the effect on the doses is, in this case, qllite different. 

The comparison of the dependence of growth responses of colonies on the 
EMS doses, applied according to the first or second method of application 
is given in Fig. 7. I t  is very difficult to explain these dependency differences 
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:Fig. 8. T h e  g r o w t h  c u rves  Chlamydomonas reinhardi colomes  on t h e  m i n i m a l  solid m e d i u m  m t h e  
cu l t iva t ion  she l f  w i t h  con t i nua l  i l l u m i n a h o n  1350 lux.  The  cu l tu re  was  t a k e n  f rom the  
solid m e d i u m .  K ~ control ;  EMS ~ expermaen ta l  v a r i a n t  w i th  9.10-* m l  of  :EMS] 
/25 m l  of  m e d i u m .  

Fig.  9. The  g r o w t h  cu rves  o f  Scenedesmus guadricauc~ colonies on t h e  m i n i m a l  solid m e d i u m  in 
t h e  cu l t iva t ion  she l f  u n d e r  t h e  con t inua l  i l l umina t ion  1350 lux .  The  cu l tu re  was  r  
f r o m  the  cu l t iva t ion  a p p a r a t u s  f r o m  t h e  l iquid  m e d i u m .  
K -~ control ;  E M S  = oxperirnont~l  v a r i a n t  w i th  9.10 -8 ml  o f  EMS/25 ml  of  m e d i u m .  
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to any extent.  I t  has not  ye t  been determined the time in which, under given 
cultivation conditions, the EMS stays in the solid medium in the form of the 
original substance, its decomposition, if any, and if it can be metabolized in 
lower doses b y  the algae. When applying slightly increased doses no re- 
act ivat ion of the culture (not even after any length of time) takes place. 
Therefore it does not  seem tha t  any eventual  quick decomposition under 
given conditions to harmless or st imulation products  occur. For  these reasons 
it can be supposed tha t  it is a question of the prolonged influence of the original 
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Fig.  10. The  g r o w t h  curves  of Chlorella vulgaris colonies  on the  m i n i m a l  solid m e d i u m  in t h e  
c u l t i v a t i o n  shel f  u n d e r  the  c o n t i n u a l  i l l u m i n a t i o n  750 lux .  The  cu l t u r e  was  c u l t i v a t e d  
before  t he  i nocu la t i on  m the  a e r a t e d  l i qu id  m e d i u m  for 22 hours  in  d a r k n e s s  w i t h  t h e  
r e spec t ive  doses  of  EMS.  The  cu l tu re  w a s  t a k e n  f rom t he  c u l t i v a t i o n  a p p a r a t u s  f rom 
the  l i qu id  m e d ium .  
K = control ;  9, 15 = e x p e r i m e n t a l  v a r i a n t s  accord ing  to  the  doses of EMS in  x .  10 -8 ml  
of  EMS/25 ml  of med ium.  

substance in the sublethal level. Fig. 10 verifies this fact to a certain degree; 
it shows tha t  a longer s tay of the algal cells maintained in a liquid medium 
in darkness with the addition of EMS doses graduated in the same way  as in 
the previous experiments produces even after 22 h the growth inhibition 
proportional to the doses. The transition from the stimulation range to the 
inhibition one, when applying EMS to the  liquid medium, is clearly visible, 
however on the solid medium it is more enhanced. When comparing Fig. 6 
with Fig. 10 it can be seen tha t  the dosage of EMS and the t ime of application 
in the liquid medium causes different growth effects with colonies, growing 
from the influenced cells on the solid medium. On the whole, it is possible 
to say tha t  the cultures taken from the solid medium immediately before 
coming under influence of EMS are more resistant and they  respond less 
sensitively to the graduated doses. In  the course of further studies of the 
growth effects of EMS it will be necessary to find out its influence on the 
proper growth of cells and in the process of cell division in order to explain 
the  mechanism of its st imulative and inhibitory effects. 
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The difference in the tolerance and lethali ty levels of various physical 
and chemical mutagens in forms differing only little from the taxonomical 
point of view is known. I t  can be seen from the comparison of figures 5, 6, 
8 and 9 tha t  there also exist considerable differences in the responses of our 
three species to EMS. Therefore, as mentioned above, these differences must 
be considered not  only from the taxonomical point of view bu t  also it is 
necessary to pay at tent ion to the previous cultivation conditions of the 
culture. 

Conelusion 

I t  is clear from the results of this s tudy  that  when the clonal algal strains 
are selected from the surface of the solid medium, originating from populations 
of cells affected by  mutagens, it is necessary to take into consideration their 
specific modification effects on the growth of algal colonies. When selecting 
the growth mutants  under these conditions, only such mutants  should be 
chosen that  have an undamaged photosynthetical  apparatus with the photo- 
synthetical process passing normally, but  which have changed in other 
features or characters important  from the production point of view. They 
exert  on the minimal medmm a normal or a more intensive growth than the 
initial strain. I t  was discovered with both studied mutagens that  they  have 
modification effects on the colonies growth on the solid medium. The UV-light 
produces the inhibitory effects in the whole range of the values used. At 
low doses of EMS the transition from the stimulative growth effects to the 
inhibitory ones manifest itself with its increasing doses. 

The modification effects of mutagens to the colonies growth lower the 
probabil i ty  of  the successful selection of growth mutat ions already on the 
solid medium. The more successful these selections are, the narrower is the 
range of sets of selected strains for the decisive product ivi ty  testing in liquid 
medium, which is very  laborious and time consuming (R~I~KA and SIM~ER 
1968). 
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(p~ed jejich naoSkov~.nCm na pevn6 medium). Rfistov6 reakee u jednothv~ch studovan:~ch druhfi 
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B HaCTO~Ime~ pa6oTe Hcc~e~osa~oc~ ~eficTnHe H~I3ImX ~03 ~Byx MyTareHon (~r(D cneTa 
H 3TH~IbMeTaHCyJIb~)OHaTa) Ha pOeT no~opoc~efi Ha HJIOTHOI~ MHHHMaZ[bHOfi (HeopraHHqecKofi 
cpe~e. Y(I) CBeT HMen Be ncefi O6JIaCW~[ IIpHMeHeHHI~IX 3Ha~IeHHfi no~annnmmee ~eficTnHe 
Ha pOCT I~OZtOHn~t Bo~opocz[eH, nepeneceHHuX Ha nYtOTHym cpe~y HeHocpe~cTBeHHO noc~e 
o6~yUeHHU. 0TH~hMeTaHCym, qbOHaT n HHaHHX ~oaax ciiepna CTHMy:mpona~ pOCT, n onpe- 
~eTIeHHOfT y3Ko~ O6ztaCTH Ho~anJIitJI pOCT HOCJIe ~ero HacTyHHTIa 06JIaCT]~ JIeTaJIbHKIX ~03. 
XapaKTep pocTonofi p e a ~ n H  Ha noa;~eficTnHe aTHX uyTareHos n aHauHTe~Hofi Mepe onpe- 
~e~u~cu y oT~eZtbHUX BH~OB no~opoc~teft yCYtOBrtHM~ pocTa ry~bTypu  nepe~ Bo3~eHCTBHeM 
MyTareHaMm B c~yqae 3TH~IbMeTaHCyJIhf~OHaTa peay:I~TaT Ta~me aanHce:I OT CHOCO5a 
HpHMeHeHHU - -  xpo~HuecI~H (npHSan~eu n n~OTHym cpe~y) H~H ~MHy~CHO (nepe~ nepe- 
~a~nofi Ha H~OTHy~o cpe~y). PocTonue pean~Hn y OT~e:~HUX HayqeHUX nH~on BO~Opoc~efi 
OTJIHqaJIHCb JIHHIb n KOJIHtIeCTBeHHOM OTHOIIIeHtIH. 


