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Since the variat ion between the means is statistically 
significant at  the 10% level s, it is possible to conclude 
the actual existence of a heterogeneity of the material  
and, therefore, a real increase of the genoma in relation 
to the diploid number of the chromosomes in this group 
of species. 

The linearity of this increase has been controlled by 
means of polynomial analysis; and it has been found tha t  
the mean value calculated fits very well with the observed 
means¢. We can therefore suppose an additive mechanism 
in the increase of the number  of chromosomes. 

la relazione numero dei cromosomi e lunghezza del 
genoma 6 significativamente lineare. J~ supposto un 
meccanismo adit t ivo per interpretare l ' incremento del 
numero dei cromosomi. 
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Riassunto. Utilizzando metodiche statistiche ~ state 
analizzato l ' incremento della lunghezza totale del genoma 
rispetto al numero dei cromosomi in piastre a diversa 
ploidia nel genere Cercopitt~cus. ~, state  riscontrato che 

s R. A. FISCHER and F. YATES (Oliver and Boyd, Edinburgh and 
London, 1949). 

4 For this part of the analysis the cooperation of Prof. F. SALVI is 
warmly acknowledged. 

M u t a g e n e s i s  w i th  Ethyl  M e t h a n e s u l p h o n a t e  in 
Nigella damascena L. 

The effects of e thyl  methanesulphonate (EMS) on 
living cells are still controversial. Evidence indicates tha t  
this compound has a high mutagenic ability but  its 
Chromosome breaking ability is somewhat dubious. Many 
modifying factors appear to influence its effects on 
chromosomes 1-s. The mechanisms by which these modifi- 
cations occur are not  well understood, although some 
enzyme inhibitions could possibly play a role. Because of 
the variable effects on chromosomes, it is not  surprising 
that  the origin of the sterility is still questionable. 
Previous experiments with higher plants, mainly barley 
and broad bean, suggested a chromosomal origin, a t  least 
partially. I t  seemed however tha t  this assertion should 
be verified. For  this reason the present experiments were 
performed with a quite different plant  material :  Nigella 
damascena6, 7, which has shown a high sensitivity to 
ionizing radiations and mutagenic chemicals. Some 
peculiarities of this material  make the analysis of the 
effects relat ively simpler: 

Material and methods. N.  damascena L. seeds (var. 
Miss Jekyll  blue double) were t reated with EMS (Eastman 
Kodak) a t  concentrations ranging from 0.1 to 0.3 g/100 
ml bidistilled water  for 4 and 5 h. 

Since an increase in the number of chromosome aber- 
rations was described when copper salts are added to 
EMS solutions, another experiment was carried out with 
Solutions containing Cu SO, • 5 HsO (0.5 mg/100 ml). 

For  the cytological investigation, both dry and 20 h 
presoaked seeds were treated as mentioned above, and 
germinated in Petri  dishes on wet filter paper at  21 °C. 

Root  tips were fixed (Carney) about  50 h after the 
onset of germination which, in this material  and under 
the experimental  conditions described, corresponds to the 
first mitosis. For  genetical investigation, seeds were 
t reated the same way, planted in clay pans for about  2 
weeks and then transferred into the field. Blocks corre- 
sponding to different t reatments  were randomized. 
Sterili ty was measured at  the first generation (M1). The 
second generation (M2) was grown and the first leaf of 
the seedling stage was investigated principally for 
chlorophyll mutations. 

Results. Comparative effects on chromosomes after seed 
t reatments  are given in Table I. EMS alone produces very 
lit t le chromosome breakage. The amount  of breakage is 
increased considerably when copper sulphate is added. 
The breakage is also higher for presoaked seeds. I t  should 
be pointed out tha t  in Nigella, t rea tment  of dry seeds 
results exclusively in chromosomal type aberrations, i.e. 
those induced (in G1) before DNA synthesis. From the 
comparison of the effects on both dry and presoaked 
seeds it  can be inferred tha t  the addition of copper in- 
creases the chromosome as well as the chromatid class 
of aberrations. 

1 j .  and M. MOUTSCHEN-DAHMEN, XI Int. Cong. Genet. (La Haye) 
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Table I. Modification of chromosomal effects with EMS and CuSO 4 • 5 HsO (S00 anaphases analysed in each case) 

Control Control EMS 0.1 EMS 0.1 EMS 0.2 EMS 0.2 EMS 0.3 EMS0.3 
+ Cu + Cu + Cu + Cu 

Dry seeds 

Presoaked 
seeds 

Bridges 0 0 1 4 0 6 1 8 
Fragments 0 2 2 8 2 I 1 2 13 
% aberrations 0 0.66 1 4 0.66 5.66 1 7 

Bridges 0 0 0 4 1 6 2 10 
Fragments 2 2 1 10 S 20 2 26 
% aberrations 0.66 0.66 0.33 4.66 1.33 8.66 1.33 12 
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Table II. Reduction of fertility induced by increased concentrations of EMS and EMS ~ Cu ++ 

~XPERIENTIA 23]8 

Control EMS-4 h treatment EMS-5 h treatment 

Without With Without Cu With Cu Without Cu 
Cu Cu 

With Cu 

0.05 0.1 

Fruit per 14.2 17.5 12,9 15.3 
plant .4- 5.2 .4- 2.8 ± 3.2 + 2.7 

Non- 39 48.8 25.0 18.2 
abortive seeds .4- 3.7 .4- 2.0 ± 2,0 .4- 1.2 
per fruit 

Abortive 32.9 28.9 42.4 67.3 
seeds per fruit .4- 3.5 .4- 1.5 ± 1.7 .4- 1.7 

0.2 0,05 0.1 0.2 0.05 0.1 0.2 0.05 0.1 0.2 

9.3 11.2 21.3 18.3 8.4 9.2 8.3 12.5 9.6 10.4 
4- 2.3 4- 2.6 .4- 3.7 ± 3.9 .4- 2.0 .4- 3.2 4- 2.2 :k 5.9 ~ 2.3 .4- 4.5 

8.2 30,6 24.8 10.1 17.9 10.1 2.7 21.8 12.4 5.3 
4- 1.o .4- 2.3 .4- 0.9 .4- 0.9 -4- 2,0 .4- 1.5 .4- 0.6 .4- 1.6 .4- 1.6 .4- 1.3 

69.2 66.0 71.5 73.0 48.6 59.2 61,5 56.0 59.0 60.8 
4- 2.7 .4- 3.0 4 - i .8  :k2.0 .4- 2.6 4- 3.1 .4- 3.2 4-2.0 .4- 2.6 .4.4.5 

Confidence limit ~ 4- t0,05 a for a = i t  n ( n -  1) 

Table III. Mutation rate of the M2 generation 

Control EMS-4 h treatment 

Without With Without Cu With Cu 
Cu Cu 

EMS-5 h treatment 

Without Cu With Cu 

0,05 0.1 0.2 0,05 0,1 Mutation 
rate (%) 0.42 0.43 4.53 8.4 10.34 7.11 11.24 

No. of M2 716 925 706 594 232 661 418 
plants 
investigated 

0.2 0.05 0.1 0.2 0.05 0.i 0.2 

16.15 8,74 13.51 18.75 10.82 15.82 20.0 

260 286 74 32 545 158 15 

I n  p r e l i m i n a r y  gene t i c  i nves t i ga t i ons ,  0.1 g /100 ml]7 h 
of E M S  was  f o u n d  to  i nduce  c o m p l e t e  s te r i l i ty .  Po l len  
a p p e a r e d  n o r m a l  a n d  f ru i t s  r i pened  b u t  t h e r e  was  no  
seed observed .  Th i s  i n d i c a t e d  t h a t  t h e  m a j o r  p a r t  of t h e  
s t e r i l i t y  was  d ip lon t i c  r a t h e r  t h a n  hap lon t i c .  D a t a  for  
t h e  r e d u c t i o n  of  f e r t i l i t y  o b t a i n e d  a t  lower  doses  a re  
r e p o r t e d  in T a b l e  I I ,  Mosaics  were  o b s e r v e d  s o m e t i m e s  
in  t h e  M1 g e n e r a t i o n  a t  a r a t h e r  h i g h  r a t e  (up to  20%).  
T h e  or ig in  of these  mosa ics  is n o t  r ead i ly  exp la inab le .  

A h i g h  p r o p o r t i o n  of vlrldis ch lo rophy l l  m u t a t i o n s  was  
f o u n d  in t h e  M2 gene ra t ion .  D a t a  a re  s u m m a r i z e d  in  
T a b l e  I I I .  T h e  n u m b e r  of  m u t a t i o n s  genera l ly  i n c r e a s e d  
w i t h  E M S  dose a n d  t h e r e  is a s ign i f i can t  inc rease  of 
m u t a t i o n s  w h e n  c o p p e r  is added .  Morpho log ica l  m u t a n t s  
were  f o u n d  t o  be  less c o m m o n  t h a n  ch lo rophy l l  ones.  
Howeve r ,  i t  s h o u l d  be  k e p t  in  m i n d  t h a t  on ly  t h e  ea r ly  
s tages  of t h e  l ife cycle  of t h i s  species is be ing  obse rved ,  
a n d  t h e  p r o d u c t i o n  of c h a n g e s  n o t  d e t e c t a b l e  a t  t h i s  ea r ly  
s t age  m a y  h a v e  b e e n  p roduced .  W h e n  c o p p e r  was  a d d e d  
to  t h e  E M S  so lu t ion  i t  d id  n o t  a p p e a r  to  a l t e r  t h e  spec- 
t r u m  of c h l o r o p h y l l  m u t a t i o n s .  

Discussion and aondusion. I n  t h i s  i nves t i ga t i on ,  i t  is  
q u i t e  a p p a r e n t  t h a t  N. damascena is s ens i t i ve  t o  E M S  
c o m p a r e d  w i t h  o t h e r  h i g h e r  p l an t s ,  e.g. b a r l e y  a n d  b r o a d  
bean .  T h e  dose of E M S  u t i l i zed  could  n o t  be  inc reased  
w i t h o u t  i n d u c i n g  a v e r y  h i g h  s te r i l i ty .  

T h e  occur rence  of f ru i t s  w i t h o u t  seeds  or  w i t h  a b o r t i v e  
seeds  shows  t h a t  a m a j o r  p a r t  if  n o t  al l  t h e  i n d u c e d  
s t e r i l i t y  is d ip lont ic .  Th i s  is in  c o n t r a s t  to  seed t r e a t m e n t s  
in  b a r l e y  in  w h i c h  c h r o m o s o m a l  r e a r r a n g e m e n t s ,  as 
o b s e r v e d  in  M1 meiosis,  m a y  be  i n v o l v e d  in t h e  dec reased  
fe r t i l i ty .  A p l aus ib l e  e x p l a n a t i o n  could  be  t h a t  in  some  
bio logica l  m a t e r i a l s  t h e  a c t i o n  of E M S  is m o r e  g r ea t l y  
in f luenced  b y  m o d i f y i n g  factors ,  Such  m o d i f y i n g  factor~ 

cou ld  poss ib ly  b e  i n h e r e n t  in  t h e  m a t e r i a l  i tse l f  r a t h e r  t h a n  
due  to  t h e  e x p e r i m e n t a l  cond i t i ons  of t h e  t r e a t m e n t .  
However ,  in  Nigella m o d i f y i n g  fac to r s  l ike  coppe r  in-  
f luence  t h e  c h r o m o s o m e  b r e a k a g e  a n d  t h e  M2 m u t a t i o n  
r a t e  a n d  s l igh t ly  t h e  M1 fer t i l i ty .  T h e  d i f fe rence  Could 
b e  e x p l a i n e d  o n  t h e  bas i s  of a d i f f e r en t i a l  se lec t ion  of 
a b e r r a t i o n s  s. 

Rdsumd. Des gra ines  de  Nigella damascena o n t  6t6 
t r a i tdes  p a r  des  doses d ' E M S  a l l a n t  de  0,I  ~t 0,3 g/100 
m l / 4 - 5  h.  O n  a p u  c o n f i r m e r  q u ' a u x  doses  util isdes,  I ' E M S  
n ' e x e r c e  q u e  peu  d ' e f f e t  s u r  les ch romosomes .  C e p e n d a n t ,  
l ' a d j o n c t i o n  d ' u n e  c e r t a i n e  q u a n t i t 6  de c a t i o n  cu iv re  
acc ro t t  t r~s  f o r t e m e n t  l ' e f fe t  au  n i v e a u  ch romosomique .  
O n  a d tudi6  la  s tdr i l i td  i n d u i t e  p a r  les d i f fd ren ts  t r a i t e -  
m e n t s  ~ l a  g6ndra t i on  t r a i t 6e  e t  le t a u x  d e  m u t a t i o n s  a u  
cours  de  la  g6n6ra t i on  ul tdr ieure .  L ' a d j o n c t i o n  d ' u n e  
c e r t a i n e  q u a n t i t d  de  cu iv re  n ' i n f l u e n c e  q u e  f a i b l e m e n t  la 
te r t i l i t6  ma i s  accrof t  le t a u x  de m u t a t i o n s .  Comparde  
d ' a u t r e s  p lan tes ,  la  n igel le  es t  p a r t i c u l i ~ r e m e n  sens ib le  
a u x  t r a i t e m e n t s .  
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