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SUMMARY 

Naturally occurring and radiation-induced lethals were studied in experimen- 
tal populations maintained in population cages. 

The populations were started with four lethals, two wild and two induced, each 
of them having frequency of 0.25. The lethals still had frequencies from o.o3 to o, I8 
when the populations were 348 days old. 

The analysis of the lethals showed that all of them were able to survive in 
homozygous condition. The survival of the flies homozygous for the lethals was due 
to the presence of recessive suppressors. 

The proportion of the lethals accompanied by theirs own suppressors was 
measured in a sample taken when the populations were 866 days old and varied from 
o to 58.3%. 

The implications of the presence of suppressors regarding the behaviour of 
lethals in populations are analysed and discussed. 

INTRODUCTION 

The maintenance of a large amount of lethal genes in the natural populations 
of cross-breeding organisms presents a problem of the greatest theoretical and prac- 
tical importance. A part of the lethal genes is completely recessive or deleterious in 
their heterozygotes and maintained in the populations by recurrent mutations, while 
another part of the lethals is represented by genes which are overdominant and kept 
in equilibrium in the populations by selection in favour of their heterozygotes. In the 
first case the genetic load is a mutational load, while in the second, it is a balanced 
load. While no doubt exists about the occurrence of a mutational load as well as of a 
balanced load, much has been discussed about their relative importance 1,4, s-n, 15, 16 
The practical concern with the problem is due to the fact that the genetical effects 
of exposure to radiation would be much more serious if the main component of the 
total genetical load were mutational than if it were balanced. 

This paper will present data and theoretical considerations regarding a factor, 
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the  role of which has been ignored in the  main tenance  of the  lethals  in popula t ions ;  
the  factor  is the  occurrence of genes which suppress  the le thal  effects. 

M A T E R I A L  A N D  M E T H O D S  

The work  was made  in expe r imen ta l  l abo ra to ry  popula t ions  of Drosophila 
willistoni der ived  or ig inal ly  from the is land of S'~o Joao,  Angra  dos Reis. The chro- 
mosomes  s tud ied  were le tha l  second chromosomes present  in the  na tu ra l  popula t ion  
or induced  b y  radia t ion .  The le tha l  second chromosomes called n 1, n2, n3, and  n4 were 
i sola ted  from flies caught  in the  na tu ra l  popula t ion .  Second chromosomes with nor- 
real  v iabi l i t ies  were also isola ted  from flies of the  same sample.  Males which were 
homozygous  for the  normal  chromosomes were i r r ad ia t ed  with a dose of 8oo R from 
a caes ium-I37  source of 5o C. The rad ia t ion- induced  le thal  second chromosomes were 
recovered and the  ones called r~, r2, r3, r4, were used. The lethals  r l  and  r3 are alleles, 
while all the  o thers  are non-allelic.  

All  the  expe r imen ta l  popula t ions  were s t a r t ed  at  J u l y  26th, 1961, in popula t ion  
cages s imilar  to those  descr ibed b y  WRIGHT AND DOBZHANSKY xs. Popula t ions  A and 
B were s t a r t ed  wi th  equal  quant i t i es  of n l / r l ,  nl/r2, n2/rl  and  n,/r2 flies in a to ta l  
number  of about  50o0 individuals .  Popula t ions  D and E were s t a r t ed  with  5000 indivi-  
duals  wi th  equal  numbers  of n a/r3, n3/r~, n4/r3 and n4/r4 flies. Therefore  all the  s ta r t ing  
flies were he te rozygous  for two le tha l  second chromosomes,  one wild and one induced 
and  every  le tha l  had  an ini t ial  f requency of 0.25 in the exper imen ta l  populat ions .  

Al l  the  le tha l  chromosomes  used in the  exper iments  were kep t  in the  labora tory ,  
in ba lanced  le tha l  sys tem stocks. The flies in the  s tocks had  one of the  lethals  in one 
of the  second chromosomes and St H k  2o 7 abb bw in the  other.  St s tands  for Star ,  
which is le tha l  when homozygous,  H k  for Hook,  abb for abb rev i a t ed  and bw for brown.  
The  number  207 des ignates  a very  long per icentr ic  inversion which prevents  recom- 
binat ion.  To s impl i fy  the  exp lana t ions  2o 7 will be used as meaning  the whole St H k  
2o 7 abb bw chromosome.  The ba lanced  stocks will be therefore  rl/2O7, r2/2o7, etc. 

Samples  were taken  per iodica l ly  to s t u d y  the frequencies of the  lethals  in the  
popula t ions .  Two methods  of analysis  were used. In  the  first method~2 eggs were 
collected in the  cages and pu t  to develop in qua r t e r  bot t les  under  op t imal  condit ions.  
The males tha t  ha tched  were crossed, in ind iv idua l  cultures,  with flies having  E m  
(emarginate)  in one second chromosome and abb bw in the  other.  Among  the F~ 
flies of each cross, a single wi ld- type  male,  having  therefore  one second chromosome 
from the popula t ion  and one with  abb bw, was selected and crossed with  a female St 
H k  207 abb bw/br. 

Among  the offspring of this  last  cross, 5 virgin females having  St H k  pheno type  
but  non abb bw, being therefore  St H k  207 abb bw/wild, were crossed with  5 males 
having  the same genotype .  The offspring of this  cross is the  one ana lysed  to de tec t  the  
le tha l  chromosomes from the populat ions .  No wi ld - type  fly appears  among the off- 
spr ing when the wild second chromosome has a le thal  one. All the  flies will be St H k  
2o 7 abb bw/lethal. W i l d - t y p e  flies and  2o 7 appea r  in the  I :2  propor t ion  when the 
chromosome from the popula t ion  is normal.  I t  is necessary  to iden t i fy  the  lethal  one 
when the second chromosome is lethal .  The ident i f icat ion is done b y  allelism test ,  
crossing the 2o7/lx flies with the  ba lanced s t ra ins  2o7/rl,  2o7/r 2 . . .etc.  The absence of 
wi ld - type  flies in a cross 2o7/lx x 2o7/rl,  for example ,  shows tha t  lx and  r l  are alleles 
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T A B L E  I 

FREQUENCIES OF THE LETHAL CHROMOSOMES 348  DAYS AFTER THE ORIGIN OF THE POPULATIONS 

A t  t h e  s t a r t  e v e r y  l e t h a l  h a d  a f r e q u e n c y  o f  o . 2 5 o .  T h e  f r e q u e n c i e s  w e r e  d e t e r m i n e d  b y  t h e  s e c o n d  m e t h o d  a n d  
c o r r e s p o n d  t o  q + t. 

Cage A Cage B Cage D Cage E 

L e t h a l  Fre -  Chromo-  Le tha l  F r e -  Chromo-  Le tha l  F r e -  Chromo-  Le tha l  Fre -  Chromo-  
chromo-  quency  somes  chromo-  quency  somes  chromo-  quency  somes  chromo-  qaency  somes  
some  s tud ied  some s tud ied  some s tud ied  some s t ud i ed  

n 1 o . 1 2 7  I 8 [  n 1 o . 1 6 1  192 n a 0 . 0 6 7  I 9 4  n a 0 . 0 7 5  200  
n2 o . 1 3 o  2 I  5 n 2 O. lO9  2Ol  n t 0 . 0 5 2  208  na 0 . 0 3 3  206  
r 1 0 . 0 7 8  2 4 I  r t 0 . 0 7 0  226  r a o . 1 8 2  241 r a O. lO2 195 

r 2 0 . 0 4 3  228  r 2 o . 1 1 2  241 r,  0 . 0 3 4  261 r 4 0 . 0 7 3  177 

and most certainly identical, as the population cages were started with only four 
different non-allelic lethal second chromosomes. The method permits the estimation 
of the individual frequencies of the four lethals in each population. 

The second method used in the analysis oi the samples is also important regar- 
ding the data to be discussed. Males hatched from the eggs sampled were crossed with 
207 females. The F1 hybrids were then crossed with the balanced lethal stocks to see, 
by allelism whether, or not the chromosome from the population had lethals which 
were alleles to the experimental ones. 

This second method always gave higher frequencies of lethals than the first 
method even when the sample studied by it was taken from the cage many days after 
the other, analysed by the first method. The explanation for the discrepancy will be 
given below. 

We have considered as the normal viability that of flies which carry two second 
chromosomes taken at random from the population. The frequency of wild-type 
flies in the offspring of the crosses 2o7/wild x 2o7/wild, taking wild-type chromosomes 
at random, was found to be 35.5% and was taken as the normal viability in all the 
calculations. 

R E S U L T S  

Radiation-induced, and naturally occurring lethals are very quickly eliminated 
when introduced in large amounts into natural populations. A series of experiments 
was made in populations of isolated islands in which the same lethals as were used in 
the laboratory populations which were studied here were introduced in large quanti- 
ties. The lethals nl, n2, rl and r2 reached frequencies of o.241, o.231, o.196, and o.155, 
respectively, after the introduction into the island of S~o Jo~to, while in the island of 
Queimada Pequena, na, n4, ra and r4 reached respectively o.162, o.191 , o.137, o.22o. 
Eighty-six days after the introduction to S~o Jo~o the frequency of n 1 fell to o.o17, n2 
to o.o29, r~ to o.oo 4 and r2 to o.oo9, while at Queimada Pequena, na fell to o.o12, n4 
to O.OLO, r3 to o.oo4 and r4 to o.oo5. The analysis of these experiments is now being 
done and a preliminary report has been published by DA CUNHA et al. 3. 

The behaviour of the same lethals in the laboratory populations is at great 
variance with that observed in nature. The experimental populations, as stated 
above, were started with the lethals having frequencies of o.25o. The frequencies of 
the lethals 348 days from the beginning of the populations, may be seen in Table I. 
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T . \ 1 3 L E  11 

FREQUENCIES OF \VILI)-TYPI'2 FLII;S HOMOZYGOUS FOR SEVERAL CAGE CHROMOSOMES IN THE TEST 
BY HOMOZYGOSIS AND IN THE TEST AGAINST 207~LETHAL BALANCED STOCKS 

('age A g e  Chro*m~some 1;requency 
(days )  n u m b e r  homozygous ,  

h o m o ~vg o s i s 
lesl 

A 75 107 0 . 0 3 8  

75 337  0 . 0 4 8  
i 91  804  0 . 2 5 4  

I~ 191 540  0 . 0 9 0  

19 t  429  o . 4 5 5  
191 449  ° . I ° 9  
348  449  ° . 3 2 5  
348  29  o .361 
348  70 o . o 7 8  
.348 84 0 . 0 4 7  
348  i 41 o. 339  
348  ~ 5 z o. 144 

D 19I  703 o .571 
348  73 o .32 I  

348 199 0 . 0 8 5  

E 75 348  o. t 86  

348 23 0 . 0 5 8  

N¢~mber Al le le  l : requency  N u m b e ~  
s tud ied  1o homozvgou& s tud ied  

a l l e l i sm 
lesl 

iO 3 n I o 112 

1 0 0  r~ o 94  
208 n I o 98  

1 0 3  r., o 1 5 6  

200  n t o 12 
1 4  0 n 1 o 1 0 4  

I 2 0  r t o IO 9 
J 6 6  n L O i o 2  
I 2 8  n 1 o l o t  

1 0 6  n I o 99  
1 O0 n l  o 1 5 9  

97  r.~ o I ~5 

I l 2 r 3 o 98 

165 n31 o 1o2 
rl 4 ] O 156 

1 O6 r~ o 9 6  

~o2 n 3 ] o 1 0 4  

r a J o 95 
1 2 0  r 4 o l 4 3  

I t  is obvious tha t  the  decrease in the  frequencies of the  lethals  is much slower in the 
cages than  in the  islands. 

Ind ica t ions  of a factor  of possible impor tance  in the  slow e l iminat ion  of the  
lethals  in ti le cages were ob ta ined  b y  analysis  of the  end,  3rd, and  4th samples.  As it 
was said above,  the  analysis  of the  frequencies of the  lethals  involves the  product ion  
of flies homozygous  for chromosomes from the cages. Wi ld - type  and 207 flies appea r  in 
the  propor t ion  I : 2 when the chromosome from the cage is normal  and  no wi ld - type  
fly appears  when a le thal  is present  in the  chromosome tes ted.  Several  chromosomes,  
t ha t  should be lethal-free,  by  the  cr i ter ia  above,  were used to make  heterozygous  
flies hav ing  the 2o 7 chromosome as the i r  homologous one. These he terozygous  flies 
were a f te rwards  t e s ted  for allelism with  the  l e tha l -ba lanced  stocks 2o7/n 1, 2o7/n 2 ... 
etc. No wi ld - type  fly was p roduced  in several  crosses 2OT/"lethal-free" × 2o7/lethal .  
These resul ts  indicate  tha t  in the  " le tha l - f ree"  chromosomes there  were le thal  genes, 
allele to the  ones present  in the  ba lanced  2o7/ le thal  stock. However  the  le thal  gene 
in the  chromosome from the cage does not  produce its le tha l  effect when the chromos- 
ome is homozygous.  The first exp lana t ion ,  which was confirmed later ,  was tha t  re- 
cessive genes which suppress  the  le thal  ones were present  in the  t e s ted  chromosome.  
The homozygotes  for the  tes ted  chromosomes survive because t hey  are homozygous  
for the  lethals  and  also for the  le thal  suppressors.  The tes ts  wi th  2o7/ le thal  pro- 
duce,  when the  two le thals  are alleles, flies which are homozygous  for the  lethals  but  
he terozygous  for the  suppressors,  which being recessive do not  p reven t  the le thal  
effects. Table  I I  shows the frequencies of wi ld - type  homozygous  flies for several  chro- 
mosomes in the  homozygosis  tes ts  and the absence of wi ld - type  flies in allelism tes ts  
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T A B I , E  I I [  

T O T A L  F R E Q U E N C I E S  OF T H E  L E T H A L S  A N D  T H E I R  F R E Q U E N C I E S  XVITH A N D  \ V I T H O U T  S U P I ' R E S S O R S .  

F R E Q U E N C I E S  OF S U P P R E S S O R S  A M O N G  T H E  L E T H A L S  

S a m p l e  t a k e n  w h e n  t h e  p o p u l a t i o n s  w e r e  866 d a y s  o l d .  

Cage Lethal Chromosomes Total frequency Frequency Frequency l;reque~cy 
chromo- studied lelhals lethals with lethals without sztppressors 
s o m e  suppressors suppressors among 

letkals 

A n 1 254 0 .0433 0 .0039 o .o394 o .0909 
ne 255 o.o471 o .o274 o,olgt ')  0.5833 
r t 202 0 .0305 0 .0038 0 .0267 0 .1250 
r 2 255 o .o196  0 .0039 o ,o150  o .20o0 

D n a 193 o . o 6 2 2  o . o  1 0 3  o, 0 5 1 8  o. I ()()() 

n ,  I93 O.Ol55 o o , o l 5 5  o 
ra 204 0 .0539 0 .0049  o ,o49o o .o9o9 
r 4 2o 3 o .oo49  o 0 ,o049 o 

using the same chromosomes. It should be kept in mind that the normaI viability for 
second chromosome homozygotes was taken as being, in the homozygosis tests, 35.5°i~ 
of wild-type homozygous flies to 6 4 0 / o  of heterozygous 2o7/wild flies. 

The presence of suppressors explains why analysing samples by crossing the 
flies directly to 207 and testing afterwards the hybrids against the balanced 207/lethal 
strains gives more lethal chromosomes than by using the homozygosis method. 

When the presence of the suppressors was detected it was too late, due to the 
long duration of the tests, to go back to the beginning and to analyse the frequencies 
in which they occur. 

The frequencies of lethals together with the frequencies of their suppressors 
were analysed in a sample taken when the experimental populations were 866 days 
old. The chromosomes of these samples were made homozygous and after that, every- 
one, irrespective of its viability, was tested for allelism to the experimental lethals 
balanced with 2o7. The results obtained are presented at Table III. The lethal chro- 
mosomes are separated into two classes, namely, lethal with suppressor and lethal 
without suppressor. The frequencies of suppressors among the lethals are shown in a 
special column. Regarding two lethals, n4 and r4, no suppressor was found in the cage 
D. However, suppressors for those two genes were found in previous samples from 
the same cage. Suppressors for all other lethals were found with frequencies among the 

T A B L E  IV 

V I A B I L I T I E S ,  AS P E R C E N T A G E  OF T H E  N O R M A L ,  OF S O M E  H O M O Z Y G O T E S  FOR C H R O M O S O M E S  H A V I N G  

A L E T H A L  A N D  ITS S U P P R E S S O R  

Chromosome Lethal Viabili@ Chromosome Lethal Viability 
number chromosome (%) number chromosome (%) 

334 n~ 28.17 205 n ,  92 .96  
7 n2 59.15 355 r l  115-5o 

I I  n 2 84.51 319 r z 84.51 
23 n ,  19.72 io8  r a 1 4 . o 8  

33 nz 59.15 135 na 129.58 
35 n2 14.o8 203 n3 39.44 

584 nz 59.15 

]VIutalion Research 2 (1965) 45 54 



5 ° L . E .  MAGALHAES et al. 

lethals, ranging from 9% to 58.3%. These frequencies show that the suppressors, 
relatively to the lethals, are very common in the experimental populations. 

Table IV shows the viabilities of flies homozygous for second chromosomes 
which have at the same time a lethal and its suppressor. The homozygotes for the 
lethals and for their suppressors have viabilities ranging from I4°/o to 129.68% of 
the normal viability. 

Suppressors also occur sporadically in the 2 o 7 / l e t h a l  stocks giving origin to 
wild-type flies. However the stocks are continuously watched and every wild-type 
fly which occurs is eliminated. 

The analysis of the experiments carried out in nature, in the islands of Angra 
dos Reis, is showing that suppressors may also be involved. 

DISCUSSION 

The mathematical models in population genetics often rest on too simple 
assumptions. The biologist should not forget this fact and should recognize that the 
pools in the Mendelian populations are very highly organized. The gene-pools are 
not mosaics of independent pieces but an assembly of interdependent genes. The genes 
of a gene-pool are co-adapted through their interactions in the determination of the 
phenotype. The present paper brings new facts bearing on the co-adaptation of the 
genes in the gene-pool. The destiny of lethal genes in a natural population does not 
depend only on the effects of the genes themselves, but also of their interactions with 
the rest of the members of the gene-pool. Prominent in the interactions with the leth- 
als are their suppressors, whose presence and role in the populations have not hitherto 
been studied. 

The results here reported show that suppressors of lethals may be very common 
in populations and highly important in the determination of the frequencies of oc- 
currence of the lethals. The data also show that the results so far obtained in the 
analysis of the frequencies of lethals in natural populations may be misleading. The 
tests used to determine the frequencies of lethals always involve the production of 
homozygous chromosomes. The frequencies obtained are therefore underestimated 
because chromosomes with lethals may survive as homozygotes thanks to the presence 
of suppressors. 

The data presented at Table I I I  show that 58.3°/0 of the lethals n2, 2O°o of r~, 
I6.6°0 of na, 12.5% of rt, 9c~ of n~ and of r3 would not be detected by tests by homo- 
zygosis. Determination of lethals by homozygosis only may give a gross underestima- 
tion of their frequencies. 

The presence of suppressors has marked effects on the dynamics of the lethals 
as the following model will show. If, of two loci in the same chromosome, one mutates 
to produce a lethal l and the other produces a suppressor su ,  four different types of 
chromosomes would be produced. The four types with their frequencies are: 

s,t  ~ l~ = p ;  su~ l  = q;  s u  l~ = r ;  s u  l = t. 

The frequency of the lethal will be q -/  I and that of the suppressor, r + t. 
The four types of chromosomes will give I0 different genotypes of which su+l / su+l  

and s u + l / s u  l will be lethal combinations and will have frequencies of q2 and 2q/respec- 
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tively. The lethal being completely recessive, all the other combinations including 
su  l / s u  l will have survival equal to I.  Taking as mutat ion rates 

u x 

l + ~ l and su÷ ~ su, 
v y 

the 12 possible combinations produced by  mutat ion will appear with the rates shown 
in Fig. I. Another factor to be considered, in the analysis of the equilibrium, is the 
rate of recombination D between the two loci. Only two genotypes will present re- 
combinations which will affect the chromosomal frequencies, namely, su  ÷ l+/su l with 
frequency 2pt  that  will produce su+l = p t  D and su  l + = p t  D,  and su+l /su  l ÷ with 

Fig .  t .  T y p e s  of  m u t a t i o n s  a n d  t h e i r  r a t e s  of  o c c u r r e n c e .  

frequency 2qr that  will produce su÷l+ = qr D and su  l = qr D. These values should 
be added to their original frequencies and subtracted from those of the classes from 
which they originated. 

The changes in the frequencies of the several types of chromosomes, considering 
the selection against the lethals, crossing-over and mutation, will be: 

A q  Pq + p t D  + qr qrD 
= -w - q + u p  + u y r  + y t  - -  vq - vxq - xq  (I) 

A r  = p r  + p t D  + qr - qrD + r 2 + r t  

w 
- r + x p  + vxq + v t - -  ur  - u y r -  y r  (2) 

A t  = P t  p t D  + qrD + t 2 + rt 
¥ 

- t + u x p  + xq  + ur  --  vt  - -  y t  - -  vy t  (3) 

The mean adaptive value of the population w is equal to I--q2--2qt.  
Making Aq,  A r  and A t  equal to zero, it is possible to calculate the values ~, 

and t at equilibrium. However this system of 3 equations is very complex because it 
is a non-linear system. A numerical reso'udon is easier and it was solved by  iteration 
using an IBM 162o electronic computer. The programme was made using the mutation 
rates and the recombination values presented at Table V where are also shown the 
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T A B L E  V 

T H E O R E T I C A L  V A L U E S  F O R  T H E  F R E Q U E N C I E S  O F  T H E  S E V E R A L  C H R O M O S O M A L  T Y P E S  I N  P O I ' U L A T I O N S  A'F 

: E Q U I L I B R I U M  A N D  V A L U E S  O F  S = [ / ( [  q) F O R  T H E  S E V E R A L  E Q U I L I B R I A  

l~ ~ 7' = ,Y  - - -  11 - - -  [ 0  _ 6  5 " f O - - 6  l¢ = 7) : A* = l ! ~ f O  5 

l )  ~ o .o  D = o .o  D = o .o  Jr) = 0 . 0 0 0 2  O = o . o o I  l )  = o .o  5 l )  : o . 1 0  

s u + l  + = i0 o .52137 o .49392 o ,49389 o .47398 o .4399o o,38OoO o.384oS 
S~, + l : q 0 . 0 0 0 2 2  o . 0 0 2 0 0  0 . 0 0 0 4 5  O.OOO6(~ O . O O I O  9 O . O O I 5 2  O . O O 1 5 3  

s u  l + = ¢ o .476o8 o .4949o  o .49482 o .518oo  o .555oo o.¢~o99o o . ( ) i I9O 

s u  1 - -  t ° o .oo2 I  3 o .oo822 O.OlO84 o.oo73() o .oo4oI  o .oo252 o .oo249 

T o t a l  l . o o o o o  i . o o o  1 . o o o o o  1.0000 [ .OOOOO I .OOOO I .OOOOO 

s = t / ( z  - -  q) o .oo2I  3 o .oo824 O.OlO84 o .oo736  o . o o 4 o i  o .oo25-  o . o o 2 5 2  

values found for q, i and / at equilibrium (twenty copies of the programme are deposit- 
ed at the Editorial Office of Mutation Research). 

The values of ~ at equilibrium obtained in the calculations are very close to 
o.ooo6, found experimentally by DA Ct;NHA et al:, and are lower than the values es- 
timated for recessive lethals in the absence of suppressors. The results obtained in the 
programme show that the equilibrium values for recessive lethals found in nature are 
lower than the values expected on the assumption of complete recessivitv and may 
be explained by the presence of suppressors rather than by deleterious effects in he- 
terozygous condition. According to DOBZHANSKY AND WRIGHT s it is possible, 
knowing the mutation rate u, to estimate the elimination of lethals in heterozygous 
condition from the deviations expected on the assumption of complete recessivit\,. 

T A B L E  V[  

C O R R E S P O N D E N C E  B E T V ~ r E E N  T H E  M O D E L  U S I N G  O N E  G E N E  P A I R  l + A N D  l ,  A N D  T H E  . M O D E L  W I T H  

T W O  G E N E  P A I R S ,  T H E  L E T H A L ,  1 * A N D  l ,  A N D  T H E  S U P P R E S S O R ,  S U  + A N D  S U  

S i n g l e  p a i r  m o d e l  L e t h a l  p l u s  s u p p r e s s o r  m o d e l  

C h r o m o s o m e  T y p e  F r e q u e n c y  C h r o m o s o m e  T y p e  F r e q u e n c y  

N o n - l e t h a l  l + (i  - -  q) N o n - l e t h a l  

L e t h a l  1 q 1 ,e tha l  
T o t a l  ( i  - -  q) + q = i 

V i a b i l i t y  F r e q u e n c y  G e n o l y p e  

s u  + l+ p 
s u  l + r 
s u  l t 
s u  + 1 q 

p + r + t  (1 - - q )  

G e n o t y p e  F r e q u e n c y  V i a b i l i  O, 

S U  + l + / s g +  l + p 2  I 

s u  + l + / s u  l + 2 p r  i 
su  + l + / s u  l 2 p t  l 
s~* l + / s u  l + r" 1 
s u  l + / s u  l 2rl  1 
s u  l / s u  l 12 T 

S u b - t o t a l  ( p + r + t )  2 = ( t - - q )  2 

s u  + l+ / su  + 1 2 p q  i 
s u  l+ /su+ l 2qr  t 
s u  l / s u  + l 2tq 0 

S u b - t o t a l  2q (p + r) 

s u  + l / s u  + 1 q2 o 
S u b - t o t a l  o 

I (1 - -  q)2 l + / l +  

I - -  S )  

S u b - t o t a l  ( i  - -  q) z 

2 ( 1  - -  q)q l + / l  

S u b - t o t a l  2 q ( i - - q )  ( I - - s )  

q~ 1/l 
S u b - t o t a l  o 

= ( I  - -  q)2 + 2q( I  - -  q ) ( I  - -  s) w = ( i  - q)2_~ 2 q ( p  + r) 
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PAVAN AND KNAPP i s  have est imated the selection against the heterozygotes for leth- 
als as s = 0.0226 and P R O U T  14 as s = 0.020. 

Making the comparison between WRIGHT'S 17 single pair of genes model and the 
lethal plus suppressor one, as shown at Table VI, it m a y  be seen tha t  elimination of 
heterozygotes for lethals calculated on the basis of \¥RIGHT'S model, m a y  be apparent  
but  not real. Wha t  is apparent ly  elimination of heterozygotes in WRmHT's model m a y  
be death of the homozvgotes  for lethal but  heterozygous for the suppressors, 
which are not distinguished from the heterozygotes for lethals. I t  should be kept 
in mind that  the estimations so far made for the elimination of heterozygotes are based 
on the frequencies of lethals which are underest imated due to the ignorance of the 
suppressors. The frequencies of lethals expected from WRIGHT'S model are correct 
but  the observed ones are misleading due to the class su  l/su--l. The usual tests by  
homozygosis do not distinguish the chromosome su  l from the lethal free ones. There- 
fore, su  l /su+l with viabil i ty o is included among the lethal heterozygotes decreasing 
the whole viabil i ty of the heterozygous class. While in WRIC, HT'S model the elimina- 
tion of lethals is q~ + 2qs(I - q) in the suppressor model it is q~ + 2qL 

The fitness of the populat ion in the first model, (I q)~ + 2q(I q) (I - s) 
being equal to the fitness in the second (I -- q)2 + 2q(p + r) w e  have 2q(I --- q) 
(I s) = 2q(p + r). The solution of the equation gives s = t/(I -- q). 

This result explains why, even without  selection against heterozygotes for 
lethals a value of selection against the heterozygotes m a y  be obtained if suppressors 
are ignored. The value obtained is a function of the relation between the frequency of 
chromosomes su  1 and the frequency of su+l. 

The occurrence and the unexpectedly  high frequencies of recessive suppressors 
in population makes necessary the re-evaluation of several aspects of the research on 
populat ion genetics. I t  was already pointed out above tha t  the evaluations of the 
frequencies of lethals in natural  populations, as it is usually done, m a y  be significantly 
underest imated.  I t  was also pointed out tha t  calculated elimination of lethal heterozy-  
gotes m a y  be a deception caused by  suppressors. The occurrence of a lethal in high 
frequency and during m a n y  generations is another  observation tha t  m a y  be due to 
the presence of suppressors. The explanation of this fact as due to the heterozygotic 
effects of the lethal was always dubious, while suppressors are very probably  res- 
ponsible for it. Special a t tent ion to suppressors is also advisable in the work on syn- 
thetic lethals. Many synthetic lethals could be due to recombinations between su  l 

and su+l + chromosomes, which are both  normal  in homozygosis tests but  could give 
rise to lethal su+l chromosomes. 

The present paper extends to the recessive lethals the observations of GLASS 7 

and of GARDNER et al. 6 on the widespread occurrence of suppressor genes for erupt-eye 
and for tumorous-head.  I t  also supplies new facts in favour of GLASS'S ideas on the 
impor tant  role of genes acting as suppressors in the organization of the gene-pools of 
Mendelian populations. 
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