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Generation Age of Efficient Milk Cows 

Cont inuing m y  s tudies  on the  subjec t  of the  influence 
of genera t ion  age 1, I considered i t  possible t h a t  there  
migh t  be a similar effect  w i th  animals.  U p o n  m y  request ,  
Mr. HANS EUGSTER, dipl. Ing. agr. ETH,  di rec tor  of the  
'Herdebuchs te l l e  des Schweizer ischen Braunv iehzuch t -  
ve rbandes ' ,  was kind enough to  pe rmi t  me to inspect  the  
efficiency indices of groups  of milk-cows descending  f rom 
di f ferent  bulls, bulls which  he had  selected a t  r andom.  

These indices depend  on the  excess of t he  average dai ly  
milk q u a n t i t y  af ter  sub t rac t ion  of the  q u a n t u m  considered 
as the  norm,  so t h a t  these  indices can also be negat ive .  
They  are fu r the r  modif ied  in a cer ta in  way  according to  
the  milk qual i ty .  

The resul ts  are as follows: 

No. of Genera t ion  age No. of Eff iciency indices of 
the bull (life data) daughters the daughter cows 

1 i (3) 16 + 1 2 6  
2 (4) 46 +128 
3 (5) 70 +234 
4 (6) 102 +193 

2 1 (3) 125 +156 
2 (4) 156 + 184 

3 1 (3) 30 +400 
2 (4) 66 +514 
3 (5) 88 +550 

4 1 (3) 18 178 
2 (4) 174 +157 
3 (5) 234 +170 
4 (6) 313 +152 

5 1 (3) 23 + 304 
2 (4) 30 +306 
3 (5) 44 +435 
4 (6) 83 +317 
5 (7) 107 +350 

O 1 (3) 15 +383 
2 (4) 144 +989 
3 (5) 298 +999 
4 (6) 517 +878 

I t  appears  t h a t  the  efficiency indices are in fact  d i s t inc t ly  
h igher  in the  3rd genera t ion  year  of the  fa ther  bull  and  
begin descending again in the  4 th  genera t ion  year.  

However ,  it  is to  be kep t  in mind  t h a t  the  above d a t a  
could no t  be s ta t i s t ica l ly  comple te ly  worked  out :  for 
instance,  among  the  cows quo ted  under  a cer ta in  year  are 
included those  of preceding years.  In  th is  way  the  effi- 
c iency n u mb er s  indica ted  are a l ready  s mo o t h ed  in a 
cer ta in  degree so t h a t  the  real  influence of the  genera t ion  
year  is obvious ly  even  more  pronounced  t h a n  is seen a t  the  
first  glance f rom n u mb er s  given above. 

Thus  the  hypo thes i s  appears  just if ied t h a t  in some 
general  way  the  'qua l i ty '  of descendan t s  depends  on the  
genera t ion  age of the  male parents .  I t  would  be of some 
in te res t  to app ly  the  ' t r inomia l  tes t s '  1 to animals  also. In  
th is  connec t ion  it m a y  be men t ioned  t h a t  the  par t icu lar ly  
'eff icient '  bull, bull  No. 6, was also genera ted  in the  3rd 
genera t ion  year  of his father .  

Summary.  A connect ion  is made  plausible be tween  the  
efficiency of milk-cows and the  genera t ion  age of t he  
fa ther  bulls. 
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10 June 1975. 
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Malaria, Favism and Glucose-6-Phosphate  Dehydrogenase Deficiency 

The re la t ionship  be tween  the  ba lanced po lymorph i sms  
involved in the  hemoglob inopa th ies  of hemoglobin  S, 
hemoglobin  C, f l- thalassemia,  etc., and a pu ta t ive  protec-  
t ion against  malar ia  has a t t r a c t e d  considerable  in teres t  1-~. 
Glucose-6-phosphate  dehydrogenase  (G-6-PD) deficiency 
has  also been advanced  as a p ro tec t ion  agains t  malar ia  4-8. 
Two difficulties have  been no ted  wi th  respec t  to the  
mala r ia  hypo thes i s  and  G-6-PD deficiency, however :  
1. There  is only poor  correlat ion be tween  the  d i s t r ibu t ion  
of malar ia  and G-6-PD deficiencies in m a n y  areas. 2. 
The h ighes t  f requencies  of G-6-PD deficiencies occur in 
areas where selection against t h e m  is h igh  f rom favism, 
an acute  hemoly t ic  anemia  associa ted wi th  the  ingest ion 
of lava  beans,  Vicia [aba, or exposure  to  Iava pollen 
( 'Baghdad  spring fever ') .  In  th is  communica t ion  we 
suggest  t h a t  these  two  problems are re la ted and  actual ly  
s u p p o r t  the  malar ia  hypothes is .  Fur the rmore ,  we believe 
select ion has occurred to retain fav ism in cer ta in  popula-  
t ions  r a the r  t han  e l iminate  it. Ev idence  for malar ia  
p ro tec t ion  f rom G-6-PD deficiency has resembled  t h a t  for 
the  hemoglobinopa th ies ,  b u t  has  been more  diff icult  to  
assemble.  Zoogeographic  and  ecological a r g u m e n t s  in- 

volving the  d i s t r ibu t ion  and f requency  of var ious  
hemoglobins  and  the  incidence of fa lc iparum malar ia  
have  been s t rong for hemoglobin  S bu t  s o m e w h a t  
weaker  for hemoglobin  C, hemoglobin  E, etc. 3, 9-12 
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G-6-PD deficiency likewise appears  to be geographical ly 
corre la ted wi th  the  incidence of malar ia  in the  Mediter-  
r anean  region and  some areas of t he  Far  Easta ,  la. 
However ,  in pa r t s  of New Br i t ian  and  New Guinea, the  
correlat ion is of ten  poor  a,14,15 and th is  has  led KIDSON 
and GORMAN 16 tO ques t ion  the  hypothes is .  

KRUATRACHUE et  al. 17 found t h a t  e ry th rocy tes  wi th  
low levels of G-6-PD were less f r equen t ly  infected t h a n  
were  no rma l  cells. LUZZATO et al. x8 found t h a t  in the  
e ry th rocy te  mosaic ism occurr ing in he te rozygous  females, 
the  paras i te  ra te  was f rom 2 to 80 t imes  h igher  in normal  
cells t h a n  i t  was in tile def ic ient  e ry th rocy tes .  In  a 
s t u d y  of black Amer icans  in Viet  N a m  12, it  was found 
t h a t  t he  incidence of malar ia  among  carriers of the  African 
form of G-6-PD was less t h a n  expec ted  (stat is t ical ly 
s ignif icant  a t  the  95~o confidence level). 

LIVINGSTONE 3,1~ has called a t t e n t i o n  to  seeming ano-  
malies in t h e  d is t r ibut ion ,  f requency,  and sever i ty  of 
s y m p t o m s  of G-6-PD deficiency in var ious  geographic  
areas. In  the  absence of specific complicat ions  resul t ing 

f r o m  drugs or diet, G-6-PD deficiency differs f rom the  
more  severe hemoglob inopa th ies  in hav ing  re la t ively  
h igh  homozygo te  and  hemizygo te  (the gene is sexlinked) 
fi tnesses.  Thus  selection against  th is  condi t ion  is re la t ively  
re laxed in cer ta in  areas such as Africa, eas te rn  Asia, 
and  the  wes te rn  Pacific. I n  contras t ,  there  can be s t rong 
selection against  homo-  and  hemi-zygotes  in some cul- 
tures  because of the  incidence of favism. This  acute  
hemoly t i c  anemia  occurs in cer ta in  carriers of the  Mediter-  
r anean  v a r i a n t  of the  enzyme following ingest ion of lava  
beans,  a d ie ta ry  Staple in the  region. In  Sardinia,  for 
example ,  the re  are 5 cases of fav i sm per  1000 per  year,  
10-40 ~o of which  are fa ta l  20. Ironically,  it  is in the  Mediter-  
r anean  and o the r  Near  Eas t e rn  popula t ions  affl icted by  
favism t h a t  t he  h ighes t  f requencies  of G-6-PD deficiency 
are found,  somet imes  over  50~o in Kurd i sh  Jews, and  
some deser t  oasis and Nile Del ta  popula t ions  a. In  these  
popula t ions ,  as well as elswehere in the  Medi ter ranean,  
e.g., Greece 2~, Sardinia  z~,aa, Cyprus  24, etc., t he re  is 
general ly  good correla t ion be tween  the  f requencies  of 
G-6-PD deficiences and  malar ia  3. LIVINGSTONE has  
called a t t en t i on  to  th is  p roblem(  3, pp.  64 and 67), par t i -  
cular ly  by  s ta t ing :  'The  close correla t ion of t he  G-6-PD 
deficiency and malar ia  in the  Medi te r ranean  area con- 
t r a s t s  wi th  the  f indings f rom New Guinea and the  Pacific. 
There  would seem to be a re la t ionsh ip , to  the  cul t iva t ion  
of t he  fava bean  in all t he  areas of t he  Medi te r ranean  
where  the  correla t ion is close' (a, p. 67). 

Thus  we have  the  a p p a r e n t  pa r adox :  Over m o s t  of t h e  
wor ld  G-6-PD deficiencies are no t  ve ry  deleter ious b u t  
t h e y  are no t  ve ry  abundan t ,  ei ther.  In  t he  one area of t he  
wor ld  where  fav ism provides  s t rong  selection agains t  
deficients,  we find the  h ighes t  frequencies.  LIVINGSTONE 3 
sugges ted  t h a t  s t rong  selection aga ins t  G-6-PD de- 
f iciency in homo-  and  hemi-zygotes  by  fav ism wi th  
concomi t an t  s t rong selection agains t  'normals '  by  malar ia  
would  allow gene frequencies  to approach  equi l ibr ium 
values more  quickly. However ,  i t  is unl ikely t h a t  in the  
presence  of s t rong malar ia l  selection observed values 
would  differ ve ry  much  f rom equi l ibr ium in any  event .  
Fu r the rmore ,  as LIVINGSTONE la ter  admits ,  the  s t rong 
selection against  G-6-PD deficients  should lower the  
equi l ibr ium values, in con t r a s t  to the  observed  h igh  
frequencies  in favist ic  popula t ions .  �9 

There  m u s t  be a compensa t ing  increased f i tness  of the  
he te rozygo te  in t he  Medi te r ranean  region to  offset  t he  
nega t ive  selection f rom favism. We  suggest  t h a t  the  l ava  
bean  is ac t ively  involved in th is  selection and  tha t ,  r a the r  
t h a n  being deleterious,  ' fav ism'  in t he  broad  sense of the  
word  is responsible  for t he  high frequencies  of G-6-PD 

deficients.  E r y t h r o c y t e s  wi th  low G-6-PD levels ha rbo r  
fewer malar ia  paras i tes  t h a n  normat  17. The stress imposed  
on the  e ry th rocy t e  by  hemoly t ic  fav ism m a y  ac t  syner-  
gist ically w i th  the  a l ready  unfavorab le  G-6-PD levels to  
e l iminate  paras i t ized  e ry throcy tes .  The carriers of the  
abnormal  va r i an t  of G-6-PD would be a t  a selective 
advan tage  wi th  respect  to malaria.  

The mechan i sm of t he  act ion of lava  beans  in un-  
known 2s. I t  appears  t h a t  in addi t ion  to the  sex- l inked 
G-6-PD det ic iency the re  is an au tosomal  locus which  is 
involved in fav ism since no t  all G-6-PD deficients develop 
favism upon  exposure,  t{OTH and  FRUMIN26 showed  the  
invo lvemen t  of a se rum factor  in the  hemolysis .  I t  m a y  
be coincidental ,  b u t  in addi t ion  to being suscept ible  to  
favism, G-6-PD deficients  m a y  suffer similar hemolys is  
f rom ant imalar ia ls  such as pr imaquine ,  etc. 

There  appears  to be one fu r ther  analogy be tween  the  
hemoglob inopa th ies  and  G-6-PD deficiencies. There  is 
some evidence t h a t  t he  re la t ively  mild hemoglobino-  
pa th ies  were replaced (or are now being replaced) by  
the  more  radical  hemoglobin  S. LIVINGSTONE 27 s ta tes :  
'Na tura l  selection seems to favor  the  mos t  abnorma l  of  
the  alleles a t  these loci'. This is because the  HbsHbA he te r -  
ozygote is more  effect ive aga ins t  malar ia  jus t  as the  
H b s H b s  homozygo te  is less viable. The use of the  fava  
bean  as a food i tem has done the  same th ing  wi th  respec t  
to G-6-PD deficiency:  A re la t ively  mild abnorma l i ty  has 
been enhanced  wi th  grea te r  mor t a l i t y  of the  homozygo te  
bu t  enhanced  p ro tec t ion  of the  heterozygote .  The basis of 
the  ba lanced  p o l y m o r p h i s m  is s t reng thened .  

A l though  we have  s t ressed the  possible paral le l ism 
be tween  the  fav ism-G-6-PD deficiency effect and  hemo-  
g lobinopathies ,  our suggested mechan i sm could work  in 
exoe ry th rocy t i c  s tages of the  life cycle such as t he  re- 
cu r ren t  infect ion of t he  p a r e n c h y m a  cells of the  liver b y  
P l a s m o d i u m  vivax, a more  i m p o r t a n t  selective agen t  in 
the  Medi te r ranean  1% 

The s p o t t y  d i s t r ibu t ion  of G-6-PD deficients in t he  
sou th -wes te rn  Pacific and  elsewhere in the  Fa r  E a s t  is 
consonan t  w i th  the  above in te rpre ta t ion .  In  the  absence 
of the  e n h a n c e m e n t  of p ro tec t ion  agains t  malar ia  by, 
favism, pressures  f rom migrat ion,  muta t ion ,  and /o r  
genetic dr i f t  could be responsible  for t he  errat ic  frequencies.  
However ,  i t  is also possible t h a t  some analogue of t he  
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lava bean is present in certain local diets leading to very 
high fitness of the G-6-PD homozygote.  Carefui sur- 
veillance of local diets for such a possibility would be of 
interest. 

Summary. A l t h o u g h  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  
d e f i c i e n t  i n d i v i d u a l s  m a y  su f fe r  ( s o m e t i m e s  f a t a l l y )  f r o m  
f a v i s m ,  a h i g h  i n c i d e n c e  of t h i s  t r a i t  o c c u r s  i n  m a n y  
M e d i t e r r a n e a n  p o p u l a t i o n s .  T h i s  a p p a r e n t  p a r a d o x  is 
e x p l a i n e d  on  t h e  b a s i s  of a s y n e r g i s t i c  i n t e r a c t i o n  b e t w e e n  
f a v i s m  a n d  G - 6 - P D  d e f i c i e n c y  t h a t  p r o v i d e s  i n c r e a s e d  

protection against malaria compared to that of the G-6- 
PD deficiency alone. This relationship is analogous to 
that between various hemoglobins and malaria in  that 
there is selection for a more severe trait if it provides more 
protection against malaria. 
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C o l l o i d a l  G o l d  G r a n u l e s  a s  M a r k e r s  for  C e l l  S u r f a c e  R e c e p t o r s  in  the  S c a n n i n g  E l e c t r o n  M i c r o s c o p e  

Several techniques have been developed recently in 
order to visualize cell surface receptor sites by high reso- 
lution scanning electron microscopy (SEM). The peroxi- 
dase-diaminobenzidine reaction product (easily detected 
by TEM) is quite difficult to distinguish from surface 
differentationsL whereas immunolatex spheres ~,a and 
h a e m o c y a n i n  molecu le s  4 a p p e a r  to be b e t t e r  su i t ed  as  
m a r k e r s  for  SGM o b s e r v a t i o n s .  H o w e v e r ,  t h e  p r e p a r a t i o n  
of t h e s e  i m m u n o s p e c i f i c  l a b e l s  is l a b o r i o u s .  W e  r e p o r t  h e r e  
a s i m p l e  m e t h o d  c o l l o i d a l  g o l d  g r a n u l e s  as  v i s i b l e  m a r k e r s ,  
a t e c h n i q u e  w h i c h  h a s  a l r e a d y  g i v e n  s a t i s f a c t o r y  r e s u l t s  
i n  T E M 5  s. 

Experimental. H o m o g e n e o u s  p o p u l a t i o n s  of c o l l o i d a l  
g o l d  g r a n u l e s  of d i f f e r e n t  p a r t i c l e  s izes  c a n  be  e a s i l y  
p r e p a r e d  9. T h e  g r a n u l e s  c a r r y  a n e t  n e g a t i v e  c h a r g e  a n d  
c a n  be  c o a t e d  b y  a d d i t i o n  of p r o t e i n s  s u c h  as  C o n c a n a v a l i n  
A or  a n t i b o d i e s ,  t h e  b i n d i n g  b e i n g  p r o b a b l y  of n o n -  
c o v a l e n t  n a t u r e .  H o w e v e r ,  p r o t e i n - c o a t e d  g o l d  g r a n u l e s  
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Fig. 1. Stabilization of colloidal gold by polyethylene glycoI. A series 
of monodisperse gold sols of increasing particle diameter (16 97.5 nm 
as determined by TEM) was prepared g and neutralized to pH 7.0 by 
addition of 0.2 M K2CO a (pH-paper, not pH-meter as the electrode is 
readily contaminated with the colloid). Colloidal gold (5 ml) was 
mixed with 1 ml water containing increasing amount of Carbowax 
20-3/[ (Union Carbide Chemicals Co.}. After 1 rain, a 10% NaC1 solu- 
tion (1 ml) was added. The absorbance was measured after 5 rain at 
525 to 540 nm (maximum of the uncoated colloid). A S-shaped curve 
was constructed from which the minimum amount of Carbowax 
necessary to fully stabilize the colloid against flocculation was 
determined. 

1 R. BRETTON, D. A. CLARK and L. NATHANSON, J. Microsc. 17, 93 
(1973). 
R. S. ~V[OLDAY, W. J. DREYER, A. REMBAUM and S. P. S. YEN, 
Nature, Lond. 249, 81 (1974). J. Cell Biol. 64, 75 (1975). 

Fig. 2. A group of C. utilis cells marked with the total anti-C, utilis 
antiserum adsorbed to 60 nm colloidal gold particles. The antiserum 
was dialyzed overifight at  5~ against 5 mM NaC1 (pH 7.0). The 
optimal amount of protein to stabilize the colloid agai~st fIoeeulation 
by NaC1 was determined as described in the legend of Figure 1, using 
the antiserum instead of Carbowax 20-M. The antiserum (1.8 nag) 
was added, with stirring, to colloidal gold (200 ml, sol B of ref."). 
After 1 min, a I% Carbowax sohltion in water (2 ml) was added and 
the colloid neutralized to pH 7.0 with 0.2 M K~CO a. The colloid was 
centrifuged at 10'000 rpm for 30 min at 5 ~ The supernatant was 
sucked off and the pellet redispersed in 20 ml Tris-buffered saline 
(pH 7.5), containing 0.2 mg/ml Carbowax 20-M. The yeast cell 
suspension was incubated in the same buffer at 25 ~ for 1 h with an 
excess of the colloid. The suspension was centrifuged at  low speed 
and washed with the buffer. The yeast ceils were rapidly dehydrated 
in increasing concentrations of ethanol (2 3 inin} and finely dispersed 
on a conductive copper adhesive, mounted for SEM aluminium 
stubs. The preparations were examined without metal coating in a 
Cambridge $4-10 Stereoscan, at an accelerating voltage of 30 kV at 
a tilt  angle of 45 ~ 
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