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D r .  Theodosius Dobzhansky 
The Rockefel ler   Universi ty  
New York, New York 10021 

Dear Doby: 

formally  very  s imple:   g iven  three homologous p r o t e i n s , . t w o  

and the   d i s tances  AB, AC, and BC can  be  measured,  then  the 
d i s t ance  from  a common ancestor  D t o  A and t o  B can be 
calculated;  the  formula is  AD = 0.5 (AB + AC - BC) one  asks 
i s  AD e q u a l   t o  BD? Because regard less   o f   the   pa leonto logica l  
descendant i s  t h e  same for   bo th   l ines   o f   descent .  The only 

, .' w i l l  be   muta l ly   more .c&ose ly   re la ted   than   e i ther  is t o  C, 
. I  



. 
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d i f f i c u l t y   t u r n s   o u t   t o  be t h a t  the "d i s t ances"  AB, AC, 
and BC i n  terms of numbers of base  subst i tut ions--cannot  
be known with any  degree  of  certainty.  To the e x t e n t  
tha t   they   can  be estimated--using the assumpt ion   tha t   the  
Po i s son   d i s t r ibu t ion  is  valid,-  incidentally--AB  does seem 
t o  be equal  t o  BD i n  most cases, w i t h i n  t h e  limits of 
s t o c h a s t i c   v a r i a t i o n .  I n  f a c t  it i s  v e r y   s t r i k i n g l y  so. 
Again, t h i s  very   s t r ik ing   and  remarkable r e l a t i o n s h i p  
may be a t  least  i n   p a r t   s p u r i o u s ,  b u t  it is  v e r y   i n t e r e s t i n g .  

A s  you have  pointed  out ,  it is  no t   r ea l ly   necessa ry   t o   have  
e q u a l   r a t e s   o f   e v o l u t i o n   f o r  homologous proteins ,   even 
wi th   evolu t ion  by random walk. One of the puzz l ing   th ings  
about   the   genera l   observa t ion  is t h a t  the r a t e s   o f   evo lu t ion  
o f   l i nes  of descent  w i t h  ve ry   d i f f e ren t   ave rage   gene ra t ion  
spans--such as t h e  human-rodent  divergence--show the same 
kind of (apparent )   ident i ty   o f   evolu t ionary  rate. If 
these  changes are due   mos t ly   to   muta t ion   pressure ,  the only 
r a t iona l   conc lus ion  is t h a t  the (base-subst i tut ion)   mutat ion 
r a t e  i s  d i r e c t l y   p r o p o r t i o n a l   t o   t h e   g e n e r a t i o n   s p a n  when 
expressed   in  terms of mutation  per  generation--since it 
a p p e a r s   t o  be cons t an t  when expressed  in  terms of  mutations 
per year .  Weird. 

Clarkementions  that   guinea pig i n s u l i n  is  an  obvious exception 
t o  the   gene ra l  r u l e ,  as Jukes  and I a l so   po in t ed   ou t .  But  
Arnheim, i n   a n   i n t e r e s t i n g   p a p e r , s u g g e s t s   t h a t  it is  not .  
He< found: ' . that   chicken  and  duck  lysozpes  ase 'very  s imilar ,  
while  duck  and  goose  lysozymes  are  very  dissimilar.  Since 
ducks a r e  more c l o s e l y   r e l a t e d   t o   g e e s e   t h a n   t o   c h i c k e n s ,  
t h i s  suggested  that  goose  lysozyme  had  evolved a t  an un- 
u s u a l l y   r a p i d  rate. I noted the s i m i l a r i t y  w i t h  t he   ca se  
of   gu inea   p ig   insu l in ,   and   sugges ted   tha t   in   each   case  there 
had  been a gene   dupl ica t ion  i n  t h e   d i s t a n t   p a s t ,   l o n g  before 
the chicken-duck  divergence  in the case of lysozymes,  and 
long  before  the mammalian order   divergences  in  the  case of 
i n s u l i n .  Then, perhaps,  i n  each case the product of one 
of the duplicated  genes  had become a minor  component, t h e  
other the  major   component ;   in   guinea  pigs   and  in   geese the 
major  components  had become replaced  by  the mmnor components. 
Comparing  duck  and  goose  lysozymes, or human and guinea  pig 
i n s u l i n s ,   t h e n ,  was l i k e  comparing  alpha  and beta hemoglobin 
chains .  

Arnheim was a b l e  t o  s u b s t a n t i a t e   t h i s   h y p o t h e s i s   i n  the 
lysozyme  case. H e  found  tha t  there had  indeed  been  such a 
gene  duplication:  swans  have  both  chicken-like and goose- 
l i k e  lysozymes! Other workers  have  noted tha t  mammals do 
indeed  have  minor-components  of  insulin  that are s i m f l a r  
b u t   n o t   i d e n t i c a l   t o   t h e   m a j o r  components. I t  remains t o  
be seen whether the minor  components of o t h e r  mammals c l o s e l y  
resemble the  major  component of suinea D i a  i n s u l i n -  



I would apprec i a t e  references t o  your papers w i t h  Wright  and 
Pavlovsky  on random drift and founder effect .  

I n  t h e  mut-T case,   mutation is not  "random" wi th   r e spec t  
t o  base  changes,  but  presumably it i s  random w i t h  respect 
to   adapt ive  changes.  I t h i n k   ; t h i s  is what i s  u s u a l l y  meant 
by random mutation.  Surely many unfavorable  mutations  must 
be el iminated  and,   yes ,   there  i s  obviously ample opportuni ty  
t o  select superior  l ines--as  Gibson e t  a l .  have shown and 
a s   F ranc i sco   has  shown in  analogous  experiments.  

On the  quest ion  of  a dichotomy  of  selection  vs.   non-selection: 
this i s  the  crux. I f  random-walk evolu t ion  is a minor   factor  
in   molecular   evolu t ion ,   as  you be l ieve ,   then   there   can  be 
a continuous  spectrum  of  adaptive  advantages  and  disadvantages 
a s soc ia t ed  w i t h  b a s e   s u b s t i t u t i o n s ,   w i t h  a small   but  reason- 
able p ropor t ion   f a l l i ng   w i th in   t he   r ange   o f  f l / oZg  ) ,  t h e  
range   in   which   dr i f t  i s  more e f f e c t i v e   t h a n   s e l e c t i s n .  
However, i f  it is  t rue   as   Jukes   and  I have  maintained,  that  
a large  proport ion  of   molecular   changes  have  been  due  to  
d r i f t ,   t h e n  it i s  necessary: t o  have a very much l a r g e r  
proport ion  of   mutat ions  within  this   range  than  occurs   above 
it ( i . e . ,   than   occurs   wi th   se lec t ive   advantages   g rea te r  
than 1 / ( 2 N  ) .  This i s  s imply  because  select ion is  so very 
much more Yikely t o   l e a d   t o   f i x a t i o n   t h a n  is d r i f t .  So ,  
w e  w i l l  have to   support   and  defend the no t ion   t ha t  there is 
a dichotomy. S t i l l ,  t h i s  i s  j u s t   t o   s a y   t h a t  there are 
many p o t e n t i a l   c h a n g e s   t h a t   h a r d l y   m a t t e r   a t  a l l ,  and t h a t  
of those  changes  that  do mat ter ,   near ly  a l l  are f o r   t h e  
worse . 


