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Summary. I t  is shown tha t  the method used by  Jukes and Holmquist  [Science 
177, 530 (1972)] is not able to lead to any conclusion on the rate  of evolution of rat t le-  
snake cytochrome c because the method does not  consider the t ime period over which 
the observed differences occurred. In  an a t t empt  to overcome this problem the phylo- 
genetic relationship between rattlesnake, tur t le  and birds is examined from the 
paleontological evidence and from phylogenetic trees constructed from cytochrome c 
sequences by  "ma t r i x  methods"  and by "ances t ra l  sequence" methods. The paleonto- 
logical evidence and the "ancest ra l  sequence t ree"  are in agreement for the posi- 
tioning of ratt lesnake. This ancestral sequence tree is used to estimate the rate  of 
amino acid substi tut ion and minimum base changes for different lines of descent 
among 20 ver tebrate  species. The rate of amino acid subst i tut ion is faster than average 
on the rat t lesnake line but  is not the fastest among the vertebrates  and i t  is concluded 
tha t  no "species specific" effect has yet  been demonstrated for ratt lesnake. However 
there is a large amount  of diversi ty in the rates of amino acid substi tut ion and this 
is discussed from the concept tha t  a t  any point  in t ime only a few codons (the 
covarions) are able to accept an amino acid substitution. I t  is suggested tha t  some 
fluctuations in the rate of amino acid substi tutions should occur. 

Key words: Covarions - -  Cytochrome c - -  Evolut ionary Clock - -  Molecular Evolu- 
t ion - -  Rat t lesnake - -  Vertebrates. 

I t  h a s  r e c e n t l y  b e e n  s u g g e s t e d  b y  J u k e s  a n d  H o l m q u i s t  (t 972) " t h a t  t h e  

e v o l u t i o n a r y  r a t e  of c h a n g e  of c y t o c h r o m e s  c is spec ies  d e p e n d e n t  a s  wel l  

a s  t i m e  d e p e n d e n t "  a n d  t h a t  " t h e  e v o l u t i o n a r y  c lock  does  n o t  r u n  a t  t h e  

s a m e  r a t e  for  a l l  spec i e s " .  T h e  b a s i c  m e t h o d  u s e d  b y  t h e  a u t h o r s  i n v o l v e d  

c h o o s i n g  t h e  t w o  p u b l i s h e d  r e p t i l e a n  c y t o c h r o m e  c s e q u e n c e s  ( r a t t l e s n a k e  

a n d  s n a p p i n g  t u r t l e )  a n d  t h e  fou r  d i f f e r e n t  b i r d  c y t o c h r o m e  c s equences .  

T h e  d i f f e rences  in  s e q u e n c e s  is c a l c u l a t e d  b e t w e e n  such  g r o u p i n g s  as  b i r d s -  

t u r t l e ;  t u r t l e - s n a k e ,  a n d  b i r d s - s n a k e .  

T h r e e  o b j e c t i o n s  to  th i s  m e t h o d  c a n  b e  c o n s i d e r e d .  T h e  m a i n  o b j e c t i o n  

is t h a t  i t  is a s s u m e d  t h a t  t h e  o b s e r v e d  d i f f e r ences  h a v e  o c c u r r e d  o v e r  t h e  

s a m e  t i m e  p e r i o d  b u t  no  e v i d e n c e  for  t h i s  is p r e s e n t e d .  T h e  s e c o n d  o b j e c t i o n  

is t h a t  c o n c l u s i o n s  a r e  d e p e n d e n t  on  t h e  spec ies  c h o s e n  for  t h e  c o m p a r i s o n  

e This s tudy was completed while the author was on lea ve at  the Biology Department ,  
Carleton University, Ottawa, Onatrio, Canada. 
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snake turtle duck snake turtle duck snake duck turt le snake turtle duck 

Fig. t A - - D .  Possible  phy logeue t i c  a r r a n g e m e n t s  of r a t t l e snake ,  t u r t l e  a n d  duck.  One  
possible  se t  of so lu t ions  is g iven  for  t h e  n u m b e r  of changes  to  t h e  amino  acid  sequence  
on  each  b r a n c h  t h a t  would  give 21 di f ferences  be tween  s n a k e  a n d  tu r t l e ;  16 b e t w e e n  
snake  a n d  duck  a n d  7 b e t w e e n  t u r t l e  and  duck.  I n  genera l  para l le l  ( repeated)  or  
reverse  m u t a t i o n s  are  ignored  excep t  in  13 where  for  e x a m p l e  t h e  m u t a t i o n  on  d could  
h a v e  m u t a t e d  b a c k  to  t h e  or ig inal  on  b to  give 7 differences b e t w e e n  t u r t l e  a n d  duck.  

E i t h e r  }3, C or D would  reduce  to  A if t h e r e  were no  changes  on  t h e  b r a n c h  d 

and in particular justification was not given for excluding the mammals 
although at least two published phylogenetic trees derived from cytochrome 
c sequences (Fitch, t971a; Strydom, van der Walt and Botes, 1972) show 
rattlesnake separating before the divergence of mammals from the birds 
and turtles. The third and perhaps a less fundamental objection is that  the 
authors appear not to have explicitly considered the possibility that  either 
birds or turtle may  have evolved abnormally slowly rather than rattlesnake 
having evolved unusually fast. 

I t  is clear that  to establish a rate of amino acid substitution it is 
necessary to know both the number of changes to the sequence and the 
time period over wich the changes have occurred and Fig. t is chosen to 
illustrate this more clearly. To simplify the illustration only one bird 
sequence is used. The number of differences between the cytochrome c 
sequences of rattlesnake, turtle, and duck is (Dayhoff, 1972); 

duck  

/ \ 
s n a k e  81 t u r t l e  

and the four possible phylogenetic trees are given in Fig. 1. On each line of 
descent is given an example of the number of changes that  could give the 
observed differences. 

If either A, B or C of Fig. t is the correct representation of the phylogeny 
then the conclusion is valid that  rattlesnake has evolved faster than the 
other but  it would still not be possible to decide whether turtle and/or duck 
had changed abnormally slowly. If, however, D is the correct representation 
then no conclusion about  the rates of evolution is possible since all that  
can be said is that  the lengths a + d = t5. The figures shown for a and d 
in D would give a rate of evolution for snake cytochrome c between that  of 
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turtle and duck but the correct rate could be either faster or slower than 
the other two. Other species can be substituted in Fig. t using the available 
data from Dayhoff (t972). If for example penguin, duck and turtle are 
compared the method would lead to the conclusion that turtle cytochrome c 
had evolved twice as fast as the other two. This example illustrates the 
second objection to the method that the results are not independent of the 
species chosen for comparison. 

Phylogenetic Trees 

At this point it is clear that the argument used is not valid but it is 
possible that the conclusion could be justified by some alternative method. 
The following discussion is an attempt to distinguish between the alter- 
natives A--D and if necessary to have an estimate of the length of the 
branch d. Evidence can be obtained from phylogenetic trees constructed 
either from cytochrome c sequences or from the standard evidence of 
comparative anatomy and paleontology. The fossil record shows the bird 
line (and crocodiles and dinosaurs) and the snakes (via lizards, Ryno- 
cephalians (tuatara) and Eosuchians) to be separate lines since the late 
Permian (Romer, t966) and the time of divergence is probably at least 
by the middle Permian about 250 million years ago (Harland, Gilbert, 
Smith and Wilcock, 1954; York and Farquhar, t972). The turtles have a 
distinct fossil record to the Triassic but the origin of these forms is uncertain 
(Romer, t966). It was thought possible that the turtles were linked to the 
Cytolosaurs through an incompletely known Permian form Eunotosaurus 
(Romer, t956) but a more recent examination of this fossil by Cox (t969) 
concludes that Eunotosaurus is not ancestral to the turtles and this view is 
accepted by Romer (personal communication). It is therefore not possible 
at present to decide between alternatives A--D from the palentological 
evidence although it would favour alternative C. 

The two main approaches that have been used to construct phylogenetic 
trees from amino acid sequence data are the "ancestral sequence" method 
(Dayhoff, t972; Boulter etal., t972; Ramshaw etal., t972) and what has 
been described by Dayhoff (1972) as "matrix methods". The two methods 
give similar but not always identical results (Dayhoff, 1972) and each 
method will be considered. Two "matr ix  methods" phylogenetic trees that 
include rattlesnake have been published (Fitch, t 97t a; Strydom et al., 1972; 
Fitch and Margoliash, t968) although one of these (Fitch and Margoliash, 
t 968) does build ancestral sequences for the tree with the lowest"percentage 
standard deviation". Both of these studies conclude that the best tree for 
reptiles, snakes and birds is Fig. 1D and indeed both have rattlesnake 
separating prior to the divergence of mammals from birds and reptiles. In 
this respect these trees disagree with the paleontological evidence. 
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Fig. 2. A phylogenetic tree constructed by  an ancestral sequence method. Nineteen 
ver tebrate  cytochrome c sequences are taken from Dayhoff (1972) except tha t  by  
comparison with bonito positions 60 and 61 of tuna are reversed to Asp-Asn and the 
rat t lesnake sequence as modified by  Jukes and Holmquist  (1972) is used. The justifi- 
cation for this can be seen in Dickerson (1972). If  no change to a part icular amino acid 
occurred more than once at  a given site and if there were no reverse changes, then 
there would have to be 68 amino acid changes or 76 minimum base changes. The 
phylogenetic tree shown is one of several tha t  requires 23 addit ional or "dup l i ca ted"  
amino acid changes and "dup l ica ted"  base changes. Rat t lesnake is then added to 
each of the 37 ( 2 n -  t) possible positions and the number of "dup l ica ted"  changes 
calculated for each tree. Wi th  this sequence for rat t lesnake there would need to be 
a minimum of 79 amino acid changes or 87 minimum base changes. There would be 
31, 29, 31, 31, 31 duplicated changes when rat t lesnake is added to positions a - - e  or 
145, 142, 145, t45, 144 minimum base changes. Taking different arrangements of 
the amino acids at  positions t 1, t 2 and 15 of rat t lesnake alters these values slightly 
but  not the conclusion tha t  b is the most l ikely position for rattlesnake. On each leg 
of the tree is shown the number of amino acid changes postulated to occur on tha t  
line (zero changes are not  marked). Minimum base changes are shown in brackets 
where they  are different from the amino acid changes. The to ta l  length of the branch 
from lamprey to the common ancestor of fish and the land vertebrates is 9 amino acid 

changes or 12 minimum base changes 

I t  is d e s i r a b l e  to  c h e c k  t h e  p o s i t i o n  of r a t t l e s n a k e  us ing  an  a n c e s t r a l  

s e q u e n c e  m e t h o d .  T h e  p u b l i s h e d  t r e e s  u s i n g  th i s  m e t h o d  h a v e  n o t  i n c l u d e d  

r a t t l e s n a k e  a n d  t h e r e f o r e  th i s  has  b e e n  d o n e  in  t h e  p r e s e n t  w o r k  u s i n g  t h e  

t y p e s  of c r i t e r i a  u sed  b y  F i t c h  ( t 9 7 t b )  m o d i f i e d  for  a m i n o  ac ids .  T h e  

p r o c e d u r e  u s e d  h a s  been  f i r s t  t o  use  t 9  v e r t e b r a t e  s e q u e n c e s  a n d  to  d e t e r -  

m i n e  t h e  t r e e  t h a t  r e q u i r e d  f ewes t  a m i n o  a c i d  c h a n g e s  a n d  t h e n  to  a d d  

r a t t l e s n a k e  to  each  of t h e  3 7 p o s s i b l e  pos i t i ons .  I n  p r a c t i c e  s e ve ra l  v a r i a t i o n s  

w i t h i n  e i t h e r  t h e  m a m m a l s  o r  f ish  a r e  e q u a l l y  p o s s i b l e  a n d  one  of t h e s e  

b e s t  t r ees  w i t h o u t  r a t t l e s n a k e  is s h o w n  in  Fig .  2. R a t t l e s n a k e  is t h e n  a d d e d  

to  a l l  p o s i t i o n s  on F ig .  2 b u t  o n l y  t h e  p o s i t i o n s  m a r k e d  a - - e  a r e  c o n s i d e r e d  

here .  T h e  m o s t  p r o b a b l e  p l a c e  for  r a t t l e s n a k e  to  j o in  is on  s e g m e n t  b (which  
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is equivalent to Fig. 1 C) which is the position most consistent with the 
paleontological evidence. Ancestral sequence methods usually give equal 
weighting to each amino acid irrespective of how many base changes are 
required for each change. It  makes no difference to the placement of rattle- 
snake if amino acid substitutions requiring more than one base change 
[and probably (Fitch, 1971a) occurring by  two sequential changes] are 
counted as double changes to give " m i n i m u m  base changes". It  is possible 
that  this tree has not been tried by other techniques or that  it is caused by  
using different criteria for selecting the most likely tree. This latter pos- 
sibility is being investigated in a separate study. 

A major problem in determining phylogenetic trees is correcting the 
observed differences between species for repeated or reverse mutations 
(Ohta and Kimura, 1971 ; Dickerson, t97t ; Holmquist, 1972). It  may  not 
be readily apparent that  ancestral sequence methods automatically intro- 
duces some correction and gives a method for identifying some of the 
repeated or reverse mutations. The corrections can be seen by  adding up all 
the lengths between a pair of species of Fig. 2 and comparing this with the 
observed (Dayhoff, t972) differences for the same pair of species. The 
ancestral sequence methods do have a limitation that these corrections 
may be too small in long unbranched legs of the tree. However they do have 
the important advantage in that they use all the information from the 
protein sequences and not iust the number of differences between proteins. 
The method is not dependent on the assumption (the additivity hypothesis) 
that  the number of differences between every pair of present day proteins 
is a true reflection of their time and rate of divergence. For example an 
examination of the present distance between rattlesnake and the two 
primates (man and monkey) markedly underestimates the sum of the 
lengths of the tree (Fig. 2). This is true even if the observed difference 
(Dayhoff, 1972) is corrected for masked changes by  e.g. the formula of 
Dickerson (t972). This could imply that  there had been parallel or even 
convergent evolution in the cytochrome c on the two lines of descent. 

It  is not possible to decide finally between alternatives A to D of Fig. t 
since the two cytochrome c methods do not agree and the paleontological 
evidence is incomplete. However, a different calculation is possible. The 
trees a --e (Fig. 2) require 14-17 amino acid changes for the rattlesnake line 
since the time of divergence. The most probable tree includes rattlesnake 
at position b and requires a minimum of 17 amino acid substitutions on the 
rattlesnake line of which 5 would be double changes. The tree also requires 
one amino acid change between the ancestor of birds and the divergence of 
rattlesnake and two amino acid changes between the common ancestor of 
birds and snake and the divergence of turtle. From these data and from 
Fig. 2 it is possible to estimate both average rate of evolution of cytochrome 
c and the standard deviation (Table t). This method is derived from the 
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Table t .  An est imate of the average rate  and observed var iabi l i ty  in the rate of 
cytochrome c evolution in vertebrates.  The species chosen for comparison are selected 
so tha t  no length of the tree in Fig. 2 is used more than once. For  the first fourteen 
species the  to ta l  number of changes has been counted from the common ancestor of 
the first and second species, third and fourth species, etc. and are given as both amino 
acid changes (column 1) and minimum base changes (column 2). The times T since 
divergence are taken from Ohta and Kimura  (t971) and Dickerson (1971) except for 
the t ime of divergence of carp and tuna for which an est imate of 100 million years 
has been used (Young, t962; Olson, 197t; Romer, t966). The rates for both  amino 
acid changes and minimum base changes are given for t00 million year  periods 

(columns 4 and 5). The mean and s tandard  deviations are given 

Amino Minimum T × t 0 -s Rate  Rate  
acid base (years) A A C/ MBC/ 
Changes Changes 10 s years t 0 s years 
(AAC) (MBC) 

Dogfish 11 14 3.75 2.93 3.73 
Frog 14 21 3.75 3.73 5.60 
Carp I 2 1.0 t .0 2.0 
Tuna 7 10 t .0 7.0 10.0 
Turtle 4 4 3.0 1.33 1.33 
Kangaroo 6 6 3.0 2.0 2.0 
Snake t 7 22 2.5 6.8 8.8 
Duck 3 3 2.5 1.2 1.2 
Human 8 9 0.8 10.0 11.25 
Rabbi t  1 2 0.8 t .25 2.5 
Dog 2 2 0.6 3.33 3.33 
P i g  1 1 0.6 1.67 1.67 
Horse 4 6 0.9 4.44 6.67 
Whale 1 2 0.9 t. t t 2.22 
Monkey 0 0 0.4 0 0 

• =3 .19  ~ = 4 . 1 5  
s = 2.84 s = 3.50 

m e t h o d  of  O h t a  a n d  K i m u r a  (1971) b u t  t h e  p a i r s  of spec ies  chosen  in  t h a t  

r e f e r ence  w o u l d  r e s u l t  in  s o m e  l e n g t h s  of  F ig .  2 b e i n g  u s e d  m o r e  t h a n  once  

a n d  t h u s  s t r i c t l y  s p e a k i n g  t h e  v a l u e s  o b t a i n e d  a re  n o t  i n d e p e n d e n t  of  e ach  

o the r .  Th i s  does  n o t  s e e m  to  g ive  a v e r y  l a rge  ef fec t  a n d  i t  is  q u i t e  p o s s i b l e  

t h a t  b e t t e r  t r e e s  f o u n d  in  t h e  f u t u r e  m a y  r e q i u r e  d i f f e r e n t  e s t i m a t e s  f r o m  

t h e  one  u s e d  here .  U s i n g  O h t a  a n d  K i m u r a ' s  spec ies  w i t h  t h e  p r e s e n t  d a t a ,  

t h e  v a l u e s  for  a m i n o  a c i d  c h a n g e s  a r e  ~----3.4t  a n d  s = 2 . 7 6 ,  a n d  for  m i n i -  

m u m  b a s e  c h a n g e s  ~ = 4 . 4 5  a n d  s =3.42. 
T h e  r a t t l e s n a k e  l ine  h a s  o n l y  t h e  f o u r t h  f a s t e s t  r a t e  of  e v o l u t i o n  a n d  

t h e  r a t t l e s n a k e  v a l u e s  a r e  a p p r o x i m a t e l y  t .3 s t a n d a r d  d e v i a t i o n s  a b o v e  t h e  

m e a n  va lue .  T h e  f a s t e s t  t h r e e  a r e  t h e  p r i m a t e  l ine,  t h e  t u n a  l ine  a n d  t h e  l ine  

f r o m  t h e  d i v e r g e n c e  of l a n d  v e r t e b r a t e s  d o w n  to  t i m e  of  d i v e r g e n c e  of  

m a m m a l s  f r o m  b i r d s  a n d  r e p t i l e s  (see F ig .  2). Th i s  l ine  h a s  t 0  c h a n g e s  in  

o v e r  a n  e s t i m a t e d  p e r i o d  of  75 mi l l i on  y e a r s  (375-300  m i l l i o n  yea r s ) .  I n  

T a b l e  I o n l y  r e s u l t s  w h i c h  e n d  in  a p r e s e n t  d a y  spec ies  h a v e  been  u s e d  
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because the error in estimating the time period is markedly increased when 
two quantities (each with a sizable error) are subtracted. The results 
obtained with the primate, tuna and rattlesnake are not markedly changed 
by small variations in the tree e.g. transferring rabbit to the non-primate 
mammals. However, small variations, such as joining land vertebrates 
directly with (carp, tuna, bonito) do give rather different lengths in the 
early part of the tree. At this time it is not possible to reject the null hypo- 
thesis that  the rate of evolution of rattlesnake cytochrome c is not different 
from the average vertebrate rate. The cytochrome c data also gives evidence 
against the suggestion of Barnabas, Goodman and Moore (1972), that  the 
rate of molecular evolution has slowed down particularly among the pri- 
mates. This is a generalization based largely on a comparison of the rate of 
evolution of alpha hemoglobin among mammals. The slower rate of evolu- 
tion of alpha hemoglobin among primates is consistent with the views of 
e.g. Dickerson (t97t) because in primates any mutant  on the alpha hemo- 
globin chain must not have an adverse effect on the beta, gamma or delta 
chains and not just the beta and gamma chains. But with cytochrome c the 
number of changes on the primate line shown both in Fig. 2 and by other 
workers (Fitch, 1971; Dayhoff, 1972; Dickerson, t97t) is larger than for 
other mammals. As such this is evidence against a general slowing down of 
the rate of molecular evolution in the primates although there still could 
be variations in rate along the primate line. 

Discussion 

Although these results (Table I and Fig. 2) argue against considering 
rattlesnake as showing a species specific effect, they do show a surprising 
amount of variation. Ohta and Kimura (t971) have shown that  this variation 
is greater than can be expected by chance. The explanation could come 
from the work of Fitch (1971) and other workers who have shown that  only 
4 - t0% of amino acid positions (the covarions) are able to be changed at 
any one time although the position of covarions may  change after amino 
acid substitutions. The rate of amino acid substitution would be expected 
to be proportional to both the number of covarions and, for each covarion, 
to the number of permissible amino acid substitutions that  require only 
one base change (the size of the covarions). This can be illustrated more 
clearly as follows. In the absence of selection, the rate of mutant  substitu- 
tion (k) is equal to the mutation rate (v) (Kimura and Ohta, 197t) 

i.e. k = v  (t) 

The rate of amino acid substitution for a given protein (kprot) would be 
expected to be 

kprot = V" m (2) 
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where m is the number of mutations of the existing base sequence that  will 
result in permissible amino acid substitutions. For a strict interpretation 
of the evolutionary clock hypothesis it would be necessary to assume that  
m is constant and this is presumably the model tested by Ohta and Kimura 
(1971). 

However it is possible that  the number of covarions may undergo slight 
fluctuations and that  the number of permissible substitutions for each 
covarion will vary. A more realistic model may be 

(3) 

where n is the number of covarions, q is the number codons that  would 
result in permissible substitutions for a given covarion and p is the number 
of these that  cannot be reached by a one base change from the existing 
codon. Some simple examples can be used to illustrate this source of 
variability. If a given amino acid position could be one of the basic amino 
acids His, Lys, Arg, then there could be either zero or one possible substitu- 
tions. If the initial codon was e.g. CGG (Arg) then it cannot mutate to 
either His or Lys by a one base change but e.g. AGG (Arg) could mutate  to 
AAG (Lys) but not to His. Another example would be if the same three 
amino acids (Arg, His, Lys) plus glutamine (Gln) were equally effective. 
There could be one (e.g. eGG), two (e.g. AAA) or three (e.g. CAA) possible 
amino acid substitutions depending on the initial codon. It is necessary to 
consider all 27 (3 × 3 × 3) possible mutations from any triplet. In the case 
of the last mentioned codon (CAA) there are two possibilities (CAU, CAC) 
giving histidine, one each for lysine (AAA) and arginine (CGA) and one 
possibility for a change but still staying as glutamine (CAG). 

It  would appear unlikely that  there would be any mechanism that  
would result in the values of n, p and q in Eq. (3) being regulated so that 
the value of m in Eq. (2) remained at a constant value. I t  would seem 
possible for the rate of amino acid substitution to vary at different times 
and on different lines of descent but still to vary about an average rate. 
This would not be inconsistent with the well documented observation that 
the average rate of amino acid substitution is maintained over long periods 
and on different lines of descent (Dayhoff, 1972; Dickerson, 197t; Ohta 
and Kimura, t971). Although this argument would predict that  fluctuations 
in the evolutionary rate could occur it would be preferable not to call these 
"species specific". This term could be interpreted to imply an effect specific 
to the ecology and/or physiology of the organism. The variations in rate 
discussed above are not dependent on any such species specific effect and 
any possible increase or decrease could occur in any line of descent in- 
dependently of the ecology and physiology of the organism. 
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This paper has only considered the first and basic argument from Jukes 
and Holmquist. Other subsidiary arguments were put  forward and can be 
considered briefly. It  is true that  there are several double changes on the 
rattlesnake line but  when more data are examined (Fig. 2) it is apparent 
that  other legs have a higher proportion of double changes. Again when 
more data are examined (Table t) it is apparent that  the authors have 
compared one of the faster evolving species with some of the slowest. With 
at least 40 cytochrome c sequences known it will always be possible to find 
some pairs out of the 780 possible pairs that  will show significantly different 
rates, even if the whole population is from one normal distribution (pp. 
226-227, Sokal and Rohlf, 1969). 

The conclusion of the present work is that  the basic method used to 
claim a species specific effect is not valid although the paper of Jukes and 
Holmquist (t 972) when considered" in to to"  does present a serious challenge 
to the evolutionary clock hypothesis. The rate of evolution of rattlesnake 
cytochrome c is greater than average and has been maintained over a long 
period of time. Although it is not yet possible to show that rattlesnake has 
a significantly faster than average rate it does seem likely that  fluctuations 
about an average rate could occur. It  is still necessary to examine more 
closely criteria for making the optimising phylogenetic trees and it would 
be most worthwhile to determine more sequences of reptiles (and complete 
the rattlesnake sequence) both to allow a more rigorous test of the evolu- 
tionary clock hypothesis and to reduce the uncertainty in the phylogeny of 
the reptiles. 
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