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Organisms and Molecules

in Evolution

Studies of evolution at the molecular level lead to
greater understanding and a balancing of viewpoints.

It is universally recognized that mole-
cules of biological importance may
evolve—that is, they may change in
the course of time as have the or-
ganisms in which they occur. Some
molecules, like adenosine triphosphate,
are so nearly universal and invariable
as to suggest no evolutionary sequence,
but many others surely have evolved,
notably groups of proteins and, obvi-
ously, DNA. Before the importance of
DNA was known, Florkin (/) had al-
ready discussed the systematics and
evolution of various families of mole-
cules. In such instances evolutionary
interpretation of the biochemists’ find-
ings requires information from paleon-
tologists and systematists, information
especially on the time scale involved
and the phylogeny and relationships of
the species in which varying molecules
are to be compared. An example is
the hypothesis that serum proteins (2)
or cytochromes (3) have changed in
a regular if not linear manner with
respect to time—that they have evolved
by some sort of internal constant-rate
mutational process and not in an ir-
regular or a specifically adaptive way.
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In fact, when the data are replotted.

with what seem to be the most prob-
able time coordinates they indicate that
the hypothesis is incorrect or, at least,
that these data do not support it. Wil-
liams now tells me that the hypothesis
has been modified, but it exemplifies
the clarifying confrontation of molecu-
lar and organismal data.

Other interesting examples of such
confrontation arise from further studies
of serum proteins, such as that by
Goodman (4). Phylogenetic relation-
ships of the animals concerned, pri-
mates in this case, are inferred from
the apparent degrees of homology in
their various serum proteins. The line-
ages thus inferred then permit conclu-
sions as to the evolution of the pro-
teins themselves. Similar inferential
methods have been applied to the evolu-
tion of hemoglobins, also in primates,
by Hill and the Buettner-Janusches (5).
When phylogeny is inferred from the
molecular data and molecular evolution
is inferred in turn from that phylogeny,
there is an element of circularity, which
does not wholly invalidate the method
but does warrant some reservations. A
necessary cross-check is to arrange the
molecular data in the framework of a
phylogeny based entirely on nonmolec-
ular evidence. It should be mentioned
in passing that this, too, has sometimes
led to semi-circular reasoning when

SCIENCE

molecule-based phylogeny has been
compared with phylogeny with other
bases: agreement between the two has
been taken as the requisite validation
of the molecular approach to phylog-
eny, but nonagreement has been taken
as evidence of the greater reliability
of the molecular method.

However, the most important reason
for relating organismal and molecular
evolution to each other is not simply
the testing of hypotheses or the valida-
tion of methods. It is the balancing of
points of ‘view and the achievement of
more complete explanations. Wald (6)
has said that “living organisms are the
greatly magnified expressions of the
molecules that compose them.” Anfin-
sen (7) believes that “we may almost
define the life sciences as those con-
cerned with the elucidation of the
mechanisms by which molecules exert
their specific actions in living cells.”
In fact there are many respectable and
even eminent students of the life sci-
ences who have no concern whatever
with molecules or their actions. Con-
centration on one level of organization
to the practical exclusion of others is
often a necessity of specialized re-
search, but nowadays almost everyone
agrees that eventual understanding of
relationships between levels is also nec-
essary. Sonneborn (8) has emphasized
the fact that molecular genetics could
only have arisen through, and would
now have little meaning apart from,
“classical” or Mendelian organismal
genetics. Weiss (9) has pointed out that
there is a “cellular control of molecu-
lar activities” as well as a molecular
control of cellular activities. There is
also an organismal control of cellular
activities, and, for that matter, a popu-
lational control of organismal activities.
Indeed both Wald and Anfinsen, in the
works from which one-sided aphorisms
have been quoted, were concerned with
relationships of molecules to higher or-
ganizational levels in evolution.

The sort of problem that can arise
from a limited approach is exemplified
in a recent article by Mora (10). He
points out that living organisms have
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