
- - 

SCIENCE 

VOL. 73 FRIDAY, No. 1900MAY29, 1931 

The  Genetic View-point: DR. ALBERT I?. BLAKESLEE571 

A n  Optimistic View of the Evolution of the Sci- 
ences: DR. VIRGIL F. PAYNE 577 

Obituary: 
Raoul Gautier: DR. WILLIAM BOWIE. Whitman 
Howard Jordan; A .  A .  Himwich. Recent Deaths 579 

Scienti$c Events : 
The  Third International Conference on Bitumi-
nous Coal; The  Laboratory o f  Anthropology at 
Santa Fe, New Mexico; National Research Fellow- 
ships i n  the Biological Sciences; The  Diamond 
Jubilee of the St .  Louis Academy of Science; The  
American Academy of Ar ts  and Sciences ........................ 

Scientific Notes and News 584 

Discussion : 
The  Program of the University Association for 
the S tudy  of Calendar Reform:  DR. C. C. WYLIE. 
Plural Fractions and Other Fractions: W .  ED-
WARDS DEMING.The  Accumulation of Strong 
Electrolytes i n  Living Cells: DR. S. C. BROOKS. 
A Curious Color phenomenon: DR. PAUL E. KLOP-
STEG. The  Auto-traction Hypothesis o f  Crustal 
Dynamics and Mechanics: PROFESSORJ. S. DE- 
LURP ....................... ..............................................................................587 

Scientific Books : 

Delporte's Ce'leste: BROUWER' Ling-
nan Science Journal: DR. L. 0. HOWARD........................ 590 


Scientific Apparatus and Laboratory Methods: 
A Modification of Erogh's Diferential Manom-
eter: DR. DAVID E. FINK. The  Phyllota-A
Practical Apparatus for Demonstrating Diver-
gence : JACQUES ......................................................... 592ROUSSEAU 

Onchocerciasis i n  Guatemala: PROFESSORRICHARD 
P. STRONG.Intranuclear Inclusions i n  Laryngo- 

tracheitis of Chickens: OSKAR SEIFRIED. Ionic 

Equilibria i n  the Serum in  Relation t o  the Critical 
Temperature: DR. P. LECOMTEDU Noijy. The  

593 

Science News 10 

SCIENCE: A Weekly Journal devoted to the Advanee- 
ment of Science, edited by J. MCEEEN CATTELL and pub- 
lished every Friday by 

THE SCIENCE PRESS 

New York City: Grand Central Terminal 

Lancaster, Pa. Garrison, N. Y. 

$6.00 Single Copies, 15 Cts. 
SCIENCE is the ofacial organ of the American Associa- 

tion for the Advancement of Science. Information regard- 
ing membership in the Association may be secured from the office of the permanent secretary in the Smithsonian 
Institution Building, Washington, D. 6. 

T H E  GENETIC VIEW-POINT' 

By Dr. ALBERT F. BLAKESLEE 
DEPARTMENT OF GENETICS, CARNEGIE INSTITUTION OF WASHINGTON 

THATI am a retiring president to-night is not my 
fault. I tried not to do it. I suggested to your sec- 
retary that in the future the president of the so-
ciety make his retiring address the year after he 
presides and offered to forego or postpone my retir- 
ing address this year to set the scheme in operation. 
Your secretary refused to permit this innovation. 
(The American Naturalists, I now realize, is one of 
those societies which is run by the secretary). "I 
have had trouble enough now," the secretary said, 
"in trying to explain why the society elected the presi- 
dent they did. I f  the president should hang over 
another year before he retired, I should have either 

1 Presidential address delivered at the annual dinner of 
the American Society of Naturalists, Cleveland, Ohio, 
January 1, 1931. 

to remember the old excuses or to invent new ones. 
I f  I had my way," he said, '(the formalities of the 
society would be confined to one day a t  the annual 
meeting. Let the president be elected and clothe him- 
self with the insignia of his office in the morning, 
preside in the afternoon, and retire in the evening, 
a t  the Naturalists' dinner. The rest of the year the 
society can best do without a president altogether, 
while the secretary runs the society with the aid of his 
stenographer." 

The secretary's arguments were hard to combat. So 
I tried next to obtain a substitute, an eminent for- 
eign biologist who happened to be on a lecture tour 
in this country. This suggestion of a substitute met 
with the immediate (and I might say enthusiastic) 
approval of the secretary. All seemed working out 
to the welfare of the society as well as to the plea- 
sure of the secretary, when I received a letter from my 
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substitute calling off his substitution. The secretary 
was helpful, as ever. H e  sent me a list of past presi- 
dents' addresses and offered fatherly advice: "Don't 
talk too much about your own work, but use it as a 
point of departure. Follow the trends of your pre- 
decessors." I have tried to comply with this admoni- 
tion. 

The reason for my title is two-fold. I n  the first 
place, it  was necessary to send in a title, in response 
to the secretary's telegram, before it was possible to 
decide upon a subject for discussion. I n  the second 
place, it  seemed desirable to follow the cryptic trend 
started by my immediate predecessor, if only to oon- 
firm the law of geologic evolution that too great de- 
parture from the normal may lead to extinction of 
the line. I may be sharing the thoughts of an 
armored dinosaur, if he had any thoughts a t  being 
the last of his line. 

The last president took as his title "Kim Kur-
mah." He said it was Sanskrit and meant "Where 
are we at?" I am still skeptical as to what Kim 
Kurmahs really are. They sound to me more like 
a fermented health drink made from mares' milk 
and consumed in the Caucasus. Just to confirm a 
suspicion, I should like all those who looked up in 
the dictionary to see what the real meaning was of 
Kim Kurmah to please raise the right hand. No one 
raised a hand and no one here, therefore, looked up 
the meaning of these cabalistic words. Since Dr. 
Parker is not present to explain how he found his 
title last year, we may assume that he got the words 
only by hearsay. My simple experiment to-night 
with the members of the American Naturalists is en- 
couraging to the present speaker. I t  shows what a 
retiring president of the American Naturalists can 
get away with when his audience knows he is ac-
tually retiring. 

Now my title to-night is relatively simple. I t s  
purpose was not to conceal thought but to develop 
thought. Probably many of you have already worked 
out its meaning as I had to do. As the secretary 
suggested, the formula is based upon Datura (D), 
the haploid Datura number of chromosomes (hD) is 
twelve, hD over 2 is therefore 6. If  we remember our 
alphabet we will see that A plus 6 brings us to G. 
Similarly, Z minus hD over 3 means the subtraction 
of 4 from Z or the letter V. I t  will be seen that 

hD hD
the formula (A t -)2 . (Z -3)has thus given us the 

initials G.V. Since there are approximately 7,500 
words beginning with the letter G and approxi-
mately 3,000 beginning with the letter V in Web- 
ster's unabridged dictionary, the initials G.V. could 
stand for any one of some 23,000,000 combinations. 
The announced topic, therefore, gave a rather wide 
choice of subject for discussion. If  one were to use 

foreign words such as Sanskrit, the choice would be 
still greater [especially if one attributed meanings 
to such Sanskrit words without looking them up in 
the dictionary as the last president may have done]. 
I n  seeking two words to fit these initials I confined 
myself, however, to the English language. I tried 
to find a single word which would represent the 
most important concept in scientific research. This 
I believe I have found in the word "view-point." 
As a geneticist, I might reasonably be expected to 
touch upon genetic aspects. And the letters G.V. 
easily resolve themselves into the title "Genetic View- 
Point." I n  arriving a t  our subject for discussion we 
have used mathematics in the way in which we feel 
mathematics should be used in biology, not to lend 
an air of erudition nor as an end in itself, but as a 
means to an end. 

I t  need hardly be argued that the mere accumula- 
tion of facts is of little value in science except as they 
are organized and contribute to new view-points. A 
species new to science, or a new 3 to 1ratio, of itself 
has little interest to advanced workers. Loose sand 
and unrelated facts are of equal value in the construc- 
tion of a concrete building and in the erection of an 
edifice of science. View-points may be good or 
bad, may be based upon a firm foundation of inter- 
related facts or upon assumptions and speculative 
analogy. I n  any case our view-points consciously or 
unconsciously determine the direction of our research 
and color the interpretation of our results. The 
establishing of fruitful view-points, and not the 
amassing of facts, is the goal of advanced research. 

Evolution and the concepts of genetics form two 
major view-points of biology. The evolutionary 
view-point dates its birth from the publication of 
the "Origin of Species"-by general agreement the 
most influential book of the nineteenth century. The 
evolutionary view-point has not only revolutionized 
our ideas regarding the origin of species and given 
a meaning to a mass of facts in biology, but it has 
also influenced other phases of human thought. At  
its birth, it  was at once realized that acceptance of 
the evolutionary view-point would render impossible 
a literal interpretation of the scriptures. It was at 
once bitterly combatted, therefore, by those the-
ologians who were unable to adjust themselves to 
laying the emphasis upon the spiritual rather than 
upon the mechanistic values of religion. 

The genetic view-point is almost wholly a twentieth 
century product, although the progeny test-i.e., 
determining the genetic constitution of individuals 
from the character of their offspring, was developed 
chiefly in the nineteenth century. Mendelism was 
born, strictly speaking, in the nineteenth century, but 
the infant's birth cry attracted no attention. The 
child was kept in suspended animation for some 35 
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years, until 1900, when it was independently redis- 
covered by three botanists; Correns, deVries and 
Tschermak and taken out of cold storage. For  this 
second birth, Bateson assumed the office of godfather 
and gave Mendelism and related subjects the name 
of "genetics." I n  the first decade of the twentieth 
century deVries gave us the mutation theory and 
another botanist, Johannsen, gave us the pure line 
theory. I n  the second decade, the banana fly was dis- 
covered as an object of investigation, and genetics 
became no longer chiefly a botanical activity. 

The growth of the genetic view-point is too recent 
to need recounting in detail. I t  may be profitable, 
however, to compare it for a moment with that of the 
evolutionary view-point. We may use the progeny 
test of ideas and note the influence of these two view- 
points upon the direction of research. The new ideas 
of evolution stimulated observation and speculation 
and broadened the field of vision. I t  apparently did 
not increase experimentation. Darwin, to be sure, 
was a good botanical experimenter, but his disciples 
as a class did not follow this part of his example. 
Genetics on the other hand was born of experimenta- 
tion and has made experimentation the basis and 
final test of hypothesis. I t  has thus limited specula- 
tion and narrowed the field of view. 

I t  will be profitable to the biologist to know more 
of both these points of view. The study of evolution 
should, and I believe will, become experimental. 
Geneticists should take more account of the observa- 
tions of those who have become familiar with plants 
and animals in nature, past and present. Life as we 
know it to-day is the resultant of a continuing series 
of experiments on a grand scale. They offer a chal- 
lenge which the geneticist can not long continue to 
decline. The problem is a task for joint attack by 
workers with different view-points. An example is 
offered by taxonomy and genetics. These two fields 
appear to be separated a t  present by a fence of 
mutual distrust and misunderstanding. The taxono- 
mist seems to think that the conditions of a genetics 
experiment are entirely artificial, and hence conclu- 
sions drawn from them have no relation to what 
exists in nature. Plants and animals under culti-
vation are not good species and hence not to be con- 
sidered seriously by the taxonomist. I have been 
told, for example, that since the jimson weed was only 
a weed and not known in the wild, it was not a 
species; that I ought to study some real species from 
nature. Apparently the Datura follows too closely 
the pig, the cow and the plough of man. The 
taxonomist believes further that the characters shuf- 
fled so glibly by the geneticist are of trivial signifi- 
cance, with little or no influence upon survival in na- 
ture; and that taxonomic recognition of such genetic 

characters would render classiiication of plants and 
animals an impossibly unwieldy task. 

The geneticist believes that the mere classification 
of the plants and animals of the world has reached 
the point of diminishing returns; that a "species new 
to science" has even less interest than the discovery 
of a new gene, since the latter may be put  to work 
as a tester in helping to solve some of the problems 
in nature, while the new species may only help to 
swell the size of our taxonomic card catalogue. 
The geneticist accuses the taxonomist, among other 
faults, of lacking interest in the evolution of the 
forms he studies and of using trivial traits in his 
classification, which often shows little superiority to 
the Linnean system, so far  as bringing out evolu- 
tionary relationships is concerned. The taxonomist 
is also accused of not caring whether the effects 
which he classifies are primarily genetic or primarily 
modifications brought about by the environment. I n  
other words, the taxonomist is felt to lack both the 
evolutionary and the genetic view-points. These com- 
plaints from the two fields are admittedly extreme 
and only partially justified. It is a matter of con-
gratulation that the fence between them has begun to 
be broken down in places. Taxonomists are known 
who have brought under cultivation the plants they 
were monographing, albeit not with the entire ap- 
proval of their taxonomic colleagues. And ge-
neticists have been known to study in nature the spe- 
cies with which they were carrying on genetic ex-
periments and have even consulted the dead specimens 
in a herbarium. 

Let us compare for a moment the effects of the 
view-points of evolution and of genetics upon the 
average individual, our much-quoted friend, the man 
in the street. The opposition of the public to evolu- 
tion was immediate, violent, and the end is not yet. 
It would seem that the evolutionary view-point had 
deeply stirred our friend in the street. An analysis 
of the situation renders it evident that there is  no 
natural opposition to the evolutionary view-point as 
such. The agitation which the theory has aroused was 
due almost entirely to its indirect effect upon estab- 
lished dogma of theology. Any other theory equally 
powerful in undermining the bulwarks of a mechanis- 
tic creed would have aroused as much opposition. 
That man has consanguinity with lower animals is not 
inherently abhorrent to the human mind as  shown by 
the oriental belief of millions of people in the trans- 
migration of souls and by the gods represented in 
Egyptian mythology as half animal in form. Man is  
most intently interested in the things of the present 
and the immediate future. I n  the year 1931 we can 
find plenty of men who would be willing to fight for  
their own wives and even some who would fight for  
other men's wives, but we would have difficulty in 
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finding a man so far  visioned as to be willing to fight 
for  the wife of an ancestor a thousand centuries ago 
o r  for the wife of a descendant a thousand centuries 
to come. 

Our friend in the street might still believe that the 
fist man was constructed from the dust of the 
ground or he might have been led to accept evolution. 
I n  the latter case he might believe with Gregory that 
man descended from an ape-like ancestor who cavorted 
~ n l y  in trees, or he might prefer Osborn's doctrine 
that man arose from a similar ancestor with another 
name, who ran flat-footed on the desert sands. But 
his acceptance of the evolutionary view-point in itself 
would not materially alter his philosophy of every-
day life. The genetic view-point offers a contrast to 
the view-point of evolution. I ts  central idea-Men- 
delism-was fathered by a monk without opposition 
from the church. I t s  growth to the present day has 
not engendered distrust or conflict in the public 
mind. And yet the genetic view-point has in it the 
power to change the attitude of our friend in the 
street in regard to well-nigh all his human relations. 

Now what are the attitudes of mind which the ge- 
netic view-point is capable of changing? They are 
for the most part ingrained beliefs or assumptions 
which unconsciously color one's thinking. An example 
may be taken from a patriotic document familiar to 
every schoolboy. The Declaration of Independence 
says, "We hold these truths to be self-evident, that all 
men are created equal." This proposition, like many 
others assumed to be self-evident, is certainly not 
true. Despite what biology has taught us in the 150 
years and more since the Declaration of Inde-
pendence, its statement regarding the equality of all 
men a t  birth is probably an unconscious assumption 
in the minds of the majority of mankind, a t  least in 
regard to various aspects of man's nature. I f  ques- 
tioned, our friend in the street might admit that the 
child of Japanese parents would probably not have 
the same stature and complexion as American chil- 
dren. And yet he probably would assume that, could 
we equalize the differences in education and other 
environmental influences to which any two children 
of a given race were subjected, the performance of 
the two children would be alike. 

Those with genetic training may find it hard to 
realize the prevalence of the belief that men are 
born with equal potentialities. And yet this belief 
is not confined to the scientific layman. I t  is found 
among trained scientists and even among those who 
have a high standing as investigators of biological 
problems. I n  a review of a recent book on be-
haviorism, the New York Times quotes J. B. Watson 
as saying, "I would feel perfectly confident in the 
ultimately favorable outcome of careful upbringing 
of a healthy, well-formed baby born of a long line 

of crooks, murderers and thieves and prostitutes. I 
should like to go one step further now and say, 'Give 
me a dozen healthy infants, well formed, and my own 
specified world to bring them up in and I will guar- 
antee to take any one at random and train him to 
become any type of specialist I might select-doctor, 
lawyer, artist, merchant-chief and, yes, even beggar 
man and thief, regardless of his talents, penchants, 
tendencies, abilities, vocations and race of his an-
cestors.' " 

Our quoted psychologist's declaration of inde-
pendence of any genetic view-point is answered in a 
measure by critical experiments designed by another 
psychologist. The Seashore tests clearly show that 
humans do differ in their innate musical capacities 
and limitations. From our knowledge of genetics it 
is safe to say that in man no two individuals are 
exactly alike or ever have been; and, save for the 
possible exception of identical twins, probably no 
two individuals have ever been born with the same 
genetic constitution. Whatever politicians and others 
may say about the equality of mankind, the success 
of democracy is due to inequality, to leaders whom the 
majority learn to follow. 

The genetic view-point regarding differences be- 
tween individuals is opposed by current belief and 
by many tendencies in modern civilization. Uni-
formity seems to be the goal of conduct inculcated in 
the young. When young hopeful has shown a cer-
tain measure of originality in his behavior, grand- 
mother is prone to lead him gently back to conform- 
ity with custom by the question, "Just think, little 
man, what would happen if everybody did as you 
have just done?" The logical reply would be, "What 
would happen if everyone were a grandmother?" 
Standardization has been a success in industry, but 
the genetic output of mankind-the production of 
children-will probably always remain a home indus- 
try rather than a matter of factory mass production. 
The products of this our literally infant industry need 
protection from the label of uniformity. Increased 
means of communication, movies and the radio, 
moreover, tend to make us look and act alike and are 
spoiling interesting experiments in different parts 
of the world in customs and ways of thinking. 

An activity in which a thorough appreciation of 
the genetic view-point might materially alter present 
practice is our much-discussed educational system. 
Teachers expend their greatest efforts in attempting 
to raise low-grade students to average performance; 
but special capacities are inevitably pulled down 
toward mediocrity under a system in which uniform- 
ity is an unconscious ideal. From grades to gradu- 
ate school, insufficient effort is directed toward dis- 
covering and developing exceptional talent. The 
road to a doctorate is prescribed and narrow. He 
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that attempteth to enter in by any other way, even 
though bearing ample fruits of scientific endeavor, 
is seldom rewarded. I have touched on these matters 
elsewhere. Sate it to say that genetics teaches us 
the tremendous value of the exceptional individual 
in man as well as in economic plants and animals. 
How exceptional capacity may be early recognized 
and how it may be utilized in the furtherance of 
man's social and of his biologic evolution is a major 
problem of mankind which the genetic view-point has 
helped to emphasize. 

The genetic view-point teaches that every biologic 
reaction is conditioned by the genetic constitution as 
well as by the external influences to which the in- 
dividual is subjected. I n  other words, what every 
living being is and does is dependent upon the con- 
stantly interacting factors of heredity and environ- 
ment. An appreciation of the relative value of these 
two factors would affect our ideals and practice in 
social and religious justice, in charity and education, 
and in all efforts for permanent human betterment. 
The genetic view-point attempts to evaluate the rela- 
tive influence of heredity and environment but has 
been led by experience to look first for genetic causes 
of biological phenomena. Our friend on the street 
is prone to look first, if not exclusively, for environ- 
mental causes. The attitude of mind is seen in many 
biographies. The independent, self -reliant disposition 
of a national celebrity brought up  in western pioneer 
surroundings, and the love of nature of a biologist 
raised in constant association with the wild life of the 
forests in Maine have been attributed to the direct 
effect of their environments. The fact that others 
in the same environment have not been similarly 
affected seems not to have been considered by the 
biographer, nor the possibility that the parents of 
their heroes may have been drawn to these environ- 
ments by qualities of mind that have been trans-
mitted to their offspring. 

The blue grass region of Kentucky may grow taller 
men than other parts of the country, but their tall- 
ness in stature may have little to do with the blue- 
ness of the grass or other environmental peculiarities 
of the state. The real explanation may lie in the 
fact that the early settlers of this region came from 
the tallest racial stock in Europe, as Davenport has 
suggested. Anthropologists believe they have evi-
dence that conditions in this country have increased 
stature and affected other anthropological measure-
ments, thus bringing about changes in the physical 
nature of man in America. We have been told, for 
example, that less use of the jaws and muscles of 
mastication, due to better prepared food, is reducing 
the teeth, the jaws, the breadth, protrusion and mas- 
siveness of the face. Environment is known to have a 
direct influence upon individual development and 

thus might reasonably be expected to affect anthro- 
pological measurements. I n  such case, however, the 
effects would hardly be expected to be cumulative. 
The differences observed may conceivably be due to 
differences in genetic constitution between the two 
groups measured. The human species is tremendously 
heterogeneous even within a so-called race and it 
would be extremely difficult to be sure of securing 
two samples in which the differences in genetic con- 
stitution would be negligible, especially if the samples 
came from different countries or  from different gen- 
erations. I n  the latter case, age differences might 
be a source of error. I n  both cases a geneticist could 
think of possible genetic explanations. The genetic 
view-point would urge caution, therefore, in seeking 
first an environmental explanation for anthropologi- 
cal differences. Similar suggestions might be offered 
regarding most other phases of the study of man in 
which genetically controlled conditions are so diffi-
cult of attainment. 

Twenty-five years ago I listened to a symposium 
before the British Association for the Advancement 
of Science, in which it was debated whether chromo- 
somes had any connection with heredity. The pass- 
age of time has settled the question. A mechanism 
of heredity involving the chromosomes has been es-
tablished; and the conclusion seems amply justified 
that any changes must be gotten into the chromo- 
somes in order to be inherited. The genetic view- 
point, therefore, would place the burden of proof 
upon those who ignore the known mechanism in 
their attempts to influence the hereditary stream. 

The belief is common, in one form or another, that 
an environmental stimulus is capable of calling forth 
an hereditary response similar to the original stimu- 
lus applied. A pregnant mother is chased by a 
turkey gobbler and her child is born with a red birth- 
mark on the throat. The blemish is diagnosed as a 
result of maternal impressions. Beliefs such as this, 
which run counter to the established mechanisms of 
heredity, are called superstition if held by the man in 
the street. I f  held by a biologist, they are often called 
Lamarckism. I n  both cases they indicate an  igno-
rance or neglect of established mechanisms. 

The expectation that induced changes should re-
semble the stimuli which initiated them is a prior; 
improbable and opposed to the known cases of in-
duced mutations. Much of the belief in the inher- 
itance of so-called "acquired characters" is the result 
of wishful thinking. One who believes, for example, 
that a man's college education will affect the mind of 
his newly born children may be led to realize that it 
is capacity to respond, and not the response itself, 
which is inherited. One who believes he has an ex- 
ample of environmentally induced somatic modifica- 
tions affecting the germ-plasm should be forced to 
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prove that new factors for these changes have been 
gotten into the chromosomes. No such proof has yet 
been given for the inheritance of an "acquired char-
acter." 

The pigmentation of races in the tropics, for ex-
ample, has been considered an "acquired character" 
induced by the intense illumination, which has become 
inherited as a racial characteristic of tropical peo- 
ples. The dzerences in types of pigmentation in 
different races of man might have made a cautious 
student hesitant to propose the above explanation. 
Similar differences in pigmentation are found in 
man's nearest relatives, the anthropoid apes. Thus 
the chimpanzee has a pale skin and the gorilla has a 
black or negroid skin. Both live in the forests of 
equatorial Africa. Furthermore, pale pigmentation 
might even better be regarded as the more recent 
type, since dark skin pigment, a t  least that of the 
Negro, does not behave as a recessive character and 
recessives, so far  as our experience goes, are more 
likely to be derived types. There is no critical evi- 
dence in support of the belief that the pigmentation 
of races is an example of the inheritance of an ac- 
quired character. 

The evident adaptations of species to their sur-
roundings naturally lead to the belief that in some 
way the environment has had a directive influence. 
Whether this has involved more than the elimination 
of the unadapted through natural selection is still an 
open question. But the r81e of natural selection still 
remains a major problem awaiting adequate experi- 
mental investigation. Experimentation has given us 
a mechanism of inheritance. I s  it too much to hope 
that experimentation can give us also the mechanisms 
of evolution? Genetics has been largely confined to 
a study of inheritance. The origin of the term ad- 
mits of a broader definition. The future geneticist 
may concern himself more with the problems of evolu- 
tion. Evolution then may properly be considered a 
subdivision of genetics. 

The mechanism of Mendelian inheritance, with 
unit factors dealt out to us by chance, may be an 
unpleasant idea to some. But whether we like it or 
not, it is an idea which is influencing our views of 
life. Responsibility and freedom of will, for exam- 
ple, have been much argued in the past. I n  future 
discussions of these subjects, philosophers must take 
into account the mechanism of inheritance. 

You may be wondering why in such an assemblage 
as this I have been discussing the biological sins in 
attitude of the man in the street. My reason is that, 
so far  as the genetic view-point is concerned, the man 
in the street is often a biologist. By biologist I 
mean one engaged in the study of any form of life, 
especially in this case including man. I t  has seemed 
less personal to discuss the man in the street, al- 

though beliefs differing only in form are held by 
our non-genetic brethren in biology. 

Perhaps the most common evidence of lack of ge- 
netic view-point among biologists is shown in their 
use of biological controls. Many fail to realize that 
plants and animals which look alike may differ 
markedly in genetic constitution and hence in their 
individual response to selected stimuli. To take ex- 
amples from our own experience, Miss Satina has 
shown that races of bread moulds (Mucors) which are 
indistinguishable in appearance, even when examined 
microscopically, may differ in sex, strength of sexual 
activity and in their biochemical reactions. 

I n  the jimson weed we have what we call cryptic 
races. They resemble our standard line in all visible 
particulars, and even an examination of their chromo- 
somes might reveal no differences. That they are un- 
like our normals, however, is shown, first, by the 
peculiarities in inheritance of certain genes, but only 
in plants with particular chromosomes extra; sec-
ond, by modification of the morphology of certain 
extra chromosomal types when hybridized with them; 
third, by abnormal codgurations of chromosomes 
(circles of four instead of pairs) in hybrids with 
normals; and also by other peculiarities of behavior 
under special conditions. Before the existence of 
these cryptic types was suspected, it was felt desir- 
able to establish a purified race as a standard. We 
now have such a race, the result of 17 generations of 
selfing and once passing through a haploid. All our 
primary and secondary extra chromosomal types 
have been gotten into this standard line, and their 
peculiarities can now be compared without the haunt- 
ing fear that other factors than extra chromosomes 
may be influencing their behavior. Our own results, 
therefore, are closely comparable among themselves. 
The results might not be comparable, however, if ex-
periments were carried on with races from different 
countries even if these races were highly inbred. 
We now know enough of the distribution of cryptic 
types in nature to be practically certain that an in- 
vestigator of wild strains of Datura from Europe 
would be unable to duplicate all the results obtained 
from our standard line of this species. 

Comparable living material is as important to the 
biologist for accurate experimentation as is purified 
chemical material to the chemist. Species in nature 
or commercial varieties when subjected to careful 
analysis have been found to be a mixture of diverse 
races, or otherwise genetically heterogeneous. Many 
investigators without genetic experience, however, are 
satisfied with sunflowers grown from a packet of com- 
mercial seed or with guinea-pigs purchased from the 
trade for their biological material, although they may 
be insistent upon the purity of their chemical re-
agents. Such too common failure to realize that the 
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living reagents may differ in their physiological re- 
sponses has often led to conflicting results of different 
investigators, as well as of a single investigator, when 
working with the same species. 

When results are easily evaluated, over-refinement 
in an experiment may be a waste of time, but it is 
well to recognize the sources of error before making 
short cuts in methods. I t  will probably be safer in 
starting an elaborate experiment to use pure chemi- 
cals and comparable biological material. 

I n  plants, genetically comparable material may be 
secured by using cuttings of a single individual, or 
relatively pure races may be obtained by selfing for 
a few generations. With animals having biparental 
reproduction, purification of races is difficult. By 
continued brother to sister matings, however, strains 
can be isolated incomparably better adapted to ex-
perimental purposes than the ordinary run of labora- 
tory animals. Such inbreeding of mice, for exanlple, 
has led to the isolation of races differing markedly 
in susceptibility to inoculated and to spontaneous 
tumors. Medical investigators as a class seem only 
just beginning to realize the value of the genetic 
view-point. Perhaps of more value to the medical 
profession than another endowment for cancer re-
search would be an international institute for the 
breeding of purified races of rats, mice, guinea-pigs 
and other biological test material. Investigators in 
dif€erent parts of the world might then have avail- 
able a source of comparable living reagents. 

I n  man, our worst experimental animal, such puri- 
fication is impractical. Identical twins we have sug- 
gested as the only source of really comparable ma-
terial in the human race, but their use for experi- 
ments is limited. I n  human experiments, in which 
controls are most needed, it is most difficult to get 
comparable material. I n  human problems, therefore, 
dependence is unavoidedly placed upon the danger- 
ous methods of random sampling and statistical treat- 
ment and conclusions are often drawn from data 
which, with forms better adapted to experimenta-
tion, would be considered inadequate. I t  should not 
be forgotten, however, that the mathematical reliabil- 
ity of conclusions bears no relation to the difficulty 
in securing adequate data. 

AM OPTIMISTIC VIEW 

We have given an all too inadequate presentation 
of the need of the genetic view-point in the street 
and in the biological laboratory, and have pointed 
out how common has been its lack even in high 
places. We have reached the point in our discussion 
at which to inquire what we are going to do about 
it. 

I n  research, a blending of view-points in coopera- 
tive investigations suggests itself as a remedy. The 
geneticist may find he receives more than he con-
tributes in such cooperation. 

For  the oncoming generation we can strive to 
strengthen the genetic education. It seems difficult 
for  one to come to think in terms of the genetic 
view-point without actually following the shuffling 
of genes in breeding experiments. We may not suc- 
ceed in convincing our educational administrators 
that laboratory work is as much needed in genetics 
as in chemistry. We can at any rate encourage the 
growing of Drosophila and to this end might bring 
political pressure to bear to lower the duty on 
bananas. 

I n  stressing the shortcomings in other fields of 
labor, my voice may sound like the voice of a 
preacher. I have tried, however, to follow the lines 
of least resistance and at the same time of greatest 
efficiency. We know more about the faults of others 
than of ourselves. If  we were able to view ourselves 
from a distance and there were unlimited time, we 
might relate some of our own sins and give advice 
to geneticists. The pleasure of giving advice to 
geneticists, however, can more profitably be left to a 
later speaker who is not a geneticist. Advice, you 
know, is a commodity which it is more blessed to give 
than to receive. 

I n  conclusion, we feel justified in believing the 
genetic view-point, with all that it implies, is the 
most important biological contribution of the nine- 
teenth and twentieth centuries. I t  is still broadening 
its scope and influence, but even now it has within 
it the power to change profoundly our philosophy 
of everyday life. I n  any program for the salvation 
of the future of the human race, it  will be necessary 
to have the genetic view-point somewhere in the 
formula. 

OF THE EVOLUTION 
OF T H E  SCIENCES1 

By Dr. VIRGIL F.PAYNE 
PROFESSOR OF CHEMISTRY, TRANSYLVANIA COLLEGE 

THE American Association for the Advancement 
of Science has fifteen sections devoted to the activities 

Of the president Of the Kentucky Academy 
of Science read on April 3 a t  a joint meeting of the 
Ohio, Indiana and Kentucky Academies. 

of specific science or related groups. Science has been 
defined as accumulated and accepted knowledge which 
has been systematized and formulated with reference 
to the discovery of general truths or the operation of 
general laws. I n  this sense a specific science is any 


