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THE RISE OF GENETICS?

T. H. Morgan, California Institute of Technology, Pasadena, California

The new developments in science that occur from time to time can gen-
erally be traced either to the invention of a new method or to the discovery
of a new fact that has far-reaching consequences, or to the elaboration of
a new theoretical principle that suggests new lines of investigation. In the
latter case, it is the prerogative of science, in comparison with the specula-
tive procedure of philosophy and metaphysics, to cherish those theories that
can be given an experimental verification and to disregard the rest, not be-
cause they are wrong, but because they are useless.

In the case of genetics the situation was in some respects different from
any of these procedures; for it began with the discovery of a discovery that
had been made 35 years before. We can date the beginning of genetics, then,
from the resurrection of MENDEL’s paper in 1900. Its rehabilitation was not,
however, due to a literary find, but to a need resulting from similar experi-
ments by DE VRIES, CoRRENS and TSCHERMAK that unveiled a series of
phenomena identical with the facts of MENDEL’s earlier work.

The significant fact is that when the time was ripe to appreciate its funda-
mental significance, MENDEL’s forgotten paper was discovered with the
amazing result that hundreds of biologists, as the program of this present
congress bears witness, had the direction of their scientific careers entirely
redirected, or begun along new lines. The discoveries that rapidly followed,
showing that the same laws applied widely to the other plants and to ani-
mals also, brought about realization that a great step forward in biology
had been made.

But before we consider the rise of genetics after the year 1900, it is
proper on this occasion to pay tribute to the earlier work in hybridizing
that furnished the background of procedure to which MENDEL himself
probably owed a considerable debt. Let us pause for a moment and recall
a bit of history, for it would be unfair to forget or to underrate everything
prior to the first year of the present century.

If to-day we express surprise that MENDEL’s paper remained unnoticed
so long, let us recall that this is not an unfamiliar experience in biologi-
cal science. Between the experimental proof of sex in plants by CAMERARIUS
(1694) and the prize essay of LINNAEUS on the sex of plants (1760) sixty-
six years elapsed.

At about this time the scientific study of hybridizing may also be said
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to have been begun by LINNAEUs and his students, and especially by K6HL-
REUTER in several memorable papers (1760-1766).

Then, thirty-three years elapsed before SPRENGEL’s (1793) observations
on the natural cross-pollination of plants by insects, which made clear that
such fertilization is of widespread occurrence in flowering plants.

More interesting, perhaps, to modern geneticists are the pioneer experi-
ments on peas that, in a very real sense, were the precursors of MENDEL’s
work. It is not as generally known as it should be that some of the facts
on which MENDEL’s results with garden peas rested had been recorded by
several earlier experimenters. In 1823 Tromas KNicHT, 42 years before
MEenDEL, described a cross between a pea with a gray seed coat and one
with a white that gave seeds which were uniformly gray coated. These seeds
when grown produced in the next year both gray and white seeds. JouN
Goss had in 1822 also reported experiments with garden peas and found
that the first generation of offspring had seeds like the paternal race. From
these in the next generation he obtained peas of two kinds, one like those
of the original grandpaternal race, the other like those of the grandma-
ternal. Separating these he found that the blue peas produced in F; only
blues, and the white peas both blues and whites. Here is an example of
what to-day we call dominance and recessiveness, as well as segregation in
F,. In the same year (1822) ALEXANDER SETON reported similar results.
Nearly fifty years later THoMAs LaxToN (1866-1872), working with peas,
recorded numerous facts similar to those first spoken of, and in addition
he mentioned cases in which two pairs of contrasted characters were pres-
ent. Assortment between the pairs was found—which result is familiar to
students to-day and which MENDEL’s work established.

Amongst the earlier hybridists the name of Naupin (1861-1864) is most
often referred to as a forerunner of MENDEL, and it is sometimes stated
that he anticipated MENDEL’s discoveries. His principal prize paper ap-
peared in 1863, two years prior to MENDEL’s paper before the Briinn So-
ciety, and was followed by two others in 1864 and 1865. Naupin laid em-
phasis on the identity of individuals of the first generation hybrids, includ-
ing reciprocal crosses. He insisted on the intermediate character of the F,
hybrid, with the important reservation that the intermediate forms do not
stand always equally distant from the two parents. We now know that,
taken character by character, sometimes an intermediate condition, some-
times complete dominance, may be found. But whichever condition holds
for a particular character, the phenomenon of segregation in the germ cells
of the F, hybrid remains unaffected.

Naupin stated explicitly that in the second and later generations there
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is a mixture of forms, including some which are like the original parents
and others that approach these in various degrees. Then follows his most
important deduction, namely, that the second generation results find their
explanation in the disjunction of the two specific essences, derived from the
parents, in the ovules and in the pollen of the hybrid. Here we have a highly
significant contribution, for, not only did NAUDIN see clearly that the re-
sults are explicable on the principle of disjunction (or, as we say now,
segregation), but that this, taking place both in the egg and in the pollen,
gives the kinds of characters that appear. So important historically is this
fact that there should be included his specific statement showing that he
had a perfectly clear idea as to how disjunction accounts for the diversity
in the second generation. If, he says, an F, pollen grain bearing the charac-
ters of the male parent meets an egg of the same kind, a plant that is a rever-
sion to the paternal species will result; similarly for the maternal species. But
if a pollen grain of one kind meets an egg of the other kind, a true cross-
fertilization takes place like that of the first generation, and an intermediate
form will result. It will be agreed, I think, on all hands that this was a bril-
liant interpretation of results based on first-hand experience. It falls short of
MENDEL’s work in two or three important aspects: (1) The failure to put
the hypothesis to a test by backcrossing; (2) the failure to see what the nu-
merical results should be on the basis of disjunction of the elements in the
hybrid. His use of the words “disordered variation” in the F, and later
generations brings out the essential difference between NaupIiN and MEN-
pEL. It is the orderly result of disjunction or segregation that is the im-
portant feature of MENDEL’s work; and finally, the clearness with which
MEeNDEL stated and proved the interrelation between character-pairs in in-
heritance, when more than one pair is involved, places his work distinctly
above everything that had gone before. Nevertheless, the genial abbot’s work
was not entirely heaven born, but had a background of one hundred years of
substantial progress that made it possible for his genius to develop to its
full measure.

If, in this brief review, I have neglected to bring in the names of a num-
ber of well-known selectionists whose work has been in the main in the
field of agriculture, it is not because I do not realize the importance of their
work or the great difficulties they overcame, but because, for the moment,
we are interested especially in the development of our theoretical knowledge
of genetics.

So far I have spoken only of plants. What part, may be asked, has the
study of animals played in the pre-Mendelian history of genetics, that is,
down to 18657
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The question of sex in plants that took botanists a hundred years to de-
cipher was not so difficult for zoologists. If we may accept the traditional
story, it was not unknown in the Garden of Eden. AristoTLE had a good
deal to say about it. The credit of finding a sex-determining mechanism can
properly be claimed by zoologists, but this happened only in the opening
years of the present century.

Hybridizing was also familiar to zoologists, but in pre-Mendelian times
occupied only a relatively small part of their interest. What was known has
been recorded by DARWIN in his Animals and plants under domestication.
This scattered and loose information was incorporated after 1859 in the
discussions of the theory of evolution.

The chief contribution of zoologists to present-day genetics was. along
different lines. In the latter half of the last century there was great activity
in the field of cellular morphology. The important facts concerning chromo-
some division and the extraordinary changes that take place at the time
of maturation of the germ cells and at fertilization were first made out
by zoologists. The names of KOLLIKER, FLEMMING, FoL, VAN BENEDEN,
HEerTwWIG and Boverr are landmarks in the history of cytology. Correspond-
ingly for plants the names of HOFMEISTER, STRASBURGER, DE Bary and
GUIGNARD run a parallel course.

WEISMANN’s theoretical contributions have also played an important
historical role. The continuity of the germ-plasm served to counteract the
all-too-prevalent influence of LLAMARCK and his successors, whose views if
correct would undermine all that MENDEL'’s principles have taught us. WEIs-
MANN’s speculations on the origin of new variations by recombination of
elements in the chromosomes, while not to-day acceptable as stated by him,
nevertheless focused attention on an important subject. His discussion of
the interpretation of the maturation divisions played, I believe, a leading
role in directing attention to a subject that was destined very soon to have
great importance for genetics.

Thus at the end of the last century some extraordinary advances had
been made in unraveling the changes that take place in the maturation of
the germ cells. These advances led to the recognition of a mechanism that
was to place the theoretical elements of MENDEL’s hypothesis on a firm
foundation of fact. But this, however, was not apparent until 1903.

GENETICS AT THE BEGINNING OF THE CENTURY

We come now to the fateful year 1900, when three lines of fundamental
significance for genetics were ready to be brought together. I refer, of
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course, to the mutation theory of DE VRIES, to the rediscovery of MENDEL's
paper, and to the application of the discoveries in cytology to the new theo-
ries.

The intimate connection between the mutation theory, as first propounded,
and the origin of the characters that follow MENDEL’s laws was not im-
mediately evident, since pE VRIEs laid emphasis on the many character
changes that result from each progressive mutational step. In fact, at about
this time DE VRIES recognized three types of mutational changes: Progres-
sive changes—changes that introduce something new, leading to the sudden
appearance of a new elementary species; retrogressive changes, the result
of something lost or becoming latent; and degressive changes, in which old
characters are revived.

This nomenclature, in so far as it is purely descriptive and based on
characters rather than changes in the germ-plasm, covers broadly many of
the facts with which we are familiar to-day. But in the light of the work
of the last 30 years, especially when applied to genes, this description can
no longer be accepted as fundamental; for now we have information that
gives a more consistent picture of the changes produced by the genes. For
example, the evidence from hybridizing elementary species, on which pE
VRiEs based in part his distinctions, has to-day a different interpretation.
Wé no longer hold that a progressive change introduces an entirely new, un-
paired element into the germ track, for the unpaired chromosome ip cases
of heteroploidy can surely not be regarded as the usual step for progressive
evolution. Again, the permanence of certain hybrid combinations, whenever
such exceptional cases arise, are not now regarded as due to the introduc-
tion from each parent of a new unpaired element, but can be interpreted in
different ways in different cases.

It was the emphasis that pE VRiEes laid on mutational changes in the
germinal material as sharply discontinuous, irrespective of the effect on the
character, that has had important and far-reaching consequences for genetic
work and theory.

The groundwork for discontinuous phenotypic variation had in 1894
been laid by BATESoN’s contribution on discontinuous variation. While we
recognize that some of the examples BATESoN collected are not inherited but
are phenotypic (which confused the picture), nevertheless his insistence on
the importance of discontinuity prepared the way for the acceptance of the
more fundamental distinction that pE VRiEs made later.

But I wish to emphasize that the revolution in our ideas that took place
at this time was not so much due to the insistence on discontinuity of somatic
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structures, but discontinuity in the hereditary elements. An example will
serve to illustrate the difference. When a gene changes, its effects on new
characters, taken individually, are generally very different. Some of them
may be sharply marked off from the original character. The character show-
ing the greatest effect is the one generally picked out for genetic work. But
at the same time there are changes in other organs that are less conspicuous—
some of the characters are so little affected or so variable that, taken by
themselves, they would give a picture of continuity rather than of discon-
tinuity. They would often pass unnoticed were not attention drawn to them
by the discovery of the major change.

For the theory of evolution some of these inconspicuous changes may be
more significant than the more obvious discontinuous change. In fact, if
evolutionary advances are more often through invisible physiological mu-
tational changes rather than morphological ones, we can better understand
the paradoxical situation in which taxonomists find themselves, to wit, that
the sharp structural differences, that are used for diagnostic separation of
species, relate to characters that seem often to be unimportant for the well-
being of the individual. The new point of view is a complete reversion of
much of the thinking in which the evolutionary theory indulged in the past.

As I have said, the rapid expansion of genetics after 1900 has been inti-
mately connected with the applications of the chromosome theory to the
experimental work in genetics. The integrity of the chromosomes and their
continuity from one cell generation to the next, the constancy in number of
the chromosomes in each species and the absence of mixing of the materials
of the conjugating chromosomes at the time of meiosis have furnished the
basis on which genetics rests.

I think we can not overemphasize the significance of this relation between
the theoretical side of genetics and the factual side as observed in the known
behavior of the material basis of heredity. To put the matter bluntly, the
recognition that there is a mechanism to which genetic theory must con-
form, if it is to be productive, serves to keep us on the right track and acts as
a check to irresponsible speculation, however attractive it may seem in print.

Some one may reply that it is not always an advantage to keep one’s nose
to the grindstone. Granted! but realizing how often ingenious speculation
in the complex biological world has led nowhere and how often the real ad-
vances in biology as well as in chemistry, physics and astronomy have kept
within the bounds of mechanistic interpretation, we geneticists should re-
joice, even with our noses on the grindstone (which means both eyes on the
oculars), that we have at command an additional means of testing what-
ever original ideas pop into our heads.
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EXPANSION SINCE 1900

I come now to the expansion of the Mendelian theory that has taken
place in the last 30 years. If I refrain from giving the names of the numer-
ous contributors to this advance, it is because many of the discoverers are
before me in person; or, if not, will get reports of the congress. Future
congresses will probably be better able to evaluate individually the merits of
those who have made the significant contributions in this generation.

It must have been evident to many geneticists after 1903 that if the
chromosomes are the bearers of MENDEL’s elements, there would be only
as many independently inherited characters as there are chromosomes, if the
then current idea of the integrity of the chromosomes were true. This would
place limitations on MENDEL'’s second law—the law of independent assort-
ment. In fact, the genetic evidence can now be said to have firmly established
that owing to interchange between linkage groups there are more characters
inherited than there are chromosomes.

Thus linkage turned out to have its limitations, and it was these very limi-
tations that made it possible to determine the location of the genes in the
chromosomes. I refer, of course, to crossing over. Since localization of the
genes is to-day the basis of much of the quantitative work in genetics, I may
be allowed to elaborate the theory.

The outstanding genetic fact is that these interchanges take place only be-
tween homologous chromosomes—that is, between members of the same
pair.

The second important genetic fact is that when the interchange takes
place, large blocks of the chromosomes are exchanged. This can be proved
only in cases where more than two loci are involved, and best when a con-
siderable number of well-spaced genes have been located. Until recently the
evidence that large blocks of genes are involved in crossing over was known
only genetically. No certain cytological proof was known. To-day, however,
the proof has been found. Without doubt this cytological evidence will be
presented and discussed at this congress.

It has also been determined on genetic evidence that more than one inter-
change may take place between a pair of chromosomes; this can be checked
only in cases where there are enough intermediate loci between two pairs to
serve as markers.

A moment ago I said that crossing over has furnished the basis for the
theory of localization. May I give an illustration, in the hope of removing a
criticism of the localization technique that is based, I believe, on a misunder-
standing ? It has been said, for example, that the changes made from time to
time in the genetic map of the Drosophila chromosomes discredit the method
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by which the localization is determined. It might as well be said that the
method by which the atomic weights in chemistry were gradually improved
discredits the procedure of the chemist.

Two illustrations will serve our present purpose. Let us suppose a new
mutant character is found and its chromosome group—that is, its linkage
group—determined by familiar methods. We may proceed, then, to find its
relation to two known loci in that chromosome. If these are far apart, the
crossover data will give only its approximate position. Having found this,
it may turn out that the locus lies near another gene in that region, but
whether above or below may be uncertain. We next proceed to find its more
exact location with respect to this third gene, using either of the other two
genes as a second point. In this way the new gene is more accurately placed
with respect to the third locus. Further work will then be necessary if there
are other genes in this region.

The second illustration concerns a distinction between crossing over data
given in the actual experiment and their conversion into map distance. For
very small values, say 5 points, the two are the same because double cross-
ing over is not present. But in longer distances the crossing over data may
depart widely from the map figures because double crossing over makes the
figures too low. In Drosophila the sex chromosome is 70 units of map dis-
tance, but for long distances the crossing over data are found to give not over
50 units. In this casethe map distance has been built up piece by piece
through the summation of crossing over data of loci so near each other that
double crossing over is eliminated.

In other animals and plants, where few loci have as yet been found, the
incomplete data are generally put down as map distance. This may be far
from the real map distance, and since the actual amount of double crossing
over in such less-worked-out forms is unknown, and since crossing over is
different in different species, the loci must be regarded as only tentative.

There is another factor to be taken into account. The theory of localiza-
tion was based in a general way on the assumption that crossing over in one
region of a chromosome has the same frequency as in other regions. The
Drosophila workers have long known that this is not exact, and in fact they
had invented methods to show that crossing over is different in different
regions.

The crowding of the genes in some regions of the genetic map and their
scarcity in other regions has been shown to be due to the different fre-
quencies of crossing over per unit of absolute distance in the cytological
chromosome. This seems to be a fundamental relation for all chromosomes.
In the X chromosome of Drosophila, which appears to be a special case, most
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of the genes are crowded at the two ends of the chromosome with a middle
region of undetermined length having few or no genes, in the sense that the
Y chromosome is empty of genes. These facts do not invalidate the purpose
for which the maps were invented, since the relative position of the genes
remains the same. It is their position relative to each other, allowing very
precise prediction of the topographical relation of a new gene to all other
known genes, as determined by corrected crossover data, that is important.

This brings us to one of the most recent fields of modern genetics—the
study of the redistribution of the linkage group by translocation. Treatment
with X-rays has been found to be a prolific source for material of this kind,
but it should not be forgotten that translocation had been discovered and
utilized for genetic interpretation several years before X-rays were used.
Even to-day, with much evidence before us, the way in which X-rays bring
about this result puzzles us. In a crude way we might picture the electron
shooting holes in the chromosomes, thus breaking them apart. But when the
relative sizes of the electron and the chromosome are considered, it is diffi-
cult to see how such a disruption would result from a single shot.

Even more surprising is the fact that the broken end of a piece may re-
unite with the end of some other chromosome and, acquiring thereby an
attachment fiber, form a new linkage group. Of course it does not follow
that such a reunion occurs whenever a chromosome is broken. It is only
those cases where reunion does occur that are recovered and studied by
geneticists. When no such union is brought about the piece, lacking an at-
tachment point, will be lost, and the zygote without it will probably die.

As I have said, the astonishing fact remains that the broken end becomes
at times attached to the end of another chromosome. Without the objective
evidence of this union that we have to-day, it might have been supposed that
the broken-off fragment would rather have made, or retained, a side-to-side
union with a corresponding part of its homologous chromosome. However,
since the conditions of the cell that permit conjugation of like chromosomes
occur only once in the life cycle, such a union is not, then, to be expected if
the breaking has occurred after that event. If it had occurred earlier in the
germ track the piece would no doubt have been lost before meiosis came on.
Here, then, we have a field inviting speculation. Let us hope that it will not
long remain there, but that evidence concerning these puzzling relations may
soon be forthcoming.

In this connection I need hardly recall to mind that, on the current theory
of crossing over, the linear order of the genes is broken at the same level in
two of the strands, and a new lengthwise reunion of the broken ends takes
place. Whether this breaking and reunion is a comparable process to that
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seen in translocation we do not know, and it would be unprofitable at pres-
ent even to make a guess.

POLYPLOIDY

In even a passing review of present-day genetics, the numerous problems
connected with the increase in number of the chromosomes, or polyploidy
in technical language, can not be ignored. But how can one hope even to sum-
marize the work that is pouring in with the arrival of every new number
of the genetic journals? The importance of polyploidy for the evolution
doctrine is perhaps clear, but needs cautious handling in the light of the past
history of phylogenetic interpretation of the facts of comparative anatomy.
I hope that that history, at least, will not be repeated when the story of
genetics comes to be written, for, in the light of recent work on the exchange
of limbs between non-homologous chromosomes, and on translocations, the
comparison of chromosome numbers without this knowledge may be very
misleading. The determination of the linkages of the genes is the only safe
basis for such comparisons.

At present I can do no more than briefly indicate some of the obvious
and salient points. In many families of plants, and also in a more limited
number of animals, chromosome groups are present that are multiples of a
basal number, usually of the haploid number of the lowest member of the
group. These are frequently double or triple, or quadruple groups of a basal
number, generally assumed to be the haploid number. A good many of our
cultivated plants are also known to show multiples of a real or postulated
basal number of chromosomes. It is natural to assume that, in many cases,
this has come about by the actual doubling of the whole chromosome group
rather than by the breaking of the chromosomes, that would also lead to dou-
bling their number. It is more consistent to assume that doubling is the
method by which the number of chromosomes is increased, because of the
evidence from the sizes of the chromosomes, from their method of conjuga-
tion and from the relation of chromosomes to the attachment fiber.

There are several known ways in which we can bring about a doubling
of the number of chromosomes in a cell. The usual way is to suppress the
cytoplasmic division of the cell at the time when the chromosomes divide.
When this is done the chromosomes do not reunite, but the descendants of
that cell will forever possess twice the original number of chromosomes.
Theoretically, the process might go on forever, unless there are upper limits
of a physiological nature preventing an indefinite increase. Doubling of
diploids gives tetraploids. These crossed to diploids give triploids. Double
tetraploids (or octoploids) crossed to tetraploids give hexaploids, and so on.
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This work furnishes an opportunity for the solution of certain genetic
problems of theoretical interest, for, without this knowledge, some of the
known genetic ratios would have been difficult to interpret. With this knowl-
edge they are found to conform to recognizable general principles.

It is perhaps ungracious to point out that the mere study of chromosome
numbers in different species may in itself become mere hack work. It looks
as though it may become as popular for academic work as section-cutting of
embryos was at an earlier period. It is more generous, perhaps, to regard the
work on chromosome counts as pioneering, and therefore preliminary work
in the search for new materials, some of which will certainly be of value for
deeper-lying genetic problems. This is especially evident in the study of
hybrids whose parents, whether cultivated or wild types, have different num-
bers of chromosomes. The erratic behavior of the chromosomes, often seen
in the maturation of the germ cells of such hybrids, clearly explains the
exceptional and often abnormal results that follow. Without this informa-
tion we might be tempted to indulge in much profitless and arbitrary specula-
tion.

Not only are we familiar with cases where a multiplication of the same
group of chromosomes is brought about within the species, but there are a
few cases where an increase has been brought about by crossing distinct
species with different numbers of chromosomes, and chromosomes that do
not mate at meiosis. These situations are full of interest for students of
genetics, presenting a wide range of new possibilities.

Of great importance for the genetic interpretation of polyploidy in terms
of chromosomes is the identification of chromosomes that carry specific
genes. Only a few years ago this was known in only one animal, but the
number of cases is steadily increasing. Until information of this kind be-
comes more general there will be, as at present, a good deal of guessing as
to the interrelation of chromosome groups having different numbers of
chromosomes.

INFLUENCE OF THE GENES ON THE CYTOPLASM

If another branch of zoology that was actively cultivated at the end of
the last century had realized its ambitions, it might have been possible to-
day to bridge the gap between gene and character, but despite its high-
sounding name of Entwicklungsmechanik nothing that was really quantita-
tive or mechanistic was forthcoming. Instead, philosophical platitudes were
invoked rather than experimentally determiined factors. Then, too, experi-
mental embryology ran for a while after false gods that landed it finally in
a maze of metaphysical subtleties. It is unfortunate, therefore, that from



98 PROCEEDINGS OF THE SIXTH

this source we can not add, to the three contributory lines of research which
led to the rise of genetics, a fourth and greatly needed contribution to bridge
an unfortunate gap. I say this with much regret, for, during that time and
even now, I have not lost interest in this fascinating field of embryological
experimentation. It is true that a great deal of factual evidence came to light,
and it is true that many misleading ideas were set aside, but the upshot was
negative so far as the formulation of any of the factors of development,
whether mechanistic or otherwise, are concerned. This may be because the
work was pioneer and largely qualitative. Perhaps my disappointment at the
outcome of the work has led me to an overstatement of its failures, Some-
thing did emerge that the future may show to be of fundamental importance
for genetics. I mean the experimental demonstration that the immediate fac-
tors in the differentiation of the embryo are, at the time of their activity,
already in the cytoplasm of the cell. Second only in interest was the dis-
covery that, within certain limitations, the already determined specificity
may be reversed, or rather, shall I say, the initial steps already taken are
reversible by factors extraneous to the individual cells.

These statements call for further elaboration, because they are uncon-
sciously in the background of much of our thinking about genetic problems,
and should if possible be more sharply formulated.

That the form of cleavage of the egg is determined by the kind of chromo-
somes it contained before the egg reached maturity has been sufficiently
proved; and since the foundations of all later differentiation are laid down
at this time, the demonstration is of first-rate importance for genetics, be-
cause it shows that we are not obliged to suppose the genes or chromosomes
are functioning only at the moment of the visible appearance of characters.

This is demonstrated by introducing into the egg foreign sperm of a
species having another type of development. Although the chromosomes
from the sperm are present from the first cleavage onward, they produce at
first no effect on the cleavage; only after a time do they succeed in bringing
about changes in the embryo. This evidence is, as I have said, important for
our genetic analysis, for it serves as a warning that the time relations be-
tween gene and cytoplasm may have a relation different from that of an
immediate dynamic change in the cytoplasm. The preparation for the effect
may have taken place long before the actual event.

The second inference is no less significant. I need not labor the point at
this late date that the characters of the individual are the product both of its
genetic make-up and its environment. The earlier, premature idea, that for
each character there is a specific gene-——the so-called unit-character—was
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never a cardinal doctrine of genetics, although some of the earlier popu-
larizers of the new theory were certainly guilty of giving this impression.
The opposite extreme statement, namely, that every character is the product
of all the genes, may also have its limitations, but is undoubtedly more nearly
in accord with our conception of the relation of genes and characters. A
more accurate statement would be that the gene acts as a differential, turn-
ing the balance in a given direction, affecting certain characters more con-
spicuously than others. But let us not forget that the environment may also
act as a differential, intensifying or diminishing, as the case may be, the
action of the genes.

The best illustration of this double relation is seen in the determination
of sex. When an unpaired chromosome is present, in one or in the other sex,
its genes determine, as a rule, whether a male or a female develops from
each egg. Under environmental conditions which, as we say, are normal, the
differential acts almost perfectly ; but under other unusual conditions and in
a few special cases its power may be partially overcome and even a reversal
may take place. These unusual environmental conditions may be external
agents, such as temperature or light. They may also be internal factors, such
as hormones. Even “age” itself may bring about a reversal of sex in cer-
tain types. These statements are commonplaces to-day. The only differences
of opinion concern the emphasis that one theorist places on the environment,
and another on the genic composition.

In passing, a word may be said about the genes as sex factors or differ-
entials. All through the 32 years of the present century there have been
attempts to isolate (in a genetic sense) the sex-determining factors. At first,
when the chromosome mechanism was discovered, the idea prevailed that
one X, let us say, made a male, and two X’s a female. The sex chromosome
itself was then taken as the differential. Very soon after this the idea that
the sex chromosome was the carrier of a gene for sex suggested itself, and
a search was started to locate such a gene or genes in this chromosome.
More recent work on translocations nas shown the probable futility of such
an interpretation. The tendency at present is rather to look upon all the
genes, or at least on many of them, as sex determining in exactly the same
sense, as all or many of the genes have an effect on the development of each
character. It may well be, however, that certain genes in the sex chromosome
(as in other chromosomes) are more influential than others in turning the
balance one way or the other, but even so, it does not at the present mo-
ment—in the light of recent evidence—seem probable that a single gene for
sex determination is to be found in the X chromosome any more than, in the



100 PROCEEDINGS OF THE SIXTH

contrary sense, there is a single gene for sex in any special autosome. Here
again, some one or a few genes may be more influential than others, but this
is also true to varying degrees of the gene for any other character. The
theory of balance between the intracellular products of the genes is the most
direct contribution to physiology that modern genetics has made. It is an
idea familiar to classical physiology as applied to organ systems, but a dis-
tinctly new contribution to cellular physiology. It may be a long time before
these intracellular genic substances are isolated and purified (since there
may be many steps between the actual primary substances and the end-
product of such substances in the cell plasm) ; nevertheless as a point of
view the presence of genic materials rather than a dynamic action of the
nucleus is supported by some analytical evidence. Already there is afoot in
several quarters, and by methods partly genetic, partly physiological, partly
embryological, partly physical and chemical, a decided effort to approach
this problem.

If we could obtain these substances in pure condition we might then be
in a position to speak more confidently of a quantitative study of gene activi-
ties in the sense that chemistry is quantitative. Meanwhile there are other
more practical methods by which we may construct provisional hypotheses
as to the nature of the intracellular substances that are the products of the
genes, namely, through a study of triploids, trisomic types, fragments of
chromosomes and by analysis of crosses between different species. This state-
ment does not, of course, exclude the possibility of the discovery of entirely
new methods of approach.

Let us not forget that the idea of balance, as seen in the character, is
really an old and familiar one to geneticists. For example, the intermediate
character of the F, hybrid was generally interpreted as due to a conflict
between the old and the new gene. Again, the familiar statement that char-
acters are often affected by modifying genic action that enhances or dimin-
ishes the effect of the primary gene, is another example of the intracellular
balance of the activity of the genes.

What has been said so far relates to the action of the gene on the cyto-
plasm of its own cell—its intracellular action. Those of us working with in-
sects or plants are apt to think of genetic problems in this way, and are in-
clined to consider mainly the effects that do not reach beyond the cells in
which they are produced. But in other groups, especially birds and mammals,
the effects of the genes are not always so limited. We are on the threshold
of work concerned with the isolation of the so-called sex-hormones, the end-
products of the thyroid gland, the pituitary, the thymus, and the substances
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isolated from the suprarenal bodies. All these substances produce their ef-
fects outside of the cells that manufacture them. In themselves they are far
removed from the primary action of the genes.

In this connection certain work carried out by experimental embryologists
should not be overlooked, beginning with the early experiments of LEwIs
in 1904 and culminating in the more recent work of SPEMaN~. Here it ap-
pears as the result of grafting experiments that certain organs of the body
develop in response to the vicinity of other organs, as when, for example,
the lens of the eye of the frog is shown to be a response to the presence be-
neath the skin of the optic lobe. Similar and more far-reaching effects have
been recently found for other organs of the embryo. The simplest interpre-
tation, perhaps, is the setting free of a hormone by an embryonic organ or
group of cells that calls forth a response in neighboring regions.

This and other evidence goes to show that gene activity may produce re-
sults outside of the cells in which the first steps are initiated. The problem at
present is one of immediate importance in the study of gynandromorphs,
mosaics and intersexes.

EVOLUTION

Sooner or later every geneticist is asked what bearing this work has on
the theory of evolution. In the early years of the century when genetics was
new, some of us tried to sidestep the question, partly on the grounds that
genetics was not ready to discuss the bearing of the new work on evolution,
but mainly because it seemed unfortunate to compromise the precise results
of the new procedure with those of the evolution doctrine which, because it
dealt with a historical problem, was largely speculative. After 32 years of
activity, caution may still be the wiser course to pursue; yet, on the other
hand, we are now prepared, I think, to make a more definite commitment. It
is, of course, obvious that only those characteristics that are inherited can
take part in the process of evolution. The only characters that we know to be
inherited are those that arise first as mutants, that is, discontinuously, or,
as we say, by a change in a gene. Here genetics has made a very important
contribution to evolution, especially when it is recalled that it has brought to
the subject an exact scientific method of procedure. 1f we compare our pres-
ent status in this respect with the discussions of the old school of evolu-
tionists concerning variability, there can be no question but that genetics has
contributed valuable information.

In the second place, the objection has been not infrequently made that
geneticists are dealing only with aberrant or abnormal characters—hence
their results, however accurate, can have nothing to do with the kind of
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progressive changes that have made evolution of new types possible. Such
objections have come largely from those who ignore what geneticists have
done and are doing. The same objections have also come from those whose
minds are closed to new evidence, or who can not distinguish between the
value of tested and verifiable theories and vague views or juvenile impres-
stons with a teleological background or bias,

Without elaborating, I wish to point out briefly that there is to-day
abundant evidence showing that certain differences, distinguishing the char-
acteristics of one wild-type or variety from others, follow the same laws of
heredity as do the so-called aberrant types studied by geneticists.

Even this evidence may not satisfy the members of the old school because,
they may still say, all the characters that follow MENDEL’s laws, even those
found in wild species, are still not the kind that have contributed to evolu-
tion. They may claim that evolutionary characters are in a class by them-
selves, and not amenable to Mendelian laws. If they take this attitude, we can
only reply that here we part company, since ¢x cathedra statements are not
arguments; and an appeal to mysticism is outside of science.

There remains still the question of the causal origin of mutations. Here
also some progress has been made, but the subject is admittedly by no means
on the same footing as is our knowledge of the laws of inheritance. It be-
hooves us, then, to be careful, for our progress in this respect has been slow
and to some extent erratic. I mean by this that we have not yet found a
method of producing specific results—that is, a method by which particular
genes can be changed in a particular way.

Even here, however, something has been done. In the work with X-rays
and heat the same mutants appear that are already known, and that have
come up without treatment. In addition, new mutants appear, as they do
also without. treatment. If it can be shown on a large scale that the same
ratio for known mutations holds for X-ray and for spontaneous mutations,
we may have found an opening for the further study of the causes of cer-
tain types of mutation.

1 have been challenged recently to state on this occasion what seemed to
be the most important problems for genetics in the immediate future. I have
decided to try, although I realize only too well that my own selection may
only serve to show to future generations how blind we are (or I have been,
at least) to the significant events of our own time.

First, then, the physical and physiological processes involved in the growth
of genes and their duplication (or as we say their “division”) are obviously
phenomena on which the whole process of reproduction rests. The ability
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of the new genes to retain the property of duplication is the background of
all genetic theory. Whether the solution will come from a frontal attack by
cytologists, geneticists and chemists, or by flank movements, is difficult to
predict,

Second: An interpretation in physical terms of the changes that take
place during and after the conjugation of the chromosomes. This includes
several separate but interdependent phenomena—the elongation of the
threads, their union in pairs, crossing over, and the separation of the four
strands. Here is a problem on the biological level, as we say, whose solution
may be anticipated only by a combined attack of geneticists and cytologists.

Third: The relation of genes to characters. This is the explicit realization
of the implicit power of the genes, and includes the physiological action of
the gene on the rest of the cell. This is the gap in our knowledge to which I
have referred already at some length.

Fourth: The nature of the mutation process—perhaps I may say the
chemico-physical changes involved when a gene changes to a new one.
Emergent evolution, if you like, but as a scientific problem, not one of meta-
physics.

Fifth: The application of genetics to horticulture and to animal hus-
bandry, especially in two essential respects; more intensive work on the
physiological, rather than the morphological, aspects of inheritance; and the
incorporation of genes from wild varieties and species into strains of do-
mesticated types.

Should you ask me how these discoveries are to be made, I should become
vague and resort to generalities. I should then say: By industry, trusting to
luck for new openings. By the intelligent use of working hypotheses (by
this I mean a readiness to reject any such hypotheses unless critical evidence
can be found for their support). By a search for favorable material, which
is often more important than plodding along the well-trodden path hoping
that something a little different may be found. And lastly, by not holding
genetics congresses too often.



