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FOREWORD

It is ten years since I took over the responsibility of organizing these Symposia;
and it seemed appropriate to recognize this tenth anniversary by the selection of
a symposium theme similar to that discussed in 1941 and of particular interest to
me and my geneticist colleagues at Cold Spring Harbor. Once more a group of
key research workers, active in the rapidly developing branch of genetics that
seeks to analyze the mechanism of heredity, met to exchange results, and their
reports reveal the striking progress made in the past decade.

The original problem of defining the unit of heredity, which almost fifty years
ago was designated ‘‘the gene,’” has not yet been solved. In fact, the large body
of information accumulated since 1941 has made geneticists less certain than
ever about the physical properties of genes. Ten years ago they were visualized
as fixed units with precise boundaries, strung along chromosomes like beads on a
thread, very stable, and almost immune to extemal influences. Now, however,
they are regarded as much more loosely defined parts of an aggregate, the chro-
mosome, which in itself is a unit and reacts readily to certain changes in the
environment. The apparent resistance of genetic factors to outside influerces is
not so much a reflection of genic stability as a result of the fact that conditions
likely to affect a gene will also produce injurious changes in other parts of the
cell, which in most cases will be lethal. Ten years ago, only x-rays eud ultra-
violet rays were known to induce changes in genes; but reports given at this
year’s Symposium have made it cleer that such changes may also be brought about
by a great many chemicals.

One of the most remarkable developments of these ten years concems the
organisms used in gene studies. In 1941 about thirty per cent of the Symposium
papers reported research carried on with Drosoplula and only six per cent dealt
with microorganisms; whereas this year only nine per cent of the papers relate to
Drosophila, and about seventy per cent to microorganisms. This should not be
interpreted as evidence that Drosophila research has declined. The directory of
this year's “‘Drosophila Information Service’' (DIS-25) shows that more research
laboratories and workers are now using Drosophila than ever before. The entries
reveal, however, that a considerable proportion of these workers are engaged in
" studies of population genetics. It appears, therefore, that the low representation
of Drosophila research in this Symposium is due to a shift in interest among Dro-
sophila workers rather than to decreased study of this material by geneticists.

One of the papers presented at the 1941 Symposium was ‘‘Image Formation by
Electrons,”” by Dr. V. K. Zworykin. At that time the electron microscope had
just been made available to science, and, because it offered promising possibilities
for cytogenetic research, a competent review of the subject was considered de-
sirable. This year Dr. L. E. Flory’s paper; ‘““The Television Microscope,” was
included in the Symposium, to call the attention of geneticists to another powerful
new tool that may play an important role in cytogenetic research, particularly
ultraviolet microscopy.

The meetings were held from the 7th through the 15th 6f June, and were attended
by more than 300 participants. The expenses of the Symposium, especially those
connected with foreign guests, were covered by a grant from the Camegie Cor
poration of New York. The editor of the volume was Dr. Katherine Brehme Warren.

M. DEMEREC
-
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THE THEORY OF THE GENE "~

CHROMOSOMES AND .GENES
RICHARD B. GOL.DSCHMIDT

University of California, Berk’eley, California

1 have been asked to report here upon my
present views on the problem of ‘“Chromosomes
and Genes.'’ 1 emphasize the words *‘present
views’’ and explain the reason for this by the
q'uotation of an autobiographical remark by Dar-
win: ‘I have steadlly endeavoured to keep my
mind free so as to give up any hypothesis, how-
ever much beloved, (and I can not resist forming
one on every sub]ect) as soon as facts are shown
to be opposed teo it.”’

I not  only appropriate these lines, but also
recommend them to those who think ore can op-
pose new ideas not by better ones but by playing
them down and even covering them with silence.
Fortunately there is a cure for backward turned
heads which in the long run always succeeds,
namely more and mere facts and honest discussion.

While thus introducing my report with a state-

ment of wxlhngness to learn, I must add that I'

strongly believe that my way of looking at the
facts available today comes nearer to the truth
than other. interpretations; and I add with en
understandable modicum of satisfaction that more
and more workers in the field are beginning to
direct their thoughts in a similar direction. As
s0 many representatwes of different, as well as

similar, points of view are present here as speak=

ers on the program, I feel entitled to restrict my
[resentation to my own views. 1 .shall try to

from their specific condition into other stable
ones, the mutant genes (which includes multiple
alleles and iscalleles). The appearance of a
mutation manifests itself by means of a cbanged )
efiect based upon a strictly localized action and
suggests that at the same location another entity,
the original gene, had been present, What seems
to me the best elaboration of this concept is
contained in Beadle’s one gene~—one enzyme
idea: a mutant locus is shown to be connected
with the failure of production of a specific enzyme
for a definite step in a synthesis; this fact is
supposed to prove that the original gene is re-

‘sponsible for the production of the respective

enzyme. This is what I called the extrapolation
from the mutant action to the existence of the
original gene.. I am aware that Beadle himself
has since demonstrated that things are not so
simple and has generously acknowledged this.
But I am not concerned here with the correctness

" of the specific idea but with the fact that it so

present these without entering into any detail

which could be dome only in a series of papers.

Any discussion of the subject will, in the end,
turn to the problems of mutation as all our knowl-
edge of the genetic material,~in so far as it is
not determined at the cytolegical level or is the
result of biochemicsl analysis, is derived from
the study of mutation. In classical genetics the
gene is an extrapolation from the mutant locus.
The existence of a linear, polarized organization
of the chromosome is proven by the typical and
strictly localized actions of mutant loci and their
orderly recombination by means of crossover
breaks. This insight led to the assumption of
material units, the genes, individnalized, atomis-
tic but integrated in their acticn; able to change

excellently represents the logic at the basis of -
the theory of the gene.

The last two decades have brought to light a
considerable body of facts which have led to a
reconsideration of the basic tenets of classical
genetics. It is obvious that this does not mean-
that the body of genetic facts could not be pre-
sented as before by the use “of the notion of the
gene. It means only that it has to be considered

+ that this notion may be too simple and primitive.

(1]

Repeating a cdmparmou which I have used for-
merly, the situation is similar to that in recent
chemistry. Practncally all of standard chemistry
may be described in terms of the old concept of
valences, symbolized as one .or more dashes,
and the average chemist need never go beyond
this level. Is it therefore wrong to inquire into
the meaning of the dashes and to show that
valence electrons and the laws of quantum me-
chanics are needed for an understanding?

In a discussion of the subject of mutation, the
first important group of facts is that concerned
with the radiation effect upon chromosome break-
age. It is a discovery of major importance that
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chromosome breaks, induced by radiation, follow
the same law of proportionality to dosage as do
visible point mutants or lethals of whatever kind.
8o far as | can see this fact can be explained in
-enly two alternative ways. According to the
first hypothesis a hit may produce either a muta-
tion or a chromosomal break depending upon
whether genic or nongenic chromosomal material
is hit. The second hypothesis implies that the
result of a hit is always the same; namely the
production of 2n intrachromosomal rearrangement.
With the exception of términal deficiencies, of
course, two breaks are needed for a rearrange-
ment. But as it is known that the dosage law
applies also to two closely existing visible
breaks there is no objection in principle to the
production, by a single hit, of two breaks on the
submicroscopic level. -

My perscnal predilection is for the latter al-
ternative. It does not require that two different
processes occur under the same treatment with
the same numerical results. Actually the first
alternative would never have been considered if
it were not for the presupposed aseumption of
the gene molecule. ~Furthermore, looking at tie
radiation effects as a whole, we may find two

"breaks at any conceivable distance, from almost
the entire chromosome length down to a single
band of a salivery chromosome, and we may infer
that single breaks may occur and heal, and there-
fore remain unobserved. (See illustrations of a
single band deficiency at the arc locus in Dro-
sophile in Goldschmidt, 1945, and of what is
most probably a single band inversion in Gold-
schmidt and Hannah, 1944.). The logical con-

sequence is that rearrangements within a single

band, i.e. invisible ones, representing the so-

called point mutations should also exist. 1 add

that the only definition of point mutation is its
invisibility in the salivary chromosomes, i.e., a
completely arbitrary delimitation based only
upon the limits of the light microscope.

Those unwilling to accept the logical con-
clusion that point mutants are only the effects
of rearrangements on a submicroscopic scale
might ask whether any actual observations exist
which point to happenings within the smallest
visible structure, the single salivary chromosome
band.  Kodani and myself (1943) found that
frequently the tip of one of the synapsed chromo-
somes seemed to be missing and in this case the
deficient side ended with one rather thick band,
thicker than its partrer. Correcting the original
interpretation, Kedani {1947} proved that a de-
ficiency was not involved but that the tip can

contract so as to shorten for the distance of a
number of bands all of which unite into a single
one. If this is possible at the limits of optical
resolution, there can be no doubt that an invisible
subdivision within a band is possible and even
probable. Strong support for such ideas is also
available from genetic experimentation. Years
ago Gottschewski (1937) found that a Notch de-
ficiency which had appeared in my experiments
was genetically a deficiency while the salivary
chromosomes were normal. Many similar cases,
all atthe Notch locus, have since been described
by Demerec (1943) and Barigozzi (1942). The
explanation given by all these researchers was
that the normal genes had not been deleted but
only inactivated, an interpretation which I con-
sider to be born out of embarrassment. There
are only three ways known in which a hetero-
zygous recessive mutant can control the pheno—
type:1) in the presence of appropriate dominance
modifiers—sthis is excluded in the present case;
2} in hemizygous cendition opposite a deficiency
—cven assuming & submicroscopic deficiency
this is highly improbable, because in some of
these cases such invisible deficiencies would
have to be assumed for a number of loci; 3) in
the presence of a rearrangement near the locus
or loci in guestion in the homologous chromo-
some, -a so-called position effect. Only this
third case fits the facts, especially if we think
of McClintock’s invisible transpositions of loci
and of the fact that one rearrangement break can

‘produce a position effect for quite a distance.

Thus, an invisible rearrangement is the best ex-
planation for these cases and simultancously an
indication of the existence of rearrangements be-
low the microscopic level.

There are certain other facts pointing in-the
same direction, besides MeClintock’s work which -
she is reporting here herself. I described a case
in Drosophila (Goldschmidt, 1948) in which the
genetic analysis demanded a transposition with
resulting deficiency after crossing over between
the two points. But the salivary chromosomes
were completely normal. Altogether, I cannot
see any objection to the essumption that mutants
are submicroscopic rearrangements, which would
also include deficienties, a subject which I
expect Stadler to touch during this Symposium.

The most important arguments against the
classic concept of the particulate and separate
gene are of course derived from the phenomenon -
of position effect. This effect was confined till
yesterday to Drosophila, and a few cases of un-
equal velue in Oenothera, Nicotigna and Zea.
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In view of the facts that not only are all typl-_

cal genetic phenomena identical in both king-
doms, but also that the dosage law for chromo-
_some breaks induced by radiation is as true
for plants. as for animals; one had to expeet
that position effect weuld also be a phenomenon
common to both kingdoms. Todey, afier Mao-
Clintock’s brilliant work, it has become oue of
‘the most common genetical! phenomena in planis,
if one is permitied to assume that all the numer-
ous cases of so-calied mmiable genss have the
same cytological basis!

Let us begin the discussion of this effect with
the decisive fact which I tried to put in the fore-
ground in all my former discussions of the sub-
ject (Goldschmidt, 1937, 1940; the last named
paper contains all the details and guotations
which have no place in the present review), but
which, strangely enough, has vot been emphasized
praperly in some recent discussions. i ts the
face that in all important cases positics effect
means that a normal locus, near a rearrangement
break, acts as if it had mutated to its typical
mutant action. A break near the normal locus of
yellow makes the +¥ locus, whether 1n ita old
_position or moved to another location by being
included in the rearrangement, act as if it had
mutated. The henotyplcal effect is yellow ia
the hemizygote, in the homozygote of the rear

rangement in the duplex condition and in the.

compound with standard yellow mutants. The
reason why this central fact has frequently been
hidden is probably that the first discovered and
named position effect was e different phenomenon
if not looked at in the light of present day knowl=
edge. Two so-called Bargenes in one chromo-
some had a different quantitative effect from that
when located in both chromoscemes respectively.
If a point mutamt for Bar eyes were known in this
region, the single Bar effect would bave been
. regogunized st a later time as a position effect
caused by the duplicaticn break, and the differ
ence of action of a triplication in oze chromosome
as the additional actior of ancther break, which
changes the normal order once sgain. In other
worde, the relevant point would not have been
the presence of Bar in one or both chromosomes,
but rather a single homozygous position effect
in one case versus two heterozygous ones in the
-other case.

A second reason why the decisive point seems
. missing in many discussions is that a large num-
ber of obvious dominant position effects is hid-
den behind such terminology as: dominant mutent
inseparable ‘from inversion N or' translocation M.

It is true that in most of these cases a nearby
locus connecied with the phenotype of the posi-
tion eifect is not known., The fact thai o locus
is sometimes known to be involved, i.e., brown
for the Plum effect in Drosophila, indicates that
in other instances the identification of sach a
locus has escaped us. A third reason is the oc-
curence in some cases of a mosaic pesition
effect which bas, most ariificially, been made
out as a completely different thing, In fact this
is not different, in principle, from the typical
effect, namely action of the break identical with
that of s nearby mutant locus. The difference
from the simple posiiion effect is one of pheno-
typic action in deveiopment. The penztrance in
the individual cells or group of celis affccted is
variable, in many cases arourd a threshoid pro-
ducing, an all or none effect, the cellular mosaic.
This is comperable to varying penetrance oa the,
vight or left side of an individusl or between
numbers of a sibship in mutanis with incompiete
penetrance. (In some cases e.g. et the white

locus it is not an all or none cffect but an effect

of varying intensity, visible as many intermediate

- conditions~like multipie allehc effects—Dbetween

the two extremes.

Thus the really important fact abent position
effect is, apart from secondary variants, that a
breakage of the chremosome makes a nearby and
unchanged locus act as if it had mutated to one
of its allelic forms. This leads at once to the
question whether the break itself may be re-
sponsible for the effect, in which case the pro-
duction of pasted together ends with a scar sub-
stance in between may be visualized. Or it may
be that thé changes in the serial structural order
of the chromosomes are the real cause. We shall
return to this issue later, after a few more facts
of im#oriance have been mentioned.

.One is derived frop Beadle’s well-known work
on sticky chromosomes in maize (1932), where. a
genetically coantrolled property of the chromo-
somes, stickiness, leads to a great increase in
both chromosomal rearrangementis and point muta-
tions. It does not seem péssible to explain this
fact except with the assumption that point-mutants
are also invisible rearrangements with a position
effect. There is, further, Sturtevant’s report
(1939) that after cressing of two Drosophila
species both rearrengements and point rdutanis
increased considerably, ai least in one case.
As the chromosomes in this cross show consider

- able pattern differences leading to faulty synap-

sis, the same conclusions as before can hardly
be avoided.

-~
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Some time ago Demerec (1941), when discussing
mutable loci, stated that this phenomenon is after
all not so surprising, because all transitions from
little to more and more frequent mutability are to
be found in different strains of one organism or
in different organisms, and mutable loci therefore
only mean one end of such a series of frequencies.
1 have no doubt that this argumentation is correct,
though ina different sense than originally intended.
After McClintock’s prpof in Zea that mutable loci
are actually position effects produced by geneti-
cally controlled and repeating transpositions and
translocations (leaving out here all further details),
the just mentioned statement by Demerec would
now have to read: ‘““All mutants, whatever their
frequency, place, cytological visibility as rear-
rangements, or non=visibility are position effects.”’
Thus I feel more confident than ever that my own
former argumentations moved along the right path.
If it would have happened by chance that all the
facts just discussed had been discovered in the
early days of Mendelism, the theory of the cor
puscular gene, invented in pre-Mendelian times
by DeVries and conceived in terms of serial chro-
mosoma! structure by Roux and Weismann would
never have taken hold of geneties. .

We may.conclude this part of our discussion by
emphasizing ihat there is not a single type of
mutant action known which does not occur also
as position effect. There are dominant and re-
cessive position effects.
be homozygous lethal or not (Bar, Plum, Dichaete
in Drosophila). Recessive position effects are
frequently seen when the, break in a normal chro-
mosome is in compound with the proper recessive
mutant or, where possible, as homozygous rear-
rangements. Varying dominance conditions, par-
alleling situations in multiple alleles, and even
change in dominance (the cubitus interruptus
work of Dubinin, ©1936, and Stern et al., 1943,
1944, 1946) may be found when different rear-
rangements are tested in compounds with re-
cessive mutents. Just as in the case of so-called
point mutants such different phenotypic effects
in different compounds are specific features
of genic action involving degrees of action
and potencies, as well as threshold effects,
in short, well<known phenomena of physiological
genetics. - There are further position effects

" acting as modifiers, enhancers of penetrance
and dominance, as
(1942), Goldschmidt and Gardner (1942) and Gold-
schmidt (1945). Position effects acting like
mutant loci controlling mosaic development are
known, both with regard to purely embryological

Dominant effects may .

described by Gardaer

segregation and to prodaction of chromosomal
deletions (Schultz, 1947; McClintock, 1950).
Finally position effects may be reversed (Gruene-
berg, 1947; Hinton, 1949) like reverse mutations.
Thus a difference between position effects and
point mutations bas still to be discovered.

We return now for a moment to the problem
touched upon before, whether the position effect
is produced by the break itself or by the accom-
panying rearrangement. One might claim, and has
claimed, that irradiation must frequently produce
single breaks which are healed at once. These
might be the invisible point mutations. Under
this assumption, then, the blocking of the chro+
mosomal continuity alone would produce the effect
upon neighboring loci. The known facts are not
in favor of this assumption. If it were true one”
should frequently find neighboring loci mutating
together, namely, if the invisible and healed break
falls between them. As far as [ know the only *
case in which it has been shown that two loci
mutate frequently simvltaneously applies to loci
in different chromosomes {(arc in the second and
silver in- the first chromosome, Goldschmidt,
1947). One should further find point mutants near
the break of a terminal deletion and in cases of
whatever fragmentation of chromesomes, assuming
that the interruption itself, not the healing process
is responsible. The only case known to me which
would support such an interpretation is Sutton’s
deficiency left of the yellow locus, which, how-
ever, may also be interpreted differently. A
serious objection is also the fact that crossover
breaks do not produce position effects, though I
am ready to concede that we have no knowledge
whether crossover breaks and rearrangement breaks
are actually the same thing, Unfortunately we
are still' without any real knowledge of what hap-
pens in the chromosome during crossing over.
Thus it seems that the real cause of position
effect as well as point mutation is the change in
the serial order of the intimate organization of the
chromosome. :

Do we have any more information about the
meaning of this serial order? An interesting and
well-integrated group of facts leads to the next
step in our analysis. For a number of loci in
Dresophila, series of multiple alfeles are known,
some of which turned out to be point mutations,
others position effects of inversions and trans-’
locations. In some cases; the bands in the sali-.
vary chromosomes can be found by the deficiency
method which are supposed to comtain the locus
of the point mutation. Furthermore, the breaks
are known which produce the allelic position
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effects. In some of these cases, e.g. yellow or
scute, a number of bresks on both sides of the
assumed locus produce the position effect so
that a position effect segmeni, containing iwo to
six bands ai least is delineated. (For details
see Demerec, 1943, and Goldschmide, 1944.)
This means, if we adhere to the facts discussed
above, that whatever happens within this segmeat
produces the mutant effect typxcal for the so-
called locus. In detail, the effect is produced as
well if the locus remains in situ but pert of the
segment is removed to anotiaer location in the
same or in a different chromosome; or if part of
the segment including the locus is removed to
another position; or if part of the segment not
containing the locus is deleted; or even if the
locus itself is deleted (yellow deficiency} pre-
sumably with a part of the segment remaining; or

finally if a submicroscopic change within the’

locus itself occurs, the point mutation. A cosnl-
lary of these purely descriptive facts would be
that submicroscopic changes, e.g. point mutations,
could occur in all bands of a section, which in-
volves the very heretic idea that there might be
as many loci of point mutations as bands in a
section. We shall later mention the facts which
support this idea and point out bere only, without
further discussion, that the same facts have also
been described in terms of genes and subgenes
(Sérebrowsky 1930; Raffel and Muller, 1940).

There are a few more interesting facts con-
aected with these segments of mutant action.
The most remarkable one is that these segmeunts
may be overlapping as found by beth Demerec
(1943) and myself (1944). This means that ia one
case a break to the right of a definite band within
the segment produces the mutant effect of a locus
in the segment to the left and vice versa. It is
difficult to explain this fact. It requires some
tapering off of the segmental structure with over
.. lap sc that the.break hits parts of two segmenis

* with the possibility of position effects in both
(for which we gave as an example yellow and
achaete, Goldschmidt, 1945) or in other words,
the overlap effect. Certainly more facts are
needed for the evaluation of such cases.

The other remarkable faect, found by Demerec
(1940), is that a bresk may cause the mutant
effect to appear in quite a series of loci and
therefore segments up to 40 and more bands away
from' the break. This happens orly, as far as
present knowledge goes, if chromocentric hetero-
chromatin is being intercalated between the break
and the rest of the chromosome. This shows that
the mutant action of an unchanged locus is not

»

only produced by happenings within a segment
but also by a specific distant discontinuity of the
chromatic order of the chromosome. This fact
induces us to ask how the sections of mutant
action are mtegmted into the whole chromosome
as parts of a major unit of action.

Before we take up this probiem we must-retumn
once more to the segments of mutant action.
Farlier we arrived at the conclusion that any band
contgined in such a section of the salivary chro--
mosome could be the seat of identical, allelic
point mutants, assumed to be based upon sub-
microscopic rearrangements. There is a group
of facts which in my opinion find their proper ex-
planation within the framework of these ideas.
I mean the so-called repeats as studied by Lewis
(1945), Green and Green (1949), Laughnan (1949),
Raffel and Muller (1240), Komai (1950),” Komai
and Takaku (1949). The decisive facts are these:
two or more mutants are found which behave like
multiple alleles. DBoth produce if homozygous
and recessive a definite effect, similar but
alightly different for each. (A similar situation
has been desc.ibed by Bomner, 19590, in Newro-
spora, where, however, all three loci are needed
for the biochemical effect. The work of Stadler
and Fogel, 1945, probably belongs here too.) In
a compound a comparable effect results thus pro-
ducing the semblance of a series of multiple
alleles. But since actually crossing over takes
place between the two (or three} loci it is said
that we are dealing with a number of genes with
pseudoallelic effect. It is assumed that these
originated as repeats from one primary gene,
which changed their action somewhat but retained
the property of allelism. (In addition eack may
have its own multiple alleles.) Retaining the

“property of ailelism means that the presence of

any one in both homologous chromosomes acts

like a homozygote while any number in only, sne
homologue has no effect. Whereas ordinarily only
mutants of the same locus act like alleles, here
all three locie—in Green’s case-behave as alleles
if located in any arrangement in both chromo-
somes. The situation, therefore, has been de-
scribed as -a position effect in the old sense of
Sturtevant, namely a difference of genic effect
depending upon whether the genes are lccated in
one or both clwomosomes. This comparison with
the Bar duplication is actually based on a very
superficial resemblance. We have already em-
phasized that in the Bar case it is not the ioca-
tion of mutant loei in one or both chromosomes
which makes the difference but the presence of
one homozygous break versus two heterozygone
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ones, or, expressed differently, a single homo-
zZygous position effect versus two heterozygous
but domirant ones.

if we now tarn our minds back to the fomier dis-
cussion of -the chromosomal segmenis, within
which invisible point mutants, rearrangemeat
breaks and even deficiencies will all produce
similar effecis, all of them acting like multiple
alleles, the facts just discussed fit completely
into this concept withont requiring further expiana-
tion or assumptions, though adding the interesting
point that crossing over-occurs within these seg-
mente. One comseguence of this interpretation is
thst one should expect i find instances of rela-
tively large segments with many multiple alleles
{and position effects) between which crossing
over is possible. T consider it quite likely that

the blood-group situation in cettle stadied by’

Irwin and students, with its 80 and more multiple
allelic combinations. presumably based wupon
crossing over between a very high number of
points with similar action, is an example of tkis

kind. In the most recent discuasion by Stormont -

et al. (1951) this idea is not considerad though a
rather similar one is presented involvingthe notion
of subgenes, a notion which after all means only
a differcst terminology from curs. This however,
is not accepred by Stormont e al. who are inclized
to a serological interpretation involving different
actions of the same locus.

We are now ready to take up the problem of how
the chromosomal segments are integrated into
higher units of aciion within the chromosome to
which the distance action of heterochromatic
breaks has already peointed. [ realize how diifi-
cult the visualization of this and the following
poimte is for the geneticist who is accustomed to
think only in terms of genes. Let us try to make
the underlying ideas clearer by the use of a simile,
which like ail such comparisons should not be
worked to death but be considered only as a help
towards a visnalization. If we study the action

“of light waves upon an organism™ we may find

definite actions of uliraviolet light of one single

“wave length, which we compare to the action of a

single genetic locus.” We might then find actions
which are essentially the same over a number of
wave lengths, say within the ultraviolet. Other
actions may be typical for the enmtire ultraviolet
or other part of the spectrum aad finally some
light effects may be the same over whole sections,
e.g. the yellow-green sections of the specirum.
In this simile, we compare the single wave length

to the mutant locus, a few wave lengths to a sec- -

tion and the other groups to larger and larger
sections of a chromosome.

»

© turns out that

It is a fact that a mutant locus generally pro-
duces its typical effect not only if located at its
proper place but also if it is inseried within a
chromosomal segment somewhere elsen the chro-
moaome set. (But it should be added that a thor~
ough exploration of this point is still missing.)
One might be inclined to conclude {rom this that
it is only the locus, the gene, whick has its in-
dependent action. The*simile is meant to show
that independent of the Iocal action of a locus
an overall action of a chromosomal ssgment of
different length is elso imaginable. For example,
a definite mutant locus in the third chromosome
in Drosophila at point 58.5 may change the normal
development of the cephalic disk inte the arista-
pedia type. Bat this locus may be a part of a
larger section of the chromosome which, as a_
whole and not by additive action of its parts, is
in control of the general developmental features
of imaginal disks, “while individual poiants in this
section, the loci, if mutated, disturb this action
in a definite though related way for the different
loci. To be more specific: in thia rather large
section the loci bithorax. and proboseipedia are
found. We do not assume that these loci, if not
mutated, control individually|the development of
the respective discs so as o prevent them from
sidesteps while the mutant locus produces that
sidestep. We do assume, however, that the whole
intact section controls certain parts of normal
development of the imaginal discs, cateris paribus;
but that a disturbance of this action at individual
points leads to similar r.hanges——all are homoe-
otic mutants—but which are in detail different

for the loci. !

[ have chosen this example in anticipation of
a gioup of facts which may now be discussed as
a factual contribution to support such conclusions.
The number of cases is increasiag in which it
utents with a generally similar
though individually specific effect are located
within a more or less extended section of a chro-
mosome. + The just mentioned homoeotic mutants
are one case, Dunn and Caspari’s (1945) T-factors
for mouse development another, Nabours’ (1950)
proof that all the many mutants affecting the color
pattemn of the grouse locust are located in a rela-
tively small section of one chromosome is another
instance. Other cases belonging to this group
have recently been assembled by Komai (1950).
Recently Pontecorvo (1950) and students (Roper,
1950) have attacked this problem in microorganisms
and the first case of three closely linked loci

.affecting different steps of hiotin synthesis has

been discovered. All this tends to give support
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to this part of our ideas on chromosemal coa-
figuration and aciion. ,

At this point the difficult question should be
raised as to whether the general idea could be
carried to its logical end by assuming that also
a generalized action of an entire chromosome, in-
dependent of the pariial actions of smaller seg-
ments down to the mutant locus is possible, It
is very difficult to prove or disprove this con-
clusion because experimenis which may be rele-
vant always involve geric balance phenomena
and thus camnot be decisive. There is nc doubt
that the chromosome is.some kind of a unit, a
fact for which the best proof is seen in the re-_
markable features of the chromesome ams in
Drosophila species. The individnal besic chro~
mosomes==called the:arms A, B, {, steoe=remain
constent as such.though they may enter different
configurations and certaisly Lscome different in
their intimate structure thus revealing some kind
of important function of the whole. Another fact
of this type is that 350 species of short-horn
grasshoppers- have the same chromosoms number
and configuration. Certainly this shews up the
chromosome as some kind of uait though it is
difficult to decide whether this means a genetic
unit, a hypermoiecule of individualized action,
or only 2 mechenical vaii of mitotic macosuvering
without genetic unity. A critic could guote the
fact that the presence of broken and abnormally
reconstituted chromosomes, including fragments
with spiadle fibers, even smail ones, do pot seem
to change the genetic eifecis of the genome. But
a comparative study might reveal differences ia
viability wkich is a definite genetic effect with
unanalyzed detail. Another fact whick can be
explained os the basis of chromesomel action
{thongh mot necessarily) is the frequently found
lethality of homozygous inversions aund trans~
locations which might be due to a breakage effect
{position effect) or to the absence of two properly
acting integrated chromosomes. At this point iz
should be mentioned that Mamer (1946, 1948)
has joined me in the views presented here. He_
expresses himself somewhat differently, calling
the sections of genetic action of varying size from
one locus to a whole chrorosome “fields of co-
operation,’” which may be varying during the life
cycle of the otganism. (The diagram whick he
presents (1248, p. 213) is the same which | have
frequently used to explain my views!® Thie
sceme to me a rather {driunate term if the stress
is on °*ffieid,"” not on *‘cooperadcn,” the two
words being, in my opinion, entagonisiie to each

s

other aud the idea not being a cooperation of
subunits but a field of action of different exten=
sion as the case may be.

This now leads to a further step in the analysis,
actually already contained in the last discussion.
None of the conclusions which I have presented
during the pust 15 years has been considered
more shocking {even a worthless play of words,
if not outright crazy) than the conclusion that
the normal gene is a possible but not necessary
extrapolation from the mutant locus. It is obvious
that the only information we have about the geue
is the mutant locus {with all its alleles): because
mutant loci are proven to exist it is assumed
that the not mutated locus has its share ip the
control of the normal character. = The logical
situation is again best expressed in the one
gene—one enzyme theory. Because a certain
step in the syuthesis of a genetically contrelled
product is preveated to oceur by the mutant, pre-
sumably via the absence of the specific enzyme
for that step, it is concluded that a normal gene
exists which controls the productior of this
enzvme. 1he existence of position effect already
shows that this iype of conclesion is not neces-
sary. The mutant effect is hers produced by a
change in the order or arrangement of the chro-
mosomal parts, none of which is missing, The
same type of reasoning as “efore would lead to
the conclusion that the normal order is required
for the typical effect, which does not necesaarily
imply the existence of a normal gene. The mean-
ing of this may be better visualized if we intro-
duce again two similes. The {irst has only e
vague resemblonce to what it is supposed io
“clarify. ¥ the A-steing on a vielin is siopped
an inch from the end the fone C is preduced.
Something has been done to a locus in the string,
it has been changed in regard to its {unction.
But nobody would conclude that there is a C<kody
at that point. A betier simile can be derived by
comparing the chromosome or its parts to a mole-
cule. The molecule reacts in a definite way.
If at one point of the molecule a different radical
is substituted, say by metbylation or amination,
the resulting molecule may have completely dif-
ferent ceactions. Can we conclude that the point

_in the molecuie at which the substitution was

made is in control of the standard reaction of the
molecule? 1 should say that in either case,
before and after substitution, the whole molecule
reacis, not its loei. '
If we look for an actual proof for the extra-
polation from the mutant locus upon the normal
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gene only one group of facta can be seriously .

contemplated. This is the covering action of a
duplication, which may even be attached to a
different chromosome. It is true that as a rule
the duplicated locus (which includes always
quite a segmeat) covers iwo mutant loci or ane
plus a deficiency. But it does not always do so.
In the best studied case {cubitus interruptus,
Stern et al., 1943, 1944, 1946) a variety of con-
ditions have been found. Cases exist in which
two recessives are not covered by the duplicated
normal locus: and I found a case where a dupli-
cation (for the silver locus) covered some silver
alleles, but did not cover another (Goldschmidt,
1945).
Muller (1935). Thus I am not inclined to consider
this proof for the reality of the gene as binding.
This report upon my ideas coamcerning mutant
loci and chromosomes cannot be finished without
a few words on a subject which is coming more
and more to the fore, the meaning of heterochro-
matin in the structure and function of the chro-
mosome, to which we had to allnde already in
connection with the mosaic position effect near
heterochromatic breaks. I do not need to go into
details as I have discussed various aspects of
the problem of heterochromatin oaly recently
(Goldschmidt, Hannah, and Piternick, 1951). In
connection with the present problem, the follow-
ing seems to be significant. The bulk of the
heterochromatin, in Drosophila at leasi, is the
chromocentric heterochromatin which is easily
dissociated from the chromosomes. [Experimeats
of Mather (1944), L. V. Morgan (1947) and our-
selves (Goldschmidt et al., 1951) have shown
that this substance has a generalized genetic
effect insofar as a change in its quantity affects
the action of many loci in a quantitative way
e.g. by shifting dominance and penetrance. It
is this same chromocentric heterochromatin which
is comnecied with the mosaic position effect
which thus should be interpreted as an ordinary
position effect of a break plus a variable effect,
in relation to a threshold, upon the degree of
action within different cells; in other werds,
penetrance within the parts of the affected
organs. The very generalized effects of sections
of the Y-chromesome in Drosophila (sterility
effect) or in Melandrium (general effects inthe
sphere of sexual differentiatjon) fall in line with
the facts. White (1950) calls this the possession
by the heterochromatin of a residual genetic
function. "

Future interest will, I think, be centered more

upon the intercalary heterochromatin which is an
’ ’

A similar situation was described by

integral part of the chromosomal structure with
specific chemical features (the allocycly) and
also physical featutes (breakability). In our re-
cent work, we had tried to- show—though the
evidence is only of the indirect type—that these
sections are the seat of genetic changes affect~
ing early developmental processes. This is re~
vealed in the form of groups of similar effects
upon the ertire organization based upon loci dis-
tributed all over the chromosomes, like the
Minute effect and the podoptera effect, In the
latter case a kind of pseudcallelism between all
loci points tc the general similarity of all the
effects. If the interpretation turns out to be
correct, the heterochromatic intercalary sections
would assume an intermediate position between
the euchromatic breakage sections discussed
above and the generalized chromocentric hetero-
chromatin. These problems and the underlying
facts are only emerging and we are inclined to
anticipate here a rich field of future research.
This conclusion agrees also with McClintock’s
recent work in which an interesting relation be-
tween heterochromatin and chromosome breakage
leading to mutable loci is described. -Whether it
is possible to explain the facts of mosaic posi-
tion effect in Drosophila in the same terms as the
maize mosaics is a question which the future will
have to decide. I personally doubt it; assuming
as mentioned before, that a purely developmental
feature in Drosophila, namely penetrance varying
around a threshold, is involved. One of the facts ,
in favor of this interpretation is the occurrence
of multiple allelic effects within the mosaic.
(See discussion in Goldschmidt et al., 1951.)
This is not the place to discuss evolution.
But as it was said once (by Muiler) that our
point of view wonld lead to difficulties in ex-
plaining evolution, | should like to insert a few
words on this subject. One cof the few positive
facts which we know concerning chromosomal
structure and evoiuntion is that in Drosophila
species the intimate structure of the chromosomes
becomes increasingly different with taxonomic
distance (though not exactly proportionally at the
lower level of distance). Between relatively
distant species the chromosome structure appears
completely scrambled and if the generic level is
reached there may not be a shadow of resem-
blance left. In my opimion, only two possibilities
exist: either this change in intrachromosomal
architecture has no meaning, is a chance con-
comitant of other evolutionary processes, or it
is an essential part of gvolutionary diversifica-
tion. The later means that the repatterning of
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the chromosome creates a different system of
genetic action based upon the new order of the
polarized constituents of the ciromosome. Such
a happening would be a logical consequence of
otir gencral views, a consequence with an im-
portance reaching far' beyond that of possible
changes by gene recombination. To realize
this, one has indeed to forget to think in terms
of genes. But even those who refuse to do this
find themselves in a position to be forced to
consider at least some such ideas though trying
to keep strictly within the gene concept. Thus
Dobzhansky writes in his book (1941 p. 85)
“Divergence of evolutionary lines does mot in-
volve merely increase of the number of gene dif
ferences, it probably. involves also changes of
" the developmenta! functions of the genes and a
gradual increase of the differences between the
structures of the genes which had been identical
or sinfilar in the ancestral forms.”

Coming to the end of this report I return to the —

introduction in which I said that I was invited
to describe my oresent views on the subject of
chromosomes and genes. In doing so, [ had to
omit largely the details of the factual maierial
upon which my conclusions are based and which
can be found in former publications. I am fully
aware that I have been dealing with a controver-
sial subject which contains its attractions as
well as its pitfalls. Rutherford said, ‘A well
constructed theory is in some respects undoubt~
edly an artistic production.” He could have
added that, as such, it will necessarily contain
many personal elements which cannot always be
defined completely, mnor enjoyed equally by
everybody.. There might even be found contra-
dictions to which I should like to apply Unamuno’s
words (quoted from Schroedinger} ““Si un hombre
nunca se contradice, sera porque nunca dice
nada’’ (If a man never contradicts himself the
reason is that he never has anything to say). A
theory trying to unify a vast and difficult field
with innumerable details is certainly -nothing
static; it is a.fleeting moment in an eternal flux,
though there will always be mer who regard
~ their own pet ideas as unchangeable. For them,
I quote Max Planck’s description of the qualities
of scientists: ‘‘Conscientiousness in the pur-
suits of important things, patience’ and the
cowrage to stand up for his own convictions
against anybody, even against his own former
and different opinion.”” But the decisive point
in forming generalizations' is, in my opinion to
took forward, not backward, and thus | am ending
with a last quotation from D’Alembert {(quoted

-

9

from H. Margenau) ““Allez en avant, la foi vous .

viendra’ (March forward, the faith is bouad to
come).
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. DISCUSSION

OrnsTEIN: This comment refers to Dr. Gold-
schmidt’s view on the natvre of cll point mutations,
The implication is that since the genesis of life
there has been but one (or perhaps a few) chemi-
zal chromosomal substance which has had the
potentiality of giviag tisc to all the genotypes of
living organisms without further chemical -change
{(other than the changes that it undergoes in zuto-
catalysis and in being incorporated in ‘“‘chromo-
somal units”"). :

Now ihts does uot seem too reasonable (evén
in the light of the remarkable properties of DNA)
—and Dr. Goldschmidt, himseli, has suggested
that methylation or other types of substitution,
for "example, may be expected, at times, to give
rise to mutations. How then can we presume to
say, at this time, that all (or even most) point
mutations are either of this latter type or, on the
other bhand, due to chromosomal rearrangements
of the type associated with posiiion effect.

PaPszisN: You mentioned briefly that crossing-
over presented scme difficulties to the comcept
of the gens that yvou have presented. I can per-
haps imagine a mechanism of crossisg-over that
does rot involve the breakage of chromatid strands.
But even admitting this there seems to be a real
difficulty in explaiping the great precision of
crossing=over and the absence of any position
efiecis therefrom. Swrely a genic unit defined as
the smallest hereditary unit that cannot be resolved
by crossing-over is real and uvseful even though
it does not correspond to the physiological gene
anit.defined by its activity.

Tavrou: I wishk that I ceuld say something in
behalf of the recently deceased—the gene—but
my findings may more nearly support the concepts
of Dr. Goldschmidt. The last visible corpuscular
unit of the classical cytologists which has been
pascciated with thechromosome, the chromomere,
has revealed iiself as a manifestation of spiral
structwre, It appears to be formed by a chemical
cross-bonding of ceriain adjacent gyres of a spi-
raled fiber with a corresponding loosening of the



