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THAT W E  K N O W  O F  T H E  EXISTENCE 
O F  GENES is intimately bound u p  with the 
fact  that genic species occur in  different varie- 

ties. I f  all mankind had identical eye color, no knowl- 
edge of eye-color genes would have been obtained. As 
it  is, the differences between the eye colors of different 
individuals can be traced back to differences in  causal 
agents, locattd a t  a specific region in a specific chro- 
rnosome of these individuals. I n  one individual the 
specific region, o r  locus, controls, in collaboration with 
other agents, the developmental processes which lead 
to the appearance of one type of eye color; in  another 
individual the same region exerts a control which leads 
to the development of another type of eye color. This 
region, or locus, we call the "gene," and its different 
varietics, as present in  different hon~ologous chrorno- 
somes, we call the ffalleles" of the gene. What  the 
gene consists of, o r  what distinguishes it  from other 
genes a t  other loci, remains a n  unsolved problem. 
What  the differences between alleles consist of re-
mains likewise beyond the scope of the discovery 
that there arr different alleles. 

I n  its final forrn the problem of the nature of 
genes and their allelic varieties belongs in the sphere 
of the chemist. Someday, structural forrnulas will be 
available which describe the constitution of different 
genic species and their allelic varieties. At  that 
time we will also understand in detail how the gene 
molecules, or irlolecular complexes, interact with their 
immediate cellular surroundings and initiate, o r  con- 
trol, o r  entcr into reactions which are  par t  of the 
multidin~ensional network of processes which con-
stitute cellular i~letabolisn~and development. The 
biochen~ical analysis of these processes themselves 
may lead us backward until p r i n ~ a r y  genie action is  
reached. I n  particular, the biochcrnistry of metabolic 
differences caused by different alleles has led to 
most significant results and suggestive interpretations. 
Very likely certain initial reactions which the wild 
type strains of Nrurospora can, and which strains 
with mutant allelcs cannot, perforrn are  very close to 
the gene end of reaction sequences. How (.lose rc- 
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rnains undecided, since it  does not become obvious 
when thc tracing backward of reactions has reachcd 
the unknown gene. 

Thc geneticist can employ some methods of manip- 
ulating the conditions a t  the gene end. I-Ie can vary 
the quantities of given alleles present in  the cells; he 
can assemble cornbinations of different alleles; and he 
can cause shifts in the position of gencs within the 
chrornosoir~al systern. From determinations of the 
effects of such manipulations certain statements can 
be made about the reactions leading to the effects. 
Such analyses do not lead to specific recognition of 
the reactions but rather to knowledge of certain 
general charactei-islics. As in the discovery that 
there arr genes and alleles, which falls short of show- 
ing what these entities are, the n~anipulntion of gene 
quantities, combinations, and chroiriosornal positions 
will lead to recognition of sorne a t t~ ibu tes  of genic 
reactions but not to the reactions themselves. Un-
doubtedly, some day the biochemical and the genetic 
approaches will be combined in suitable material. 

The following discussion will survey results of the 
gcnetic approach. Different wol-kers, particularly 
R. Goldsch~nidt ( 2 )  and Sewall Wright ( l l ) ,  have 
contributed data and interprctations in  this field. 
Instead of attempting a general summary, this paper 
wlll deal with one locus only, namely, the gene cubitus 
interruptus, ci, in  Ilrosophila melanogastrr (5-10). 
This gene is concerned with the formation of the 
fourth (cubital) vein on the wing of the frui t  fly. 
The effect, under various genetic and environn~ental 
conditions, ranges from complete absence of the distal 
section of the vein, over the absence of only parts 
of this section, to its eon~plete presence. By deter- 
mining the length of the vein fraction present, one 
can read off the genic effect in a quantitative way- 
though it  should not be supposed that  prirnary gene 
effect and terrninal vein effect are  linearly related. 

The ci locus is suitable f o r  dosage studies since it is 
par t  of thc small "fourth', dot chromosome which can 
be obtained in quantities from one to three in  other- 
wise diploid flies. Furthermore, it  is not necessary 
to study flies distinguished by the number of whole 
dot chromosomes. Dot chronrosorrles are available in 
which a short middle section, whicah includes the ci 



locus, is lacal~in:;. By the use of these deficient 
chroinosonies a series of quantities of the el locus 
can be built up, nanielg, one dose (one nondeficient 
chror~iosome, one or two deficient chromosomes), two 
doses ( tn  o nondeficient chrornosornes, none or one 
deficient chromosome), and thrce doses (three non-
deficient chroaroso~ucs). T h e ~ e  dosage studies 11e x  
carried out on rliffcl-ent alleles of the ci gene. F o r  
the typical mutant allele ci, gene quantity and pres- 
cnee of T enation are positively correlated : the more 
genes, tlic more rein is formed (Fig. 1, uiiddle). 
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FIG.I. The efCrcf of diffcrcnt doscs of thc alleles +, 
ri, and ciW on venation in ~7ocoph1la ~neln~~ogaster .  

While the name cubitus interruptus alight suggest 
that the allele ci is an active agent causing vein inter-
ncption, the dosage data show that the ci allele works 
toward the snrne effect of presence of venation as 
does the norn~a l  allele. However, even three ci alleles, 
while they :ipproach it, are not yet sufficient to accorn- 
plish normality. 

Tt fit5 in  well with this result that a siilgle quantily 
of a type noruinl allele of ci does not~ ~ i l d  cause 
complete \enxtina. Such normality requires two 
doses of a 11ornr:~l nllcle for  its production. The effect 
on venation of three doses of a wild type allele docs 
not go beyond that of two (Fig. 1, top). 

The dosage studies of ~vi ld type alleles led to a 
further finding-that of different kinds of normal 
alleles. Encll of them, in double dose, causes full 
venation, but hy single doses different degrees of 
iricoalplctene~s of vein are  produced. 

A strikingly different dosage effect is observed with 
the mutant allele piFT'. A single quantity of ci" 
results in a fairly high aiuount of vein material. 
Two ciXv alleles, on the other hand, decrease this 
amount greatly (Fig. I, bottorn). 

What  111ay be deduced from these dosage data as 
to basic genic avtion? We visualize such action as  
taking place ben-een the cllror~iosorrlnl gene and a 
cellular-probably intranuclear-substrate S (Fig. 
2) .  The fact that increased quantities of from one 

to three doses of the mutant ci allele resull in  in- 
creased venation nlrans that S is present in excess 
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FIG.2. An intcrywetation of the dosagc effect of the 
ci allcle in terms of substrate and different alnounts of 
product . 

of the amount turned over by one or two of these 
alleles. Furthermore, the simplest assurnption re-
garding thc product, P, of the interaction of ci and 
S is that P enters a chain of reactions which is 
positively correlated with the sequence of develop-
inental proc2esses leading to appearance of venation. 
I t  is also apparent that whatever the number of links 
in  this chain of reactions is, no threshold effects occur 
which obliterate the result of the differences in amount 
of P which, in  turn, are  caused by the dosage differ- 
ences of ci. These deductions are  independent of 
specific hypotheqes of gene action. Tf primary gene 
action should consist of production of total or partial 
replicas of genes which are  sent into the cytoplasn~ 
and there enter iuetabolic and developiuental proc-
esses, then P would represent these replicas. 

SAME SUESTRATE DIFFERENT 
AS IN GI SUBSTRATE 
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IT'I~.3. Alternative interpretations of the difference 

in etTect of the i- and the ci allele : left, same substrate 
for + as  in ci, and salne product, in increased quantity 
as  compared to ci ; middle, same substrate for i- as  in ci, 
but different proiluct; right, different substrate for + 
than in ri, and ilifCerent ])loiluct. 

The dosage effect of normal alleles of the ci locus 
implies, again, excess of substrate present in the 
nucleus beyond the :ui~iount turned over by one dose. 
The absence of a phenotypic difference bet~veen or- 
ganisius with two and three noriual gene quantities 
shows that a limit is reached. Whether this lii~iit is  
due to restriction of primary substrate or restrictions 
a t  inter developn~ental stages remains unknown. 
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A comparison of the action of a normal, +, and 
the mutant, ci, allele involves assun~ptions regarding 
the substrate and the priinary product (Fig. 3) .  
Assuming that an allele utilizes a single substrate, it 
could either be that the two different alleles use the 
same substrate, S, or that they use different substrates, 
S+ and Sci .  I n  the former case two possibilities 
exist in  regard to the priiuary product. Both alleles 
may transform tlie same S into identical Ps, but in 
different amounts, or specifically different products, 
P+ and PC,,may be formed. The formation of 
qualitativcly different products is also most likely, 
should the two alleles use different substrates, S, 
and S,,. Whatever the situation, i t  is necessary to 
explain the similar, though quantitatively graded, 
action of the two alleles. With identical P, a lower 
rate of production under the influence of ci as com- 
pared to + is sufficient to account fo r  the facts. 
With different P+ and Pci, tlie situation would be 
similar to that met in  a great variety of physiological 
studies in  which clieiuically related substances pro- 
duce metabolic or developmental effects which can be 
arranged in a quantitative series. 

The dosage effect of the ciw allele, which leads to 
decrease instead of increase of venation with increas- 
ing gene quantity does not so readily fit into the 
schemes outlined. It is unlikely that ciw produces 
the sam8 kind of P as either one or both + and ci. 
This assumption coulcl be made only if one is willing 
to postulate a relation between quantity of P and 
vein effect, sucli as to yield similar effects with large 
and sillall quantities but unlike effects with inter-
mediate quantities. While such relations are  not 
unknown in pharrnacologieal studies, known varia-
tions of quantity in genic dosage studies have always 
shown simple relations between increase of gene 
quantity and increase of effect (often u p  to a maxi- 
ruum beyond which no further changes in effect 
take place). Admittedly sucli dosage studies are  few 
in nurnber, and the hypothesis of ciW protlucing the 
sarne kind of P, but in a quantity outside of the rangc 
of those procluced by the known doses of ci and +, 
cannot be clisproven. Hoxvever, in tlie light of fur-  
ther facts to be quoted below the hypothesis of 
identical primary products of various alleles would 
probably involve a ~ ~ r h o l eseries of maxima and 
rninima of effects in  relation to quantity of P and thus 
beco~uc increasingly improbable. 

I f  ciw results in a specific unlike P, and 
PC,,an explanation of why two PciWs cause less 
venation than one PCix3'is still required. One might 
assume a destructive property of PCiwin regard to 
the processes which lead to venation. This would 
rnean that processes resulting in  presence of the 
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vein go on independently of the ci locus and that 
the alleles + and ci accelerate these processes while 
the alleles ciW and ciD (this latter will not be dealt 
with here) slow them down. One might either ac-
quiesce with such a concept or t ry  to fit i t  into a 
more unified picture. Considering the presumptive 
similarity of alleles of the same genic species, one 
might prefer a picture of basically similar, though 
quantitatively different, effects of different alleles. 
Such a picturc would permit variations in effect 
from zero to some positive o r  negative value but not 
both positive and negative ones. As a specific 
illustration i t  might be assumed that the ciW allele 

VElN fNORMAL 

I ciW \LECS ABNORMAL 

,-b VElN ABNORMAL

* ciw \ LECS NORMAL 

FIG.4. nosage effect of ciw on vein and legs. 

controls two different processes, one leading toward 
(positive) production of venation and the other to- 
ward an unrelated phenotype. Assuming further 
that these two processes interfere with each other, 
a scheme could be developed according to which a n  
increase in  dose of ciW strengthens tlie reaction to the 
unrelated phenotype a t  the cost of the vein reaction, 
resulting in a negative correlation between vein effect 
and gene quantity. Such a scheme is not completely 
without foundation, since the ciW allele strikingly 
affects leg and bristle formation i n  contrast to the + 
and ci alleles, which, with every dose, lead to normal 
legs and bristles (Fig. 4). A single ciW dose, while 
making for  nearly normal venation, causes crippled 
legs and extra bristles; a double dose of ciW reverses 
tlie situation, leaving a great gap  in the vein but per- 
mitting nearly normal legs and bristles. 

The data on effects of different doses of alleles 
take on a new aspect when combinations of different 
alleles are considered. I n  general, heterozygotes be- 
tween two alleles either appear  phenotypically similar 
to one of the homozygotes o r  show an intermediate 
phenotype. Conforming to these rules, the venation 
shown by ci/+ flies is intermediate between ci/ci and 
+/+, and ciW/+ flies are  intermediate between ciw/ciW 
and +/+. The heterozygotes ci/ciW are  close to 
ciW/ciW phenotypically. I t  thus appears as if the 
action of heterozygotes may be interpreted in terms 
of independent action of their constituent alleles, e.g. 
two doses of ci cause a certain small amount of 



venation, two doses of + a large one, and the com-
biation of one dose of each results in a n  intermediate 
venation. This simple interpretation proves insuffi- 
cient if a comparison is made not between hetero-
zygotes and the hornozygotes of their constituent 
alleles but rather with their constituent hemizygotes. 
I t  now turns out that lieterozygotes ci/+ are less nor- 
mal than the hemizygotes +/O. The most striking 
case of this nature is found if a certain normal allele, 
+3, is employed. IIomozygotes +3/+3 are  normal, and 
nearly all +' hemizygotes are  likewise so. More than 
40% of the ci/+' flies, however, show incomplete 
venation. Tliis constitutes an interference in the 
action of the alleles ci and +3. The dosage studies 
had shown that ci acts in tlie sarne direction as + 
or +?, namely, toward production of venation. Yet, 
when ci and one of the two + alleles are brought to- 
gether in the same nuclei, their joint effect is smaller 
than that of the more effective allele alone. These 
facts might suggest sorne mechanism of competition. 
I f  + and ci rnake use of tlie same substrate present 
in  a limited amount, a cornpetition rniglit result in 
which the ci allele deprives the + allele of its full 
share. I f  the ci allele turned tlie substrate over 
more slowly or  less eficiently into the effective pro- 
duct P tlian the + allele, the joint action of the two 
alleles might be less than that of the "better1' one 
alone. Should the two alleles lead to the production 
of different PCiand P+ substances, then the eom-
petition would not necessarily occur a t  the primary 
gene action-level but could also take place a t  a later 
stage of the genic reaction chain where PCiand P+, 
or their further derivatives, might compete fo r  sub- 
strates. While the idea of competition a t  the gene 
level was earlier placed by the writer into the fore- 
ground, new data to be reviewed below suggest that 
a later stage is involved. I n  view of tlie unknown 
nature of the interaction between tlie different alleles, 
i t  now appears preferable to use the more descriptive, 
general term, interference. Competition may or  may 
not constitute the mechanism of interference. 

Tlie type of effect of the ci/ciw heterozygote is sim- 
ilar to, but rnucli more extreme than, tliat of ci/+. 
The legs and bristles of ci/ciw are normal, but the 
vein greatly deficient. I n  other words, tlie presence 
of the ci allele, instead of "adding" its share of vein 
production to that of the hcmizygous ciw allele, which 
i n  single dose causes a high degree of venation, results 
i n  an interference in gene action, leaving the vein 
nearly unformed. Most striking is the interference 
in  tlie last combination to be discussed here, that of 
+ and ciw (Fig. 5 ) .  Tlie hervrizygotes of both these 
alleles appear normal in venation or close to it, 
whereas the heterozygotes ciw/+ have greatly deficient 

veins. This ease demonstrates not only that the 
interference ph.clnomenon consists of an effect of one 
of the two alleles on the other but tliat i t  is a mutual 
interference of the two alleles since the heterozygote 
is less norrnal tlian either hernizygote. 

1 + -VEIN k NORMAL 

FIG.5.  Interference between + and ciw. 

The final manipulation of events a t  the gene 
end of the chain of genic action to be discussed 
consists of altering the chrornosomal neighborhood 
of the ci locus. Tliis can be done either by trans-
ferring a section of the (301 cliromosorne which in- 
cludes tlie ci locus to another chromosome or by 
rernoving part  of the dot chromosome, exclusive of 
the ci locus, and replacing i t  by a section frorn another 
chromosoine. Both methods of changing the position 
of tlie ci locus relative to neighboring chronlosomal 
regions were used. Changing tlie position of a + 
allele gave rise to a number of rearran2ements called 
R (+), with superscripts [R1 (+), R" I ), etc.] denot-
ing the different rearrangements as  discovered one 
after the other in  cultures derived from X-rziy-treated 
flies. Changing the position of tlie ci allele similarly 
provided s c ~ i e s  of "position alleles R (ci) ." R (+) 
alleles had first been studied by Dubinin and Xidorov, 
who discovered tliat hoil~ozygotes R (+) /R (+) 2nd 
hemizygotes R(+) lead to normal venation just as the 
unchanged + allele, but that heterozygotes of many 
position alleles R(+)  with the ci allele, R(+)/ci, show 
deficient venation. Tlie observations seemed a t  first 
strange and peculiar to position alleles. I t  is now 
clear that these relations are  quite sirnilnr to those 
characteristic fo r  cornbinations of nonposition alleles 
as described above. They are an expression of inter- 
ference phenomena which make combinations of 
alleles less effective in terms of venation than single 
doses of the alleles by themselves. The degree of 
ii~terference varies with tlie kind of R(+)  allele 
involved. Among 17 different R(+)  alleles tested in  
our laboratory, interference mas so strong in 4 cases 
that the heterozygotes R(+)/ci were niore deficient 
in venation than either homozygote R(+)/R(+) or 
ei/ei. I n  tlie other 1.3 cases tlie degree of interference 
was less, making the heterozygote venation-deficient, 
though less or not more so than the homozygote with 
high vein deficiency, ci/ci. And to make the similar- 
ity with a nonposition allele, ciw, still greater, one 
of the R(+) alleles, R2(+),  turned out to cause 
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normal phenotype in heniozygou~ but deficient ci/ci- 
like venation in the hornozygous state. 

When position alleles of the mutant ci allelc were 
produced, new facts came to light. No comprehensive 
survey can be given a t  present which covers the 
more than 40 different R(ci)  allcles which have been 
tested. Dosage studies werc made with a few of 
those that proved to be viable in homo- and 
hemizygous doses. (Rearrangements frequently a re  
associated with recessive lethals.) With only one 
exception the R(ci) /R(ci)  homozygotes studied did 
not cause the appearance of less veins than the ci/ci 
constitution, while several proved to be more effcctivc 
in vein formation than ci/ci. Some of these R(ci)  
allcles-for instancc, R2'(ci)-while leading to less 
than normal venation in doublc dose, lead to fuller 
vcnation, in soine cases ncarly normal, in  single dose. 

I R*~(CI) -VEIN fNORMAL 
VElN 

R~~(C i)/(c i)-MOST 
ABNORMAL 

I Cl -VEIN ABNORMAL 

FIG.C. Interfereflee between R2@(ei) and ci. 

Yet, in cornbination with both ci or a + allele-that 
is, as R(c.i)/ci and R(ci) /+ heterozygotcs, these same 
as well as  nearly all other R(ci)  allcles lead to more 
deficient venation than ci/ci and ci/+, respectively. 
I n  some case, as in R2"ci) /(ci),  the arnount of vcin 
prcscnt was lcss than in either of the two constituent 
henilzygotes R2"ci) or ci (Fig. 6) .  Thus, again we 
mcet the intcrference phenorncnon in its extreme, 
clearly mutual expression. 

Onc further fact appeared in studies of recoin-
binations involving position allelcs. When the R(ci)  
allelcs werc arranged in order of increasing effective- 
ness in vcin production, if combined in heterozygotes 
with a + allcle, and this arrangement was cornpared 
~ i t hone based on increasing effectiveness in vein 
production, if the R(ci)  alleles were corribincd with 
the ei allele, it was found that the two arrangements 
did not follow the same order. F o r  example, 
R" (ci)/+ leads to more venation than R'R (ci) /+, 
but R52(ci)/ci to less venation than R1"ci)/ci. 

What  distinguishes the position alleles from the 
nonposition allrlcs which gave rise to them, and what 
differentiates the different R(+) and the different 
R(ci)  position allelcs from each other? No final 
answer to these questions seems to be available, but 
it  is a t  least possible to suggest which apparent 
answers fail  to solve these problcrns. The change 
which transforms a norinally located allele into a 
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position allele is of a diffcrent nature from mutant 
changes which transform alleles. The latter are  
caused by changes directly a t  the locus in question, 
and they arc  essentially irreversible. The former 
may be caused by breakage a t  considerable distance 
from the locus and replacement of the normally 
neighboring cliromosornal matcrial by different 
chromosomal material, and the change in the action 
of the gene reverts immediately when its normal 
position is restored. I t  appears, thus, that position 
allcles owe thcir propcrtics not to intrinsic altcra-
Lions of thc original alleles but  to changes in their 
cliroinosomal environmcnt. 

A simple hypothesis which might be invoked is the 
assumption that the specific substrate f o r  each gene 
is prcsent in  a specific conccntration in  the neighbor-
hood of a normally located gene but in a different 
concentration in  those other regions to which the 
gene had becn shifted. Such a hypothesis would 
account fo r  the whole range of effccts of different 
position alleles according to range of concentrations 
of the substrate. This idea has met with great 
difficulties a s  more data have becomc available. Since 
nearly all R(ci)/+ heterozygotcs cause less venation 
than ci/+, one would assume that in  general the con- 
ccntration of the substrate is less a t  thc R(ci)  loci 
than a t  thc ci locus. Why, then, do sorne of these 
R(ci)  homo- and hcrnizygotes cause more venation 
than ci/ci and ci? I f  the lesser amount of venation 
in Rls(ci)/+ as cornpared with Rm(ci)/+ werc due 
to greater limitation of substrate a t  the R18(ci) than 
a t  the Rm(ci)  locus, why docs Rls(ci)/ci make f o r  
more vein than RS(ci)/ci? Furthennore, the ob-
served interference froin position allele to norinally 
located allele in ternis of the hypothesis of changed 
quantity of substrate would reasonably imply a sliar- 
iug of the localized substrate by the two alleles, inter- 
ference being the result of increased competition f o r  
a inore limited quantity of the substrate. But  if the 
R(ci)  alleles had retained thcir original ci-like attrib- 
utes, they should behave in R(ci)/ci hetcrozygotes 
toward ei as  typical ei alleles in an additive, but 
not a n  interfering way. Finally, there is evidence 
against the concept of direct sharing of a localized 
substrate. Such sharing would involve very close 
spatial approximation of the two allelcs within the 
nuclei of heterozygotes. In Drosophila, approxi-
mation of hoinologous chrornosorne regions is indeed 
normally present due to somatic pairing. There are, 
however, exceptions to this rule. I n  our collection 
of position alleles there occur two in which the 
cliromosomal rearrangement consists of the removal. 
of a short middle section from the dot chromosome, 
including the ci locus, and the insertion of this section 



into another chromosome (Fig. 7). I n  hetcrozygotes 
in  which one dot chromosome is typically whole while 
the other is "divided up" into the deficient dot 
chromosorne and the insertion within another chrorno- 
some, no pairing takes place between the insertion 
and its homologoils region in the complete dot chrorno- 
some. Yet, interference between position allele and 

FIG.7. Interference i n  absence of pairing between 
R(+) and +: left, chromosome pair with a n  insertion 
R(+) into one homologue from chromosome 4 ;  right, 
chromosome pair 4,  with one homologue deficient for 
tlrc tr:cnslocat ed R ( 4  ) s( ction. 

norinally located allele occurs in typical fashion. 
This shows that close proximity is not necessary f o r  
the interference of position alleles with the action of 
normally located alleles. 

The significance of these and other cases of position 
alleles in  which no immediate proximity exists between 
the interfering alleles goes beyond its bearing on 
the hypothesis of substrate limitation. I t  shows 
that  whatever the nature of interference is, i t  acts 
over distances which exclude a direct inhibition froin 
gene to gene. Interference, if its site is the chromo- 
somal locus, either must be mediated by the primary 
or  derived gene products or takes place a t  a later 
stage in the reaction sequence or  outside the nucleus 
between gene-dependent products. 

Some years ago Ephrussi and Fjutton (1)proposed 
a n  ingenious, different scheme to account f o r  the 
properties of position alleles. They pictured genes as 
chain-like molecules which, under the influence of 
forces in their environment, could assume folded and 
unfolded configurations. These different confiyura-
tions would endow the genes with different activities. 
Position alleles, particularly in heterozygous combina- 
tions with normally located alleles, were regarded as 
less extended and therefore less reactive chains than 
nonposition alleles. I n  order to account not only for  
the decreased activity of position alleles but also for 
their interference with the activity of the normally 

located alleles, a specification of the molecular fold- 
ing theory was made. I t  was assurned that the pair- 
ing forces between homologoils chromosomal regions 
in Drosophiln are responsible fo r  the degree of 
molecular folding, normal pairing resulting in  normal 
extension of the two alleles, and pairing stresses, due 
to structural heterozygosity in case of position allele 
heterozygotes, resulting in  reduced extension. One of 
the merits of this hypothesis is that it can account fo r  
reduced activity of the norinally located allele under 
the influence of the abnorn~al pairing forces exerted 
by a position allele and its chromosomal neighbor 
hood. There are, however, various facts which do 
not fit the scheme. Here we shall refer only to ihe 
same observations which also were in conflict with 
expectation derived frorn the hypothesis of variable 
amounts of substrate. As i n  that hypothesis, the idea 
of abnorrnal pairing forces as a basis fo r  interference 
in  Iteterozygotes between a position allele and a nor- 
mally located allele der~tands a close approximation 
of the two. The absence of such approximation is not 
compatible with that idea. 

What, then, is the basis of the changed activity of 
position allelest One might speculate to the effect 
that different positions provide an allele with qualita- 
tively different substrates with which it  can interact. 
I n  this fashion the problem of not simply quantita- 
tively related differences of genic action, in dosage, 
in combination, and in position experiments, is passed 
on to the hypothetical level of not simply quantita- 
tively different gene-substrate ielations. 

There is one suggestion of a particular chromosorne 
neighborhood being different from all others. I t  was 
stated above that most R(ci)  alleles in heterozygotes 
with ci result in  less vein production than in the case 
of ci/ci. There are 6 R(ci)  alleles which fall out of 
line, since they have consistently shown a greater vein 
amount in R(ci)/ci heterozygotes than ci/ci. These 
are  the only cases i n  which the ci locus had been left 
in the dot chromosorne but the tip of the chrornosorne 
had been replaced by a section of the right arm of 
chromosome 2. I n  5 rearrangeinents the break in 
chrornosorne 2 was located (strangely enough !) within 
the limited region 45-48 as defined in Bridg.csJ salivary 
chromosorne map. I n  the sixth the break in chrorno- 
some 2 was in region 58. I t  appears from these data 
that the right arm of chromosorne 2 is peculiarly dif- 
ferent from other chrornosoincs. The nature of this 
difference is not apparent, but it  is not of the same 
type as that between eu- and heterochromatin. The 
latter two kinds of chromoson~al materials act differ- 
ently from each other if brought into changed rela 
tion with a. position allele. Strongly altered gene 
effects of the ci locus are produced only by transfer- 
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ring it into euchromatic regions, while heterochromatic 
regions alter the effects of position alleles either little 
or not a t  all. 

We may sulnrnarize the main points briefly: 
(I)One, two, or three doses of an allele may pro- 

duce different effects. This means excess of substrate 
beyond that used in normal diploid cells. Some alleles 
act, with different deg~ees of success, toward normal 
venation; others, toward abnormal venation. I n  the 
latter case different competing reactions controlled by 
the same allele may be involved. 

(2) Conibinations of two alleles may be less effec- 
tive than the "better" of the two or than either alone. 
There is, thus, not additive action of two alleles but 
interference, in some cases clearly of mutual nature. 

(3)  Position alleles also show interference with 
normally located alleles of their own kind. If dif-
ferent position alleles are arranged in two series ac- 
cording to grade of effect when they are heterozygons 
for a normal or a mutant allele, i t  is found that the 
two seriations do not agree with each other. I t  seems 
that qualitatively different phenorrlena are involved in 
the shifting of an allele to different positions. 

(4)  Certain chronlosorrle regions have specific prop- 
crties causing a specific type of position effect. 

Foreword From Vernalization 

IT I S  AN HONOR TO BE ASKED TO CON-
TRIBUTE a foreword to this stimulating publica- 
tion. The book, of course, owes its inception to 

Dr. Verdoorn's enthusiastic interest in the docnmenta- 
tion of plant science. As a matter of history, i t  is 
the last of a series of titles which weye originally 
announced by him before the war and have one by 
one been published during the last seven years. The 
authors of these chapters have cooperated generously 
and have produced conscientious and thorough re-
views of their several fields. They .are authoritative 
and familiar with the ramifications of the work they 
discuss. One of them is himself the author of a boolx 
in the same general field (8). At the ~noment, there- 
fore, these comprise almost the last word. 

Nevertheless, although the present seems a particu- 

This foreword from Vernalization and photoperiodism: 
a symfiosium, by A. E .  Murneek, R. 0.Whyte, e t  al. 
(Waltham, Mass.: Chronica Botanica; New York: Stechert 
Hafner, 1948. Pp. xiv-t  196. $4.50), is reprinted in 
Science by permission of the author and the Chronica 
Botanica Company. 
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If we look back at  the material presented, it appears 
that much can be learned still by genetic n~etllods 
about the action and interaction of alleles. The 
genetic analysis, in spite of its lack of biochemical 
precision, remains a t  present a more delicate tool for  
the probing of immediate genic action than even the 
most advanced 111ethods of the microanalyst. But the 
vagueness of the geneticist's results lets us look for- 
ward eagerly to the time when the biochemist has 
caught up with him. 

References 

EPI-IRUSSI,B., and SUTTON,E. Proc. ?%at. Acad. Sci., 
Wash., 1944, 30,183-197. 

GOLDSCFIAEIDT,R. Physiological gefzetics. New York : 
McGraw-Hill, 1938. 

STERN,C. Genetics, 1043, 28, 441-475. 
STERN,C. Genetl:cs, 1048, 33, 215-210. 
STERN,C. Unpublished data. 
STERN,C., and I~EIDENTHAL, G. PI'OC. nut. Acad. Sci., 

Wash., 1944, 30, 197-205. 
STERN,C.,MACKNIGHT,R. H., ,and KODANI, M. Genetics, 

1946, 31,598-619. 
S ~ E R N ,C., and SCHAERITPR, PTOC. ?&at. Acad. Sci., E. TV. 

Wash., 1943, 29, 351-361. 
STERN,C., and SCHAERITER, P ~ o c .  nut. dcad. SCi., E. TV. 

Wash., 1943, 29, 361-367. 
STERN,C. ,  SCIIAERRER, G.E. TY., and I%EIDENTHAL, Pt-OC. 

%at. Acad. Sci., Wash., 1946, 32,26-33. 
WRIGIXT, S. Ph~lsioZ. Revs., 1041, 21,487-527. 

and Photoperzodzsvsm 

Kenneth V. Thimann 
Harvard University 

larly opportune moment for the appearance of this 
book, there can be no doubt that in this field, which 
is developing so rapidly, fundamental changes in out- 
look might well come a t  any moment. Such a highly 
flexible situation is of course typical of experimental 
plant science, which in many respects is still somewhat 
embryonic, but i t  is perhaps particularly so of the 
branches of plant physiology and agronomy which 
are discussed here. 

The reasons for  this are basically sin~ple. The 
physiology of flowering, with which this book deals, 
has as yet no basis in the general physiology and 
biochemistry of the plant. The fundamental discover- 
ies on which i t  rests are the effects of the chilling 
of germinating seeds and of the varying of the length 
of day in rnature plants approarhing the stage of 
"readiness to flower (Bliihreife) ." Both of these are 
essentially ad hoe discoveries which did not arise 
directly from a continuing chain of closely-knit rc-
search and deduction, such as, for  instance, that on 
which genetics rests today, or even that v-llich led 


