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Beadle and Ephrussi,2 using the transplantation technique (Ephrussi
and Beadle3), found that the formation of wild type eye pigmentation is
dependent upon the presence of at least two substances, the so-called
vermilion+ (v+) and cinnabar+ (cn+) substances. It was shown that
while vermilion eyed ffies were completely lacking in both these substances,1
wild type flies not only possessed them but could supply them to im-
planted eyes. Thus, the only source of the v+ and the cn+ substances for
an eye disc implanted into a vermilion host is the eye disc itself, while
an eye disc implanted into a wild type host may secure these substances
from the host as well. Beadle and Ephrussi reported that imaginal discs
of the Bar eye of Drosophila melanogaster, when implanted into vermilion
hosts, developed vermilion rather than + pigmentation, whereas imaginal
discs of heterozygous Bar eyes developed + pigmentation when implanted
into vermilion hosts. They offered further evidence to show that the
failure of the homozygous Bar eye to form + pigmentation is not due to
its smaller size. Beadle and Ephrussi suggested that the failure of the
Bar eye to develop + pigmentation may be due to a retardation of certain
reactions in the eye relative to the states of certain developmental reactions
in other organs, and that this retardation is due to a recessive effect of Bar.
The experiments reported below are the first of a series designed to test

further the above hypothesis in order to investigate this phase of the "Bar
reaction." It is hoped that as a result some further light may be shed on
the Bar reaction as a whole as well as on the method of pigment formation
in the eye.
By means of the Ephrussi and Beadle transplantation technique the

imaginal discs of the following Bar "alleles" (with wild type eye color)
and their heterozygotes with + were implanted into vermilion hosts
(with wild type eye size): B, BB, Bt, BtBt and B (Bar, double Bar, infra
Bar, double infra Bar and Bar', respectively). In addition, eyes containing
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B in combination with m(B), a semi-dominant inhibitor of B located in
the second chromosome (Steinberg unpublished), were implanted into
vermilion hosts. Both donors and hosts were larvae about to pupate. All
experiments were conducted at 25 1°C. In all except two cases the con-
trols were implants of the same Bar genotype into wild type hosts (normal
eye size and pigmentation), and the same Bar genotype in combination
with vermilion implanted into vermilion hosts. The two cases in which
this was not true are B'B/BtB' and B/B; m(B)/m(B) (modifiedBar). The
controls for B'BiBBtBI were BB /+ into + and vBB/v into vermilion. Those
for B/B; m(B)/m(B) were B'B'/+ into + and vBB'/v into vermilion.
This was done because the facet numbers of BiBI/BIBI and BB/+ and of
B/B; m(B)/m(B) and BtBV+ are alike or very nearly so. In all cases
judgments were based on direct comparison of test and control implants;
for example, Bar eyes implanted into vermilion hosts were compared
at the same time to Bar eyes implanted into wild type hosts and to ver-
milion Bar eyes implanted into vermilion hosts (cf. table 1). Inasmuch
as neither the sex of the donor nor that of the host had any effect on the
phenotype of the implant, sex is not considered in the following report.

Before the data are discussed as a whole, it is necessary to call attention
to the pigmentation of the homozygous and heterozygous Bar eyes, when
implanted into vermilion hosts. As stated above, Beadle and Ephrussi2
reported that B/B developed vermilion pigmentation, while B/+ de-
veloped + pigmentation when implanted into vermilion hosts. Refer-
ence to table 1 will show that in our experiments B implanted into ver-
milion hosts was slightly but definitely darker than vB implanted into
vermilion hosts, and that B/+ implanted into vermilion hosts was con-
siderably lighter than B/+ implanted into + hosts. Since our experi-
ments were conducted at the same temperature and with larvae of the
same age as those used by Beadle and Ephrussi, we are at a loss to account
for the differences between our results and theirs. The data in table 1
show that B anlagen implanted into vermilion hosts develop some +
pigmentation and that B/+ implanted into vermilion hosts is interme-
diate in pigmentation; it follows therefore that the effect of the Bar
"locus" on the pigment reaction is not a simple recessive effect as Beadle
and Ephrussi suggest.
The facet numbers given in table 1 are, in all except two cases (modified

Bar and Bar4), taken from Sturtevant4 and are used as a standard to indi-
cate the relative sizes of the eyes of the various donors. The Bar "alleles,"
when implanted into wild eyed hosts, retain the same size sequence as is
shown by the non-implanted eyes. In this respect it is of interest to note
that the imaginal discs of the various Bar "alleles," as seen in late third
instar larvae, also fall into the same size sequence. The data point to some
direct correlation between facet number and depth of pigmentation.
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The correlation is, however, subject to two exceptions: 1. BB'I/+ which
is approximately one-half as large as BI/B' is not only not lighter than
B'I/B but is considerably darker, and 2. B4, which is exceeded in facet
number only by Bi/+ and +, is lighter than BiBI+, B/+ and B/B;
m(B)/m(B), all of which are less than one-half as large as B4.
These discrepancies indicate that, although both the reduction in facet

number and the partial or complete loss (cf. BB/BB table 1) of the ability
to form the v+ substance are due to changes at the Bar "locus," they are
probably a. result of two separate chains of reactions; i.e., the reaction
chain resulting in the reduction in facet number is not the one involved in
the pigment effect. If this is true, it should be possible to affect one of the
reaction systems without affecting the other. It should be possible, for

TABLE 1

DATA ON THE VARIous EYE IMPLANTS

The hosts in all cases were v. v pigmentation = 1, + pigmentation = 5 on an arbi-
trary scale. Values in brackets are those reported by Beadle and Ephrussil in com-
parable experiments. In all except two cases (BBil/+ and B/B; m(B)/m(B), see text)
the controls were implants of the same Bar genotype into wild type hosts (wild type
controls) and the same Bar genotype in combination with vermilion implanted into
vermilion hosts (vermilion controls).

IMPLANT NUMBER OF PHENOTYPE OF
GENOTYPE FACET NUMBER* INDIVIDUALS IMPLANT

BB/BB 25 10 1.0
BiBi/BiBi 38 12 1.5-
BB/+ 45 15 1.5-
B/B 68 18 1.5-(1.0)
B;Bi/+ 200 14 3.0
B/B;m(B)/m(B) 200 9 3.0
BilBi 348 13 2.0
B/+ 358 7 3.0 (5.0)
B,61B4 ? 8 2.5
Bi/+ 716 19 5.0-
+/+ 779 13 5.0-

* See text.

example, to cause a change in facet number resulting from a given genotype
without causing any change in the pigment reaction and vice versa. Ex-
periments are under way to test this hypothesis. An alternative but not
as probable an explanation of the data is that B4/B4 and BB'I/+ may in-
volve a qualitatively new situation as compared with the other genotypes,
thus producing the observed discrepancy.

During the course of these experiments nineteen fragmented eyes were
recovered from transplanations involving +vB-alleles" eye discs implanted
into vermilion hosts. Table 2 lists these cases showing the total number of
fragmented eyes recovered and the number of these which did not develop
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as much pigment as did the unfragmented eyes.5 In no case was a frag-
mented eye darker than an unfragmented eye. In the cases of BB/+
and B/B it is difficult to be certain that the fragments really were not
lighter in pigmentation than the entire eyes, since the latter were already
very close to vermilion. Consequently, they are not included in the follow-
ing discussion.

Five of the fragmented eyes failed to develop the same pigmentation as
the intact eyes. The fragmented eye recovered in the B'/+ experiment
was broken into four pieces. The two largest developed as much pigment
as did the unfragmented eyes, the smallest fragment was lightest (ver-
milion or very close to vermilion), and the fourth fragment was inter-

TABLE 2

DATA ON FRAGMENTBD EYEs RECOVERED FROM ExPEBRxmr-rs IN WHICH THE DONORS
WERE +vB"al" AND THE HosTS WERE VC

NUMBER FAILING
TO DEVBLOP

NUMBER OF SAMB PIOGENT
IMPLANT PRBNOTYPE OF FRAOMENTED AS INTACT

GNOOTYPB FACET NO.* INTACT EYE EYES EYBS*

BB/+ 45 1.5- 1 0
B/B 68 1.5- 2 0
B/B,;m(B)/m(B) 200 3.0 1 1
BiB11+ 200 3.0 4 1
B/+ 358 3.0 1 0
B;/+ 716 5.0- 6 1
+/+ 779 5.0- 4 2

See text.

mediate in both size and pigmentation. Of the two fragmented eyes
recovered in the +/+ experiment one consisted of six pieces and the
other, of four. Nine of these ranged in size from smaller than B to B,
all being close to vermilion in pigmentation. One fragment about the size
of BfBV+ was only slightly lighter than the unfragmented eyes. In
the remaining two cases (B'BV+ and B/B; m(B)/m(B)) the eyes were each
broken into two pieces. In both cases the smaller fragment was vermilion.
the larger the same as the intact eyes. In all of the above cases the smaller
fragments were as light as or lighter than the larger ones.

Of the eleven fragmented eyes which developed the same amount of
pigment as did the intact eyes, those arising in the B'B$/+, BS/+ and
+/+ experiments are of particular interest. Out of a total of fourteen
fragmented eyes recovered in these three experiments, four failed to de-
velop the "normal" pigmentation (one in each of the two former, two in
the latter). In the ten remaining eyes many of the fragments, which did
develop as much pigment as the unfragmented eyes, were as small as or
smaller than those which failed to do so. This makes it seem highly
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probable that the ability or lack of ability of a fragment to form the v+
substance involves at least two factors, namely, the size of the fragment
itself and the portion of the disc from which the fragment arises. Experi-
ments are planned in which both the size and origin of the fragment will
be controlled.
Summary.-The various Bar "alleles" and their heterozygotes with +

were implanted into vermilion.
There is an apparent but not entirely consistent correlation between

facet number and ability to form the v+ substance, i.e., smaller eyes show
less + pigmentation.

It is suggested that the facet reducing reaction system is not the same
as the reaction system affecting pigment formation.

Evidence is offered which indicates that the ability of a fragment to
form the v+ substance is a function of the size of the fragment and of the
portion of the disc from which the fragment arises.
The authors wish to acknowledge their indebtedness to Dr. Boris

Ephrussi of the Institut de Biologie Physico-Chimique, with whom the
senior author carried on preliminary work on these experiments at the
Carnegie Institute of Washington, in Cold Spring Harbor, during the
Summer of 1937, and to Professor L. C. Dunn of Columbia University for
his many helpful suggestions.
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