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BIOAOTIA.— Experiences from transplantation experiments on 10
Drosophila species, by A. Kanellis and A. E. Stubbe *. Ave-
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Besides gene-analysis, the origin of species has always been a main
subject of Genetics. The possibility to solve this problem will increase along
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with our improved knowledge and our ability to define the term «species».
Therefore it is the aim of everybody, interested in the problem of develop-
ment of species, to work farther and farther on the knowledge of what are
the differences between species, and to persue to the very last, by which bio-
logical manifestations they may be expressed. In many ways Drosophila
seems to be the right subject for these investigations, and therefore it may
be hoped for, that Drosophila that gave us so valuable knowledge about
Genetics in general, may also do so regarding the problem of species. By
its about 300 species Drosophila offers a rich material, that can be success-
fully worked on in different directions. Besides the morphological and eco-
logical comparison, especially investigations of the cytology — above all the
observation of the giant chromosomes of the salivary glands — and the de-
velopmental physiology are promisssing.

From 1940 to 1944 we carried out a number of investigations regard-
ing the mentioned subject. From the interesting and important field of gene
hormons we chose the eye color substances as the hitherto best known, in
order to obtain by transplantations of the eye dises between the wild types
of 10 Drosophila species and the wild type of Drosophila melanogaster
a possibility to compare the content of eye color substance within these
Drosophila species with Drosophila melanogaster, and thereby also among

these species themselves.

Beadle and Ephrussi (1936) developed a method for transplantation of
organ-Anlagen in Drosophila. They discovered by their experiments that
three gene hormons are necessary for the development of normal eye color
in the wild type of Drosophila melanogaster. They named them cat—, c¢n+-,
and v*- substances from three light eyed mutants — claret, cinnabar and
vermilion — who are lacking the respective eye color substances, which would
be necessary to allow their eye dises to develop the normal wild type
color (+). Butenandt, Weidel and Becker (1940) stated that v+-substance
is identical with pure kynurenin. Also the less investigated cat-and ent-
substances are tryptophane derivatives.

We investigated the wild types of the following Drosophila species:

L. Dros. funebris «Bngland 2» (+f)
2. » virilis U8, A (+vi)

3. » simulans Austin, Texas (+sa)
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4. Dros. immigrans «Italica» (+1im )
5. » azteca «Cuenavaca» (+az)
6. » repleta «Pavia» (+1p)
il » hydei «Catania» (+ hy)
8. » buskii «Berlin - Buch» (+bu)
9. > miranda «Konigsherg» (+mir)
10. » phalerata «Berlin - Buch» (+ph)

As control served the wild type of Drosophila melanogaster «Berlin
wild» (+m). Besides the following mutants we have used also double reces-

sive compounds (for special tests on eye color substances):

ca = claret bw = brown

v = vermilion ‘aywe - claret-eosin

c¢n = cinnabar v ;bw  vermilion-brown
W' = eosin en bw = cinnabar-brown !

Except in Dros. simulans and Dros. phalerata, the eye color of wild
type imagines of all investigated Drosophila species differ from the wild
type of Dros. melanogaster. The imagines of Dros. immigrans and Dros.
azteca have lighter, and the other 6 species have darker eyes than Dros. me-
lanogaster. However, if autonomous implant eyes of Dros. melanogaster are
compared with likewise autonomous implant eyes of the investigated species,
(Fig. 1) the implant eyes of all species show the same color as the melano-
gaster implant eyes, except Dros. buskii and Dros. miranda. In these two
species the implant eyes are also markedly darker than in Dros. melanoga-
ster. (The implants are normally developed eyes, but they are invert, i.e.
the pigment is on the surface. This allows a direct comparison, whereagainst
the pigment in normal imago eyes is looking through from inside the eye).
Because of this fact we can conclude, that only Dros. buskii and Dros.
miranda really have darker eyes than Dros. melanogaster, as their implant
eyes proove. The darker imago eyes of the other species are due probably
to structural elements, independant from the pigment.

As it is further shown in fig. 1, all tested species, except Dros. virilis,
are autonomous in + (m) hosts. + (vi) implants become markedly darker in + (m)

! Please see description of our methods from publications, named in the list of
literature.
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hostes than the +(m)-in -+ (m) controls. The same can be observed on
+(vi) implants in other melanogaster hosts, namely in the mutants ca, v
and cn. Obvious virilis implants generally develop specially dark within
melanogaster hosts. The most reasonable explanation seems to be, that the
color substrate within the virilis eyes is sensitized by the melanogaster
lymphe, i.e. the substrate is stimulated to develop a darker pigment. « (m)
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Fig. 1.
The behaviour of + (m)- and other wild type implants within + (m) hosts
and host of their own species.
(O = The implant develops autonomous, its color is like4(m) - in - +(m) controls.

(® ® @ = The implant develops a darker color than the + (m)-in - + (m) controls.

implants are autonomous in all tested species except Dros. hydei and Dros.
miranda. In the wild type of these two species + (n) implants become darker
than + (m)-in - + (m) controls. Here may be a special color developing effect
of the +(hy) and the + (mir) lymphe is working on the -+ (m) implants.
When the behaviour of ca-, v-, and en-eye dises within the wild
type of the different species is tested (Fig. 2), the degree of color developed
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by them in these hosts, compared with the wild type of melanogaster (sup-
ported by the behaviour of the ca; w*-, v;bw -, and en bw-implants) shows
clear differences in the amount of eye color substances. In + (m) hosts the
¢a{m) implants remain unchanged in color, while v (m) and e¢n (m) implants
develop the full wild type color. Except Dros. simulans, all other species
behave different. ca-implants develop whithin + (vi) -, + (im)-, + (bu) ,
and + (ph) hosts as in + (m) hosts, but not v or ¢n implants. In - (vi)

hosts v implants remain a little lighter than the +(m)—in - + (m)— controls
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Fig. 2.
Different wild types as hosts for three melanogaster mutants and mulation - compounds.
(O =The implant develops autonomous.
@ —The implant develops heteronomous.
© =Theimplant reachesa darker color than the corresponding to autonomous development.

Black - and - white circles: The implant develops an intermediate color degree.
Hatched circles: Different degrees of color.

and cn implants do not rveach the full wild type color within any of the
tested species, except within + (sa) and + (mir) hosts. In + (vi) hosts they re-
main so light as the en — in—en controls, and in + (im) , ¢ (rp), +(bu) -,
and + (ph) hosts different intermediate color degrees are reached. In + (az) —,
+(hy) -, and + (mir) hosts en implants become darker than the e¢n in

en controls, a very dark color is developed within + (hy) hosts. v (m) - and
cn (m) implants behave within + (mir) hosts as in +(m) hosts. In + (az) -
and  (hy) hosts v (m) implauts develop a darker color than the + (m) - in  +
(m) controls, while cn implants reach an intermediate color degree between
the color of en (m) —in-cn(m) - and +(m) - in - + (m) controls. The species
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funebris was treated in a somewhat different way, but even though a com-
parison is possible. v (i) implants develop full wild type color within + (f)
hosts, en () implants remain unchanged. However, the special test on c¢n+
sub-tance showed a light yellow color of the ¢n bw implants in +(f) hosts,
compared with the colorless en bw -in ¢n bw controls. This indicates, that
the + (f) hosts contain a minor amount of en* substance. The special test
on ca® substance shows the same result in + (m) and in + (f) hosts, na-
mely a very slight contain of ca* substance.

This shows, that the investigated species differ from each other in
the amount of eye color substances, and that species who have a similar
morphology, as f. inst. Dros. hydei and Dros. repleta, or even those which can
be mated, as f. inst. Dros. melanogaster and Dros. simulans, also show a simi-
lar behaviour regarding the color development of their eye dises (Tab. 1).

TABIgE 1.

Amount of eye color substances in the wild lypes of the tested species

compared with the wild type of Dros. melanogaster.

Tested species cat substance +(m) | v Tsubstance +(m) | en™ substance /+(m)

Dros. funebris ... ... —

» il oo ... 2

I

» simulans ... ...
»  immigrans .. .. —
» azteca .. ..
» repleta ... .. =
» hydei. ... ...
»  buskii .. ..

» miranda . .. .

»  phalerata ... . =

In fig. 3 is shown the behaviour of wild type implants from the dif-
ferent species in ca(m) , v(m) , and cn(m) hosts. Thereof we can draw
conslusions both about the conditions of gene hormons within the donor
larvae of the implants and about the implants capacity to take up eye color
substances and their need of them. If a wild type implant within a host,

that is lacking one or more of the eye color substances, succeeds to develop
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the full wild type color, the only explanation for this is that the eye disc
was charged before the transplantation with a sufficient amount of gene
hormone. If this is not possible, either because the haemolymph of the
donor larvae did not contain sufficient gene hormone, or because the time
before the transplantation was too short to allow the eye dise to take up
enough eye color substance, then the normal color degree of the wild type
eye will not be reached. But it may also happen that the implants reach a still
darker color than that corresponding to either auto - or heteronomous deve-

lopment. In these cases the reason may be, that certain implants react very
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Fig, 3.
The behaviowr of different wild type implants within three melanogaster mutant hosts.
(O = The implant develops autonomous.
(O = The implant develops nearly autonomous. (It remains a little lighter than
the + (m}-in - + (m) controls).
&@: - The nearly autonomous color development of + (bu) - and 4 (mir) implants.
The reach the color of + (m)-in - + (m) controls).
@® (&) — The implant reaches a darker color than corresponding to either autono-

mous or heteronomous development. (For + (bu) - and + (mir) implants
= autonomous color development).

strongly with an eye color substance, i.e. they need only a little amount
of gene hormone to reach the normal color degree. If we assume, that the
implants are able, — when more is offered.  to develop a pigment, darker
than normal, then the specially dark color, that some implants develop within
¢n (m) hosts, might be explained by a larger supply of v - substance, which
the en host (opposite to the wild type host) does not use up itself. So f.
inst. +(sa) , +(bu) - and + (mir) implants behave autonomous within ca(m)
hosts, while the wild type implants of the other species do not quite reach
their autonomous color, except  (az) , + (vi) , and + (hy) implants, who
develop a still darker color than their normal wild type eyes. In v (m) hosts

+(f) - and + (hy) implants develop autonomous, + (vi) implants develop a
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specially dark color, and all others remain a little lighter, than their normal
wild type color. In ca(m) hosts we meet autonomous color development in
F(m) , +(f) -, +(sa) -, +(rp) - and +(ph) implants, only + (bu) implants
remain a little lighter, than the + (bu) in +(bu) controls. + (vi) -, + (im) ,
+(az) , +(hy) ., and i (mir) implants develop a darker color than the
respective controls.

Besides the above described, we found certain other differences, which
could not as yet be determined. They are merely expressed by the develop-
mental ability of melanogaster implants in the wild types of other species.
Thus f. inst. melanogaster implants always develop very poorly within + (vi)
+(hy) , +(bu) and +(ph) hosts.

Finaly it can be said, that the 10 Drosophila species, that we investi-
gated, not only differ morphologically and ecytologically, but that they also
show both quantitative and qualitative differences in a physiological respeect.
Biochemical investigation of the eye discs, the full developed pigments and
the haemolymphs in the different species, would very probably make it pos-
sible to trace still finer differences. And this work could very well be car-
ried out, in spite of the small size of the subject. Furthermore the syste-
matical transplantation of other imaginal dises than the eye dises might
reveal the mode of action of morphogenic substances within the different
Drosophila species.

TFurther transplantation work on Drosophila together with morphological,
cytological and biochemical studies, would be a valuable aid to increase our
knowledge about the differences of species and thereby about the biological

category «speciesy itself.
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1. ‘O yowpatiopog t@v dpdaiudv tob ouvvijovs timov the Dr. melano-
gaster dpeihetal gig v magovasiov t®V yovidiaxdv Gopovidy cat, vt xai ent.

2. AweBiydnoav mewpduata petagpurevoswg d@daiuxdy dionwv petald déxo
eld®v 1ol yévoug Drosophila zai tiic Dros. melanogaster xadmc xal tdv ca,
v, en, bw, ca;w®, v;bw xal en bw ustadddiewv 1 ocuvdvacuod netalldswv av-
g, ué oxomdv, Omwg & ToU MOOGOU TAV TEQLELOUEVMOY EVIOS ADTMV YOvVISLaxr@vY
Gonovay #adoorodoiiv ail froymuixal Stagooat, ai 6moiar Ueiotavrar petafl Twv.

3. Metaguretosig petaly Grépmy tob avrol eldove dmédeiEav Gti, EEavoéaet
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tiic Dr. buskii xal tiig Dr. miranda, of & t®v QeTAQUIEVHATOY GVOTTUOOOUE-
vou o@dalpol Eovy 1o yodua tdv dpdakudv tdv cvvidov drépwv Tiig Dr. me-
lanogaster (eix. 1).

4. ‘O svvndwg maoatnoovuevos dtdpoooc yomuationog Tdv dedaludy dpei-
hetan ele doyera mEOg TAC YOMOTIXAS alTia.

5. Meraguredosig, zatd tag 6molag (g Seviemg &gonotwomotidn 6 cvviing
wmog ths Dr. melanogaster, amédeilav 6tt of dpdaduizol dioxor thv &etaoiév-
tov £0mv, mhyv tig Dr. virilis, dvanticcovrar avtovouweg (six. 1).

6. “Opolwg, Grav dg Eeviotal ggonciwomonjdIncay ti dudpooa £1dn tiig Dro-
sophila, ebpédn Ot dviog tovtmv of dpdaluwol dioxot T@v cvvidwv dréuwv Tg
Dr. melanogaster avanticcovral émiong avrovonwe. Efalocowv dmotehotv 7 Dr.
hydei xai ¥ Dr. miranda (gix. 1).

7. Metagursduara tdv d@pdakuindy dioxwy tdv uetahldtewv ca, v, cn,
ca;w’ vibu xai en bw tiic Dr. melanogaster éviog t@v cvviidov tinmv tdv
geracéviwv 10DV avamriocovral xard Oudgooov tedmov (eix. 2).

8. *Avtidetol peragureioslg xute tag 6molag g Eeviotal Exonocipomornin-
oav ai peradhhdEec ca, v xai en xotédetfav 61l Eviog alI®V TO WETOPUTEVUATH
dhhote Avamtiooovial adtovoume, ((AAo1e VOTEQOTV TOU RAVOVIXOU YOMUGTOS ®al
dMote yowpatiCovratl vrovdrtegov (gix. 3).

9. ’Ex tiic ovyroloewg thv amovedeopdtov mooxvmter Ot ta &Eetacdévia
On v Thg noogoloyiriic %al ruttaohoyurilc dlaoods twv, diapégouvy Emi-
ong uetofy TV xal Og mMEOg TO TOGOV XAl TO mWOLOV TV Proxatolutiedv yom-
otx®v tob opdakuod, tag 6molag meoréyovv. Mopgokoywndeg Guota eldyn, dg eival
1 Dr. hydei xai ¥ Dr. repleta, §§ &ldn td 6moia dtactaveoivral uetafd Ty, (g
givar 1] Dr. melanogaster xai ¥ Dr. simulans, demviovy pixgotéoas daqpooag

(wivak 1).
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