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Der Verfasser hat sich nach Méglichkeit in seiner Darstellung an die theoretischen
Grundsitze und allgemeinen Grundlinien gehalten, die in der Forschung hervortreten,
da sie, obwohl kulturhistorisch von sehr wesentlicher Bedentung, dennoch nicht oft iiber-
sichtlich zusammengestellt worden sind. Nach diesem Prinzip ist auch fiir jede Richtung
eine Anzahl typischer Vertreter unter den Denkern und Forschern ausgewihlt nnd ge-
schildert worden. Die Auswahl der zu schildernden Personlichkeiten geschah auf Grund
einer Priifung, die natiirlich einen gewissermafien subjektiven Charakter haben muB,
Im Hinblick auf die allgemeine Kulturentwicklung war es ferner geboten, Vertreter der
wissenschaftlichen Entwicklung verschiedener Liinder zu beriicksichtigen, um ein mog-
lichst allseitiges Bild vom heutigen Stande der Naturwissenschaften und von den Bei-
triigen der verschiedenen Natfionen zu gewinnen.

Miinehener medizin. Wochenschrift. 1926, Nr. 21: Das vorliegende Buch
fialls in vorziiglicher Weise eine Liicke in unserer sonst so ungeheuner angewachsenen
biologischen Literatur aus. . . . es fehlte an einem Werk, welches dem Geist der Neu-
zeit entsprechend eine zusammenhiingende Darstellung vom Enfiwicklungsgang der bio-
logischen Forschung von ihren ersten Anfingen im griechischen Altertum bis in die
Neuzeit gegeben hitte. Dieser dufierst interessanten Aufgabe hat sich Erik Norden-
skiéld unterzogen und sie inso vortrefflicher Weise gelést, dab es aufs lebhafteste
zu begriiflen ist, daBi G. Schneider durch seine Uebersetzung ins Deutsche das Werk
einem groferen "Leserkreis zugiinglich gemacht hat.

Der Verf. hat es mit seiner Aufgabe nicht leicht gemommen; er hat nicht nur die
wichtigsten Erscheinungen einer iiber fast 2/, Jahrtausende sich erstreckenden Literatur
selbst eingehend studiert, sondern ist auch, abermals auf Grund eigener Studien, den
Zusammenhiingen nachgegangen, die sich zwischen der Biologie einerseits und den gleich-
zeitigen geistigen Stromungen andererseits ergeben. Unter ihnen spielen die vielfach
sich aufs heftigste bekémpfenden philosophischen, kirchlichen und politischen An:
schauungen eine wichtige Rolle. . .

Entsprechend dem Gesamtcharakter des Werkes verzichtet der Verf. daranf, eine
trockene Aufziihlung der wichtigsten Leistungen zu gehen, vielmehr ist er bestrebt,
iiberall den geistigen Zusammenhang der Forschungen herauszuarbeiten und von diesem
Gesichtspunkt aus die historische Stellung der einzelnen Forscher zu bewerten, Dabei
liBt sich nicht vermeiden, dafB der Darstellung ein subjektives Moment beigefiigt st
welches dem gesamten Werk zum Vorteil gereicht, im einzelnen jedoch den Verf. dfters
mit den herrschenden Auffassungen in Widerstreit bringt. . . . Wer den ungeheuren
Umfang der modernen biologischen Literatur kennt, wird dem Verf. Dank wissen fiir
das viele Vortreffliche, was sein Werk bietet. Richard Hertwig, Miinchen,
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Experimental studies on pigment-formation.

1. The development in vitro of the mesodermal pigment
cells of the fowl.

By
P. C. Koller.

With plate 15—17.

Introduction.

B. F. Kaupp in his very useful book the ‘Anatomy of the
domestic fowl” (’18) states that the black-brown pigment of the
fowl sometimes appears in the connective tissue especially in the
case of black breeds. This writer describes pigment cells in the
connective tissue of the dark-skinned shanks. These cells are
of stellate form and give off long, ramifying pseudopodia which
often interlace with those of neighbouring cells to form a network.
Cells of this type occur in many parts of the body as in the dermis,
in the connective tissue surrounding the blood vessels and around
the spinal cord.

It was thought that such cells, if cultivated in vitro, would
yield interesting material for the study of pigment-formation in
living tissue. Up to the present most of the detailed observation on
pigment-formation in vitro have been made on epithelial tissue
such as the iris and retina (Liuna 17, Smith 20, Kapel ’29)
though the choroid has also been studied to some extent (Smith 20,
Luna ’20). The present investigation had two main objects —
(a) to study the early development of the connective tissue pigment
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cells with special reference to the origin and mode of formation of
the pigment granules and (b) to determine whether the pigment cells
could develop in medium derived from fowls of non-pigmented breed.

Material and methods.

Black and white Leghorn embryos of 3—5 days’ incubation
and a few dark hybrid embryos were employed. The notochord
and its adjacent mesoderm were dissected out ond cut into fragments
suitable for explantation.

Tissue-extract was made from 8—10 days old embryos of either
the black or white Leghorn breed using Pannett and Compton’s
saline. Blood plasma was also obtained from both breeds.

The cultures were made by the hanging drop method on 11/,
inch square coverglasses over 3 in. X 11/, in. hollow-ground slides.
These larger coverslips and slides were found more satisfactory
than the smaller size as they necessitated less frequent changing
and consequent disturbance of the tissue.

It was found best to change the tissue to fresh medium not
later than 48 hours after the original explantatibn. Subsequent
subcultures, however, were made at intervals of 3—5 days. Cul-
tures were maintained up to five or six passages by which time
the pigment cells had completed their development.

Observations were made on living cultures by means of a micro-
scope kept at body temperature.

Cultures were vitally stained with neutral red by explanting
the tissue into medium, the embryo extract of which contained
0.05 9 neutral red.

Some of the specimens were fixed in acetic alcohol, stained
with very dilute Delafield’s haematoxylin, differentiated in acid al-
cohol and then dehydrated, cleared and mounted in Canada balsam.

Observations on the living cells.

When the tissue was first explanted no pigment cells were
present. If the cultures were made from 4-day embryos pigment
cells appeared in the first passage, 36—48 hours after explantation,
but if 3-day embryos were used the pigment cells were not dis-
tinguishable until the 2nd. or 3rd. passage and developed more
slowly than in the case of the 4-day tissue. It was therefore easier
to study the early development of the pigment cells in the explants
of 3-day than in those of 4-day mesoderm.
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In their earliest stages the pigment cells resembled fibroblasts
and were not always easy to distinguish from the mesenchyme cells
among which they were scattered. They were elongated and con-
tained a more or less oval nucleus with one or two nucleoli. In
the cytoplasm, especially in the neighbourhood of the nucleus, small,
colourless granules were seen which were rather more refractile
than the surrounding cytoplasm. When the culture-medium con-
tained neutral red these granules were stained pink and were much
more conspicuous. They increased rapidly in number and at the
same time some of them began to assume a yellowish tinge. Some-
times 3—Db granules would collect in a small group and it was
often found that the granules which emerged from the group a few
seconds later were more numerous than those which had entered
it. How this multiplication of the granules was effected was not
clear but they appeared to arise from the cytoplasm.

The next phase in the development of the pigment cells (Fig. 1
and 2) which usually occupied a period of 8—10 hours following
the first appearance of the granules, was characterised by two
changes in the appearance of the cells. In the first place the cyto-
plasmic granules described above gradually became coloured; the
granules of an individual cell did not darken simultaneously and
usually ranged in shade from pale yellow to deep brown. In the
second place the cell altered its shape. The relatively simple, fibro-
blast-like outline was lost and long, branched arms of cytoplasm
containing pigment granules were thrown out from the main body
of the cell in various directions. The shape and distribution of
these arms were continually changing owing to the active amoeboid
movement of the cell. It was interesting to observe the formation
of a new pseudopodium. Pigment granules assembled in a group at
some point near the surface of the cell, a bud of cytoplasm then
appeared at this point and gradually elongated whilst the group
of pigment granules dispersed and streamed out into the new branch;
the base of the newly formed branch was always found to be
clear of granules. When pseudopodia were retracted the granules
streamed back into the cell body which accordingly became darker
in colour. In some cases very long, thin processes were formed
which occasionally became detached from the cell. Such detached
fragments degenerated and liberated the pigment granules into
the medium.

In cultures made from 4 or 5-day embryos most of the cells
contained pigment in the form of granules but cells were sometimes
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encountered (Figs. 2 and 3) which showed pigment in both gra-
nular and rod-shaped form. The origin of the rod-like pigment was
not entirely clear. In young pigment cells it was not uncommon to
find 2—3 colourless (never coloured) granules adhering to each
other in a line; it is possible that these short strings of granules
subsequently formed rods. If the cultures were made from 3-day
embryos, on the other hand, the pigment usually developed as rods
rather than as granules; the reason for this is at present obscure.
In these cases the brown rods were clearly proceded by colourless
rods but whether the latter were formed by linear fusion of smaller
granules could not be determined.

The pigment granules and rods continued to darken and in-
creasgd in size, and number (Figs. 1e. and d.). In some cases an
aggregation of pigment rods was formed which moved about the cell
as a single unit (Fig. 8).

The intracellular movements of the granules and rods of pig-
ment were most curious and interesting to watch. The pigment
moved with a quick, jerky motion to and from the periphery or
round the nucleus. Sometimes an individual rod or granule would
collide with another whereupon its course would be immediately
deflected. When a new pseudopodium was protruded the pigment
which, as previously described, always aggregated near the future
site of a new branch, would pass into the cytoplasmic process with
a sudden jerk, perhaps go a short distance, then pause and again
move onwards. When the cultures were exposed to strong light for
10—20 minutes their movements appeared to be accelerated -—
a phenomenon also observed by Smith (°20) in the case of the
epithelial pigment cells.

Sometimes the pigment cells degenerated (Fig. 9). The cyto-
plasm in such cases appeared crowded with pigment offen in the
form of large aggregations of granules. The branched pseudopodia
were withdrawn and amoeboid movement practically ceased. The
cell usually became spindle-shaped with long, tapering ends and
eventually rounded up and disintegrated.

Mitosis was observed among the pigment cells of the writer’s
cultures. Metaphase was only occasionally encountered but a few
cells in anaphase and several in telophase (Fig. 10) were seen.

When pigment cells broke down and liberated their dark brown
rods and granules the latter were usually ingested by macrophages
and also less markedly by the neighbouring fibroblasts (Fig. 11).
Such pigment-carrying cells were similar to those described by-

Archiv fiir experimentelle Zellforschung. Bd. VIII, 33
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Smith (20, '21) and were easily distinguishable from the true
pigment-forming cells.

The cultivation in vitro of black and white Leghorn
embryonic connective tissue in culture medium derived
from (a) black Leghorn and (b) white Leghorn fowls.

Experiment 1. Cultures of the notochord and surrounding
tissue from H-day black Leghorn embryos were explanted in plasma.
and embryo extract from black Leghorn fowls, whilst similar cul-
tures were made in plasma and embryo extract from white Leghorns.
Two precisely similar series of cultures were made with tissue
from b5-day white Leghorn embryos. In all four series of cultures
the eyes of the embryos from which extract was made were in-
cluded in the minced tissue.

It was found that branched pigment cells developed equa,lly
well in both series of cultures of black Leghorn tissue and failed
to do so in either set of cultures of white Leghorn mesoderm. In
the cultures made from white Leghorn embryos, however, pigment
rods were found in many of the fibroblasts and macrophages but
the appearance of these pigment-containing cells was totally different.
from that of the typical branched pigment-forming cells seen in
the cultures of black Leghorn tissue. As large numbers of pigment
rods were lying freely in the medium it seemed highly probable that
the rods present in the cells had been phagocytosed and that the
presence of the pigment in the culture medium was due to the
non-removal of the eyes from the embryos from which extract was
made. To test this view the following experiment was made.

Experiment 2. Cultures of the notochord and adjacent tissue
from 4-day black Leghorn embryos were explanted in plasma and
extract from white Leghorns. Similar cultures were made from
4-day white Leghorn embryos. The eyes were removed from the
embryos from which extract was obtained.

As before branched pigment cells developed only in the cultures
made from black Leghorn tissue and failed to do so in the white
Leghorn explants. There was no trace of pigment either in the
cells or in the medium of the white Leghorn cultures thus showing
that the pigment found in the previous experiment was due to the
presence of retinal pigment in the embryo extract.

Experiment 3. In order to determine whether pigment cells
would develop from very early black Leghorn mesoderm when culti-
vated in medium derived from white Leghorn fowls explants of the
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notochord and surrounding mesoderm from 3-day black Leghorn
embryos were explanted in white Leghorn plasma and extract.

After 2—3 days’ cultivation typical branched pigment cells
began to appear.

Discussion.

Branched, stellate pigment cells have frequently been described
in the lower vertebrates especially in the Amphibia. Schmidt ("19)
observed pigment cells in the Frog in vivo, Holmes ("20) studied
these in vitro and Hogben and Winton (22, ’23) made various
experiments on the behaviour of the frog melanophores. These
amphibian pigment cells, however, are of epithelial origin and differ
markedly in both appearance and behaviour from the pigment cells
of fowl connective tissue. The amphibian pigment cells as figured
by Hogben and Winton have a round central body from which
radiate numerous branched pseudopodia and are much more regular
and uniform in shape than the mesodermal pigment cells of the
fow]l. Moreover, although the pigment of the frog melanophores may
show fairly rapid, wholesale retraction or expansion in response to
certain physiological conditions, the cells do not exhibit the constant
amoeboid movement so characteristic of the fowl pigment cells.

In many respects the mesodermal pigment cells of the fowl
also differed profoundly from the epithelial pigment of the retina
and iris. When explanted in vitro the epithelial pigment grows as
a continuous sheet, -the cells of which are square or polyhedral
and show little or no amoeboid movement thus contrasting strongly
with the scattered, highly branched and actively amoeboid meso-
“dermal pigment cells. The development of pigment was found to
take place in vitro more rapidly in the connective tissue pigment
cells than in the epithelial pigment cells. According to Smith ('20)
dark brown pigment rods did not appear in explants of 42 hour
embryonic eyes until after 60 hours cultivation in vitro, although
grey and colourless granules preceding pigment were already pres-
ent at the time of explantation. In the present writer’s cultures
of mesoderm from 60 hour embryos in which no sign of pigment
was present, pigment cells containing grey and colourless granules
appeared after 48 hours growth and it required only 10—20 hours
further incubation for these cells to become filled with dark brown
rods and granules.

Although in shape and behaviour the epithelial and connective
tissue pigment cells are so different, the appearance and behaviour

33*
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of the actual pigment are almost identical in both types of cell.
In Smith’s epithelial cultures the pigment was in the form of
either spherical granules or stout rods precisely as in the writer’s
mesodermal cultures and moved about the cytoplasm in the same
curious, jerky manner.

Since the appearance of the pigment is so similar in the meso-
dermal and epithelial pigment cells it might be expected that it was
of the same nature and therefore formed in the same way in both
types of tissue. Smith ('20) describes the pigment rods and gra-
nules as being formed from colourless granules which regards
as distinct from mitochondria since in the same cell the granules
stained with neutral red whilst the mitochondria showed affinity
for the Janus green. Smith also noted that the granules appeared
throughout the cytoplasm and not only near the nucleus where
mitochondria were usually aggregated — a fact also observed by
Luna (17). Pigment formation in epithelium as recorded by
Smith and others thus appears to correspond almost exactly with
pigment formation in the mesodermal pigment cells described in the
present communication, i.e. it develops from colourless granules
which appear throughout the ecytoplasm and are distinct from
mitechondria. The writer has been unable to find any evidence of a
nuclear origin of the pigment granules, as described by Szily (11)
in the eye and the melanotic sarcomata. Pigment granules sometimes
traversed the film of cytoplasm covering the nucleus and thus
temporarily appeared to be within the nucleus but careful focussing
showed that such was not the case.

The fact that the mesodermal pigment cells of black Leghorn
embryos were able to develop in a culture medium obtained from
white Leghorn fowls, in which such pigment cells are absent, is of
interest. Breeding experiments have shown that the white Leghorn
is dominant to the black Leghorn so that the offspring of a
first cross between the two breeds are white; all the hybrid
chickens however carry the factor for black in their genetical con-
stitution but owing to the dominance of the white this factor is
latent, Danforth and Foster ("27) howe demonstrated however,
that if skin from a black Leghorn fowl is transplanted into a
white Leghorn fowl, pigment formation is not inhibited. They
suggest therefore, that there is ,,no special endocrine’* in the white
Leghorn inhibitory to pigment-formation. The present writer’s re-
sults appear to support this view, but further investigations are
in progress with reference to this point.
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The writer wishes to express his indebtedness to the Medical
Research Council by whom the expenses of the investigation were,
in part, defrayed.

Summary.

1. Branched pigment cells occur in the connective tissue of
fowls of dark breeds.

2. These cells appeared in explants of 3-days embryonic meso-
derm after 24—36 hours cultivation in vitro.

3. All stages in the development of these cells were observed
in the living cultures. '

4. The pigment occurred in vitro as either granules or rods
and was formed from originally colourless cytoplasmic granules
which stained intra vitam with neutral red. The transformation in
vitro of the colourless granules into dark brown pigment occupied
8—10 hours.

5. The pigment cells of the connective tissue differed from
those of the retina in their active amoeboid movement, scattered
distribution and more rapid development in vitro.

6. Pigment cells developed in explants of black Leghorn meso-
derm even when cultivated in white Leghorn embryo extract and
plasma. Pigment cells never developed in explants of white Leghorn
mesoderm even when cultivated in black Leghorn embryo extract
and plasma.
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Description of plates.

All the mierophotographs were made from specimens from the same series
of cultures, fixed and stained at the same time. i
ag. aggregation of pigment granules.
p.c. pigment cell.
p.p- phagocytosed pigment rods.

Plate 15.

Fig. 1. Series of freehand drawings of a living pigment cell in its earliest
stages of development. Note the increasingly branched appearance of the eyto-
plasm and the gradual darkening of fhe eytoplasmic granules (explant from
3-day embryo after 62 hours’ cultivation in vitro; 2nd passage).

Plate 16.

Fig. 2. Microphotograph (3<650) showing early pigment cells containing
relatively few pigment granules (explant from 4-day black Leghorn embryo after
2 days’ cultivation in vitro; 1st passage).

Fig. 3. Microphotograph (<1000) showing a pigment cell in which the
pigment is mostly rod-shaped.

Fig. 4. Microphotograph (3<1000) of a pigment cell containing both rods
and granules of pigment.

TFig. 5. Microphotograph (3<170) showing a large group of branched pig-
ment cells all of which had developed during cultivation in vifro.

Fig. 6. Microphotograph (><650) showing two pairs of pigment cells in
close proximity. These cells possibly represent the product of two mitoses.

Plate 17.
Fig. 7. Microphotograph (3<1000) of a much branched pigment ecell.

Fig. 8. Microphotograph (3<1000) of two pigment cells containing several

aggregations of pigment granules as well as discrete rods and granules.

Fig. 9. Microphotograph (3<650) showing degenerate pigment cells. The
elongated cell on the right has lost its long branched arms whilst the fhree
cells on the left have rounded up.

Fig. 10. Freehand drawings of a pigment cell in laie telophase. After an
interval of 15 minutes the cells had almost separated and had began to put
out the characteristic branched pseudopodia (explant from 3-day embryo after
14 days’ cultivation in vitro; 4th passage).

Fig. 11. Microphotograph (3<650) showing true pigment cells surrounded
by cells containing phagocytosed pigment rods.
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'Léhrbuch der Protozoenkunde

- Eine Darstellung der Naturgeschichte der Protozoen
mit besonderer Beriicksichtigung der parasitischen
und pathogenen Formen

Begriindet von

Franz Doflein

neubearbeitet von

Prof. Dr. Eduard Reichenow

Abteilungsvorsteher am Institut fiir Schiffs- und Tropenkrankheiten in Hamburg

Fiinfte Auflage

I, Teil (= 5. 1—436): Allgemeine Naturgeschichte der Protozoen. Mit Ab-
bild. 1—388. 1927 Rmk 21.—
Inhalt: Einleitung. — I. Allgemeine Morphologie und Physiologie der Pro-
tozoen: 1. Die Protozoen als Zellkdrper. 2. Stiifzsubstanzen und Skelettbildungen.
3. Bewegung, 4. Stoffwechsel. b. Reizerscheinungen. [/ IL. Foripflanzung wund Ent-
wicklung: 1. Verméhrung. 2. Sexualitit. 3. Entwicklungsgeschichte. / III. Oeko-
logie: Vorkommen und geographische Verbreitung der Protozoen. Meeres-, Siii-
wasser- und Bodenprotozoen. Parasitische Protozoen. Die Parasiten der Protozoen. /
IV, Technik der Proiozoenumtersuchung. a) Kinstliche Ziichtung freilebender Pro-
tozoen, von Darmprotozoen und Blutparasiten. b) Untersuchungsmethoden, —

II, Teil (= 8. 437—864): Spezielle Naturgeschichte der Protozoen. Erste
Hilite: Plasmodroma : 1. Mastizophora (Flagellaten oder GeiBelinfusorien) 2. Rhizo-
" poda. Mit Abbild. 389—823. 1928 ; Rmk 22.—

Soeben erschien:

I, Teil (= S. 866—1262): Spezielle Naturgeschichte der Protozoen. Zweite
~ Hilfte. Plasmodroma: 3. Sporozoa. [ Ciliophora: 1, Ciliata:. 2. Suctoria. —
Sachregister, Mit Abbild. 824—1201. 1929 Rmk 21.—

Einbanddecke (in Halbleder) fir das ganze Werk: Rmk 4.50
Preis des vollstindigen Werkes: Rmk 64.—, in Halbleder geb. 70.—

- In dem Jahrzehnt, das seit dem Krscheinen der 4. Auflage vergangen ist, hat
sich die Forschung anf dem Gebiet der Protozoenkunde ungemein fruchtbar erwiesen;
vicle nene Tatsachen sind bekannt geworden und manche theoretischen Fragen
haben ein anderes Anssehen erhalten, Um diesen Fortschriften gerecht zu werden,

~ohne den #Aufieren Umfang des Lehrbuches weiter anwachsen zu lassen, war eine

3



vollige Neuordnung des Stoffes und vielfach eine gedriingtere Darstellung er- |
forderlich; insbesondere wurden Morphologie und Physiologie der Protozoen zu-
sammen behandelt wodurch zahlreiche Wiederholungen vermieden worden sind

unid die Uebersichtlichkeit sicherlich gewonnen haf.

Wenn infolgedessen von dem Text der vorigen Auflage nur wenige Bruch-
stiicke unverdndert erhalten bleiben konnten, so war der Bearbeiter doch bestrebf,
dem Buch im ganzen den Charakter zu wahren, der ihm von Doflein bestimmt
worden war: es soll nicht nur dem Lernenden eine Einfiihrung in das Ge-
samtgebiet der Protozoenkunde unter besonderer Beriicksichtigung der
Parasiten geben, sondern es soll in dem Mafe, wie dies im Rahmen eines Lehr-
buches moglich ist, weit genug in die Hinzelheiten gehen, num auch dem Forscher

bei Spezialuntersuchungen die ersten Hinweise bieten zu kdnnen und ihm das Auf- §

finden der einschligigen Literatur zu erleichtern. Mehrere hundert Abbildungen
wurden neu aufgenommen, Der Raum hierfiir wurde -zum grofien Teil gewonnen
durch  Ausscheiden veralteter Bilder und durch fast volliges Vermeiden der
Wiederholung der gleichen Figur.

%

Zentralbl f. d. ges. Hygiene., Bd. 17, Heft 6: ... Der jetzige Heraus-
geber, I'. Reichenow, kann allseitigen Dankes gewiB sein, daB er die heikle Aunf-
gabe iibernommen hat, die Neuauflage zn besorgen, iiber der der Schépfer des
Werkes verstarb. . .. Die Verarbeitung neunerer Anschauungen brachte es mit sich,
daBl die neue Auflage vielfach ganz als eine personliche Schopfung des IHeraus-
gebers erscheint und als solche zu werten ist. Der neue ,Doflein' ist dadurch

wieder zu einer wirklich zeifgemiBen Binfithrung in das Gesamtgebiet der Pro-.

tozoenkunde geworden, die allen fachlich interessierten Kreisen unentbehrlich sein

wird wie bisher. Ausstattung und Druck des Werkes sind meisterhaft wie in den |

fritheren Auflagen. ; F. W. Bach.

Archiv f. Schiffs- u. Tropenhyg. Bd. 32, Heft 5: Der ,,Doflein‘ war
jabrzehntelang das mafigebende Lehrbuch und Nachschlagewerk, das aunch im Aus-
_land viel als Quelle benutzt wurde. ... Der ,Doflein* wird sich auch als ,,Doflein-
Reichenow® bald wieder allgemein einbiivgern, um so mehr, als der Verlag sich
durch tiberans bescheidene Preisgestaltung auszeichnet. M. Mayer.

Deutsche med. Wochenschrift. 1928, Heft 7: ... Der Verfasser hat es

in vorziiglicher Weise verstanden, die Briicke zwischen Zoologie und Medizin her-

zustellen. Fiir eigene Forschung dient eine Einfiihrung in die Methodik und ein guf

ausgewihltes Literaturverzeichnis, Die neue Auflage ist entsprechend den Fort-F

schritten der Wissenschaft im lefzten Jahrzehnt ginzlich umgearbeitet; der Preis
ist im Verhiltnis zum Gebotenen, namentlich auch an Abbildungen, recht niedrig
ZIL nennen. Kisskalt, Minchen.

Minchener med. Wochenschrift. 1928,‘Heft- 8: ... eine grofe Menge }

neuner, gut ausgewahlter und ausgezeichnet reproduzierter Abbildungen unterstiitzen

ey

das Gesagte ganz wesentlich und werden zum Verstindnis des komplizierten morpho-f

logischen Aufbanes und der physiologischen Einrichtungen der Protozoen aubBer-

ordentlich beitragen. Das Lehrbuch ist zur Hinfithrung in die Protozoenkunde aus fraas)

gezeichnet geeignet und wird viele Freunde finden. R.0. Neumann, Hamburg &

Centralblatt £ allgemeine Pathologie. 1928, Bd. 42, Heft 3: .. .Die 3

klare Darstellung und iibersichtliche Gliederung des umfangreichen Stoffes gibt demf 2

vorliegenden Teil des Lehrbuches der Protozoenkunde eine besondere Prigung. Ifirf
den Zoologen und Biologen, wie fiir den Mediziner, insonderheit den pathologischen &

Anatomen ist das Buch nicht allein ein Leitfaden und Nachschlagewerk; durch

Vermittlung der notwendigsten Kenntnisse tiber die Morphologie und Physiologie dert

Protozoen bildet es eine unentbehrliche Grundlage jeder experimentellen Unter:

suchung iiber die Pathologie der Zelle, die gerade an den leichf znginglichen leban-|

den Einzellern von besonderer Bedeutung sind. Danisch, Jena.
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ON PIGMENT FORMATION IN THE
D-BLACK RABBIT.

By Dr P. KOLLER.

(From the Biochemical Laboratory and the
Animal Breeding Station, Cambridge.)

TrE mechanism of the origin and formation of pigment has been
elucidated by the work of Bertrand (1908), Chodat (1912) and others.
They all agree that colour in animals and plants is produced by the
aetion of a ferment or oxidase substance on a colourless chromogen.
Von Fiirth (1904), Gortner (1911), Przibram, Dembowsky and Breecher
(1915), Schultz (1925) and other researchers have demonstrated that
the presence of an oxidase (tyrosinase) in the coloured tissues of
animals and plants is a conditio sine qua mon of pigment formation.
L. Kaufmann (1923), for example, was able by injection of tyrosinase
artificially to supply this oxidase and obtained the formation of melanin
pigment.

Our present knowledge of the chemical basis of pigment formation
allows us to use the chemical test for genetical analysis. In this con-
nection the work of Onslow (1915) is of special interest. He demonstrated
that chemical differences could be found between the two different types
of white-coat colour in rabbits and mice, which correspond to differences
in their genetic behaviour. In the dominant white coat the pigment-
forming mechanism is present, but its action is inhibited by specific
““inhibitor” substance. In the recessive white or albino, there is no
inhibitor but the pigment-forming mechanism is incomplete.

Onslow used in his experiments the skin of recessive and dominant
whites and of recessive black animals, as well as the chocolate form of
the latter. He did not extend his work to dominant black, called by
Punnett (1913, 1915) D-black, which is dominant to agouti, towards
‘which the normal black is recessive. Our problem was to find out whether,
an underlying chemical difference could be found corresponding to the
different genetic behaviour of dominant black.

MEeTHODS.
In the light of the more recent literature on oxidases and pigment
formation (Schultz, 1925) Onslow’s method with tyrosinase and peroxide
seemed to be inadequate, and it appeared preferable to follow Bloch
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(1917, 1924) in replacing these reagents with “Dopa” (1-3, 4, dioxy-
phenylalanine).

As experimental animals 2-3 day old rabbits were used. The skin
was carefully separated and freed from adherent connective tissue and
blood vessels, washed with distilled water and rinsed and dried with
a cloth. It was then cut into pieces and ground up in a mortar with
pure sand which had been previously wetted with a few drops of water.
The pulp was placed in a cloth and pressed out in a press. The juice was
separated from solid particles by centrifuging. As material for dominant
white or inhibitor, we used the belly of agouti and the white parts of
English rabbits.

The extracts of skin were divided into equal parts, which were placed
in welled china plates. In three of the exfracts a small quantity of solid
finely powdered Dopa was suspended. To one of these portions with Dopa
a few drops of the extract of white skin from English rabbit or agouti
belly was added. To another we added an equal amount of water to test
the effect of dilution by water as compared with the effect of dilution
by inhibitor extract.

The china plate was placed in a big Petri dish into which also wet
cotton-wool was placed. The dish was covered and placed in a thermo-
stat at 37° C. for 4 hours. Then the dish was kept for 8 hours at room
temperature and the results noted. The extract of coloured skin alone
(used as control) does not change its colour in this time, while the same
with Dopa changes to a very deep black-brown colour,

DESCRIPTION OF EXPERIMENTS.

The following breeds were used as experimental material: (1) agouti;
(2) recessive black; (3) dominant or D-black; (4) dominant white
(homozyg. English rabbit); (5) recessive white or albino; (6) chocolate
or dilute black; (7) agouti-Dutch.

1. Eaztract of agoutr skin.

Extracts were prepared from the coloured coat of a,gbuti and as
inhibitor the extracts from the belly of the same agouti was used.

Extract Reaction
E+Dopa ... + +
E +Dopa+H,0 .. il
F +Dopa +inhibitor -

E = extract from coloured skin,
+ = positive reaction; formation of a precipitate of black colour.
— =negative reaction; no change in colour.
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The reaction with Dopa and water was not so strongly positive as
with Dopa alone, the water causing a dilution of precipitate colour. The
result, however, shows that the agouti coat has all the factors for
pigment formation, whereas the belly has in addition an inhibitor
enzyme.

2. Eaxtract of recessive black skin.

Extract Reaction
B +Dopa ... ++
E +Dopa +H,0 ... ++

E + Dopa +inhibitor

Two kinds of inhibitor were used: one was the agouti belly, in which
case a negative reaction was observed. In crosses of agouti and recessive
black the F; offspring have the dominant white belly. Similarly if we
used the extract of dominant white as inhibitor, the reaction was again
negative. In crosses of recessive black and dominant white the F, off-
spring are all white.

3. Eatract of domanant or D-black skin.

Extract Reaction
B s -
E+Dopa ... ob ++ +
B +Dopa+H,0 ... + +
E + Dopa +inhibitor + +

The above result shows that the inhibitor (from agouti belly and
dominant white) could not prevent pigment formation. Punnett (1915)
suggests that in the D-black rabbit there is present an inhibitor enzyme
which itself inhibits the action of the inhibitor from agouti belly and
dominant white. Therefore when he crossed agouti with D-black in F,
generation the white belly did not appear and the offspring were all
black. In this case the chemical observation is in full agreement with
the genetic behaviour.

4. Eatract of dominant white skin.

Extract Reaction

E .. -

E +Dopa ... s =

E +Dopa+H,0 ... -

E +Dopa +inhibitor -
In order to test more exactly where lies the cause of pigment inhi-
bition, extract from dominant white was used with Dopa. The result
in every case was negative, except when the extract was boiled for a few

minutes, when a melanin precipitation was observed. It is suggested that
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in that case the effect of inhibitor is destroyed by heat and the other com-
ponents of the extract can, when combined with Dopa, produce pigment.

5. Euatract of recessive white skin.

Extract Reaction
T, i
. E+Dopa ...
B +Dopa+H,0 ...
J2 + Dopa +inhibitor

1 1]

Dopa cannot produce pigment in recessive white extract and even if
we boil the extract the reaction remains negative. But if the extract from
recessive black is added a positive reaction appears, because the lacking
member of the pigment-forming series is supplied. If we cross, for
example, albino (recessive white) with recessive black, the F,; generation
is black, because from the black parent the entire pigmentary system is
introduced.

6. Extract of chocolate skin.

Extract Reaction
E+Dopa ... + +
B +Dopa+H,0 ... +

F +Dopa + inhibitor =

The chocolate is a dilute black; in crossing its fate is the same. If we
cross it with agouti, the white belly of the latter, which contains the
inhibitor, will appear in F;.

7. Eaxtract of agouti-Dutch rabbit’s skin.

Three kinds of extract were made: F,, from the agouti coat; E,, from
the white part of coat; F,, from the belly.

E; behaved in the same way as the agouti; 7.e. with Dopa it gave a
positive reaction. J, with Dopa did not give a melanin precipitation and
this extract could not prevent pigment formation. F; had the same
effect as the inhibitor from agouti. In crosses the behaviour of the white
part is the same as that of recessive white, which shows that it lacks one
member of the pigment-forming system.

REesurts.

1. Extracts from the coloured coat of agouti, recessive black, chocolate
and agouti-Dutch give strong melanin formation with Dopa.

2. Bxtracts from dominant white skin (belly of agouti, white parts
of English rabbit) do not form melanin on addition of Dopa. If added
to the extracts of the coat of coloured rabbits mentioned under (1),
such an extract completely inhibits pigment-formation.
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Drawings were made with a Zeiss camera lucida. The Tradescantia
drawings were made with a 1-3 mm. objective and a x 30 eyepiece at a
magnification of ca. 5500. For the Rhoeo drawings a 1-5 mm. objective
(n.a. 1-3) was used giving a magnification of 6300.

The author is indebted to Mr La Cour for the preparations.

I. OBSERVATIONS ON TRADESCANTIA VIRGINIANA VAR.
HUMILIS.

Behaviour of chromosomes during meiosis.

The study of the earlier stages in Tradescantia was not possible;
however, the fact that most of the chromosomes are attached by terminal
chiasmata in first metaphase indicates that terminalisation is extensive
in this species. Terminalisation is the movement of the chiasmata formed
at diplotene away from the attachment constrictions to the ends of the
chromosomes. The observations of friple and quadruple terminal chias-
mata show that the formation of chiasmata between more than 2 chromo-
somes does not of itself interfere with terminalisation.

In species with structural changes in the chromosomes leading to
pairing of unequal chromosomes or of a middle segment of one chromo-
some with the end of another, terminalisation obviously can only be
complete for one partner resulting in the formation of a terminal-lateral
chiasma (Text-fig. 1 C'). The latter type of chiasma was observed by
Darlington (1929); the present study has revealed the occurrence of the
-former.

The observations of terminalisation in Campanule (Gairdner and
Darlington, 1931), in diploid and tetraploid Primula sinensis (Darlington,
1931 @), in Rosa (Erlanson, 1931) and in Maithiola (Philp and Huskins,
1931) indicate that the movement of terminalisation proceeds simul-
taneously throughout the chromosome complement. The proportion of
terminal chiasmata in metaphase is generally a measure of the extent of
terminalisation. In T'r. virg. humilis terminalisation is usually complete,
all the chiasmata in first metaphase being terminal with certain special
exceptions.

Occasionally interstitial chiasmata are observed at metaphase. When
they occur they seem to be constant in position and of two types; one
sub-terminal, the other more median (Text-fig. 1 4, B). It is significant
that never more than two interstitial chiasmata were observed in the
same nucleus. The oceurrence of these interstitial chiasmata in apparently
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constant positions in nuclei, which otherwise show complete terminalisa-
tion, indicates that they are due to arrest of terminalisation at particular
points. It was suggested by Darlington (1929) that such arrest of termi-
nalisation might be caused by a change in the homology of the pairing
chromosomes. This suggestion has been supported by the observations of
Darlington on Oenothera (1931 ¢) and Sansome (1932) on Pisum in which
kmown changes in homology were found to check terminalisation.

The change in the homology of the chromosomes might have been
produced by segmental interchange between non-homologous chromo-
somes and by translocation. Such changes must have been common in
this species because the behaviour of the chromosomes at meiosis shows
it to be a complex structural hybrid. The association of more than four
chromosomes, the pairing of the end of one chromosome with the middle
of another, the presence of unequal chromosomes and of fragments and

Text-fig. 1. Three metaphase bivalents. 4 and B show exceptional interstitial chiasmata, due

to arrest of terminalisation; €' shows a lateral-terminal chiasma. (x 2750.)
their pairing with different parts of whole chromosomes indicate that
homologous segments have different positions in different chromosomes.
Therefore changes in homology of pairing chromosomes leading to the
presence of interstitial chiasmata at metaphase through arrest of
terminalisation is to be expected. Even the smallest non-homologous
part is probably sufficient to arrest terminalisation.

Pairing of unequal chromosomes.

Pairing has been observed between unequal chromosomes. Sometimes
such pairing results in the two chromosomes (chromosomes being used in
this sense to mean the two chromatids associated at the attachment
constriction) heing made up of unequal chromatids (see Text-fig. 2 4,
B, 0). This condition is a proof of genetical crossing-over on the single
assumption that identical chromatids are always associated at the point
of attachment. This assumption is based upon genetical data chiefly from

6-2.
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Drosophila (Bridges and Anderson, 1925; Dobzhansky, 1931; Beadle,
1932) and it derives independent support from the fact that splitting of
the chromosomes at the attachment is never observed in bivalents before
anaphase of the second division. If splitting of the chromosome at the
attachment constriction takes place after chiasma formation, identical
chromatids, that is chromatids from the same somatic chromosome, must

C

Text-fig. 2. Three metaphase bivalents showing association of unequal chromatids. ( x 2750.)

be associated at that point. If this is the case, the association of two un-
equal chromatids can only have been brought about by segmental inter-
change between two chromatids of the unequal chromosomes (crossing-
over) at some point between the attachment constriction and the end of
the chromosome. T's figure therefore gives eytological evidence of genetic
crossing-over.

Torsion of chromatids.

In the first metaphase some bivalents were observed which seemed
to be made up of unequal chromatids due to eytological crossing-over
between two unequal chromosomes as described above. However, closer
examination revealed that the size disparity is only apparent. The two
pairing chromatids of one chromosome are twisted round each other
twice at 90°. This results in the twisting ca. 180° of the terminal attach-
ments of the pairing chromatids so that two of them are pulled to the
opposite side of the other two. The discrepancy in appearance is therefore
due to displacement, or change in the position of the chromatids. The
force which produces the torsion of the chromatids sometimes breaks the
terminal attachment of the two replaced pairing chromatids, resulting in
the formation of an imperfect chiasma (Text-figs. 3 B, C; 9 C; 11 D).

Darlington (1932) believes that chromosome contraction in the earlier
stages is brought about by a force operating from the attachment con-
striction. He suggests that the point of attachment may actually spin
round, resulting in the twisting of the chromosomes into a spiral which
twists in opposite directions on each side of the attachment. The
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occasional observed torsion of the chromatids is perhaps caused by a
prolongation of the effect of the same force.

Text-fig. 3. A, metaphase bivalent with a lacuna in one chromosome; B and €' show torsion
of chromatids. (x2750.)

Morphological change in chromosome.

In one of the bivalent chromosomes (see Text-fig. 3 4) at first meta-
phase a very well-marked gap or lacuna appeared in an interstitial
position. A similar case was observed by Darlington (1929) and he ex-
plained it by assuming that a structural change had occurred during
prophase in the chromosome, and he attempted to correlate the observa-
tion with the appearance of new attachment constrictions in the pollen-
grain division. The central position of the gap shows that both chromatids
must have been involved in the change. The occurrence of lacunae and
fragments in the same species perhaps indicates one of the ways in which
the latter may originate.

Behaviour of fragments.

Tr. virg. humalis has three fragments. In metaphase configurations
the observation of three fragments was sometimes rather difficult, but
they were seen in anaphase and their number was proved to be a constant

(7 w0 & &=

Text-fig. 4. Fragments. A, univalent dividing in first metaphase; B, univalent, showing the
sub-median attachment; C, two fragments associated by an imperfect chiasma; D, two
fragments paired by two terminal chiasmata; £ and F, paired fragments with an
interstitial chiasma. (x 2750.)

three. In their association among themselves and with chromosomes they
show a certain variation. Sometimes they are univalents and divide
in the first anaphase (Text-fig. 4 A, B). But the pairing of two of the
fragments is quite common (Text-fig. 4 C, D, E and F). Their association
In metaphase is proof of their partial or total homology.
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The fragments are small bodies, therefore terminalisation is expected to
be complete and even to be finished sooner than in the other chromosomes,
on the analogy of Fritillaria. However, in several cases fragments were
held together at metaphase by interstitial chiasmata (Text-figs. 4, &, F;
9 A4; 11 4). The incomplete terminalisation or arrest in the movement of
the chiasmata in such small “chromosomes” must be evoked by a special
cause. One possibility is that, as in the case of some of the large chromo-
somes, small non-homologous interstitial segments are present in the two
otherwise homologous fragments. When a chiasma is formed between the
attachment constrictions and this non-homologous segment its termi-
nalisation is arrested at the point where the homology changes. Careful
observation shows that the degree of interstitiality of the chiasmata or
the point of arrest of terminalisation is constant.

When a chiasma is formed between the point where the homology
‘changes and the end of the fragment, away from the attachment constric-
tion, terminalisation of course will be complete. Therefore complete ter-
minalisation of chiasmata formed at diplotene does not necessarily prove
the total homology of pairing chromosomes or fragments. Terminalisa-
tion depends upon the relative positions of the place where the chiasma
is formed and the attachment constriction as well as upon the structural
differences. The discrepancy in the homology of pairing chromosomes
may be taken to be responsible for arrest of terminalisation, but the
presence of complete terminalisation cannot be taken as a definite proof
of total homology.

The pairing of three fragments (which is very common in Fritillaria
wmpertalis; Darlington, 1930) has never been observed in Tradescantia.
This may be due, either to the fact that only two fragments are homo-
logous, or to special conditions such as chiasma frequency interfering with
the pairing of three fragments at once. The latter possibility is rendered
very improbable by the observation that one fragment may pair with
another fragment and a whole chromosome. Therefore the chiasma fre-
quency of the fragments must be sufficiently high to permit of the pairing
of the three fragments if they are homologous. Two of the fragments
have terminal attachments (Text-fig. 4 D), but the third seems to have
a sub-median attachment. Pairing seems only to be between the two
fragments with the terminal attachments. This supports the view that
only two fragments are homologous.

Fragments pair with the major chromosomes quite often. This makes
the estimation of the chiasma frequency in the species rather difficult,
since the chiasmata between fragments and chromosomes must certainly
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be taken into consideration. This raises the question of whether the
fragments are to be counted as chromosomes and if not, how the chiasmata
between fragments and chromosomes are to be freated.

The association of fragments with chromosomes may be by a single
lateral or terminal chiasma or by multiple chiasmata with two or three
chromosomesin triple or quadruple chiasmata respectively (see Text-fig. 6).

Since metaphase pairing, as distinet from the special phenomenon
“secondary association” (Lawrence, 1931) is, on Darlington’s theory of
meiosis (1931 b), only by chiasmata (¢.e. changes of partners amongst the
chromatids), the pairing of fragments with whole chromosomes in T'r.
virg. humalis is worth special consideration.

Fragments can pair with chromosomes by one or more chiasmata.
Text-fig. 5 a, b, ¢ illustrates the behaviour when the association is by one
chiasma followed by terminalisation, complete for the fragment, neces-

8 B
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a b C

Text-fig. 5. Diagram showing behaviour of chromosome with fragment, united by one
chiasma. A represents chromosome and B fragment; @ at diplotene, b and ¢ at metaphase.

sarily incomplete for the whole chromosome. Such an association will give
four unequal chromatids or chromosomes after the second metaphase.
This is a further cytological proof of crossing-over by interchange between
unequal chromosomes. As a result of such a chiasma, new chromosome
types will be formed; one representing part of the big chromosome with
the fragment attached, the other being the remaining part of the big
chromosome. Actually Darlington observed chromosomes of new sizes in
the pollen-grain divisions, which might have originated in this way.

The discrimination between this type of association and the type
where two chiasmata have been formed and terminalised is rather
difficult at metaphase. Text-fig. 6 D shows an unusual arrangement
between the fragment and chromosome where the proximal end of the
fragment is wider than the distal. This may be a special aspect of the
type of association described, the fragment being viewed from above.
Another possibility is that the “knob” does not represent a fragment at
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all, being an interstitial part of one chromosome not present in its homo-
logue. This would be another instance of pairing between unequal
chromosomes, the inequality in this case being interstitial whereas in the
previously described condition the inequality is terminal. If the second
explanation is correct, this configuration affords convincing evidence that
pairing is specific at metaphase as well as prophase, 7.e. only homologous
parts of chromosomes and chromatids can pair.

When fwo chiasmata are formed between the fragment and chromo-

a,fs&&f

Text-fig. 6. Fragments pairing with chromosomes. A, condition resulting from fwo com-
pensating chiasmata; B and C, condition which may have arisen from one chiasma;
D, peculiar configuration; ¥, fragment paired with two chromosomes in a triple

chiasma. (x 2750.)
2/5 ?

a b c d

Text-fig. 7. Diagram showing behaviour of fragment paired with chromosome by two
compensating chiasmata; A represents chromosome, B fragment, a and b the two
different types of compensating chiasmata at diplotene, ¢ and d at metaphase.

some these may be compensating or non-compensating. Compensating
chiasmata can be formed in two ways; (1) the same two chromatids
cross-over at both chiasmata, (2) two different pairs of chromatids cross-
over at each chiasma (see Text-fig. 7 a, b, ¢, d). Terminalisation of these
two types of compensating chiasmata will give the same configuration, as
seen in Text-fig. 7 d.

Pairing between a fragment and a chromosome by two non-compen-
sating chiasmata will give a different result. In this type one of the
chromatids which interchanges at the first chiasma crosses over with a
third at the second chiasma. Terminalisation of non-compensating chias-
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mata will give the same configuration as that formed in the case of one
chiasma (see Text-figs. 8 @ and b, 5 @, b and ¢).

The arrangement most frequently observed was that in which the
two fragment chromatids are attached to the side of the large chromo-
somes. If the chiasma frequency were correlated with size, one would
expect the single chiasma type leading to the configuration illustrated in
Text-fig. 5¢ to be most common. But the observations show that this
type is rather rare. Therefore, accepting Darlington’s chiasma theory of
metaphase pairing, we must assume that the most frequently observed
method of pairing between fragment and chromosome results from the
formation of two compensating chiasmata. Perhapsspecial circumstances

}2 h/ cg}

Text-fig. 8. Text-fig. 9.

Text-fig. 8. Diagram to show fragment and chromosome united by fwo non-compensating
chiasmata; a at diplotene, b at metaphase. Metaphase appearance is the same as
shown in Text-fig. 5. .

=4

Text-fig. 9. 4, a pair of fragments with an interstitial chiasma; B, fragment paired with
two chromosomes by two terminal chiasmata; C, bivalent showing torsion of chroma-
tids, (x 2750.)

induce the formation of a second compensating chiasma whenever a
chiasma is formed between a fragment and a chromosome.

Many cases were observed in which two chromosomes were connected
by one fragment. In such a configuration the association between
the fragment and chromosome must be by two chiasmata for the
fragment and one chiasma for each chromosome. The fibre attachment
of the fragment must be between the two chiasmata in order that
terminalisation may give the observed figures (Text-fig. 9 B). The
fragment concerned in such a configuration must be that with the median
attachment, otherwise the chiasmata between the fragment and both
chromosomes would be on one side of the terminal attachment and
terminalisation would result in a formation of a triple chiasma.

Pairing of a fragment with two chromosomes by a triple chiasma has
also been observed (see Text-figs. 6 E; 10 a, b).
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Discussion.

The study of the behaviour of fragments during meiosis, which reveals
their association by chiasmata with each other and with whole chromo-
somes, gives evidence of their existence and stability in this species. They
survive the reproductive phase of the plant, which is responsible for the

- elimination of supernumerary bodies in the chromosome complement.
Chromosome pieces or fragments, originated in different ways, have been
observed in several animal and plant species, but in most cases these
fragments do not pass through meiosis. For their maintenance at mitosis
the possession of an attachment constriction which places the new
chromosome fragment into the reproductive mechanism is necessary, as
was first mentioned by Navashin (1926).

The T'radescantia fragments have permanent fibre attachments. There-

b

a
Text-fig. 10. Diagram to show method of pairing of a fragment with two chromosomes to
give a triple chiasma.

fore they are able to remain as permanent members of the chromosome
complement as indicated by Darlington’s observations on pollen grains
and somatic tissue. They are not merely fragments, stricto sensu, but they
are small “chromosomes” with individuality. It seems reasonable to
assume that they represent one way, already advanced, towards new chro-
mosome formation. There are species in animals (Gallus) and plants
(Yucea and Aloe) where the size of the chromosomes in the same comple-
ment ranges from the smallest to the largest. The Tradescantia fragments
are comparable with these very small chromosomes. Perhaps they are
responsible for some morphological or physiological features of Tr. wirg.
humilis. T'r. virg. var. bracteate has the same chromosome complement
(2n = 24), but Darlington did not observe fragments in this variety. This
may support the suggestion that the fragments have their important
part in the phylogeny of the variety humilzs.

They enter into meiosis and may segregate through normal dis-
junction. Normal disjunction can only take place after pairing. Darling-
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ton assumes that metaphase pairing depends upon chiasma formation,
therefore the fragments, if they are to pair and segregate regularly, must
show a chiasma frequency very much higher than that of the large
chromosomes in proportion to their size.

The recent observations of Darlington and Dark (1932) on Steno-
bothrus parallelus and of Dobzhansky on Drosophila (1931) and O’Mara
(1931) on Yucca show that chiasma frequency is not always correlated
with the size of the chromosome. The chiasma theory of metaphase
pairing does not, as O’Mara (1931) appears to suppose, imply that chiasma

S8,
NE

D
Text-fig. 11. Whole nucleus at metaphase. A, fragment taking part in a quadruple chiasma;

B, chain of five chromosomes; €, univalent fragment; /), bivalents showing torsion.
(% 2750.)

frequency is correlated with chromosome size, although it is true that it
usually is so correlated. The observation in 7'r. virg. of some configurations
n which the actual exchange of partners in pairing fragments may be
seen (Text-fig. 4 F) shows that the pairing of fragments, like that of
whole chromosomes, is by chiasmata.

To follow the origin of fragments in this case is at present difficuls.
Certainly they must have originated by fragmentation of the large
chromosomes. The pairing of fragments and chromosomes shows without
doubt that these must have homologous portions. In Crepis Navashin
(1931) has observed fragmentation of identified chromosomes following
X-ray treatment. In Uvularia Belling (1925), and in Allium Levan (1932),
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recorded similar cases. In the tomato (Lesley and Lesley, 1929) and in
Matthiola (Frost, 1927) certain fragments have been identified with parts
of whole chromosomes by genetical analysis.

The several and different associations of fragments with chromosome
segments show that they are not simple displacements from chromosomes.
They have—as we can infer from their behaviour—differentiated portions
and they give further evidence of structural hybridity in T'. virg. humilis.
At present it is rather difficult to decide when and how they originated.
Perhaps they appeared after the segmental interchanges between the
doubled chromosome complement during the phylogenic evolution, or they
may have originated before and have been partly responsible for the
structural hybridity.

II. OBSERVATIONS ON RHOEO DISCOLOR.

Prophase in the structural hybrid Rhoeo discolor.

The previously described T'r. fumulis shows a very complicated
chromosome complement with much irregularity. Rhoeo discolor, arelated
species in the same genus, is a structural hybrid of a much more regular
type. Its 12 chromosomes usually form a complete ring at meiosis, but
sometimes one, two or three chains are observed (Belling, 1927 ; Darling-
ton, 1929; Kato, 1930; Sax, 1931).

Cases in which the chromosomes are connected in a ring or chain
have been observed and described in Oenothera (Gates, 1908), Datura
(Belling and Blakeslee, 1926), Zea Mays (Burnham, 1930; Cooper and
Brink, 1931), ducuba (Meurman, 1929), Pisum (Hélkansson, 1931; San-
some, 1932), Campanula (Gairdner and Darlington, 1931), Hypericum
(Hoar, 1931). In some of these cases it was proved that the association of
the chromosomes in a ring is accompanied by certain genetic phenomena,
such as linkage between factors on different chromosomes and partial
sterility due to non-disjunction. Darlington (1931 ¢), in his paper on
Oenothera, discussed this problem and gave the expected linkage map of
a ring-forming plant.

The end-to-end pairing of chromosomes, to form a ring, which is
characteristic of Rhoeo, has been supposed to follow earlier side-by-side
pairing of the terminal segments of chromosomes. Since pairing of chro-
mosomes implies homology, the 12 chromosomes of Rhoeo are evidently
each homologous at one end with one chromosome and at the other end
with another chromosome. The origin of such a condition is best explained
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by the assumption of segmental interchanges between non-homologous
chromosomes as was first suggested by Belling in Datura (1926).

Darlington (1929, 1931 ¢) and Cleland and Blakeslee (1931) have
applied Belling’s hypothesis to explain the chromosome behaviour of the
ring-forming Oenotheras. They show that a comparatively small number
of single reciprocal translocations would lead to the formation of rings
involving the complete chromosome complement. Sax (1931) has at-
tempted to explain segmental interchange as being a result of earlier
prophase interlocking of chromosomes. Certainly such interlocking as
was already suggested by Darlington (1929) might be expected to give
opportunity for segmental interchanges between non-homologous chro-
mosomes, since it brings them into close relationship.

However, this is not the only method by which segmental interchange
may be brought about. In Oenothera (Darlington, 1931 ¢), in Datura
(Bergner and Blakeslee, 1932) and in Pisum (Sansome, 1932) segmental
interchange has been shown to occur as the result of crossing-over in an
interstitial homologous segment.

In any ring-forming plant the pairing mechanism must have been
modified by the reciprocal interchanges mentioned above, but they do
not nullify the general principles of meiosis. From this point of view the
study of meiosis in ring-forming plants is especially interesting. In
Rhoeo prophase has been examined for the first time, and the observations
showed that pairing in such ring-forming plants is parasynaptic, the
homologous segments of different chromosomes pairing side by side.

The leptotene threads are long, thin and show no polarisation. They
twist and coil giving a loose mass in the nucleus. It is impossible to follow
the threads completely owing to their length and number, compared with
the relatively small space in the nucleus. Similarly the zygotene stage is
rather obscure, but in a few cases pairing of threads for a short distance
was observed.

The first clear observation was obtained at pachytene. The pairing of
the homologous segments of chromosomes was completed and it was
obvious that the same thread was pairing with different chromosomes at
its opposite ends (Plate III, figs. a—f). It was noticed that the pairing
segments of the same chromosome could be of different length as is seen
clearly in Plate 11, fig. e. The pachytene stage of the ring-forming Rhoeo
shows therefore that the threads pair side by side in their homologous
segments. In diplotene, loops and chiasmata were observed in some cases
(Plate I1I, figs. g, 4). The threads in this stage are thicker and doubled,
but the doubleness (chromatids) was not always clearly observable.
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At the end of diplotene only the ends of the chromosomes were paired
(Plate IIT, figs. k, I, m). This stage is usually clear, and it is very easy to
follow the thick threads in the nucleus. The number of chiasmata has
been reduced, presumably by terminalisation. In early diakinesis, where
the chromosomes are paired end to end, the connection can be seen to be
double, that is, between chromatids (Text-fig. 12 4). In late diakinesis,
as can be seen in Text-fig. 12 B, the chromosomes are much shorter and
thicker as the result of contraction. The connections between some
chromosomes in the ring are pulled out. At that time it becomes obvious
that the ring is made up of chromosomes of different lengths. It was,
however, not possible to identify special chromosomes as Kato (1930) and
Sax (1931) claim to have done regarding their sequence in the ring. The
comparison of nuclei at different prophase stages in Rhoeo shows that the

Text-fiz. 12. Rhoeo discolor. A, early diakinesis; B, mid-diakinesis; €, early metaphase.
A and B show complete ring, €' a chain of 12 chromosomes. (x 2500.)

size remains relatively constant. This observation differs from that of
Gates (1928) on the ring-forming Oenothera.

In the two above-described closely related plants we dealt with cases
of structural hybridity. 7'r. virg. humilis represents a very complicated
interchange heterozygote, in which many structural changes have taken
place during its phylogenic evolution. In Rhoeo discolor we have a very
regular complex heterozygote, in which reciprocal translocations have
taken place in the nuclear complement and they are responsible for the
ring association.

But both species—in spite of the peculiarities resulting from their
structural hybridity—obey the general principles of meiosis, as recently
laid down very clearly by Darlington (1931 b).

SUMMARY.
1. In Tradescantia virginiana var. humalis the following observations
were made on meiosis:
(i) arrest of terminalisation of chiasmata,
(i) pairing of unequal chromosomes,
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(iii) torsion of chromatids,

(iv) morphological change in chromosome,

(v) pairing of fragments, discussed in relation to the chiasma
theory of metaphase pairing.

2. In Rhoeo discolor pachytene, diplotene and diakinesis stages were
observed. The metaphase end-to-end pairing of the chromosomes was
observed to follow earlier side-by-side pairing of homologous ends.

The observations show that both species obey the general principles
of meiosis as recently outlined by Darlington.

I wish to thank Dr C. D. Darlington and Mrs E. Sansome for their
help in the course of this work.
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EXPLANATION OF PLATES IIl AND IV.

Prare I11.
Prophase from Rhoeo discolor. a—f show pachytene pairing. It will be noticed that each
thread pairs with a different thread at both ends. g, h, early diplotene with chiasmata.
k—m, late diplotene showing reduction in number of chiasmata. (x 6300.)

Prare IV.

Pachytene and diakinesis in Rhoeo discolor. 1 a, microphotograph showing pachytene;
16, drawing of the same nucleus. 2-5, diakinesis nucleus, photographed at different foci.
Text-fig. 12 B is a drawing of the same nucleus. (Magnification of microphotographs is ca.
5300 diameters.)
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in these different species show that many identical
genes, for example, the closely linked yellow-scute-
white-Notch series, are transferred from the extremc
left end of the X-chromosome in D. melanogaster to
the middle region of the X-chromosome in obscura
and willistoni. Recent investigations of the behaviour
of Pointed and Pointed-z, located in the °‘extra’
arm of the V-shaped X-chromosome, indicate their
homology with Beaded in the third autosome of D.
melanogaster. It is therefore suggested that part of
the X, namely, the segment to the left of the yellow
locus in D. obseura, corresponds to part of the third
chromosome of D. melanogaster.

Further evidence of such a chromosome rearrange-
ment is given by the study of the hybrids of ‘ Race
A* and ‘Race B’ in D. obscura 3 (Lancefield 1930,
Koller 1932). The hybrid females are partially
fertile and exhibit great reduction in crossing-over
at both ends of the X-chromosome ; the males are
sterile. I have shown? (1932) that only the ends of
the X-chromosome differ in the two races (4 and B5)
of D. obscura. This can be explained on the assump-
tion that the translocated segment of the X's has a
different origin in the two races, and that these non-
homologous portions prevent the chromosomes from
pairing and crossing-over.

These facts support the hypothesis regarding the
constitution of the X-chromosome in D. obscura.

P. Cu. KoLLER.

John Innes Horticultural Institution,
London, S.W.19,
March 10.

! Lancefield, D. E. Linkage relation of the sex-linked characters in
Drosophila obscura. Genetics, T, 335-384; 1922, A genetic study of
crosses of two races or physiological species of Drosophila obscura.
Z. ind. Abst. Vererbung., 52, 2/3, 287-317 ; 1929.

2 Lancefield, R., and Metz, Ch. The sex-linked group of mutant
characters in Drosophila willistoni. Amer. Natur., 56, 211-241; 1922,

* Koller, P. Ch, The relation of fertility factors to crossing over in
the Di'mgpkim obscura hybrid. Z. ind. Abst. Vererbung., 60, 2/3, 137-
151; 1932,

Printed in Great Britain by R & R. Crark, Lovreen, Edinburgh.



R EEESESESEESIe———

(Reprinted from NATURE, Awgust 13, 1952.)

SEX-DIFFERENCES IN CROSSING-
OVER. AND CHIASMA-FREQUENCY
IN THE MOUSE

Harpane (1922) stated the law, based on the ob-
servations of many researchers, that if crossing-over
is reduced or entirely suppressed, this occurs in the
heterozygous sex. Reduection of crossing-over in the
heterogametic sex is found in the Tettigide, Gammarus,
Mus musculus, and Mus norvegicus, and complete sup-
pression of crossing-over in the male of the Droso-
philee and in the heterogametic female of Bombyz.
Recent, investigations on meiosis in diploids and
polyploids have dispelled many difficulties and have

increased our understanding of genetical segregation.
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F1G. 1.—Graph illustrating the chiasma frequency of male and
female Mus musculus at metaphase,

13

Darlington (1930), adopting Janssens’ (1924) partial
chiasmatype hypothesis, states that

: { a chiasma is
constituted by genetical crossing over between two of

the four chromatids taking part in it, and association
at diplotene is between chromatids derived from the
same chromosome . Here Darlington is in direct
opposition to the ‘ classical * theory held by Wenrich
{{917], Wilson (1925), Sax (1930) et ali. Darlington’s
View assumes a close parallelism between chiasma
farma{;mu and crossing-over. One important theoreti-
cal objection to Darlington’s hypothesis, as he himself
stated (1931), was that ** the difference in crossing-over

between the sexes has not been paralleled by the direct
observation of differences in chiasma formation .
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It was thought desirable to examine chiasma fre-
quency in male and female mice, in view of the fact
that it has been shown that linkage between the albino
and pink-eye factors in Mus is closer in the ethero-
gametic male, that is, the crossing-over valueis lowerin
this sex than in the fernale. From these genetical data
a difference in the chiasma frequency in the two sexes
would be predicted on the chiasma-type hypothesis,
whereas if any correlation between differences in
chiasma frequencies and crossing-over values is to be
expected on the alternative hypothesis that crossing-
over is caused by the breaking of chiasma, the sex
with inereased crossing - over should have a reduced
chiasma frequency.

Observations on chromosome behaviour during mei-
osis in Mus have revealed differences in the chiasma
frequencies and terminalisation coefficients in the two
sexes. In the female at metaphase the chiasma fre-

CROSSING-OVER VALUES BETWEEN ALBINISM AND
PiNk-rve I8 Mus musculus
(Castle and Wachter, 1924)

Gl | Com ohae) Oromie e |- dckoon
Female 2789 444 1592 4+ 0-9 Dunn, 1920
Male . 3683 503 13-65 + 0-78 3
Female 556 106 19:06 + 2-02 | Castle and |
} : Wachter, |
1924 [

Male . 3374 462 13-89 + 0-82 %

| Total

| Female 3345 550 16-44 + 0-82

| Male . 7057 965 13-77 4 0-57

CrrasMa FrEQUENCY AND TERMINALISATION COEFFICIENTS
DURING FIrsT METAPHASE IN Mus musculus

Total No.| Total No. Mean
Total No. of m, Term.
of of Term. Chiasm.
| Bivalents. | ppiasm, | Chiasm, | Frequenoy. | Coeff.
| Female 100 197 86 1-9 0-43
| Male . 100 147 100 14 0-67 .

quency per bivalent is 1-9 and terminalisation coeffi-
cient 0-43, whereas in the male it is 1-4 and 0-67. Since
the animals examined had the same genetic constitu-
tion, the differences in chiasma frequency could not
be due to genic dissimilarity.

These observations strongly support the partial
chiasmatype hypothesis of crossing-over.

P. Cur. KoLLER.
Institute of Animal Genetics,
University of Edinburgh.
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Therelation of fertility factors to crossing-
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D. E. Lavcrrienp has discovered (1922) and described (1925, 1929)
two distinet races (so called race A and race B) of Drosophila obscura
Farpfin, which while they are not to be distinquised taxonomically,
differ from one another genetically and cytologically (fig. 1). He has

)) . (( )) . ( Drosaphils melonagast.
1 "

o @  Drosophile obscura.
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- o =
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Fig. 1. The chromosomes of Drosophila melanogaster, and Drosophila obscura
race A and B

shown that the races themselves are mutually fertile, but that of the
hybrid offsprings the males are sterile, the females partially fertile.
LANCEFIELD also has shown that the crossing-over values between certain
loci in the X chromosome of race A are remarkably reduced in the case
of hybrid A/B female. The present writer was encouraged by Professor
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Laxcerienp to examine the nature of the chromosomal interchanges
connected with fertility or sterility, and he wishes to express his thanks
to Professor Lancerienp for the material and for his help.

1. Reduetion in the crossing-over values in the raeial hybrid femal

With regard to the crossing-over values, obtained from interracil
matings, it must be pointed out that these values are really “recombi
nation values’ according to Bripees aud OnBrYcHT (1925), which coull
be transformed into real crossing-over values only after a study hal
been made of the frequency of double crossing-over. Therefore whei
using the term: crossing-over values in the terminology of LANCEFIEL
we refer to recombination-values.

1. Females of race A with the dominant Poented (0°0, wing mutation),
yellow (62°0, body colour), and wermalion (76°0, eye colour) sex-linke!
characters were mated with wild type males of race B, and Pointel
yellow vermilion male and Pointed female offspring resulted. The mals
were all sterile, though their orange-coloured testes, which could be sex
through the abdominal wall, were of normal size.

Pyv

The F, females (—————) showing Pointed only of the mutan
L IS ) TR ¥

characters involved, were then backerossed to Pointed yellow vermili
males of race A and the following results were obtained. There wen
292 females and 220 males. Of the males there were the following classe:

_._.__Non CTOSSOVers I 1. regio” 2. regio : -
wild type Poiﬂt'ed’_ ?ellow Pointed ye]l?\.v Pointed | vermilion
vermilion vermilion yellow |
105 | 87 I 4 2 10 12
! | ;

From this figures the following map distances were constructel
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Now the map distances based on crossing-over values obtained from
the use of pure race A females heterozygous for Pointed yellow vermilion
were as follows (see LANCEFIELD):

o p el e e T ne By = e ST Y)
LAt P e s R e 7
VI e s s v siaes D

It is seen that the crossing-over in the region of the middle of
the X chromosome, i. e. in the region of vy and v is not markedly
different, whereas the crossing-over at the left end of the chromosome,
i. e. between Pointed and vyellow is greatly reduced.

2. In order to follow the other end of the X chromosome another
mutation was introduced. This is the recessive short wing’s vein with
a locus at the right end of the X chromosome of race A, 170 units from
Pointed and 94'5 from vermilion.

Some yvs females of race A were mated with wild type males of
race B and the resulting racial female hybrids backcrossed to yvs males
of the original race A. Three succesful matings yielded the following
crossing-over values:

Non crossovers 1. regio 2. regio
B T =i Sioe total no. of
yellow ili 11 males
vermilion wild yellow ; vermian ye OW short
short - | ) | short vermilion
) 7| IS s
76 56 52 ' 42 15 | 21 252

- Whereas, the map distances are for y/v 14°2, there are between v and s
378 y/s 51°5. To the value of y/v and v/s was added 2'7, the distance
between P and y to obtain 54'2, the distance between Pointed and short.
LaNcERIELD located the same gen at 487 in the hybrid. For v/s he
obtained the figure 360, for y/s 45'7. Possibly the difference between
the results is to be explained either by the smallness of the numbers,
or more probably by the fact, that LaNceriELD was using a different
gene combination.. Reference to the data obtained by LANCEFIELD
showed that the reduction affected mot the region between vermilion
and fused, which is 28 units to the rigth of vermilion, but only that .
between fused and short. This point is best illustrated by the use of
modification of LancerieLD’s figure (fig. 2).
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The locus of vermilion is taken to be fixed and the lineal relationshiy

of this to the rest is shown.
It can be seen from the data thus obtained that the great reductioy

in crossing-over affected only the regions near to the right and left end

of the chromosome respectively, and that the middle region was relatively

unaffected. In point of fact it was proved by LaNcerienp that the

crossing-over value between vermilion and fused is actually increased,
while that between y and v is sligthly reduced.

P CAEE

v
~ 62 > 2fme 66 —
00 620 0 1040 )
-~ . ! ; —~
Xof RageA™~<_ _ 4 E Ii e
S ! ! ; e
T \ 1 1 e
S o 1 oo
SSRee ! AR
Xof AB hybrid ; ™
Rl 5§ fs
37 % 58

Fig. 2. The chromosome map of race A and of the A/B hybrid. Note the reductin
of crossing over between Pointed and yellow and between fused and short

3. Two sex-linked mutations of race B were introduced into tl
interracial crossings to locate more accurately the region of reductio
in crossing-over values. Ome of them is the singed (sg) a recessiv
mutant character common to both races, but whilst its locus in race
is at 74'0, in race B it is tentatively placed by LaNceEriELD at 351
(i.e. the distance from beaded 0°0 of X chromosome of race B). Tk
second one is bubble (bu) another sex-linked recessive character, is peculiu
to race B only, its locus is at 53°0.

From different matings the following results were obtained:

Neihaios oF s total No. of percentage | LANCEFIELD:
crossovers | of crossovers data
Pyv (A)
¥/sg e buB) gx (B)g 432 32 74 80
Byv(R) o vom % e . :
sg/bu S5 ba (D] 2 x(B)g 284 83 | 34-4 | 326
Pyv(A) |
------------ - . | 306
v/bu sgba(B) ex(B)g 432 148 324 .

For the purpose of the discussion it is convenient to refer all mi
distances to the fixed locus of singed. This being done, the following mi
was made (fig. 3).
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It is seen that in the hybrid the crossing-over between singed and
bubble is increased, while that between bubble and short is greatly
reduced.

Genetic factors affecting crossing-over values are known. There
are genes which decrease the crossing-over values, while deficiency
sometimes entirelly obliterates it. Neither of these can be responsible
for the marked differences in map distances exhibited by the hybrid

p
=4 ,'5- agu T.ﬁ,f .
¥y _ar bu g
Xof AB hybrid | // e
| Ve i
| / b7
: /’/ \\\
! e \\
i //f \\\
Xof Race B | <
35,0 53,0 975
I | 1
o1, ——= 44,5 >
59 ! ! 5

Fig. 3. The chromosome map of race B and of the A/B hybrid. In the latter the
crossing over values are reduced between bubble and short

A/B female and by the racially pure heterozygous female respectively.
If specific genes diminishing and preventing crossing-over were at work,
then surely they must have operated in both races. The same argument
applies to deficiency. LANCEFIELD assumes that two inverted sections,
one of each end of the X chromosome are concerned in the reduction of
crossing-over. Our explanation is different from that of LANCEFIELD,
and will be discussed, when the problem of infertility has been dealt with.

2. The problem of infertility in the racial hybrid male

The racial hybrid male of F, generation is invariably sterile. The
males produced by the mating of the F; females to P; males of either
race fall into two groups: those that are fertile and those that are
infertile. It will be shown that fertility and infertility in these stocks
are definitely related to the constitution of the sex chromosome as
determined by racial origin. If F, females obtained from the interracial
crossing were infertile as are the males, it would be certain that not
only the sex chromosomes, but also the somatic chromosomes were
toncerned with infertility. The constitution of the X chromosomes in
terms of racial origin can be easily determined by the use of the mutant

Induktive Abstammungs- und Vererbungslehre. LX 10
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sex-linked characters: Pointed, vermilion, yellow, short, singed and A
bubble, since all interchanges of racial chromatin can be followed by = such re
the distribution of these characters. T

The following experiments were planned so, that by building up senerat
X chromosomes composed of different portions of the X-s of race A and
race B respectively, the genetic cause of infertility could be regionalised.

1. Pointed vellow vermilion females of race A were mated with
wild males of race B, and the resulting F; females were then backerossed
to Pointed vyellow vermilion males of race A. Of the females of this
generation, four classes were to be distinquished: (1) Pointed, (2) Pointed
yvellow, (3) Pointed yellow vermilion, (4) Pointed vermilion. The third
class includes both crossover and non-crossover flies, as does the first
class, some of them being heterozygous for Pointed as was seen, when
they were mated with yellow vermilion males of race A. From these
crossings appeared males with yellow and vermilion, but without
Pointed.

The Pointed vermilion eclass might possibly have resulted from a Fig. 4.
double crossing-over and to test this, some of them were mated to will  rod ingi
type males of race A, when two kinds of sons appeared: fertile Pointed
yellow vermilion and infertile vermilion. The second class of mals It is s
shows that the females used were homozygous for vermilion and hetero-  chrom
zygous for Pointed yellow; that is to say, that of one of their X chre-  Of race
mosomes the left half was of race B, the right half probably was of 0 (4)
race A. The vermilion males received the crossover X chromosome, — d5s0cia
its left hall of race B, the rigth portion of race A. The Y chromosome 3
was of race A origin. males

2. Certain of these females heterozygous for Pointed and yellow  Withw
and homozygous for vermilion were then mated to wild type males of nd th
race B. The resulting offspring are shown in the following table: Obtain

o —  Males
 females e males ~ milion

total total | Pointed |- P ol s
| wild ‘ Pointed yellow |vermili0n qu};_ed yen‘T‘Ln Sm‘i'.H
b |vermilion = _Verm] wi._veim]_t. sterile
S | | =il : | 2 C]ll‘()n].
172 97 75 157 | 9 | &8 | 2 1 I
| | | Indivic
]

7 out of the 59 vermilion male had testis of normal size. Tht Vermi]
male with abnormally small testis is invariably sterile. These 7 male half D
were tested for fertility, but all of them proved to be infecund. vermij
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As was found by Lancerienn, the crossing-over values were in
such repeated backerosses, distinetly variable.
The composition of the sex chromosome of the individuals of this
seneration in respect of racial origin is shown as mentioned in fig. 4.

|X|l
l
V
st st st

Fig. 4 The composition of the sex chromosomes of the Fy generation. The hooked
rod indicates the Y chromosome the black rods indicate the chromosomes of race B

[t is seen that a Y chromosome of race B, associated with (1) an X
chromosome of race A, (2) an X with left half of race A and the right
of race B, (3) an X all of race A save for the region including yellow,
or (4) an X all of race A save for the region including Pointed is
associated with infertility.

3. Certain wild type fe-

males of Fy were next mated
with wild type males of race B,
and the following offspring were || k
obtained: fertile wild type fe-
f i f st

males and males, and also ver-

milion males with abnormally Fig. 5. The sex chromosome composition of Fy
small testis. The latter were ge-ﬁel'atioll, which was obtained from the mating
sterile (fig. 5). Shows the of Fy wild type female with a wild type male
chromosome composition of the of race B

imdividuals of this generation.

It is seen that in the X chromosome composition of the infertile
vermilion male there was a race B Y chromosome and an X the left
half probably of which was race B, the right half including the gene for
vermilion of race A. This can be assumed, because double crossing-

10%
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over is extremely rare in the racial hybrid. There was no evidence of
crossing over involving the X chromosome of the female parent.

4. It was next attempted to build up an X chromosome with it
left half of race A and its right of race B.

Yellow vermilion short females of race A were mated with will
type males of race B. The obtained F; females were backerossed to
yellow vermilion short males of race A. The results of these mating

are recorded on fig. 6. From this Fy yellow vermilion females wewe

Y Y
v v v v
5 5 5 s

Fig. 6. The sex chromosome composition of the ¥, generation

mated with yellow vermilion short males. The mating yielded in F

two kinds of males: yellow vermilion short fertile and yellow vermilio:

infertile. * This result shows that the female parents were homozygow
for yellow vermilion and heterozygous for short, and that one of thei

X chromosomes had a left half of race A and a right of race B. T

infertile yellow vermilion males were such as had received this latte
X chromosome.

It is seen that the association of a Y chromosome of race A will
an X, the left half of which is race A, the right of race B, yiel®
sterile males.

5. Next it was attempted to build up an X chromosome of whic
the two ends were of the same racial origin, whilst the middle portio
was of a different origin: i.e. to build up a chromosome: A-B-A 0
B-A-B.

The same yellow vermilion females as those of the Fy above wer
backerossed to wild type males of race B. Of the 21 matings two wer
succesful and gave:
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oL S SR e =ak
: yellow-vermilion | vermilion-short

wid“types infertile infertile
168 84 76

The sex chromosome composition of these is shown in fig. 7. The
characterisation of the two kinds of males showed that one possesed an

X completely of race A, whereas
the other’s X was composed of a
left end of race A and a right end
of race B. The Y of both kinds
being of race B. The male and
female offsprings of this Fy were
then mated; in some vials one male
and one female were placed together,
in other numerous males and fe-
males, but all the matings were
fruitless.

6. The wild type female of K,
obtained from the above mentioned
matings were mated to-wild type
males of race B. Three succesful
cultures gave five types of males
and one type of female.

—

=

&

I y
ls
f f st st

Fig. 7. The sex chromosome composition
of the F, generation

iemaless | males e Wl Sl
wild tyoe ve}; Bmlli?i‘; - v?‘;l};ol}" yellow vermilion i wild
3 P &k ort (sterile) (sli;er]ilgn (sterile) (fertile) (fertile)
194 45 41 ‘ 9 ‘ 13 67

The presence of yellow -and the vermilion males showed that
crossing-over between the loci of yellow and vermilion in the case of
the Fy female parent had oceured. The sex chromosomé composition
of this types in the F, are shown in fig. 8. Matings of the female and
male offspring of the same generation were then carried out, but all of
the males except the wild type and vermilion alone proved to be fertile

in mating,
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It is seen, therefore, that a male whose sex chromosomes are ng
completely of one race, can be fertile, when the two ends are of on
race, in this case of race B, the middle portion of fhe other, in thi
case of race A. |

7. The vermilion males of F; were then mated with the wild typ!
sisters,  Only wild type offspring appeared. This showns that thoug

ILiLilil il
101N -

Fig. 8. The sex chromosome composition of the F, generation. The vermilion mal
are fertile

it was known, that there were two kinds of wild type females in I
one with both X-s of race B, and the other with one X of A carryi:
yellow-vermilion-short and with one X chromosome of race B, in spif
of this fact all of the male offspring was only of the wild type. T
explain this, one may assume either that no matings occured between ve:
milion male and hybrid female heterozygous for yellow and vermilic
(all of the females used for crossing were pure race B as regards tb
sex chromosomes), or that the yellow vermilion males were by soi
lethal effect obliterated. The most important fact for us to realize, |
that the vermilion male of F, did produce offspring, i.e. they we
completely fertile.

8. It was next attempted to transfer that position of the X cht
mosome of race B carrying bubble to race A.

Singed-bubble males of race B were mated with yellow vermilic
females of race A and the hybrid females were backerossed to sing
bubble males of race B. The bubble females of F, were next mait
with yellow vermilion males of race A. Three succesful cultures gav
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females - males i i
llow | z == 1
3 yellow total i singed tota
wild - vermilion vit":]l;iﬁ:n bubble ‘
— -
67 | 56 123 45 ‘ 56 1 101

The existence of the yellow vermilion bubble males showed that
the bubble females of F, had chromosome with its left end of race A,
carrying vellow and vermilion, and its right end of race B, carrying
bubble being homozygous for the latter and heterozygous for yellow

vermilion and singed.

9. The yellow vermilion females were then mated with wild type
males of race A and the following classes were obtained:

females e S pleBr e

. yellow vermilion yellow total
il bype bubble (infertile) | vermilion (fertile)

135 48 | 65 113

The yellow vermilion males had testes of normal size and when
mated with their wild sister gave an Fj as follows: fertile wild type
and yellow vermilion females, infertile yellow vermilion bubble males,

fertile yellow vermilion and wild type males.

It is seen, that the

attempt to transfer that portion pf X of race B, carrying bubble, was
unsuccesful, for only an X with the right half and not merely the end
piece, carrying bubble of race B was secured.

3. Discussion

The only hybrid male in the whole of the above experiments,
which was fertile in mating, was the vermilion male, described in 6. and
T.above. This vermilion male had an X of the following composition:
left end of race B, middle of race A, right end of race B, in association
With a Y chromosome of race B it would seem that fertility is associated with
and conditioned by a similarity in the racial origin of the Y and at least
the two ends of the X, the middle of X can be of racially different origin
from the Y. It is reasonable to postulate, therefore that there are
gemetic factors affecting fertility in the end of the X chromosome of
Drosophila obscura and that these are different in the two races A and B.
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Four matters demand further discussion:

(1). The fertility of the racially hybrid female.
(2). The infertility of the racially hybrid male.
(3). The fertility of the vermilion male.
(4). The modifications of crossing over.

These postulated fertility factors resident in the ends of the I
chromosome, cannot be discussed without reference to others in the T
The Y chromosome in males is essential to fertility, a male without]
is sterile, as stated by Brinags (1916) and C. STERN (1929) who gave i
first chromosome map of the Y chromosome and has shown, that in th
Drosophila. melanogaster the ends of the Y chromosome are specifical:
concerned with fertility. In the Y chromosome there are qualitativel
different regions as stated by C. STERN.

For fertility in Drosophila obscura it is necessary that there shoul
be present in the male a Y and an X with both ends of the san
racial origin as the Y chromosome as was the case in our vermili
male. One must assume therefore, that the genes affecting fertilit
which are resident in the ends of X, can produce their effects ol
when they can operate in conjunction with or through fertility facte
in the Y chromosome; that is to say, that their relation is as that:
the lock and key.

Lancerienp has found some Pointed vermilion males, which we
fertile in spite of the presence of racially different Y. It is not impe
sible that in these cases by double crossing-over the racially simi
fertility genes remained unaltered.

The females differ in that the female with one X chromosot
from each race is fertile, as is also the female with racially compou
X’-s. In the case of racially hybrid female we must assume that t
fertility factors of each X operate directly, while their work is controlk
by factors of the Y chromosome in the male.

The necessity of postulating such a difference between male i
female weakens the attempted explanation of the facts observed so th

another interpretation had to be sought. An appeal to the hypothe

of GorpscuMIDT is helpful, but not totally satisfactory. One may assi
that the quantitative change of the fertility factors either in a posit
or a negative direction produce sterility in the hybrid. We can assul
that in the race B the fertility factors in the X chromosome prodi
quantitative changes in a negative direction, while the fertility factt
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of the Y chromosome change in a positiv direction as in comparison
with that of race A.

In the racially hybrid females the factors act directly, there being
no Y, to controll their action upon the gonads, i.e. they are fertile.
But in the male the qualitative change in the fertility factors preduce
infertility. In the vermilion fertile racially hybrid male, there is no
" ¢hange in the quantity of the above mentioned factors, for crossing-
over has reestablished the original condition.

The problem is a very complicated one as it can be seen from
the work of C. Srern. He has shown that even the male fertility factors
in the Y chromosome are of different qualities as mentioned already above.

At present it is impossible to offer any suggestion that will explain
the modification in crossing-over, save that the factors responsible for
crossing-over reduction are also concerned with fertility. The crossing-over
“reducers” are situated in the ends of the racially compound X chro-
mosomes, 1. e, between Pointed—vellow, fused—short bubble—short, and
headed—singed as it was pointed out by LancerieLp. The crossing-
over reduction in A /B female between Pointed and yellow is enormous: from
62 fo 2'7; between fused and short is reduced from 660 to 3'8; between
bubble and short is reduced from 44'5 to 51. These modifications in
crossing-over, observed in our experiments, are to be explained on the
assumption that in these regions of the X chromosome of the two races
lie the causes for sterility too and therefore one may conclude that
similar causes are responsible both for the crossing-over reduction and
for the sterility in the hybrid.

The hybrid male produced by the mating of race A female and
a race B male, has testes of normal size yet is sterile. In the F, produced
by mating the F; females to P; males, the males are of two classes in
respect of testis size: (1) normal and (2) abnormally small. The male
with small testis is invariably sterile in mating, but it is impossible to
assume without actual experiment, that the male with testes of normal
size 18 fertile. In the repeated backcrosses there was tendency to returne
to normal size. This would be expected if testis size was a character
determined by genes in both sex and autosome chromosomes. For the
ordinary processes of chromosome distribution together with crossing-
over, would yield a range of size. ;

There is no relation between sterility and fertility on the one hand
and the composition of the zygote in respect of racial chromatin and
tacial cytoplasm on the other. In the latter genmerations described,
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there were all possible combinations of racial chromatin and cytoplasn:
and it was impossible to relate any of these with sterility. [

In the present state of our knowledge of the genetics of Dr osophtiui
obscura it is reasonable to agree with LaNceFIELD, who suggests, that
possibly the most significant difference between races A and B is tha
portions of the sex chromosomes in one race have, in comparison with
the equivalent portions in the other race, become inverted. It is
possible that these inversions are responsible for the reduction in crossing
over and altered deeply the original situation of factors, concerned with
fertility.

The real interest of this material lies in the fact, that it furnishesfi
a possible example of the method of origin of a new species. LANCEFIEL)
and SterN have argued, that an early step in such an origin might well[
be genetic modifications affecting the sex determining mcchambml
whereby males are produced, which are infertile with the parental thGl\.!
The same phenomenon was commonly observed by H. Harrisox in his
work on the Bistonzae varieties.

4. Summary

(1). D. E. LancereLDd had discovered and described two distind
races or physiological species of Drosophila obscura. The F; racial hybri
female is partly fecund, the racial hybrid male is sterile. There ar
remarkable reductions in crossing-over in the regions of the ends of tl
X chromosomes in the F, racial hybrid female, when compared witl
that which occurs in the racially pure.

(2). Experiments involving the use of several sex linked character|
and crossing-over showed, that the only fertile male racial hybrid wa
one with a Y chromosome of race B and a racially compound X chre
mosome, ends of which were race B and a middle of race A. '

(8). It is suggested that there arve genes affecting fertility anl
sterility located in the ends of the sex chromosomes and dissimilar i
their physiological action in the two races, and that this is the explanatio|
of reduced crossing-over, and also of the fact that for fertility in th
male, the Y chromosome and at least two ends of the companion )
must be of similar racial origin.

(4). Support is given to LANCEFIELD’S suggestion that the relatior
of the two races is a study in the origin of species.

The

Bripe

Laxo1

STERN



(L1}

hila
hat

tincir
rhrid
3oan
f the
with

.cten
|
chrt:

< and
lar I
jatio
n the
on E 1

]a.t.i[}EF

The relation of fertility factors to crossing-over in the Drosophila obscura hybrid 151

References
Brinaes, C. B., 1916. Non disjunction as a proof of the chromosome theory of heredity.
Genetics 1, 1—52.

Laxcerrerp, D. E., 1922, Linkage- relation of the sex linked characters in Drosophila
obscura. Genetics 7, 335—384.

— 1925. An interracial cross in Drosophila obscura producing partially fertile
hybrids. Anat. Rec. 31, 346.

— 1929. A genetic study of crosses of two races or physiological species of

Drosophila obscura. Zeitschr. f. indukt. Abst.- und Vererbungsl. 52, 2/3, 287—317.

SterN, C., 1929. Untersuchungen iiber Aberrationen des Y-chromosoms von Drosophila
melanogaster. Zeitschr. f. indukt. Abst.- und Vererbungsl. 51, 2, 254—353.






Wilhelm Roux’ Archiv fiir Entwicklungsmechari

der Organismen

steht offen jeder Art von exakten Forschungen iiber Ursachen und Bedinguny

der organischen Gestalten. .
Arbeiten, welche einen Vermerk des Autors » Kurze Mitteilungs trage.

werden 50 bald als moglich auBerhalb der Reihenfolge des Eingangs abgedrud

Ihr Umfang darf 4 Druckseiten nicht iiberschreiten; die Beigabe von Ab
dungen ist nur in Ausnahmefillen angingig.

Das Archiv erscheint zur Ermdoglichung raschester Verdffentlichung zwang:
in einzeln. berechneten Heften; mit etwa 50 Bogen wird ein Band abgeschloss:

Das Honorar betrigt RM 40.— fiir den 16seitigen Druckbogen; »Ku
Mitteilungen« werden nicht honoriert.

Die Mitarbeiter erhalten von ihren Arbeiten, welche nicht mehr als 24 D
seiten Umfang haben, 100 Sonderabdrucke, von gréBeren Arbeiten 60 Son:
abdrucke unentgeltl:ch Doch bittet die Verlagsbuchhandlung, nur die zur
siichlichen Verwendung benotigten Exemplare zu bestellen. Uber die Fy
exemplarzahl hinaus bestellte Exemplare werden berechnet. Die Mitarbe:
werden jedoch in ihrem eigenen Interesse dringend ersucht, die Kosten vori:
vom Verlage zu erfragen.

Die Herren Autoren werden gebeten, den Text ihrer Arbeiten so kum
fassen, wie es irgend méglich ist und sich in den Abbildungen auf das wirkl
Notwendige zu beschrinken. Zugleich wird ersucht, auf bereits in friihe
leicht zugiinglichen Abhandlungen befindliche Literaturverzeichnisse zu &
weisen und nur die neuere Literatur genau anzugeben.

Alle Manuskripte und Anfragen sind zu richten an:

Professor Dr. W. Vogt, Ziirich, Plattenstr. 9, Anatomisches Institut
oder an:
Professor Dr. B. Romeis, Miinchen, Ferdinand-Miller-Platz 3.

Die Herausgeber:
H. Spemann. W. Vogt., B.Rom¢
Verlagsbuchhandlung Julius Springer in Berlin W 9, Linkstr, 23}

Ferngprecher : Sammel-Nrn. Kurfirst 6050w, 6826. Drahtanschrift: Springerbuch-Bet
Reichsbank-Giro-Konto und Deutsche Bank, Berlin, Dep.-Eaz

125. Band. Inhaltsverzeichnis. 4.k
-

Moore, Mary Mitchell, On the coherence of the blastomeres of sea urchin
eggs. With 2 figures in the text . . . . . . . ¢ . oo . o 0 an #

Hadorn, Ernst, Uber Organentwicklung und histologische Differenzierung in
transplantierten merogonischen Bastardgeweben (Triton palmatus (2)x
Triton eristatus-3). Mit 61 Textabbildungen . . . . A

Lehmann, Fritz Erich, Die Beteiligung von Implantats- und ertsgewebe
bei der Gastrulation und Neurulation induzierter Embryonalanlagen.
Mit 45 Textabbildungen . . .:i @ a0 o 0 5 s

Brunst, V., Uber die Bedeutung der Funktion fiir dle deflmtlve bLelet
hildung der Extremitiiten bei der Regeneration. Mit 16 Textabbildungen

Koller, P. Ch., Der Einflufi chemisch reinen Thyroxins auf die Entwick-
lung von Drosophila melanogaster. Mit 1 Textabbildung .

Romeis, B., und Wiist, J,, Die Wirkung von Thyroxin auf den Gasstoﬂ
wechsel von Schmetterlingspuppen. IL Teil. Mit 10 Textabbildunges f

Romeis, B., und v. Dobkiewicz, L., Die Wirkung von Thyroxin auf den
Gasstoffwechsel von Schmetterlmgspuppen TII. Teil Ergiinzandﬂ
mikroskopische Untersuchungen. Mit 10 Textabbildungen .

Taunson, A., Die Abh'mglgkelt der Verbreitung von Holopedium g:bbelum

=

Zadd. von einigen Faktoren des #duBeren Mediums. Mit 6 Text

AbbIdUNREERT oot T s W e o e R o e a2 e .
Autorenverzeichnis. . . . . . . . .. s ol TR W

L

DE
]

Di
NATSC!
Kaulg
tieren
Thyro
sucht.
wie ne

Es
wurde
ma,l il
TOXIn .
subste
Weise
wurde
reiner
klarst
Stoffe

B
Dr. 1
i anfrie
die M
die B

Di
Tnzue

halte;

cwar fi

Ww.



(From the Animal Breeding Institute, Edinburgh.)

DER EINFLUSS CHEMISCH REINEN THYROXINS AUF DIE
ENTWICKLUNG VON DROSOPHILA MELANOGASTER.

Von
P. Cu. KOLLER.
Mit 1 Textabbildung.
(Eingegangen am 8. Oktober 1931.)

; 1. Einleitung.
Die Wirkung des Thyroxins auf Wirbeltiere ist bekannt. GupER-
¥aTSOE vermochte mit Hilfe dieses Stoffes die Entwicklungsdauer der
Kaulquappe abzukiirzen. Andere Forscher erzielten an anderen Wirbel-
* tieren das gleiche Resultat. Der EinfluB von Schilddriisensubstanz und
| Thyroxin auf Wirbellose wurde ebenfalls in langen Versuchsreihen unter-
| sucht, Die Ergebnisse withrend der letzten 15 Jahre waren sowohl positiv
2omi Wie negativ (S. DoBrIEWICZ u. RoMEs 1929).
. Esist bemerkenswert, daB vollkommen gegenteilige Ergebnisse erzielt
;jﬁ wurden, je nachdem, ob man Schilddriisensubstanz benutzte (die manch-
-Kse mal positive Resultate zeitigte) oder ob man mit chemisch reinem Thy-
— roxinarbeitete. DoBkrEWICZ (1929) fand, daB getrocknete Schilddriisen-
substanz die Entwicklungsdauer von Drosophila melanogaster in keiner
4-}1&_ Weise veriindern konnte, was von verschiedenen Forschern bestitigt
chin . wurde. Die folgenden Experimente sollten nun die Wirkung chemisch
. ¥ reinen Thyroxins auf die Entwicklungsdauer von Drosophila melanogaster
igin  klarstellen, da bei den Untersuchungen DoBrrewrczs ein Einflufl anderer
)X i Stoffe der Schilddriise im Bereich der Moglichkeiten lag.
l Es ist mir eine angenehme Pflicht, an dieser Stelle Herrn Professor
i

webe
gen Dr.F. A. Crew fiir seine wertvollen Anregungen und Ratschlige meinen

3 allzfrichtigaten Dank auszudriicken. Ebenso danke ich Frl. R. Lamy fiir
die Mithewaltung bei der Zucht der Fliegen und Herrn Dr. C. Vo fiir

die Bestimmung des py.

selet-
ngen
wick-
' toﬁ l 2. Methoden und Technik.

lige o Die zu den Versuchen benutzten Fliegen gehérten zu einem in starker
 de Inzucht begriffenen Stamm, der einige Jahre auf sterilen Bananen ge-
aende_]halten worden war. Die Zusammensetzung des normalen Nihrbodens

.« war folgende :

)erum
Text

W. Roux’ Archiv f. Entwicklungsmechanik Bd. 125. 43

B
|




_—— |

664 P. Ch. Koller: Der EinfluB chemisch reinen Thyroxins

100 g geschilte Banana, 4 g Agar-Agar,
100 cem Wasser, 1 Tropfen einer verdiinnten | Von
Hefelsung. \worden
Der Nihrboden fiir die Versuchstiere enthielt aulierdem: bzw A
1 mg chemisch reines Thyroxin, B; noct
0,3 cem InNaOH. | Der

Das py des normalen und des Thyroxinnahrbodens wurde sorgfili gleiche:
gemessen. Abb. 1 zeigt die Unterschiede in der Versuchs- und ind  Das
Kontrollreihe. Am ersten Tag ergab sich eine Abweichung des p; ¢ tet. Ds
Thyroxinnihrmischung um 1,7 vom normalen, und erst am drittenTy Imagin
sank es von 5,6 auf 5,2. Das hohere p, des Normalndhrbodens am drit e
Tage ist auf Girung zuriickzufithren. Es mufl bemerkt werden, daBa ]
Substanz zur Messung des py in den Kontroll- wie in den Thyioxmlr\

turen Glisern entnommen wurde, die bereits Fliegen enthielten. ]}1“1
fliegenlosen Nihrboden With

s
§51— !__J_\\ 1 im py stark von den mit Flig :
~§ 7, I = i - besetzten ab. Dasselbe ergabs
;§ #5 el 2 — = | lff'. fiir Nihrboden ohne Hefe, ! s
S w o Bl e el ) : nicht in Giirung gerieten. 5
{i 75 —-]' | i | : ' Zu den Versuchen brauck g
Sgol- i !—i i = wir den Typ der wilden Di g
e ;L 757 w7 7z Phila melanogaster und die y¢ 9
Jage v, fund b, prMutationent, diel |
Abb, 1. Veriinderung des Dn -~ im normalen, teren, um festzuste]_len ob sicht I 4
~~~~~ im Thyroxinnihrboden. |
Mutanten etwa anders verhiel
Alle Versuchstiere sta.mmten aus demselben Schlupf, dadurch we |
es moglich, die Zeitpunkte der Eiablage bzw. des Schliipfens zu very ;
chen. Die Kulturen waren in fiinf verschiedenen Reihen angest 5
Reihe A; war die Kontrolle auf gewthnlichem Bananennihrboden; R ¢
B, waren die thyroxingefiitterten Fliegen. Beide wurden in kleinenRi 7
chen gezogen. Die iibrigen wuchsen in 300 cem groflen Glaserns 8
Reihe A, war die Tochtergeneration von 4, und Reihe B, die von! 9
Die letztere wurde ebenfalls auf Thyroxinmahrung gehalten. In Reit 10|

wurden Nachkommen von B, die nach dem Schliipfen aus der Puppe! g' ]

Normalnahrung gebracht worden waren, auf dieser weiter gexicl ‘
Hierbei sollte sich zeigen, ob die Einwirkung des Thyroxins wiihrend:
Larven- oder Imaginalstadiums stattfand. Die Fliegen wurden paari
in Réhrchen bzw. Glaser getan, ohne vorher dtherisiert zu sein, da’ T
Atherisieren bekanntlich die Eiablage nachteilig beeinfluf3t. Die Versi: i:gf

und Kontrollreihen wurden im gleichen Raum bei 25—26° C gelmllve
Tpu

1 y = yellow, ¢v = crossveinless, » = vermilion und | = forked sini/ Ta
schlechtsgebundene Charaktere; b = black und pr = purple sind Autop.
im zweiten Chromosom.

ntwi
1



666 F. Ch. Koller: Der Einfluf chemisch reinen Thyroxins |
Tabelle 2. Die Entwicklungsdauer von Reihe Ay, B, und C in Tagen | Abb. 1
. —-i und de:
I';iﬁ_ Erste Eiablage Erste Larve Erste Puppe Erste Tmag ?iabl&g
tur em zw
Reihe A, | anorms
2 3 5 10,5 135 | gefalle
3 25 45 10 13 | obacht
4 3 5 10 13 Die
6 2,5 5 9,5 12,5 : wickhn
7 2,5 4.5 10 13
9 3 5 11 13,5 |
10 2,5 5 10,5 . 125 § Riel
- ' —— .- il
M,=271 +0,62 | M,=4,85 +0,58 |M,=10,20 +0,11 |M,=13 i
5,=0,247 £ 0,67 | 0,=0,232+041 | ¢,= 0451080 o,= 0,377¢&{
Reihe B,. -
3 2,5 4 10 125 | e
4 | 3 45 10 13 e [
6 3 5 10,5 13 ol
7 2,5 4,5 i 10 12,5 117
8 3 5 10 13 |29
9 3 5 10,5 12,5 4 20
10 2,5 4,5 9,5 , 125 | 514
11 3,5 G 11 | 13,5 718
13 3 5 10,5 1 13 s[5
14 2,5 45 10 | 13 9 11
15 2,5 5 11 ' 13,5
17 3 5 10,5 13 ﬂa
21 3,5 ol 55 115 14 5
| M, =288 £0,77 | M,=4,88 +0,10 [M,=1034 +0,11 |M,=13
5,=0,350+0,46 | 0,=0493+0,64 | o,= 0,545+0,71| o,= 0,438 21 beider
: ‘sucher
Reihe C. (42,99
1] 2,5 5 105 13 Ta
2 2,5 45 10 13 Peibe
4 3 5 10,5 135 boorio
5| 3 5 11 135 g
7 2,5 4 10 12,5 )
8 3 45 10,5 125 | Di
9 | 2,5 4,5 10 : 12,5 Truch
10 | 3 5 11 . 13,5
12 3 5 10,5 13 |
14 2,5 | 45 10 | 125 E Ta
| M,=275 +0,16 | M,=4,7 +0,17 |M,=104 087 M,=129 _:.;%ﬁ,tg
6, =0809£0,12 | 0,=0811£0,12 | 6= 0419£061| 5= 0,450:"




auf die Entwicklung von Drosophila melanogaster. 667

Abb. 1 vergleichen, so ergibt sich, daf} zwischen dem py des Nahrbodens
— und der Entwicklungsdauer ein sehr enger Zusammenhang besteht. Die
Fiablage begann in Reihe A; gleich nach Beginn der Nahrung, zwischen
dem zweiten und dritten Tag. In Reihe B; wurde die Eiablage durch das
— anormal hohe py verzdgert und begann erst, nachdem es von 5,6 auf 5,2
gefallen war. Nur in Kultur 10 wurde Eiablage zur normalen Zeit be-
obachtet.

Die Daten zeigen, dal} die Thyroxinfiitterung keine Wirkung auf Ent-
5 | wicklungsdauer und Entwicklungserfolg hat.

4. Fruchtbarkeit.

5
5 Sieben Zahlungen wurden vorgenommen fiir Reihe A; und B; (un-
~ mittelbar hintereinander). Tabelle 3 zeigt die Anzahl der Nachkommen

+
m j Tabelle 3. Fruchtbarkeit der Reihen A, und B,.

Reihe Ay Reihe By

5 Nr. ' | g Nr. | | @
S Lol R - LR I RO I E
i tur [ | “ | tur | e il o
6 W1 eo iz [s [1{— =72 28 oo 5] 2[2]a
3 ‘2921[8 8 41|_-513317 8 |9 | 3|18(8 |66
2,5 4 120 15|9 3|1 |— | —|48 5|6 |7 |5 |1 1| —|— 1|19
35 B sfle| 912 (7 (3 |— | —|45] 6|4 |8 11 |4 ]3| 1,— |31
35 {18132 10 |3 (2 (1 | —fes| 7|5 12 |7 |— |2l 2/—[2s
3 f8|5|2 (8|5 2‘——4484 6 82| 2|s1|—=|28
3 911 19!8|4i1 1 —|44 9|3 |8 (7T |4 | 2| 2|1 |27
35 | | i ] i 10 {10 |14 |22 |9 | 3| 1|— |59
3
4 lS*?- 94 1159 |66 33 (16 |3 370] Sa. |42 82 |79 (38 (21 | 27 |11 |[300

=% 25,4( 42,9(17,8| 8,9 4,3] 0,7 —| % (14,0{27,3|26,3|12,6] 7 9| 3,6| —

i
: 4381§-haider Reihen. Es ist interessant festzustellen, daf3 bei den Kontrollver-
suchen die zweite Zahlung fast die Hilfte der gesamten Menge der Fliegen
(42,9%) ergab, withrend diese in der Thyroxinreihe nur 27,3% enthilt.
:g Tabelle 4 zeigt die Zahlungen der Reihen A,, B, und C. Die letzte
Reihe ergab in der ersten Zihlung ungefihr die gleiche Anzahl von Flie-
enwie Reihe A,. Tabelle 5 demonstriert die mittlere Anzahl der Fliegen

3.0 W& ..
i 25 fir die Kultur.
125 . Die Ergebnisse beweisen, daB das Thyroxin keine Wirkung auf die
12,5 chtbarkeit hat.
13,5
13 5. Zahlenverhiltnis der Geschlechter.
12,5 Tabelle 6 gibt das Zahlenverhiltnis der Geschlechter in Reihe A und

21 Einige Einzelkulturen (Nr. 2, 5) zeigen eine Ungleichheit. Tabelle 7
2,9 “gibt dag Zahlenverhiltnis der Geschlechter in Reihe A,;, B, und C. Die
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Tabelle 5. Die mittlere Anzahl der Fliegen per Kultur.

Reihe ‘ Gesamtzahl der Fliegen | Nummer der Kultur | Mittelwert per Kultur
A, ‘ 370 | 7 ! 53
A, 757 5 7 108
B, ‘ 300 | 8 i 37
B, 1920 ‘ 13 . 148
(B 1562 10 156

Tabelle 6. Zahlenverhiltnis der Geschlechter in Reihe A; und B,.

Reihe A, Reihe By

NrdeKuter | 99 | 4s Nr.derKultur | 92 | &g
1 37 35 2 33 14
2 28 23 3 | 35 31
4 24 24 5 | 13 6
5 2 | 20 6 | 14 i
1f 34 32 i | 21 17
8 23 21 8 14 9
9 21 23 9 s S
10 lEsies 26
Summe | 192 | 178 Summe | 178 122

Verhiiltnis 1:0,93 Verhiiltnis | 1:0,68

Tabelle 7. Zahlenverhiltnis der Geschlechter in Reihe A,, B, und C.

Reihe A, Reihe B Reihe C
NederKultur | 99 | & | Nr.der Kultur | 9 | 44 | Nr. der Kultur | ¢ | as
3 L a1 ‘ 50 3 83| o1 1 62 ‘ 41
A 4 43| 49 2 42 | 51
4 38| 34 6 63| 60 4 | 93| 75
6 49 38 7 | 79| 78 5 143 | 104
T 64 51 8 | 103 91 7 78 | 65
9 65 63 9 ‘ 78| 81 8 124 | 105
10 67 | 47 10 64i 51 9 76 | 66
, 11 ‘ 73| 55 10 67 | 62
13 69 170 12 87| 170
14 104 S8 14 86 | 65
15 - 92| 70
17 71| 67
b ‘ 27 89| 58 .
Summe | 411 | 346 [  Summe | 1010] 901 Summe | 858 | 704
Verhilinis 1:0,84 Verhiltnis 1:0,89 Verhiltnis 1:0,82
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Tabelle 8. Koérpergrofe der Imago. i
— ADhWEIC
I 3 E
Nroder |—— SFoEics . ge —— ehenso
KEult 2,25—2,50 | 2,50—2,75 | 2,75—35,0 | 3,0—3,26 |2,00—2,25 2,25—250 | 2,50—2,75 2,754
v gy ’ ‘l)]]m mm mimn mm mimn -? mm | mim ! B! De?hall]
. einigen
. Reihe A"I weichw
1 | 4 28 a | — 8 | 18 7 | o (lllIChq
4 = 15 8 1 T 1 o
7 ‘ 1 21 | 10 2 3 |l 90 9 |48
8 (=i ae o Ve 1 s | 16 4 ‘ - B
Summe| 5 | 7 | 2 | 4 |15 ‘ 66 | 29 ;ﬁ papier
%| 431 | 6712 | 250 | 384 | 131 | 579 | 254 | #VnR
Reihe B,. Reihe I
2 5 2 pe e S e ‘ pai g 1 ‘ — Es bes
5 2 7is Sl SER ) — R 1 - Kirper
6 2 6 4 e LT T 4 | 4
9 2 9 4 i \ 1 ‘ 8 ‘ 3| 5w
Summe | 11 i 14 3 3 o[ ar 9 | Jvon6y
%| 146 | 626 | 186 | 40 612 | 755 | 183 | - zweite
Reihe A, durch
2 =] %00 )8, | 1 41 g | - indert
3 2 57 21 1 3 49 11 - Ta
6 1 36 9 3 2 25 11 - die gle
7 1 48 13 2 2 36 18770
10 ENE 2 1 29 | 11 | 4 T
Summe | 4 94 | 7812 9 | 180 60 | 4 e e
| 1l
%5 L2 69,4 | 253 3,8 3,6 725 | 240 | A
Reihe B,
9 g== 59 22 ] 2 = 63 28 | - U
= = g2 | 3 4 || 65 22; 8 il
10 | 1 |87 24 Sils | e o7 8 -
1 R B L s B 3 39 13 1 10—]
A o i L 1|8 15 | 4 18-
= R e - = =15
Summe| 2 | 245 ‘ 140 10 9 | 260 86 | 10
% | 05 61,7 | 352 | 25 25 | 7132 | 242 | 4
Reihe C §ie=
1 2 | 45 | 13 2 ‘ 2 | & | 18 [0
5 4 | 80 42 7 3 63 | 38 | A 1t
o BT R T 5 1 5 | 10 |-
g "l Sealien 39 12 4 67 | 34 | -
| 8 | NFar s e 2 | a9 | g4 SR
Summe | 13 ‘ 318 ’ 145 ‘ 30 ' 120 |'245 i 123 | -Inseks
% | 25 628 | 286 | 59 | 31 644 | 32,3 | -Dosk
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— Abweichung in dem Zahlenverhiltnis ist unregelmifig und ungeféihr
ehenso bei den thyroxingefiitterten Fliegen wie in den Kontrollversuchen.
264 Deshalb war nicht das Thyroxin die Ursache fiir die Abweichungen in
—n::_einigen Kulturen der Reihe B;. Es mul} sich um eine normale Ab-
weichung gehandelt haben. Das Zahlenverhiiltnis der Geschlechter wurde
(durch Thyroxinnahrung nicht verindert.

3 6. Kirpergrifie der Imago.

|7 Bswurden einigen Kulturen Fliegen entnommen und auf Millimeter-
4 papier gemessen. Tabelle 8 zeigt die Mittelwerte fiir die einzelnen Reihen.
‘ 4 Von Reihe A; gehiorten 57,90% zur zweiten Klasse (2,25—2,50 mm) in
Reihe By 75,5% , in Reihe A, 72.56% , in Reihe B, 73,23% und in C 64.,17%.
|~ Es besteht demnach keine Beziehung zwischen Thyroxinfiitterung und
| - Kérpergrofe.
\ 4 7. Crossing over.
|7 Wirarbeiteten mit Autosomen black und purple von einer Entfernung
l - von 6,0 Einheiten. Black war bei 48,5 und purple bei 54.5 Einheiten im
_ zweiten Chromosom gelegen. Wir wihlten gerade Autosomen, weil diese
(durch eventuelle Verinderungen im Geschlechtschromosom nicht ver-
_ indert worden wiren.
- Tabelle 9 zeigt die Austauschwerte, die fir alle drei Reihen nahezu
- die gleichen sind.

Tabelle 9. Austauschwerte fiir black und purple in Reihe A,, B, und C.

,L Nr. der Gesamtzahl Kein Austausch | Austausch r Austausch-
‘:i Kultur der Fliegen +J__ b pr = b o i werte
. : Reihe A,.
I 444 92 195 | 2 5
B EE R 228 | I O N
|3 Reihe B,
‘ :i 10—12 I |
1314 _ = ,
e ! 1021 480 478 38 25 6,1
1)
] =5
i Reihe C.
89 |
- 10-12 808 396 | 364 27 21 5.9
1 1 ' ‘

8. Diskussion.

__l‘ . Frithere Versuche haben ergeben, dal Thyroxin keine Wirkung auf
Insekten ausiibt. Einige positive Ergebnisse sind wahrscheinlich (nach
3 | DoBRIEWIOZ 1929) auf unvollkommene Technik und ungenaue Arbeits-

A




672 I?. Ch. Koller: Der Einflu chemisch reinen Thyroxins usw. —i]

weise zuriickzufithren. Die Wirbellosen sind anscheinend immun g{w'
die Wirkungen des Thyroxins. Freiscamany (1929), Rome:s u, Wi
(1929) zeigten an Lepidopteren, dafi das Thyroxin die Atmung zu sst,mgaE d e
vermag, jedoch nicht die Entwicklung beeinflullt, und sie nehmen
daf die Wirkung des Thyroxins auf Wirbeltiere und Wirbellose insg
verschieden ist, als ,,das Thyroxin nicht nur den Abbau der larvalen,
dern auch den Aufbau der definitiven Organe und Gewebe beschleunis

Es diirfte sich daraus schlieBen lassen, daf die Insekten keine Orng
besitzen, die auf Thyroxin reagieren kénnen, oder daf sie iiber Mltteln

fiigen, den Stoff bis zur Unwirksamkeit zu veréindern. Da
' | selben
9. Zusammenfassung. wickly

1
1. Es wurde die Wirkung chemisch reinen Thyroxinsg auf Entw j[;"if:lf

lungsdauer, Fruchtbarkeit, Geschlechtsverhiltnis, K{‘:’urpergr('iﬁej Kérpe

Crossing over bei Drosophila melanogaster untersucht. ﬁiidii{

2. Die Ergebnisse zeigen, dafl Drosophila nicht wie Wirbeltiere: ,.c de
Thyroxin reagiert. [ Die Al
3. Einige kleine Anderungen (beispielsweise in der Hiablage) ve g;g:ﬂ‘j

auf sekundire Wirkung des Thyroxins (Anderung des py des I\a_ dung -

bodens) zuriickzufiithren. _ -
4. Die negativen Ergebnisse DoBrRIEWICZ' mit getrockneter Sci %zﬂlﬂ?
driise wurden mit chemisch reinem Thyroxin bestitigt. —_—
Leh
9. Summary. Fit

1. Chemically pure thyroxin solution was used to study the effed! ;';

the metamorphic rate, fecundity, sex ratio, size and crossing-ove:

Drosophila melanogaster. Die
2. The data obtained show that Drosophila does mnot respond g
thyroxin in the same way as do the Vertebrates. B
3. Some small alteration (e. g. in the egg-laying period) was due to! _E
secondary effect of thyroxin; i. e. the altered py of the food. Leh

4. The negative results obtained by DoBriewicz with dried thy
gland were confirmed when pure thyroxin was used. ch
10. Literatur. Gru

Dobkiewiez, L.: Der EinfluB von Schilddriisenfiitterung auf Entwicks v
Wachstum und Fortpflanzung der Taufliege (Drosophila melanogaster). B U
Arch. 118, 61 (1928). — Fleischmann, W.: Zur Frage der Beeinflussung Wi &
loser dulch Wirbeltierinkrete, Pfliigers Arch. 221, 591 (1929). — Romeis] —
Wiist, J.: Die Wirkung von Thyroxin auf den Gasstoffwechsel von Schmét L aji
lingspuppen. Roux’ Arch. 118, 534 (1929). di

‘.’l!lf

VE]



VERLAG VON JULIUS SPRINGER IN BERIL]

Vor kurzem erschien: ]
Die
m [ |
mitogenetische Strahlun:

zugleich zweiter Band der y,Probleme der Zellteilung
Von
Professor Dr. Alexander Gurwitsch

Institut fiir Experimentelle Medizin in Leningrad

Unter Mitwirkung von Lydia Gurwitsch
Mit 70 Abbildungen. IX, 384 Seiten. 1932. @ RM 32.—; gebunden RM

(Monographien aus dem Gesamtgebiet der Physiologie der Pflanzen und der Tiere, Band

INHALTSUBERSICHT:

Erster Teil: Physik und Chemie der mitogenetischen Strahlung. Prinzipielles iibs
Methodik des Nachweises des Induktionseffektes. Physikalisches {iber mitogenerische Strahlen,
Energetik der mitogenetischen Strahlung. — Zweiter Teil: Das Auftreten mitogenetischer Sir
lung im Haushalte der Organismen. Pflanzen als mitogenetische Quellen. Mitogenetische 8=
lung wiithrend der Furchung und Embryonalentwicklung. Mitogenetische Strahlung des Blutes,
Gewebe als Strahlungsquellen. Dns Karzinom. — Dritter Teil: Der mitogenetische Effekt.
Phiinomenologie des mitog 1 Effekte Die allgemei Gesetze mitogenetischer. Errepls

Sekundiirstrahlung und Fortleitung des mitogenetischen Erregungszusmndes Theorie des mitogenetis
Effektes, — Nachwort. Literatur- und Sachverzeichnis.

Das Problem der Zellteilung, physiologisch b§
trachtet. Von Professor Dr. Alexander Gurwitsch, Institut fiir Expt
mentelle Medizin in Leningrad. Unter Mitwirkung von Lydla Gurwitsf
(Monographien aus dem Gesamtgebiet der Physiologie der Pflanzen undé
Tiere, Bd. XI) Mit 74 Abbildungen. VIII, 222 Seiten. 1926. RM 16

Zellteilung und Strahlung. Von Dr. med. T. Reiter und Dr.
D. Gabor. Mit 212 Textbildern und 3 Tafeln. Sonderheft der, Wissensch
lichen Veréffentlichungen aus dem Siemens-Konzern“. Herausgegeben
der Zentralstelle fiir wissenschaftlich-technische Forschungsarbeiten

Siemens-Konzerns. 1V, 184 Seiten. 1928. RM 1§

Mikroskopische Anatomie der Ilebendigen Masse
(Bildet Band 1 vom ,Handbuch der mikroskopischen Anatomie des Mensche
herausgegeben von W. v. Méllendorff, Freiburg i. Br.)

Jeder Band ist einzeln kiuflich, jedoch verpflichtet die Abnahme eines Teiles eines Bandess
Kauf des ganzen Bandes.

Erster Teil: Allgemeine mikroskopische Anatomie und Orgd
sation der lebendigen Masse. Mit 453 zum Teil farbigen Abbildung
XII, 626 Seiten. 1929, RM 132.—; gebunden RM 138
ZweiterTeil: Wachstum und\rermehrungderlehendigenl&a '
Bearbeitet von Dr. F. Wassermann, Professor an der Universitit Miinck

Mit 464 zum Teil farbigen Abbildungen. IX, 807 Seiten. 1929. :
RM 148.—; gebunden RM 156

Korper und Keimzellen. Von Jirgen W. Harms, Professor an
Universitidt Tiibingen. (Band IX der ,Monographien aus dem Gesamtg
der Physiologie der Pflanzen und der Tiere®.) Mit 309, darunter auch farb

Abbildungen. In zwei Teilen. XIV, 1024 Seiten. 1926
Jeder Teil RM 33.—; gebunden RM &

Beide Teile werden nur zusammen abgegeben.

FAuf die vor dem 1. Jwli1931 erschienenen Biicher wird ein Notnachlaf von 10 % gewd

Printed in Germany.







216 “ Pointed,” and the Constitution of X-chromosome

sometimes only a small part of the wing is surrounded by the margin.
The variability of the Pointed! wing is rather slight as shown by Plate XV,
figs. 1-4. The Pointed! character can be recognised in the heterozygous
condition, dominance being incomplete (Plate XVIII, fig. 21).

Lancefield located the Pointed! gene at the extreme left end of the
X-chromosome. Since the classification of Pointed! flies is easy and their
viability and productivity are good, Pointed! is a useful character to
work with. Moreover, environmental factors, such as temperature,
moisture and culture medium, affect the Pointed! character only slightly,
and always in the same degree.

In order to investigate the viability and fertility of Pointed! normal
wild type, Pointed', Pointed-yellow-vermilion and yellow-vermilion
were bred in the same environmental conditions. Table I shows the

TABLE 1. I

Pointed!- ‘

Normal yellow- Yellow- |
wild type Pointed! vermilion vermilion |

No, of —A—— No.of —+—— No. of —~—— No. of , A
culture 29 44 culture 99 48 culture 22 34 culture 92 44
320 84 79 471 91 85 22 47 35 51 ah 40
322 65 67 472 72 70 24 53 47 52 63 54
323 91 88 475 65 63 26 72 65 a3 44 46

Totals 240 234 228 218 172 147 162 149 |

|
results obtained during this experiment. It is clear that no lethal effect
was introduced by the Pointed! gene alone. The lower viability of the
Pointed’-yellow-vermilion stock was due to the presence of the yellow |
gene. |

(a) Pointed? and the modifier m, . |

The variability of the Pointed! character and the presence of |
extreme types, in significant ratios, in several cultures, suggested that’
modifying factors might be concerned. But, owing to the dlﬂiclﬂtles
of classification of P, this assumption was not proved for a long
time. During the selection experiments, however, culture 13731 gavé
some interesting results. This culture originated from the cross P'P! A‘
PTY (Y represents the Y-chromosome of the male) where the P! char|
acter was very extreme in the male parent. Half of the males and female
showed P7 wings, long and very much trimmed (Plate XVI, fig. 8; Platt
XVII, figs. 17, 18). The other half, both males and females, showed the
usual Pointed” with slight variation. The offsprmtr were crossed separatef‘n
and the results (#,) obtained are given in Table II.
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The extreme PI females were selected and back-crossed to extreme
Pointed! males, and all the offspring, males as well as females, were
extreme P!. These results show that the flies were homozygous for the
mtensifier m, . The constitution of the flies, suggested in Table 11, proved
to be correct. Some crosses were made to prove that the intensifier is
a sex-linked factor. Pointed! males with the modifier m, were mated to
normal winged females. The heterozygous P’ females were back-crossed
to extreme PT males. The results of these crosses are given in Table III.

_ TABLE II.
] [515)
= A — - = =
Pointed! Pointed!
extreme Pointed! extreme Pointed! Nature of cross
: Pl
56 3 47 4 P,m: Qx Plmy @
Pl y
71 1 69 1 P_J‘;';Iol ? xP ny d‘
; Pl
30 35 31 32 pry 2% Pm 8
Pim
5 porket B I
2 62 30 27 Pra YxPly 3
P-rml i T A
28 31 25 29 pry Q% Plm, &
TABLE III.
Non-cross-over +
Pointed! Non-cross-overs CrosSS-0Vers: Cross-overs
9 Phm, 33 +3& and my & prg
87 34 41 6
109 45 53 7
98 i f 49 6
131 51 63 9
Totals observed 425 167 206 28
Expected =3 180 200 28

(The crossing-over value (p) was estimated on the assumption that the three classes
were L —p, 14 p+p, and p respectively.)

The small discrepancies between the obtained and expected classes
were due, either to crossing-over between P and m;, or to experimental
errors of discrimination.

It was possible to calculate the crossing-over value between P7 and
the sex-linked modifier m, from these results. It is approximately 13-7.

(b) Pointed! and the modifier m,.

In culture 56-4/34, soon after the identification of the modifier my,
another factor appeared, which apparently had some effect upon P’
(Plate X VI, figs. 9, 10). The culture originated from a cross between a
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PIPLip, female and a PZY male. Half of the males were extreme P! a5
was expected, but the remainder could be grouped into three distinet
phenotypes, a fact which suggested that more than the usual variability
of P! was involved. Another modifier, m,, was suspected, and crosses |
were made to detect it.

These new type females and males were mated together and they
gave one type of male and female offspring only; but it is very interesting
to note that this new type, which originated from the crossing of different
PI flies, was not the extreme PZ. The classification proved to be easia
than was at first expected, and Table IV shows the results of the mating

TABLE 1V,
&9 dd

T e R
Plm, Pl 4 7 M2 7o
P, Py B o Y

27 98 21 84

22 71 27 85

31 87 21 91

Totals 80 256 69 260

of males and females to be simplex for this modifier. The 3 : 1 ratio
obtained in these experiments showed that an autosomal gene which
gave a new constant Pointed! type had been introduced into the Pointed'
stock. This factor, which was called m,, is not so much an intensifier
as a factor which prevents the variability of the Pointed! character. Th'
m, factor is recessive, as was proved by outcrossing the ‘“fixed ” Pointed’
to other Pointed! types.

In order to determine the linkage group of m,, orange (or) eye-colou
was introduced into several matings. PZPTmym, females were crossti
to P1Y or males and flies of the F, generation crossed inter se. Table !
gives the data obtained.

TABLE V.
P, Plor Pl 4+ + m, or
S G < r Ma it 1
PlIm, Plor PI 4 4 B My i or s
31 .26 59 24 27 61
24 27 60 26 22 58 |
15 19 39 18 21 41
Totals 70 72 158 68 70 160

The 1:2:1 ratio (approximate) which was obtained, proved th
the m, factor is in the same linkage group as orange. The discrepai]
between the obtained and expected numbers was probably due
crossing-over in those F; females which were heterozygous for m, and¢
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To determine the crossing-over between or and m, the following
crosses were made:

Plor + PI or m,
PI 4 m, T Y or ng
The crossing-over value between or and m, is 9-2 (see Table VI).
TABLE VI.
5319 &Ad‘
Nor-cross-over Cross-over Non-cross-over Cross-over

A A A
s N r N r e )

Plmgor Plmyor Plmgor Plmyor p1™Me 0" pyMa O pymg 0T oy or
Plm,+ P4 or Plmyor PTy + My + + or Ty OF + +

47 53 4 6 52 45 4 b

64 72 6 9 57 66 6 7

54 59 3 5 48 61 5 5

32 39 3 6 27 42 3 6

Totals 197 223 16 26 184 214 18 23

observed }
Expected 215 2156 24 24 198 198 20 20

(¢) The Pointed allelomorph P1,

One of the Pointed (PZ) cultures, No. 83/34, which had females of
the constitution P/PTm; and P’Y males without my, gave among the
expected flies, eight which were thought to be heterozygous for P (see
Plate XVIII, fig. 20). But the different crosses showed that these flies
carried a mutated gene'in both X-chromosomes. Table VII shows the
results obtained by crossing this type with P7,

This proved that no reversion had occurred in the P? stock, and
that the “heterozygous™ appearance of these eight flies was due to a
different cause. The m, factor when in the simplex condition in the female

TABLE VII.
Pi P

P PU 10 x P,y & P;}QKP”@ ;ﬁ}Qx +a3
= 2 f - ] K—Aﬁ f-'_%
29 44 92 33 o 43

f Pr Pr pir pi
itk e

Pfs;: P Plm, _pu pit P = PiI
35 42 27 36 83 5 112 106
53 49. 45 39 95 79 87 81
41 37 39 42 126 117 131 126
Totals 120 128 111 117 304 271 330 313

does not produce any effect, but the wing may vary on quite a large
scale, as was observed in many cases. The male offspring from these
“heterozygous” Pointed! mothers were classifiable into two groups, viz.
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(1) containing the flies with very broad wings only slightly trimmed and |
pointed, and (2) containing those which had Pointed in the extreme|
condition. The appearance of the former class is unusual, similar cases |
not having been previously observed.

These facts suggested that an allelomorph of P7 (viz. P) turned up |
in culture No. 83/34. The eight females carried both allelomorphs, and
hence showed the unusual size and shape of the Pointed! character
(Plate X VIII, fig. 20). The m,modifier and m, intensifier and the variability ‘
of the P character are factors which make the discovery of any allelo- |
morph of the Pointed! character rather difficult. However, experiment
-proved that P! and P are allelomorphic. The resemblance of P to
the heterozygous PT increased the difficulties, but the presence of PU ‘
was proved decisively by a study of the male offspring.

To prove with certainty the allelomorphic nature of P? and P!,
their linkage value with beaded (bd) was tested. The beaded character
in D. obscura described by Lancefield (1922) is a sex-linked recessive |
mutation, its gene being located 20 or 27-6 units to the right of Pointed" |
The beaded! wing (Plate X'VII, fig. 16) has a trimmed margin, with littl |
bunches of bristles and teeth along the edge. The discrimination between |
the character controlled by bd is difficult in the presence of Pointedl
(Plate X VI, fig. 13; Plate X VII, fig. 19). However, by the aid of selection
and the m,, m, modifiers, it was possible to estimate the crossing-over
value of Pointed and beaded. '

The relationship between bd and PZ, and between bd and P77 is given
in Tables VIII and IX.

TABLE VIII.

Pr oy y
A=l I
L |
Non-cross-over Cross-over i
Total ———— —r— Total |
) PI bd Plbd + 38 '
252 97 95 21 27 240 |
197 76 70 14 20 180
231 87 81 19 23 210
680 260 246 4. 70 G30
TExpected 271 271 67 67

The crossing-over value for bd/P! (19-2) and bd/PT (19-5) is almost tht
same, This supports the view that the two genes are allelomorphic. "
gives less deviation from normal than PZ, its variability being mor
limited and its productivity normal.

L It should be stated that except in name the beaded factor in 1), ebscura bears L
relation to the Beaded of D. melanogaster.



and
ame

lup
and

ility
lelo-
nent

Ppu

yst the
o, P!

© mor

hears It

P. Ca. KoLLER 229

The occurrence of the P!’ gene, the m, intensifier and the m, modifier
afforded the opportunity of synthesising flies with different constitutions.
The most remarkable observation was, that the m, intensifier did not
produce so marked an effect with P!/ as with P!. Plate XVI, figs. 8 and 12,

TABLE IX.
Prr 4
0w PI
o ¢ e 2
Non-cross-over (Cross-over

Total —_———— — Total
ele} P bd Pitpgd + + 4a
193 59 77 14 20 170
219 72 85 18 20 195
161 56 59 12 156 142
a73 187 231 44 bb 507
Expected 204 204 49 49

show the difference between P/Plngm, and PP mpn, . The low varia-
bility of P/ made it impracticable to use it in combination with the
my factor, because the appearance of flies of the constitution PH P/ mym,
indicated that the effect of m, upon P/ was slight.

Discussion.

(1) Homology of Pointed and Beaded.

The comparison of Pointed in D. obscura with the Beaded (Bd) gene
in D. melanogaster shows an interesting parallelism. The similarity is so
convineing that the Pointed and Beaded genes must evidently be placed
in the same series of allelomorphs,

The Beaded wing in D. melanogaster was first observed by Morgan
(1910). Tt showed a characteristic shape and size, sometimes longer than
in the normal flies, the margin of the wing being scalloped as shown in
Plate X VI, figs. 11, 12, 13. The fluctuation and variability of the Beaded
wing was very great, from the most extreme type to almost normal.
Sometimes one wing showed the Beaded character while the other one
was quite normal. The great variability of the Beaded character must
have been one reason why its analysis proved so extremely difficult.
Dexter (1914), working on the selection of Beaded, could not clearly
explain its exact behaviour. He located Beaded in the linkage group
of the third autosome, and discovered the first intensifying factor for Bd
in the second chromosome. Morgan’s and Dexter’s assumptions of factor
inconstancy, environmental and age factors, and cytoplasmic inter-
ference, to account for the unusual behaviour of the Beaded character,
are not at all convincing.

Muller (1918), in his masterly paper on the balanced lethal mechanism,
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throws light on the Beaded character in D. melanogaster. He located it
at 93-8 in the third chromosome and proved it to be dominant as well
as lethal in the homozygous condition. Similarly, he identified the |
second modifier for Beaded, and located it near black in the second
chromosome.

The extreme Beaded wing in D. melanogaster (a picture is given in |
Muller’s paper, 1918, p. 425) is, as Lancefield (1922) remarked, very |
similar to Pointed in D. obscura. Selection and breeding work proved
that Pointed has two modifiers; m,, located in the same chromosome as
Pointed, and m,, linked with orange in the third linkage group. The
discovery of the allelomorph P and its behaviour with the modifiers
proved to be very useful for making an accurate comparison with the
Beaded character in D. melanogaster.

These genes can be arranged in a graded series, as regards their
effect upon the wing shape, normal, P7, PI and Bd (Plate XV, figs. 4,T; |
Plate XVIIL, fig. 20). Beaded, however, unlike Pointed in D. obscura,is
lethal when homozygous. But Pointed in the presence of m,, reduces
the viability.

The relation between the genes can best be explained in terms of
Goldschmidt’s theory of the physiological determination of the gene.
It is possible to explain the behaviour of these genes, alone and in
combination with the modifiers m, and m,, if we assume that normal,
P!, P! and Bd are similar and graded in their effect. The graph (Text-
fig. 1) shows very clearly the relationships between PZ7, PI and Bd o
this hypothesis. The effect of m, is correlated with the intensity of the
factor concerned. If it is combined with PI7, the lowest member of the
series, its effect is very small; but in the case of PT the same m, produces
a much greater effect. Tn D. melanogaster a similar modifier exists and |
it exerts a very strong effect on Bd, which is to be correlated with the
intensity of factor action of Bd as compared with PZ and P, It is
more difficult to analyse the part played by m,. This factor, which
reduces the variability, has a greater effect upon P’ than upon P/, as
is expected. Amongst flies with a combination of PZ, PII and the two
modifiers in the homozygous condition, a certain percentage have
“dwarf-miniature” wing. This is possibly due to a difference in the
reaction between the modifiers and P’ and between the modifiers and
P71 as is illustrated in the graph. The data are insufficient to show the
reason for this difference, but it might be due to a system of factor
interactions on the basis of the times at which the individual factors
have their greatest effect.
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The viability of the different members of the series is indicated in
the graph by the approach to the line of lethality. Beaded is lethal
when homozygous. When heterozygous, the intensifiers have the effect
of reducing viability to some extent, just as the modifiers in D. obscura
reduce the viability of Pointed. The question arises as to why Pointed
does not produce a lethal effect like Beaded in D. melanogaster? The
phenotype of P7 and Bd is very similar, but the physiological effect is
different. It is certain that the genic balance of D. obscura is different
from that of D. melanogaster. Indeed the rate of metabolism (14 to
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Fig. 1. Graph showing the effect of m; and m, upon P, P? and the effect of the
two intensifiers upon Beaded.

16 days of life span in D. obscura as compared with 10 to 11 days in
D. melanogaster) shows a very suggestive difference.

The scanty data available on the behaviour of the so-called “iden-
tical” genes in D. obscura and D. melanogaster have been collected.
Hosin and white eye have a darker tinge in D. obscura than in D. melano-
gaster, Further, Lancefield (1922) mentioned that the eosin-vermilion
double recessive is nearly white in D. melanogaster but lemon in D. ob-
seura. Scutellar in D. obscura agrees with scute in D. melanogaster, but
the latter gene has a stronger effect in that it suppresses the post-vertical
or ocellar bristles on the head. These bristles are present in D. obscura-
scutellar. The yellow body colour in D. obscura become rapidly darker
after 5 to 6 days, so that only young flies are suitable for classification.
InD. melanogaster the effect of the yellow gene lasts much longer.
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These examples suggest that the “identical” genes in the two species
show a slightly different effect because they are placed in different genic ‘
systems. Therefore it is reasonable to suppose that the Pointed and |
Beaded genes are not only similar but belong to the same allelomorphic |
series.

The great similarity between the two genes was observed by Lance- |
field (1922), but he maintained that no genetical identity between the
two could be established. Two facts were certainly responsible for this
attitude: viz. (1) the lethal effect in one species and not in the other, (2) the |
different linkage groups of the two genes.

The first objection has already been met. The second difficulty raises |
a question which is important from the phylogenetic point of view.
How is it possible for an autosomal gene in D. melanogaster to be sex-
linked in D. obscura? There are many known genes which have similar |
effects in different species of Drosophila and are located in different
places in the same linkage group, e.g. Notch in D. melanogaster and in |
D. obscura, or in different linkage groups, e.g. scute in D. melanogaster |
and D. obscura. But the exact homology between these genes cannot |
be definitely proved because of the difficulty of proving the physiological
correspondence of similar factors, as was pointed out by R. Lancefield |
and Metz (1922). However, the evidence from the behaviour of P, |
PI and Bd with the modifiers leaves little doubt of their parallelism,
and permits us to assume that they represent different grades in the
same allelomorphic series.

(2) Hypothests of translocation.

If Pointed and Beaded are homologous we may explain their different
positions in the linkage maps by the translocation of a chromosome
segment. '

Cytological evidence. This assumption receives strong support fron
the comparative study of the chromosome complements in the related
species of Drosophila. The X-chromosome in melanogaster, virilis and
simulans is rod-shaped and comparatively small in relation to the seconl
and third autosomes. In obscura and willistons, the X-chromosome |
V-shaped and larger compared with the autosomes (Metz, 1922). Lanct
field (1922) and R. Lancefield and Metz (1922) suggested that one ai?
of the V-shaped X-chromosome in obscura and willistoni corresponds 0
some, if not all, of the rod-shaped X’s of such a species as melanogasic’
If this is the case, it is reasonable to suppose that the other arm of tht
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V-shaped X corresponds to a segment of one of the autosomes in the
species with a rod-shaped X-chromosome. Such a condition could have
been brought about by translocation, either of part of an original
autosome to the X-chromosome, or of part of the X-chromosome to an
autosome. There is at present no means of telling which arrangement
was the original one.

In plants, many examples of rearrangement of chromosome parts or
segments have been observed in nature, e.g. Oenothera (Darlington, 1929),
Datura (Belling and Blakeslee, 1926), Godetia (Hakansson, 1925), Pisum
(Hakansson, 1931; Sansome, 1931, 1932), Zea Mays (Burnham, 1930;
McClintock, 1930). In Godetia, two species, G. amoena and G. whitneyt,
differ in the arrangement of their chromosome segments, as in the case
of Drosophila. Recently Dobzhansky (1930), by means of X-rays, has
produced translocation in Drosophila itself, and found that the portion
of the third chromosome of D. melanogaster containing the locus of
Beaded is more readily translocated than other segments.

The widespread occurrence of translocations and interchanges of
chromosome segments in nature, and the fact that they have been
experimentally produced (Drosophila (Dobzhansky and Sturtevant,
1931), Datura), strongly support the hypothesis that the difference of
the shapes of the X-chromosomes in related species of Drosophila may
be the result of translocation.

Genetical evidence. The study of the X-chromosome maps of five
different species of Drosophila (Text-fig. 2) shows that many identical
corresponding genes, especially the closely linked yellow-scute-white-
Notch series, are transferred from the extreme left end of the X-chromo-
some in D. melanogaster to the middle region of the X-chromosome in
D. obscura and D. willistoni.

Hitherto, very few genes have been discovered to the left of yellow
in the extra part of the X-chromosome in D. obscura. The present study
indicates the homology of the PZ, P! in this segment with Beaded in
the third chromosome of D. melanogaster. It is therefore suggested that
part or all of the extra arm, i.e. the segment to the left of the yellow
locus, of the X in D. obscura corresponds to part of the third chromosome
of D. melanogaster.

Further evidence of chromosome rearrangement is probably given
by the study of the two so-called ““physiological” species, or races
4 and B, in D. obscura. The females of the 4 /B hybrid are partly fertile,
but show greatly reduced crossing-over in their end segments (Text-fig. 3).
The males are generally sterile. Koller (1931, 1932) showed that those
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males, which are fertile, obtained by repeated back-crosses and have the
terminal portion of the X-chromosome of the same origin as that of

the Y. Therefore, we can gather that the middle region of the X-chromo-
some in race 4 and B, being homologous, does not interfere with fertility

D. melanogaster

D. virilis

D. simulans
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Fig. 2. To show the position of the yellow-white-scute section in the X-chromosome

of five species of Drosophila.
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Tig. 3. Comparative linkage maps of race 4 and B and their hybrid in D. obscura.

when combined with either end of the Y-chromosome, but the terminal

portion of the X-chromosome and Y-chromosome constitute a balanced

system with regard to fertility.
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The fact that only the ends of the X-chromosomes in races 4 and B
of D. obscura are different can be explained by the assumption that the
translocated segment of the X’s has a different origin in the two races.
This assumption would give a simple explanation for the crossing-over
reduction in the terminal parts of the X-chromosome in the 4/B hybrids,
gince it has been shown by Dobzhansky (1930-1) that translocation
reduces crossing-over. There is also the possibility that the end of the
terminal segment of the X-chromosome of race 4 has no corresponding
part in race B.

The above facts may be summarised thus:

(1) The sex-linked Pointed gene is homologous with the autosomal

Beaded.

(2) The X-chromosomes in related species of Drosophila differ in
size and shape.

(3) Genetical observations: (a) the yellow-scute series differs in posi-
tion in different X-chromosomes according to their shape, (b) the
changes in homology in the end segments of the X-chromosomes
of D. obscura race 4 and B are inferred from the genetical be-
haviour.

These facts taken together support the hypothesis of translocation,
which has been put forward to explain the various cytological and
genetical differences in the X-chromosomes of the Drosophilidae.

This suggestion, if cerrect, affords some insight into the phylogeny of
the X-chromosomes of the species of Drosophila. Nevertheless the facts
which support it are at present few in number, and there are certain
important observations yet to be explained, e.g. the relatively inverted
order of some genes such as white, vermilion, miniature, glazed or lozenge
inrelated species, and the genetical locus of the fibre attachment. Further
investigation on the lines of the present paper would confirm or disprove
the above tentative hypothesis, and would certainly enable us to follow
to a greater extent, the relationships, cytological, genetical and phylo-
genetical, between the chromosome complements of the species of
Drosophila.

SUMMARY,

1. The behaviour of two modifiers in Drosophila obscura, m,, located
in the X-chromosome at 13-7 units from P7 and ms,, linked with orange
in the third linkage group and located at 9-2 units from orange, is
deseribed.

2. P, an allelomorph of the previously described Pointed (P?)



228 “Pointed,” and the Constitution of X-chromosome

mutant, gives a similar but weaker effect upon the wing character to
Pointed.

3. The gene m,, which has the effect of intensifying the character,
gives a weaker effect with P77 than with PZ. The gene my,, which reduces
the variability of the character, similarly affects P// less than PZ.

4. It is suggested that P’ and P/ in D. obscura are homologous

with Bd (Beaded) in D. melanogaster because of («¢) the great similarity
of the morphological expression of the two genes, and (b) the similarity
of their behaviour in the presence of modifying factors.

5. A tentative suggestion is put forward to explain the autosomal
position of Beaded as compared with the sex-linked nature of P! and P!,
It is suggested that as the result of translocation the X-chromosome
in D. obscura has one arm, or part of one arm, corresponding to par
of the third chromosome in D. melanogaster. This hypothesis is sup-
ported by (@) the cytological differences in size and shape of the X-chro-
mosomes in D. obscura and D. melanogaster, (b) by the position of the
yellow-scute loci in the two species, (¢) by the evidence from the
hybrids between race 4 and B of D. obscura, and (d) the cytological
observations of similar rearrangement of chromosome parts in many

plants and in Drosophila melanogaster. ,

The author desires to thank Prof. F. A. T. Crew for criticism and l

advice. :
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EXPLANATION OF PLATES XV—XVIII.

Prare XV.
Figs. 1, 2, 3, 4. Pointed! wings in female (Figs. 3, 4) and male (Figs. 1, 2).
Figs. 5, 6, 7. Beaded wing in D. melanogasier (after Bridges-Morgan).
Prate XVI.
Fig, 8. Pointed! and modifier m, .
Figs. 9, 10. Pointed! and modifier m,, female (Fig. 9) and male (Fig. 10).
Fig, 11. Heterozygous PH with homozygous m, .
Fig. 12. Homozygous P/ and m,.
Fig. 13. Homozygous P and beaded.

Prare XVII,
Fig. 14. Pointed! male.
Fig. 15. Pointed!! female.
Fig. 16. Homozygous Beaded in D. obscura.
Fig. 17. Pointed! and m, female.
Fig. 18. Pointed! and m, male.
Fig. 19. Heterozygous Pointed! and homozygous Beaded.

Prare XVIII.
Fig. 20, Homozygous PII.
Fig. 21. Heterozygous Pointed!.
Fig. 22. Pointed and P,
Fig. 23. PI male,

[Figs. 1-13 are drawings traced from photographs, Figs. 14-23 are photographs.]
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SZOVETTENYESZTES AZ EMIS ORBICULARIS SZIVENEK SI\U‘i:f:ﬂ;

VENOSUSABOL. bt

Irta: Dr. KoLLErR Prus. intenz
A

Alacsonyabbrendfi gerinceseken végzett szovettenyésztési kisérletek eddig isgoldatt
érdekes eredményt tartak fel. Harrison.' a szovettenyésztés megalapitdia, hékaenlsniba
kon végezte alapvetd kisérleteit. Erdmann, Champy, Carrel, Burrows® szintén iutin i
csonyabbrendficken dolgoztak. Chlopin® csak nemrégen kozolt igen érdekes emi:t:l kir
nyveket az Axolotlmak veseexplantatumairdl, a Teleosteusok sziv-, izom-, lép- oSt

43 ter

2. kép.

1. kép.

tenyészeteirdl. Ezek az eredmények inditottak arra, hogy az Emys orbicularity,
mocsari teknést, vilasszam kisérleti médiumnak, mid6n erre megfelel$ anyagot kaiti,

Kisérleteimet a sziv sinus venosusdn végeztem. Amint tudjuk, a sziv ko
cids ingerei innen indulnak ki Haberlandt' és Demoornak az utébbi években ki
munkdi szerint ezen szivrészb6l olyan anyagot is lehet kivonni, amely az allé st fyt
is OsszehtzGddsra birja és amelyet ezért szivhormonnak neveztek. Anélkil, 15
a ]\eldLS elett'ml ILSZEII(-‘Z 11t houaszolm I\Wannek csak mecemhtem ho"\ SE“

Kilinosen érdekesek az utobhi ldserletm kozos l{ultma.ha, helve?ett heferoﬂen* i
fragmentumokat és akkor kit{int, hogy az egyik szivdarabka a mdsikat vele syt
ritmikus osszehtzoddsokra birta.
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A 2. képen i6l ldthaté immerzids nagyitdssal, hogy a kinové sejtek sugdrsws GEV
indulnak ki az anyaszovetb6l és szinte arra ldtszanak mutatni, hogy a novekei
eloidézd tényvez6 egy szorosan meghatarozott goécpontban van lokalizdlva. Eut
kinové sejtek fibroblastok. Azonban nem illik rdjuk Fischer azon leirdsa, hog
fibroblastok mdr a kinovés kezdetén sfirit hdlézatot alkotnak és szoros dsszefig
ben maradnak egymdssal. Ttt a sejtek egészen ondlléan nének tovabb. Magvuk ovi G
némely esetben félholdalaktian gorbiil. A protoplasmdban, mint élénk anyagsf®
jelét, sok vakuolat taldlunk.

A 3. képen egy, a harmadik passageban 1évé kultirdt latunk 48 oérds temé
tés utan. Szigetszerii sejtszaporulds és novekedés lathaté az anyaszovet egyik rég

S : i G bk Syt e ; " AN
Mér az implantdlds 24. érdjaban élénk sejtkinovés volt észlelhets. Ezek a gt ™"

A 4. kép a 3. passagebdl 48 o6rds tenyészet utdn, az 5 kép pedig az 5. passigip
3 napos tenyészetbdl szdrmazik.
Kisérleteim arra az eredményre vezeltek, hogy a szivnek egy bizonyos 1t
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ﬂGEWEBEZGCHTUN‘G AUS DEM SINUS VENOSUS DES HERZENS
: , VON EMYS ORBICULARIS.

Von Dr. Prus KoLLER.

.l Gewebeziichtungen, die an niederen Wirbeltieren durchgefiihrt wurden, haben
Lohon bisher zu vielen interessanten Resultaten gefiihrt. Harrison,' der Begriinder
{der Gewebeziichtung begann seine grundlegenden Versuche an Kaulquappen. Erdmann,
-ﬁumpy, Carrel, Burrows® beschdftigten sich auch mit niederen Wirbeltieren.
ACHlopin® publizierte erst vor kurzer Zeit seine interessanten Resultate von den
] grenexplantaten des Axolotls und den Herz-, Muskel-, Milz- und Nieren-Ziichtun-
lgen der Teleostier,

Diese Ergebnisse veranlassten mich, die Sumpfschildkréte (Emys orbicularis)
gimeinen Experimenten zu beniitzen. Meine Versuche habe ich an dem Sinus venosus
erzens durchgefithrt. Wie wir wissen, gehen die Kontraktionsreize des Her-
von hier aus. Nach den, in den letzten Jahren verdffentlichten Arbeiten von
landt* und Demoor, kann aus diesem Herzteil ein Stoff extrahiert werden, wel-
das ruhende Herz in Bewegung setzt und welcher desshalb Herzhormon genannt
e, Ohne mich mit der physiologischen Seite der Frage zu beschiiftigen, erwihne
ur, dass der rhythmische Betrieb des Herzens in Gewebeziichvwsgen von Burrows,?
rrel und M. Lewis und Olivo® studiert, wurde. Besonders Interesse erregend sind die
suche des Letzteren. Er legte heterogene Herzfragmente in eine gemeinsame Kultur
o8 zeigte sich, dass ein Herzteilchen imstande ist das andere in synchrom-rhyth-
Mikehe Bewegungen zu bringen.

‘B Ith nahm die Gewebeteile fiir meine Untersuchungen aus dem Sinus venosus
entwickelten Sumpfschildkréte. Die langsame Gerinnung des Schildkriten-
nas erleichtert die Ziichtung sehr. Ein vier Wochen alfes, zentrifugiertes Plasma
4t noch immer ein taugliches Medium zu den Ziichtungen. Mit Frosch-Ringer ver-
. kann es gut als Nihrmedium verwendet werden. Zu den Kulturen nahm ich
s der préiparierten Carotis 6—8 em® Blut.

.~ Einen Teil der Kulturen hielt ich bei Zimmertemperatur, den anderen in einem
liermostat bei 38 (°. Der Temperaturunterschied machte sich in dem Grade des
_aahstums nicht geltend, nur in der Dauer der Incubation nach der Implantation
- fligte sich eine Differenz. Ich kann die Beobachtungen Guassul’s® bestéitigen, dass im
inenlicht gehaltene Kulturen eine intensivere Lehenstiitigkeit, als die im Dunkeln
h'lltenen zelgcn abel .auch schnellel zngr unde qehen

IP%nders 1a¢=ch zeigte smh ein Auswuchs an den, aus rlem Sinug venosus entnom—
nen Stiicken. Aus 45 Kulturen, die aus dem Sinus venosus entnommen wurden,
¥l ich bei 40 die Zeichen eines Auswuchses nach einer Zeit, wo bei 20 anderen
tﬂﬁken die aus anderen Herzteilen stammten, iiberhaupt noch kein Zeichen des
Vachstums zu bemerken war.

: ‘lerund:v:\\anug Stunden nach der Einimpfung zeigte sich das Bild, das Fig. 1
“stellt. Die Fibroblasten dringen strahlenformig in das Nihrmedium. Sie sind,
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wie bei allen niederen Tieren charakteristisch lang und mit dem Muttergewele:
verbunden. Das Wachstum ist so raseh, dass die die einzelnen Zellen verbindenden i
menbriicken sich nicht entwickeln. An ein Syncytium erinnerndes Gewebe, wie esg

LB

aus dem Herzen des Hiihnerembryos entsteht, finden wir hier nicht, obzwar uy 2 1

Laser® eine golche Verbindung der Zellen ein wichtiger Faktor des Wachstum:
Meine Versuche zeigen, dass im Sinus venosus eine Substanz enthalten sein n

dem aus dem entwickelten Organismus geziichtete Zellen sich im Allgemeinen
langsamer entwickeln, als das embryonale Gewebe, wir in dieser Reihe auch s
Kulturen fanden, die mit den Kulturen aus dem Epithel des Hithnerembryos vergs
bar waren.

Jedenfalls ist es interessant, dass der Ort im Herzen, der einesteils der &

welche das Wachstum der Zellen fordert. Es ist besonders hervorzuheben, dass tn;l ;

gaugspunkt der Reizbildung und die Bildungsstelle des Herzhormons ist, gleich|

auch der Ort des stirksten Wachstums in der Gewebekultur ist. Es wurde s
von Carrel, Burrows, u. a. bemerkt, dass nicht alle Teile des Herzens gleiches Wi
tum in Gewebekulturen zeigen. Natiiriich konnen wir nichts dariiber sagen, o
verschiedenen Erscheinungen dieselbe Ursache haben.
Fig. 2 zeigt bei Immersionsvergrosserung strahlenformig aus dem M
gewebo auswachsende Zellen. Man gewinnt den Eindruck, dass der wachstumfirds
Faktor an einen streng definierten Platz lokalisiert ist. Diese auswachsenden Z
sind Fibroblasten, jedoch passt auf sie Fischers Beschreibung nicht, dass Fibrl:
ten schon beim Beginnen des Wachstums ein dichtes, miteinander eng verbuni
Netz bilden. Hier wachsen die Zellen ganz selbsténdig weiter. Ihr Kern ist ovl
manchen Fillen halbmondférmig gekrimmt. Das Protoplasma enthdlt zum Z
eines intensiven Stoffwechsels viele Vacuolen.
Fig. 3 zeigt eine, sich in der dritten Passage befindende Kultur, nach 43
diger Ziichtung. An einer Stelle des Muttergewebes ist inselartige Zellvermeh
und Wachstum bemerkbar, was sich schon in der 24-sten Stunde der Implant
zeigte. Diese Zellen sind zusammengewachsen und liessen hinter sich ein freies F
was die spiter auswachsenden Zellen ausfiillten. Nach der 5-ten Passage zeid!
Kultur schon einheitliches Wachstum.
Fig. 4 zeigt eine Kultur aus der 3.-ten Passage nach 2-tdgiger, Fig. 5 an
H.-ten Passage nach 3-tidgiger Ziichtung.
Zusammenfassend konnen wir also sagen, dass aus einem speziellen Tel’
Herzens, dem Sinus venosus, entnommene Kulturen ein stark erhohtes Waehs!
zeigen, welches eventuell durch eine hier gebildete fordernde Substanz zustande ko
Achnliche fordernde Stoffe sind auch in Embryoextrakten, sowie in den Aus
einzelner Organe, z. B. Leber, Niere enthalten. Die Frage iiber die Identitit L
Wirkungsstoffe ist noch nicht entschieden. Vorldufig sollte nur auf die Toi¥
selbst hingewiesen werden.
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DEGENERACIOS ES INVOLUCIOS SEJTTIPUSOK
SZOVETKULTURAKBAN.

Irta. Dr. KorLLEr Prus.

fla szovetkultirdkat magukra hagyunk, azok elhalnak. Néha mdr 36 déra, —
miskor csak 4—>5 nap mulva észlelheték a pusztulds jelei. Ezeket a degenerdeids
iviltozdsokat kiillonosen Romanese® és Krontowsky és Koleff* vizsgélta alaposan.
Serinte az elvaltozdsok azzal kezdddnek, hogy erdsen fénytord, lipoid szemesék
Wlinek meg, melyek lassan gyarapodnak és végiil is nagyobb cseppekké olvadnak
e, A sejtnytlvanyok elvékonyodnak, visszahtizédnak és a sejtek gyakran gémb-
kot vesznek fel. A sejt keriiletében ilyenkor idészakonként hyalineseppek jelen-
ek meg. Végiil autolytikus folyamatok a sejteket teljesen eltiintetik és csak fénytord
semesek maradnak meg.

Alacsonyabb rendfi gerinceseken végzett kisérletek azt mutatjdk, hogy ott a
ngessziv elvdltozdsok egészen mas természetiiek, mint a magasabb rendfieknél. Ezek
fikkal nagvobb mértékben képesek a megvdltozott kériilményekhez alkalmazkodni.
tiirt tartottam érdemesnek, hogy mid6n sikeriilt tekndsbékasejteket tenyésztenem,
ticken & sejtek elhaldsa kozben keletkez6 formdkat tanulmdny téargyédvd tegyem.

- Kisérleteimet a mocsdri tekndsbéka (Emys orbicularis) szivébdl tenyésztett
ioblast-kultardkon végeztem. A magukra hagyott, j tdpldlé médiummal el nem
Hott kultirdk sejtjein csak az 5—7. napon ldttam az elsé rendellenességeket. Fel-

iind, hogy mily sokdig tudnak ezek a sejtek alkalmazkodni a megvéltozott koriil-
inyekhez.

A fibroblastok morfolégiai dezorganizdciéja az egész seit alakjdnak megvilto-
tsival kezd6dik. A tipikus fibroblastok teljesen 4tvdltoznak, a sejttest
‘ayilik, a protoplazma-nytlvényok vagy visszafejlédnek, vagy megduzzadnak.
‘ Sﬁlhﬂﬂg és plazma kozotti viszony egyik vagy mésik rovdsira eltolédik; a magvak
fkla megvaltozik, intenziv fest6d6 képességitk hidnyzik, a mag folyadékot veszit,
Ialtal Osszezsugorodik, a kromatinhdlézat nem ismerhetd fel; tehdt a pyknosis tiine-
it litiuk. A sejtmag desorganizéciéja még tovabb is folytatédik és apré rogokre
il 826t karyorhexis.
;!‘ legfeltfinébb jelenség a seitmagok szdmdnak megszaporoddsa anélkiil, hogy
Q:ﬂg mitotikus titon torténé magoszldst kovetné a plazma osztéddsa is. Néha hatal-
Pr?tﬂplazmatestek jonnek 1étre 5—7 maggal, valdsdgos syncytiumok.
’Mas esethen tgynevezett gombaalaki degenerdciés formdkat latunk. A meg-
Filt protoplazma-réss még normdlis, mig a felsé, siivegszerfi részben megindult mdr
Psztulds fol}‘amat, a plazma megduzzadt és a sejtmag oldalra nyomddott.
A sejt belsejében gyakori a plazma vakuolds degenerdciéja. Néha mdr csak a
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sejt kontirjai ldtszanak és a magvak élesen elvalnak a plazmatesttol. Az jf

plazma vital festékekkel nem festddik. Tobb hosszi nyulvanyokkal elldtott, ép, ulyy

alaki fibroblast is volt ldthaté. Ha ilyen sejteket vitdlisan festiink, jol ki

hogy az ép fibroblast milyen intenziven festédott. Sokszor a sejttest nagy :ﬂﬂis

tium, szdmos sejtmaggal, A protoplazmdban nagy vakuoldk és zavaros, sz
anvag latszik. Mds helyen a sejt belsejében patholdgids zsirlerakodast latunk, A

alakja tojdsdad, a mag az egyik oldalhoz szorul, mellette nagy vakuola is il

A protoplazma belseje osmiummal feketére fest6dé zsirszemesékkel van tele. Sk

a nekrobiézisnak egy, méar elérehaladott fizisdt mutatja. A stlyzdalakia sejttestsd

lathatd. A plazma autolytikus folyvamatokon ment keresztiil és kozvetlenil a s

4N
ia
Ka

;:s-
i

el6tt all. A sejt belsejében sokszor 5 sejtmag is ldthatd, de korvonalai hatdrozatlire

Az itt leirt formdi az elhald sejteknek még tavolrdl sem értheték meg ninf
részletiikben és azért ezen regressziv folyamatokrdl minden tijably adat suilsi
egvelére ahhoz, hogy ezekrdl egységes képet alkossunk magunknal.

DEGENERATIONS- UND INVOLUTIONSZELLENTYPEN
IN GEWEBEKULTUREN.

Von Dr. Prus KoLLER.

gehend untfersucht. Nach lhle1Bcschzelbuncr beginnen die Verdnderungen nut.ha

Erscheinen von stark lichtbrechenden Lipoidkérnehen, welche langsam wachsend, i
endlich zu grésseren vereinigen. Die Zellfortsiitze werden verdiinnt, ziehen sich 2}
und die Zellen nehmen oft cine Kugélform an. :

In der Peripherie der Zelle treten zeitweise hyaline Tropfchen auf. Endlir]al ]

schwinden die Zellen unter der Wirkung autolytischer Vorginge; nur die lichthr
den Tropfchen bleiben zuriick. .

Versuche an niedrigen Wirbeltieren haben gezeigt, dass bei ihnen die regrs
Verdinderungen eine ganz andere Natur haben, wie bei hoheren. Im allgemeinen ki
diese sich besser den veriinderten Verhiltnissen fiigen. Das gab mir Anlass, ¥
mir gelang Schildkrétenzellen zu ziichten, die beim Absterben dieser Zellen o
henden Veriinderungsformen zu studieren. .

Meine Versuche habe ich an Fibroblastkulturen aus dem Herzen der Sumpls?
krote (Emys orbicularis) durchgefithrt. Die Zellkulturen wurden, ohne sie il
schem Nihrmedium zu versehen, sich selbst iiberlassen. Die ersten Umet’el“ld
keiten traten erst an dem fiinften, resp. siebenten Tage auf. Es ist auffallend, ¥ ie
sich diese Zellen den veriinderten Verhidltnissen fiigen kinnen.

Die. morphologische Desorganisation der Fibroblasten beginnt mit der W*
rung der Zellform. Die typischen Fibroblasten verdndern sich génzlich. Der Zellk
verlingert sich, die Protoplasmafortsitze verschwinden, oder schwellen an. Das|
hiiltniss zwischen Plasma und Zellkern veriindert sich auf Kosten des einen, o
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chloroformmal 6ltiikk meg és a bort eltavolitottuk. Nagyon gondosan megtiy
tottuk minden kotoszovet és vérér résztol, mert ez utébbiak jelenléte zavar g
reakeiok jellegzetes megjelenését. A bort a megtisztitas utan darabokra vagdaly o
tiszta homokkal szétdorzsoltikk. Az igy kapott pépet vaszonba tettik és 3 i
atmoszféra nyomés alatt kipréseltilk. Ezutan 10—15 peccig centrifugiltit| g4
préselés utan nyert stiri folyadékot.

A nyert kivonatokat négy egyenlé részre osztottuk el és kinai porcdl
lemez véajulataiba helyeztiik. Ugyanazon kivonat elsé adagjahoz nem adu
semmit, ez szolgalt kontroll gyandnt kisérleteink folyaman. A maésodik adag
Bloch Dopa-jat, vagyis a dioxyphenylalanin-t adtuk hozza nagyon finom por i
jaban. A Dopa mennyisége 2—4 gramm volt. A harmadik adaghoz a Dupj
kiviil még 2—3 csep vizet is ontottiink. A negyedik adaghoz adtunk Dopai
2—3 cseppet abbol az extraktumbél, melyet vagy a dominans fehér, vagy pt
az agouti szinit nyul szintelen hasi tajékardl nyertiink a fenntebbi mddszer
kel. Ez utébbi kivonat természetesen vilagosabb, mint a szines borrészek k
melyikébél késziilt kivonat s ezekhez hozzaadva kissé vilagosabba is teszi a e
bér extraktumait. Ezért vezettilk be a harmadik sorozatot, ahol a domi
fehér szint borbol, vagy agouti nyul hasi részébol készitett s az ,,inhibitor* any
tartalmazo kivonat helyett, csak vizet adtunk a Dopa-val kezelt kivonathez

A kinai porcellan lapot nagy Petri-csészébe helyeztiik, melybe el
nedvesitett vattat tettiink. Az edényt 4 6ran keresztiil 37° G-on tartottuk, uti
oraig szobahomeérsékleten hagytuk s ekkor jegyeztiik fel a reakcidkat.

A) Kisérletek nyulakon.

Nyul bérébél késziilt kivonataink elkészitéséhez a kovetkezo fajtakat i
naltunk fel :

(1) agouti, (5) recessziv, vagy albino fehér,
(2) recessziv vagy normalis fekete, (6) csokoladé, vagy higitott fekt
(3) dominans, vagy D-fekete, (7) agouti-holland. :
(4) dominans fehér, 1
h
1. Az agouti szinii bér kivonala. (
Az agouti szinli nyul szines borébol készitettiik az ext;‘actumu’_f*lsfh
»inhibitort*, ugyancsak az agouti nyul hasi tajékarol nyert kivonatot hasai g
E t4jék szine fehéres, erdsen eliit a jellegzetes agouti szintél. :
Kivonat :1 Reakeio :
BEDOPE © « 5 v &' % i i om0 ans w s o SR
E+Dopa-+Hi0 : . o warmarsiir s 5 5 % s 5 ¢
E+Dopa-+inhibitor . . . . . . . . . . . . .. ++

1 E = kivonat a bér szines részébél.
= pozitiv reakecio, fekete szin{i ecsapadék keletkezett.
= negativ reakeio, a szinben nem tortént valtozas.

4
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A Dopa-val és vizzel vegyitett kivonatnal a reakci6é pozitiv, de nem olyan
il sitét, mint viz nélkiil ; valdsziniien a viz felhigitotta a csapadék szinét. A kapott
¥ gedmény mutatja, hogy az agouti szinben jelen van az osszes pigmentképzo
H fényez6, mig a hasi rész inhibitor anyagot tartalmazhat, mely azon a tajékon nem
egedi a szin kialakulasat.

2. A recessziv, vagy normadlis fekele szint bor kivonata.

Kivonat : Reakei6 :
I ORI IR A e i el o oA =
T e e e e ey s N o S ++
HEEDOpA-PHEGD & 2 L T L e &5 6 ++
R OPa-IDILor ~, " o L T e tes o e e oo e -

! Kétféle inhibitort hasznaltam : egyiket az agoutibél, a masikat a dominans
o hér nytilbol. Mind a kett6 negativ reakciot adott. Ha agoutit recessziv feketével
il kereszteztem az F; nemzedékben minden utéd hasi tajéka, az agouti szintelenségét
o4 orokli, Hasonléan, ha dominans fehérrel keresztezziik ezt a feketét, minden els6
nemzedékbeli utéd fehér szinili lesz. Az agouti s a dominans fehér az inhibitort
i bejuttatja az utédokba.

3. A domindns, vagy D-fekele szinii bor kivonala.

Kivonat :- Reakeio :
D S I T Vi Wl e Kb —
LkatNJ bl T S LRSI SEL e R +++
! IS EDOhA-LH . ol Dty Tt MmN L B
e ' E-+Dopa-+inhibitor . """, UL S0 L 4+

t fekef : i
A fennti eredmény mutatja, hogy az inbitor nem tudja megakadalyozni a

3531'1.1 keletkezését. Punnett (1915) felveszi annak a lehetGségét, hogy a D-fekete
illl_YLIiban olyan enzyma van jelen, mely megakadalyozza a szint gatlé masik inhibitor
litésit, Punnelt ezt a faktort az inhibitor inhibitordnak nevezte el. Ujabban
'119%0} azonban ama nézet felé hajlik, hogy vagy a chromogen, vagy az oxidase
tisa eliminalja az inhibitort. Mikor agoutit ilyen D-fekete nyullal keresztezett,
F) nemzedékben nem jelent meg a fehérszinii hasi tajék s az utédok egészen
Iiekﬁt'%k lettek. Amint latjuk, a kémiai eredmények teljesen igazoljik a genetikus
lonstitueiora vonatkozo magyarazatunk helyességét.

ot §
a5%

4. A domindns fehér szinii bér kivonala.

Kivonat : Reakeio :
E-i-Dopa—
BEDopatH,0 N L L LR e —
E4-Dopa-tinhibitor - . . & o 0 % s 25 5 o s —




A reakeié Dopa hozzaadasaval negativ volt, kivéve azt az esetet, ami
a kivonatot nagyon rovid ideig forraltuk s utana adtuk hozz4 a Dopat. Feltel
hogy ebben az esetben az inhibitor activitasat elpusztitotta a hé s igy a kivgv;f
tobbi Osszetevéje Dopa kombinalasaval pigmentet tudott létrehozni.

5. A recessziv, vagy albino fehér bor kivonata.

Kivonat : Reakeio :
e, | BT S ety L S SR AR o L 5k —_ 1
E+Dopa ....... o et e e v E L A — mint 1
E +D0pa +H20 ........ e e e e R e e eredm:
E-E=Dapatinhibifor: « &0 e W E & e e e s - a ilye

Evvel a kivonattal Dopa nem tudott melanint képezni, még akkor i
ha az extraktumot felféztiik. De ha a kivonathoz utélag fekete bor kivom
adtam, pozitiv reakcié jelent meg. Ez azt bizonyitja, hogy a recessziv fehérl
b6l a pigmentet létrehozo kémiai sorozat egy, vagy tobb tagja hianyzik &
pétoltunk a ,fekete** extractum hozzaadasaval. Ha albino nyulat normalis i
szinfivel keresztezziik, az F; nemzedék minden tagja fekete lesz, mert a ki
szll6 a pigmentképzéket beleviszi a keresztezésbe.

6. A cesokolddé-barnds szinii bor kivonata.

Kivonat : Reakeio : Feltét
L R i et e L e = — legak
FebDopa a o ewamnkentoos Sanint o L o g Ao mint ¢
VDEAE B oy ot is o o B0 [ L Bt s S S S R +
EFPopa-timbibifar i i St s T e —

A csokoladé szin valésdgban nem maés, mint fekete, mely szint azn#
valamilyen faktor felhigitja. Keresztezéshen s a kémiai vizsgalatnal éppen’
viselkedik, mint a normalis, vagy recessziv fekete.

7. Az agouti-holland nyul bérének kivonala.

Haromféle kivonatot készitettem : E;-et az agouti szinii részekbdl, Ed
gerezna fehér tajékairol s Eg-at a szintelen hasi részbol. |
E, éppen ugy viselkedett, mint az agouti: Dopaval pozitiv reakcidt
E, nem adott ugyan melanin csapadékot, de nem is tudta megakadélyozllifi |
ment keletkezést, vagyis ugy viselkedett, mint az albino. E; olyan volt, n
agouti hasi részéb6l nyert kivonat, inhibitorként tudtam alkalmazni.

B) Kisérletek tengeri malacon.

A tengeri malac négy fajtajat hasznaltam fel kisérleteimhez :
(1) normalis fekete,
(2) dominans fehér,
(3) albino, recessziv fehér,
(4) fekete-fehér tarka.




1. A fekete szinii bér kivonata.

Kivonat : Reakecio :
o ol R i e i B by e —
E4+Dopa . . . . . A e b w e IR e e N
L B Ty S U it
E-EDopa-Finhibitor < . . v & i e e a s s _——

A dominans fehér tengeri malac béréb6l késziilt kivonatot hasznaltam fel,
uint inhibitor faktort. A kémiai eredmény teljesen 6sszhangban van a keresztezési
mdményekkel ; a fekete recesszivként viselkedik a dominans fehérrel szemben s
pilyen keresztezésnél az F; minden egyéne fehér.

2. A domindns fehér bor kivonata.
Kivonat : Reakeio6 :

BEED apais i s ORI S TS IR o e —
i By et 5 LD M SR R A TR e S S =
B oaiEmRETEOE S 0 S T, T e e S e e

. Az extraktum kémiai viselkedése megmagyarazza a genetikai dominéanciat.
feliételezhetjiik, hogy a pigmentképzok jelenléte mellett még ezek miikodését
megakadalyozo inhibitor is van, Ez az inhibitor anyag ellenallébbnak bizonyult,
mnt a nytilnal, mert felf6zve az extraktumot, nem kaptunk melanin csapadékot.

!

3. Az albino bér kivonata.

~ Kivonat : Reakeio :
BN vy 7810 o L) e e dBmerenk v iinEal e —
BREBeDans oL Lt et DR RRING 0 Seriniael —
RREEha- PO 4 LA, fie s BT sy —
EeEDioph Rinhibitor: 0o n iR TS wek =

Gsak ,fekete* kivonat hozzaadasaval produkalt Dopaval egyiitt melanin

Fﬁdékot A keresztezési eredményeink azt sejtetik, hogy a szintelen chromogen
hyzik a pigmentképz6 rendszerbol.

4. A fehér-fekete tarka boér kivonata.

Kétféle kivonatot készitettem : E, a fehér szint részekbdl, E, a fekete szinii
ékrol Az els6 ugy viselkedett, mlnt a dominéans fehér, vagyis a feltételezett
bitor lépett akeioha s megakadalyozta a pigment képz6dését. E, nem volt mas,
it a fenntebh emlitett fekete bor kivonat.
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Az inhibitor faktort Baleson (1913) vezette be az oOrokléstanba. Ennek| snnal
tényezonek felvétele sziikséges volt, ha a tole korvonalozott ,,Presence ag isme
Absence’ elméletet a genetika ujabb eredményeivel Gsszhangba akarta hosf konst
Bateson szerint ugyanis ,,evidently simpler to imagine that the dominant charadi nincs
is due to the presen ce of something which in the case of the recessive is gif e, n
sent.”” Az 6 gondolatat Punneft (1918) épitette tovabb. A Presence aif Bfak
Absence theoria értelmében valamely bélyegpar két tagja koziil a domini hino
dominancidjat olyan faktornak koszoni, mely benne megvan, de nines me
recesszivben. Ily médon nem sziikséges, hogy valamely bélyegpar tagjainak el 4aB.
tétes jellegét, két killonbozo tényezének tulajdonitsuk, hanem a kilonbs jik, ]
csupan egy ugyanazon faktor két lehetséges allapotabdl magyarazhatjuk, abji gota
hogy jelen van-e az a faktor vagy nem. Bafeson s Punnell az adott faktorok jei feket
létét nagybetiikkel, mig hianyukat a megfelel6 kis betiikkel jeloli. Az ugyanu ABi,
allat s novényfajoknal fellépd azonos jellegek kiilonb6z6 médon és fokban v is asf
oroklésnek nehézségét az elmélet azzal igyekezett kikiisz6bolni, hogy felvefif nem
faktorok quantitativ szétdarabolodasat s bevezette az inhibitor faktorok fogaln
Pl. a ,picotee’ wvaridcié abban kiilonbézik a Lathyrus odoralus reff ticié
viragjatol, hogy a picotee viragnak csak a szegélye piros. Ez tgy torténhetd esetl
az elmélet szerint, hogy az egész virag piros szinét okozé faktor, mennyiségilegna a eli
fogyatkozott. A holland nyul forma gazdagsiga ugy johetett létre, hogy v [ehér
a chromogen, vagy pedig az oxidase fermentum mennyisége csékkent. Ha i nind
chromogen teljesen eltiinik, akkor teljesen szintelen, illetve fehérszinii fors} 4 D-
kapunk. Vagyis a fehérszin a megfelel6 tarka szint okozé faktorok elvesztés air
jonne létre. vilto

Amde a keresztezési kisérletek azt bizonyitjak, hogy a fehér szin egs
recessziv, méskor pedig, mint dominéns jelleg 6roklodik. S6t recessziv s domis
fehérek egymaskozott torténé keresztezésébdl szines utddokat is kaphat[ﬂ

E latszélagos zavar eliminalasa végett hozta be Bateson és Punnett az il
mechanismusaba az inhibitorok szerepét. A fenntebb adott eredményeinket mi
inhibitor faktor felvételével fejtettiik ki, mert ezaltal kénnyen s egyszerfien &t
tokké valnak. Ugyancsak a Presence and Absence elmélet segits aPy
a kovetkezo médon tudjuk szemléltetni az 6roklodo szinek alap konstituc Hogy

A szines pl. fekete nyul genetikei osszetétele : A A BBii, vagy AaBBil# tliog
leg AaBbii. A-val jelezziik a szintelen chromogen jelenlétét, a-val annalk hiénf}
B-vel az oxidase, vagyis a pigmentképz6dés masik fontos tényezojének jeleld kizjy
s b-vel annak hianyat. Az i jelenti az A és B egyiittes miikodését akadalyou: abe|
hibitor** hianyat. Persze meg kell jegyezniink, hogy ez az adott formula csib} Phila
4ltalanos konstitucid feltiintetésére szolgal, mert a valésagban még sok més terf !Ega!
is jarulhat hozz4 pl. szint mélyebb arnyalatuva tevé faktor, foltokat lo g e
faktor etc. . el

Az albino, azaz recessziven 6roklé fehér szin Osszetétele : aabbii, A4 type
aaBBii esetleg Aabbii, aaBbii lehet. Vagyis hidnyzik a pigment képzo fakiff 0k

a fer
gekef
632k
litsz
rzni

egyike vagy mindkettoje. Az ilyen osszetételii egyének csirasejtjei : abi, A_bifﬂlerl'
faktorokat fogjak tartalmazni. Ha abi csirasejtek talalkoznak : csak a]b]m:,; hag?

dokat kapunk ; ha azonban Abi csirasejt aBi-vel termékenyittetik meg




7

inek | annak ellenére, hogy mindkét sziilo albino fehér volt, utédaik kozott szines alakok
is megjelennek, mert a két szin-faktor: az A és B ismét osszekeril az AaBbii
| fonstitieidju egyénben. Ez utobbi eredmény amellett bizonyit, hogy az albinéban
aragf nincs ok feltételezni inhibitor faktor jelenlétét. A kémiai kisérletek is bizonyitjak
is alf wt, mert hiszen amikor , fekete* bor kivonat hozzdadasaval a pigment képzo A és
| Bfaktorokat bejuttattuk : szin keletkezett, ami nem tortént volna, ha még az al-
i bino extractum inhibitort is tartalmazott volna.

meg A dominénsan o6roklodo fehér szin genetikus konstitucidja: AABBII,
k disf AaBBII, AaBbII vagy AaBblIi lehet. Megjegyezziik, a keresztezések azt mutat-
nbséf jik, hogy az I faktor a harom els6 formanal nemcsak homozygota, de heterozy-

abbif gota médon is jelen lehet. Ha az I faktort, mely az inhibitort jelzi, bevissziik egy
jekt fekete nyullal val6 keresztezésbe, akkor a keletkezett hybrid dsszetétele (ABI %
i ABi) AABBIi, vagyis az F; phaenotypusa a fehér szin lesz. A kémiai analizis
isazt mutatta, hogy dominans fehér borok kivonata fekete bér extraktumaval
iem adott szines csapadékot.

A Punnelt kisérleteiben feltiint D, vagy dominéans fekete, genetikus konsti-

e licidja: AABBIil’I’ ; amikor az I’ az I-nek inhibitorja, vagy pedig A’A’BBii
nhetef ssetleg A A B’ B’ii, ahol az A, illetve B faktorok quantitativ differenciat mutatnak
{ @ elobbi formak e két tényez6jével szemben. Annyi bizonyos, hogy AABBII
| [ehérrel valo keresztezésbol kapott hybridek az F, nemzedékben feketék lesznek
If mndannak ellenére, hogy az I jelen van benniik. A kémiai viselkedés, melyet
| & D-fekete bér kivonat mutatoti, azt tanusitja, hogy az I hatalytalanittatott,
| tkir egy masik inhibitorral : I’ ; vagy pedig az A, illetve B faktorok quantitativ
viltozasaval.

A Presence and Absence elmélet inhibitor faktorok felvételével
lomis & fenntebbi médon magyarazza meg az egyes szinre vonatkozo oroklési jelensé-
phati} &tket. Maga Bafeson se lat azonban ebben az elméletben mast, mint egy segit6
7 Ol 87kdzt, mely a komplikaltnak latszé esetekben eligazit benniinket. S valéban ugy
litszik, hogy kémiai eredményeinket egyszeriien s érthetéen tudjuk megmagyar-
{ lni ennek a: elméletnek segitségével. Vannak azonban olyan esetek, amikor
i iPresence and Absen ce theoria nem alkalmazhaté. S6t az is lehetséges,
iif logy ezzel az elmélettel magyarézott tényeket, Morgan faktor-hypothesise is
iief tlogadhatéan magyarazza.

il Morgan (1923) szerint fontos a faktorok s a hozzajuk kapesolt jellegek
aléf Kizdtti helyes viszonynak szem el6tt tartdsa. Vannak faktorok, melyek ugyanarra
g ifls-l)m{,'l‘e vonatkoznak, annak a létrejovéséhez mind sziikségesek. A Droso-
il melanogester-nél pl. a rendes hosszi szarnyat létrehozo faktorok szama
: .@h Is 12, ugyanis ennyi szarny mutacié ismeretes. Mindegyik faktor
i Pecifikus hatast idéz els, a rendes szarnyat az Osszes, azaz a 12 faktor normélis
:“_Heh’mﬁl‘phjainak egyiittes hatasa okozza. Masik fontos sarkkéve a faktorialis
| __hS’POthesisnek, hogy vannak faktorok, melyek nem egy bélyeget érintenek, hanem
{40k egész sorozatara kihatnak. Ilyen pl. ugyancsak a Drosophildndl a club fak-
Lo, E!llnek hatasa lathat6 a szarnyakon, sertéken, fejen, szemen, thoraxon és pot-
Lﬂhon is. Eppen ezért De Vries a mutaciorsl adott meghatarozasaban feltételezi,
08y az elemi-faktor (unit-factor ) valtozéasa kihat az egész szervezetre, A faktori-



hypothezis szerint az elemi bélyeg sok esetben csak egyik hatas a sok koziil, melgygyar
az elemi faktor el6idézhet.

Morgan hypothesise nem ugyanazon faktor vagy faktorok quantitativ iy
kenésével magyarazza pl. az albino szin keletkezését, hanem egyszeriien felye}
hogy itt egy, esetleg a tébbi szinformalo faktortol fﬁggetlen tényezﬁben vé]toﬂ

faktoranak hianya lenne, ma mar tugysem vallhato fenntartas nélkiil, éppen enflatist
feltételezhetjiik, hogy az albino szin képz6désénél nem valaminek a hidny}
lényeges ok, hanem ezt valamelyik, esetleg mindegyik szinképz6 faktorban toriy

az albmo tulajdonsaganak meg]eleneset Az 11yen albino béorb6l készitett kivi|
természetesen negativ Dopa reakciét ad, mert hiszen az egyik szinképzd fif

b6l szarmazé tarka formak keletkezésének a lehetdségét.

A dominans fehér szin, oroklésnél tanusitott viselkedésének megértést
sem sziikséges felvenni az A és B faktorok mellett még egy I tényezd létert
Keresztezéseink eredményeit megmagyarazza, ha a B faktor mutaci6jat tételes
fel. Ez a valtozas természetesen més irdnyu s hatdsd, mint az albinondl @
faktorra vonatkoz6 valtozéas. Az ilyen dominans fehér bérkivonat negativ reakdfiigy b
ad Dopaval, de nem azért ,mert az A s B szinképz6 faktorok kozé egy hami
tényezé az I lépett volna be gatolé hatéssal, hanem mivel a B-ben a mutf ;
lényeges valtozast idézett el6. Ha az ilyen kivonathoz a normalis fekete bor e
tumét adjuk, ez utébbinak B faktora a masik kivonat alapjaban megvalit’}
B tényezéjének hatasat nem tudja kiegyenstlyozni s igy melanin képzodés !
jelenhet meg. Az a tény, hogy a hé lerombolta a megvaltozott B faktor hatiih alatt
azt sejteti, hogy a mutécié esetleg egy reversibilis kémiai folyamat lenne. Iéiﬁezi

A dominins vagy D-fekete szin keresztezésekben tanusitott viseli@iez
sem bizonyitja, hogya bérben egy, az I faktor hatasat eliminal6 ,,inhibitor enzyBiiong
lenne jelen. Még Punnett is ink&bb hajlik ama felfogas felé, hogy a plgmeﬂﬂ”'
faktorokban tortént valtozas, melyek kompensalni képesek a dominéns feherrel‘
keresztezésnél a fehér szint okozo, esetleg negativ iranyi elvaltozasokat. A %,
dik inhibitor felvétele tulsagba vinné az oroklési jelenségek mechanizdldst

Amint a fennt adott fejtegetés bizonyitja, mind a szin 6roklodés jelen
mind pedig a genetikus konstitucié kémiai analizisének eredményei vilagosar
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mgyarazhatok Morgan faktor-hypothesisével is. Igaz, hogy a Presence and
\psence theoria kovetelte inhibitor faktor bevezetésével szemléltetGbbé s
; 3'yebben érthet6vé tehetjiik magyarazatunkat, de vannak jelenségeink, melyek
qelibbi hypothesis alkalmazéasat siirgetik.

- Legels6 sorban is ki kell emelniink, hogy kémiai analizisiink nem bizonyitja
ghibitor enzymaénak a 1étezését, hanem csak azt, hogy a pigmentképzé faktorok
gmaskozotti viszonya a kémiai viselkedésiikb6l visszakévetkeztetve, nagyon
smegvaltozott. A relaci6 differencidkat okozhatta az egyes faktorokban tortént
stitucios eltolodas is.

Transplantacios kisérletek, melyekec Danforth (1927) csirkéken, én pedig
fugeri malacokon végeztem, azt bizonyitja, hogy a bér nem tartalmaz ilyen sa-
isigos inhibitor enzyméat. Danforth dominéans fehértolli baromfira, feketetolli-
kbordarabkajat plantélta at s amikor az insertalédott, fekete tollakat produkalt.

iveteiben keletkezo pigmentsejteket tenyésztettem, s ezek fejlodését igyekeztem
tohli a fehér Leghorn extractuméval. Mig a keresztezés alkalméaval a pig-
intkepzodés kimaradt, addig az in vitro végzett kisérlet alatt a pigment meg-
gt a tenyészkultirakban.

| Bzek az eredmények azt mutatjak, hogy az inhibitor helyett megfelelsbb,
4 szinképz6 faktorokban torténé mutacios valtozasokban keressiik a szinek
fietikai s kémiai analizissel kimutatott kiilonbségeinek okat.

!

OSSZEFOGLALAS.

l. Az agouti, agouti-holland, recessziv fekete és csokoladé szinii nyul szi-
8 bomészébol készitett kivonatok Dopa-val csapadékot adtak, ami bizonyitja,
%y benniik jelen vannak a pigmentképzodéshez sziikséges alkotéelemek.

| 2 Azalbino s az agouti-holland nyul fehér részéb6l készitett kivonat Dopa-
fliem adott szines csapadékot, ezekben a szinképzé tényezok egyike, esetleg
_“ ike hidnyzik, vagy annyira megvéltozott, hogy pigmentet nem tud létre-
i 3 A dominans fehérszinti bérkivonat Dopa-val negativ reaktiot adott, s az
“_latt jelzett kivonatokhoz adva, a pigment kicsapédast megakadalyozta. Fel-
Petjilk egy inhibitornak jelenlétét, de elfegadhatjuk azt is, hogy a szinképzo
{0kben tortént fundamentalis valtozas. Az agouti hasi tajékarol készitett
12t hasonléan viselkedett.

1 4 A dominans fekete bor kivonata Dopaval szines csapadékot képezett
T % pontban emlitett kivonatok nem tudtak megakadalyozni a melanin kelet-
T Valészindi, hogy a pigmentkeépzé tényezok valtozasa okozza ennek a szin-
% dominanciajat.

O Tengeri malac megfelels fajtajanak borébsl készitett kivonat éppen
1 ielkedett, mint a hasonlé genetikus dsszetételt tanusito nyiilbér extraktuma.
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6. A kémiai analizis vilagossagot derit a kiillonb6z6 szinii nyulak s fadp avf
malacok belsé 6roklési osszetételére s ugyanazon szinek kiillonboz6 viselkedésdyd in
kémiai okéra. 115

7. A kémiai analizis nem bizonyitja inhibitor enzymanak a létezését, csshd A
hogy a pigment létrehoz6 tényezok kozott leve viszonyban valtozéas tortén
Morgan faktor-hypothesise alapjan is magyarazhatjuk eredményeinket. |

(Aus der genetischen Abteilung des National Inslitute of Poultry und der Schoifihnin)
of Biochemistry von Cambridge und der II. Abt. des Ungarischen Biologischal, ..
Forschungs-Institutes.) hibito

DIE HEMMUNGSFAKTOREN UND MORGAN’S fliche
FAKTOR-HYPOTHESE.

Von DR. P. CH. KOLLER. Stunder

dung erldutert und dabei bewiesen, dass die Farbe der Pflanzen und Tiere dd
ausgelost wird, dass ein oxydierendes Ferment oder Enzym auf das ful
Ghromogen einwirkt. Gortner (1911), Przibram, Dembowsky-Breecher (19134
Schullz (1925) zeigten, dass die Gegenwart der Oxydase zur Bildung des Pig
unbedingt notig ist. L. Kaufmann (1923) ist es gelungen durch Tyrosinase-Injt
Melanin-Pigment zu erhalten.

Die Kenntnis der chemischen Grundlage der Pigmentbildung ermigf
uns die Farben-Vererbungsanalyse von diesem Standpunkte aus durchzufit
Onslow (1915) hat bewiesen, dass zwischen den beiden weissen Variante
Kaninchen, Mausen und Ratten chemische Unterschiede bestehen, ferner dasi
chemischen Unterschiede auch den genetischen Unterschieden vollkos
entsprechen. Er hat sogar die beiden pigmentbildenden Substanzen in den Ford
die die weisse Farbe dominant vererben, nachgewiesen, doch nimmt er not
Mitwirkung eines ,,inhibitor* (hemmenden) Enzyms an. Bei der recessivel!
albino-weissen Farbe wirkt nach seiner Auffassung kein ,,Inhibitor*‘ mit, songs
ist hier das pigmentbildende System mangelhaft.

Die in der Vererbungs-Literatur mitgeteilten neueren Ergebnisse eine®
der in die Pigmentbildung gewonnene tiefere Einblick andererseits, wieat®
Ergebnisse der Untersuchungen von Bloch erméglichten uns nun, eine noch?

vervollkommnete Analyse vorzunehmen.

—

METHODIK.

Als Versuchstiere dienten uns 2—3 Tage alte Kaninchen und Meelﬁﬂb:
chen, deren genetische Konstitution bekannt war. Das Tier wird mit Chlo®
getotet und die Haut sorgfdltigst entfernt, wobei man Sorge dafir trigh’
kein Bindegewebe noch Blutgefisse haften bleiben. Dann wurde die He
kleine Stiicke zerschnitten und mit feinem Sand in einem Morser Ve
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ille avf diese Weise gewonnene Brei wurde in ein Leinentiichlein gebunden
edisilind in einer Presse scharf abgepresst. Die gewonnene dicke Fliissigkeit wurde
115 Minuten lang zentrifugiert.

fic Vertiefungen einer zweckentsprechenden Porzellanplatte gegossen, zu - drei
itrakten gleichen Ursprungs wurde feingepulvertes Dopa (1—3, 4 Dioxyphenyl-
in) zugesetzt. Eines von diesen wurde ausserdem noch mit ein paar Tropfen des
ihbitor-Extraktes vermischt. Zur Kontrolle der farbenverdiinnenden Wirkung
§s Inhibitor-Extrakts wurde zu dem_ verbleibenden vierten Hautextrakt die

Die erwéihnte Porzellanplatte wurde in eine Petri-Schale gebracht und feuchte
fumwolle zugelegt, dann das Gefiss 4 Stunden lang zunéichst bei 37°C, nacher 8
finden bei Zimmertemperatur aufbewahrt und dann erst die Reaktion ermittelt.
Zur Herstellung der Extrakte aus Kaninchenhaut wurden folgende Rassen
ibenutzt :

1. agouti,

2. recessiv oder normal-schwarz,

‘3. dominant oder D-schwarz,

* 4 dominant weiss,

Ined® 5. recessiv oder albino-weiss,

6. schokolade oder verdiinnt schwarz,
migd 7. agouti-hollindische.



Di

= negative Reaktion ohne Niederschlag.

= od g QO o~ = T Ay -
=22 ESEB0E 288 g8
ew.uaweeﬁmﬂeqlt”m
2EFPCEE ¥ s S 2ESE
No Rassen 2R E+1D ...mmlu...I-_.lh—Mv M.\I.ln Gekreuzt mit ZMMﬂﬂuﬂﬂrﬂwn‘umﬂﬁg ~ Pemerkungen
I = Extrakt aus der Haut
1| agouti . . . —_ -+ <]+ 4| — | dominant weiss | weiss der Bauchgegend des Agouti.
2 | recessiv schwarz . - + 4|+ +| — | dominant weiss | weiss
z 3 | dominant schwarz . — | +-+ +|+ 4|+ 4| dominant weiss | schwarz Faktor 1 aufgehoben.
= Nach Erhitzen, mit Dopa
i 4 | dominant weiss - - — | — | recessi schwarz | weiss Niederschlag, I. aufgehoben.
=) Auch nach Erhitzen kein
1 5 | rec. oder albino . . — - — | — | recessiv schwarz | schwarz Niederschlag.
Schokolade schwarz ist verdiinnte
6 | schokolade schwarz .| — +-+] | — | dominant weiss | weiss schwarz.
Extrakt aus der Haut des Agouti-
El |— 4+ 4] — teilen.
7 | Agouti-holléindisch . B =l === rec. oder albino | Extrakt aus den weissen Teilen.
E? |— — — | — dom. weiss Extrakt aus der Bauchgegend.
= 8 | normal schwarz —— 4|4 4| — | dominant weiss | weiss
L5
=
& 9 | dominant weiss — — | — | — | normal schwarz | weiss
)
= = Kein Niederschlag, wirkte aber auch auf
m 10 | rec. oder albino . — - — | — | normal schwarz | schwarz die Pigmentbildung nicht hemmend.
[
v
B Bl Sl — Extrakt aus der farbigen Haut.
= | 11 | schwarz fleckige .
E* | — — | — = enthilt I Extrakt aus den weissen Teilen.
1IE = Extrakt aus der Haut.
-+ = positive Reaktion mit Niederschlag,




13

BESPRECHUNG.

Den Inhibitor-faktor hat Baleson (1913) in die Vererbungslehre eingefiihrt.
jp Amahme dieses Faktors ist nétig gewesen um seine ,,Presence-Absence
jorie mit neueren Ergebnissen der Genetik in Einklang zu bringen. Bateson
;grnﬁmﬁch, dass ,,evidently simpler to imagine that the dominant character
(ue-to the presence of something which in the case of recessive is absent‘‘. Sein
wanke wurde von Punnell weiter ausgebaut. Im Sinne der ,,Presence-Absence*‘-
weorie verdankt das Dominant zweier antagonistischer Merkmale einem Faktor
ine Dominanz, der im recessiven fehlen soll. Bafeson und Punnelt bezeichen die
wenvart der gegebenen Faktoren mit grossen und ihr Fehlen mit kleinen Buch-
aen. Die Schwierigkeiten der Deutung der verschieden auftretenden Vererbungen
demer und derselben Tier- und Pflanzenart versucht diese Theorie durch die
untitative Zerstiickelung des Faktors und Einfithrung von sog. Inhibitor-Faktoren
abeseitigen. Das Formenreichtum bei dem holldndischen Kaninchen konnte so
wlirt werden, dass entweder die Menge des Chromogens oder die des Oxydasefer-
wites abnahm. Wenn z. B. das Chromogen vollstindig verschwindet, so erscheint
it farblose bzw. ganz weisse Form, d. h. die weisse Farbe kommt durch den
lirlust der die entsprechende bunte Farbe bewirkenden Faktoren zustande. Die
nfihrung des Inhibitor-Faktors wiirde die Erklirung der Erfahrung geben,
wdie weisse Farbe bald die dominante bald die recessive Rolle iibernimmt.
1o obigen Resultate wurden bereits mit Beriicksichtigung dieser Theorie
it, Mit Hilfe der,,Presence-Absence‘*-Theorie sind wir in der Lage die Grund-
mstitution der vererblichen Farben folgenderweise zu veranschaulichen.

Die genetische Konstitution des farbigen, z. B. schwarzen Kaninchens wiire :
41BBii, oder AaBBi eventuell AaBbii. Mit ,,A* wird die Gegenwart des farb-
gnChromogens bezeichnet, mit ,,a‘‘ das Fehlen desselben ; ,,B** dient zur Bezeich-
g der Oxydase, d. h. zur Bezeichnung der Gegenwart des anderen wichtigen
fikfors der Pigmentbildung, ,,b** bedeutet seine Abwesenheit. ,,i‘* soll das Fehlen
W (die Gesamtwirkung von A und B hemmenden Inhibitors ausdriicken. Wir
isenselbstverstindlich erwihnen, dass die gegebene Formel nur zur Veranschau-
biing der allgemeinen Konstitution dient, da in Wirklichkeit noch viele andere
loren dazukommen konnen, z. B. Faktoren, die der Farbe eine tiefere Nuance
khen oder solche, die die Flecken lokalisieren. (S. Tabelle. No. 2.)
~ Die Zusammensetzung der albino-weissen Farbe wiire: aabbii, AAbbii,
: Bii oder Aabbii, aaBbii ; d. h. es fehlt einer oder beide der pigmentbildenden
“iren, Die Keimzellen von Individuen dieser Konstitution enthalten die
-:- €N : abi, Abi, aBi. Wenn sich abi Gameten kreuzen, so erhalten wir nur
il Nachtkommen, falls aber Abi Gameten mit aBi befruchtet werden, erschei-
5 ?nter den Nachkommen auch farbige, da die beiden Farbenfaktoren A und
_hexdem Individuum AaBbii wieder zusammentreffen. Dieses letztere Resultat
et dahin, dass kein Giund vorliegt im Albino die Gegenwart des Inhibitor-
U8 vorauzuzetzen. Dies lisst sich auch experimentell beweisen indem man
:' lelfﬁgen von schwarzem Hautextrakt die pigmentbildenden Faktoren A
“omitwirken lasst. Die Folge ist, dass ein Farbstoff entsteht, was nicht gesche-
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henwire, wenn der Albinoextrakt auch Inhibitor enthalten hétte. (S. Tad I
No. 5.) ! ir die

Niederschlag ergab. (S. Tabelle. No. 4.)
Die im Laufe der Versuche von Punneff enstandenen D- oder domigiuch (

.rung der Faktoren A bzw. B. (S. Tabelle. No. 3.) .
Die ,,Presence-Absence‘‘~Theorie erklirt durch Annahme d2s Inhitifd wi

-versténdlich erkldren konnen. Es gibt jedoch Fille, wo die ,,Presence-Absfit Fa
'gI.iG}
Tatsachen auch mit der Faktor-Hypothese von Morgan hinreichend zu er'-l

Morgan (1923) macht darauf aufmerksam, dass es ratsam ist das ric

und um dies hervorzurufen unbedingt notig sind. Bei Drosophila melanfing
st. die Anzahl der die normalen langen Fliigel hervorufenden Faktoren i 3 tin
enstens 12, es sind némlich so viel Fliigelmutationen bekannt. Jeder ‘
ruft eine spezifische Wirkung hervor und der normale Fliigel ensteht durcieialh
Gesamtwirkung der normalen Allele von simtlichen 12 Faktoren. Ein 2 it
wichtiger Standpunk: der Faktor-Hypothese ist es, dass manche Faktorel®
bloss ein Merkmal betreffen, sondern eine ganze Reihenfolge vonFaktoren heriA
-s0 z. B. bei Drosophila der cliub-Faktor. Dessen Wirkung ist an den Pt
Borsten, Kopf, Augen, Thorax und Abdomen wahrzunehmen. De Vries I
seiner Definition iiber Mutation demzufolge an, dass die Aenderung des Bk
Faktors (unit-factor) den ganzen Organismus beeinflusst. Im Sinne der Faige [
Hypotese repriasentiert das Einheits-Merkmal (unit-character) bloss eine 0
‘mannigfachen Wirkungen, * welche durch den Einheits-Faktor hervof [
-werden konnen. {4 2 il .
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5. Tdd  Die Hypothese von Morgan erklirt die Enstehung der Albino-Farbe nicht,
urdie quantitative Abnahme dieses Faktors oder dieser Faktoren, sondern sie
abe wiynmt einfach an, dass hier in einem von den iibrigen Farb-Faktoren wahr-
gen zaguheinlich unabhiingigen Faktor, eine Mutation zustande gekommen ist. Bei dem
«derm o _"‘phifa melanogaster wire die weisse Augenfarbe nicht durch das Aus-
Fakiglilkn oder Verminderung des die rote Farbe bewirkenden Faktors entstanden,
lie Kowndern durch die Mutation einer der 25 Faktoren, welche die normale Augen-
Phingfibe bewirken.
5, dasd  Die Vererbung der Farben ist a.ch mit der Faktor-Hypothese geniigend
aut kifeilirlich, und damit die Ergebnisse unserer chemischen Analysen begriindbar.
jir brauchen nicht anzunehemen, dass die albino- oder recessive weisse Farbe
* domislirch den Austall von einem oder beiden pigmentbewirkenden Faktoren zustande-
I', wdgommen ist. Die Auffassung, dass sdmiliche recessive Merkmale den Mangel des
‘aktorffiktors des entsprechenden dominanten Merkmals darstellen wiirden, kann heute
- Kreugdingungslos  schon nicht mehr behauptet werden. Wir koénnen ebendeshalb
ein weiinehmen, dass bei Enstehung der Albinofarbe nicht ein Mangel den wesentlichen
velche fiund darstellt, sondern dass dieser in irgend einer grundlegenden Mutation zu
4zt vefchen ist, welche in einem oder vielleicht in sémtlichen Farben-Faktoren
e Verfiitandegekommen konnte. Es ist z. B. wohl moglich, dass der Faktor A mutiert,
ih in seiner biologischen und biochemischen Zusammensetzung umgestaltet,
Intitéd wir ihn. deshalb gar nicht mehr mit ,,a’‘ sondern mit ,,C** bezeichen miissten.
jedoe Enscheinung der Albinoeigenschaften wire dann eigentlich durch C hervor-
komplinien. Aus solcher Albino-Haut hergestellte Extrakte geben natiirlich nur nega-
auch #fieDopa-Reaktion, nachdem ja der eine Farben-Faktor eine grundlegende Umge-

sinfachfiiung erlitt. Wenn wir aber Albinoformen kreuzen, wo in der einen ausschliess-
>-Absaff Faktor A, in der anderen dagegen nur B mutierte, so haben wir bereits die
e erklifigichkeit die Entstehung der aus dieser Kreuzung resultierenden bunten Formen
zu erkifren zu kénnen.

das i Zur Erklirung des Verhaltens der dominant-weissen Farbe bei der Verer-

males #Eist es unnotig ausser den Faktoren A und B auch noch die Gegenwart des
1al heitiions I anzunehemen. Die Resultate unserer Kreuzungen werden durch Voraus-
melarf#¥hing der Mutation des Faktors B erldutert. Diese Mutation ist selbstverstind-
oren Bfiene andere als es bei dem Albino betreffs des Faktors A der Fall ist. Dieser
der 19 tmraktaus dominantweiss ergibt mit Dopa eine negative Reaktion, aber nicht
it durdialb, weil zwischen den farbenbildenden Faktoren A und B ein dritter Faktor
Ein 2 mlthemmender Wirkung auftritt, sondern, weil im Faktor B die Mutation
toren M Wesentliche Aenderung hervorruft. Wenn wir diesem Extrakt das Extrakt
sn heri lormal-schwarzer Haut zusetzen, wird dessen B Faktor nicht imstande
1e11F' ‘h‘é Wirkung des von grundaus umgestalteten B Faktors in dem ersteren
es IFPRARLE quszugleichen und so kann eine Melaninbildung auch nicht erfolgen.
les Einf Tﬂtsache dass die Hitze die Wirkung des mutierten B Faktors eliminierte,
der PFRUIS vermuten, dass die Mutation vielleicht ein rever51b11e1 chemischer Vorgang
58 elilf i diirfte,
ervor 'Das Verhalten der dominanten oder D-schwarzen Farbe in den Kreuzungen
* nicht, dass in der Haut ein Inhibitor-Enzym zugegen sei, welches die



16

weisse Farbe hervorrufenden eventuell negativ gerichteten Mutationen b4

Kreuzung mit dem dominant-weiss kompensieren konnte. Die Annahmesf 3.
zweiten Inhibitors wiirde die Mechanisierung der Vererbungserscheinungen i #autext
treiben. J, erwd
Wie obige Erlauterung beweist, sind sowohl die Erscheinungen der Fyjar so
vererbung, als auch die Resultate der chemischen Analyse der genetischen fjimmer
stitution, auch mit Morgan’s Faktor-Hypothese gut erklirlich. Es ist wohlgf 4
ind die

dass wir mit Einfiihrung des durch die ,,Presence-Absence‘‘~Theorie erfo

machen konnen, einige Erscheinungen verlangen aver die Anwendung derfif o
these von Morgan. ier ver:
Wir miissen in erster Linie hervorheben, dass unsere chemische Anfdémise

6.

nicht fiir das Vorhandensein eines Inhibitor-Enzyms spricht ; sie zeigt blos4
das Verhiltnis der pigmentbildenden Faktoren untereinander nach ihrem dl, s

stitutionelle Verschiebung einzelner Faktoren zuriickzufithren sein.

Die Transplantationsversuche, welche Danforth (1927) an Hithnern wif 1.
an Meerschweichen ausfiihrten, beweisen, dass die Haut ein Inhibitor-Enzyn _‘fakf
enthiilt. Danforth hat Hithnern mit dominant-weissen Federn Hautstiickehe] illig g
schwarzgefiederten Hiihnern eingesetzt und konstatiert, dass diese Hauls
chen sodann nach erfolgtem Verwachsen schwarze Feder produzierte. Wenni
Haut ein Inhibitor zugegen gewesen wiire, hiitte derselbe durch den Blutkesf
seine Wirkung unbegingt zur Geltung bringen konnen. Die Haut der schwf 2
Meerschweinchen blieb in der dominant-weissen Umgebung gleichfalls siiff 3
Ich war bestrebt das Vorhandensein eines solchen Enzyms auf dem Weg ;
Gewebeziichtung (1930) zu beweisen, konnte jedoch nur negative Erfolge erﬁ_'_- "
Ich ziichtete die in dem Bindegewebe des Braunleghorns enstehenden Pigmenidf ¢
und suchte die Entwicklung dieser durch den Extract von Weisslegif 7
hemmen. Indem bei den Kreuzungen die Pigmentbildung ausblieb, erschitf &
den in vitro gefiihrten Versuchen das Pigment in der ganzen Gewebezithf 13

Diese Ergebnisse beweisen, dass man statt Einfithrung des Inhibitor-F'l i Meng

den Grund der chem’sch und genetisch nachgewiesenen Unterschiede der. '
eher in einer Mutations-Verdnderung zu suchen hat die in den farbenbild? :
Faktoren vor sich geht. ‘ :

ZUSAMMENFASSUNG.
i

1. Die aus den farbigen Hautteilen von Agouti, Agouti—Ho]land, Ret
Schwarz und Schokolade-Schwarzen Kaninchen hergestellten Extrakte EP’)T
mit Dopa einen Niederschlag, zum Zeichen, dass in ihnen die zur Bildu
Pigments notigen Elemente vorhanden sind. ‘

2. Das Extrakt, welches aus dem Albino und den weissen Halltieﬂei
Agouti-Holland Kaninchen, hergestellt wurde, ergab keinen farbigen Nieder*
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Amig a bar bizonyos értelemben a normalis alaktdl negativ iranyban valg el stina
das, addig az echinus pozitiv iranyban valo elvaltozést jelent. Ezt a hélyguir
vittem bele homozygota bar torzsbe, melyet a modosito faktorok elimingyf 4
végett 9 generation keresztiil ,,belsé tenyésztéssels szaporitottam. Mivel Knis maso
(1920, 1924) megfigyelései azt bizonyitjak, hogy a hémérsékleti ingadozy lentel
befolyasoljak a bar jelleget, azért a temperaturat igyekeztem mindig 25°—260(4 Ll
tartani. A kisérletnél hasznalt echinus Drosophilak még a cuf® mutaciot isk bkia
doztak. A cut® (ct®) recessziv, nemhez kotott jelleg, szarny mutacié. A hcl}reﬂﬁ-lwéi
Morgan-egység. A cf® bevezetése a crossing over alaposabb megfigyelését i 3
lehet6ve. it ]

A % homozygota néstényeket ec ct® himekkel keresztezve, heterozy, E]Ef |

nostényeket kaptam, melyeknek genetikus konstitucidjat a koévetkezokip, im
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A heterozygota bar alakja s facettdinak szama nem véaltozott, nohauf A

H -

is jelen volt, de ez recessziv lévén, nem tudta befolyasolni a dominans bar jelkf
(B. kép). Az f:c%; nostényeket visszakerezteztem bar himekkel sazFiflitén,
sajatsagos a normalis megjelenésii bar-tol eltérd alakok Iéptek fel. A legyek si
cf® volt, vagyis a cut s bar kozott crossing over tortént, melyben valészini i

szor az echinus gént tartalmaz6 chromoészoma rész is szerepelt. A bar himek i

az echinus gén jelenléte novelte a szem-facettak szamat. A szem alakja aw
nem valtozott.

Az f:‘j_'];' legyeket parositottam a crossing over altal kapott ecff"
himekkel. E keresztezéshol nyert utédok kozott homozygéta ec cf® B formals
Ezeket alaposabb vizsgalattal j6l meg lehetett kiilonboztetni a csak cut“eﬁ
jelleghen homozygota alakoktél. Az el6bbieknél a facettdk szama nem a'
jellemz6 68-1 volt, hanem 84—95 kozott ingadozott s a szem alakja is megwaltu"
kissé (6. rajz). Utélagosan végzett keresztezések kimutattik, hogy ezek a i}

Drosophilak csakugyan hordoztak az ec c/® s B géneket mindkét homoldg ¢}
moszoma]ulqun

Az & + Drosophilaknal a szem nagysaga s alakja megvaltozott. (L
rajzot.) A facettik szdma 400—410 volt, eltért a heterozygota bar 35810
szamatol.

2. A méasodik mutacio, mely a szem nagysagat s alakjat medosﬂiﬂi_
chromosoma 72:0 Morgan-egységénél lokalizalt lobe® volt. Jele L2 domindns |
homozygota allapotban teljes szem-nélkiiliséget okozhat (8—9. rajz). Rer
a curly-vel, egy masik szintén domindns, homozygota allapotban azonban 1
hatast génnel kombinalva hasznaljuk. A curly (jele : Cy, helye II Chrom#F
45--48) a jellegzetes erdsen felfelé gorbils szarny mutaciot okozza. Mivel h0F “stem
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i gitinak Jetalis hat4sa van, ezért alkalmas arra, hogy kiegyensilyozé faktor
-._, gandnt hasznalhassuk

Mokntek meg. Ezek utéhgos ket esztezési Lis(,r]etek alapjéu részben homO?ygota
urslobe-nak, vagy homozygota bar s heterozygota lobe-nak bizonyultak. A szem
ikkja nagy variaciot mutatott, a legjellegzetesebb forméakat a 10., 11. kép szem-
Mtetl. Homozygota bar s lobe kombinaciéban a facettdk szama 18—24 volt.

3. A III. chromosoma baloldali végén lokalizalt roughoid mutécié génje
| mlta harmadik analég gén, amit barral kombinacioba hoztam. A. roughoid
ide: ru) recessziv bélyeg ; a szem keskenyebb, kevesebb a facettak szdma, mint
Piomalisnal s a szem feliilete durva. Hasonlo médon, mint a lobe? és bar keresz-
feseknél, homozygota bar s roughoid formakat kaptam az Fy-ben. Ezeknél a
iipusokndl a facettdk szdma 60:0 volt. A ru csokkentette a facettdk szamat,
ivaridei6 nem volt nagy ; a szadm rendesen 57—65 kozott ingadozott. Az ilyen
{ieetta szamu legyek utélagos keresztezéssel mindig ru-nak is bizonyultak.
Osszegezve eddigi megfigyeléseinket, azt latjuk, hogy az ec felemelte, a L2
s 11 csokkentette a facettak szamat.

if A 37/b jelzésii kulturaban Sturfevant double-bar mutaciéjara hasonlité szem-
gimik jelentek meg. Valosziniinek latszott, hogy itt egyenl6tlen crossing over
Mitént, A torzs homozygota bar s forked volt. Ez utébbi bélyeg génje esak
'\.2 egysegnyi tavolsaghan van Sturlevani szerint a bar-t6l. Jele: f s jellemzi a
itk villaszerti deforméalodasa. A Jkeskenyebb® szemii legyek egyuttal a forked
uifpleget is mutatjak, vagyis a recessziv f mindkét homolég chromosoméban jelen
:_l_t. Az fB himekkel valé keresztezés azonban olyan him utédokat adott, alio
iy csak a forked, vagy csak a nagyon is keskeny bar mutécio jelent meg. Ez az
ftinény kétségen feliil eldontotte, hogy itt egyenlotlen crossing over tortént s

I_ké_t bar gén egymas mell¢ keriilt. Az alabbi rajz mutatja a fenntebb emlitett
wfitenyek genetikus konstituciojat.

Az ilyen osszetételil Drosophilakbol sikeriilt a kovetkezé formakat kom-
liflnj; 2B, BB, BB

B’
- hA (Touble—bar Drosophilakat ec ¢ himekkel kereszteztem s az F; ndste-

WPIet visszaparositottam ec cf® B ; illetve ec cf® himekkel. Ilyen modon kaptam
o e 6g tect + B
e B ecct f BB

A ASE ¥ +-nal a facettak szama : 45-r61 felemelkedett 52-re, a B——nal 35-r61

e, g E—B-—nél valtozas nem volt észlelhetd.

1 % ALobe? és a double bar kombinéciok a szem alakjat és a facettaknak a
Pinit ergsen befolyasoltak. Nagyon gyakran csak néhany facetta maradt meg
“%m helyzete is nagyon eltolodott a fej oldalanak felso részére.

osszetételit Drosophilakat.




6. A ru és double bar csoportositas nem a facettdk szaméat, mint inkabj i s

alakjat valtoztatta meg (12.kép). A nagyszamu leolvasas mutatta, hogy ‘j‘_':immﬁkker
a facettak szama 45-4-161 40—41-re csokkent; a %—nél 36-4-r61 33-ra s nufato

B B 3

——n4 volt valtozas.
BBnalnem olt valtozas

Hasonlé kombinaciékat hoztam ossze a bar allelomorph infra-bar (B )m mfett'a
ciojaval is. Az infra-bar crossing over értékei azonosak a bar értékeivel. Ennﬁt'}mml
megjelenik az egyenlétlen crossing over jelenség épugy, mint a bar-nil A fpinkei
homozygota Drosophilak szemfacettdinak a szdma Siurtevant szerint a homg H
gotaknal : 320, heterozygotaknal : 716. A B' alakja Kissé hasonlit a hetemzy‘ﬂfwiﬁi“E
barra, bar ez utébbi facettdinak szama sokkal kevesebb. (4. kép.) snughe

1. Echinus és infra-bar kombinacioban az ec eléidézte a facettak szams ginok

a novekedését. A %—nél a szem egészen normélis nagy lett. Alakja is megegy

a rendes kerek szemalakkal. Els6é latszatra ugy tiint fel, hogy itt a normalisa
hoz visszamené reversio jelenséggel allunk szemben, azonban az utolagos ke
tezés kimutatta az infra-bar gén jelenlétét az egyik X choromosomaban, Ei
joggal kovetkeztethetjiik, hogy a valtozést csakis a keresztezés alkalmaval i

ec gén okozta. A homozygota infra-bar : %—nél az eltolodas 30—40 kozottw
A szemeknek az alakja megmaradt.

2. A lobe? jelleg az infra-bar mutécio-nal igen nagy varidciot okomfif
facettak szamaban s alakjaban. Nagyon valtozatos formak léptek fel gy, I ek 57
hasonlé alakok megjelenése szinte ritka volt.

3. A ru gén is éreztette hatasat a Bi legyek facetta szamara, a heteroz
alaknal 716-r61 640—650-re s a homozygotanal 320-r61 280—290-re csokkent! ik,
A szem forméjaban azonban nem tortént valtozas.

A double infra-bar (1. 13. kép) az emlitett mutacidékkal csoportositva,
kevésbbéhasonlo elvaltozadson mentkeresztiil, mint ezt a double bar-nal tapasiti

4. Az echinus charakter ugyanolyan mértékii facetta szam eltolodast ok

mint a double barnal. A crossing over ttjan létrejott %B;_Bi testvérek ke

tezése olyan alakokat is adott, ahol az echinus jelleg homozygota volf, it

3 . g o) 3 2 B;
double infra-bar heterozygota, illetve —

tabol all, ezt azonban a homozygota ec felemelte 170-re. A ]% s ec kont

ci6nal a gyarapodas 12 facetta volt, 38-2-r61 50-re emelkedett. Az ec BB Drosip L

echinus himekkel valé keresztezésébol % legyeket is. kaptunk. B

az alakokn4l inkabb csak a szem formaja véaltozott, a facettik szama Pl
220-ra emelkedett (14. kép).

2. A lobe? és double infra-bar nagy variaciot okozott a szem alakjalé
a szem nagysagaban is. Voltak alakok teljesen szemnélkiil. Voltak off“f
amelyeknél esak alobe®ra emlékeztet6 koralaku, de nagyon kevés facettdbl
szem maradt meg. Mig a E

B];iBi -nal inkabb csak a szem helyzete tolodott el, deformalta sokszor ¢

Liifere
ik |

33‘ . Az ilyen alaknak szeme 140 5

P e
}i—nél a fenntebbi elvaltozas volt észlelhetd®
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inkabhgf, o strukturajat s a fej oldalsé tdjékat. A facették szama nagyon kevéssel

BB_' Lilkent. Az elég nagyszamu leolvasas minddossze 10—15 maximalis eltolodast
atatott fel (15. kép).

ral 3. A ru génnek s az infra-bar kettézott génjének kombinécidja szintén

wita csokkenést idézett elo. A homozygota roughoid s a 3_‘ }_?';forméknél
B) mf i Bi i L i :
11:2.:;3 ol 184-re ; a BB Drosophilaknal 140-r61 135-re csokkent mig a gi 2: -nal

aal: & bikeio nem volt megfigyelhetd.
\ o Ha osszehasonlitjuk a bar s az infra-bar egyszerii, illetve kettés kombi-
terozyes fiiinak facetta szamait ; tekintetbe véve a velilk kapesolatos echinus, lobe?
nnghmd mutéciokat, érdekes megallapitast tehetiink. Sturfevant szerint a facetta
szamidunok a kovetkezok :
lEgEg}
::}Tl;. Az infra-bar allelomm‘phnak kombinaciéinal a facetta szam :
an. i —f—:716-4 —— 13204, i 2002, - 1883, 11279
ival b
szt Ezek az adatok azt mutatjak, hogy itt a bar gének bizonyos helyzeti, azaz
uilio hatésat is tekintetbe kell venniink. A fenntebbi Drosphilaknal a szem
szamait illetoleg nagy eltérést talalunk, amit semmiesetre sem az illeté

: 250

okozif},

gy, 2k wdmbeli, hanem azok helyzeti valtozésa okozott. fgya —-nal 681, a _]E _f-
154 mind a két esetben csak két bar gén van jelen, azonban a masodik

terozy phllah'm a két gén a homoluq chromosomanak egyikében egymas mellett

)Lken

.ﬁklsérleteinkben hasznalt mutaciok-nak a bar s allelomorp-jara gyakorolt
ftva, t ..* tamellett bizonyit, hogy a Sturtevani-tol feltételezett positio valtozas okozza
pasztsl lillrencidkat. Ha osszehasonlitjuk a megfigyelt kombinaciokat, azonnal ki-
st okond™ ik, hogy a double- -typusok aranylagosan kisebb mértékben modosultak az
ok ko mg" gének hatasara, mint a normalis géncsoportositas formai.

olt, lmg " Alakoknal a 3584 facettaszam felemelkedett 400—410-re.
140 f 5‘—* konstttucm -ju Drosephilaknal 68-1-r61 84— 95-re valtozott.

“"-;'. alakoknal a szam 45-16] csak 52-re emelkedett.

)msﬂ" :-1 1;— legyeknel az eltolodas még kisebb volt: 35-r61 39—40-re csokkent
. E¥bettagzim,
ma K 5

;3‘- Drosophilaknal valtozas nem volt észlelhet6.

kel nr\z infra-bar s echinus muticiok csoportositiasa hasonlé jelenséget mutat.
i}

k o = 8 Drosophilaknak facetta szama 716-4-r6l a normalis kerek szem 779-4

L Emelkedett.
hetd, ?3‘:;3* kombinacional 320-4-r61 350—360-ra emelkedett.

bl BB
or 41 s‘e:? alakoknal a facettaszam 200-2-r61 220-ra valtozott.
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A Ei-;iés :e legyeknél 140-r61 170-re emelkedett. g?ich
= e it
A %:—E: s —— homozygota alakok facetta szama 38-2-r6l 50-re emelkedett, fytati:
Az echinus gén a bar s infra-bar mutaciora pozitiv iranyban hatott, enfafacett

a facettdk szamat. A double typusoknal az elvaltozas aranya nagyon is figglkla .,
a bar s az infra-bar gének helyzetétol. Vannak formaink két bar, illetve infral
génnel. Egyik typusnal e két gén kiilon van a homolog apai s anyai eredetii di L egyne
mosomak-han, a méasiknal azonban az egyenldtlen crossing over kovetkest
a két gén ugyanabba a homolég chromosoméba keriiit. Nem quantitativ eiffupott
kenés, illetve gyarapodés tortént, hanem csakis helyzetbeli valtozas. A leolva el |
facettaszamok azt bizonyitjak, hogy az eqymds melleli levé két gén sokkal
dllobb volt analog gének mddosito hatdsdnak, mintha normdlis helyzetben mar
volna. :

A Lobe? s bar, tovabba infra-bar kombinaciokat quantitativ osszehas
tasra nem tudjuk felhasznalni, mert nagy varidciés kiilonbségek lépnek fel, ugy
a Lobe? olyan bélyeg, amely maga is elég erdsen varial. {urfek 6

Annél inkabb alkalmas quantitativ dsszehasonlitasra a ruoghoid charifese:
mely negativ irdanyba vaitoztatja meg a facetta szdmokat. ntik,

A homozygota-bar s homozygota ruoghoid legyeknél a 68-1-es facetta*j‘szetesen
60-0 csékkent. A heterozygota bar s homozygota ruoghoidnal a facetta vesiify, i
57—65 kozott ingadozott. nibél s

A double bar formak —> typusai s a homozygota ru Drosophiliknilfgmek

++
facettaszam 45-4-r6l 40—4l-re csokkent. A % g kombinaciénal nem 1 mlisA;

semmi valtozas a facettak szaméaban. kb o

Az infra-bar s ru mutacio egyszerii s double alakjainak csoportositﬁs:_!lt E '
mutatja, hogy ez utébbi formak, vagy egyaltalaban nem, vagy legalébb is kL’I' ;
mértékben valtoztak meg a ru gén hatasara, mint az egyszeri infra-bar typu
Homozygbta egyszerii infra-bar s roughoid szem facetta szdma 280—2907
az eredeti 320-bol 30—40 facettat veszitett. A double infra-bar s homozygiif.
Drosophilaknal 200-r61 184-re csokkent, a veszteség csak 16 facetta volt

Az 1. és IL. tdblazat részben a bar s az infra-bar gének minden lehei§
kombinaci6janak facetta szamat mutatja, ahogyan ezt Sturtevani megallapf
részben pedig a fenntebbi kisérleteink eredményeit szemlélteti.

Mar Zeleny (1921) rdamutatott arra, hogy a szem facettainak szémétl \
hataroz6 factorok okozzék. Ezeket a factorokat azonban moédosithatjak més
is, gy hogy végsé eredményben egy factor komplexum egységesitett hatés¥
meg a facettaszamot. A tobb generacion keresztiil belsé tenyésztéssel homfe
lett torzsekkel végzett kisérleteknél Zeleny feltételezett mddositd fakdorai™ I
szobolhetjiik. Kisérleteinkben hasznalt Drosophila kulturak ilyen ,,110““’_5'_,"
torzsek voltak, éppen ezért eredményeinket nem lehet a moédosito factorohf,
vételével magyaraznunk.

Erdekesebb Hersch (1919, 1927) megfigyelése, aki kimutatta, hogy®
chromosoma sectioknak negativ vagy pozitiv iranyban hatdsuk van a bar it ‘
facetta szamara. A minusz és plusz médosulasok psszegezédhetnek is. B2

A
njgota |

ru
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X choromosoma echinus s cut® sectiojaval. Az echinus noveli a facetta szamokat,
mit a mi kisérletiink is megerdsitett, a cut® sectié pedig negativ iranyban val-
edett. Jygatja a facettdk szamat. Hersch eredménye fontos abbél a szempontbol, hogy
wfifacettak szama a bar mutacional Lefolyasolhaté s mi ezt a jelenséget hasznaltuk
lggifla ,positio* hatés bebizonyitasara.

| A kisérletek kimutattak, hogy a ,,positio** vdllozds differencidkal hoz létre
edetli dfgynemti, vagy helyesebben az egy irdnyba tirténé facettaszam eltoldddsdban. Csakis

itativ eéflapott eredményeinknek, melyek ilymédon a Sturtevant-tél feltételezett ,,positio
el 1étezése mellett bizonyitanak.

II. EGYENLOTLEN CROSSING OVER ES REVERSIO.

A 37/b kulturdban jelentek meg a double-bar Drosophildk. A. térzs homo-
fiwta bar s forked volt. A double bar legyek egyenlétlen crossing over altal kelet-
lutek ésa kulturaban feltiiné kerekszemii himek megjelenése hivta fel erre a rend-
“Henesen fellépett crossing overre a figyelmet. A himek a forked mutaciot hor-
liték, de nem mutattak a bar bélyeget. Az ilyen himek X chromosoméaja termé-
wtesen nélkiilozi is ezt a gént, melyet a sziil6inek mindegyike kétségen feliil hor-
Yliwtt. Sturlevant s Morgan szerint a bar gén ,elveszett” az egyik X chromoso-
|uibil s a masikba jutott bele. Az el6bbi chromosomat tartalmazoé himek a kerek-
milek.

{ Az ilyen modon létrejitt kerekszemii alakok azonban kiilonboznek a nor-
ailis  kerekszemiiektol”. Amazokat reversio-s alakoknak hivjuk, s az ket létre-
W0 folyamatot reversio-nak nevezziik. Ez valésziniien bizonyos mértékii defi-
inia, azaz a chromosoma megfeleld részinek az elvesztése, mely darabka kétsé-
Jufeliil tartalmazta a bar gént is. Ennek a sectiénak nagyon kicsikének kell lenni,
%t nem hat letalisan s odatapadt a méasik homolog chromosomahoz. Mig
it a normalis kerekszemiieknél a bar megfelelé normalis allelomorphja okozza
|Ubekkozott a kerek alakot, addig a reversio-s alakoknal a bar gén helyén kelet-
) i_tigtt whiany* valtja ezt ki. Tehat keletkezésiiket tekintve mélyrehaté alapos
] Wnbséget kell feltételezniink. .

Annak ellenére, hogy belsé kiilonbség van a normalis és a reversio-s formak
AUt ennek a kimutatasa nagy nehézségbe iitkozik s kisérleteink nem bizo-
i3k, hogy az egyenltlen crossing overen kiviil a belso eltérésnek lathato mas
i : megnyilatkozasa is volna. A szem facettainak a szama és a szem alakja semmi

| homo#f: Mbséget sem tiintet fel. Sturfevant szerint sincs eltérés a normalis és a rever-

A9 kerekszem kozott.

rail £
k{?lwm M_)blf?l a sejtéshol indulva ki, hogy a reversio-s legyek X chromosomaja a
factont’ ‘%ﬂflclencia miatt megrovidiilt s a double bar jelenléte miatt a forked s a
nkozotti tavolsag esokkent ; a reversio-s és egyenlétlen crossing overt mutato
hogy 4 Aknél crossing over reductionak kell jelentkezni.
parnd  A37/b kultura homozygota fB legyeknél a forked s bar gén kozotti crossing
5. Bz utf & ertek 0.3 volt, Az eddigi adataink szerint a kovetkez6 értékeket kaptam :



crossing  vizsgalt

i:veres legyek c;/ i1 it
egyek szama 0 i
Morgan s Bridges 1916. . . . . . 8 1706 0.5 i
Bridges, 1917.. . . . . I T 5 930 0.5 e
Stuetevant, L1925 ot oL LI 82 34,369 0.2 b
T e G 30 792 | 03
Az egyenlétlen crossing overtol eldidézett reversic-s choromosoma ki L&E]:k[

a kovetkez6 crossing over értékeket kaptam :

cr:}sls;gﬁe?{vmes Vizsfi’:‘ftn l:.gyek %
2 652 0.3
4 1266 0.3
2 853 0.2

ben a deficiencia, chromosomahiany, nem okoz letalis hatast.

A reversio tulajdonképpen feltételezi a bar normaélis allelomorphjani
tavollétét. Azt hinnok, hogy ennek kiovetkeztében épen az ellenkezé fog torte
a reversios alakoknal, mint tortént a bar gént tartalmazo legyeknél. A barre
kalja a facettak szamat, kovetkezéleg a reversio-s typusnal a szam emelkedni
Ez a vart gyarapodas azonban nem kévetkezett be. Ami kis valtozast tapasl
Sturtevant, az részben a ki nem kiiszob6lt modosito factorok, részben a komyu e
behatasianak tulajdonithato, amint ezt 6 maga is elismeri.

IIL. ,,TRIPLE BAR* ES POSITIOHATAS.

nek sertéi normalisak voltak, deaszem alakja s nagysiga sajatsagosan elititis
ismert typusoktol. (16. abra.). A kultura ugy keletkezett, hogy az B nostén
s bar himek keresztezéséb6l szarmazott heterozygota forked s homozygott 1f
utédokat forked és bar himekkel kereszteztiik vissza. A ,,keskenyszemi‘ har kg
forked nélkiili néstények voltak. - ,
Els6 gondolat az volt, hogy itt egyenl6tlen crossing over tortént,
legyek _;BBB konstitucioval rendelkeznének. A facettak szdma a harom
kenyszemii‘* nésténynél 49 volt. Amikor ezeket fB himekkel Kereszteztiik; K
koziilok csakis fB himeket és néstényeket adott, ami bizonyitotta, hogy ar
mindkét X chromosoméja tartalmazta a forked gént, annak ellenére, 11083'“?'
is jelent még lathatoan ez a jelleg. Ez mutatta, hogy a feltételezett JonstitFh
nem felel meg a valésignak. .
A harmadik néstény keresztezésébol kapott utodok meglepo jelenség! mit &
tattak, Osszesen kaptunk 87 néstényt s 56 himet. A nostények koziil 81 fBY
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sutobbiaknal 47 volt fB. 6 néstény és 9 him azonban nem volt forked, a szem
ig épen olyan volt, mint a fentebb emlitett , keskenyszemi'® harom néstény
gme. A fecettdk szama a néstényeknél 51 s a himeknél 39.

A hat ,,keskenyszemii‘* néstény légy koziil négyet kereszteztiink fB Droso-

jilival s kettot ,keskenyszemii™ fitestvérrel. Az utébbi keresztezés eredmény-
dn volt, utodokat nem kaptunk. A négy el6bbi keresztezés koziil kett6 csak [B
Hineket s nostényeket adott, a masik két keresztezés elpusztult.
A keresztezeés eredményei azt mutatjak, hogy a , keskenyszemii” bar legyek
tikus konstitucioja méas, mint az eddig ismert bar kombinacioké. A facetta-
{iim nagyobb, mint a —BﬁE-néI, de kisebb, mint a ?_——;? legyeknél. Azonkiviil a
iied jelleg, noha homozygéta, de ennek ellenére se jut kifejezésre.

A ,keskenyszemii legyek ssszetételét megmagyarazzuk, ha felvessziik,
normdsfiy itt duplicatio tortént. Ebben részt vett az X chromosoma jobboldali részes

ywer nefely tartalmazta a normalis forked allelomorphot s a bar gént. Ilyen médon a nds-
¢ daraiificknek hdarom bar geénje volt, ezért ,triple bar*‘-nak nevezziik, azonban a bar gének

hind mds chromosomdban, vagyis nem egymds mellett helyezkedtek el. Ezért a facetta
un a fentebb emlitett két typus kozott van. Felvazolhatjuk a triple bar (har-

ifus bar) legyek X chromosomajat s azonnal érthetd lesz ez a latszélagos rend-
knes megjelenés.

hjénak X i

¢ tortént

L} f

bar refi X l—i

ceduig S
apasth : ~"4 B

Ha ezt a feltevést elfogadjuk, akkor egytttal ismét van egy bizonyitékunk,
| megerGsiti a Sturtevanttél megallapitott positio-s hatast. A harom bar gén

molog chromosoméaban egymas mellett fekvé 2 bar, de viszont kevesebb az ereje
oy, 0t s double bar kombinacié 3 bar génjénél.

slittotts

st EREDMENYEK.

zgéia bt 1. Az echinus, lobe2sa roughoid mutaciok modositjak a bar s infra-bar bélye-
1T AC0a g

J%eL Az echinus noveli a facettak- szamat, a lobe? s a roughoid pedig csokkenti.
the? s bar, illetve infra-bar egyszerii s kettés kombinaciéi olyan nagyfoku varia-

‘mutatnak, hogy quantitativ Gsszehasonlitiasra a lobe? bélyeget ezért nem

“milhatjul.

il 2 Az echinus ném egyforman noveli a bar s infra-bar Drosophilak facetta-

aff 144 €z filgg attol, vajjon az utobbiak mint homozygota vagy heterozygota

; Egﬁk vannak-e jelen, s fiigg attol, vajjon egyszerii vagy double formakkal

. f'ndlodott-e az echinus ? Ugyanezen feltételektol fiigg, hogy a roughoid milyen

*[tkben csskkenti a bar s infra-bar facettak szamat.

3 A double bar s double infra-bar aranylagosan kisebb fokban médosuls

' tgyszerit typusok. Ez a tény a Sturlevanttol feltételezett positio-hatas léte-
1% mellett bizonyit.
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4. A reversio révén kapott kerekszemii Drosophilak teljesen hasonli},
normalisakhoz annak ellenére, hogy bizonyos értelemben a bar deficientisj
jottek létre, vagyis nagy genetikai kiilonbség van kozottiik.

5. Bar gént tartalmazé chromosoma rész duplicatioja folytan hérom

génnek jelenléte erdsebb mértékben befolyasolja a facetta redukeciot, mi
B B
T
a homolog chromosomaban van. A ,triple-bar® viselkedése szintén megendi
,,positio’* hatas létezését. :

de nem ugy, mint a B?B, ahol a harom bar koziill ketté ugyanaby

(From the Hungarian Biological Research Institute, Department of Physiology. Tihuy

THE EFFECT OF ’ANALOGOUS’ GENES UPON THE BAR |
DROSOPHILA MELANOGASTER COMBINED WITH THE POSITI(
EFFECT AND DUPLICATION.

By P. CH, KOLLER PH. D.

SUMMARY.

The effect of analogous genes upon bar and infra-bar was studied. Theg
inked recessiv, echinus, lobe? in II., and roughoid in III. chromosome, i
Ithe eyeshape, changing the facet number either in a plus or in a minus diref
They were introduced into the single and double bar, or infra-bar Drosol
The following tables I. and IL. show the data obtained-from the experimes

RESULTS.

1. Echinus, lobe? and roughoid modified bar and infra-bar. Echinus inc
lobe? and roughoid diminished the facet number of bar or infra-bar. Lobe,, int
nection with single or double types of bar and infra-bar entirely changed thef:-
and shape of the eyes, therefore it was impossible to use the lobe? for quantifi
comparison.

2. Homozygous echinus and roughoid do not alter the facet number offf
and infra-bar in the same degree : it depends upon the home- or heterozygo?
single or double condition of bar and infra-bar.

3. Homozygous echinus and roughoid altered the facet number of dﬂf
bar and infra-bar in a less degree than that of the single types. The observit
proves that the ,,position effect” suggested by Sturtevant exists at the lochS-;

4. Reversions were found more often than double types, the latter b
probably much less easily detected. The reverted types are not different fron
types, in spite of the difference in their origin. :

5. ,,Triple bar‘ found its origin in the reduplication of the right end ﬂf:
X chromosome, which contained the bar gene. Its effect upon the facet?”
was between double bar over round and double bar over bar.
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Table I. Tablizat.

Bar és infra-bar kombinaciok facetta szdmai. — The facet numbers of bar and infray
combinations. '
BB BBi Bi Bi Bt Bi :
Donbleibatis: s 4 «lwisas JuBB 250 | 24-0 | 267 | 364 | 418 | 4
+ +
Bardnfrasbar - .« - o . - .| BLB 241 | 267 | 279 | 370 | 378 | s
+ + -
Double infra-bar. . . . . . .| BiBi 267 | 27.9| 382 | 383 | 138+|20
+ -+
Bak B | 364| 376 | 383 | 681 | 735 |35
+
Infra-bar . Bi 41-8 | 37-8| 138+ | 73-5 | 3204 |7t
+
Normalis kerek . I 454 | 50-5 | 200:2 | 3584 | 714-4 7
+
TG g A e L TR TS SR 206 | 297 | 466 | 84-4 | 4781 |7

Table II. Tabhlazat.

Bar és infra-bar gének kombinéci6ja ,,analog” génekkel. — The facet numbers of bar &
infra-bar combined with analogous genes.

5 diffe- i3 differen
ec 1‘(‘-110}’ T

Heterozygéta bar B 358:4| 400—410}41-6—51-6 - =
_I_

Homozygéta bar . . . . . B 68+1| 84—95 [15-9—26-9 60 —&
B

Heterozygéta double bar .| BB 45-4 52 66 40—41 —i
+ + i

Double bar és bar BB 36-4] 39—40 | 2:6—36 33 —
B

Kettés double bar . . . .| BB 25-0 — e - =
BB

Heterozygota infra-bar . .| Bi 716-4| 7794 63:0 | 640— 50 75-M-T
+

Homozygéta infra-bar . . .| Bi | 320-4| 350—300[29-6—39-6| 280—290 — 5964
Bi

Double infrasbar . . . . .| BiBi |200 220 20 184 —6
+ +

Double infra-bar és infra-bar| Bi Bi [138+| 170 32 135 =
Bi

Kettés double infra-bar . .| BiBi 382 50 11-8 — =

T T e T e e ey

—_ kb ke



—bo

b

—_
e O oo

= e

A KEPEK MAGYARAZATA.

. Normalis kerekszem.
. Homozygo6ta bar.

Double bar.

. Homozygota infra-bar.

. Homozygéta bar és echinus.

. Heterozygo6ta bar és homozygota echinus.
. 9, Lobe.?

. 11. Bar és lobe? kombinacio.

. Homozygoéta ruoghoid és EB—BL'-

. Double infra-bar.
. Double infra-bar és homozygéta echimus.

Bi Bi

. =3 ¢s lobe* kombindcié.
. ,Triple bar.

LIST OF PLATES.

. Normal round eye.

. Homozygous bar.

. Double bar,

. Homozygous infra-bar.

. Heterozygous bar.

. Homozygous bar and echinus.

. Heterozygous bar and homozygous echinus.
. 9. Lobe.

. 11. Bar and lobe combinations.

. Homozygous roughoid with double bar over bar.
. Double infra-bar.

. Double infra-bar and homozygous echinus.
. Double infra-bar over infra-bar with lobe.

. wlriple bar®.

13
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I. tabla. Table I.
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IT. tabla. Table II.
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(A Magyar Biologiai Kutaté Intézet II. osztalydnak kézleménye.)

UROKLESTANI VIZSGALATOK A DROSOPHILA OBSCURA
KET RASSZAN.

Irta : DR. KOLLER K. PIUS adjunktus.

A Drosophila obscura Fallén (1. abra) orokléstanaval D.E. Lancefield
lkozott részletesen. Ebben a Drosophila fajban két rasszt (A és B) talalt,
yeket a szisztematikus nem tud megkiilonboztetni egyméstol. A két rassz

1. abra, Fig. 1.

A Drosophila obscura Fallén himje és nésténye.
The male and female of Drosophila. obscura Fallén.

'kiiliinhség csak orokléstani és sejttani (2. 4bra). Amig az A-nak nevezett
tlaz Y chromosoma paleika alak, addig a B-nél ennek alakja teljesen hasonlo
Kchromosoméhoz, azaz v-alaku. Lancefield kimutatta, hogy egymaéssal, ha bizo-
__HEhézséggel is, de lehet keresztezni a két rasszt. A kapott hybridek néstényei
¢k, himjei azonban terméketlenek. Ugyancsak Lancefield hivta fel a figyel-
‘arra%a tényre, hogy az X chromosoma bizonyos génjei kozotti crossing over
igen nagy mértékben redukalédnak az A/B hybridek néstényeiben. Valo-
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szinlinek latszott, hogy a két jelenségnek egy oka van s ennek kideritésére v e
koztam, amikor professzor Lancefield erre felszélitott s anyagot adott a kiséld
elvégzésére.
I. A HYBRID NOSTENYEK CROSSING OVER ERTEKEINEK REDUKCI(| Lar
Miel6tt ratérnénk a kisérleti eredmények ismertetésére, sziikséges kiem
azt, hogy a rassz A és B keresztezésénél kapott nostények crossing over éri
valosagban csak rekombinécitsét .
d 4 kek. Ezek csak abban az esi] -0
: lennének val6sagos crossing oved. : t
)) : (( )) : ( Drasaphile mebnagset. tékek, ha a kettés crossing ov A
" " gyakorisagat részletesen ismennik|
hybrid ndéstényekben. Ezért ani
mi crossing over értékekrél beszli
W W ! csak Lancefield terminolégidjitie) Lat)
== = = dephbdsarn g, de mindig rekombindsimili
n. an ' tékeket értiink. iPés y
1. A rassz A harom, nemhesij 2, A
ab 0w tott mutacioval rendelkezd nisdigyel
e e o @ Drosgphila obscurs. nyeit hasznaltuk fel keresztezéstiiidszir
- b Race B. hez. E harom tulajdonsag: Poil Morg,
ﬂn m szarny ; a normaistol erosen i A y
hosszu és hegyesen végz6do suifickkel

2, 4bra. Fig. 2. i
et melyet 16trehoz6 gén helye az X digtirtén

A Drosophila meianot?asfer és o:'scura két rassza- ) oooma bal’ﬁlvégén van elhely
nak chromosomai. ] . e !
: yellows] *

The chromosomes of Drosophila melanogasier J‘?‘le‘ ik -AmffSOdIk]ellega j’ iy
and those of two races of Drosophila obscura. Sarga testszin, melynek genje !

Morgan-egység tavolsagban V¢ eloy
Pointed gént6l. A shrga testszin jele y. A harmadik nemhez kotott tulajdonsagars Zml

lion, erésen élénk téglapiros szemszin, jele v. Tavolsaga a Pointed-t6l 76:0 Mo
egység. Ezt a harom mutéciét tartalmazo, rassz A néstényeket pé.rositol?ﬂi “‘“"—
rassz B vad tipusu himjeivel. Az els6 generaciéban a himek Pointed yellow &% %
milion tulajdonsagokat mutattéak, mig a néstények csak a Poinled jellegeh™
ez dominans és heterozygota allapotban is lathat6 lesz, mig a yellow és v
tulajdonsagok recessziv természetilk miatt a hybrid nostényekben nem fﬂu '
lathatoan megjelenni. A himek sterilek voltak annak ellenére, hogy a Mg
szinii testis-iik normaélis nagysagi volt.

Az F, Pyv és _P.Y VvV osszetételli nostényeket visszakereszteztit
eredeti rassz A Pyv himjeivel. Kaptunk 292 néstényt és 220 himet, melye

kiilonboz6 csoportjait az alabbi tablazat mutatja. it 1
Nem crossoveres 1. regio 2. regio B3 op
: Pointed 3 i
g : llow Pointed & fuse
Vad-tipus yellow Pointed N6 LOY ] : L
Vesmilion Vermilion yvellow edik g

105 ! 87 4 2 10
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(sbte \:ﬂ Ezekbol a kapott adatokbol a kovetkezd crossing over értékeket nyertiik :

o Biyie, badubtss, Uatiagbin St s SR 27
a kisérlgf =2 PN P I L R S 1 127
i T S T F e i, T = () ()

YUKCIG|  Lancefield a kovetkez6 adatokat kapta kisérletei folyaman
N e pe Tt ———————— ) s 015
s kiend PR difiiesie = |1 o suliamtaenide dee 2 g Ve r Sr58
IVer erls AR S MUY ST e R S . 97 (114

Zardjelben jelezziik Lancefield legelsd adatait, melyeket késébb javitott.
1 A tiszta rassz A, X chromosoma térképén megallapitott tavolsagokat a
Hinetkez6 adatok mutatjak :

157 O L N T et e o L 62:0
b B b o o Bt b, 76:0
1 beszilid S | TOET 3 NS ot m e d sl TTRIAE 14:0
gidjathe} Lathato ebb6l az, hogy az X chromosoma.kozéps6 regioja, mely a yellow
ibindciis#ilrmilion k6zott van, nem nagyon valtozott. Azonban igen nagy redukeié tortént

Pés y gének kozotti tavolsagban.
nemhezly 2. Az X chromosoma jobb oldalat s az ott fellépé esetleges redukciénak

sztezt i-."' szarnyvéna. Recessziv tulajdonsag, genetikai jele s, tavolséga a Pointed gentol
il Morgan-egység.
d A yvos osszetételii rassz A néstényeket parositottunk vad-tipust rassz B

6do summekkel s a. kapott A/B no6stényeket yvs himekkel kereszteztiik vissza. Harom
» az X diettortént parosodas a kovetkezé eredményt adta :
elhelyergf
 yellowyd Nem crossoveres 1. regio 2. regio
énje 0 :
o . oy i
1548 Al vad-tipus yellow ve;‘lrlréﬁon " g;?:llﬁ;:;n |  short
6.0 Morg ‘
rosttotiis
ellow &1 56 52 42 15 21 252
leget, @ ‘

i Vagyis az A/B nostények X chromosoma térképén a tavolsag, illetve a cros-
gl over érték y és v kozott 14-2, v és s kozott 37-3, y és s kozott 51-5. A y/v és
i n'él‘tékekhez hozzaadva 2-7, vagyis a Poinfed és yellow kozotti tavolsagot, meg-
i a P és s kozotti tavolsagot, mely 54-2 Morgan-egység. Lancefield adatai

,zteztuk #ita P/s tavolsag 48-7, ugyanis nala a crossing over érték v/s-ra vonatkozéan
4" fs-ra vonatkozoan 45-7. Valészinii, hogy a kapott kiilonbségnek oka egysze-
 abban keresends, hogy Lancefield a mi gén-kombinaciénktol eltéré csopor-
1%t hasznalt, Lancefield tobbi adatait is tekintetbe véve, azonnal szembetiinik,
W 4 crossing over redukeié esakis az X chromosoma jobb végén kovetkezett
‘4 jused és short mutaciok génjei kozott., A fused mutéciora jellemzo, hogy a

{7tk szarnyvéna meg van torve ; genetikai jele fu, s a gén 28-0 Morgan-egység
ligra van a permilion-tol,



Az eddig kapott eredményeinket legjobban szemlélteti az alabbi kép, yy
Lancefield adatainknak megfeleléen modositott térképe az A/B—nﬁstényé {ifedett
X chromosoméajanak.

a2 L 4 28 [
ﬂfﬂ dgﬂ i';.d? ng.o

. \
Xof Race A~~__ "\
3 \
\

\

\

- \

Sy \!

Xof AB hybrid.” ~~< !
P

iike se

L

27 M2 33.5 38
3. abra. Fig. 3.

Rassz A chromosoma-térképe osszehasonlitva az A/B hybrid X chromosomajivil. |
The chromosome map of a pure race A and of the A/B hybrid.

4 gyan4
i fradellene

pittatott meg ennek a génnek a helye. Genetikai jele e tulajdonsagnak : sg. Anis
jelleg a bubble, a szarny feliilete nem mereven kifeszitett, hanem fodrozott. il
recessziv nemhez kétott mutécié, de eddig csak a rassz B-ben talaltuk megj
bu s tavolsaga 53-0 Morgan-egység.

Kiilonb67z6 parositasok a kovetkezé eredményeket adtak :

nzedék
||. az
; : : -ossover Uaalanokat
Regio A Lkeresztezés Osszes légy Cro:ifgg;:eres Cr%s:&;.:{’);;:ar E;%scs:ﬁelds il for
j‘gsz-tezé

y Pyv (A) 7 5 makon
¥ = Qi (B 432 2 74 -
/Sg sg bu (B) ¥ (R g I atél’ly
sg Pyv (A) o ; ; ikhan
b/bu TR X (B) 284 33 342 o
4l s74n

Pyv (A . i 3
Y i Bk o) B

/bu wha (s * X (B) & 432 148 324 b it
tivetke

A konnyebb 0Osszehasonlitis miatt nagyon alkalmas, ha a crossing ™

értékeket a singed mutaciéval hozzuk relacioba. Ezen az alapon a kovetkes i ’%ﬁt‘l' P'
mosoma térképet készithetjiik el (4. abra). i

Vilagosan lathaté, hogy a crossing over redukcié a bubble és shor! 1 inted
kozott vagyis az X chromosoma végén lépett fel, ezzel ellentétben a 5“””3 i‘;}‘}ha
bubble koztti tavolsig megnagyobbodott, a crossing over érték kozottik® mi:;; !

kedett.



mal A genetikai kutatés
teneliledett mar tobb ténye- i >
j, melyek megvaltoztat- ¥/ 48 tybrid (- & el
ik acrossing over értéke-

i Vannak gének, melyek

ikkentik a crossing overt

41 chromosoma  deficien- Xof Race B
ik pedig nagyon sokszor

{disen  kikiiszobolik, — .0 3
lmban e  keét tényezo 4, 4bra. Fig. 4.

ke se jatszhat szerepet

PRI 2.4 £

e
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5 ; Rassz B chromosoma térképe osszehasonlitva az A/B hybrid
| {ntebb leirt crossing X chromosomajaval.

mredukeioban. Hailyen  The chromosome map of a pure race B and of the A/B
ik akadalyoznak meg hybrid.

:X chromosoma két vé-

facrossing over-t, akkor nemcsak a két rassz hybridjében, hanem az egyes
afsokban is meg kellene talalni ezeket a géneket. Hasonléan ugyanez all a
aafetenciara is. Lancefield szerint az egyik rassz X chromosoméjanak az inversio-ja
: i.'-:l ki a crossing over redukeiot. Mivel ez utébbi azonban rendszeres jelen-
pliganént de mindig megtalalhaté a hybrid néstényekben, az inversio pedig
gfadelenes genetikai jelenség, éppen ezért mas okot kell keresni, amivel kielé-
Al magyarazhatjuk a crossing over redukciot.

le_

4 . A HYBRID HIMEK TERMEKETLENSEGENEK PROBLEMAJA.

Az F; nemzedék hybrid himjei minden esetben terméketlenek. Ha az F,
busedék nostényeit visszakeresztezzitk a két rassz barmelyikének himjével,
P oz esetben kétféle himutédokat kapunk : olyanokat melyek fertilisek s
o efinokat, melyek nem termékenyek, hanem hasonléak az els6 nemzedék himjei-
A fertilitas és sterilitas az ivarchromosomdk 6sszetételétol figg. Ha a két rassz
{utezésébol kapott nostények is sterilisek lennének, akkor az ivarchromo-
Poikon kiviil a tobbi, vagyis a somaticus chromosomdknak is lenne szerepe.
Uateny, hogy csakis a himek sterilisek, azt bizonyitja, hogy az ivarchromo-
flahan kell keresni a sterilitas okat.

A nemi chromosomakban levé mutalt gének ismerete még azt is lehetové
i fzfamunkra, hogy megallapitsuk, melyik chromosoma s ennek is melyik
W Jatszik donto szerepet a sterilitas, illetve a fertilitas probléméajaban. Ezért
Wiethez kisérleteket végeztiik el, melyekkel az egyes rasszok chromosomai-
Poorsat és szerepét kovetni tudtuk.

1 1 Pointed yellow és vermilion rassz A-nostényeket parositottunk rassz B
st himjeivel s az igy kapott F, nostényeket visszakereszteztiikk a rassz
ot Pointed yellow és vermilion himjeivel. A mésodik nemzedék néstényei négy
.rf.ba voltak oszthatdk : (1) Pointed, (2) Pointed yellow, (3) Pointed yellow
‘hoﬂ, (4) Pointed vermilion. Az els6 és harmadik csoportba crossoveres és nem
eres legyek is tartoznak. A negyedik csoport lehetséges, hogy kettds cros-
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sing over eredménye. Ennek megallapitasa végett az ilyen Pointed vermilion y ek k

tényeket a rassz A vad-tipusu himjeivel kereszteztik. Az utodok kozott ke
himek jelentek meg : fertilis Pointed yellow vermilion és sterilis vermilion. Ez uti;

Hgyon
. Bi:

csoport azt mutatja, hogy az anya, mely Poinled vermilion volt, csak a vemnily amaz
jellegre nézve volt homozygota, mig a Pointed és yellow gének heterozygotak voli Siom
Vagyis a vermilion himek X chromosoméjénak bal oldala rassz B eredeti, i ks ¢

a t6bbi része a vermilion géntél a chromosoma jobb oldali végéig a rasss Al

4

szarmazott. Az ilyen himek X chromosomaja egy crossoveres chromosoma v selynek

egyik része rassz A, masik része a rassz B-b6l, Y chromosomaja pedig a rassz A

Ye

szarmazott. : girositol
2. A Pointed s yellow jellegre nézve heterozygota s a vermilion t“lf'!jd@h{mﬁk v

sagban homozygota hybrid nostényeket vad-tipusu rassz B-himekkel kereszefi ;o a1
Az utédok eloszlasat a kovetkezé tabla mutatja : Siilion
Néstények Himek :lﬁle hime
! Pointed Pointed u;ﬁeﬁl
= « ointed 3 ointe yellow t
0SSZes vad- | . 0SSZes vermilion 13 o :
/ | Pointed ell. verm. s vermilion | vermiialf.
legy tpos ‘ i légy i gbariiis sterilis sterili h!rnek]:g
i)
I, mely
172 97 ‘ 75 157 95 59 2 o e
5.

Az 59 vermilion him koziil 9-nek a testis-e teljesen normélis nagy i melyne'k'
azonban amikor parositani akartuk hybrid néstényekkel, steriliseknek bizonyult! L

A tobbi him testis-e rendellenes kicsiny volt s ezek természetesen terméketle)

At

is voltak. A megismételt visszakers 5 B-h

'.T tezéseknél a crossing over értékek i
X eltéréseket és szabalytalansigokat®
tattak, ugy, hogy nem is vehetl

oket figyelembe. Ugyanezt tap

st st

7 Lancefield is.
i Ez utobbi nemzedék ivarchn

mutatja.l Lathat6, hogy a rassh

chromosomaja tarsulhat (1) egy fs{reltiil

5. 4abra. Fig. 5. X chromosomaval, (2) egy olyau»'z Honyult
Az F, nemzedék ivarchromosomainak ossze- melynek bal oldala rassz A, job 4 6. 4
tétele. rassz B-bol szarmazott, (3) Xt Hiiom k

The sex chromosomes of Fy generation. (Black S i :
rods indicate the chromosomes of race B, kivéve a yellow tajékot teljesen L

the white of race A.The rods with hooks indicate gyedeti (4) végiil olyan X-el, el
the Y chromosome. 3 % N i A i
Pointed tajékot kivéve rassz 4 3

zésu. Ezek a kombinaciok azonban mind sterilitast eredményeztek.
3. A fenntebbi F, nemzedéknek a vad-tipusti ndstényeit rassz B ug)
vad-tipusi himjeivel kereszteztiik. Az utédok nostényei mind vad-tipti™™
1 A fehér chromosomak a rassz A a feketék a rassz B chromosomait jelzikr'
horoggal vannak jelezve az Y chromosomak,
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m ¢ kétfélék : (1) vad-tipustuak hasonléak a néstényekhez s (2) vermilionok, de
favon kicsike testis-sel. Ez utébbiak sterilisek voltak.

Bizonyos az, hogy a sterilis vermilion himek Y chromosoméja a rassz B-bél
wrmazott, az X jobboldali része egészen a vermilionig rassz A, mig a v géntol
ghromosoma bal oldali végéig rassz B eredetii volt. Arra vonatkozéan, hogy itt
63 crossing over tortént volna, semmi bizonyitékunk nincs.

4. A kovetkezo keresztezéssel olyan X chromosomat igyekeztiink felépiteni,
ek baloldala lenne a rassz A, jobboldala pedig a rassz B-bol.

Yellow vermilion és short rassz A-néstényeket vad-tipusu rassz B-himekkel
insitottunk s az F, néstényeit yellow vermilion short rassz A-himekkel keresz-
ik vissza. E nemzedek yellow vermilion néstényeit yellow vermilion short rassz
iimekkel kereszteztiik. A parositasbol kétféle himeket kaptunk : (1) yellow

milion short fertilis s (2) yellow vermilion, de sterilis himeket. A kapott két-
b himek azt mutatjak, hogy anyjuk homozygota volt a yellow és vermilion jel-
gkben s heterozygota a short tulajdonsigban. Vagyis az egyik X chromoso-

yeuuns
Ve i i..
sterili§

| melynek bal fele rassz A, jobb fele rassz B eredetii :
i létre.

| 1

nagy s

izonyul

isszakes
tékek 14
Agokal
s Vehell

tapasiey

~varchrg
16t azd iy
rasst B

egy I
nyult, utédokat nem kaptunk.
& ]Ohh ..
X—Bl, I- 1)

esen 1
-el,
7 A SR

) '
tipl]ﬂ’l i |

it jeiisd

piiuk baloldala rassz A, jobboldala rassz B eredetii volt. A sterilis yellow vermilion
ek X chromosoméaja az emlitett crossoveres chromosoma volt.

Ebb6l a parositasbol azt latjuk, hogy a rassz A Y chromosoméja s olyan
sterilis hybrid himeket

3. A kovetkez6 lépés aw volt. hogy kombinaljunk olyan X chromosomat,
dyek mind a két vége hasonlo eredetii, mig a kozépso tajéka a masik rasszbol

etied azaz legyen az X chromosoma A-B-A, vagy B-A-B felépitésii.
m i o

A fenntebb emlitett F2 nemzedék yellow vermilion néstényeit vad-tipusi

by B-himekkel parositottuk. A megkisérelt 21 parositashol ketto adout utédokat :

Néstények Himek
vad-tipus yvellow-vermilion } vermilion-short
168 84 ‘ 76

A kétféle himeket jellemezte az, hogy egyiknek X chromosomaéja teljesen
& A, mig a masiknak X chromosoméaja részben rassz B eredetli volt. Meg-
eltiilk a testvérek keresztezését: azonban minden faradozas hidbavalénak

6. Az F, vad-tipust néstényeit a rassz B vad-tipusu himjeivel kereszteztiik.
wom kultira a kovetkezé ot fajta himet s egyféle néstényt eredményezte.

Néstények Himek
: vgrti]ri?i‘ifm yellow : yellow |vermilion vad-tipus
yad:=tipus short V{frrfll.lll.on sterilis fertilis fertilis
sterilis L2
|
194 45 41 ‘ 9 \ 13 67




A yellow és vermilion himeknek jelenléte azt bizonyitja, hogy az F, nig
nyében crossing over lépett fel a yellow és vermilion gének kozott. Az ily megy
kapott F, nemzedék ivarchromosomainak osszetételét a 6. abran lathatjuk i
F, testvéreket keresztezve csakis a vad és vermilion himek bizonyultak fertilig:

seknek,
Latjuk tehat, hogy olyan him is, mi

: nek ivarchromosmdja nem azonos rasszhil s
' mazik, lehet fertilis, ha az X chromosoma kéfuy
azonos eredelii, mint az Y chromosoma.
f st st s £ 7. Az ¥, vermilion himek-et vad-iips
1 névérekkel parositottuk s csak wvadtipusi
dokat kaptunk. Ez viszont amellett bizony
I I | I hogy a keresztezésben hasznalt nostények min
két X chromosoméja rassz B eredetii voltf. Az
lehetséges, hogy a yellow és vermilion jellegk:
ben heterozygota néstényekkel a péroso
Az Fy nemzed€k ivarchromosoma  pom vegetett sikerre, az utédok elpusztulik
dsszetétele. L
The sex chromosome composition tak. Szamunkra azonban az a Iegf9ntusahh
of F,; generation. hogy az F, nemzedékben kapott vermilion himd
parosodtak s utédokat is hoztak létre.

8. Megkiséreltiik a rassz B-b6l atvinni rassz A-ba a bubble gént tartalmu
X chromosoma részt.

A rassz B sg és bu himeket yellow vermilion rassz A-nostényekkel keresi
tilk s az utédokat visszakereszteztik single és bubble rassz B-néstényekkel
F, bubble néstényeit yellow vermilion rassz A-himekkel parositottuk és a kovetke

6. abra. Fig. 6.

legyeket kaptuk :
Néstények Himek
rellow yellow-ver- | singed 7
vad-tipus Veyrmiiion osszesen | milion bubble bubble Bsszesel
sterilis |  sterilis
o7 56 T 45 56 L 1o

A yellow vermilion bubble himek azt mutatjak, hogy az F, bubble nfst
nek volt egy X chromosoméja, melynek baloldala rassz A-bél valé volf s Wit
a y és v géneket ; a jobboldala pedig rassz B-eredetii s tartalmazta a bubble it
Az utébbi jellegben homozygota, az elobbiekben pedig heterozygota volt.

9. A yellow vermilion néstényeket a rassz A vad-tipusi himjeivel Kereszters
s a kovetkez6 eredményt kaptuk :
Nistények o Himek T
sterilisek j fertilisek
2 ' 5 n
yad-tps yellow vermilion yellow besres
bubble vermilion
1
113

135 48 ’ 65

Al
nival a
fisténye
fimeket.
itvigyiik
fizomyul
i okozo

A
viermili
nlt egy
4 jobbol
palami 1
girmazé
Hlinboz
1Y me

Ex
fetikas
umaban

til téves
s a f
inek st
jister-hay
[, Stern
iyes rés
Kis
bz sziiks

| ami

my fert
Nikjaase
5 oy
’ Meg
E‘ himet
ngy g
liztak,
Mas
H‘QTEdetﬁ
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A yellow vermilion himeknek testise rendes nagysagu volt s a parositas alkal-
gival a kovetkezd F, legyeket kaptuk: fertilis vad-tipusu és yellow vermilion
dstényeket, sterilis yellow vermilion bubble, fertilis yellow vermilion és vad-tipusu

gt | Ameket. Kisérletiink, mely arra irdnyult, hogy a bubble X chromosoma regi6t

Azk

L
ind

mas

L&

ifvigyilk rassz B-b6l rassz A-ba, mint a fennteobiekbdl kitiinik, eredménytelennek

fionyult, mert a bubble gént magéban foglalé chromosoma rész egyuttal sterilitast

i okozott.
s

R

A fenntebbi kisérleteink azt mutatjak, hogy az egyetlen fertilis hybrid him
iermilion volt, melyet a 6. és 7. pontban irtunk le. Ennek a vermilion himnek
it egy X-chromosoméja, melynek baloldala rassz B-eredetii, a kozepe rassz A,
tjobboldala pedig rassz B-eredetii volt. Ugy latszik, hogy a himek fertilitasa
wlami modon Osszefiiggésben van az Y-chromosoma s az X-chromosoma azonos

fuimazdsaval, legalabb is az X két oldalso régiojat tekintve. A kozépsé rész lehet

iilinb6z6 eredetii, nem sziikséges, hogy ugyanolyan rasszbél szdrmazzon, mint
u Y megfelel6 része.

Ezért teljesen logikus feltételezni, hogy a Drosophila obscurdban vannak
etikai tényezok, melyek a fertilitas létrehozoi ; s ezek a faktorok az X chromo-
rmméhan vannak elhelyezve, még pedig ennek a két végén ; tovabba feltehetjiik,

gy e tényezok kiilonboznek a rassz A és a rassz B-ben.

Négy jelenséget kell megvitatnunk s magyaraznunk :
1. A hybrid néstények fertilitasa.

2. A hybrid himek sterilitasa.

3. A vermilion himek fertilitasa.

4. A crossing over-ben felléps redukceio.

~ Amikor az X chromosoma fertilitds-faktorairél beszéliink, nem szabad szem
il téveszteni az Y-ban levo hasonld természetii tényezéket sem. Az Y is sziik-

a |[¥s a fertilitashoz, Bridges (1916) és C. Stern (1929) kimutatta, hogy Y nélkiili

ek sterilisek, s6t az utébbi szerzo bebizonyitotta, hogy a Drosophila melano-
fierban az Y chromosoma végei kiilonosen is fontosak a fertilitas kérdésében.

i " Stern adta el6szor az Y-chromosoma térképét és mutatta ki a chromosoma
i s részeinek qualitativ kiilonértékiiségét.
gﬂr Kisérleteink alapjan azt mondhatjuk, hogy a Drosphila obscura fertilitdsd-

i92s:rii.*rse'g.ﬂ:s, @ himben az Y ¢és legaldbb is az X-chromosoma ket végének azonos ere-

A U; amint ez az eset a vermilion himeknél. Feltételezhetjiik, hogy az X-chromo-

‘A fertilitas faktorai csakis az Y chromosoman keresztiil, illetve ennek kozre-

—|!kidésével tudnak csak termékenységet elsidézni, vagyis az a viszony van a
AIhﬂﬁ kozott, mint a kules és a zar kozott.

‘ ‘Meg kell emliteni, hogy Lancefield kapott par Pointed vermilion fertilis hyb-
Mhllmet is. Lehetséges, hogy ezekben az esetekben kettds crossing over lépett
hz:afy a Pointed és vermilion kozott levé fertilitas faktorok valésdgban nem val-

Més az eset a ndstényekben. Itt, ha egyik chromosoma rassz A, a masik rassz
“edetii is, azért a legyek fertilisek. S6t, ha crossing over kovetkeztében az
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X-chromosomak tobbféle részbol is vannak oOsszetéve, ennek ellenére is fertilig
maradnak. Eredményeink alapjan jogosan feltehetjiik, hogy az egyes X-chrony
soméak faktorai kozvetleniil hatnak, mig a himben ezek miikodését ellendzi y

Y-chromosoma.
A hybrid néstények s himek kozotti ily médon magyarazott kiillonbség temg

jtti régi
jifti cros
jitf 66-1¢
nidosula
fknek, 1

szetesen gyengiti az el6bb adott magyarazatunkat. Ezért mas tton is megprohi |5en az

kozhatunk valami moédon értelmezni eredményeinket. Goldschmidt hypothezisi

Ar

alkalmazésa bizonyos értelemben érthetéen s vilagosan megmagyarazza nehés |isise no
geinket. | mlf A ¢

Feltételezhetjiik, hogy a fertilitas faktorainak szAmaban tort(nt valfo|utik, ki
idézi el6 a sterilitast. Konnyebb érthetoség kedvéért vegyiik fel, hogy a ragudig st
A X és Y chromosoméjaban ezek 6sszege 10—10, (4 a végeken s 2 a kﬁzepénwémsftési

a rassz B X-chromosomajaban csak 8, (3 a végén s 2 a kozépen) ; az Y-ban el

| tibhsz

ben 12, (5 egyik-egyik végén s 2 a kozepén). Vagyis a himelknél a fertilitas faklovnmmfﬂi

rainak a szama mind a két rassznal 20, a rassz A-néstényeinél 20, a rassz B
pedig 16. (7. abra.)

niknak i

Ere:

Az Fy hybrid nostényénél a fakiod Jsgtacys

face 4 RaceB osszege 18, a himeknél vagy 22 vagy I&!ﬁmek, m
aszerint, melyik rassz adja az X-chromoful mig y
mat. A nostények fertilisek minden esethtt| 14
I I I [ E E E mert 18 : a 16 és 20 kozott van. Az utibiy,,
. 4 2k » = szamok az egyes rasszok fertilitas faktouf o o
01 10 0410 328 8 s nak mennyiségei. kit jelen
Hybrid Y Hybrid Y3 A fertilis vermilion himeknek az & Leg]
tében az X-chromosoma Kkozépsd militinta
crossoveres darabka volt, ahol feltevésiify, .
' szerint mind a két rasszban a fertilités i tghatAr,
S o e i torainak a s'zéma 2. Ily modon a C"Uss%t,hugy
P28 0 {0 e 4 over nem Valto.z.tatott a faktorlok II}e{lHF <k, Ugy
: ségén, az a crossing over ellenére is a regiltfic:,
7. abra, Fig. 7. radt. Ezzel megmagyarazhatjuk, miért 5!

A hybrid hin}e_k_sterilit;iséna]{ €s a nos- fertilisek a vermilion himek?

tények fertilitAsanak magyarazata. Hangstilyoznunk kell azonban, hogy?| iy

The schematic explanation of sterilit : v i T
and fertilisypin the hybrids. " fenntebbi hypothezis csakis a hybrid it

magyarazni, s nem terjeszkedik ki a tiszta rasszokra. A sterilitas kérdése nag®
is komplikalt, amint ezt C. Sfern eddigi eredményei is bizonyitjak. C. Siﬁrﬂli:
mutatta, hogy az Y-chromosoma fertilitas faktorai qualitative is kiilonbi
egyméstol s a chromosoma részei kiilon értékiiek. Az altalunk adott elméiflth’:J
nem is teljesen, de bizonyos mértékig megmagyarazza a fertilitas és sterlli

g

. |feniliselc
nyek s himek fertilitasanak okat am-fegem nay

A ng
& hybri

mdja sz
11assz A

Ell’m

mechanizmusaban fellépé nehézségeket.  Jimk; me
Arra vonatkozéan, mi okozza a crossing over redukciot, nem \’Ehft"{’qtm redu

fel semmi mas magyarazatot, minthogy ez szoros kapecsolathan van a fertlﬂiltfl
probléméjaval. A crossing- over ,,redukalo* faktorok az X-chromosoma "ngj.'
vannak lokalizalva : Pointed-yellow, fused-short, bubble-short, beaded-singel*
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s lertiligtfifii régiockban. Az A/B néstények X-chromosomdajéban a Poinled és yellow ko-
X~chrog fifi crossing over redukeié igen nagy : 62-v61 2-7-re csokkent, fused és short ko-
llendizi gliit 66-r61 3-8-re ; bubble és short kKozott 44:5-r61 5-1-re. A crossing overben felléps
idosulast avval a feltevéssel lehet magyaraznunk, hogy ugyanazoknak a ténye-
sség tempfinel, melyek a sterilitast okozzak, kell okozni ezeket a redukcidkat is, mert
megprigfieen az X-chromosoma ugyanazon részében vannak elhelyezve.

A rpssz A-néstény és rassz B-himek keresztezésébdl kapott hybrid himek
4lise normalis nagysagu volt, de ennek ellenére is a parositasnal sterilisnek bizo-
ilt. A masodik nemzedékben, amikor az F; nostényeket a him sziilgvel keresz-
ik, kétféle himeket kaptunk : normalis és nagyon kis testissel. Ez utobbiak
wfindig sterilisek voltak, azonban a rendes nagysagu testist mutaté himeket, csak
ifinsitasi kisérlet utan lehetett fertiliseknek vagy steriliseknek nyilvanitani.
f tobhszorosen megismételt visszakeresztezések alkalmaval a testis nagysiga

rassz Balfknak is van szerepe.
Eredményeink azt bizonyitjak, hogy nincsen oOsszefiiggés a sterilitas és a
a faklodlwta cytoplazmaja kozott. A keresztezésekbol kapott utodok kozott voltak sterilis

:'an van, hogy az egyik X-chromosomajanak megfelelé részei invertalodtak
ek okozndk a fertilitas faktoraiban azokat az eltéréseket, melyek a fenntebb
it jelenségeket okozzak. :

ek a &4 Jegfontosabb azonban ama tény, hogy a Drosophila obscura e két rassza
Epsd TS kintést nyujt 1j fajok keletkezésének a mikéntjébe. Lancefield és C. Stern
f@'lt.e‘:m& uint az els6 lépés 1j faj keletkezéséhez legnagyobb valdsziniiség szerint az ivar
‘tilitas f?h'-,_ Whatiroz6 mechanizmusban fellép6 véltozasokban keresendd. Ez okozza
E cro;:!; i hogy olyan himek keletkeznek, melyek a sziilokkel valo keresztezésben steri-
YK THEMIN e

OSSZEFOGLALAS.

Torid nll A Drosophila obscura rassz A és B keresztezésh6l kapott F, hybrid himek

sk, a néstények fertilisek. Az F; néstények X-chromosoméjanak a

ﬂ -3 (3 -
L';az na;: it nagy crossing over redukei6 torténik, osszehasonlitva a tiszta rasszokkal.
:S SternXef A nemhez kototten orokl6dé mutacick segitségével kimutattuk, hogy csakis

tihybrid him volt fertilis, amelyiknek Y-chromosoméaja rassz B-bél, X-chromo-
aja szintén rassz B-bo6l szarmazott, azonban a kozépsé regiéja crossing overrel
@5z A-hol helyettesittetett.

Elméletiink szerint az X-chromosoma végein vannak elhelyezve azok a fak-
; vehﬂfﬂﬂkmk' melyek physiologiai hatdsukban eltéréen viselkednek s okozéi a crossing
o il redukeidnak és a sterilitasnak.
ma végEil
.singed K

itlnbimd
elmélel,
s sterili
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(From the Hungarian Biological Research Institute, Department of Physiology, Tihany) oy
GENETIC STUDIES OF THE CROSSES OF TWO RACES (F
DRSOSOPHILA OBSCURA.
by P. CH. KoLLER PH. D. Lant
istances .
D. E. Lancefield has discovered (1922) and described (1925, 1929) twg cIJ ]
tinct races (A and B) of Drosophila obscura Fallén (Fig. 1.) which, while theya
not to be distinguised by the taxonomist, differ one from the other genetically a
cytologically. (Fig. 2.) He has shown that the races themselves are mutually ferfi;
but that of the hybrid offsprings the males are sterile, the females partil; Now
fertile. Lancefield also has shown that the crossing over values between certs;’sz pus
loci in the X-chromosome of race A are remarkably reduced in the case of Hyhi Hos (st
A /B female. The present writer was encouraged by Professor Lancefield to exaniy
the nature of the chromosomal interchanges connected with fertility or sterlf,
and he wishes to express his sincere gratitude and thanks to Professor Laneji i
for the material and for his help. It s
Hsome, 1
I. REDUCTION IN THE CROSSING OVER VALUES IN THE RACIL S0
HYBRID FEMALE. ind md {
{induced.
Regarding the crossing over values, obtained from interracial matisf . .
it has to be accentuated, that these values are really ,,recombination valus yusf
according to Bridges and Oldbrycht (1925), which could be transformed inturzﬂmmng d
crossing over values only after a study of the frequency of double crossing oty S
Therefore when we are using the term : crossing over values in agreement W
Lancefield, it means recombination values.
1. Females of race A with the dominant Pointed (0-0, wing mutation), }'eilﬁ _
(62-0, body colour), and vermilion (76-0, eye colour) sex-linked characters, ﬁi&l@;ﬁ&.‘;ﬂ
mated with wild type males of race B, and Pointed yellow vermilion maleani_. short
Pointed female offspring resulted. The males were all sterile, though their org;
coloured testes, to be seen through the abdominal wall, were of normal size.
The F* females (Pyv) and (ﬁ_!(_;‘), showing Pointed only of the mul# %
characters involved, were then backcrossed to Pointed yellow vermilion maki
of race A and the following results were cbtained. There were 292 females®} vy, -
220 males. Of the males there were the followimg classes :
No crossovers 1. regio 2. regio
Pointed :
a3 . rell Pointed
Wild type vﬁf;lrlfi’l‘i‘::) & Pointed i gr?ni?iwon yglllréw
105 87 4 2 18
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il From these figures the following map distances were constructed :

"l P/}! - - * & = = s = & = = = = = » T e e 8 & ® 2‘?
' S L A L R LTS S R L RRFIE L b
ST R Uy S Lt ] ety o (g L s res | P o P F< 8 e o a0 ilene

Lancefield had previously obtained from different experiments the following
|fstances :

i ey s e 30 2:3
Im| P/v. . . . 127 in his earlier experiment % 11-5
al T T 114
i

Now the map distances based on crossing over values obtained from the
wof pure race A females heterozygous for Pointed yellow vermilion were as
ws (see Lancefield).

Py e o P 8 B2
Bl oMot ina i AR 760
iy sl el af SUTe L%

It is seen that the crossing over in the region of the middle of the X chro-
me, i. e. in the region of y and v is not markedly different, whereas the cros-
ngover at the left end of the chromosome i. e. between P and y is greatly reduced.
2. To follow the other end of the X chromosome another mutation was in-
[fuinced. This is the recessive shorf wing-veins with a locus at the right end of the
Bliiirace A, 170 units from Pointed and 945 from vermilion.
e yus females of race A were mated with wild type males of race B and the
“flting racial female hybrids backcrossed to yvs males of the original race A.
6 succesful matings yielded the following crossing over values :

1. regio 2. regio
" miton wild total number
vermilion yellow hiost of males
yellow short verm. $ROR

Whereas the map distances are for y/v 14-2, between » and s 373, for y/s
3. To the value of y/v and v/s was added 27, the distance between P and y to
{Ifn 54-2, the distance between Pointed and short. Lancefield located the same
[2t48-7 in the hybrid. For v/s Lancefield obtained the figure 36-0, for y/s 45-7.
_ sibly the difference between the results is to be explained either by the smallness
! the numbers, or more probably by the fact, that Lancefield was using a dif-
1"t gene combination. Reference to the data obtained by Lancefield showed that
'I" luction has not affected the region between vermilion and fused, which is
s to the right of vermilion, but only that between fused and short. This

it i llustrated best by the use of modification of Lancefield’s figure. (Fig 3).
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The locus of vermilion is taken to be fixed and the lineal relationshiy |
this to the rest is shown.

It mpy be seen from the data thus displayed that the great reductionj
crossing-over affected only the regions near to the right and left ends of i
chromosome respectively, and that the middle region was relatively unaffe
In point of fact as proved by Lancefield the crossing over value between
fu is actually increased, whilst that between y and v is only slightly reduc

3. Two sex-linked mutations of race B were introduced into theintermi
crossing to locate more accurately the region of reduction in crossing over vali
One of them is singed (sg) the recessive mutant character common to b
races, but whilst its locus in race A is at 74:0, in race B it is tentatively placel}
Lancefield at 35°0 (i. e. the distance from beaded 0-0 of X chromosome of rach
The second one bubble (bu), another sex-linked recessive, is peculiar to racl
only, its locus is at 53-0.

¢y chrom
neial ero
gy chron
The cons
fetermine
ellow, sl
e follow
The
mes ol
fively, th
1.1
ifrace B
fermilion
i distini

From different matings the following results were obtained :

Number of . Percent of Percent of

Region Nature of cross Total oo vevs eroSsOVers crf;s;;)c?;ir:] é’"

Pyv (A) . i
Vi S;T((B)QX(B)@ 489 fi 282 74 80

Pyv (A) ‘ . i
S A R { i
8fou  |puse P X(BI | 284 83 342 326

Pyv (A) g )
v AL LB, o TR @) d 6

For the purpose of the discussion it is convenient to refer all map distau?
to the fixed lccus of singed. This being done, the above map was made. (Figt

It is to be seen that in the hybrid the crossing over between sg and b
increased, whilst that between bu and s is greatly diminished. ’

Genetic factors affecting crossing over are known. There are genes il
decrease the crossing over values, whilst deficiency sometimes entirelly ohliteraiﬂL
it. Neither of these can be responsible for the marked differences in map distii
exhibited by the hybrid A/B female and by the racially pure heterozygous et
respectively. If specific genes preventing crossing over were at worlk, then sit|
they must have operated in both races. The same argument applies to defici!
Lancefield assumes that two inverfed sections, one of each end of X chromosi®
are concerned in the reduction of crossing over. Our explanation is different fr®
that of Lancefield, it will be discussed when the problem of infertility has et
dealt with.

B. THE PROBLEM OF INFERTILITY IN THE RACIAL HYBRID MAlD

The racial hybrid male of F, generation is invariably infertile. The i
produced by the mating of the F, females to P, males of either race fall intﬂﬁ'
groups : those that are fertile and those that are infertile. It will be shown ﬂmt!z
tility and infertility in these stocks are definitely related to the constitution ol

{f) Points
ity flies,
5 Was se
tiese cro;
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b chromosome as determined by racial origin. If F, females obtained from inter-
wial crossing were infertile as the males, it would be certain, that not only the
schromosomes but the somatic chromosomes were concerned with infertility.
e constitution of the X chromosomes in terms of racial origin may easely be

tionship ¢

unaffestd ‘ermined by the use of the mutant sex linked characters : Pointed, vermilion,
Ween III' dow, short, singed and bubble, since all interchanges of racial chromatin can
! redu' sfollowed by the distribution of these characters.

The following experiments were planned so, that by building up X chromo-
“tmes composed of different portions of the X-s of race A and of race B respec-
(idly, the genetic cause of infertility could be regionalised.

onlt:: 1. Pointed yellow vermilion females of race A were mated with wild males
‘YUI; sl - rce B, and the resulting F, females were then backerossed to Pointed yellow

milion males of race A. Of the females of this generation, four classes were to
| distinquished : (Z) Pointed, (2) Pointed yellow, (3) Pointed yellow vermilion,
| Pointed vermilion. The third class includes both crossover and non-crosso-
bt flies, so does the first class, some cf them being heterozygous for Pointed,
liwas seen, when they were mated with yellow vermilion males of race A. From
e crossings appeared males with yellow and vermilion, but without Pointed.
| The Pointed vermilion class might pessibly have resulted from a double
nsing over, and to test this, some of them were mated to wild type males of
e A, when two kinds of son appeared ; fertile Pointed yellow vermilion and
lrtile vermilion. The second class of males shows that the females used were
fmozygous for vermilion and heterozygous for Pointed and yellow ; that is to
i, that of one of their X' chromosomes the left half was of race B, the right half
fibably was of race A. The vermilion males received the crossovered X chro-
wsome, its left half of race B, the right portion was of race A. The Y chromosome

‘ereent o
issavers by
Aancefield

igAlfis of race A origin.
2. Certain specimens of these females heterozygous for Pointed and yellow
Whomozygous for vermilion were then mated to wild type males of race B. The

senes wilfslting offsprings are shown in the following table :

7 obliteral .

ap distan Females Males

gous fen

then surs : ‘ Pointed "] Pointed ellow
deficientf wild | Pointed| total yellow vermilion | corrion | vermilion

) de ve_rlrfnhon infertile infertile ot

shromost infert. g

fferent (e

ty has e8 12 97 75 157 95 59 2 1

_ 7 out of the 59 vermilion males had testes of normal size. The male with
Aomally small testis is invariably sterile. These 7 males were tested for fertility,
' all of them proved to be infecund.

The
10 into 0 As was found by Lancefield, the crossing over values were in such repeated
wn thatlifetosses,  distinetly variable.

4. The composition of the sex chromosome of the individuals of this generation
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in respect of racial origin is observed by means of crossing over data. It is gy
in figura 5. that a Y chromosome of race B, associated with (Z)an X chromogpy
of race A, (2) an X with the left half of race A and the right of race B, (3)an Xy
of race A save for the region including yellow, or (£)an X all of race A savefy
the region including Pointed is associated with infertility.

3. Certain examples of the wild type females of Fy; were mated next wif
wild type males of race B, and the following offsprings were obtained : fertile vii
type females and males, and also vermilion males with abnormally small tes

The latter were sterile. F,.
It is possible that in the X chromosome composition of the infertile vermilin

6. T
were mat
fypes of :

—————u

W

male there was a race B, Y chromosome and an X the left half probably of whi}
was of race B, the right half including the gene for vermilion of race A. There
no evidence that there had bcen crossing over involving the X chromosome:

the female parent.
4. Next it was attempted to build up an X chromosome with its left hal

race A and its right of race B.

Yellow vermilion short females of race A were mated with wild type ml
of race B and the F, females backcrossed to yellow vermilion short males of raceA
From this F, yellow vermilion females were mated with yellow vermilion shii
males. The mating yielded in F; two kinds of males : yellow vermilion short f:
tile, and yellow vermilion infertile. This result shows that the female parents vt
homozygous for yellow vermilion and heterozygous for short and that one of th
X-s had a left half of race A and a right of race B. The infertile yellow vermilit

males were such as had received this latter X chromosome.

The
Iefween t
The male
fother a;
fe wild 1
It is
fone rac
e middle
7. Th
iid type

o kinds
iith one

It is seen thata Y chormosome of race A in association with an X, thekijueB, in
half of wich is race A, the right of race B yields an infertile male. {iis one n
5. Next it was attempted to build up an X chromosome of which the i fibrid fer
ends were of the same racial origin, whilst the middle portion was of a differeﬂ|1ﬂ1ales by

origin, i. e. to build up a chromosome : A-B-A or B-A-B.

The same yellow vermilion females as those of the F, above, were backers [iely fe)

talize is

to wild type males of race B. Of the 21 matings two were successful and gidj 8 N
iitace B
females males Sing
an || Tce A
5. The hy
: yellow vermilion vermilion short !
wildtypes infertile infertile Three
H
168 84 76 e
The characterisation of the two kinds of males showed that one poss il 1

an X completely of race A, while the other’s X was composed of a left end of &

A and a right and of race B. The Y of both kinds being of race B. The brothers# =i

sisters of this I, were then mated ; in some vials a male and female were Ff]m
together, in other numerous males and females, but all the matings were fruifls

67
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#| 6. The wild type female of F,, obtained from the above mentioned matings
m | mated to wild type males of race B. Three succesful cultures gave five
| jpes of males and one type of female:

il
females male
it
il
_ yellow
0 yellow .
it ; verm, yellow verm. wild
' wild type short fxfiia?t infert. fertile fertile
L infert. 2
1u_|‘ Zie
i 194 45 41 9 13 67
L]
|

The peresence of yellow and vermilion males showed that crossing over
_ {itween the loci of yellow and vermilion in the case of the Fy mother had occured.
e male sex chromosome composition of these types in the ¥, are shown in fig. 6.

futher and sister matings were then carried out, but of all of the males excluding
" fe wild type, the vermilicn alcne proved to be fertile in mating.

It is seen therefore that a male whose sex chromosomes are not completely
{ine race, can be fertile, when the two ends are of one race, in this case of race B,
| middle of the other, in this case of race A.

1. The vermilion males of F, were then mated with the wild type sisters. Only
ilitype offspring appeared. This shows that though it was known that there were
W kinds of wild type females in F,, one with both X-s of race B, and the other
iihone X of A carrying yellow-vermilion-short and with one X chromosome of
[f{#e B, in spite of this fact all of the male offsprings were only wild type. To explain

Usone may assume, that either no mating occured between vermilion male and
m{ibrid female heterozygous for yellow and vermilion, or the yellow vermilion
w{ules by some lethal effect were obliterated. The most important fact for us to

tlize is that the vermilion males of F,did produce offspring, i.e. they were com-
s |ktely fertile,

] 8 Next it was attempted to transfer that position of the X chromosome
itce B carrying bubble (bu) to race A. 3

Singed bubble males of race B were mated with yellow vermilion females
e A and the hybrid females were backerossed to singed bubble males of race
“The bubble females of F, were mated next with yellow vermilion males of race
LThree succesful cultures gave :

i
i

L5 p—

E B 5

females males (infertile)
d S |
B vellow :

vellow p singed

o ' v.ermilio’n total ‘I;EJrl?tl)llle bubble total
s |
It‘ : |
s ! 56 123 45 ‘ 56 101
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The existence of the yellow vermilion bubble males showed that the hujj
females of F, had a chromosome with its left end of race A, carrying yellow g
vermilion, and its right end of race B, carrying bubble, being homozygous forf}
latter and heterozygous for yellow vermilion and singed.

9. The yellow vermilion females were then mated with wild type mgy
of race A and the following classes were obtained :

females males
infertile fertile
wild type vgfxlrll(i)l‘i“;n yellow tota
Biikible vermilion
135 48 65 113

The yellow vermilion males had testes of normal size and when mated yil
their wild sisters gave an Fy as follows : fertile wild type and yellow vermili:
females, infertile yellow vermilion bubble males, fertile yellow vermilion and i
type males. It is seen, that the attempt to transfer that portion of X of racl
carrying bubble was unsuccesful for only an X with the right half and notm
rely the end piece, carrying bubble of race B was secured.

DISCUSSION.

The only hybrid male in the whole of the above experiments, which i
fertile in mating, was the vermilion male described in 6 and 7 above. This vermili
male had an X of the following composition : left end of race B, middle of race’
right end of race B, in association with a Y chromosome of race B ; it would ot
that fertility is associated with and conditioned by similarity in the racial o
of the Y and at least the two ends of the X, the middle of X can be of racil
different origin from the Y. It is reasonable to postulate therefore that thered
genetic factors affe:ting fertility in the end of the X chromosome of Drosophit
obscura and that these are different in the two races A and B.

Four matters demand further discussion :

1. The fertility of the racially hybrid female.

2. The infertility of the racially hybrid male.

3. The fertility of the vermilion male.

4. The modifications of crossing over.

These postulated fertility factors resident in the ends of the X, cannol tf
discussed without reference to others in the Y. The Y chromosome in the mal“f
essential to fertility, a male without Y is sterile, as stated by Bridges (1916)*
C. Stern (1929) who gave the first chromosome map of the Y chromosome and
shown, that in the Drosophila melanogester the ends of the Y chromosom 4
specifically concerned with fertility. '

For fertility in Drosophila obscura it is necessary that in the male a Vit
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the bubiilsX wih ends of the same racial origin as the Y, be present, as was the case on our
yellow gdpmilion male. One must assume therefore, that the genes affecting fertility,
ous forfieftich are resident in the ends of X, can produce their effects only, when they
faoperate in conjunction with or through fertility genes in the Y ; that is to say
type mifut their relation is, as that of the key and the lock.

‘| Lancefield found some Pointed vermilion males, which were fertile in spite
fhe presence of a racially different Y. It is not impossible that in these ca-
sby double crossing over the racially similar fertility genes remained unaltered.
The case of the female is different, for the female with one X chromosome
i each race is fertile, as is also the female with racially compound X-s. In the
|l of racially hybrid female we must assume, that the fertility factors of each X
prate directly, while their work is controlled by factors of the Y in the male.

E '_mretatlon was sought. An qppeal to the hypothesis of Goldschmzdt is llelpful
Wikt may assume; that the change either in plus or in minus direction in the quan-
Sy of factors for fertility produce sterility in the hybrid. For better understan-
"y let us assume, that there are e. g. 10 factors for fertility in the X and Y of race
i at both ends and 2 in the middle); 8 in the X of race B and 12 in the Y
“Hitboth ends and 2 at the middle in X, and 5 at each end and 2 in the middle
Y). In this case, for fertlllty in the male there must be a sum of 20 factors m
i races, for fertility in.the female 16 in race B and 20 in race A.

The racial hybrid female of F,; will have 18, the male will have either 22 or
suliiccording to the racial origin of the X. The female will therefore be fertile, be-
lifise the sum of factors (18) is between 16 and 20 — the totals of fertility factors

acial ongifice A and B and in the hybrid is shown in fig. 7.

Inthe case of the fertile vermilion male the crossover middle portion, where
gunilion is located contained 2 factors for fertility. The same part of X of race B,
ddich was replaced by the porticn carrying vermilicn, bore also 2 factors for fertlllty

It must be accentuated that the above hypothesis was introduced to explain
esterility and fertility in the racial hybrid and not in the pure race A or B. The
ilem is a very complicated one as it may be seen from the work of C. Stern.
“las shown that even the male fertility factors in the Y are of different quali-

not b
‘tflanm il the difficulties in the mechanism of fertility and sterility.
;1&) ol _'Ai present it is impossible to offer any suggestion, that will explain the modi-
il .-l. dlin in crossing over, save that the factors responsible for the crossmg over reduc-
me

A ae also concerned with fertility. The crossing over ,reducers‘ are situated
{'ie ends of the racially compound X chromosomes, i. e. between Pointed-yel-
(% fused-short, bubble-short and beaded-singed as it was pointed out by Lance-
e a Yol 4. The crossing over reduction in A/B female between Pointed and yellow is
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enormous, from 62 to 2.7 ; between fused and short from 66.0 to 3.8; bhetye
bubble and short from 44.5 to 5.1. These modifications in crossing over, that ys
observed in our experiments, are to be explained on the assumption thatj
these regions of the X chromosomes of the two races are the causes for steri

wtion in tl
ulalso of
aion X
) S

too and therefore one may conclude that similar causes exist responsible for hffw races

the crossing over reduction and for the sterility in the hybrid males.

The hybrid male produced by the mating of race A female and a race B mg
has testes of normal size yet is sterile. In the F, produced by mating the F, fem
to P, males, the males are of two classes in respect of testis size : (7) normal a
(2) abnormally small. The male with small testis is invariably sterile in matiy

Bridge
Lance)

but it is impossible to assume without actual test, that the male with testes¢f Abst. u

unexceptional size is fertile. In the repeated backecrosses there was a tendencyf
return to normal size. This would be expected if testis size was a character defi:
mined by genes in both sex and autosomal chromosomes. For the ordinary proces
of chromosome distribution together with crossing over, would yield a range of siz

There is no relation between sterility and fertility on the one hand and fk
composition of the zygote in respect of racial chromatin and racial cytophs
on the other. In the latter generations described, there were all possible combir:
‘tions of 1acial chromatin and cytoplasm and it was impossible to relate any
these with sterility.

In the present state of our knowledge of the genetics of Drosophila obsu
it is reasonable to agree with Lancefield, who suggests that possibly the sigi
cant difference between races that is portion of the sex chromosomes in one
have, in comparison with the equivalent portions in the other race, become i
ted. It is possible that thisinversion is responsible for the reduction in crossing o
and alters deeply the situation of factors concerned with fertility.

The real interest of this material lies in the fact, that it furnishes a posd
example of the method of origin of a new species. Lancefield and Stern have aig
that an early step in such an origin might well be genetic modifications affetii]
the sex determining mechanism, whereby males are produced, which are infet
with the parental stock. The same phenomenon was commonly observel I
H. Harrison in his work on the Bisfoniae varieties.

SUMMARY.

(1.) The F, racial hybrid male of Drosophila obscura is infecund, the fﬁllﬂak
partly fecund. There is a remarkable reduction in crossing over in the ref®
of the ends of the X chromosome in the F, racial hybrid female, when compit
with that which occurs in the racially pure. !

(2.) Experiments involving the use of several sex linked characters®
crossing over showed, that the only fertile male racial hybrid was one withE;
chromosome of race B and a racially compound X, ends of which were 1
and a middle of race A.

(3.) It is suggested that there are genes affecting fertility and crossing

el
located in the ends of the sex chromosomes and dissimilar in their physio¥”

Slern
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algion in the two races, and that this is the explanation of reduced crossing over,
#lstalso of the fact that for fertility the Y and at least two ends of the com-
sfaion X must be of similar racial origin.

il (4) Support is given to Lancefield’s suggestion, that the relation of the
o races is a study in the origin of species.
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A DROSOPHILA OBSCURA POINTED ALLELOMORPH MUTACI0} | ténye:
S MODOSITO FAKTORAL '

(A Magyar Biologiai Kutaté Intézet IL osztalyanak koézleménye.)

frta: DR. KOLLER PIUS

A Drosophila obscura Fallen POINTED mutaciéjat D. A. Lancefield isn:
tette eloszor, amikor a fentnevezett Drosophila faj nemhez kototten oroklil
mutaciéit 1922-ben kozolte. A POINTED mutans légynél a szarny hossli
mint a normalis szarny és a bels6 szegély erésen lekerekitett. (I. Tabla 1—4. ki
A POINTED szarny nagyon emlékeztet a Drosophila melanogasternél leirt BEADD
mutéciéra (7., 8., 9. kép). A feltiiné kiilonbség részben a kissebb mérteéki varii:
ban s a POINTED mutaciét okozé gén alacsonyabb foku élettani hatésaban njk
vanul meg.

A POINTED mutéciot létrehozé gén (P) helyét D. A. Lancefield a i,
vagy X chromosoma bal végsé részén allapitotta meg. Dominansan oroklidk},
de heterozygéta 4llapotban a tulajdonsag atiité ereje gyengébb s a szémy it Rl
meneti forma a homozygéta POINTED és a normalis tipus kozott. (14 ki 0 lJ O?Z.
Ez a tokéletlen, azaz nem-teljes dominancia heterozygéta Allapotban jellntf = eg3'(:
az Osszes Drosophila-fajokra. A kornyezet (h6mérséklet, nedvesség s tapial mzygn.
csak nagyon kis mértékben érezteti hatasat a POINTED mutacién. Az emit ;IMTI:JSFIIH
mutacié életrevalésaga és produktivitasa koriilbelsl megegyezik a normalis D -.Iért e&:
phila obscura-val. ' éigﬁ” ;.lh

Az 1. tablazat adatai mutatjak, hogy a POINTED muté4cié 6sszehasonl iy ﬂf
a normalis tipussal nem mutat eltérést ; vitalitasa azonos az utébbival. Ahmm;‘ﬁpusﬁ ]:‘ ]
san mutans POINTED—YELLOW-—VERMILION* torzsnek alacsonyabbfoki €l ‘»ﬂrésﬁnklm
valosagat és produktivitasat a Drosophila légyben jelenlevs YELLOW tuli = % %
sag okozta, amint ez a tablazat adatainak osszehasonlitasabol azonnal Ltk s ]J

A POINTED jelleget hordozé torzsben idonként megfigyelt variélésﬁaﬂ n ]13
»extrem™ tipusoknak meghatarozott aranyban valé megjelenése bizonyito i: yf
hogy a POINTED tulajdonsaganak ,,médosité faktorai vannak. Az osztél}'l: ffzetgﬁnlin};
zas nehézsége miatt azonban a modosité faktor vagy faktorok hely ek k¢
és kozelebbi szerepét meghatirozni nagyon faradsigos kisérletnek bizolf® .'hminanzse
A szelekcios kisérletek alatt a 137/31. szamu kultiraban a himek és nostény ;{i'edeket’
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* yellow : sarga testszin, nemhez kitott jelleg; vermilion: téglapiros szemszil,
hez kotott tulajdonsag.
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e nagyon keskeny és hosszi POINTED szarnytipust, az d. n. ,,extrem* tipust
tatta. (10. kép.) A legyek PP xXPY osszetételli sziiloktol szarmaztak, ahol
wstény homozygéta volt a POINTED jellegben. (Y jelenti a himekre jellemzd
e chormosomat.)
Az utédokat egymassal kereszteztiik s a parositashol kapott legyeket oszta-
. fova a 2. tablazat adatait kaptuk.

- A kivalasztott ,,extrem® himek és nostényeket keresztezve a kovetkezd
- inzedékben csakis az ,,extrem* tipusti POINTED legyek jelentek meg. Az ered-
iiny bizonyitotta, hogy a legyek mind homozygétak a POINTED jelleget mddo-
UTACIONG tényezo tekintetében. Ezt a faktort vagy tényezét mI-nek neveztiik el. —
wesztezesek azt mutattak, hogy ez a tényezd nemhez kotott, azaz éppen gy az
ir vagy X chromosoméban van, mint magat a POINTED jelleget okozo gén.
ONTED himek, melyek az ml tényezé6t is hordoztak, parosittattak normalis
amyt legyekkel. A heterozygéta néstény utédokat visszakeresztezve az ,,ex-

efeld g m' tipust POINTED himekkel, a 3. tablazat adatait kaptuk.
A vart és megfigyelt adatok kozotti csekély eltérést minden bizonnyal a

:n h(;l; !H}NTED és ml gének kozott tortént crossing-over okozta. A fenntebbi adatok-
) |* kiis lehetett szamitani a két faktor kozotti erossing-over értéket, vagyis a tavol-
St B |f_ L, mely a két gén kozott van. A tavolsag 137 Morgan egység. (Adatunk ki-
S umitdsanal a kovetkezo képletet hasznaltuk : 1—p, 1—p—+p és p, ahol p a cros-
ésabann eres csoportot jelzi.)

Az m1 médosito tényezo felfedezése utan csakhamar nyilvanvalo lett egy
tiold hasoglészer&pﬁ modosité tényezionek a jelenléte. Ez a tényez6 az u. n. m2
0 Groklifi ién modositotta a POINTED jelleget, azonban nem olyan nagy meértékben,
2 i at it az elobbi faktor, az m1. (5., 6. kép.)

. (14,36 El6szor a 65—34. szamu kulturaban jelentek meg sajatsagos szarnyi POIN-
e jell' i legyek. Ez a térzs PPml és PY sziilokt6l szarmazott, vagyis a néstények
_— mozygotak voltak a POINTED jellegben, mig az ml tényez6t csakis egyik X
" Az enliidh mmosomajuk hordozta ; a himek csak a POINTED gént tartalmaztédk. A him
wnalis D lidok fele, mivel az anyai X chromosoméaval megkapta a P és ml tényezoket,
it extrem** POINTED volt. A himek masik része és a néstény utéodok kozott
zehasoul ligyelhets szarnykiilonbségek az m2 tényezd jelenlétét mutattak.
A A himd Az 4j tipusi POINTED legyeket egyméssal kereszteztiik s csakis hasonlo
" et him s néstény utédokat kaptunk. A 4. tablazat mutatja a fenntebbi keresz-

k-l:l é I q s
)\i{: e asink eredményét.
nal itk A 3:1 arany bizonyitotta, hogy a széban forgé m2 médosité tényezd auto-
aridlis & falis jelleg, azaz nem az ivar, hanem valamelyik somaticus chromosoméaban

520 vito JJU elhelyezve.

Az ostl Az m2 gén kozelebbi meghatarozasa végett mas mutans Drosophila obscurdkal
ok h Jeetiink be, s ezek segitségével sikeriilt eldonteni,hogy melyik chromosomaban levo
. bizon itk kozé kell sorolni az m2 maédosité tényezét. El6szor a 4. chromosoma Knobby
=s nﬁstﬁ mmans, szem mutécio) jelleget mutato legyekkel kereszteztiik a POINTED m?2
\ itdeket, s az eredményiil kapott adatok bizonyitottak, hogy az m? gén nincsen
semszin, 18 Ii‘:fwbb,l,f—gen chromosoméjéval azonos chromosomaban. Ezek utan a 3. chromo-
ha tartoz6 orange (or) (szem szinben jelentkezo recessiv jelleg) legyekkel
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hoztuk kapcsolatha a FOINTED m2 Drosophildkat. PPm2m?2 nostényeket parog |gtik vol
tottunk P Yoror himekkel, s a kapott nemzedék himjeit és ndstényeit 6sszekereg. [iriban 1
tezve az 5. tablazatban feltiintetett eredményt kaptuk. jezért me
Az 1:2:1 arany mutatja, hogy az m* gén ugyanabban a chromosomihy |EDRE j¢
van elhelyezve, ahol az orange szemszint okozo6 tényez6 van. A vart és megfigy |utalmaz
adatok kozotti kiilonbséget ebben az esetben is az mZ2 és or kozotti crossing-om| Az 1
okozta. A tavolsag a ketto kozott 9-2 Morgan-egység, mely eredményt a 6. tabl fuzn az 0
zat adatai szolgaltattak. 1ED jelleg
ek (Ps
i X chre
tnnek bi:
lizé hom
iiobbi jell
llizotti té
imsag, al
Wﬁpustdl.
A 8.
dhelyezve
ED-x és
i elhely
AP
tikkel. M
ilajdonsé
{4l kapcsc
Inprmalis
hatdsuk
| megfig,
A PC
iilata egn
liek a kon
iog ]]égy
Wlata na
1:ehéz fela

K
0jit. Az
OINTED.
' thromo
it

A tovabbi kisérletek alatt a 83. szamu kulturaban sajatsagos PONE[ 2. p
tipus jelent meg. (12. kép.) A legyeknek szarnya olyan volt, mint a heterozygif} hogy 4
POINTED (14. kép.), s6t egy kissé még inkabb hasonlitott a normalis szarmi® 3. A
A legyek PPmIg és PY < sziilokt6l szarmaztak, vagyis az utédok mind homo{INTE

12
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Jutak voltak a POINTED tényezoben. Ezért nem lehetett feltételezni, hogy a kul-
Jirban megjelent kiilonos szarny-tipusu legyek egyszertien csak heterozygotak,
jezert mutatjak ezt a sajatsagos szarnyat, ami kiillonben a heterozygéta POIN-
|JEDRE jellemzg, A 7. tablazat mutatja, hogy az utédok mindkét X chromosomaja
futalmazta a POINTED gént.

| Az ml és m2 modosité tényezok is kiillonbozé mértékben éreztették hatasukat
'iggn az uj POINTED tipuson. A keresztezések azt bizonyitottak, hogy a POIN-
1D jellegnek egy 1ij, megfelel6 allelomorph mutacidja jelent meg. Ezt POINTED
ek (Px) neveztiik el. E tulajdonsagot okozé gén azonos helyen van elhelyezve
i X chromosoméban, ahol a POINTED gén, igy ez utébbinak allelomorphja.
finek bizonyitasara mind a POINTED, mind pedig a POINTED-x jelleget hor-
lzo homozygota legyeket a BEADED (be) mutaciéval kereszteztiik. (13. kép.) Ez
bbi jelleg génje az ivar chromosomaban van elhelyezve, a POINTED és BEADED
lizotti tavolsag : 20 Morgan-egység. A beaded szarny mutéacid, recessziv tulaj-
imsag, ahol a szarny belsé részén a szegély bevagasa mutat eltérést a normalis
ustol.

A 8. és 9. tablazat mutatja, hogy a P és Px gén ugyanazon tavolsagban van
lielyezve a BEADED géntol. A tavolsag POINTED és beaded kozott 19-2, POIN-
[ED-x és BEADED kozott 19-5. Ez bizonyitja, hogy a két gén ugyanazon a helyen
iin elhelyezve a chromosomaban : vagyis allelomorphok.

A POINTED-x jelleget kapcsolatba hoztuk az mi és m2 mddosité ténye-
ikkel. Megfigyelésiink szerint ezek a tényez6k nem befolyasoltak a POINTED-x
iljdonsagot olyan mértékben, mint ugyanezek tették a POINTED tulajdonsag-
il kapesolatban. A POINTED-x mindenesetre olyan jelleg, mely kevéshé tér el
inormalistol s a modosité faktorok ennek kovetkeztében nem is tudjak éreztetni
I hatdsukat olyan mértékben, mint az erésen elvaltozott POINTED jellegnél
i megfigyelheto.

A POINTED és a POINTED-x jellegnek a két modosité tényezovel valé kap-
lata egy 1j, az 1. n. ,miniature' szarnyat hozza létre (15. kép.). Az ilyen legyek-
# a konstitucioja PPmImIm2m2. Mivel a ,,miniature'* szarnytipus létrehozasa-
W négy tényezonek a jelenléte sziikséges, s mivel ezeknek egymassal valo kap-
lata nagyon is labilis, ezért a ,,miniature szarnytipusnak a megrogzitése nagyon
téz feladatnak bizonyult.

EREDMENYEK :

| 1. Két tényez6 : m1 és m2 modositja a Drosophila obscura POINTED muti-
Ujit. Az els6 nemhez kototten drokladik s 13-7 Morgan egység tavolsaghan van
UNTED-t6] ; a masodik az orange mutacioval azonos esoportba tartozik, vagyis a
1_Ehmmosnméban van elhelyezve, a tavolsag 9.7 Morgan egység m2 és orange

ott.

2. POINTED-x egyik allelomorphja a POINTED mutaciénak, attél abban tér
hogy a szarnyat kevésbé valtoztatja meg.

3. Az mI és m2 tényezok kisebb mértékben hatnak a Px génre, mint a
{UNTED mutéaciét létrehozé P-re.

[}
{.




220
KEPEK MAGYARAZATA :

1., 2. Pointed ndstény (PPQ).

3., 4. Pointed him (PYd').

5. Pointed és m2 néstény (PP m2 m2 ).

6. Pointed és m2 him (PY m2 m2 o).

7., 8., 9. Beaded a Drosophila melanogasternél (Bd).
10. Pointed és m1 him (PY ml 7).

11. Pointed és m1 ndstény (PP ml ml).

12. Pointed—x (Px).

13. Beaded a Drosophila obscurd-nal (be).

14. Heterozygota Pointed (P +-%).

15. Miniature Pointed—DPointed—x. (PPx mi1 m1 m2 m2.)

(From the Hungarian Biological Research Institute, Department [I.)

POINTED-x, AN ALLELOMORPH OF POINTED AND ITS
MODIFIERS WITH THE DROSOPHILA OBSCURA.

By P. CH. KOLLER.
SUMMARY :

1. The behaviour of two modifiers in Drosophila obscura, mi; located in (i
X chromosome at 13-7 units from POINTED and m2, linked with orange in the thil
chromosome and located at 92 units from orange is described.
2. Pz, an allelomorph of the previously described POINTED mutant, gi
a similar but smaller effect upon the wing character to POINTED.
3. The factor m1, which has the effect of intensifying the character, gives:
smaller effect with Px than with P; factor m2, which reduce the variability of i
character, similarly effects Px less then P.

IRODALOM — LITERATURE.

B. A.: Lancefield, 1922. Genetics 7. 335—384.
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1. tAblazat.
T - Poinled i
A I\q(gll&hs - Pointed i yellow s veYrﬁlli?i‘:m
o 2
i — ] emlion,
2 | & 22 | o Q2 | 9o R | &
]
320 84 79 471 91 85 22 47 35 51 55 49
i 322 65 67 | 472 72 70 24 53 471 52 63 54
323 91 88 475 65 63 26 72 65 53 44 46
250 | 224 248 | 218 172 | 147 162 | 149
L)
2. tablazat.
> 138 s 1y
TH ot . A szillgk genetikai
L Nostények Himek Sssratitole
S | Pointed | SXITEM | pyingeq 00 g g
56 3 47 4 PP ml1 mi P mil
stedinin 71 1 69 | 1 PP mimi | Pmi
in the third 30 a5, 31 32 PP mi P mi
- 2 62 30 27 PP m1 P
(tant, give
28 31 25 29 PP mi P mi
ter, givest
sility of the
3. tablazat.
Pointed P mi m1l és nor- Pointed
néstények himek mél}lén,tlgiusu himek
87 34 41 6
109 45 53 7
98 37 49 G
131 51 63 9
Osszesen : 425 167 206 28 : 401
|
Theoretikusan
szamitott : 180 200 28
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4. tablazat.

e —————
Nistények Himek
el b i _ PP
PP m2 m2 PP P m2 m2 P PP mi
27 98 21 84
22 7 27 85
31 87 21 91
|
Osszesen: 70 i 256 75 260 (sszesen :
5. tablazat.
Néstények Hifmek
PP m2 m2 PP or or PP P m2 m2 | P or or P
(Osszes
a1 26 | 59 24 ‘ 27 61
24 27 GO 26 | 22 58 —_—
15 19 39 18 1 21 41
[
Osszesen : 70 72 158 68 | 70 160
(sszesen
6. tablazat.
Theoretil
P m2 or
PL & 2 XPm2m2orord szamit
Néstények Him ek e
nem (fl'()‘E;;;Ver{'!S Crossoveres nem crossoveres C]'OSSU_VE:E—SH__
PP m2 m2 or P‘f:. l::? PPN’.“:‘,’,‘“E PP m2 or X mozr ol P m2 or or PoTzo;nz P “ﬂ“. o
47 53 4 6 52 | 45 4 N Nosteny
(4 72 G 9 57 66 6 I !
54 59 3 5 48 61 B J
32 39 3 6 27 42 3 b
16 | .
Osszesen : 197 923 16 | 26 184 214 18 Zan—
| A Usszesen -
|
\ ——
Theoretikusan | | 90
szamitott : 215 g4 [ il 198 198 20 = | Theoretilc
‘| SZimito




7. thiblazat.
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A sziil6k és utédok genetikai dsszetétele

PP x mi @ Pmldg Px Px @  Px g |Px Px ":"_- +
pPmimi |PPxmi| Pmi | P x | Px Px Px Px + Px
35 42 27 36 83 75 112 106
53 49 45 39 95 79 87 81
41 37 39 42 126 2 B: [ 131 126
(sszesen = 129 128 111 l 117 304 271 330 313
| |
8. tablazat.
B L
Bt ool o i
-+ be
Himek c v
= rossing
I Gsﬁzes 9 9 nem cross-overes Cross-overes (’)(Sjgf\;s‘ over
” érték
Pointed beaded I;g;’at:c? “?_{;‘:;“5
252 97 95 21 27 240 20-0
197 76 70 14 20 180 18-8
231 87 81 19 _| 23 210 20-0
Osszesen : 680 260 246 54 70 630 192
| Theoretikusan
‘szamitott : 271 271 67 67
|
9. tablazat.
Px ’ :
t o x Py
+ be
Himek ;
—= : B e e R A Cressing
Nistények nem cross-overes Cross-overes Yifmeck éwgl;‘;
Px beaded |Px beaded | + + il
193 59 77 14 20 170 2-00
219 72 85 18 20 195 19-4
161 56 59 12 15 142 190
4 Usszesen : 573 187 231 44 55 507 19-5
Theoretikusan
szimitott - 204 204 49 49
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I. INTRODUCTION.

‘Tur many studies of the chromosomes of the mouse have been concerned
‘mainly with their number or with the sex-chromosome constitution.
Tafani, as early as 1889, had given 20 as the haploid number, whilst
Sobotta (1895) found 16, and Gerlach (1906) 12. With improvements in
“eytological techniques, Long (1908), and more recently Painter (1926,
11927, 1928) and Cox (1926), have been able to show conclusively that
the number is 20 in the haploid state and that in this form male
lieferogamety exists.

- The investigation now to be described deals with the chromosome
behaviour during mitosis and meiosis. It is an application and extension
of the results obtained by Janssens, Belling, Belar and Darlington, using
other material, and was directed particularly to an examination of the
artial chiasmatype hypothesis as enunciated by Janssens (1909-24)
and modified by Darlington (1931, 1932 b).

II. MATERIAL AND TECHNIQUE.

The mice used were genetically closely related, their ages at the time
b which the tissues were removed ranging from 1 day to 10 months.
In order to obtain clear pictures of mitotic divisions, 1-3 days old mice
Were used, and it was found that the hair follicles and rapidly growing
testicular tissues were best for this purpose. Tissue from a mouse spon-
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taneous tumour was also used for the study of mitosis, of chromosome
behaviour, and particularly for the demonstration of the relation between
the chromosome and the spindle fibre. The animals which provided the
material for a comparison of chiasma frequency in male and female were
of the same age.

The technique used for the study of spermatogenesis was that of
La Cour (1931). It was employed both in the case of smears and of
sections. The smear proved to be rather unsatisfactory in the case of
odgenesis owing to the fact that only in a small number of folliculi could
the reduction process be observed. The fixatives for smears and for
sections were strong and medium Flemming, a combination of Navashin
and 2 BE (La Cour), Carnoy and 2 BD (La Cour). For smears the
medium Flemming proved to be the most satisfactory, especially for
demonstrating metaphase, whilst for the early prophase stages and for
diplotene, 2 BD (La Cour), was excellent.

The stain used was gentian violet standard stain diluted to 3 in Iin
distilled water. (A description of the use of this is given by La Cour,
1931.) Animal chromatin, when stained with gentian violet, would seem
to fade more quickly than that of plants. However, the slides can be
re-stained at any time without damage; this is not a serious objection.

The bulk of the material used was embedded in wax, and the sections
were 12, 16, 20 in thickness. It was found that the stain could pene-
trate a section even 30 thick quite easily, whilst iron haematoxylin
does not penetrate nearly so far. Thickness is necessary in cytological
work of this nature, since the chromosomes do not all lie in one and
the same plane.

Drawings were made with an H.I. 90, 1-30 apochromate oil-immersion
objective, a x 18, x 25, x 30 compensating eyepiece and a Zeiss camera
lucida. The drawings were made at an initial magnification of about
3500, 4200 and 5500 diameters respectively in most of the cases.

ITI. THE SOMATIC CHROMOSOME COMPLEX AND MITOSIS.

It was found that in the female as well as in the male the diploid
number of chromosomes was 40 (Text-fig. 1, 4, B depicts the metaphase
plate of mitosis in the male and female respectively, and the same
chromosome set in each case is arranged in a series depicted in Text-fig. 2,
1-20). The No. 1 pair of the somatic chromosomes is considerably larger
than the others. The 18th and 19th pairs are the smallest. Pair No. 20
consists of equal mates in the female and of unequal mates in the male.
For this reason it was assumed that in the male these were the sex-
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chromosomes. This chromosome complex contains an X and a Y
which differ greatly in size. In metaphase mitosis the ¥ in the male

\“)’
I

L/

is one of five single short chromosomes: in the female only four of
these can be discerned. The X-chromosomes cannot be distinguished
from the autosomes by differences in size or shape, but during the
somatic division the X sometimes shows precocious condensation. The
chromosomes designated as XX’s in Text-fig. 1 B are the two largest
Nvll S
3\ 5 LY
e}
'?ﬁﬁt Av
74N
B
Text-fig. 1. Somatic meta.phase (A4) in the male, (B) in the female. x 3500.
chromosomes in the metaphase plate, but in both male and female the
largest and longest chromosome has its mate. When, during prophase of
mitosis, the fine chromosome threads begin to contract and the chromo-
somes become thicker, perhaps by taking up fluid from the nuclear sap,
it was observed that one of the chromosomes contracted in advance of
the others. During meiosis the precocious contraction was even more
marked. For this reason this chromosome was regarded as the X.
However, the homogametic constitution of the female and the hetero-
gametic constitution of the male were definitely demonstrable in the
somatic complexes.

It has been established that with reference to a given chromosome
the point of attachment of the spindle fibre is constant. At this point
the chromosome is thinner than elsewhere. In the mouse the primary
attachment constriction is practically terminal in all the chromosomes
[Text -fig. 2). For the demonstration of the position of this attachment

Al) R TR R TR N TR R TR TR N TSTRTRTN £

1] 2 13 14 15 16 17 18 19 E0

B)l ] ll 0 Mlln R AR LR TR

o Il 12 13 14 1s 16 T 1B 19 20

Text-fig. 2. The somatic chromosome complex of (4) the male and (B) the female
arranged in series alignment. x 3500.

constriction in most plants, it has been found that somatic metaphase
18 most fruitful. In the mouse, however, the chromosomes being small
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and short, it is difficult to identify the exact position of the attachment
constriction in mitosis, but the anaphase figuration of the bivalent during
meiosis revealed the loci of the spindle fibre attachment constriction
quite clearly. Secondary constrictions were observed in two of the longer
pairs of the somatic chromosomes (Text-fig. 2, 1st pair). It is suggested
that the uniformity and the relatively small size of the chromosomes
are responsible for the scantiness of data regarding the morphology of
the somatic chromosome complex.

The prophase in mitosis is relatively short and its course is somewhat
obscure. At the beginning of mitosis the chromosomes are presented as
long, thin threads. The nucleus is filled with these threads or else with
small granules which were shown to be cross-sections of the mitotic
chromosomes.

Condensation and contraction of the chromosomes preceded the be-
ginning of metaphase, in which the strongly contracted chromosomes are
lying in the equatorial plate. In some cases the larger chromosomes are
grouped in a circle within which the small ones lie scattered. The end
of the chromosome where the spindle fibre attachment is located, is
turned towards the centre, and the distal end of the chromosome lies
without the spindle figure. In a few cases, lagging of certain chromo-
somes was found, such chromosomes lying far from the metaphase plate
and scattered in the cytoplasm. The observation of certain cells with
an aneuploid chromosome number indicates that these lagging chromo-
somes do not segregate and are lost during cell division.

The doubleness of the metaphase chromosomes could not be observed
until anaphase when the separation of the daughter chromosomes takes
place. In certain cases, especially in sections of the rapidly growing hair
follicles, lagging chromosomes were observed in anaphase (Text-fig. 3 4).
These chromosomes were sometimes held together in pairs, the ends of
the chromosomes distal to the attachment constriction remaining in
association. The time and place of the splitting of the chromosomes could
not be exactly observed. The daughter chromosomes remain closely
apposed during prophase and thus appear as single chromosomes.

In order to examine more carefully the problem of the time and place
at which the splitting of the chromosomes takes place, tumour tissue
from the mouse was studied. The most striking characteristic of the
cytological character of the dividing tumour cell is the aneuploid chromo-
some number (Text-fig. 3 B shows a tumour cell just after metaphase).
The chromosomes are seen not to be grouped as in normal metaphase,
but are widely scattered in the cytoplasm. The number of chromosomes
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in this particular case is either 38 or 39. In other cases the chromosome
number deviated more widely from the normal 40. Winge (1930) dealt
in great detail with this phenomenon. The spindle of the dividing tumour
cell was either completely absent or else showed irregularities. Such
abnormality of the spindle no doubt is responsible for the irregular or
polyploid chromosome number found in such cells. Double chromosomes
were observed in many cells during metaphase. They were thin and lay
in pairs close together as is shown in Text-fig. 3 C. Such a condition
was observed by Ludford (1930). These chromosomes are assumed to be
daughter chromosomes already separated, but the spindle being absent,
they have not segregated to the opposite poles to give rise to daughter
nuclei. This irregular behaviour of the chromosome complex in meta-
phase resembles in appearance the secondary pairing which was described

Text-fig. 3. (4) Somatic anaphase with lagging chromosomes, (B) somatic metaphase of
a dividing tumour cell, () anaphase in tumour cell without segregation of the split
chromosomes. Only a part of the whole complex figured. x 3500,

in secondary polyploids by Lawrence (1931) and must not be confused
with it.

The doubleness of the chromosomes at the end of prophase furnishes
definite proof that the chromosomes do not split in metaphase but earlier.

The studies of mitosis in the case of tumour cells seem to afford
evidence concerning the biochemical mechanism controlling the be-
haviour of the spindle. It has been shown that during division changes
in viscosity occur in the cytoplasm, and Heilbrunn (1928) observed that
the beginning of cell division followed upon the gelation of the cytoplasm.
Experimentally, this gelation process could be delayed or even sup-
pressed, with the result that the ensuing division was irregular. Mani-
festly, a normal cytoplasmic environment is a pre-requisite to normal
chromosome behaviour. If the environment is changed the behaviour of
the chromosomes becomes adapted to the change. Chambers (1924)
observed that this gelation increases during metaphase. This condition
of the cytoplasm is necessary for the development of the spindle. In
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the case of a tumour cell it seemed that the viscosity of the cytoplasm
was such that the spindle could not develop, and thus chromosome
irregularities resulted. The polyploid chromosome number is a reflection
of unusual cytoplasmic viscosity, which therefore would seem to be the
cause for continuous rapid division and consequent rapid growth of the
cancerous tissue. An abnormal chromosome number seems to further
stimulate cell division. The same argument would seem to apply to the
case of the mouse carcinoma cultivated ¢n vitro (Goldschmidt and Fischer,
1929).

These observations seem to show that the splitting of the mitotic
chromosomes takes place before metaphase, that the spindle development
is conditioned by the biochemical counstitution of the cytoplasm, and,
finally, that the division rate is determined genetically by the genic
balance in the chromosome complex.

IV. MgErosis AND JANSSENS’ PARTIAL CHIASMATYPE HYPOTHESIS.

The interpretation of chromosome bhehaviour during meiosis that is
here employed is based upon Janssens’ partial chiasmatype hypothesis
asrevised by Darlington (1930 @, 1932 b), and the terminology used is that
used by the latter author. The events in both male and female gameto-
genesis were studied, but for the prophase stages spermatogenesis was
the more profitable, though in a few cases diplotene stages were observed
also in the female.

The initial stage of prophase in the first spermatocyte is the leptotene
stage in which the chromosomes appear as fine long threads lying scat-
tered in the nucleus and showing no polarisation as in the case of
Dendrocoelum (Gelei, 1922) or in Stenobothrus (Darlington and Dark,
1932). The nucleolus or nucleoli are seen very distinctly, usually at the
side of the nucleus. The leptotene threads are very thin and show beaded
clumps of chromosome material. Their great number indicates that each
of these threads must represent a single “primitive” chromosome. The
pairing of the homologous chromosomes takes place in the next stage,
the zygotene. The association of the leptotene threads begins at the end,
probably at or near the attachment constriction: it certainly is not at
random. Similar behaviour of the homologous leptotene threads has
been described in the Tettigidae by Robertson (1931). The association
of the chromosome threads proceeds during zygotene until the homo:
logous threads are paired along their whole lengths. Thereafter follows
the pachytene stage in which, since the number of the threads is reduced

to half, observation is easier. The lengths of these paired threads differ.
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This difference is probably due to differences in the lengths of the original
chromosomes. This assumption is rendered more valid by the previous
observation on the somatic chromosome complex where dissimilarities
in size were observed. The threads in pachytene are thicker than in
leptotene and in zygotene, even in those regions where the zygotene
threads are already paired. The thickness of the meiotic chromosomes
in pachytene is not to be accounted for by the double size of the leptotene
threads. It would seem that, as pairing of the chromosomes proceeds,
contraction advances synchronously. An alternative explanation is that
when the chromosomes are associated throughout their whole length
longitudinally, splitting takes place and, instead of two threads being
present in each, there are four chromatids. However, the fact that the
chromosomes are shorter as well as thicker in pachytene, indicates that
the thickening is probably due to contraction. The fact that the long
leptotene chromosomes are single, and remain single during their pairing
in zygotene, and furthermore the evidence of the succeeding diplotene
stage where the four chromatids appear, show clearly that the chromo-
somes must be divided into two chromatids at the end of the pachytene

stage.

Chromosome division is accompanied or followed immediately by
exchange of parts amongst the partner chromatids. This exchange corre-
sponds to genetical crossing-over according to Janssens’ (1909, 1924)
hypothesis, and determines genetical segregation of the genes which are
located in the chromosomes. The “mitotic affinity” of chromosomes,
according to the precocity theory (cf. Darlington, 1931), is satisfied
by the pachytene pairing when the homologous chromosome threads
associate in pairs. In the pachytene stage, however, the paired chromo-
somes split and so four instead of two threads are now to be found in
close association. This association of the four chromatids disturbs the
mitotic affinity between chromosomes, and the result is that the chro-
matids fall apart in pairs, sister chromatids remaining in association.

Exchange of segments between the homologous chromatids is be-
lieved to take place before diplotene, the diplotene chiasmata are believed
to be due to the tendency of identical chromatids, that is chromatids
derived from the same somatic chromosome, to remain in association.
The exchanges of partner amongst the chromatids at diplotene are held
to reflect the previous interchange of segments. Darlington (1931) has
adopted Janssens’ partial chiasmatype hypothesis and has given to a
chiasma the following definition: “a chiasma is constituted by genetical
crossing-over between two of the four chromatids taking part in it, and
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by association at diplotene between chromatids derived from the same
chromosome.” The different types of chiasmata are illustrated in
Text-fig. 4 (cf. Sansome and Philp, 1932). The diplotene loops between
the chromosomes separated by these chiasmata, result from repulsion
between pairs of chromatids. In the mouse the chiasmata at diplotene
are formed at random. However, in the case of Mus norvegicus, a closely

A= A A

a b c

Text-fig. 4. Diagram illustrating the compensating (e, b) and non-compensating (¢) chiasma
formation. (o) represents the reciprocal, (b) complementary, (¢) diagonal type. 4 and B
indicate the chromosomes.
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Text-fig. 5. Drawing of complete chromosome set during diplotene. The total number of
chiasmata and the number of terminal chiasmata are given under each bivalent.
Note the pairing of X- and Y-chromosomes (first in the second row) by two interstitial
chiasmata. x 3500,

related species, Minouchi (1929) found localised chiasmata. The number
of chiasmata in diplotene differs in the case of different chromosomes
and in part it seems to be related to the size of the chromosome. The
short chromosomes mostly present two chiasmata, whilst the largest
show four to five. But the size of the chromosome is not the only factor
in determining chiasma frequency, as was pointed out by Darlington
and Dark (1932). Text-fig. 5 illustrates the entire complex of the
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90 bivalents during diplotene in one and the same nucleus. Text-fig. 6
displays the most characteristic diplotene loopings and chromatid asso-
ciation collected from several nuclei. The total number of chiasmata and
the number of terminal chiasmata per bivalent are given in each case.
The last stage of prophase is diakinesis which can be divided into
early and late. The early stage is characterised by the marked con-
traction of the chromosomes which are arranged on the periphery of the
nueleus, a condition which is very clearly seen in late diakinesis (Text-
fig. 7 4, B). The outline of the chromosome is not so clear in diakinesis
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Text-fig, 6. Drawings of diplotene bivalents from several nuclei. A and B series
were taken from spermatogenesis, ¢’ from odgenesis. x 3500,

_asin diplotene and in metaphase. This may be directly due to the extent
of the contraction. In diakinesis the unequal sex-chromosomes could
be distinguished most easily (Text-fig. 7 4). One or more nucleoli are
still present as deeply stained small bodies which usually lie in the centre
of the nucleus. The wall of the nucleus is still present. At the end of
diakinesis the centrosphere can be seen. In diakinesis as compared with
diplotene, the number of chiasmata is found to be decreased. This may
be due either to the breakin g of chiasmata or to terminalisation—that is
fo the movement of the chiasmata toward the end of the chromosome
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Text-fig. 7. (4) Early, (B) late diakinesis, The terminally associated X- and Y-chromo-
somes can be seen. x3500.

Text-fiz. 8. Metaphase dilri'ng spermatogenesis. (4) side, (B) top view. x 3500.
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Text fig. 9. Metaphase bivalents, 4 a,nd B from fenmle ¢ and D from male. The complote
chromosome set illustrated. x 3500,
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away from the attachment constriction. With diakinesis the prophase of
meiosis is ended.

The next stage is metaphase. The wall of the nucleus disappears and
the nucleolus or nucleoli can no longer be seen. The bivalents are arranged
in the metaphase plate (Text-figs. 8, 14) and show different configura-
tions, the result of chiasma formation and movement. Many of them
are connected only by terminal and others by subterminal or interstitial
chiasmata. Text-fig. 9 shows one whole chromosome complex from the
female and from the male respectively. The metaphase bivalents are
arranged in series and the total number of chiasmata and the number of

s

o

Text-fig. 10. Drawings of different types of metaphase bivalents as resulting from ter-
minalisation. Under each bivalent is given the probable interpretation of chromatid
constitution.

terminal chiasmata are given for each bivalent. The chromosome con-

_stitution and chiasma frequency of the bivalents are interpreted in terms

of the partial chiasmatype hypothesis. The points at which the chromo-
somes are held together in metaphase are the chiasmata, but these points
do not necessarily represent the actual loci where interchange of partner
chromatids takes place, owing to terminalisation having occurred.
Text-fig. 10 illustrates different bivalents obtained by partial ter-
minalisation of two chiasmata. It shows clearly the characteristic
features which are depicted in the illustrations in the paper by Painter
(1927) and Cox (1926). Amongst these metaphase bivalents can be
recognised the so-called bowler hat, cowboy hat, Derby hat, air propeller
forms. The terminal associations of bivalents must have had their be-
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ginning as interstitial chiasmata, for their origin as terminal chiasmata
would negative the assumption that a chiasma arises always by exchange
of partners. As in other organisms, furthermore, in the same complex,
terminal chiasmata are more frequent in the small bivalents than in the
long ones as a consequence of the movements of chiasmata. The shorter
chromosomes terminalise in advance of the longer; therefore, it is prob-
able that the rate of terminalisation is the same in the case of all
bivalents. Painter (1927) also observed precocious separation of the
short chromosomes in metaphase of the mouse. It is to be concluded,
therefore, that terminalisation is completed in the short chromosome
before it is finished in the longer. The size of the bivalents, the number
and the positions of the chiasmata and the position of the attachment
constriction are the determinants of metaphase and anaphase configura-
tion. These factors can differ in different cases, but in any one and the
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Text-fig. 11. Anaphase. Some of the most frequent types of the separating bivalents are
illustrated. a—h represent the compensating, ¢ the non-compensating types, & and !
are the associated sex-chromosomes with the short and long limbs. x 4200.

same complex the rate of terminalisation is probably the same, except
when it is arrested by non-homologous or inverted segments inserted
into the chromosomes. Since it may be assumed that the mice which
provided the material for this study were genetically similar, it follows
that differences in the genotype cannot be responsible for differences in
the rate of terminalisation.

The type of the chiasmata formed in diplotene was inferred from the
anaphase configurations. When two chiasmata are present (Text-fig. 4, b)
and the second chiasma restores the association of chromatids which
was lost at the first chiasma, then the chiasmata are said to be com-
pensating; the other type is the diagonal or non-compensating type
(Text-fig. 4 ¢), where the second chiasma does not restore the original
association. Darlington and Dark (1932) found in Stenobothrus that the
compensating relationship is favoured at the expense of the non-com-
pensating. In the case of the mouse the non-compensating type was
revealed by the separating bivalents at anaphase (Text-fig. 11 7).
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Sax (1930) argues that the decrease in number of chiasmata at
metaphase results from the breaking of the diplotene chiasmata, but this
breakage hypothesis has been seriously attacked by Darlington (1931,
1932 6). Its inability to explain differences in chiasma frequency in the
case of male and female respectively will be discussed later.

In one case interlocking of bivalents during metaphase was observed.
The four attachment constrictions showed that there must be two bi-
valents associated in one configuration. Cases were found in which the
bivalents are pulled apart by the spindle so that some of them come to
lie outside it. In other cases the chromosomes, being of an unequal size,
separated precociously in the metaphase plate. These bivalents are recog-
nised as the sex-chromosomes (Text-fig. 14 4).

The actual separation of the bivalents takes place at anaphase.
Text-fig. 12 4, B depicts this separation at different stages. The bivalents

mg-‘;'&

e
s

&

[rog

-

R

A
‘u;ﬂ:im

Text-fig. 12, (A) and (B) illustrate two different stages of anaphase. The bivalents are
separating at a different rate. x3500.

lose their close association and segregate to the opposite poles. Fig. 11
shows the most frequent configuration of the separating bivalents. The
X and the Y, however, sometimes remain in the metaphase plate, lagging
between the two groups of chromosomes (Text-fig. 14). The chromosomes
at the pole fuse closely together and form a very compact mass of
chromatin so that individual chromosomes can no longer be observed at
inferphase in the secondary spermatocytes. The separated bivalents after
an interval begin to divide, and this second division is equational cyto-
logically, although on the chiasmatype hypothesis it is in part reductional
genetically.

V. THE SEX-CHROMOSOME MECHANISM DURING MEIOSIS.

Pairing of the sex-chromosomes was observed at prophase in three
cases. In two cases the sex chromosomes paired by interstitial chiasmata.
Text-fig. 13 shows the pairing of the X and Y in diplotene and meta-
phase. The associations are similar to the figures of Painter (1927) who
investigated non-disjunctional v—0 males of Gates’ Japanese waltzing

Journ. of Genetics xxvI 4
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stock and found two paired heteromorphic groups, one of which was
the sex-chromosome pair XY. In diakinesis the pairing of the X and ¥
was similarly observed (Text-fig. 7). Painter remarks that the Y was
attached to the end of the X (Painter, 1927, Text-fig. 13) and lay parallel
to it on one side. In many instances the sex-chromosomes separate in
advance of the autosomes. In some, however, they remain in association
even after metaphase. Text-fig. 14 B shows an instance in which they
were connected by a thin terminal chiasma and lagged behind the auto-
somes. The metaphase pairing of the X and Y is an indication that these

X X x
x b3 b x
Y Y Y Y
Y Y Ay
A B

Text-fig. 13. Pairing of the X- and ¥-chromosomes during prophase and metaphase. x 4200,

Text-fig. 14, (4) Metaphase with precociously separating X and Y. (B) Anaphase with
lagging X- and ¥-chromosomes. x 3000.

chromosomes pair during prophase. In certain instances the sex-chromo-
somes pass through the prophase in advance of the autosomes, showing
precocious condensation and disjunction (Text-fig. 14 A); this could
not be due to structural dissimilarity only, but also to some qualitative
difference between the sex-chromosomes and autosomes.

According to Darlington, the metaphase pairing of chromosomes is
always by chiasmata, that is by exchanges between partner chromatids.
If the X and the Y are of unequal size, then, when they pair by exchange,
their chromatids will be interchanged and the prophase pairing will
sometimes give rise at metaphase to bivalents consisting of unequal
chromatids. Text-fig. 15 illustrates the pairing and interchange in the
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case of chromosomes unequal in size. Commonly in metaphase where
the number of bivalents found was 20, the association of the unequal
chromosomes X and Y was not to be recognised. This was found already
by E. Cox (1926). In other cases, bivalents with one long and one
short limb were observed (Text-fig. 11 k). These two facts, together
with the observation that precocious separation and lagging of the
unequal sex-chromosomes was relatively infrequent, rather permit one

S
s

Text-fig. 15. Diagram illustrating the pairing of X- and ¥-chromosomes by interstitial
chiasma. Cf, ¢ and f with & in Fig. 9.

¥
=)
X

=

to assume that exchange of partner chromatids of the sex-chromosomes
takes place during prophase. In the second anaphase the chromosomes
with unequal chromatids will divide and segregate and will give rise to
two kinds of gametes or spermatids, those with the long X and those
with the shorter Y, in equal numbers. Thus, the second anaphase would
represent the reductional separation for the X and Y.

According to the partial chiasmatype hypothesis, it is necessary to
assume that the paired sex-chromosomes are qualitatively different from
the autosomes, though not amongst themselves. The exchanges between

24-2
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the unequal sex-chromosomes would result in the elimination of any
qualitative differences in the pairing segments, though they do not
destroy quantitative dissimilarity. Thus it can be concluded that it is
the quantitative difference between the sex-chromosomes of the mouse
rather than the qualitative, which is more concerned with sex determina-
tion: a view which is in close agreement with the genic balance theory
of Bridges (1925). If the X and the Y differ in their internal structure,
then the maintenance of this qualitative dissimilarity would be a pre-
requisite to any precision in sex determination. In this case the X and
the Y, being thus dissimilar, would not pair but would behave in meiosis
as unpaired univalents. However, the pairing of the X and Y was
observed in the mouse, therefore the ¥-chromosome must be homologous
with part of the X.

In cases where the X and the Y separate precociously at metaphase,
we may assume on the chiasmatype hypothesis that two reciprocal
chiasmata were formed during diplotene when the second chiasmarestored
the original conditions. After terminalisation a great difference in size
might result in a precocious break between these chromosomes and the
terminal pairing blocks could not balance the forces of the greatly unequal
chromosomes and of the spindle fibre, so that they would lose association
and the X and the Y would separate precociously.

Comparing the behaviour of the sex-chromosomes as a mass with
that found in other forms, it is possible to hazard certain suggestions
regarding the evolution of the sex-chromosome, sex-determining and the
mechanism.

The maintenance and perpetuation of two classes differing one from
the other in such a way as to permit us to deseribe them as male and
female respectively, are the direct result of the establishment of hetero-
gamety. It may be assumed that some time before the beginning of the
evolution of the sex-chromosomes there were genes, as yet having no
physical relationship one to the other, and that their distribution from
generation to generation was haphazard. Then would come the develop-
ment of the gene aggregates to form the chromosomes. Mitosis would
come into being to give a precise distribution of these chromosomes.
Meiosis, an advantageous modification of mitosis, would then be de-
veloped later to be restricted to certain stages of gametogenesis. Following
upon this would come the differentiation of the chromosomes. At first
there would be pairs, all of them more or less alike in external structure,
but within them qualitative differences would arise. At this stage
crossing-over would be possible and would occur between the members
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of all the pairs, and so no particular gene association would possess the
property of permanence.

Next would come the accumulation of qualitative differences in one
pair of the chromosomes so that a genic balance of a particular kind
would become established. In respect of the power to influence sex and
its characters, one pair of chromosomes would become more or less equal
to all the rest. The sex-chromosomes and the autosomes would thus
become contrasted. Then, through continued ecrossing-over, the two
members of the sex-chromosome pair would become qualitatively and
markedly different one from the other so that two sex-chromo-
somes, derived from different sources, would now be able to pair
only in restricted portions of their lengths. Later there would be the
development of quantitative differences between the members of the
sex-chromosome pair, and the Y-chromosome would come into being.
That part of one of the sex-chromosomes which, because of a non-
homology, could not pair with the corresponding portion of the other
would be deleted so that there would remain an X-chromosome and a Y,
the latter being homologous with only a portion of the X and much
smaller than the X. This is the case in the mouse. Finally, the whole
of the Y-chromosome would be deleted. Deletion of a part or of the
whole of a chromosome in this way would lead to disturbances in genic
balance and so yield unusual features in inheritance.

VI. RELATION OF CHIASMA TREQUENCY TO CROSSING-OVER.

Chiasmata at diplotene are loci where the exchange between the two
pairs of partner chromatids oceurs. These loci are believed to be the same
as those of genetical crossing-over. In early prophase, especially at
diplotene, the chiasmata must represent the actual places where inter-
change between the chromatids takes place. At diakinesis and meta-
phase the number of the chiasmata decreases. This decrease in number,
and the alteration in position of the chiasmata, are brought about by
the process of terminalisation—that is, by the movement of the chiasmata
away from the attachment constriction. It follows, therefore, that the
chiasmata in the later stages of prophase and at metaphase do not
represent the actual sites of interchange. Nevertheless, the number of
chiasmata at metaphase gives an indication of their frequency in earlier
stages, and so, presumably, of the frequency of crossing-over.

The detailed accounts given by Dunn (1920), Castle and Wachter
(1924), Castle (1925), Detlefsen (1925), Wachter (1927) and Cuénot (1928)
regarding the crossing-over value between the factors for albinism and
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for pink eye in the mouse and the differences in sex incidence of crossing-
over, permit us to relate chiasma frequency to frequency of crossing-over.
The number of chiasmata at diplotene which actually represent the loci
of crossing-over according to the partial chiasmatype hypothesis is, of
course, the most convenient measure for crossing-over in male and female
respectively. The direct observation of the diplotene chiasma frequency
was found to be difficult since, in most of the cells, only 15, 16 or 17
bivalents were to be observed. Only one cell was found in the male at
diplotene in which the whole chromosome complex with chiasmata could
be counted (Text-fig. 5). The total number of chiasmata and the number

TABLE 1.
Chiasma frequency of the female and male mouse at diplotene.
Number of bivalents with Total Total

P A . No.of term. Mean No.of Term.

Sexes 1X 2Xta 3 Xia 4 Xta 5 Xta 6 Xta chiasm. chiasm. X/biv. TX/biv, coeff.
Female 8 10 11 8 3 2 120 39 28 092 032
Male 7 38 35 5 - — 208 78 24 091 033

X =chiasma; Term.=terminal; X/biv.=chiasma per bivalent; TX/biv,=terminal
chiasma per bivalent; Term. coeff. =terminalisation coefficient.

TABLE TII.

Chiasma frequency of the female mouse at metaphase.
No. 2 is dllustrated in Texi-fig. 9 A, B.

Number of chiasmata Total Mean

No. of , A - No. of  Term. No. of Term.
cell 1 2 3a 4 chiasm. chiasm, chiasm. coeff,
1 -4 13 1 2 41 14 20 0:34

2 8 8 2 2 38 16 19 0-40

3 7 10 2 1 37 19 1-8 0-51

4 6 11 1 2 39 17 1-9 0-43

5 4 12 2 2 42 20 2-1 0-50
Total 29 54 8 9 197 86 1-97 0-43

of terminal chiasmata are given for each bivalent. The chiasma frequency
was found to be 2-4 per bivalent, the terminalisation coefficient being
0-27. More probable data given in Table I were obtained by employing
Darlington’s method on Fritillaria (1930 b). The chiasma frequency at
diplotene is 2-8 in the female and 2+4 in the male.

The chiasma frequency at metaphase in the female and also in the
male was next studied, and the results are given in Tables IT and IIL
The chiasma frequency is 1-9 for the female, and 1-4 for the male. The
animals used were from the same litter, of the same age, and of the
same genetic constitution in respect of modifying genes. The observed
differences in chiasma frequency during metaphase suggests that this
exhibits a sex dimorphism in the early as well as in the late stages. The
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difference between male and female is remarkable. It cannot have re-
sulted from different rates at terminalisation in the two sexes, since the
number of terminal chiasma per bivalent is the same at diplotene in
both sexes.

The chiasma frequency at metaphase of a six-weeks old mouse was
estimated. This animal was from a different stock. Table IV gives the
results and shows that the chiasma frequency per bivalent is 1-6 and
the terminalisation coefficient is 0-61. The percentage of the bivalents

TABLE IIIL

Chiasma frequency of the male mouse at metaphase.
No. 3 is illustrated in Text-fig. 9 C, D.

No. of chiasmata Total Mean
No. of ; A 3 No. of Term. No. of Term.
cell 1 2 3 4 chiasm. chiasm. chiasm. coeff.
1 7 12 1 = 34 20 1-7 0-58
2 11 9 —_ —_ 29 21 1-4 0-63
3 10 9 1 e 31 19 15 0-61
4 13 7 — — 27 20 1-3 0-74
5 14 6 — - 26 20 1:3 0-76
Total 55 43 2 — 147 100 1-47 0-67
TABLE IV. -
Chiasma frequency of a young male mouse (6 weeks old) at metaphase.
No. of chiasmata Total Mean
No. of ; = -~ No.of  Term. No. of Term.
cell 1 2 3 4 chiasm. chiasm. chiasm. coeff.
1 6 13 1 - 35 21 1-7 0-62
2 9 10 1 — 32 22 1-6 0-68
3 8 9 2 1 36 20 1:8 0-56
4 11 S 1 — 30 19 15 0-63
b 7 11 2 — 35 21 1-7 060
6 12 4 1 — 29 19 1-4 0-69
Total 53 58 8 1 197 122 1-64 0-61

with two chiasmata in this young male is higher than that in older ones.
This is what would be expected from the observations made by Dunn
(1920), who reported slight decrease of crossing-over with increase in
age in the mouse. The two chiasmata are of the reciprocal type and give
rise to two recurrent double cross-overs and two non-cross-over chro-
matids—that is, the second chiasma restores the original constitution.
But the difference in crossing-over and in chiasma frequency in the same
sex at different ages is so slight that it cannot be regarded as im-
portant, as was pointed out by Dunn himself (1920). Text-fig. 16 illus-
trates the chiasma frequency in the female and in the male in the form
of a graph,
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The cytological interference was calculated (see Haldane, 1931) and
the variance for the male was found to be 0-504, that for the female 0-729.

The difference in sex incidence in chiasma frequency at metaphase
corresponds very closely indeed to sex differences in respect of crossing-
over. Dunn (1920), Castle (1925) and Wachter (1927), from genetical
data, all concluded that in the female mouse the linkage between albino
and pink eye factors is looser than it is in the male. Table IV, taken
from Castle and Wachter, gives figures showing the difference in crossing-
over between the factors for albino and pink eye. These results were
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Text-fig. 16. Graph showing the chiasma frequency at metaphase. A represents the
female, B the male with the same genetic constitution, ' is the curve of the chiasma
frequency of a very young male, 1) represents the combination of B and C.

discussed by Detlefsen (1925), but Castle (1925), using Detlefsen’s own
arguments, demonstrated that crossing-over is more frequent in the
female than in the male.

Similar differences in the sex incidence of crossing-over have been
described in the case of other animals and plants (cf. Eloff, 1932), and
all cases support Haldane’s (1922) dictum that if crossing-over is reduced
or entirely suppressed this occurs in the heterozygous sex. Dunn (1920)
has suggested that in the structure and function of chromosomes is to
be found the explanation for differences in the sex incidence of crossing-
over. Now, in the partial chiasmatype hypothesis, a chiasma represents
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crossing-over, and so it could be predicted that in that sex in which
crossing-over was most frequent, more chiasmata would be found. The
figures given show that sex differences in crossing-over are equalled by
sex differences in chiasma frequency.

These sex differences in respect of chiasma frequency cannot be
explained on the alternative “breaking” hypothesis adumbrated by
Janssens (1924), Darlington (1929), Sax (1930), et al., for if crossing-
over is conditioned by chiasmata, and if the reduction in the number
of chiasmata from diplotene to metaphase is the result of the breaking

TABLE V.

Hlustrating the difference of erossing-over value of the albinism and pink-eye
Sactors in the male and female mouse. (From Castle and Wachter, 1924.)

Gametes Cross-over Crossing-over

Sex tested  gametes value Authors
Female 2,789 444 15-92 +0-90 Dunn (1920)
Male 3,683 503 13:654-0-78 e
Female 0,556 106 19-06 +2-02 Castle and Wachter (1924)
Male 3,374 462 13-89 4+0-82 —
Total:

Female 3,345 550 16-44 +0-82 =

Male 7,057 965 13:77 +0-57 —

TABLE VI.

Chiasma frequency of male mice at metaphase. The age is unknown ;
Painter obtained his figures from Gates’ v—o males.
No. of chiasmata Total Mean
A

’ 5 No.of Term. No. of Term.
Author 1 2 3 4 chiasm, chiasm. chiasm. coeff,
E. Cox (1926):
Fig. 30 9 10 1 — 32 21 1:6 0-65
Fig. 31 12 7 1 —_ 29 22 1-4 0-65
Painter (1927):
Fig. 33 16 3 1 — 25 21 1-2 0-84
Tig. 34 15 4 1 e 2 20 13 0-76

of chiasmata (as this hypothesis assumes), then the sex with increased
crossing-over should have reduced rather than increased chiasma fre-
quency. But this is not the case, for it is now shown that increased
crossing-over is associated with increased chiasma frequency: an obser-
vation which is in harmony with the partial chiasma-type hypothesis of
Janssens and Darlington.

The chiasma frequency of metaphase bivalents in males shown by
Cox (1926) and Painter (1927) was interpreted in terms of this hypothesis.
The mean chiasma frequency per bivalent is 1-6 and 1-4 in the two cells
tounted (Table VI). The results of Cox are in close agreement with ours.
Painter’s figures were 1-2 and 1-3 and are lower than those given in this
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paper. Text-fig. 17 shows Painter’s percentage of bivalents with different
numbers of chiasmata compared with our own results. The difference
between the two sets may perhaps be explained by reference to the fact
that Painter was studying Gates’ v-o males (Gates, 1926) which show
a characteristic chromomere deletion, for a large portion of one of the
autosomes was missing in this stock. If we assume that the loss of this
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Text-fig. 17. Graph showing the chiasma frequency of different males at meta,p]mse;
A indicates the result obtained in the present study, B represents Cox’s, and C

Painter’s data.

segment disturbed the normal genic environment, it is reasonable to
postulate that the lower chiasma frequency found by Painter (1927) is
due to differences in chromosome behaviour resulting from this loss.
Another possibility suggested by Gates (1926) is that the Japanese
waltzing strain is of hybrid origin. Perhaps this special genotype is the
cause of the decrease of chiasma frequency, as compared with the normal

mice strain.




F. A. E. CREw AND P. CH. KOLLER 381

VII. SUMMARY.

1. The somatic chromosome complexes of the female and male mouse
were studied. The diploid number is 40. The chromosomes in both sexes
have nearly terminal attachment constrictions. In the male two chromo-
somes of unequal size were found: they are the X and ¥ sex-chromo-
somes. Their precocious condensation during mitosis was observed.

2. The splitting of the mitotic chromosomes takes place before meta-
phase. The development of the spindle and the splitting of chromosomes
are partly independent processes. It is suggested that the development
of the spindle depends upon a specific biochemical constitution of the
cytoplasm,

3. The rate of division is determined genetically by the genic balance
in the chromosome complex. Aneuploidy or euploidy may stimulate
rapid or indefinite division, as is the case in the tumour cells.

4. Different stages of meiosis were studied. The chromosome be-
haviour during meiosis is interpreted on Janssens’ partial chiasmatype
hypothesis. The decrease of the number of post-diplotene chiasmata, it
is suggested, is due to terminalisation, 7.e. to the movement of chiasmata
away from the attachment constriction. 3

5. The behaviour of the unequal sex-chromosomes during spermato-
genesis was studied. Both precocious separation and lagging of the
X and Y were found at metaphase. In prophase the X-and Y-chromo-
somes paired. In two cases interstitial chiasmata were observed. The
pairing of the unequal sex-chromosome is interpreted and discussed on
the partial chiasmatype hypothesis. Certain tentative suggestions are
put forward regarding the evolution of the sex-chromosome mechanism.

6. The chiasma frequencies of the male and female mouse during
diplotene and metaphase were counted. The difference in sex incidence
of erossing-over for the albinism and pink-eye factors is correlated with
the difference in sex incidence of chiasma frequency. Both crossing-over
value and chiasma frequency are higher in the females than in the males.

7. The data obtained can be predicted on the hypothesis that chias-
mata represent crossing-over, or that chiasma formation is conditioned
by crossing-over, but not on the alternative “breaking” hypothesis.
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EXPLANATION OF PLATES XXXII—XXXIII.
Prare XXXITI.

Segment from the testis. A illustrates the spermatogonial cells; B shows the metaphase
and (' the anaphase in the first spermatocytes. Note the lagging Y-chromosome. The
spermatids are shown at D). xca. 2200.

Prare XXXITII.

1, 2, 3, 4 show the precocious condensation and pairing of the sex chromosomes.
5 and 6 illustrate interlocking of bivalents at metaphase. 7 shows the association of the
unequal sex-chromosomes. 8 and 9 illustrate the metaphase plate of the first spermato-
oytes. xeca. 4000.

The photomicrographs of Plates XXXII and XXXIIT were taken by Mr H. C.
Osterstock with his own cinema camera.
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INTRODUCTION.

DURING recent years it has become increasingly possible to interpret
unusual genetic phenomena by reference to peculiarities in chromosome
behaviour. Examples of such cytological explanation are found in the
studies of triploidy by Bridges and Anderson (1924) and Redfield (1930,
1932), and of translocations by Dobzhansky and Sturtevant (1930),
Rhoades (1931), and Dobzhansky (19322). But, thus far, the phenomenon
of complete linkage in the male of Drosophila has not been explained
satisfactorily by direct observation of spermatogenesis. Doubtless this
has been due partly to technical difficulties, and partly to the fact that
chromosome behaviour is only now beginning to be understood. How-
ever, the first difficulties have been eliminated by Metz (1926), Guyenot
and Naville (1929), and Huettner (1930); and the second by Belar (1928),
and more recently by Darlington (19324).

The present study deals with spermatogenesis in D. obscura, and
attempts to offer a theoretical explanation, based on the observations
obtained, for the absence of crossing-over in the male.

MATERIAL AND TECHNIQUE.

The flies were obtained in 1928 from America through the kindness of
Professor Lancefield, and have since been bred in the Institute of Animal
Genetics, Edinburgh.

Newly hatched males were used. The maturation of D. obscura takes
longer than in D. melanogaster, and the testes of young flies nearly always
exhibit every stage of spermatogenesis: The only disadvantage is that

the spermatogonial cells and chromosomes are smaller than in other

species of Drosophila. However, this was counterbalanced by the fact
that large numbers of cells exhibit different stages of spermatogenesis,
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and the chromosomes are arranged in one plane at metaphase, as described
by Metz (1926). 4

The testes were dissected out from the abdomen in a 2 per cent. urea-
solution and fixed in strong Flemming to which urea was added. After
thirty to sixty minutes’ fixation, the testes were transferred to 1 per cent.
chromic acid for three to twelve hours. The stain used was Newton’s
gentian violet; it was absorbed deeply by the chromosomes and the
nucleolus, but only in a slight degree by what Metz (1926) calls the ‘ pseudo-
chromatin’’ materials.

DIVISION OF THE SPERMATOGONIA.

The chromosomes at prophase are somewhat indistinct and, owing to
the shortness of the period between the onset of division and metaphase,
their behaviour cannot be studied satisfactorily. They appear as more or
less thick threads deeply stained with gentian violet. They absorb the
stain more rapidly than do the spermatocyte chromosomes, so that in
many cases the spermatogonial cells can be easily identified by the strong
staining property of their chromosomes.

At metaphase the chromosomes are arranged in the equatorial plate,
the homologous chromosomes lying side by side. The chromosomes in
the spermatogonia of D, obscura are always arranged in one plane during
metaphase, which appears not to be the case in any other Drosophila species.
Plate I, figs. 1, 2 and 3, show spermatogonial chromosomes at metaphase.
Only fig. 1 illustrates the whole chromosome complex. The heteromorphic
sex-chromosomes can be identified. The X-chromosome is V-shaped
and has a median or nearly median attachment constriction, while the Y-
chromosome is rod-shaped with a submedian attachment constriction,
which sometimes divides the chromosome into a long and short limb as
illustrated in fig. 3. Three out of the four autosomes are rod-shaped,
all about the same length, and slightly shorter than the Y-chromosome.
Frolowa and Astaurow (1929) illustrated the chromosomes in the Russian
species of D. obscura, and in their figures the autosomes are somewhat
V-shaped. Metz’s depiction (1916, 1926) of the complex of D. obscura
resembles ours, showing rod-shaped autosomes. In a few spermatogonial
metaphases (fig. 2) the different size of the autosomes is due to the different
angles from which they are viewed. The fourth pair of autosomes is the
smallest in the complex, its length being about §, or even less, of the other
autosomes, so that in many cases they are not readily observed (figs. 2 and
3). The spindle fibre attachment constriction of the autosomes is terminal
or nearly so.

At metaphase of the spermatogonial division the chromosomes show
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a tendency to associate in homologous pairs. This association of the
homologous chromosomes becomes more intimate at anaphase when the
equationally divided chromosomes pass into opposite poles. Plate I,
figs. 4, 5 and 6, illustrate the anaphase of the spermatogonial division.
Figs. 4 and 5 give the polar view, and fig. 6 the side view of the anaphase
stage. This association of homologous chromosomes resembles meiotic
pairing, and it is easy to mistake the anaphase configuration of the associ-
ated spermatogonial chromosomes for the anaphase of the first spermato-
cytes, as has been already pointed out by Metz (1926) and by Huettner
(1930). In some cells the chromosomes in the polar view are represented
as small, round bodies, lying side by side, and this arrangement is very
similar to the secondary pairing at meiotic division described and dis-
cussed by Lawrence (1931).

Each member of the associated homologous chromosomes has a single
structure; no sign of splitting could be observed at anaphase of the
spermatogonial chromosomes. The double structure and the apparent
““haploid” number are due to the association of the homologous chromo-
somes during their segregation to the opposite poles. The association of
the homologous chromosomes during the spermatogonial division in
several Drosophila species was observed by Stevens (1908), Metz (1916),
Guyenot and Naville (1929), and Huettner (1930). In another species of
Diptera, Nonidez (1921) followed in detail the whole process of anaphase
association of spermatogonial chromosomes. Metz (1926), in his masterly
paper on spermatogenesis of the Drosophilidz, even described cases where
the association of homologous chromosomes begins as early as the prophase
of the spermatogonial division. However, in the present study only the
anaphase pairing could be followed clearly.

The association of homologous chromosomes in pairs is characteristic
of the Diptera, but this phenomenon must not be confused with true
chromosome pairing, a term which indicates intimate chromosome con-
jugation, or synapsis, during the prophase of the first meiotic division. In
some cases the association between homologous chromosomes results in
complete fusion at the attachment constriction. This process takes place
before the chromosomes of the whole complex fuse together to form the
nucleus of the first spermatocyte.

At the end of anaphase the chromosomes fuse together and give rise to
a deeply stained chromatin mass, from which the ends of the chromosomes
sometimes still protrude (Plate I, figs. 7 and 8). Simultaneously, a wall
develops round the nuclear material, and the daughter nuclei are formed.
However, the space in the nucleus which is occupied by the chromosome
complex is only about half that of the total volume, the rest being taken
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up by other nuclear material which has less staining capacity than the
chromosomes. In a few cases cells were found in which this nuclear
material had migrated from the nucleus, and was dispersed in the cyto-
plasm. The true nature of this nuclear material was discussed, its be-

haviour followed with the aid of the Feuglen-reaction and described in
detail by Huettner (1930).

MEI0SIS.

The division of the first spermatocyte is preceded by the “growth
period,” the volume of the nucleus increasing rapidly. The nuclear
membrane of the first spermatocyte nucleus during this period is somewhat
thicker and coarser in structure than it was in the previous stage. In the
nucleus qualitative and quantitative changes take place. At the beginning
of the growth period, the nuclear mass disperses and is more or less evenly
stained with gentian violet. Soon, however, a small part of this nuclear
material condenses and forms a nucleolus or plasmosome, which breaks
up into small, slightly stained bodies before the prophase of the meiotic
division. Plate I, figs. 9 and 10, illustrate the growth period of the first
spermatocyte. In the nucleus the nucleolus and the nuclear material can
be seen. Plate I, fig. 11, depicts an early spermatocyte nucleus with a
nucleolus and small stained bodies which are derived from the nucleolus;
Jeffrey and Hicks (1925) most probably mistook these fragments of
the nucleolus for chromosomes. They survive the prophase of the first
spermatocyte, sometimes even the meiotic anaphase, and can easily be
interpreted as chromosomes, as was pointed out by League (1930).

The rate of growth is very rapid, and the cells in successive layers
differ greatly in size. Those spermatocytes which are in a more advanced
stage show a nucleus, which is increased in volume, as well as other changes
in the nuclear material. The small nuclear aggregates, which are derived
from the break-up of the nucleolus or plasmosome, are present in various
numbers. Plate II, fig. 1, illustrates a nucleus, showing the condensed
nucleolus and four large and four small chromatin aggregates. The stain-
ing capacity of the nucleolus is exaggerated in this figure to illustrate more
clearly the smaller aggregates. They are sometimes seen to be connected
by thin threads with each other and with the nucleolus.

The break-up of the nuclear chromatin material into smaller aggregates
is followed by their diffusion. The aggregates loosen, become thread-like,
and stain less deeply than in the condensed stage. Huettner and Guyenot
and Naville found that the spermatocytes at this stage, which is most
probably the early prophase, contain fine single threads which were identi-
fied as the leptotene chromosome threads. However, in our investigation,
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as also that of Metz, single threads like the leptotene chromosomes were
not found in the early prophase of the first spermatocyte division. This
is most probably due to the different technique and material used by
Huettner and Guyenot and Naville.

The diffusion of the chromatin aggregates into threads is illustrated
in Plate I1, fig. 2. The threads have a double structure, showing a V-shape,
and are associated at one end. This arrangement was the most common
in the first spermatocyte. Fig. 2 does not show the supernumerary and
““pseudo-nuclear” aggregates, but illustrates only the prophase chromo-
somes as they develop from the chromatin material. The chromosomes
are thicker than the early prophase chromosomes in normal meiosis.
Plate II, fig. 3, illustrates the same stage in the first spermatocyte. One
chromosome pair shows close submedian association or pairing. Plate
II, figs. 4, 5 and 6, show the nucleus of the first spermatocyte with paired
chromosomes where the association is terminal, subterminal, or median.

 Plate II, figs. 7, 8 and 9, represent more advanced stages of prophase.
The chromosomes remain in pairs, but condensation takes place and the
loose granulated chromosomes become more deeply stained. In some
first spermatocytes during this stage the X- and Y-chromosomes are seen
to pair. The inequality of the members of the pair and the structure
of the associated chromosomes, suggested that they are the sex-chromo-
somes. In D. obscura a very characteristic feature in the prophase of
the first meiotic division is the association of short segments only of
the chromosomes. This association most probably represents a partial
synapsis or conjugation of homologous portions of chromosomes.

The condensation of the paired chromosome threads is rapidly pro-
gressing and they decrease in length. In this stage—the diakinesis—the
chromosomes can be followed very easily, as the staining capacity is much
better, and they appear as deeply stained double elements. Plate I,
figs. 11 and 12, illustrate the diakinesis stage in the first spermatocyte. The
X- and Y-chromosomes can be identified in the complex. This stage is
closely similar to the stage illustrated in Plate I, figs. 4 and 5, which
represent the anaphase of the spermatogonial division.

The prophase stage, as described above, was in many cases obscured
by the nucleolus and other chromatin material. The nucleolus usually
breaks up into small round bodies or globules, which scatter throughout
the nucleus. In D. obscura, however, these secondary phenomena, which
are very common in other Drosophila species, such as melanogaster and
verilis, do not extend to such a degree as to make the observation of the
chromosomes impossible during prophase.

Diakinesis is followed by metaphase. The chromosomes, which at
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diakinesis lie side by side but scattered in the nucleus, are, during meta-
phase, arranged in the equatorial plate. The members of each paired
chromosome bivalent are separated, and are held together only by terminal
or subterminal association. The nuclear membrane is still present at
the beginning of metaphase, and only when the chromosomes are arranged
in the equatorial plate does it gradually disappear and the nuclear spindle
develop. The paired chromosomes remain in their loose association at
the beginning of metaphase. Owing to the delayed development of the
nuclear spindle, the bivalents of D. obscura differ from those characteristic
of most meiotic metaphases. Plate III, fig. 1, illustrates the onset of meta-
phase with the movement of the chromosomes to the equatorial plate, as
seen in polar view. Figs. 2 and 3 illustrate metaphase stages in side
view; the nuclear membrane is still present and the spindle has not de-
veloped. A more advanced metaphase is seen in fig. 4. Most probably
the partial synapsis proceeds in such a way as to leave only a very small
part of the two homologous chromosomes remaining in association, but
at different levels. When the spindle develops, the associated chromo-
somes are pulled apart from the point of attachment constriction to the
point of association. This stage is depicted in Plate III, fig. 4, showing
the bivalent chromosomes. The unequal sex-chromosomes, as are the
homologous autosomes, are associated and paired. The synapsis is always
restricted to one end of this chromosome pair, and does not change during
prophase. The association of X and Y at metaphase remains terminal
or nearly so. If pairing is determined by homology, then the associated
segments of X and Y must be homologous. A similar conclusion was
drawn by Metz from his cytological studies on other Drosophila species.
Plate II, fig. 9, and Plate III, figs. 1 and 2, illustrate the partial conjuga-
tion of sex-chromosomes.

Anaphase is very short. The chromosomes separate reductionally to
the opposite poles, and owing to the slight association, their separation is
very rapid. The fibre of the nuclear spindle pulls them apart, and in
side view this separation can be followed very clearly. Plate III, fig. 3,
shows the anaphase separation in side view. The chromosomes move to
the poles, but the rate of movement may be different for different chromo-
somes. Some tendency to lag could be detected in anaphase, but this
phenomenon may be explained by the unusual synapsis during the previous
stages. The separating chromosomes sometimes exhibit a double struc-
ture, which indicates that they most probably have split in the earlier
prophase stages, but the exact time and place of the splitting could not
be ascertained. Plate III, fig. 6, shows anaphase stage, some chromo-
somes showing the double structure.
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At the end of anaphase, when the chromosomes have arrived at the
poles, they fuse together and form a small round nucleus. This formation
of the nucleus represents the end of the first spermatocyte division, which
gives rise to two secondary spermatocytes with a reduced chromosome
number, and the separation of the cytoplasm into two cells usually pro-
ceeds simultaneously, though sometimes the division of the nuclear material
is not followed immediately by the division of the cytoplasm. Plate III,
fig. 7, illustrates secondary spermatocytes with a comparatively small
nucleus.

The division of the secondary spermatocyte into two spermatids is
preceded by a rapid increase in the volume of the nucleus. The length
and bulk of the chromosomes are comparatively greater than are those of
the chromosomes in the first spermatocyte. The individual chromosomes
can be identified and two types of haploid chromosome groups—one with
the V-shaped X, and the other with the rod-shaped Y—can be seen in
many secondary spermatocytes during metaphase. Plate III, figs. 8 and
9, illustrate metaphase plates of secondary spermatocytes. This stage
is the one which was found most frequently in the testes of . obscura.
The chromosomes are arranged in the metaphase plate, mostly in one
plane. Their double structure, which resulted from splitting, cannot be
detected in the very short prophase, but in a few cases it was followed
from the anaphase of the previous division. The segregation of the
chromosomes at anaphase to the opposite poles shows that the rate of
separation is sometimes different and causes some chromosomes to lag;
most probably the sex-chromosomes remain behind the rod-shaped
autosomes in the movement from the equatorial plate to the pole. Plate
I11, fig. 10, illustrates the anaphase of the secondary spermatocyte.

The formation of spermatids and the development of sperm are similar
to these processes already described in other Diptera.

DISCUSSION.

The behaviour of the chromosomes during the maturation division in
the male of Drosophila has been studied by Metz (1926), Guyenot and
Naville (1929), and Huettner (1930). Their observations all substantiate
the genetic evidence that there is no crossing-over in the male, but their
interpretation of its cause differs. The present study of gametogenesis
in D. obscura presents additional data, which have been reviewed in the
light of recent observations of meiotic chromosome behaviour in plants
and animals, and a more probable hypothesis of the cause of this
suppression of crossing-over is offered.

Two important hypotheses (Sax’s, 1930 and Belling’s, 1931, and
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Darlington’s, 1931) deal with the relation between pairing of homologous
chromosomes and crossing-over. Both of them are based on Janssens’
(1924) partial chiasmatype hypothesis, but they differ regarding the time
relations of chiasma formation and crossing-over.

If the homologous chromosomes do not pair during meiotic prophase,
then crossing-over cannot take place. Furthermore, the pairing of
homologous chromosomes is the basis for normal chromosome disjunction
and segregation. Anderson (1929), studying non-disjunction in D.
melanogaster, proved that the paired homologous chromosomes pass to
the opposite poles more regularly than do chromosomes which failed to
pair with their homologues. Similar results were obtained by Dobzhansky
(1932a), who studied the different translocations in D. melanogaster and
demonstrated that pairing, crossing-over, and chromosome disjunction
are closely interrelated. If there is complete chromosome disjunction
which can be followed genetically, then one may infer that the pairing
and post-diplotene association of homologous chromosomes must have
occurred previously, and that these phenomena represent the cytological
basis of the complete genetical segregation. The post-diplotene associa-
tion of chromosomes, however, is dependent on chiasma formation, which
in turn is related to crossing-over, as shown by Beadle (1932). Gowen
(1928, 1931) demonstrated in D. melanogaster that absence of crossing-
over in the female is associated with frequent non-disjunction of all chromo-
somes, which shows that crossing-over and segregation are interrelated.

In the male of the different Drosophila species there is normal distribu-
tion of homologous chromosomes to the opposite poles at the anaphase
of the first spermatocyte, which indicates that they must have been associ-
ated in pairs during the meiotic division. This association must have
survived even the post-diplotene stage, and the chromosomes are pulled
apart by the spindle fibre after metaphase.

The question arises, therefore, as to why genetical crossing-over does
not take place during this meiotic pairing. The cause of complete sup-
pression of crossing-over may be either genetical or cytological.

The pairing of homologous chromosomes, and the formation and dis-
tribution of chiasmata (genetical crossing-over) are conirolled by factors
located in the chromosomes themselves. This problem was discussed by
Darlington (1932). Blakeslee (1928) in Datura stramonium, and Beadle
(1930) in Zea Mays, described plants where there is much lack of pairing
between homologous chromosomes during meiosis. These plants contain
one recessive gene, which is responsible for the absence of crossing-over.

The cytological observations of Metz on several Drosophila species,
of Guyenot and Naville and Huettner on D. melanogaster, and our own
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on the gametogenesis of D. obscura, demonstrate the association and partial
synapsis of the homologous chromosomes during prophase of the first
spermatocyte division. Such chromosomes associated in pairs are seen
in Plate II, figs. 2—10. These observations show that the complete dis-
junction of the chromosomes in the male of Drosoplila is preceded by
pairing between homologous chromosomes, and it may therefore be con-
cluded that there exists no factor which suppresses crossing-over through
the failure of pairing.

In D. melanogaster Gowen and Gowen (1922) found a recessive gene
in the third chromosome, which, although not preventing the pairing of
the homologous chromosomes, suppressed entirely the crossing-over in all
chromosomes in the female. Eloff (1932) made a very extensive study of
variation in crossing-over, and discussed the genetical basis of complete
suppression. If, in the male of Drosophila, a genetic factor or factor
complex, similar to the factor described by the Gowens, were present,
responsible for the direct suppression of crossing-over, then it must be
located in the Y-chromosome. Haldane's (1922) law states that if cross-
ing-over is reduced or entirely absent in one sex, that sex is always the
heterogametic. Haldane’s law favours the assumption that in the male
of Drosophila the Y-chromosome itself, or factors borne on the Y, may be
responsible for complete suppression of crossing-over.

However, several genetical observations made by different investigators,
prove that suppression of crossing-over in the male of Drosophila is not
correlated with the presence of the Y, and consequently cannot be due to
a gene or gene complex located in the Y-chromosome. Anderson (1929),
studying non-disjunction in D. melanogaster, demonstrated that crossing-
over in the XXY female had just the same value as in XX flies. Stern
(1929) obtained similar results in a study of a line of D. melanogaster in
which the Y had become attached to the X.

The data obtained by genetical investigations indicate that there exists
no special factor or factors present only in the male of Drosophila and
borne on the Y-chromosome, which directly suppresses crossing-over
without eliminating the pairing of homologous chromosomes.

During the present study it was found that the chromosomes held
together during prophase of the first meiotic division. The association
of homologous chromosomes takes place always over a short section of
their length. If the locus of association represents a chiasma or chiasmata,
then we can apply this fact as a test for the two hypotheses concerned with
crossing-over.

Sax (1930) assumes that chiasmata arise by the chromatids opening out
in different planes at diplotene and cross-overs occur by the breaking of
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chiasmata, 7.e. the crossing-over is conditioned by chiasma formation. If
the short distance where the chromosomes associate are chiasmata which
did not break, then the absence of crossing-over in the male of Drosophila
would be easily explained. However, the change of the locus of associa-
tion at the post-diplotene stages observed in the present study, as well as
many other recent observations on the behaviour of chromosome pairing,
chiasma formation and crossing-over in many plants and animals, repudiate
the assumption that crossing-over arises only through the break of chiasma
(¢f. Sansome and Philp, 1932; Darlington, 19324).

On the second hypothesis, which was elaborated by Darlington,
chiasma and post-diplotene association are conditioned by genetical
crossing-over; if this is so, then the partial synapsis and association of
homologous chromosomes at prophase of the first spermatocyte in Dzoso-
phila must be the results of crossing-over. This crossing-over, however,
cannot be detected in genetical observations. Darlington assumes that
two reciprocal chiasmata are formed, and are localised near the attach-
ment constriction, in a segment, which is genetically ““inert” in that it does
not contain any mutated genes. The existence of such an inert region
has been demonstrated both genetically and cytologically in D. melano-
gaster, where this region lies in the X-chromosome beyond for#ed, and its
length has been calculated by translocation (Dobzhansky, 19326). Metz
and Huettner have observed that this region pairs with the Y, from which
they conclude that the two are homologous. Darlington assumes that
the pairing of chromosomes and the localisation of reciprocal chiasmata
only at this genetically inert region are responsible for the absence of
crossing-over in the male of Drosophila.

Our observations on spermatogenesis of D. obscura show that the
homologous chromosomes associate before the metaphase of the first
meiotic division. The loci of this association are concentrated at the end
of the chromosome at the beginning of the first spermatocyte division
(see Plate II, figs. 2 and 3). Later, the loci of the partial synapsis alter,
and chromosomes with subterminal, submedian, and median association
are found (see Plate II, figs. 4-9). The change of the place of association
proceeds towards the distal end of the chromosome, and it can be paralleled
by the terminalisation of chiasmata in other organisms. Owing to the
delayed development of the spindle, however, this movement is disturbed ;
and the interstitial chiasmata at metaphase are probably due to this
absence of the nuclear spindle.

Localisation of chiasmata at the neighbourhood of the attachment
constriction was found in Fritillaria Meleagris by Darlington (1930),
and in Mecosthetus by McClung (1927). There is genetic evidence
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provided by Bridges (1929) that in aged females of Drosophila there is a
reduction of crossing-over at one or both ends of the chromosome (Z.e.
in the X or autosome respectively), and crossing-over is concentrated
in the region of the spindle fibre attachment. Sansome and Philp dis-
cussed the fact that reciprocal chiasmata (double crossing-over) are more
frequent near the spindle fibre attachment than elsewhere.

During the present study it was likewise found that the association of
homologous chromosomes at the beginning of the prophase of the first
spermatocyte division is concentrated at the end of the chromosomes. If
the association of homologous chromosomes is conditioned by chiasmata,
i.e. by exchanges between the partner chromatids, then our observations
support Darlington’s view. The concentration of chiasmata at the
attachment constriction is probably a necessary consequence of the
association between homologous chromosomes in the previous spermato-
gonial anaphase. The homologous chromosomes are associated in pairs
at.that stage, and sometimes even fuse together at the end where the
spindle fibre attachment is situated. When they reappear at the following
prophase of the first spermatocyte division this terminal partial associa-
tion can again be observed (see Plate II, figs. 1, 2 and 3). Metz argues
that the association of homologous chromosomes is so intimate that it
even persists through the short resting stage. The homologous chromo-
somes enter into the prophase of the first spermatocyte with their ends
already associated; it is natural, therefore, that the synapsis of the homo-
logous chromosome at the attachment constriction favours the formation
of chiasmata. The change of loci of chiasmata or association in later
stages of prophase is the result of the gradual movement of the associated
segments from the proximal to the distal ends. Finally, at the end of
the metaphase of the first spermatocyte division (see Plate III, fig. 4),
when the nuclear spindle develops, the homologues are arranged with
their proximal ends pointing towards the opposite poles, but the distal
ends are still in association. Such an arrangement can result only through
pairing by chiasmata combined with terminalisation.

It has been shown previously that normal pairing and normal chromo-
some disjunction occur in the male of Drosophila. The present study
offers cytological evidence to show that crossing-over—the second step
in the mechanism of reduction division—also takes place, though it cannot
be demonstrated genetically.

SUMMARY

1. The chromosome complex in the male of D. obscura is described.
The diploid complex contains 10 chromosomes. The X-chromosome is
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V-shaped, the Y and the three pairs of autosomes are rod-shaped. The
fourth pair of autosomes is very small.

2. The homologous chromosomes associate in pairs during metaphase
and anaphase of the spermatogonial division. The association at anaphase
sometimes results in a fusion of the ends of homologous chromosomes,
where the attachment constriction is situated.

3. The homologous chromosomes enter into the prophase of the first
meiotic division with their ends already associated. The loci of associa-
tion gradually move towards the distal ends.

4. The X- and Y-chromosomes associate at one of their ends; this
association persists through the prophase of the first meiotic division. The
conclusion is, therefore, that the two segments are homologous.

5. In discussing the genetical and cytological basis of suppression of
crossing-over we find that in the male of Drosophila the complete linkage
is most probably due to unusual chromosome behaviour.

6. Sax’s and Darlington’s hypotheses on crossing-over and chiasma
formation are discussed. The cytological observations obtained during
the present study, tend to support Darlington’s view that in the male of
Dyosophila there is localised chiasma formation at the attachment con-
striction, but crossing-over cannot be detected genetically, the segment
being “inert,” that is, not containing any mutated genes.
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Fics. 1, 2, and 3.—Metaphase of spermatogonia. The homologous chromosomes arranged in

pairs.

F16s. 4 and 5.—Anaphase of spermatogonia. Polar view. The association of chromosomes is

more advanced.
F16. 6.—Anaphase of spermatogonial division. Side view.
Fi1cs. 7 and 8.—Telophase of spermatogonia,
F16s. 9 and 10.—The growth period of the first spermatocytes.

F16. 11.—The growth period of the first spermatocyte with aggregates derived from the nucleus.
The drawings were made with the aid of a Zeiss camera lucida, an H.I. go, 1-30

apochromate oil-immersion objective and X 30 compensating eyepiece.
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FiG. 1.—Early prophase of the first spermatocyte.
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Fies. z-10.—Prophase of the first spermatocytes. The chromosomes associated with partial

synapsis.

Figs. 11 and 12.—Diakinesis of the first spermatocytes.
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F1c. 1.—The onset of metaphase in the first spermatocyte. Polar view.

F1Gs. 2 and 3.—Metaphase plates. Side view. The nuclear spindle is not yet formed.
Fi1c. 4.—Late metaphase with bivalents.

F16. 5.—Anaphase of the first spermatocyte.

F16. 6.—Anaphase. Some chromosomes exhibit double structure.

F16. 7.—Secondary spermatocytes.

F1c. 8.—Metaphase of the secondary spermatocyte.
haploid complex.

F16. g.—Metaphase plate with Y-chromosome.

F1G. 10.—Anaphase of the secondary spermatocyte.

The X-chromosome is illustrated in the
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MEGHATAROZASANAL.

A mult szdzad mdsodik felében j természettudominyi dg sarjadt és
olyan nagynevii kutaték keze alatt, mint TopiNarD, BrocA, SCHWALBE,
WircHOW, KraatscE — hatalmas studinmms mélyilt. Ez az j természet-
tudomdny az anthropologia.

Feladata az emberek kozotti killonbségek ontudatos vizsgdlata volt s
ezen az alapon hii képet akart nyujtani az emberiség szdrmazdsdrdl és fel-
osztdsdrdl. Mert DARWIN nyomdn 1ij értelmezésben ismerik meg a faj fogalmdt
s az anthropolégusok igyekezete elsésorban is az, hogy eme 1j kategdridba
sorozzik bele donté s jellemzé kritériumok alapjén az emberiség rokon-
esoportjait.

Azok kozott a fakbtorok koziott pedig, melyeket a faji elhatdrolds
alkalmdval tekintetbe vettek a természettudésok — mar a legelsd wttoroknél
is ott szerepelt a haj. WALDEYER, GEOFFROY ST. HILAIRE nyomédn J. MULLER,
Torinarp, BLUMENBACH igyekeztek a hajnak fajmeghatdrozé szerepet
mlajdonitani. A rokoncsoportokon mutatkozé haj dllanddsiga teljes joggal
figyelmet kelthetett.

S0t tébb esetben tévitra vezetteis az anthropologusokat, mert feltiing
folta miatt egyediil ezt tették meg a fundamentum divisionisnak — annyira
ellegzetesnek, dllandénak s meghizhaténak taldltik az emberfajtdk felosztdsdndl,
lletve esoportositdsanal.

Az elsd ily alapon torténd felosztdst GEOFFROY Sr. HILAIRE nyomdn
I. MULLER végezte. Felosztdsdt az alibbi tdblizat mutatja.
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Ez a beosztds azonban teljesen elh :zott volt, hiszen csak egyetlen

kritériumot vett tekintetbe. Ennek a kowelkezménye pedig az lett, hogy -

egymdstdl nagyon is eliité emberfajtik kozvetlen egymdsmellé, ugyanegy
kategdridba keriiltek, pl. a mongol és ausztrdliai.

ToriNARD felosztdsa mdr komoly biivdrkodds eredményein épiilt fel
és tudomdnyos értéke sokkal nagyobb, mint a MULLER-fele rendszeré, amely

hdrom nagy csoportot kiilonboztet- meg.

A. csoport
A haj merev kerek keresztmetszetbel
vordsszin | olajbarnaszin sdrgaszin
| :
eszkimé | mexikéiak . karaibok
rézbériiek peruiak | mongolok
maldjok
szamojédek
| ey s (1 3]

B. esoport: :
_ A haj laza és kereszbmetszete ovilis _
dolichocephal brachiocephal
sabke | barna | fekete voros sz6ke- gesStenye | harma
| | barnay |
| :
skandindv | foldkoz | iR snteatas| ' keltdk ‘
S110¢ | | fulbéle finnek irdnok
angolszdsz I szemita | abesszinial szldvok
S e S AR = - =
| | |

C. csoport
A haj gyapjas, elliptikus kewszﬁmet&zetével
sdrga i fekete
pépua
busman kaffer
néger

A BrumenBacH-féle még mai nap is haszndlatos felosztdsndl a hajnak
is fontos szerepe van. E bélyeg azonban nem kizdrélagos, mert BLUMENBACH
e jellegen kiviil mds tulajdonsigokat is figyelembe vett.

A szirmazdstan 6és fejlédéstorténet kutatdsai mind azt bizonyitjik,
hogy még az ilyen, litszdlag kiilséségeken alapul faji megkiilonbozteté-
seknek-is-természettudomédnyos tényeken kell alapulnia.
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A koponya alkata; az arc szdgei, az orr alakja stb. mind fontos a
fajok jellemzésénél. Azonban a varigbilitdssal mindig szdmolnunk kell, ennek
nemcsak maga ‘az egyén, hanem annak minden szerve is ald van vetve.
E szabdly természetesen a hajra ‘mézve is érvényes. Bzzel azonban nem
akarjuk a hajnak, mint fajmeghatirozs jellegnek értékét gyéngiteni, mert
az egyéni variabilitis nem fosztja meg a jellemzé tulajdonsigokat (amilyen
pl. & koponyaalkat, az orr alakja, az arc szabdsa stb.) dtiitii erejiiktsl. Fpen
ezért nem minden alapnélkiili az elébb emlitett rendszerek feldllitisa sem,
amikor 1gyszdlvin esak a hajat tekintették anthropolégusaink a fundamentum
divisionisnak.

Helyénvalg lesz Gusrav FriTscH szavait idézniink, melyek 15 év el-
mélyedé tudomdnyos vizsgilatain nyugszanak; ,Mann muss. also auch bei
Haarwuchs den breitesten Spielraum fiir individuelle Abweichungen lassen,
und ‘wird trotzdem iiber eine typische Gestaltung derselben nicht im
Zweifel zu sein brauchen”. Az individudlis varideié tilsigos kiélezése mellett
lehetetlen volna fipusokat elkiiléniteniink s a sima fekete haj nem lehetne
jellemz6 a mongolokra; a gindor, fekete a négerekre stb.

Fontos még megemlitentink azt is, hogy a fajkeveredésck a jellegeket
nem tudtik elnyomni. A faji jellegek dllanddsdgdan alapul minden kutatds,
mely ez emberi fajt rasszokra igyekszik felosztani. Példaképen csak az
északi fajtit (Homo borealis) emlitjiik meg: ez évezredes keveredés ellenére
is megtartotta hajinak széke szinét, hullimos alkatit és puha tapintdsdt.

Hérom kivilé bivir nevét kell megemliteniink, aki a fenntemlitett
alapokra tdmaszkodva a hajnak faj-meghatirozé értéket tulajdonitott s
vizsgdlatai eredményével dllanddsitotta ezt a felfogdst. PRUNER-BEY, GOTTE
és HILGENDORF munkdira célzunk. Nem voltak 1ittorék, de a felvetett gon-
dolatot valésdggd érlelték. Pruner-Bey hangsulyozza, hogy a haj dllands
faji karvakter. HILGENDORF pedig a haj keresztmetszetének dllanddsdgit
hirdeti. Frivscr kigsé dvatos az utdbbival szemben, de a haj keresztmetsze-
tének fajmeghatdrozd értékét 6 sem tagudja, foltéve, hogy a haj kereszt-
metszete mellett ecyéb jellemvondsokat is tekintetbe vesziink.

S valéban SCHEFFELT német anthropolégus nemrég megjelent érteke-
zése, minden kétséget eloszlat e téren. 0 a hajvizsgdlatok alkalmdval, —
melyeket Dél-Németorszaghan (Bajororszdg, Wiirtenberg) sok szdz egyénen
végzett, nemesak killonbozo fajokat s ezek keveredését, hanem még jél
koriilirt rasszokat is ki tudott mutatni. Vizsgdlatainak alapjdt pedig a haj
keresztmetszete szolgdltatta. '

~ Nyilvinvals tehdt, hogy vannak dllandé fajikarakterek s a haj ezek
kozé a tényezdk kozé tartozik.

A mult szizadban annyira tilhajtott milieu-elméletnek ma mdr nincs
jogosultsdga. RipLEY 1910-ben ,The Races of Europe néven megjelent
munkdja volt az elsé anthropoldgia, amely behatd vizsgilatokra tdmaszkodva
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kimondotta, hogy a kiilsé tulajdonsdgok, dllanddsdg esetén fajmeghatdrozs
bélyegiil tekintendék. Nagy visszahatds ez az emlitett milien-theoridra,
amely csak kevertvérli ,emberfajokat® akart elismerni, melyeknek faji jel-
lege a kornyezet rdhatdsai kovetkeztében elenyészett. Az - anthropoldgusok
faradozdsai azonban megdontstték a milien-elméletet s a mai anthropoldgia
olyannak litja az embert, amilyenné szdrmazdsinak belsé okaibol fejlodstt.

A faj fogalménuk meghatdrozdsa azonban rendkivil nehéz s ez az
oka annak a sok félreértésnek és zavarnak is, amely az irodalomban ural-
kodik. Sét egyesek, litszélagos - bizonytalansdga miatt csak az osztdlyozd
értelem segédeszkozéiil haszndljak e fogalmat. Igy pl. StEiN: ,Kultur wnd
Rasse“ miivében, Sokan a faj hatdrait a nyelvhatdrokkal azonositjik, ami
pedig csak ritka esetben lehetséges.

A faj természettudomdnyos fogalom, mely a hasonlé testi és ami
onként érthetd, GUNTHER szerint hasonlé lelki tulajdonsdgokat = tanusits
egyedeket foglalja Ossze. Hzt elészor 1889-ben TOPINARD ~hangoztatta s
azGta ez a magyarizat az anthropoldgusok korében is meggytkeresedett.
Sok tudds szerint a faj meghatérozdsdngdl legfontosabbak a testi tulajdon-
sdgok, mert a lelki tulajdonsdgok nagy mértékben a testi konstiticid fiigg-
vényei gyandnt értelmezhettk.

S ezt az dllitdst a szeroldgia legijabb kutatdsai is igazoljdk. Ugyanis
a faji fehérje konstitucidjdn alapszik a faji hasonldsdg, illetve kiilonbéz6ség
minden tapasztalhaté jelensége. Mert ,a kiilonbozé fajok fehérjevegyiiletei
csak ldtszolag egyformdk, kémial szerkezetik finomsdgdban lényegesen

kiillonb6znek s ennek megfeleléen a benniik levé kiilonleges energidk dltal

a szervezet morfélogiai alkatdra és pszihikai nyilvdanuldsaira is rdnyomjdk
a maguk bélyegét.“ (MEHELY.)

Ennek elérebocsdtdsdval attérhetiink - dolgozatunk tulajdonképeni
targydra, mely a hajjal, mint faji jelleggel foglalkozik. — Ldtni fogjuk,
hogy bizonyos kériilmények kozitt ez a bélyeg is uralkodé az oroklés
folyamén s mint ilyen szintén a faji fehérje emanatidjinak megnyilvanuldsa,
egymdssal vald hasonldsiga, kiilonbozése ebben taldlja alapjat.

A VIZSGALAT EREDMENYE.

Az elézé fejezetben mondottak szerint viligos, hogy a haj nagyon
fontos faji jelleg, mert a haj szine, alakja, milyensége az illet fajra nézve
mindig jellemzé. Igaz ugyan, hogy a hajndl épen gy, mint més faji jellegnél,
meg kell engedniink bizonyos varidcidt, melyek oroklodhetnek, ha ingereik
a csiraplazmdt érintették, azonban az orokléskép megszilardulisa oly hosszd
idot vesz igénybe, hogy a faj praktikus meghatdrozdsdt semmikép nem érinti.

*
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Vizsgdlataimat két csalddra  terjesztettem ki, még pedig a WEsz és
LEBNERT osalddra. Sorba vesszik az egyes csalddokat, a csalddok minden
tagjat és vizsgiljuk a haj szerkezetét, megjelenési formdjit stb.-

1. Weisz-csalad.

Az apa szdrmazdsdt tekintve tipikus zsidd. Allitdsa’ szerint azonban a
nagyszillok kozitl az apa mdr német vért vett fel s lehet hogy ez a vér
Weiszben éreztette hatdsdt. Az anthropolégiai bélyegek nagyrészt zsido
bélyegek ; npwzet"svn koponyam rovid, ajkai ‘duzzadtak, f‘ulm elallék, orra
hajlott: ,zsidé-orr.”

Az anya magyar, ha nem is tlszta, de nagymértékben a magyar
vondsok uralkodnak megjelenésén. A magyar faji tényezékon kiviil azonban
még a Homo borealis tulajdonsigai is kifejezésre jutnak rajta, mert a haja
szoke és arca keskeny.

Az apa haja. (Tabla: A) A 875-szoros nagyItassal vmsgﬁlt haj barna
szinti. A pigment inkdbb a keriileti tdjékon van felhalmozva, még pedig
nem egyenletesen. Ha kénsavban melegitettiik a hajat, gyorsan meggtrbiilt
6s a cubicula pili megszarusodott sejtjei annyira felborzolédtak, hocry a
cuticula a keéregillomdny fele vastagsdgdt is elérte. A haj hullamos és
merev tapintdsd.

Az anmya haja. (Tdbla: B) Az anya haja egészen szoke. Az ugyan-
csak < 375-sz0ros nagyitdssal készilt kép meglepd pigment hifnyt tintet
fel. Az is feltiing, hogy a kevés pigment inkibb a sejtkozti jdratokban,
vagyis intracelluldrisan huzédik meg. Bz okbdl a haj barndn vonalkdzott-
nak ldtszik. Ez a bélyeg ugyan més hajon is felotlik, de nem ilyen hatdrozottan.
Az apa hajindl inkdbb pigmentrogék domindlnak, itt a diffusiv festék-
anyag van jelen. Kiemelenddnek tartom, hogy az anya haja sirgds-virhenyes
fényti, mely tulajdonsig a Homo borealis kivdlé bélyege. (GONTHER.) A haj
teljesen sima és puha tapintdsu.

A gyermek haja. (Tdbla: ) A 14 éves fiigyermek haja barna. Nem
olyan mértékben ugyan, mint az apdé, de anyja hajszinénél hatirozottan
sotétebb. A pigment: rdgoeskékben inter- s intracelluldrisan is megtaldlhatd,
még pedig egyforma mértékben eloszolva. A haj barna szinét okozé festék-
mennyiség zdme itt is a kéregillomany keriiletén halmozddik fel. — A haj
halldmos, géndérnek mondhaté. Az apa haja nem annyira hullimos,
mint a gyermeké. Emellett az utébbi haja igen merev, tgy hogy
a hajzat alakitdsa csaknem lehetetlen. A cuticularis réteg vastag és zsivos,
aminek okdt nyilvdn abban kell litnunk, hogy a gyermekkor fasgyimirigyei
sokkal tevékenyebbek, mint id6s egyéneknél.

Mir el6z6 fejezetiinkben rémutattunk mennyire fontos a haj alak;a és
keresatmetszete & fajmeghatdrozds tekintetében. ~Azonban a megitélés
alapjdul szolgdl készitmények sok tiirelmet igényelnek.



Ha csak egyszerti celloidin bedgyazdst alkalmaztunk, akkor a haj-
keresztmetszet 3—5 u-os készitményei 95°%-ban kiestek. Mindazondltal a
megfelelobb . kettés (celloidin - paratfin) bedgyazdsté] mégis el kellett
tekinteniink, mert az dt nem ldtszé dichan nagyon nehéz a hajszdlnak
meréleges bedllitdsa. Ezért a nehezebb kezelésii celloidin bedgyazis mellett
kellett maradnunk, mely mddszer azonban rengeteg iddét vett igénybe.
Mindenesetre sokkal megfelelohb s konnyebb kezelést igényld keresat-
metszeteket leket elédllitani, ha a hajat a fejbérrel egyiitt metszhetjik,
ami azonban a mi esetiinkben a dolog természete szerint lehetetlen volt.

Az apa hajinak keresztmelszete. (Tdbla: a) A nagyitds mértéke ismét
375. A haj alakja ovdlis. A cuticularis szegély — ardnylag széles ovezete
a fénytorés kovetkezménye. A rajz pontossiga megkovetelte, hogy a fény-
gytirti konturjat is feltiintessiik.

A kereszbmetszet, mint ldtjuk teljesen megfelel az elébb vdzolt teljes
képnek. A barna szin dominancidjit a festékanyag gazdagsiga drulja el
A kéregdllomdny pigmentje a keriileten van felhalmozva.

A béldllominy igen gyakran excentrikus fekvésii, nem az alaprajz kozép-
pontjiban foglal helyet. A béldllomdny sejtjei finom pigmentet tartalmaznalk,
ami annak a jele, hogy id6s hajjal van dolgunk. (Frirsch). Felting a festéktil
mentes udvar is, mely kériilveszi a béldllomanyt.

Ha. a keresztmetszetnek és a teljes hajszilnak képét szin tekintetéhen
osszehasonlitjuk, akkor az el6bbi halvdnyabbnak litszik. Ennek oka a haj-
keresztmetszet 5 -0s vékonysdga, melyen dthatold transzparens fény tompitja
az eredeti szint.

Az anya hajanak keresztmetszete. (Tdbla: b) Az anya hajanak kereszt-
metszete az apdétél lényegesen eliitd. Csaknem Fkiralalid. A béléllomdny
sotétebb drnyalatd, mint a kéregdllomdny. Ez amellett szdl, hogy a bél
sejtjel hosszabb életiiek, mint a kéregsejtek, miértis ez utébbiak nagyobb
mértékben kiszdradhattak.

Az anya hajiban kevés pigmentet is taldluok de az egyenlitlen
elhelyezkedés nem befolyisolja a haj széke szinét. A diffuziv festékanyagon
kiviil elhintve lithatdk élénken barna pigmentrdgdk, melyek megfelelnek a
habitussképen lithaté barna vonalkdk alakjiban jelzett pigmentnek.

A gyermel hajanak kereszimetszete. (Tdbla: ¢) A zsid6 apa és magyar
anya keresztezddésébil szdrmazott gyermek hajanak keresztmetszete : elliptikus.
Teljesen eliit az anya hajinak koralakjitdl s némikép az apa hajinak
keresztmetszetétél is kiilonbozik. De mindennek ellenére is megdllapithatd ;
hogy a gyermek haja mind szinében, mind alakjéban a zsidé apa hajdhoz
hasonlit. : .

A haj keresztmetszete hosszukds tojdsdad, tehdt -elliptikusabb, mint
az apa hajdnak keresztmetszeti képe. A haj természetét a haj alakja hatdrozza
meg (PRUNEY), mennél elliptikusabb a haj keresztmetszet, anndl inkibh
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gondor vagy hullimos. A gyermek haja elliptikusabb, mint az apa haja,
tehdt hollimosabbnak is kell lennie, amit a valdsdg is igazol.

A pigment nines annyira Osszetomiritve, mint az apa hajiban, s ez
okozza a gyermek hajinak vildgosabb szinét. A festékanyag kiilonben a
keriileten helyezkedik el.

Vizsgilatunk eredménye nyilvinvald. Altaldnosan ismeretes; hog;y,.r a
zsidébélyegek a zsid6—nemzsidé keresztezidés esetén uralkoddan Grok-
16dnek s ezt az oroklésszabilyt erfsiti meg a mi fentebbi tapasztalatunk is.

2. Lehnert—esahid.

Ebben a csalddban épen  ellenkezd viszonyokat taldlank, mint az
elézében. Itt az anya zsidé szdrmazdsd, mig az apa-a Magyar Alfold északi
részébol szdrmazd ugoros magyar. A MEHELY professzor kozolte képeknek
egyike, mely ugoros magyart abrdzol — megszdlaldsig hasonlit a LEENERT
csaldd fejéhez. Anthropoligia jegyeit tekintve, GONTHER szerint keletbaltinak
(Homo balticus) kellene nevezniink.

Az apa haja. (Tdbla: D.) A 875-szorosen nagyitott haj szine székének
litszik, de némi barnds drnyalatot ‘is meg lehet rajta kiilonboztetni.
Ha tipikusan széke hajjal hasonlitjuk 6ssze, akkor azt l&tjuk, hogy e haj
amannil pigmentben sokkal gazdagabb. A kéregillomdny kiilsé részén van
a festékanyag tilnyomé témege elhelyezve. A haj sima, hullimossdg csak
nagyon kis mértékben veheté észre. A haj tapintdsa puha.

Az anya hoja. (Tibla: E)) Az anya hajszine sotétbarna, szinte feke-
tébe hajlé. A  festékanyag rigoeskékben, intracelluldrisan van elhelyezve.
Sok hajszilon bizonyos melléksajdtsigok is megfigyelhetok. Ugyanis a
pigment az egymdsfelett levd sejtek kozotti jiratokban  is mutatkozott,
aminek kovetkeztében bizonyos hardntirdnyi vonalkizottsdg oblolt fel a
habitus képen. — A haj hulldmos, tapintisa puha.

A gyermekek haja. (Tébla: F.) A 14 éves fiigyermek haja hati-
rozottan sététharna, esaknem fekete. A pigment nemesak a kéregiallomanyban,
hanem a béldllomdnyban is megtaldlhat, még pedig ez utébbiban
ardnylag nagyobb mértékben van jelen. A haj hullimos és merey tapintdsi.

A t8blan: G-vel jelolt 12 éves lednygyermek haja viligosharna.
‘A pigment rgokben van felhalmozva és egyes helyeken nagyobb mér-
tékben van koncentralva. A cuticuldris szegély a tobbiekhez viszonyitva —
széles. A haj hosszinévést, géndor; nagyon erés hullimokban omlik ald.
Tapintdsa puha.

Az apa hajinak Ter e&etsatetssete (Tébla: d.) Alakja tojdsdad. A cubi-
culdris szegély szabdlytalansiga a bedgyazisnak és metszésnek a kovet-
kezménye, ez azonban mnem befolydsolja a képet, mert: a kéregillominy a
haj alakjit is hiven adja vissza. — Pigmentben elég sgazdagnak ldtszik,
talin még tobb festék is van a képen, mint: amennyi sziikséges a barnds
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drnyalatd székeség  eldidézéséhez. Emnek oka az, hogy a rajz vastagabb
metszet utdn késziilt s fgy a szinezés' sttétebbnek tiinik fel, mint amilyen
a valdsdghan a: haj.

Az anya hajdnak keresztmetszete. (Tébla e.) F{mtos a haj alakja, melyet
hatirozottan elliptikusnak kell mondanunk. Tobb hajszdl keresztmet-
szetén kisebbfokd homoridsdg 6tlik fel a haj egyik oldalén. Ez a tulajdon-
sig kiilénosen a gonddr hajnak a sajitsiga. Pigmenthen elég gazdag. A bél-
dlloméany centrdlisan fekszik: és pigmentnélkiili szegély veszi koriil.

A gyermekels hajinal Teresztmetszete. (Tdbla [ és g) Az f-el jelzett
fidgyermek haja barnaszinti s a bélillomdny is pigmentben gazdag. Ha a
“természetben barna hajjal hasonlitjuk Ossze, akkor litjuk, hogy e fid haja
anndl joval sotétebb, szinte feketébe hajlé. A haj alakja elliptikus. Bizonyos
szabdlytalansig észlelheté a haj-kereszbmetszetben s ez amellett szdl, hogy
itt még az alakban bizonyos eltolddas fog fellépni — mégpedig oly erte-
lemben, hogy a haj még inkdbb elliptikus lesz.

A festékanyag rogocskél nagy mennylseo‘ben csoportosulnak a keriileti
t4jékon.

A g-vel jelslt leanycyelmek hajnak ke:esztmetszete eldrulja, hogy
pigmentben szegény. Itt inkdbb a diffusivpigment van tilsilyban. A haj
alakja elliptikus. A bélallomény szinte eltiinik, annyira halaviny.

Az osszehasonlitds kedvéért tisztan zsid6 szdrmazdsi, tehat zsidé apdtdl
és zsidé anyatel sziletett o'yermekek hajét is mecrvwsoa,ltuk Az eredmeny
a kovetkezd:.

A tdbléinkon Del jelslt kép 280-szoros nagyitdssal vizsgdlt zsido
hajat dbrdzol. Az L-el jelolt kép ugyanezt a hajat 420-szoros nagyitdssal
mutatja be. Litjuk, hogy a haj szine fekete, pigmentben nagyon gazdag.
A béléllomény, annak ellenére, hogy a kéregillomdny elég vastag, mégis
bizonyos mértékben halvdny korvonalaiban felismerhets. A festékanyag mind
a kéreg sejtjeiben, mind pedig a se]tkozottl Jaratokban megfigyelheté. A cuti-
culdris szegély keskeny.

A H-val jelolt zsidé haj inkdbb csak azért keriilt bele osszedllits-
sunkba, hogy megerdsitsiik Frrrsca éllitdsdt. O ugyanis azt mondja, hogy
a zsid6 haj jellegzetes szine a fekete szin, mely minden székeség ellenére
is kiiitk6zik, ha méshol nem, hit a haj gyckerében. A bemutatott zsidd
haj sz8ke -- ami igen nagy ritkasig — s a hajgy6kérben ott van a fekete
szin maradvdnydt hirdeté pigmentfslhalmozddds

- A zsid6é hajon végzett keresztmetszet egyik legfontosabb képiinket
szolgdltatja. (Tdbla: s s. £.) Hérom kiilonbozé csalddbdl szdrmazo zsidé didk
‘hajébél készilltek a keresztmetszetek s annyira megegyeznek, hogy szinte
egy fejrél szarmazottaknak gondolhatjuk.
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A zsidd haj alakja elliptikus és egyik oldalin  enyhe homorulat jel-
lemzi. A 420-szoros nagyitdssal késziilt képen ez nagyon jol latszik.
A keresztmetszet igazolja, hogy a haj giondor, vagy legaldbb is hulldmos,
Ez a zsidé tulajdonsdg viszont arra vall, hogy a zsidé faj torténete folyaman
néger vérrel keresztez6dott, mert ennek a fajnak tulajdonsigdt hirdeti az
erésen géndor haj.

A pigment elosztdddsa sajitsdgos. A festékanyag f.ltszerfien helyez-
kedik el a kéregillomdnyban. A béldllomdnyban is van plment _}ele annalk,
hogy a haj feketeszinii.

A nyert adatokat kdnnyebb attekmtheiﬂseg kedvéért tabldzatba fog-
laltam.

Weisz-csaldd.

_ | Sun | Habitus | Keresztm. | Tapintds .
(::1%?5} ! barna hulldmos tojdsdad merev
Anya szbke sima kﬁmllakﬁ puha

i |
Gy;aﬁr:{c)tek barna gbndor i elliptikus merev
| i
Lehnert-csaldd.
| Szn Habitus | Keresztm. | Tapintds’
- | suok '
Apa | (ﬁmas) sima tojésdad | puha
Anya sotétbarna | hulldmos elliptikus puha
(zsid) T
A feketés- ¥ ’
% \ firi TSy hulldmos elliptikus merev
%.E’, lefny | Viligos- ondr | elliptikus | puba
= y fiina g | p p
! l |
Zsidok haga.
Szin Habitus | Keresztmetszet ] Tapintds

feketebarna | gindor elliptikus-ovilis merev
|
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Ebb8l a hirom tdbldzatbol a kovetkezd eredményre jutunk: A Weisz-
csaléd egyetlen gyermeke zsid6 apa és magyar anya keresztezddéshdl sazér-
mazik. A ‘fidgyermek - haja barna, tehdt a zsidé apa hajszinét 6rokolte.
Erésen hulldmos, szinte gondérnek mondhats. Csak az apa haja hullémos,
a magyar anydé sima. ‘A haj milyensége is a zsidé apa tulajdonsdgit tim-
teti fel. Legfontosabb azonban a keresztmetszet alakja: az apié és a fiié
elliptikus, mig az anydé hatérozottan koralakd. S6t a gyermek haja még
az apa elliptikus hajalakjdt is foliilmulja, anndl is elliptikusabb és inkdbb meg-
kozeliti a zsidé haj tipusdt, mint a zsidd sciildje.

Levonjuk tehdt kovetkeztetésiinket, mely szerint zsidé apa és magyar
anya Teresztez6désébil  sziiletett gyermek hajdn a zsidé apa tulajdonsdgai,
mint domindns tulajdonsdgol: oroklédnek.

A Lgeuner?r-csalddndl magyar apa kelt egybe zsid6 anydval, mely
hézassdgbdl egy fii és egy ledny szdrmazott. A fiigyermek hajszine épen
olyan, mint zsidé anyjdé, hasonldképen habitusirdl és -elliptikus kereszt-
metszetérél is ugyanezt kell mondanunk. A ledny haja szinében anyjdéhoz
hasonlit, habitusa gindér, épen gy, mint a tipikus zsidéhajnal tapasztalhaté.
Keresztmetszete olyan, mint zsidé anyjdé.

Tehit magyar apa és zsidé anya gyermekea a zsidé anya  hajdanal
tulajdonsdagait drollik.

Vizsgdlataink tehit megerdsitik azt az igazsdgot, hogy zsid6—magyar
keresztez6désbol az elsd generdciéban teljesen zsidé tulajdonsigokkal biré
gyermekek szdrmaznak. MEBELY Lajos hangoztatta ezt hazdnkban elGszor
s mi az 6 megdllapitdsit sajdat vizsgdlatainkkal is megerdsithetjiik.

A vérkeveredéshdl a zsidévér keriil ki gydztesen, mert nagy dtiitd
erejénél fogva sajit tulajdonsdgait nyomja rd utédaira. Ha ez a folyamat
dltaldnossi vilnék, a magyarsdg teljes elzsiddsoddsira vezetne.

A zsid6vér nagyobb 4tiitd erejét bizonyitja az a tény is, hogy az
6. n. keresztezett dtiités 16p fel az oroklésnél, pedig ez nagyon ritka. Igy
pl. a LEHNERT-csalddban az anya a zsidé és a fidgyermek hajin az anya
tulajdonsdgai lépnek fel. Bz csak tgy lehetséges, ha a zsidévér nagyobb
atiité erével rendelkezik. Ha pedig dllandébb és ellendllébb a magyar
vérrel szemben, akkor mivel a vér, illetve a benue levd faji fehérje végso
elemzésben Osszes testi €s szellemi tulajdonsdgainknak is meghatdrozdja,
a zsidé fajtival vald nagyobb mértékii keveredés az egész magyar fajta
haldlos veszedelme volna, mert teljesen kivetkoztetné Oseredeti jellegébol!




FAJ ES HAJ.

WS,

Rajz. Koller K. P
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