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L. Generqy aspects of genetically fixed tumour formation

. Tumour formation, not caused by external stimula-
tions but only based on the genetic constitution of an
?rgamsm, is often found in plants and animals®. Never-
. eless, only 3 objects have been studied in detail with

Rard to tumour formation: Drosophila melano-
i:::e" L2, certain hybrids in the genus Nicotiana’3, and
Jiig alnl hybrids of viviparous cyprinodent fishes { Poeci-
for ae) »45. In this paper will be discussed only the
in Ifllatm;‘q of melanomas in a group of the third object,
Orip‘atyflshawordtail hybrids. Since thdse melanomas
Scr?tl)nate from colour spots, it is necessary first to de-

€ the genetic make-up of a typical spot pattern.

2. The genetic dependence of the spot patiern

Wild species of the genus Platypoectlus, known to
alymep as the original forms of the domesticated
iatYﬁSh. have different patterns of melanin-contain-

§ Spots or stripes which are almost constant from
BNeration to generation. Thus the pattern of these
'S0iS inheritable. Further investigations have shown

At each pattern refers to a single gene, called colour

Sene. Many colour genes are located in the sex chromo-
SOmegs-5_

3. Colour genes and modification genes

Detaileq phenogenetic experiments have shown that
Qrgolour gene is responsible for at least 3 important
differS: I'n the first place, it d.etermin§s.the furthfar
ar frentiation of certain pterin-containing cells in
8¢ polyploid cells containing melanin, so-called
m::lcr‘-"mel:a.nophores 9-11 Secondly, it causes the macro-
giV:nOPhores to flock and stay together. Thirdly, it
in w;mugh instructions in which part of the body and
at kind of tissue differentiation of macromelano-

Tes will take place.
Colour gene, however, tells nothing about how fre-
COtht.ly_ macromelanophores differentiate from pterin-
. dining cells and how often cell division has to occur
Orﬂrde_r to form and preserve the colour pattern typicai
4 given species. In addition it does not say at what

Que

time the macromelanophores differentiate, and it does
not effect the polyploidy. Although it roughly deter-
mines the regions in the body where macromelano-
phores are formed, it does not limit them to that area.
These orders and some in addition®-4, important to
the specific colour pattern as well as to the orders of
the colour gene, are given by other genes. These genes,
called ‘modification genes’ or ‘modifiers’, are located in
gene systems, so-called ‘modifier systems’®. The modi-

* Lecture given at the ‘Internationaler Herbstkongress fiir Ganz-
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(Austria).
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2 Generalia

fiers are irregularly distributed in many or all auto-
somes. Modifier system and colour gene are in such a
perfect agreement by natural selection that in almost
every case a species-specific pattern is formed depend-
ing on the colour gene.

In the following a colour pattern is described.

4. Colour pattern of a wild Mexican Platypoecilus
maculatus

Figure 1 shows at top left a female of a wild Mexican
Platypoecilus maculatus. In the cutis of the dorsal fin
are little black spots. Each spot consists of about
100-300 compactly packed macromelanophores
which are determined by the colour gene Sd (‘spotted
dorsal’) located in the X-chromosome. However, the
spots are not present at birth. The first colour cells
appear not before the second or third month of life. By
continuing differentiation and cell division, more are
formed and joined to others, thus building the-spot
pattern. In general, during the whole of life colour cells
are formed so that the size of the spots grows con-
tinually 4. The spots of the fish shown have almost
reached the final stage. They are nearly in agreement
with those in all wild animals of the same age and
genotype. For that reason the colour gene and the cor-
responding modifier systems seem to be one and the
same genetic factor, although this is not true.

ExperisnTIA 23/1

5. Tumour formation caused by displacement of colowt-
specific modifiers

As long as the Sd-spots appear in the purebred P
maculatus from Mexico, they never form melanomas
This occurs only in hybrids between certain subspecies '
of P.maculatus, and between P, maculatus and certain
other species, for example Xiphophorus helleri, the
wild ‘swordtail’ (Figure 1, at top right) 5.

The colour pattern of X. keller is different from that
of P. maculatus. Colour spots in the dorsal fin like those
in P. maculatus (Figure 1, at top left) are never found
in X. helleri (Figure 1, at top right). Therefore the
species X. helleri does not possess the Sd-gene and the
corresponding modifier systems. The colour pattern of
X. helleri is controlled by its own colour genes and
modifier systems which are in good agreement ob-
tained by natural selection during evolution. For bet-
ter understanding, this colour pattern will be neglected
in the following.

In crossbreeds of P. maculatus (Figure 1, at top
left) with X. helleri (Figure 1, at top right) the colour
gene Sd loses half of its modifiers because of the split-
ting of genes or chromosomes obeying Mendel’s laws.
The genes replacing the Sd-modifiers have by reason

15 Varjous species are now crossed by artificial insemination; C. D.
ZANDER, Zool, Anz. 766, 81 (1961).

et = N

Fig. 1. First row: Platypoecilus maculatus (Sd = Spotted dorsal and Dr = Dorsal red) x Xiphophorus helleri. Sd and Dr in P. maculatis
are repressed. Second row: Sd, Dy Fy-hybrid x X. helleri. Sd and Dr in the hybrid show partial derepression and increased induction-
Third row: Sd, Dr back-cross hybrid. Sd and Dr show total dercpression and increased induction. See text.
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of thejr origin other functions, and they are, therefore,
110 compensation. This has radical consequences for the
Phenotype: the F,-hybrids possess already at the end
of the first month Sd-macromelanophores (about 1-2
Mmonths earlier than P. maculatus). During further de-
Velopment thousands of highly polyploid (up to 16 )
colour cells are formed by continuous differentiation
and cell division 11 g0 that in the cutis of the dorsal fin
the Mmacromelanophores accumulate (Figure 1, second
T‘OW left). Colour cells, for which there is obviously no
SPace in the dorsal fin, migrate to other areas of the
body which are commonly determined by the colour
gene, by the colour gene-specific modifiers, and by the
Colour gene-unspecific genes originated from X. helleri.
11§ these regions are colour gene and hybrid-specific.
A:Lt flrSfE the dorsal regions of the caudal fin and then
€ regions between dorsal and caudal fin are occupied
Y colour cells; extremely, the colour cells are found
1 the ventra] and finally in the middle regions of the
“@udal fin. The formation of the colour cells continues
at the same rate, and if, in the assigned areas, the
“apacity of the cutis is exceeded, the colour cells will
Start growing in the third dimension: from spots are
SormEd tumours. In our example, this change from
If)Olt to tumour is normally reached in the second half
0 I}fe Y. Continuously growing melanomas are formed,
Which show a1l histological, cytological and biochemical
Peculiarities of real tumours!>1, Yet the growing of the
r:;nours in these F,;-hybrids is relatively slow and is
uced during senescence. In general, the normal
Uration of life of the fish is therefore not noticeably
Teduceq,
The fertility of these hybrids is almost unrestricted,
Permits further crossbreeds. In this case, firstly,
® back-cross of F,-hybrids with X. helieri (Figure 1,
Seml}d row), is interesting because in this cross Sd-
SPecific modification genes are replaced again by Sd-
"Nspecific genes. In the following back-crosses of the
Ack-crossed hybrids with X. kelleri, the elimination of
€ Modifiers is completed, so that all autosomal Sd-
SPecific modification genes are replaced. Now the
b henoiypical effect of the elimination is of great conse-
duence (Figure 1, third row): all back-cross hybrids
“Arrying the Sd-gene form highly polyploid macro-
?elanophores already before or shortly after their
Irth, Beyond this, the frequency of colour cell forma-

i

all-on increases abnormally, so that immediately all
n ®as already described with regard to F;-hybrids are
OW occupied by newly-formed colour cells. A few

Weeks later the spots change to fast-growing melano-
¢ 45, The tumours, now growing in several areas, melt
0gl’:ther and form one large connected melanoma.

andﬂe thi§ is going on, still other C010}1r gene-s‘pgciﬁc
col hYbr1d~specific regions are occupied by dwu.flmg
diszu'r cells: mouth, pectoral fins, and son?e regions
CDIDI‘Ibmed over the sides of the body. Finally the
ur cells are able to penetrate the body of the fish,
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except for the nervous system, intestines, and skeleton,
and can amount to about 65%, of the weight of the
body. Now fish and tumour growth have come to an
end, and the fish dies®%24,

6. Prevention of tumouy formation by addition of colour
gene-specific modifiers

In contrast to this, the back-cross of the tumour-
forming P. maculatus|X. helleri-hybrids with P. macu-
latus has other consequences. In this case the colour
gene manifestation is successively normalized by step-
wise introduction of the Sd-specific modifiers. The
colour gene again causes normal spot pattern, even
when the colour gene has determined tumour formation
for many generations?’.

7. Repression and derepression of the colour gene

Without discussing any details of Sd-caused tumour
genesis, the genetic make-up which is responsible for
the formation of the colour pattern and tumours will
be considered again.

The results of crossbreeds have shown that the
colour gene Sd causes an unlimited and abnormally
fast differentiation® and multiplication of macro-
melanophores, if it lacks its own modifier system. It
seems to possess an elementary capacity of potentially
unlimited activity. Only the modifier systems which
are made in accordance with the colour gene by natural
selection are able to reduce and concentrate its activity
on the formation of a typical colour pattern. In this
sense the modifiers discussed above are also ‘repression
genes’ 819, and thus undoubtedly have the same general
functions which are characteristic for the so-called
‘regulator genes’ of microorganisms?®. The formation
of the colour pattern depends on repression, while the
tumour formation depends on derepression of the po-
tentially unlimited activity of the colour gene. Re-
pression is caused by modification genes and de-
repression by its absence.

8. A repression geme which occupies the first place in
preventing tumour formation

Phenogenetical analysis of the repression genes has
shown that these genes rank in order according to how

1% H. BREIDER, Z. Zellforsch. mikrosk. Anat. 28, 784 (1938); D. G.
Huwmm and J. H. Humwm, Ann. N.Y. Arad. Sci. 700, 857 (1963).

17 Till now a maximum of 15 generations.

18 M. Gorpon {see ) discussed the fact that differentiation of pig-
ment cells in tumours is an incomplete one; but tumour cells are
real pigment cells producing melanin,

18 F. Anpers, Verh. dt. zool. Ges,, Kiel (1964), Zool. Anz. 28,
Suppl.-Bd., 102 (1965).

2 F, Jacos and J. Monob, in Cytodifferentiation and Macromolecular
Synthests (Ed. M. Locke; Academic Press, New York and London
1963}, p. 30; H. O, HaLvorsoN, A. Herman, H, Oxana, and J.
GormaN, 13. Colloquium der Ges. fiir physiol. Chemie in Mos-
bach/Baden {Springer, Berlin-G&ttingen-Heidelberg 1963}, p. 42.
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strongly they prevent tumour formation. The first
place is occupied by a certain repression gene {RG,),
that obviously represses only the formation of colour
cells. It is located in one of the autosomes, following
Mendel’s laws®. If 2 of them are present in the cell,
tumour formation is always prevented. This dosage
allows the colour gene only a relatively small activity
(Figure 2a). A single dosage of the repression gene
allows a relatively great activity of the colour gene,
mostly resulting in tumour formation (Figure 2b),
while its absence allows a very high activity of the
colour gene, that is very high tumour formation (Fig-
ure 2¢). Modifiers determining the limits of the areas
or modifiers determining polyploidy etc., are obviously
unimportant for the prevention of tumour formation.
Their absence has only a modifying influence on
tumour formation.

9. Influence of colour gene-unspecific modification genes
on the activity of the colour gene

After discussing colour gene-specific modifiers, we
should like to introduce colour gene-unspecific modifi-
cation genes.

These modifiers can be recognized by crossing P.
maculatus with various geographical races of X. hellers
or other species of the genus Platypoecilus or Xipho-
phorus®1%.22, Using a race of X. helleri living in the
Rio Papaloapan (Mexico), relatively intensive tumour
formation can be obtained®. If this race is substi-
tuted by X. helleri living in the Belize River (British
Honduras), we find very little tumour formation, often
showing only an increased spot pattern. If X, heller:
is replaced by X. montezumae coriez, this results in a
more intensive tumour formation than in the cross-
breeds of P. maculatus with X. helleri living in the Rio
Papaloapan. Crossbreedings with other species again
have different results, for example an increased or
normal formation of colour spots.

Interesting too, is the following example giving
more information: After crosses and back-crosses of
P, maculatus with P. xiphidium, the colour gene Sd
completely stops its activity, although the Sd-specific
repression genes have been displaced. In this case no
colour cells will be determined at all. Already these
examples show that X. helleri and the other species
have genes influencing the activity of the Sd-colour
gene of P.maculatus. In this sense they are non-species-
specific modifiers of the Sd-gene. However, since they
originate from species which have developed no Sd-
gene during their evolution, these modifiers cannot be
Sd-specific. It is more likely that they belong to the
genetic milieu of a certain species, and that they have
general functions. Of course, P. maculatus, too, has
such modification genes; but the Sd-gene is made so
well in accordance with its own genetic milieu by
natural selection that the spot formation is always

Experientia 23/1

constant. For this reason the influence of the genetic
milieu on its own colour gene cannot be recognized-
The genetic milien of P. maculatus can only be recog
nized if it is combined with non-species-specific colouf
genes. Under this condition the genetic milieu of P.
maculatus influences the non-species-specific colou?
genes in the same manner as the Sd-gene of P. ma-
culatus is influenced by the genetic milieu of X hellers.

Till now this type of modification gene could be ana-
lysed as a species-specific unit of gene systems.

Fig, 2. (a) Sd, Dr P. maculatus{X. helleri hybrid possessing twofold

dosage of the repression gene RG,. (b) Sd, Dr P. maculatus{ X, hellers

hybrid possessing single dosage of the repression gene RG,. (c) 5d:

Dr P. maculatus|X. helleri hybrid without repression gene RGy»
See text,

21 7, Anpers and K. KuiNke, Verh, dt. zool. Ges., Géttingem
(1966) in print.

2 C, D. ZanbpER, Mitt. hamb. zool. Mus. Inst. 60, 205 {1962); Mitt-
hamb, zool. Mus. Inst., Kosswig-Festschrift 222 {1964).

28 This race was used in Figure 1.
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ﬁ}ni}’&s of simple modifiers is very difficult because
. 1€ complexity of the genetic milieu®®. Since the
( 1300"8?3’ of these genes by KosswiG in Germany
27) and GORDON in the United States (1927)4, no
one doubted their existence 16,2252
The following observations have a key position in

Understanding the efficiency of this type of modifica-
tion gene,

10. Influence on the activity of the colour gene by the
environment

While the manifestation of the colour gene in the
Sl‘;;ebred Species is nearly stable to environmental
nge§. It becomes more and more unstable after
Cg’slz?dlzati(?n, by which the repression genes are suc-
reactvely dlsp]ar;ed‘*-“. In general, the colour gene
in cslupon envxronmgntal stimulators only by form-
Sfm 01 our cells at a higher rate. 'I.‘hese environmental
numltl, ators. are: more than optimal feeding, small
o er of individuals in a population, lowered water
Perature, increased saline concentration of the

Water, low UV-irradiation, small doses of chloram- -

la:jr:l:ﬁd’ S‘feroid hormones, and other factors, which
‘obvmusly stimulating the growth of the body.
o ‘R’l give the impression of a better physical condition
. € fish, although the number of broods and the
mber of offspring per brooed are reduced, and often
Propagation ceases.
o inflluenced by the factors mentioned above the rate
Certo'our cell ‘fornzlation can be greatly increased. In a
%n:ln cambl.natxon of genes the. number of colour
in C‘Duld be increased 35-fold during 7 days®. Work-
eafl.‘”lth tumour-forming hybrids the tumour appears
tionlef than normally, and the rate of tumour forma-
earl; 18 Increased. These fishes die several months
eI than the animals in the control experiment.
&I?ém;f Spot forming hybrids show tumour formation,
1o ybrids forming no colour cells or spot pattern
W show formation of colour spots.
ani;ﬁngely enough, relatively short exposure of the
S to the environmental stimulators mentioned
gez?:e 1s sufficient to raise the expression of the colour
dur; {e.g. sub-lethal increase of saline concentration
e‘?g 30 days); for this it does not matter whether
om actors are acting during the early oogenesis (e.g.
Watffr ary exposure of the mother to diluted sea
Cene 27 or eml?ryogenesw, juvenescence or senes-
chane' . The act1v§ty of the colour gene, increased by
mOregf:?g the environment for a .short period, lasts
at th}'m‘l a year, and. t_herfafc')re gives the impression
ek 1xs ncreased act}vrcy is irreversible ®8; only very
grady lzllter does the %n‘creafset.i colour c'ell formation
colog ally fade. In a‘ddmon, it is not possible to reduce
HOrmrl cell formation (or tumour formation) to a
Posit : rate' by changing the environment to the op-
(e.g. insufficient feeding, raising water tempera-~

Generalia 5

ture etc.). The environmental factors are able to reduce
colour gene manifestation only when they act con-
tinuously from early oogenesis. The colour gene does
not even show any reaction to short environmental
stimulations which are believed to reduce colour cell
formation.

11. Colowr gene-unspecific modification gemes and
environmental factors as inductors of colour gene
activity

The result of section 10 is: the activity of the colour
gene depending on non-species-specific modifiers can
be raised by environmental stimulators. This state is
still retained after the stimulation is finished. This
also shows that the non-species-specific modifiers are
not repressors, even in those gene combinations in
which the colour gene normally does not induce
colour cell formation at all; its activity is not pre-
vented by repression, because it can be stimulated by
temporary environmental changes to form colour cells
continuously®. In this case the stimulus of the modi-
fiers is obviously lacking, or not strong enough to
make the colour gene form colour cells. In derepressed
genotypes in which colour gene manifestation is
present, the non-species-specific modifiers, however,
induce a certain activity of the colour gene.

The potential elementary activity of the colour
gene obviously requires an induction in order to
be expressed. This induction is caused by colour
geneunspecific modification genes which will be
called ‘induction genes’, and by environmental
factors.

12. Amino acids, supposed to be an intermediate in induc-
tion of colour gene activity by modification genes

Since colour cell formation in fish lacking repression
genes is modified in the same manner either by induc-
tion genes of a non-species-specific genetic milieu or by
heterogeneous environmental factors, let us assume
that in the mechanism of all these factors a central
link is involved. Among the substances which could
represent such an intermediate, amino acids take the
first place. These compounds can be extraordinarily

28 ¢, Kosswic, Verdff. Inst. Meeresforsch. Bremerh., Sonderband 3,
Meeresbiol. Symp. 178 (1963).

25 M, Orray, Mitt. hamb. zool. Mus. Inst., Kosswig-Fesischrift 133
{1964},

2% P, A. MacIntyre and K. F. BaLsgr-Conrn, Zoologica 46, 125
(1961). )

27 F, ANDERS, A. ANDERS, and K. Krinke, Verh. dt. zool. Ges.,
Wien (1962), Zool. Anz, 26, Suppl.-Bd., 97 (1963).

2 F, ANDERS, F. Drawert, K. Kungg, and K, H, ReuruEr, Ex-
perientia 79, 219 (1963).

2 Some exceptions are known which will be examined here.



6 Generalia

active in physiological or genetical mechanisms36-32,
either as exogenous or endogenous ‘free’ amino acids.
A good example of this is the induction of galls by
phytopathogenic insects using free amino acids®,
which have a regulative effect on the chain of physio-
logical reactions leading from DNA to RNA, to the
morphologic character®. They obviously have a gene
regulative function in microorganisms, too33,
Supposing that the free amino acids are a link in the
functional mechanism of the induction genes, then the
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Graduation of gene manifestation

8
(S-Standard) ceorees 0O OOSTEAN

Tumor formation

Fig. 3. Generalized manifestation of 15 colour genes out of 7 species
or subspecies in 175 hybrid combinations between 8 species or sub-
species (number 7, X. helleri from Rio Papaloapan, has no colour
gene causing spots), Row 1-8 is based on the amino acid content.
Various degrees of gene manifestation can change continuously from
fow to middle, to increased and much increased tumour formation,
This is shown by the size of the black symbols and the number of
protuberances (1-4) of the symbols. The number of protuberances
shows not only the degree but also the frequency of tumour forma-
tion: 1 = less than 100%, 2-4 = 1009 frequency of tumour forma-
tion, The upper of the 2 symbols in one square represents gene mani-
festation of the T;-hybrids, and the lower one that of the back-cross
hybrids; lacking symbol = not yet proved; = proving is not
possible, Sp = Spotted; T = Twin spot; Sd4 = Spotted dorsal;
Sr = Stripe-sided; Dr = Dorsal red; Ar = Anal red (probably the
same gene as Rb = Red belly as described by Gorpon). N = Nigra
(large black spots); O = Crescent (in the caudal fin; C' is not the
same as C = Crescent as described by Gorpox); P = Punctatus
(little spots at the side of the body}; Sc = Spotted caudal. Ma
= macromelanophores; Mi = micromelanophores; Ery = erythro-
phores = pterinophores. A = autosome; X, Y, Z = heterochromo-
somes; x = Autosome, which is homologous {o X, See text, details
in reference 8,
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races, species, and hybrids mentioned in section Q-
their Sd-unspecific induction genes cause different
degrees of activity of the derepressed Sd-gene—should
have different levels of amino acids. These differences
in amino acid content should also be reflected in colou?
gene manifestation. The assumption could be proved
experimentally, because the relative manifestation of
the derepressed gene is correlated with the amino acid
content of its carrier and of the races and species used
in the crossbreeding. To what extent the so-called
‘pattern’ of the free amino acids plays a role, is un-
certain at this time!,

22 different derepressed colour genes examined in
about 40,000 individuals show in principle the same
phenomena. Figure 3 shows an arrangement of 15 dif-
ferent colour genes. The carriers of the colour genes ar¢
ordered in a row, so that No. 1 represents the species of
subspecies with the lowest and No. 8 that with the
highest amino acid content. A distinct gradient of
colour gene manifestation in the hybrids can be seen.
from bottom left to top right. Deviations are rare®.
Also remarkable is that genes responsible for small
melanin-containing colour cells (micromelanophores)
and genes responsible for pterin-containing colour cells
(erythrophores) generally follow the same law. The
relation between colour gene manifestation and the
genetically fixed amino acid content, strongly suggests
that free amino acids are a link in functional mecha-
nisms of the induction genes®'%2". This will also be
found in the following observations.

13. Amino acids, supposed to be an iniermediate in induc-
tion of colour gene activity by environmental factors

While the amino acid content of fishes of the same
genotype, age and sex are constant under constant

3 See 1. RoBeErTs and D. G. SIMONSEN, in Amine Acids, Proteins
and Cancer Biochemistry (Ed. 1. T. EpsarL; Academic Press, New
York and London 1960}, p. 121; T. J. HoLDEN, Amino Acid Pools
{Elsevier, Amsterdam-London-New York 1962}, p. 248.

81 1, ANDERS, Verh, di. zool, Ges., Erlangen {1955), Zool. Anz. 79
Suppl.-Bd., 421 (1956); Vitis 7, 121 (1957); Biol. Zbl. 80, 199
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14. Dosage of colour gene

rIH allA the preceding examples the colour genes are
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the organism in single or twofold dosage. By this com-
pensation mechanism the dosage of the gene is stabi-
lized so that the phenotypes possessing either the
single or the twofold dosage of the gene are identical?®”.
This is also true for the colour genes of the Poeciliidae.
This, however, can be recognized only when the
colour gene is regulated by its own repression genes.
By stepwise elimination of the latter, the so-called
‘dosage effect’ can be seen, that means the twofold
dosage of the colour gene has a twofold effect®. Tu-
mour formation and death, already induced by the
single dosage, are speeded up by the twofold dosage.
Death often occurs during the first days of life, and in
many breeds the number of individuals per brood
possessing the twofold colour gene dosage is reduced.
More intensive spot formation caused by single dosage
results in tumour formation, if the twofold dosage is
present,

15. Joint regulation of genes determining the formation of
melanophores and erythrophores

Melanophores originate from pterin-containing cells
as already mentioned in section 3. The results of
several investigators seem to prove that the formation
of melanophores is connected with pterin metabo-
lism?®, From this point of view the following observa-
tions are interesting.

Till now we know at least 6 genes for formation of
macromelanophores which are closely linked to genes
forming pterin-containing colour cells {erythrophores).

34 Til} now only the effects of various salt concentrations, tempera-
tures, and UV-irradiation have been investigated.

3 The curve resembles that of technical regulating systems and
therefore points ta the presence of a biological regulating system
that causes a constant concentration of the amino acids at dif-
ferent salt concentratious. See K. STEINBUCH, A wfomal und Mensch
(Springer, Berlin-Heidelberg-New York 1965).

3% Experiments for raising pigment cell formation by injecting amino
acids arc difficult to perform. Siagle injections are compensated,
as already known for other objects. Continucus injections which
would raise the level of amino acids for a longer period of time are
not tolerated by the animals,

37 C. STERN, Biol, Zbl. 49, 261 {1929); H. J. MOLLER, Proc. 6th int.
Conf. Genet. 7, 213 (1932). Last review: A. G. Cocxk, Genet. Res.
5,354 (1964).
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To these genes determining the formation of macro-
melanophores also belongs the colour gene Sd; the
directly following gene in the chromosome is the Dr-
gene {‘Dorsal red’, reddish glimmering of the dorsal
fin; Figure 1, at top left, dotted area), which deter-
mines the formation of erythrophores. It is difficult
to imagine that the genes responsible for the formation
of macromelanophores happen to be jointly linked to
genes responsible for the formation of erythrophores.
It is more likely that this connection is the result of
physiological relation between pterin metabolism and
the formation of melanophores. The connection be-
tween a macromelanophore gene and an erythrophore
gene is finally emphasized by their parallel manifesta-
tion in most cases (compare black and dotted areas in
Figure 1). Obviously, their activity is mostly regulated
by the same factors. This suggests the assumption that
they represent something like an ‘operon’ in the sense
of Jacos and Monop 2,

16. Aitempt to represent a scheme of the genetical-physio-
logical make-up that determines spot and tumonr forma-
tion

After several authors have tried to explain gene
regulation in higher organisms in the sense of the well-
known scheme of galactose utilization in Escherichia
coli®, an attempt will be made to explain the regula-
tion of colour genes in platyfishes and swordtails in the
same sense.

For simplicity’s sake, we shall consider the example
already described: Sd and Dr of P. maculatus in the
purebred species and after hybridization with X. hel-
leri. Since this example in general is valid for other
colour genes and other poeciliid species, except for a
few details (linkage, intensity of colour gene manifesta-
tion etc.), the symbolization will be generalized, too.
In Figure 6a all factors are summarized which guaran-
tee the normal manifestation of Dy (CG,) and 54 {CGy)
in the purebred species P. maculatus {see Figure 1, at
top left). Colour genes and their linkage to the X-
chromosome have been the object of many investiga-
tions and are therefore well known. In most cases they
are jointly regulated. Also well known is the autosomal
repression gene (RG,) which has a key position in the
repression of colour cell formation. It turned out to be
specific for CG, and CG,. Other repression genes (RG)
have been found by analysing modifier systems. Prob-
ably, they are irregularly distributed among some or all
autosomes (2# = 48). Whether there are gonosomal
repression genes too is not certain?. From our knowl-
edge of gene function, we have to postulate specific
repressor substances (RS), especially in these tishes,
because the repression genes and the colour genes are
located in different chromosomes. Nothing is known
definitely about the repressor substance. Till now in-
duction genes (IG) are only known as additive compo-
nents of polygenic systems of the genetic milieu. They
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are obviously distributed among many or all chromo-
somes. There is circumstantial evidence of the identity
of the induction genes and those genes controlling the
amino acid pool (AA-pool), and also of the inductional
effect of the amino acids (see scheme). The induction
influences the colour genes and causes the genes t0
differentiate erythrophores (Ery) and macromelanc-
phores (Ma). As common metabolites, the amino acids
are of course involved in the entire formation of colour
cells (see right arrow in the scheme). The concentration
and the pattern of the free amino acids are, as we kno¥
for certain, determined by genes and can be influenced
by environmental factors. The interaction of all the
factors already mentioned (and probably several more
factors) causes the differentiation of a definite number
of red and black colour cells arranged to the species-
specific colour pattern: black spots on a reddish glim-
mering background (Figure 1, at top left). Because the
spots increase in size slowly till death of the indivi-
duals, it is not necessary to postulate feedback-reac-
tions from spots to the factors which differentiate
them.

A corresponding scheme for X. helleri from Rio
Papaloapan (Figure 1, at top right) is shown in Figure
6b. Colour genes determining the formation of macro-
melanophores and macromelanophore gene-specific
repression genes are lacking. Genes recognized as induc-
tion genes (IG) in the cross P. maculatus{X. helleri
cause & higher level of free amino acids than the cor-
responding genes of P. maculatus. The characteristics
of the F,-generation (Figure 1, second row left) can be
seen in Figure 6c. These are: low repression or partial
derepression and increased induction causing increased
formation of erythrophores and melanophores. The
colour spots of the pattern change to melanomas (se€
irregular black spot in the scheme).

In Figure 6d are shown all the characteristics of the
back-cross (Figure 1, third row). More increased forma-
tion of erythrophores and melanophores is caused by
total derepression or lacking repression and by high
induction. The fishes have black melanomas on re
background (see large irregular black spot in the
scheme).

These expressions of the colour genes are increased
again if the fishes possess the twofold dosage of the
genes (see Figure 6e). If both of the parents possess oné
or several colour genes, the offspring show a mor¢
complicated genotype and more differentiated charac-
teristics. But there are no new aspects.

17, Concluding remarks

The formation of melanomas in platyfish-swordtail-
hybrids is caused by partial or total derepression and

3 3, McCLintock, Am. Nat. 93, 265 (1961); H. Marguarpr, Biok
Zbl, 83, 1 (1964); and others,
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if:l?reased induction of a gene which determines a cer-
I type of cell. Since cancer generally is probably
ased on disordered cell growth3%, the causes are per-
aps universa],
un]iiy Contrast, the constitution of causes n?ight not.be
recn erggl‘ The melanomas in Poeciliidas originate from
e Tbination in the spermovium resulting in fie-
tupressmn and induction. The same is true for specific
mours of the thyroid gland and erythrophoromata
tumours consisting of erythrophores) of these fishes
?S Well as for tumours in tobacco-hybrids®. Readiness
OF tumour formation often found in warm-blooded
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animals might be constituted similarly. By contrast,
in most of the tumours of warm-blooded animals—
today the most favoured object of investigation—the
constitutions of causes are obviously not recombina-
tion in the zygote but other mostly unknown origins.

Our knowledge today about the origin of the causes
of fish melanomata allows us to discuss some possible
constitution of causes of tumours in warm-blooded
animals:

Repression genes which can be eliminated in Poe
ctlitdae by crossing could have been deleted or mu-
tated in warm-blooded animals in each germ cell and
each somatic cell. Induction genes could have mutated
at any time too, to a state in which they attain epi-
stasis over the repression genes. Genes determining a
certain type of cell could have undergone mutation so
that they could not be controlled by their repression
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genes any more. Viruses and carcinogens could cause
mutation or could block or disturb repression in
another way. It might be possible that different blocks
in different spaces are added, so that the sum of many
defects, which in themselves are unimportant for tu-
mour formation, could cause disordered cell growth.

From this point of view the formation of melanomas
in Poecilitdae represents a model for the formation of
cancer®,

Zusammenfassung. Bel bestimmten Zahnkarpfen-
Bastarden treten stets erbbedingte Melanome auf.
Diese entstehen dadurch, dass bestimmte Gene, die fiir
die Differenzierung von Farbzellen verantwortlich
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sind, enthemmt und gleichzeitig zu einer gesteigerten
Aktivitit angeregt werden. Die Enthemmung beruht
auf einem Verlust bestimmter Repressionsgene und dié
Aktivititssteigerung auf einer Einfiihrung polyfak-
torieller Systeme von Induktionsgenen. Es bestehen
schwerwiegende Indizien dafiir, dass die Induktor-
substanzen mit Aminosduren identisch sind.

41 1 should like to thank Dr. C. Kosswic (Hamburg) and Dr. M.
Dzwirro {Hamburg) for their valuable criticism, J. VIELKIND
(Giessen) for translation, and W. BAcker (Giessen) for reading
through the manuscript. The experiments of the author have beep
supported by a grant from Deutsche Forschungsgemeinschaft and
Stiftung Volkswagenwerk,
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IR-Spectra of Fluorapatite and Fluorchlorapatite

Apatites are crystalline solids typified by hydroxy-
apatite, Cao{PO,)s(OH),, a basic calcium phosphate.
Many substituents are possible in the apatite lattice giving
rise to a whole series of related compounds.

It is now possible! to prepare an apatite with fluoride
in the place of the hydroxyl ion, in which case the com-
pound is known as fluorapatite, Ca,o(PO,)sF,. The mixed
apatites have also been prepared by heating together cal-
culated quantities of p-Cay(PO,),, CaCl, and CaF, at
800°C or by treating a pure synthetic chlorapatite with
different amounts of CaF,.

When fluoride is fully substituted for all the hydroxyl
ions in hydroxyapatite, the unit cell of the resulting
fluorapatite has a smaller a-axis but the same c-axis as
the unsubstituted hydroxyapatite. It is possible that this
lattice parameter difference is due to the change centred
in the calcium triangle. The OH ions of hydroxyapatite
lie with their internuclear axis coincident with the sixfold
screw axis and at a distance of 0.3 A from the nearest
trigonal calcium plane. On the other hand, the F ions of
fluorapatite lie at the intersection of the plane with the
sixfold screw axis, and the Cl ions of chlorapatite lie on
the sixfold screw axis but midway between adjacent
planes?. These positions are illustrated in Figure 1.

The first apatite structure completely worked out was
that of the mineral calcium fluorapatite3, s It is of
hexagonal structure, having space group P6g/m. The unit
cell dimensions, for hydroxyapatite® and fluorapatite? are
given in Table 1.

The IR-spectra of hydroxyapatite, fluorapatite, and
fluorchlorapatites are shown in Figures 2-6. The IR-
spectrum of hydroxyapatite is included for reference pur-
poses. The hydroxyapatite and other specimens were

Fluoroapatite Hydroxyapatite

Pomo P fm
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! i J
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O Fluoride
O Oxygen
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® Hydrogen

i
Fig. 1. Diagram showing the fluoride, hydroxyl, and chloride posi-

tions in the apatite structure?.

Table I. Unit cell dimensions of hydroxyapatite® and fluorapatite®

Apatite al cA

Cayy(PO,)4(OH),
Cayo{ POyF,

6.881 - 0.005 A
6.88 4 0.014

9.432 4 0.005 A
9.37 £ 0014
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