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Melanomas in Xiphophorus variatus (Pisces,  Poeciliidae) in the Absence of Hybridization 

I t  is well k n o w n  t h a t  severa l  genes  e f fec t ing  t he  p roduc -  
t ion  of me lan ic  p a t t e r n s  in f ishes  of t he  genus  Xiphophorus  
cause  t h e  p r o d u c t i o n  of m e l a n o m a s  in ce r t a in  h y b r i d  
crosses.  ATz ~ h a s  rev iewed t he  subjec t .  No m e l a n o t i c  
i n d i v i d u a l s  h a v e  been  collected f rom n a t u r a l  popu l a t i ons ,  
however ,  a n d  i t  is genera l ly  bel ieved t h a t  h y b r i d i z a t i o n  
is nece s sa ry  for m e l a n o m a  p roduc t ion .  Th i s  p a p e r  
r epo r t s  two i n s t an ces  of m e l a n o m a s  occur r ing  in non-  
h y b r i d  X .  variatus males .  

Materials  and methods. X .  variatus i n d i v i d u a l s  were 
collected f ro m  a n u m b e r  of local i t ies  in T a m a u l i p a s ,  
Mexico an d  were t r a n s p o r t e d  to New Y o r k  where  t h e y  
were m a i n t a i n e d  in  20 by  25 b y  40 cm a q u a r i a  and  bred  2. 
Broods  were ra i sed  in 30 by  30 b y  60 cm a q u a r i a  and  t he  
sexes  were s e p a r a t e d  before t he  f i sh  r eached  m a t u r i t y .  

P~, P~, an d  pa are t h r ee  d i f fe ren t  p i g m e n t a t i o n  p a t t e r n s  
cons i s t i n g  of va r i ab l e  n u m b e r s  of b lack  spo t s  on t h e  
f l anks  of t h e  fish. These  p a t t e r n s  are cont ro l led  B y  
c o d o m i n a n t  alleles a t  t he  s a m e  sex l inked  locus. The  
Pa and  p2 alleles m a y  be f o u n d  on e i ther  the  X or t he  Y 
c h r o m o s o m e ,  a l t h o u g h  in some  n a t u r a l  p o p u l a t i o n s  it  
appea r s  t h a t  t h e  p2 allele is f o u n d  p r inc ipa l ly  on the  X 
c h r o m o s o m e  an d  t h e  p1 on t h e  y s .  The  Gn p a t t e r n  is a 
b l acken in g  of t h e  g o n o p o d i u m ,  t he  modi f i ed  ana l  f in oI 
t he  male,  caused  b y  a d o m i n a n t  allele a t  a n o t h e r  sex 
l inked  locus.  A l t h o u g h  t he  allele is located  on t he  X 
c h r o m o s o m e  in t h i s  species,  t he  p a t t e r n  is u n d e r  andro-  

genic cont ro l  a n d  shows  up  on ly  in males ,  p1 a nd  P~ h a v e  
been  i l lus t ra ted ,  a nd  t he  gene t ics  of all t h e  p a t t e r n s  h a v e  
been  t r e a t e d  by  va r i ous  au tho r sa ,  a. F i sh  were scored for 
p i g m e n t a t i o n  p a t t e r n s  a t  m a t u r i t y  un less  o the rwise  
s t a t ed .  

T h e  P~ allele is va r i ab le  in i ts  expres s ion  w i t h  t he  
p a t t e r n  cons i s t ing  of a n y w h e r e  f rom a few b lack  spo t s  to a 
b lack  b a n d  a long  t he  f l anks  of t he  f ish caused  b y  the  
coalescence of n u m e r o u s  spots .  P u b l i s h e d  p h o t o g r a p h s  
i l lus t ra te  t h i s  v a r i a t i o n  5. I e s t i m a t e d  t he  pe r c e n t a ge  of 
t he  b o d y  sur face  t h a t  was  covered  b y  t he  p a t t e r n  in t he  
fol lowing m a n n e r :  u s ing  p h o t o g r a p h s  of a fish, I c o u n t e d  
t he  n u m b e r  of spo t s  in va r i ous  size classes on b o t h  of i ts  
sides.  T h e  p r o d u c t  of t he  n u m b e r  of spo t s  per  class a nd  
t he  ave rage  area  of a spo t  in t h a t  class was  s u m m e d  over  
all c lasses  a n d  t he  s u m  was  d iv ided  by  twice  t he  area  of 
t he  p h o t o g r a p h  of t he  fish.  

Results  and discussion. N 8-14 ,  one of t he  ma l e s  I 
col lected in 1970 t h a t  e xh ib i t e d  t he  P~ p a t t e r n ,  deve loped  
a typ i ca l l y  h e a v y  p i g m e n t a t i o n  a n d  clear ly  h a d  a me lano-  
m a  on i ts  c a uda l  pedunc le  (Figure  1) b y  J u n e  of 1972 w h e n  
i t  was  a p p r o x i m a t e l y  20 m o n t h s  old. Th i s  is t he  on ly  
k n o w n  e x a m p l e  of a Xiphophorus  collected f rom a n a t u r a l  
p o p u l a t i o n  e x h i b i t i n g  a m e l a n o m a .  Th i s  f i sh  could no t  
h a v e  been  a hybr id .  The  on ly  o the r  species  of Xiphophorus  
t h a t  occurs  in t he  Rio  Sab inas  s y s t e m  is X .  montezumae 6 
b u t  t h i s  species  does no t  occur  in t h e  Ar royo  Sarco. I 
h a v e  col lected i n t e n s i v e l y  in t h a t  s t r e a m  in 1966, 1967, 
1970, a nd  1973 a nd  t he  on ly  Xiphophorus  species  p r e s e n t  
was  X .  variatus. DARNELL 6 collected in t h a t  a rea  f rom 
1950 to  1953 a n d  repor t s  t h e  s a m e  th ing .  

As Tab le  I shows,  N8-14 was  h o m o z y g o u s  for t he  p2 
allele. Seven  of i ts  ma le  of fspr ing  su rv ive  ; 3 of t hese  exh ib i t  
p a t t e r n  e n h a n c e m e n t  while  4 e xh ib i t  n o r m a l  p i g m e n t a t i o n  
(Figure  2). Since ha l f  of t hese  ma le s  shou ld  be h o m o -  

Fig. 1. Lateral and ventral views of N8-14. The melanoma is clearly 
visible on the caudal peduncle. 
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in the Genetics Laboratory of the New York Zoological Society 
through the courtesy of Dr. K. D. KALLMA~. 
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J. W. ATz, Op. Cit., the female in figure 7 illustrates mild expres- 
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6 R. M. DAR~ELI, Publs Inst. mar. Sci. Univ. Tex. 8, 299 (1962). 

Table I. Summary of crosses establishing the genotypes of the fisch referred to in the text 

Parents and presumed genotypes F1 Flpatterns 

Females Males 

Females Males Pedigree + p~ p3 + p2 p8 

2111-1 X~,~XI,3 2112-11 X+ Y+ 2122 3 3 14 
2111-2 XP*X+ 2113-11 XanY+ 2123 6 3 2 7 
2110-1 XI~2X+ 2110-12 X+ Yp~ 2185 12 16 23 
N9-1 X+ X+ N9-11 Xp~ Y+ N18 8 8 
N18-2 Xp~X+ N8-14 Xp2 yp2 N32 21 12 

The F 1 fish exhibited either p2, p8 or no pattern (+). The numbers in the columns at the right give the number of offspring resulting from 
each cross that exhibited a particular pattern. 
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Tab le  I I .  S u m m a r y  of crosses e s tab l i sh ing  the  g e n o t y p e s  of males  2185-11 t h r o u g h  2185-17 

]~XPERIENTIA 29/11 

F 1 p a t t e r n s  

P red ic t ed  P1 P a r e n t s  a n d  p r e s u m e d  g e n o t y p e s  F 1 Females  

Male g e n o t y p e  Females  Males Pedigree  + p1 

Males 

p2 + p~ P2Gn 

Xp~Yp~ 2151-1 X+ X+ 2185-11 Xp~ yp2 2339 48 55 

X+ yp2 2137-1 X+ X+ 2185-12 X+ Y ~  2403 7 1 ~ 5 

X+ Xp~ 2123-1 X+ XGn 2185-13 X+ Y ~  2343 11 20 b 

X+ YP~ 2 1 3 2 - 1 X +  Xp~ 2 1 8 5 - 1 4 X +  yp2  2502 1 1 5 ~ 

Xp~3zp2 2126-7 XGnXon 2185-15 X+ Yp~ 2342 16 

Xp2ye2  2185-1 X+ X+ 2185-16 XP~Yp'- 2378 9 15 

? ? ? a 2151-3 X+ X+ 2185-17 Xp~Yp2 2351 23 25 

12 

I p red ic t ed  the  g e n o t y p e s  of these  fish on the  bas is  of t he i r  p h e n o t y p e s  a n d  these  p red ic t ions  are  given in c o l u m n  1. Co lumn  2 gives the  
g e n o t y p e s  of the  females  to  wh ich  t h e y  were  m a t e d .  Co lumn 3 gives the  g e n o t y p e s  of the  males  as d e t e r m i n e d  f rom ana lyses  of the  p h e n 0 t y p e  
ra t ios  of the  o f f spr ing  wh ich  are  g iven  a t  the  r igh t .  ~ p r e s u m a b l y  th is  fish is the  resu l t  of a c rossover  d u r i n g  spermatogenes i s ,  b A t  the  t ime  
of scor ing,  15 of these fish were  adu l t  a n d  11 of these exh ib i t ed  the  Gn  p a t t e r n ,  o The  p2 p a t t e r n  m a s k s  the  p l  p a t t e r n ,  a This  fish h a d  ex 
h ib i t ed  i n t e r m e d i a t e  express ion  so no f i rm p red i c t i on  h a d  been  made .  

Fig.  2. The  7 su rv iv ing  ma le  of fspr ing  of N8-14.  The  u p p e r  4 fish exh ib i t  t yp i ca l  p2 p a t t e r n s  while  t he  lower  3 fish exh ib i t  e n h a n c e d  

p a t t e r n s  s imilar  to t h a t  of N8-14.  
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zygous  and  t h e  o t h e r  ha l f  he te rozygous ,  I a m  a t t e m p t i n g  
to  b reed  these  m a l e s  in  o rder  to  d e t e r m i n e  w h e t h e r  t h e r e  
is a cor re la t ion  b e t w e e n  geno type  a n d  p h e n o t y p e .  The  
female  s ib l ings  e x h i b i t  a cons iderab le  r ange  of v a r i a t i o n  in 
t h e  express ion  of t h e  p2 allele b u t  t h e  v a r i a t i o n  is con- 
t i n u o u s .  These  f ish are  be ing  b r ed  as well. 

There  is r eason  to  suspec t  t h a t  such  a co r re l a t ion  m a y  
ex is t  in males.  The  2185 pedigree  c o n t a i n e d  b o t h  he te ro-  
zygous a n d  h o m o z y g o u s  males  a n d  a l t h o u g h  none  of these  
males  e x h i b i t e d  a typ i ca l  p i g m e n t a t i o n ,  as a g roup  t h e y  
showed  a b i m o d a l  d i s t r i b u t i o n  of degree of p a t t e r n  
express ion.  I classified t he  males  of 1 b rood  accord ing  to  
t he  degree of p a t t e r n  express ion  a n d  p red ic t ed  t h a t  those  
i nd iv idua l s  w i t h  poor  express ion  would p rove  to  be  
he t e rozygous  a n d  those  w i t h  good expression,  homozygons .  
Seven  of these  f ish were successful ly  b r ed  (Table  I I )  a n d  
5 of t he  p red ic t ions  p r o v e d  t rue ,  1 p r o v e d  false a n d  in t h e  
7 th  case t he  f ish was cons idered  to  h a v e  been  i n t e r m e d i a t e  
so no  f i rm p red i c t i on  h a d  been  m a d e  7. 

P o p u l a t i o n  h y b r i d s  in  th i s  species m a y  also e x h i b i t  
e n h a n c e m e n t  of t he  P~ p a t t e r n .  The  2122 pedigree  was 
de r ived  f rom a female  col lected in Ar royo  La  F lor  an d  a 
male  col lected in Arroyo  Sarco.  These  two local i t ies  
w i t h i n  t h e  Rio  S ab ina s  sys t em are  8 k m  a p a r t  as t he  f ish 
swims. Two 2122 males  deve loped  m e l a n o m a s  and  1 
e x h i b i t e d  a typ i ca l  p a t t e r n  e n h a n c e m e n t  b y  t he  age of 
20 m o n t h s .  E l e v e n  o t h e r  P2 males  in  th i s  ped igree  did  
n o t  show a typ i ca l  p i g m e n t a t i o n  b u t  no t  all  of these  
su rv ived  long e n o u g h  for t h i s  to  h a v e  developed.  F igure  3 
i l lus t ra tes  one of t he  me lano t i c  ind iv idua ls .  

I e s t i m a t e d  t he  p e r c e n t a g e  of surface  area  covered  b y  
t he  p2 p a t t e r n  for a d u l t  f ish of t he  2122 and  2123 pedigrees  
a n d  found  t h a t  t he  p a t t e r n  was s ign i f i can t ly  b e t t e r  
expressed  in males  s. A l t h o u g h  t he  3 f ish des t ined  to  
deve lop  a typ i ca l  p i g m e n t a t i o n  were inc luded  in t h i s  
analysis ,  t h i s  m a y  ind ica t e  t h a t  males  are more  p rone  to  
deve lop  m e l a n o m a s  t h a n  are  females.  T h a t  is, i t  m a y  be 
s ign i f ican t  t h a t  al l  4 examples  of a typ i ca l  p a t t e r n  enhance -  
m e n t  r epo r t ed  here  i nvo lved  males.  Th i s  is p a r t i c u l a r l y  
i n t e r e s t i n g  because  SIClLIANO, PERLMUTTER a n d  CLARI~ ~ 
r e p o r t  t h a t  in  h y b r i d s  of X.  maculatus a n d  X.  helleri 
which  h a v e  i n h e r i t e d  t h e  Sd gene of t he  fo rmer  species 
a n d  the re fo re  deve lop  me lanomas ,  males  deve lop  t h e  
m e l a n o m a s  ear l ier  t h a n  do females.  KALL~IAN 10 po in t s  ou t  

t h a t  t h e  Sp s gene in X.  maculatus produces  a p r o m i n e n t  
b lack  spo t  in  males  t h a t  does n o t  show up in  females.  T h e  
p1 p a t t e r n  of X.  variatus also has  b e t t e r  express ion  in 
males  t h a n  in  females  3. 

The re  is on ly  one o the r  r epo r t ed  case of m e l a n o m a s  in 
n o n - h y b r i d  Xiphophorus; t h e  Sc gene in an  inb red  s t r a in  
of X.  monlezumae cortezi causes t h e i r  p r o d u c t i o n  in some 
of t h e  carr iers  n.  The  p r e s en t  r epo r t  i nd ica t e s  t h a t  
m e l a n o m a s  m a y  be  normal ,  a l t h o u g h  v e r y  ra re  even t s  in 
p l a ty f i sh  popula t ions .  

I t  is i n t e r e s t i ng  to  specula te  on  t h e  consequences  of 
m e l a n o m a s  in n a t u r a l  popu la t i ons  of these  fish. The  P~ 
gene appea r s  to  be  found  on ly  r a r e ly  on  t h e  Y c h r o m o s o m e  
in t h e  Rio Sab i n a s  popu la t i ons  b u t  is f ound  on  b o t h  t h e  X 
an d  t h e  Y c h r o m o s o m e  in t h e  p?)pulat ion i n h a b i t i n g  i ts  
t r i b u t a r y ,  t h e  Arroyo  Sarco. Since crossing over  b e t w een  
t h e  gonosomes  occurs  in  Xiphophorus~2 t h e  b ias  in  t h e  
m a i n  r i ve r  p o p u l a t i o n s  ind ica tes  t h a t  Y c h r o m o s o m e s  bear-  
ing t h e  p2 allele are select ively e l imina ted .  The  lack of 
b ias  in  t h e  Arroyo  p o p u l a t i o n  ind ica tes  t h a t  t h e  select ive 
a g e n t  a t  work  ill t h e  r ive r  p o p u l a t i o n s  is n o t  a t  work  in t h e  
Ar royo  popu la t ions .  F r o m  t h e  o b s e r v a t i o n s  I h a v e  
r epo r t ed  i t  appea r s  t h a t  h o m o z y g o u s  males  h a v e  t h e  
h ighes t  r i sk  of developing  m e l a n o m a s  a n d  such  a f ac to r  
would  t e n d  to  l im i t  t h e  p2 allele to  t h e  X chromosome.  
The  m e l a n o m a s  r epo r t ed  in t h i s  p a p e r  deve loped  on ly  in  
older  f ish an d  th i s  could acco u n t  for t h e  difference b e t w een  
t h e  2 popu la t ions .  A n n u a l  f looding ap p ea r s  to  wash  
adu l t s  f rom t h e  s teep ly  b a n k e d  Arroyo  Sarco 3 so mos t  
males  would  n o t  l ive  long enough  for m e l a n o m a s  to  
develop.  I n  t h e  m a i n  r i ve r  w i t h  i ts  b r o a d  flood plains ,  
t h e  i m p a c t  of f looding is decreased  a n d  enough  males  
wou ld  su rv ive  to  an  age a t  wh ich  t h e  m e l a n o m a  fac to r  
could become  i m p o r t a n t  ~3. 

Zusammenfassung. Nachweis  v o n  gene t i sch  b e d i n g t e n  
M e l a n o m e n  bet  Wi ld f~ngen  der  r e inen  A r t  des Zahn-  
k a rp f en  Xiphophorus variatus, wobei  es s ich e indeu t ig  
n i c h t  u m  e inen  A r t b a s t a r d  hande l t .  

R. BOROWSKY 

Department of Biology, New York University, 
(New York 70003, USA), 
26 Apr i l  1973. 

Fig. 3. One of the 2122 males with a melanoma. The nodule was on the 
side of the fish and is not visible in this photograph but the enhance- 
ment of the p2 patern is clear. 

7 p = 0.11. 
8 For the 2122 pedigree: 3 females, range of 4.3-7.3%, median = 

7.2%, 10 males, range of 4.2-36.5%, median = 8.8%, p = 0.143 
(WILcOxo~'s t-test). For the 2123 pedigree: 3 females, range of 
1.7-2.4%, median = 1.9%, 4 males, range of 2.5-21.3%, median 
= 7.25%, p = 0.029. The significance of the combined results 
evaluated by means of the t{OLMOGOROV-SMIRNOV statistic: p = 
0.05. 
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A c t i o n  o f  A n t i t u b e r c u l o s i s  D r u g s  o n  H u m a n  L e u k o c y t e  C h r o m o s o m e s  i n  v i t r o  

Due  to t he  h igh  inc idence  and  p reva lence  in t h e  
deve lop ing  countr ies ,  tubercu los i s  i n v a r i a b l y  r ep resen t s  
t h e  m o s t  f r e q u e n t l y  found  infec t ious  disease in t h e  world.  
There fore  mil l ions  of p a t i e n t s  m u s t  c o n t i n u o u s l y  unde rgo  

l o n g - t e r m  t r e a t m e n t  w i t h  an t i t u b e rcu l o s i s  d rugs  in t r ip le  
or doub le  combina t i ons .  Moreover ,  m a n y  h e a l t h y  ind iv i -  
duals  w i t h  a h igh  r i sk  of c a t c h i n g  tubercu los i s  are  t r e a t e d  
w i t h  i soniazid  ( INH) as p r i m a r y  or s econda ry  chemo-  


