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does no t  appear  to have  any  obvious deleter ious effect  on 
sheep, a l though expe r imen t s  in progress  indicate  t h a t  
GSH ~ type  sheep are more  prone  to kale anaemia  t h a n  are 
GSH H t y p e  individuals .  

Resumen.  Se medi6 g lu ta t ion  reducido (GSH) en 
gldbulos rojos de 427 ovejas  per tenec ien tes  a 6 razas 
diferentes .  25% de las ovejas  de raza  (~Finnish L a n d r a c e ,  
d ieron un contenido de G S H  de un tercio del valor  obteni-  
do en el resto. Datos  famil iares indican que es ta  deficien- 

cia es he redada  como un factor  autosdmico recesivo. E n  
las ovejas que t i enen  esta  deficiencia, la concent rac idn  
media  de potas io  en gldbulos rojos fu6 s igni f ica t ivamente  
menor  que la obse rvada  ell las ovejas  con niveles normales  
de GSH. 

ELIZABETH IV[. TUCKER and L. I{ILGOUR 

A . R . C .  Ins t i tu te  o/ A n i m a l  .physiology, 
Babraham, Cambridge (England), 10 October 1969. 

Interspec i f i c  Var iabi l i ty  of  D N A  Content  in A m p h i b i a  ~ 

Gene and  ch romosome  dupl ica t ions  are i m p o r t a n t  
mechan i sms  in the  evolut ion of pluricellular organisms.  
The dupl ica t ions  can be accompl ished  by  several  means,  
such as unequal  crossing-over  be tween  homologous 
chromosomes  dur ing meiosis, unequal  exchange of 
ch roma t ids  dur ing  mitosis,  r e d u n d a n t  dupl ica t ion  of 
DNA in cer ta in  regions of the  chromosomes ,  and poly- 
p lo idy  or polyteny.  

Higher  ve r t ebra tes  seem to be r emarkab ly  uni form in 
D N A  content .  Indeed,  the  class Mammal ia  as a whole, the  
class Aves, and  the  order  S q u a m a t a  exh ib i t  a lmost  un- 
va ry ing  DNA con ten t  values  e-5. 

However ,  among  p lan t s  and lower animals,  several  
cases of DNA increasing series have  been demons t ra t ed .  
Indeed,  the  anemone  p lan t s  of the  fami ly  Ranuncu-  
laceae ~, the  grasshoppers  of the  family  Acrididae 7, the  
te leost  fish of the  orders Pe rcomorph i  and H e t e r o s o m a t a  s, 
and  the  frogs of the  fami ly  Ran idae  9 have  s table  karyo-  
types  bu t  show increased DNA con t en t  values. Propor-  
t ional  increase of D N A  was  also d e m o n s t r a t e d  in the  
polyploid  amphib ians  of the  family  Cera tophryd idae  10 12. 
A t t e m p t s  to correlate  D N A  con ten t  of ver tebra tes ,  espe- 
cially amphib ians ,  w i th  evolut ion  pa t t e rn s  and  ecology 
have  recent ly  been made  19,14 

The presen t  paper  deals wi th  DNA con ten t  values of 
30 species of Salientia,  2 species of Caudata ,  and 1 species 
of Gymnophiona .  

Mater ia l  and methods. Smears  of air-dried blood were 
f ixed in neu t ra l  50% formol  for 1 min,  washed  in t ap  and 
dist i l led water ,  hydro lysed  in N HC1 a t  60 ~ and s ta ined 
in Feulgen.  20 blood smears  of a Bu/o  paracnemis  LuTz 
were  prepared,  air dried and  stored.  These slides were 
used as controls  for every  b a t c h  of specimens  to be 
s tained.  The DNA value of each species was always 
de t e rmined  in relat ion to  t h a t  of B.  paracnemis.  

The D N A  con ten t  was de t e rmined  15,16 wi th  the  histo-  
p h o t o m e t e r  of VIALLI and  PERUGINI17 (Fratell i  Koris tka ,  
I ta ly) .  The nuclei were enlarged to 1500 diameters ,  the  
area  of the  plug being more  or less 20% the  opt ical  area of 
the  nucleus. Generally, the  m e a n  of 3 plugs t h rough  the  
nuclear  area was used b u t  in some cases 4 to 6 measure-  
m e n t s  were made  of mater ia l  w i th  irregular  shaped  
ch romophore  masses.  For  each nucleus, a b lank  measure-  
m e n t  was made  and  the  ga lvanomete r  ad jus ted  to the  
value of 100. Each  absorp t ion  reading  of the  plus was 
g iven in % of the  s t anda rd  l ight  of the  blank.  A stabi l ized 
l amp wi th  an in ter ference  fi l ter  of 5400 ~ was used. 

Through  the  average de t e rmina t i on  of absorp t ion  for 
each nucleus, the  D N A  con t en t  was calcula ted according 
to  the  formula  D N A  = D 2 (2 - - log  In). D 2 = opt ical  
area of the  nucleus;  In  = value of the  absorpt ion ,  and 
2 -  log 100. For  each spec imen 25 measu remen t s  were 

ob ta ined  and  the  mean  (X), the  s t anda rd  devia t ion  (S), 
and  the  s t an d a rd  error of the  m e a n  (SE) calculated.  The 
over lapping  of segments  to  2 S E  indicates  roughly the  
significance of t he  differences be tween  the  two mean  
values a t  t he  level of _P ~ 0.05 is (Figure). 

In  the  Table  and  in the  Figure  the  DNA values were 
ad jus ted  for the  Feulgen ba ths ,  and  also expressed as % 
in p ropor t ion  to  m a m m a l  DNA measured  on lympho-  
cytes.  The blood was collected in hepar in ized  capil lary 
tubes  and  centr i fuged.  The tubes  were sect ioned at  t he  
leucocytes  s t ra te  level, smeared  on slides, dried,  fixed and 
Feulgen stained.  Bird l ymphocy te s  were also measured  
and compared  wi th  e ry th rocy tes  in t he  same smear.  

In  order  to compare  amph ib i an  DNA wi th  m a m m a l  
DNA content ,  we ad jus ted  m a m m a l  l ymphocy te  D N A  
values using a ra t io  be tween  l y m p h o c y t e  DNA and 
e ry th rocy te  DNA, de te rmined  in the  quail. 

In  the  species where more  t h a n  one specimen was 
analyzed,  t he  a r i thmet ic  mean,  t he  S, and the  SE are 
calculated f rom the  da ta  of all t he  specimens  together .  

1 This work was supported by PHS Grant No. GM-14577-03- 
NIGMS, by the CNPq and by the FPIB. Our thanks to Dr. L. D. 
VZZOTTO for eolleeting and classifying several specimens used in 
this work, as well as for the phylogenetieal approach. 
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The following species have  been s tud ied :  

(A) Salientia : 
(1) Fami ly  Brachycepha l idae :  Melanophryniscus mo- 

re i rae  MIRANDA-RIBEIRO. 
(2) Fami ly  Bufonidae :  Bu]o cruci[er WIEI); Bu[o 

ictericus SpIx and  Bu/o paracnemis A. LIJTZ. 
(3) Fami ly  Cera tophryd idae :  Ceratophrys calcarata; 

Ceralophrys dorsata ~VIED; Odontophryntts ameri- 
canus DUM2RRIL and BIBRON; Odontophrynus 
carvalhoi SAVAGE and CEI; Odontophrynus cul- 
tripes REINHARDT and LUTKEN; Odontophrymts 
occidentalis BERG; Oocortl~lts microps BOULENGER; 
Stombus boiei (WIED) and the  hybr id  Odonto- 
phrynus cultripes • Odontophrymts americanus. 

(4) Fami ly  Hyl idae :  Hyla albomarginata SPIX; Hyla  
/aber W E n ;  Hyla /uscomarginata A. LuTz; Hyla 
/uscovaria A. LUTZ ; Hyla mullilineala A. guTz and 
B. LUTZ; Hyla n a n a  ]~OULENGER; Hyla parkeri 
GAIGE; Hyla polylaenia COpE and Hy{a pulchella 
prasina BURMEISTER. 

(5) Fami ly  Lep todac ty l idae :  Cycloramphus asper 
WERNER ; Cycloramphtts dubius (MIRANDA- 
RIBEIRO) ; E z@emphi.r n a t t e r e r i  STEINDACHNER; 
Leplodactylus /ltsctts (WIED); Leptodactylus ocel- 
lalzts (LINNAEUS); Physalaemtts /uscomac~tlaltts 
( STEINDACHNER)  and  Pseudopahtdicola a,Heghi~d 
(CopE). 

(6) Fami ly  Microhyl idae : Dermatonotus miilleri 
(BOETTGER). 

(B) Caudata  : 
Pleurodeles waltlii MICHAELIS and Tritumts cristatus 
LAURENTI. 

(C) Gymnoph iona  : 
Siphonops ann ulat~ts (MIKAN). 

Jees~dls and disc~lssio~,. In  general, our results  indicate  
DNA var ia t ions  wi th in  each family. The DNA conten t s  
are signif icantly different ,  even among  species wi th  the  
same chromosome number .  The smal les t  I )NA values 
were found in L. occdaXus and C. asper (Leptodactyl idac)  
respect ively  wi th  43% and 44% of I )NA as compared  to 
mammals ,  in D. miilleri with  44~}t,, the  only species 
analyzed in the  family  Microhylidae,  and  in O. carwdhoi 
and  O. occidentalis (Ceratophrydidae)  bo th  wi th  45O/o . 
The anurans  wi th  the  h ighes t  DNA values are H. pul- 
chella prasina (Hylidae) w i th  147% and the  octoploid 
species C. dorsata (Ceratophrydidae)  wi th  181~ (Table. 
Figure).  

Cauda ta  and Gymnoph iona  show very  high DNA con- 
t en t  values of about  400% in re la t ion to m a m m a l s  
(Table). Different  DNA values have  been found  for 
species of Caudata  by  o ther  authorsl 'L While  those  da ta  
were ob ta ined  th rough  D N A  measu remen t s  of oocytes,  
our measu remen t s  were made  in e ry th rocy tes  and  they  
are consistent ,  e.g. in T. cristatus (Milan, I taly),  wi th  the  
values found in the  liver and in the  spermatogene t ic  
series. 

We should also consider  the  exis tence of a cer ta in  
a m o u n t  of giant  e ry th rocy tes  (macrocytes)  in the  circu- 
la t ing blood wi th  a double  amoun t  of DNA. The devia- 
t ions  f rom the  expec ted  mean  DNA con ten t  values m a v  
perhaps  be expla ined by th is  fact.  The spe rma t id  would 
be the  more appropr ia te  cell for DNA de te rmina t ion  since 
it is no t  liable to metabol ic  or in terphas ic  variat ions.  

Considering the  species in each sal ient ian family,  in 
accordance wi th  a phylogenet ica l  cri terion of evolution,  
we may  conclude tha t ,  in general, the  pr imi t ive  species 
have  smaller DNA con ten t  values compared  wi th  the  
values found for the  mos t  h ighly  evolved ones. Ev iden t iy  

the re  are several  except ions  to th is  conclusion. Fu r t he r -  
more,  we should consider  t h a t  a phylogenet ica l  approach  
f requen t ly  implies a subjec t ive  cri terion.  

Apparen t ly ,  the  D N A  increase was i n d e p e n d e n t  in 
several  families. We found low co n t en t  species and  high 
co n t en t  species in the  d i f ferent  families analyzed (Figure). 
Among  the  Hylidae,  H. nana (2n = 30) has 54% of DNA. 
This  value rises to 147~ in H. pulchella prasina (2n = 
24) 20. Among  the  Lep todac ty l idae  the  values range f rom 
43% in L. ocellatus (2n = 22) to 70% in L. /uscus, also 
wi th  (2n ~-22) 2~ In  the  fami ly  Cera tophrydidae ,  in 
which po lyp lo idy  has been d e m o n s t r a t e d  for some 

DNA content ineasurenlents arid somatic number of chromosomes of 
33 amphibians including 30 species of Salientia, 1 species of Gymno- 
phiona and 2 species of Caudata 

Species 2n DNA S SX % 
Mammalia 

Salientia 
Brachycephalidae 
MeIanophryniscus moreirae 22 93 12.8 1.8 84~ 

Bufonidae 
13u/o ictericus 22 91 10.8 1.7 83% 
Bu/o cruci/er 22 99 7.5 1.5 90% 
13u/o paracnemis 22 103 8.3 1.7 94% 

Ccratophrydidae 
Odontophrynus carvalhoi 22 50 5.5 1.1 45% 
Odontophrynus occidentalis 22 50 5.7 0.8 45% 
Ceralophrys calcarala 26 59 5.6 1.1 54~ 
Oocormus microps 26 61 6.9 1.4 ~-~o/ -- ,,o 
Odontophrynus cultripes 22 65 16.0 1.2 59% 
Stombus appemliculatus 22 68 7.7 1.5 62% 
Hybrids (0. cultripes >, 0. 

amcricam~s) 33 72 9.2 1.3 65~ 
Stamblts boiei 22 76 5.8 1.2 69~ 
Odontophrynus amcricanus 44 1t)7 13.0 1.0 97~ 
('cralophrys dorsata 104 199 29.0 2.6 181~ 

Hylidae 
Hyla nana 30 60 7.7 1.5 54~ 
Hyla /uscomarginata 24 72 8.5 1.7 65~ 
Hyla parkcri 24 73 8.1 1.6 66~ 
HyIa polytacnia 24 74 9.5 1.9 67~ 
Hyla alhomargznata 24 83 18.2 2.1 75% 
Hyla /aber 24 86 19.1 2.7 78~ 
Hyla mu!tili~eata 24 117 9.4 1.9 106% 
Hyla pulchdla prasina 24 162 32.8 3.7 147% 

Leptodactylidae 
Leptodactyhts ocellatus 22 47 7.5 0.6 43~ 
Cycloramphus asper 26 49 8.4 1.7 44% 
Cycloramphus dabius 26 55 7.3 1.5 50% 
E~pemphyx nattereri 22 55 7.6 1.5 50~ 
Physalaemus lvtscomaculatus 22 58 5.1 1.0 53% 
Pseudopaludicola ameghini 20 76 9.3 1.9 69~ 
Leptodactylus ]uscus 22 77 9.6 1.8 70~ 

Microhylidae 
Dermatonotus miilleri 22 49 8.8 1.8 44% 

G ymnophiona 
Siphonops annulatus - 438 45.7 9.1 398% 

Caudata 
Triturus cristatus 24 448 50.4 11.0 407% 
Pleurodeles waltlii 24 464 53.8 10.8 422% 

19 J .  GALL, Personal conmmnication in S. OHNO, Mere. hrst. Butantan 
33, 155 (1906). 

2o M. L. BEgAK, Caryologia 21, 191 (1968). 
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species, t he  va lues  r ange  f rom 45% in O. carvalhoi an d  O. 
occide~ztalis (2n = 22) to  181% in C. dorsata (2n = 104)31. 

The  po lyplo id  species of C e r a t o p h r y d i d a e  show succes- 
sive va lues  of D N A  c o n t e n t  co r re spond ing  to t h e  dupl i -  
ca ted  genomes.  The  t r ip lo id  h y b r i d  (3n = 33) p roduced  
b y  in terspeci f ic  m a t i n g  of t he  diploid  O. cultripes (2n -- 
22) a n d  t he  t e t r a p l o i d  O. americanus (4n = 44)~2 has  a 
D N A  c o n t e n t  a l m o s t  i n t e r m e d i a r y  to t he  d ip lo id  an d  t h e  
t e t r ap lo id  species. 

The  h igh  va lues  of D N A  found  in G y m n o p h i o n a  an d  
C a u d a t a  m a y  be  r e l a t ed  to t h e i r  phy logene t i c  or igin f rom 
a c o m m o n  ances t r a l  genome.  On ti le o t h e r  hand ,  t h e  
Sal ient ia ,  whose  D N A  c o n t e n t  is smaller ,  p r o b a b l y  de- 
r ived  f rom a n o t h e r  S tegocepha l i an  ances t r a l  genome t h a t  
evolved  in a d i f fe ren t  di rect ion,  f r om w h i c h  t h e  p r i m i t i v e  
rept i les  o r ig ina ted  too. 

Genic  dupl ica t ions ,  de tec ted  b y  successive increases  in 
DNA, p l ayed  an  i m p o r t a n t  role in the  evo lu t ion  of t h e  
species. Whi l e  t he  or ig ina l  genes are, for ins tance ,  in  
charge  of bas ic  func t ions  for t he  m a i n t e n a n c e  of t h e  
species, t h e  dup l i ca t ed  genes supp ly  r aw m a t e r i a l  for n ew  
m u t a t i o n s ,  whose  a d a p t a t i v e  va lues  are poss ib ly  higher .  
This  m e c h a n i s m  m a y  p roduce  a fas te r  d ivers i f i ca t ion  a n d  
a h igher  genet ic  p o l y m o r p h i s m .  Even tua l l y ,  d u r i n g  t h e  
evo lu t ive  process, new p ro t e ins  and  enzymes  m a y  be 
coded b y  t he  dup l i ca t ed  DNA. 

Resumen. F u e r o n  d e t e r m i n a d o s  por  c i to fo tomet r f a  los 
va lores  de D N A  en 33 especies de Amph ib i a ,  en  las que  
e s t a b a n  inc lu idas  30 especies de Sal ient ia ,  1 de G y m n o -  
p h i o n a  y 2 de Cauda ta ,  y fueron  c o m p a r a d a s  con sus 
cons t i tuc iones  c romosomicas .  Las  var iac iones  encon-  
t r a d a s  sugieren que  h u b o  a u m e n t o  de DNA, indepen-  
d i en t emen t e ,  en  las d i fe rentes  famil ias  e s tud iadas  y que  
en general ,  las especies mAs p r i m i t i v a s  f i logene t icamente ,  
poseen  m e n o r  c a n t i d a d  de  DNA,  c u a n d o  c o m p a r a d a s  a 
los va lores  en co n t r ad o s  p a r s  las mAs evoluidas.  

W. BE~AK, MARIA LUIZA BE~AK, 
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an d  FL2{VIA O. AMORIM 
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Sex C h r o m o s o m e s  of a Pygopodid Lizard, Lialis 

The  l izard  f ami ly  P y g o p o d i d a e  of the  A u s t r a l i a - N e w  
Guine~t region con ta ins  a b o u t  15 species, all l imbless .  
Despi te  a superf ic ia l  r e semblance  to  snakes  (Figure 1), 
a n a t o m i c a l  s tud ies  i m p l y  a close r e l a t ionsh ip  to t he  large 
f ami ly  G e k k o n i d a e  1. The  k a r y o t y p e s  of pygopod ids  are 
t h u s  bI  i n t e r e s t  to  serve as a bas is  of compar i son  w i t h  
o the r  morpho log ica l  features .  To our  knowledge,  t he re  
are no o t h e r  pub l i shed  repor t s  on  the  ch romosomes  of a n y  
pygopod id  l izard.  

T h r o u g h  t he  cour tesy  of Dr. RICHARD Ross, a n d  t h e  co- 
ope ra t i on  of t he  M u s e u m  of C o m p a r a t i v e  Zoology, we 
received one ma le  a n d  one female  Lialis burtonis f rom 
Mareeba ,  A t h e r t o n  Tab le land ,  Queens l and  (Austral ia) .  
K n o w i n g  n o t h i n g  a b o u t  t he  r e p r o d u c t i v e  s t a t e s  of t h e  
l izards  ( they  h a d  been  in c a p t i v i t y  for some m o n t h s  before  
we rece ived  t h e m  in  m i d - J u n e )  we in jec ted  t h e m  3 t i m e s  
on  a l t e r n a t e  days  w i t h  100 I U  pe r  i n j ec t ion  of E q u i n e x  
S e r u m  G o n a d o t r o p i n  (Ayers t  Labora to r ies )  d u r i n g  t h e  
week  pr io r  to  sacrifice. Our  a im  was to s t i m u l a t e  meiot ic  
a n d  mi to t i c  divisions.  12 h p reced ing  sacrifice t he  l izards  
were i n j ec t ed  w i t h  0.1 ml  Colcemide (CIBA), in  a so lu t ion  
of 50 rag/l ,  to  a c c u m u l a t e  m i to t i c  m e t a p h a s e  cells. Fol low- 
ing sacrifice, gonads  were minced  in a h y p o t o n i c  c i t r a t e  
so lu t ion  a n d  p e r m a n e n t  slides were m a d e  as p rev ious ly  
descr ibed  2. 

Male:  All s tages  of meio t ic  a n d  mi to t i c  d iv is ions  were 
seen in a b u n d a n c e .  A t  d iak ines is  the re  a re  16 bodies.  
Close e x a m i n a t i o n  reveals  t h a t  one is a t r i v a l e n t ,  t h e  
o t h e r  15 b i v a l e n t s  (Figure 2). I n  t he  f i rs t  meio t ic  me ta -  
phase,  cells w i t h  16 a n d  17 ch romosomes  a p p e a r e d  
equa l ly  a b u n d a n t .  Mi to t ic  m e t a p h a s e  cells con f i rm  t h a t  
t he  diploid  n u m b e r  is 33 (Figure  3). The re  is one  large  
pa i r  of s u b m e t a c e n t r i c  ch romosomes ;  a smal le r  pa i r  of 
even  more  s u b m e d i a n  ch romosomes ;  a p p r o x i m a t e l y  3 
pa i rs  of sub te locen t r i c  ch romosomes  in wh ich  a sho r t  a r m  
m a y  be  seen;  a p p r o x i m a t e l y  5 pa i r s  of t e locen t r ics  de- 

burtonis 

creas ing g radua l ly  in  size, an d  no t  differ ing m a r k e d l y  
f rom t h e  sub te locen t r i c s ;  an d  a p p r o x i m a t e l y  5 pa i rs  of 
mic rochromosomes ,  1 of wh ich  is c lear ly  b i -a rmed .  The re  
are no  s h a r p  b r e a k s  b e t w e e n  macro-  a n d  mi c ro ch ro mo-  
somes, n o r  b e t w een  t h e  te locent r ics  an d  sub te locen t r i cs  - 
hence  t h e  use of t h e  word ' a p p r o x i m a t e l y ' .  Thus  t he re  are 
15 a u t o s o m a l  pa i r s  a n d  3 u n p a i r e d  sex chromosomes .  

Fema l e :  Only  3 cells were clear enough  for ana lys i s  in  
t h e  female.  The  diploid  n u m b e r  appea r s  to  be 34, w i t h  17 
pa i r s  of chromosomes ,  t h e  2 l a rges t  pa i r s  are t w o - a r m e d  
(Figure 4). One of t h e  smal les t  pa i rs  of ch romosomes  
appear s  to  be  me tacen t r i c .  

Fig. 1. Lialis burtonis, female. 
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