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Analysis of haploid macrochromosome complements 

Maerochromosome No. 

Species of 1 2 3 4 5 6 

Lioleemus pic#us length 117 112 86 79 64 42 
ratio 1.I1 1.70 1.21 1.15 1.15 1.49 
type m ~ m m ~ ~n 

L. cyanogaster length 115 109 87 80 64 43 
ratio 1.13 1.86 1.12 1.12 1.15 1.30 
type m sm m m m m 

The value for the arm ratio is determined by dividing the long arm 
by the short arm; type designates the chromosome as determined by 
the position of centromere (m, metacentric; sin, submetacentrie); 
length refers to the normalized length of the maerochromosome 
complement. 

664, 790) a n d  3 females  ( I Z U A - R  464, 637, 638): nea r  
Va ld iv i a  c i ty  (Vald iv ia  Province) .  Liolaemus pictus. This  
species ha s  a diploid  n u m b e r  of 34 ch r om os om es ;  these  
can  be  a r r a n g e d  in pa i rs  a n d  n u m b e r e d  in o rder  of de- 
creas ing l eng th  (Figure 1 a). There  are 6 pa i rs  of m e t a -  
cen t r ic  (m) m a c r o c h r o m o s o m e s  a n d  11 pa i r s  of micro-  
chromosomes ,  pa i r  7 be ing  cons ide rab ly  la rger  t h a n  t he  
others .  I n  t he  t e s t i cu la r  ceils (diakinesis) we found  6 
large b i v a l e n t s  a n d  11 mic rob iva len t s .  

Liolaemus cyanogastee. The  k a r y o t y p e  (Figure 1 b) is 
e s s e n t i a n y  t h e  same  as L. pictus, excep t  t h a t  in  cyano- 
gaster c h r o m o s o m e  pa i r  n u m b e r  2 (macrochromosome)  
is s u b m e t a c e n t r i c  (sin). I n  d iak ines is  t he re  are 6 macro-  
b i v a l e n t s  a n d  11 mic rob iva len t s .  Thus ,  bes ides  k n o w n  
morpho log ica l  dif ferences  in  b o t h  species, karyologica l Iy  
t h e y  are  d i s t i nc t  a t  t he  level  of No. 2 c h r o m o s o m e  (meta -  
cen t r i c  in L. pictus a n d  s u b m e t a c e n t r i c  in L. cyanogaster). 
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The  karyologica l  p a t t e r n  of t he  l izards of t he  genus  
L i o l d e ~ S  e x a m i n e d  (L. lutzae 1, L. pictus a n d  L. cyano- 
gaster) is v e r y  similar .  Tile t h r ee  species p r e sen t  t h e  
fo rmu la  2 n  = 34 a n d  t h e  k a r y o t y p e s  show 6 pa i rs  of 
m a e r o c h r o m o s o m e s  and  11 pa i rs  of mic rochromosomes ,  
of wh ich  t h e  f i rs t  pa i r  is v e r y  ' large ' .  W i t h i n  t he  f ami ly  
Iguan idae ,  a s imi la r  fo rmula  (2n  = 34) a n d  k a r y o t y p e  
(6 m a c r o c h r o m o s o m e s  a n d  11 mic rochromosomes)  is 
f ound  also in some species of Anolis  (r. roquet, r. extremus, 
aeneus 7, vermieulatus s) and  t he  l izards  of t i le genera  Urea 
(notata 1) a n d  Scelophorus (orcutti 6, chrysostictus, macu- 
latus, uti/ormis, gadavidael~ 11, nelsoni, pyrocephalus~l). 
Accord ing  to  GORMAN e t  al. ~, a k a r y o t y p e  cons i s t ing  of 
6 pa i rs  of m a c r o c h r o m o s o m e s  a n d  12 pa i rs  of micro-  
ch romosomes  (2n  = 36) is cons idered  p r i m i t i v e  for t h e  
f ami ly  Iguan idae .  The  species of Liolaemus (lutzae 1, 
pictus, cyanogaster) differ  f rom th i s  karyo log ica l  p a t t e r n s  
b y  h a v i n g  on ly  11 pa i r s  of mic roch romosomes .  Reduc -  
t i on  in c h r o m o s o m e  n u m b e r  appea r s  to  be  t h e  evo lu t ion-  
a r y  t r e n d  in iguan idsL  If  th i s  is t rue ,  Liolaemus species 
would  h a v e  der ived  karyologica l  fo rms  of t he  p r i m i t i v e  
fo rmula  (2n  = 36). The  presence  of a pa i r  of ' la rge '  
m ic roch romosomes  (pair  7) in  L. lutzae h a s  m a d e  GOR- 
MAN ~ bel ieve in t he  exis tence  of cen t r i c  fusion a m o n g  
two  of these  pairs.  W e  are in  a g r e e m e n t  w i t h  th i s  h y p o -  
thes is  in  order  to  exp la in  t h e  occur rence  of f o rmu la  
2 n  = 34 in L. pictus a n d  L. cyanogaster, since in  these  
two species also t he  ch romosomic  pa i rs  No. 7 are v e r y  
' large ' .  
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Summary .  I n  order  to  d e t e r m i n e  how  i n f o r m a t i v e  homologous  donor  D N A  m i g h t  be  m a d e  ava i l ab le  to  p r o p i g m e n t  
cells of t he  r ec ip ien t  Xiphophorus helleri for t r a n s f o r m a t i o n ,  label led  he te ro logous  D N A  f rom E. colt was in jec ted  in to  
t he  neura l  cres t  region or t he  yo lk  sac of e m b r y o s  of t h e  rec ip ient .  On t he  bas is  of t h e  d e g r a d a t i o n  r a t e  of t he  donor  
D N A  and  t he  i nco rpo ra t i on  r a t e  of r a d i o a c t i v i t y  in to  t he  r ec ip ien t  DNA,  i t  is conc luded  t h a t  i n j ec t ion  in to  t h e  n e u r a l  
cres t  region m a y  be  a su i t ab le  m e t h o d  to m a k e  ava i l ab le  i n f o r m a t i v e  homologous  donor  D N A  for t r a n s f o r m a t i o n .  

Since AVERY, MAcLEoD a n d  McCARTY 2 or ig ina l ly  
observed  genet ic  t r a n s f o r m a t i o n  a f t e r  t r e a t m e n t  of 
pneumococca l  r ec ip ien t  s t r a in s  w i t h  D N A  f rom donor  
s t ra ins ,  m a n y  a t t e m p t s  h a v e  been  m a d e  to ach ieve  genet ic  
t r a n s f o r m a t i o n  also in h i g h e r  organisms.  A v a r i e t y  of 
genet ic  a l t e r a t i ons  ha s  been  o b t a i n e d  3 ; i t  h a s  been  argued,  
however ,  t h a t  t h e y  m i g h t  n o t  be  due  to  t r a n s f o r m a t i o n .  

One ob jec t ion  aga ins t  i n t e r p r e t i n g  these  a l t e r a t ions  as 
t he  resu l t  of a t r a n s f o r m a t i o n a l  e v e n t  has  been  t h a t  D N A  
m e d i a t e d  m u t a t i o n s  or convers ions  4 of t h e  a l r eady  
p r e s e n t  allele 5 m i g h t  h a v e  p r e t e n d e d  gene t ic  t r ans fo r -  
ma t ion .  This  object io l i  c a n n o t  be  b r o u g h t  aga ins t  t h e  
t r a n s f o r m a t i o n  s y s t e m  we h a v e  chosen,  in  wh ich  t h e  
p l a ty f i sh  (Platypoecilus maculatus) is t he  donor, ca r ry ing  
up  to  12 d i f fe ren t  luxur ious  loci for d i s t i nc t  p i g m e n t  cell 
p a t t e r n s ,  a n d  t he  sword ta i l  (Xiphophor~s helleri) is t h e  

1 Supported by DFG through SFB No. 103, and by Stiftung Vo]ks- 
wagenwerk. 
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Rate of degradation of the ~H3H-donor DNA in the recipient em- 
bryo, and rate of incorporation of material from donor DNA into the 
recipient DNA 

Time after Degradation Incorporation 
injection (h) 

(mean mol.wt, of  
donor DNA) 

(spee. radioactivity of 
recipient DNA dpm per [xg) 

DNA injected into DNAinjected into 

Neural crest region Neural crest region Yolk sac 
or yolk sac 

0 50 • lO s 0 0 
2 1 x 10 s 250 0 
5 ~ 3 • l0 B 600 0 

10 ~ 1 • 10 ~ 1500 0 

recipient, l ack ing  these  loci 6, 7. A ce r t a i n  donor  c h a r a c t e r  
occur ing  a f t e r  t r e a t m e n t  on  t he  r ec ip ien t  could on ly  be  
due  to a t r a n s f o r m a t i o n a l  even t .  

A n o t h e r  ob jec t ion  was t h a t  i t  h a s  no t  been  m a d e  sure  
t h a t  i n f o r m a t i v e  d o n o r  D N A  a c t u a l l y  h a d  b e e n  ava i l ab le  
to  c o m p e t e n t  r ec ip i en t  cells ; i t  is k n o w n  t h a t  donor  D N A  
undergoes  r ap id  d e g r a d a t i o n  in t h e  r ec ip ien t  s-10. 

The  p r e sen t  i n v e s t i g a t i o n  was u n d e r t a k e n  to  f ind  ou t  
how the  d o n o r  D N A  has  to  be  appl ied  to  t h e  r ec ip i en t  X.  
helleri so t h a t  i t  m i g h t  be  ava i l ab le  in  i n f o r m a t i v e  size 
for t r a n s f o r m a t i o n .  

Mater ia ls  and methods, sHaH-label led  donor  D N A  f rom 
E.  col i  (specific r a d i o a c t i v i t y  5 • 10 ~ d p m  per  ~zg), t a k e n  
for t e c h n i c a l  reasons  in s t ead  of f ish DNA7,9, la, was  
in j ec t ed  in to  t h e  neu ra l  c res t  region,  where  t he  p i g m e n t  
cells or ig inate ,  or a l t e r n a t i v e l y  in to  t he  yo lk  sac of 3- 
to  5-day-old  e m b r y o s  of X .  helleri. 50 e m b r y o s  were 
homogen i zed  immed ia t e ly ,  and  2, 5 a n d  10 h a f t e r  in-  
ject ion.  Us ing  cen t r i fuga t ion ,  a yo lk  c y t o p l a s m  fract ion,  
c o n t a i n i n g  t h e  in jec ted  donor  DNA,  a n d  a nuc lea r  f rac t ion,  
c o n t a i n i n g  t he  D N A  of t h e  recipient ,  were p repared ,  The  
f r ac t ions  were lyzed in 1% sod iumdodecy l su lpha t e ,  a n d  
t he  D N A  p r e s e n t  in  t h e  f ract ions ,  was  re- i so la ted  b y  
CsC1 d e n s i t y  g r a d i e n t  cen t r i fuga t ion .  T he  d e g r a d a t i o n  
r a t e  of t he  d o n o r  D N A  was m e a s u r e d  b y  d e t e r m i n i n g  t h e  
molecu la r  we igh t  of t he  re- isola ted  d ia lyzed  donor  D N A  
b y  sucrose g r a d i e n t  cen t r i fuga t ion ,  and  t he  i nco rpo ra t i on  
r a t e  of m a t e r i a l  f rom t h e  donor  D N A  in to  t he  r ec ip ien t  
D N A  was  m e a s u r e d  b y  d e t e r m i n i n g  t h e  specific radio-  
a c t i v i t y  of t h e r e c i p i e n t  DNA.  

Resul ts  and discussion, a) Degradation rate. The  re- 
isolated,  d ia lyzed  donor  D N A  has,  regardless  of t he  s i te  
of in jec t ion ,  i m m e d i a t e l y  a f t e r  i n j ec t ion  a molecu la r  
w e i g h t  of a b o u t  50 x 106 (see Table) .  Af te r  2 h i t  is 1 • 106, 
a f t e r  5 h less t h a n  3 X 105, a n d  a f t e r  10 h less t h a n  
1 • 10t. Because  t he  ave rage  size of a gene appea r s  to  be 
in t he  molecu la r  w e i g h t  r ange  b e t w e e n  a b o u t  5 X 105 a n d  
106 u,  t h i s  r e su l t  shows t h a t  i n f o r m a t i v e  donor  D N A  m a y  
be  ava i l ab le  for  t r a n s f o r m a t i o n  d u r i n g  t he  f i rs t  2 to  3 h 
a f t e r  in jec t ion .  

b) Incorporat ion rate. The  i n c o r p o r a t i o n  r a t e  depends  
cr i t ica l ly  on  t h e  in jec t ion  site. I f  t h e  donor  D N A  is 
in j ec ted  in to  t he  neural  crest region, 2 h l a t e r  t he  specific 
r a d i o a c t i v i t y  pe r  ~g rec ip ien t  D N A  is 250 dpm,  a f te r  5 h 
i t  is 600 dpm,  a n d  a f t e r  10 h i t  is 1500 dpm.  These  d a t a  
show t h a t  i n j ec t ed  m a t e r i a l  h a d  been  i n c o r p o r a t e d  in to  
t h e  D N A  of t h e  embryo .  I t  shou ld  be  emphas ized ,  

however ,  t h a t  i t  c a n n o t  be  d i s t ingu i shed  w h e t h e r  t h i s  
m a t e r i a l  r ep resen t s  d e g r a d a t i o n  p r o d u c t s  or long sequences  
of d o n o r  DNA.  

If, in  c o n t r a s t , t h e  donor  D N A  is in j ec ted  in to  t h e  
yolk sac, no r a d i o a c t i v i t y  is de t ec t ed  w i t h i n  2 to  3 h, 
d u r i n g  w h i c h  t i m e  i n f o r m a t i v e  donor  D N A  is avai lable .  
I n  co r r e spond ing  expe r imen t s ,  m a d e  b y  o the r  a u t h o r s  in 
o t h e r  sys tems ,  t he  ave rage  a m o u n t  of d o n o r  D N A  in-  
c o r p o r a t e d  in to  t h e  r ec ip i en t  genome  was a b o u t  0 .02% of 
t he  r ec ip ien t  D N A  1~. If  a s imi la r  a m o u n t  of donor  D N A  
h a d  been  i nco rpo ra t ed  in to  t h e  D N A  of t he  embryos ,  we 
would  h a v e  de t ec t ed  it, because  t h e  specific r a d i o a c t i v i t y  
of t he  d o n o r  D N A  is r e l a t i ve ly  high.  The  fac t  t h a t  no  
r a d i o a c t i v i t y  is de tec tab le ,  would  i m p l y  t h a t  no  app re -  
c iable  a m o u n t s  of i n f o r m a t i v e  d o n o r  D N A  could h a v e  
been  i n c o r p o r a t e d  a n d  t h a t  the re fo re  t h i s  m e t h o d  of 
app l i ca t i on  is n o t  su i t ab le  for  o b t a i n i n g  genet ic  t r a n s -  
fo rma t ion .  

Th i s  i n v e s t i g a t i o n  shows t h a t ,  b y  in j ec t ion  in to  t h e  
neural  crest region, r e l a t i ve ly  long sequences  of donor  
D N A  can  be offered over  a pe r iod  of 2 to  3 h for t he  
i n c o r p o r a t i o n  in to  t h e  r ec ip ien t  genome.  I n  o rder  to  
assess w h e t h e r  in fac t  donor  genes m a y  become  inco rpo ra t -  
ed, i t  is w o r t h  n o t i n g  t he  resu l t s  of LAVAL, MALAISE a n d  
LAVAL13, who  found  h i g h  ra t e s  of u p t a k e  of donor  D N A  
b y  r ec ip i en t  cells in  v i t ro  w i t h i n  t he  f i rs t  2 h of D N A  
t r e a t m e n t ;  CHARLES, t~EMY a n d  LEDOUX 14, f u r t he rmore ,  
work ing  w i t h  asci tes  t u m o r  ceils, obse rved  i n c o r p o r a t i o n  
of d o n o r  D N A  in to  the  r ec ip ien t  D N A  w i t h i n  less t h a n  2 h 
a f t e r  appl ica t ion .  I t  m a y  be  concluded,  therefore ,  t h a t  
b y  in jec t ion  in to  t he  n e u r a l  c res t  region d o n o r  genes m a y  
be  m a d e  ava i l ab le  to  p r o p i g m e n t  cells of X .  helleri for 
t r a n s f o r m a t i o n .  
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