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f rom a collection m a d e  in 1 9 6 5 a t  an isolated single t ree  
700 met res  away  f rom the  above locality.  24 males  of 
t h e  n e x t  genera t ion  were  found  to  be 24 (22 + XY1) and  
1 was 24 (22 + XY2). A local i ty a t  which  25-chromosome 
males  d id  n o t  occur was  found by  CALLAN 5 at  Mer ton  
(England) .  

Ev idence  f rom our second locali ty and  f rom mosaic  
individuals  indicates  t h a t  i t  is the  Y2 ch romosome  which  
accumula tes  in the  cells of t he  line of males in which  it 
occurs. I t  is no t  known  if it  can be t r a n s m i t t e d  in mul t ip le  
Y~ spe rm or if i t  is accumula ted  in pos t -zygot ic  develop-  
men t .  

A smal l  bu t  s ignif icant  excess of males  (56.3%) was 
found  in the  Melbourne Univers i ty  collection. This fact  
does no t  s u p p o r t  a hypo thes i s  of L ~ w l s  and  JOHN s 
based  on X~X2Y sex chromosomes  in 25-chromosome 
males.  These au thors  exp la ined  the  excess of females  
found in m a n y  popula t ions  of Forficula 9 as being due 
to meiot ic  errors p roduc ing  an  excess of female-de ter -  
min ing  spe rm in these  males.  Meiotic errors were no ted  
in 25-chromosome males  of t he  p resen t  s t u d y  bu t  on the  
new in t e rp re t a t i on  t h e y  would  lead to  an excess of Y2 
bear ing spe rm (Figure 2d). 

The a p p a r e n t  necess i ty  for a Y ch romosome  for male  
d e t e rmi n a t i o n  in t he  cytological ly  k n o w n  species of 
D e r m a p t e r a  6 has  inf luenced our  des ignat ion  of the  Y2 
chromosome.  Otherwise  it m i g h t  be considered to be a 
s u p e rn u mera ry  ch romosome  which  segregates  f rom t h e  
X dur ing  meiosis  1~ 11. 

H~NDERSON 12 has recent ly  publ i shed  a de ta i led  s tudy  of 
males  of a popu la t ion  of Forficula auricularia a t  Cam- 
bridge, i n t e rp re t ing  25 ch romosome  males  as X X Y .  He 
i n t e r p r e t e d  var ia t ion  in the  size of t he  sex ch romosomes  
as a complex  p o l y m o r p h i s m  of b o t h  the  X and  Y. We 
have  made  similar  observa t ions  b u t  i n t e rp re t  the  s i tua t ion  
as due to increases in t he  size of some of t he  Y2 chromo-  
SOlIIes. 

Fig. 1. Chromosomes in C mitosis in ovarian follicle cells of ForJicula 
auricularia, a) 24 chromosomes; b) 24 chromosomes plus one frag- 
ment. Both • 1330. 

Riassunto. Osservazioni  su feminine  di For/icula auri- 
cularia L. indicano che esse possiedono un solo car iot ipo 
fo rmato  da 22 au tosomi  e da 2 c romosomi  X.  Sulla base  
di ques to  studio,  sugger iamo c h e i  masch i  con 3 cromo- 
somi sessuali  sono del t ipo  X Y Y ,  e non X X Y  come pre-  
c e d e n t e m e n t e  r i t enu to  da  var i i  autori .  Ci sono masch i  
XY~, X Y  2, X Y ~ Y  2 e mosaici  X Y 2 / X Y 2 Y  ~ nella popo-  
lazione. Ino l t re  viene d imos t r a to  che so lamente  il p ig  
g rande  dei due  c romosomi  Y, che ca ra t t e r izzano  q u e s t s  
specie, v iene accumula to  net masch i  con un  meccan i smo 
mul t ip lo  di c romosomi  sessuali. 
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Fig. 2. Meiotic chromosomes of For/icula auricularia males, a) First 
metaphase, side view, karyotype 24 (22 + XY1), sex bivalent se- 
cond from right, b) First metaphase, polar view, karyotype 24(22 + 
XY2), one chromosome of the sex bivalent bilobed, c) First 
metaphase, side view, karyotype 25 (22 + XY2Y2), sex trivalent 
second from right, d) Early first anaphase, side view, karyotype 
25 (22 + XY~Y2), apparent meiotic error with the- Y.~ chromosomes 
migrating to each pole, X chromosome not committed. All • 1200. 

s B. JOHN and K. R. LEwis, Protoplasmatologia 6, F1 (Springer, 
Wien and NewYork 1965). 

9 H. H. BRINDLEY, Proc. Camb. Phil. Soc. 79, 167 (1912). 
xo W. D. JACKSON and D. S. M. CHEUNG, Chromosoma 23, 24 (1967). 
n M. J. D. WHITE, Animal Cytology and Evolution, 2nd edn (Cam- 

bridge University Press 1954). 
12 S. A. HENDERSON, Chromosoma 31, 139 (1970). 
la Supported by a postgraduate award from the Commonwealth 

of Australia to G.C.W. and by Public Health Service Grant No. 
GM-07212 from the Division of General Medical Sciences, U.S. 
National Institutes of Health and by a grant from the Australian 
Research Grants Committee. 

A m i n o  Acid Excret ion  Pat terns  in the Offspring 

The genes regula t ing  the  express ion  of the  d i f fe rent  
b iochemica l  t ypes  of cys t inur ia  1 m a y  be allelic, as more  
t h a n  one  fo rm of the  disease has  recen t ly  been  found  
wi th in  t he  pedigree 2. 4 such families are on record, 2 car-  
ry ing  Types  I and  I I I  cys t inur ia  2,3, 1 w i t h  Types  I and  
I I  ~, and  1 w i t h  Types  I I  and I I I  ~. The cys t inur ia  in a t  
least  3 o the r  families, descr ibed before the  3 t ypes  were  
def ined  4-6, m a y  also be heterogeneous .  S tone  formers  in 

of a ' D o u b l y - H e t e r o z y g o u s '  Cyst ine  Stone  F o r m e r  

1 H. HARRIS, U. ~r ]~. B. ROBSON and F. L. WARREN, 
Ann. Human Genet. 20, 57 (1955). 

2 L. E. ROSENBERG, Science 15,I, 1341 (1966). 
3 S. KELLY and W. COPELAND, J. reed. Genetics 5, 281 (1968). 
4 H. ~BosTROM and K. TOTTIE, Acta Paediat. 48, 345 (1959). 

5 W. H. FLEMING, G. B. AVERY, R. I. MORGAN and T. E. CONE JR 
Pediatrics 32, 358 (1963). 

6 L. HAMBRAEUS, J. Clin. Lab. Invest.  13, 74 (1961). 



1390 Specialia EXPERIEN~IA 26/12 

Excretion of cystine and the dibasic amino acids by the 2 daughters 
of a Type I - I I I  cystine stone former 

Source mg/day 

Sample Cystine Lysine Argi- Orni- Homo- 
nine thine cysteine 

Cysteine 

c. 1st 8 37 2.9 1.5 3.3 
2nd 13 62 3.4 2.5 

E. 1st 15 73 3.5 2.9 3.9 
2nd 13 47 4.4 2.1 

Normal, up to 37 28 4.0 2.0 2.3 

t h e  famil ies  of record  were recognized as ' doub le  he te ro-  
zygotes '  t h r o u g h  t he  d i f fe ren t  excre t ion  p a t t e r n s  of cys t ine  
a n d  t he  d ibas ic  a m i n o  acids by  2 or more  p r e s u m e d  car-  
r iers  in  each  pedigree,  e i the r  b y  t h e  2 p a r e n t s  or b y  2 or 
more  ch i ld ren  of t h e  s tone  formers.  The  ' doub le  he te ro-  
zygotes '  r e sembled  homozygo te s  c l inical ly  a n d  b iochemi-  
cal ly  a n d  were no t  d i s t i ngu i shed  w i t h o u t  t he  f ami ly  
s tudies .  

Our  ana lys i s  of amino  acid exc re t ion  ra t e s  in 2 ch i ld ren  
of a Type  I - I I I  ' d o u b l y  he t e rozygous '  s tone  fo rmer  3 adds  
more  d a t a  to  the  ev idence  for a l le l ism in c y s t i n u r i a  a n d  
b r o a d e n s  t h e  i n t e r p r e t a t i o n  of t he  car r ie r  s t a t e  in  t h e  
Type  I I I  form.  

Materials and methods. U r i n e  f rom t h e  2 ch i ld ren  of a 
Type  I - I I I  s tone  former,  b o t h  h e a l t h y  daughte r s ,  aged 
4 (C) and  7 years  (E) w h e n  f i rs t  sampled ,  was  col lected 
for 24 h w i t h  HC1 p r e s e r v a t i v e  and  was assayed  for a m i n o  
acids b y  n i t rop russ ide  reactiol~ L p a p e r  c h r o m a t o -  
g r a p h y  s, 9, a n d  ion exchange  c h r o m a t o g r a p h y  in  a Beck-  
m a n  120C ana lyze r  1~ The  dai ly  excre t ion  ra t e s  of cys t ine  
a n d  t h e  d ibas ic  amino  acids were ca lcu la ted  f rom the  
c o l u m n  c h r o m a t o g r a p h s  a n d  were c o m p a r e d  w i t h  pub -  
l i shed va lues  1i a n d  w i t h  r a t e s  f rom 9 ch i ld ren  of l a b o r a t o r y  
personnel ,  aged 3 to  13 years .  The  m i x e d  disulf ide of 
cys t e ine -homocys t e ine  was ident i f ied  in assays  in wh ich  
t he  buf fe r  change  in t he  59 cm co lumn  of t h e  ana lyze r  
was p o s t p o n e d  un t i l  340 m i n  t2. Second samples  were 
o b t a i n e d  f rom t h e  girls 2 years  l a te r  a n d  were assayed  
by  s imi la r  procedures .  

Results. Pos i t ive  n i t rop rus s ide -cyan ide  reac t ions  a n d  
p a p e r  c h r o m a t o g r a p h y  sugges ted  t h a t  t h e  f i rs t  samples  
of u r ine  f rom b o t h  girls c o n t a i n e d  excessive concen t r a -  
t ions  of cystille.  The  da i ly  excre t ion  ra t e s  of cyst ine ,  
however ,  were w i t h i n  n o r m a l  ranges.  T he  excre t ion  ra t e s  
of lysine and  of t he  mixed  disulfide,  cys te ine -homocys te ine ,  
a t  t h e  f i rs t  sampl ing ,  were g rea te r  t h a n  no rma l .  Those  of 
o r n i t h i n e  a n d  a rg in ine  b y  t h e  older  girl  were in t he  ' h igh  
n o r m a l '  r anges  (Table).  Me th ion ine  sulfoxide excre t ion  
b y  b o t h  was normal .  

The  ra t e s  of cys t ine  excre t ion  b y  t he  girls w h e n  t h e y  
were 2 years  older  were aga in  normal .  Lys ine  exc re t ion  
ra tes  were st i l l  g rea te r  t h a n  no rma l ,  however ,  and  those  
of o r n i t h i n e  a n d  a rg in ine  were in t h e  ' h igh  n o r m a l '  r anges  
for b o t h  (Table).  

Discussion. The  offspr ing of e i the r  homozygous  or 
' doub ly  he t e rozygous '  cys t ine  s tone  formers  are he te ro-  
zygotes,  if t h e  o the r  p a r e n t  is no rmal .  T h e y  m a y  or m a y  
no t  express  t he  gene defect  b iochemica l ly ,  d e p e n d i n g  
upon  t h e  fo rm of c y s t i n u r i a  of the  af fec ted  pa ren t .  I f  t h e  
genes for t he  3 k n o w n  disease fo rms  are alleles 2, t he  bio-  
chemica l  charac te r i s t i c s  of one or a n o t h e r  form should  
be  found  in t he  i n d i v i d u a l  offspring,  n o t  those  of 2 fo rms  
combined .  The  2 d a u g h t e r s  of t h e  Type  I - I I I  s tone  
former,  a ' doub le  he te rozygo te ' ,  shou ld  excrete ,  accord-  
ingly,  e i the r  n o r m a l  a m o u n t s  of t he  a m i n o  acids, as do 
Type  I carr iers  (and t h e i r  g r a n d m o t h e r ) ,  or s l igh t  excesses 
of cys t ine  and  t h e  d ibas ic  a m i n o  acids, as do Type  I I I  
carr iers  (and t h e i r  g r and fa the r ) .  

W e  consider  b o t h  girls he t e rozygo tes  of t he  Type  I I I  
fo rm of cys t inur ia ,  as t h e y  excre te  excesses of lys ine  and  
of t h e  mixed  disulf ide  a n d  ' h igh  n o r m a l '  a m o u n t s  of 
o r n i t h i n e  a n d  arginine .  Excess ive  exc re t ion  of cys t ine  
is n o t  a s ine q u a  non,  appa ren t l y ,  of Type  I I I  carriers,  as  
several ,  exc re t ing  excesses of lys ine  only, h a v e  been  
descr ibed  in ' i ncomple t e ly  recess ive '  famil ies  or in  t hose  
w i t h  Type  I I I  c y s t i n u r i a  8,13,14 

Rdsumd. L ' a n a l y s e  des acides amin6s  de la cys t inu r i e  
du  t y p e  I - I I I  dans  l ' u r ine  de deux  en fan t s  d ' u n  h6t6ro-  
zygote  double  a r6v6t6 qne  les q u a n t i t 6  d ' ac ides  amin6s  
d ibas iques  excr6t6es ell 24 h son t  celles qu i  f u r e n t  t rouv6es  
chez les h6 t6rozygotes  de la cys t inu r i e  du  t y p e  I I I .  Les 
donn6es  exp6r imen ta l e s  s ' a c c o r d e n t  sur  ce p o i n t  que  les 
t ypes  b i o c h i m i q u e m e n t  h6t6rog&nes de la  cys t inur i e  son t  
r~gl6s p a r  des alleles. 
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Repl i ca t ion  of In tranuc leo lar  D N A  in S m i t t i a  (Diptera ,  C h i r o n o m i d a e )  

One of t he  m a j o r  func t ions  of nucleolus  is t he  p roduc-  
t i on  of r i b o s o m a l  R N A  a n d  t h e  genes wh ich  code for 
t h i s  class of R N A  are  local ized in or nea r  t h e  nuc leo la r  
organizer  in  Drosophila 1 a n d  Xenopus 2. I n  a n i m a l  a n d  
p l a n t  cells, i t  h a s  been  k n o w n  for a long t i m e  t h a t  the  
organizer  is t h e  specific si te  of f o r m a t i o n  of t he  nucleolus  
b u t  va r ious  aspects ,  s t r u c t u r a l  a n d  func t iona l ,  of t h e  
nuc leo lus-organizer  c h r o m a t i n  complex  st i l l  r e m a i n  to  be  

e lucidated .  I n  r ecen t  years  i t  has  come to  be  wide ly  
recognized t h a t  t he  c h r o m a t i n  of t he  organizer  m a y  
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