
15: 12. 1970 Speeialia 1387 

100 

80 

6o 

N 

40 

Time arter irradiation[days) 
Fig. 1. Survival of X-irradiated mice which have received 10 mg of 
carbon particles 24 h before irradiation. �9169 control (600 R- 
irradiated); 0 - - 0 ,  irradiated after carbon injection. 
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Fig. 2. Changes in the body weight of mice which have received 
carbon particles 24 h before i rradiat ion, r~--E], normal;  II1--11, 
carbon-injected control; 0 - - 0 ,  X-irradiated; 0--0, X-irradiated 
after carbon injection. S-l, wasted but survived; S-2, survived 
without loss of body weight. 

cause  IRES to  over look  the  cells w h i c h  were s o m e w h a t  
i n ju red  b u t  sti l l  m a i n t a i n  t h e i r  n e a r l y  n o r m a l  func t ion .  

A n o t h e r  poss ibi l i ty ,  however ,  shou ld  be  t a k e n  in to  
accoun t :  t h a t  c a r b o n  par t ic les  fac i l i t a te  t h e  r ecovery  
of h e m a t o p o i e t i c  sys tem.  Th i s  can  be  in fe r red  f rom t h e  
o b s e r v a t i o n  of t he  r a d i o p r o t e c t i v e  effect  of c a r b o n  
par t ic les  for  t h e  a n t i b o d y  response  in r a t s  z3, a n d  t h a t  
of t h e  ca rbon - induced  hype rp l a s i a  of l y m p h o r e t i c u l a r  
t i s sue~ ,  15. I n  th i s  respect ,  our  us ing  r ap id ly  growing  
young  a d u l t  mice  m i g h t  be  of a d v a n t a g e ,  s ince t~OJIMA 
et  al. zs h a v e  observed,  in  a s imi la r  expe r imen t ,  a f avorab le  
b u t  no t  c l ea rcu t  resu l t  as to  t he  effect  of c a r b o n  par t ic les  
e m p l o y i n g  8- to  9-week-old mice  z~. 

Zusammenfassung. Die J.v. I n j e k t i o n  yon  Koh lepa r -  
t ike ln  a n  M~usen,  24 h vor  e iner  B e s t r a h l u n g  m i t  600 R, 
b i e t e t  e inen  b e m e r k e n s w e r t e n  S t r ah l enschu tz .  Die Pro-  
b l e m a t i k  der  b io logischen  S c h u t z f u n k t i o n  d u r c h  die 
Ret iculo-his t iocyt~tre  S y s t e m b l o c k a d e  wi rd  d i sku t ie r t .  
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A N e w  I n t e r p r e t a t i o n  of  t h e  S e x  D e t e r m i n i n g  M e c h a n i s m  of  t h e  E u r o p e a n  E a r w i g ,  Forficula 
auricularia 

I t  h a s  long been  k n o w n  t h a t  some popu l a t i ons  of 
Forficula auricularia L. are  p o l y m o r p h i c  for  t he  n u m b e r  
of ma le  sex chromosomes .  All  p rev ious  au t ho r s  h a v e  
i n t e r p r e t e d  males  w i t h  24 ch romosomes  as (22+X1Y)  
a n d  males  w i t h  25 ch romosomes  as (22+X1X2Y) .  I t  
follows t h a t  fenlales  in  such  popu l a t i ons  should  d i sp lay  
a v a r y i n g  n u m b e r  of sex c h r o m o s o m e s  co r r e spond ing  to  
c h r o m o s o m e  n u m b e r s  of 24 (22 + XIX~), 25 (22 + X1X1X2) 
a n d  26 (22 +XlXlX~x~). E a r l y  r epo r t s  of c h r o m o s o m e  
c o u n t s  f rom females  were unre l iable ,  usua l ly  in  t he  
expressed  op in ions  of t he  a u t h o r s  i-3. These  resul t s  were 
t he  bas is  of t h e  above  i n t e r p r e t a t i o n  of t he  sex ch romo-  
somes b y  some reviewers  ~, a n d  b y  recen t  i nves t iga to r s  5, 6 
who  t h e m s e l v e s  found  only  24 ch r om os om es  in females.  
To c lar i fy  t he  issue b o t h  sexes of a su i t ab le  local  popula -  
t i on  were i n v e s t i g a t e d  ( the species ha s  been  i n t r o d u c e d  
in to  Aus t r a l i a  a n d  is o f ten  c o m m o n  in ga rdens  a n d  parks) .  

Materials and methods. 25% of t he  males  in  a sma l l  
a rea  of t h e  g rounds  of Melbourne  U n i v e r s i t y  were found  
to h a v e  25 ch romo s om es  in  1964 ~. A qu i te  e x h a u s t i v e  
col lect ion a t  t h i s  loca l i ty  in  D e c e m b e r  (early summer )  
1968 yie lded 188 males  a n d  146 females  f rom w h i c h  
m a t e r i a l  for th i s  s t u d y  was  selected a t  r andom .  

Testes  f rom y o u n g  a d u l t  males  were  h a n d - s q u a s h e d  
in  acet ic-orcein,  sealed and  s to red  in t h e  deep freeze. 

Females  were in jec ted  w i t h  0.2 ~1 of a 0.05% so lu t ion  
of colcemid (CIBA) pe r  m g  of b o d y  weight ,  12-16 h 
l a t e r  t he  ovar ies  were d issected  in to  h y p o t o n i c  1.0% 
sod ium c i t r a t e  for 5-10 min .  S u b s e q u e n t  p r e p a r a t i o n  
was s imi la r  to  t h a t  descr ibed  for males  excep t  t t l a t  t h e  
m a t e r i a l  was  squashed  in a hyd rau l i c  press  a t  600 to  
800 lb  in  -~. 

Results and discussion. 11 females  d id  n o t  h a v e  t he  
10 or more  scoreable  d iv is ions  cons idered  necessa ry  for 
t h i s  s t u d y  b u t  t he  resul t s  in  t h e m  were cons i s t en t  w i t h  
t i le resu l t s  shown  in Tab le  I. The  resul t s  in  t h i s  t a b l e  
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Table I. Chromosome counts of C mitoses in ovarian follicle ceils of Forficula auricularia from Melbourne University 

No. Chromosome counts Discarded cells 

12-18 19 20 21 22 23 24 2 4 +  25 26 27-40 41--48 2N 4N 
frag- 
ment  

I 7 8 5 4 12 26 60 2 4 6 14 0 
2 1 1 2 4 104 7 90 13 
3 2 2 1 4 6 25 81 1 55 0 
4 1 1 1 6 8 25 1 1 39 1 
5 1 1 4 17 112 6 1 1 63 0 
6 3 2 11 41 1 48 8 
7 1 1 3 11 55 1 35 0 
8 1 3 4 13 28 2 
9 2 3 3 5 29 3 1 2 74 0 

10 1 1 12 1 9 6 
11 2 2 22 18 1 
12 2 1 1 8 1 ~ 
13 2 2 2 9 8 6 
14 1 2 3 4 31 1 1 43 4 
15 1 2 5 25 50 0 
16 3 6 16 15 0 
17 2 1 6 12 11 1 
18 1 1 4 5 14 63 0 
19 2 2 7 20 44 0 
20 2 1 1 1 6 5 23 1 1 36 2 
21 2 2 3 5 9 46 1 5 1 
22 1 5 14 43 1 
23~ 5 5 10 12 0 
24~ 1 2 2 4 4 1 8 0 
25 ~ 1 1 1 2 5 11 0 
26a 2 1 4 6 7 0 

Counts from autoradiographs, 4-6 h colcemid. 

a r e  a lso  c o n s i s t e n t  w i t h  f e m a l e  cel l  c o u n t s  m a d e  in  1964 v 
a n d  in  1965 a n d  1970 b y  t h e  f i r s t  a u t h o r .  

T h e  d e c i s i o n  to  s c o re  e a c h  m i t o t i c  cel l  w a s  m a d e  b e f o r e  
c o u n t i n g  a n d  t h e  n u m b e r  of  d i s c a r d e d  cel ls  is s h o w n .  
T h e  f e m a l e  c h r o m o s o m e  se t  is q u i t e  u n i f o r m  in  s ize  
( F i g u r e  l a) a n d  t h e  c o u n t s  s h o w n  w e r e  o b t a i n e d  b y  
c o u n t i n g  i n d i v i d u a l  s e p a r a t e d  e l e m e n t s  w i t h i n  t h e  m i t o t i c  
cell.  C o u n t s  l ower  t h a n  24 w e r e  a l m o s t  c e r t a i n l y  c a u s e d  
b y  b r e a k a g e  of  ce i ls  o r  b y  o v e r l a p s  i n  p o o r l y  s p r e a d  
cei ls  a n d  f r a g m e n t s  of  c h r o m o s o m e s  we re  n o t  r e c o r d e d  
f r o m  s u c h  cel ls  a s  t h e y  w o u l d  n o t  h a v e  b e e n  o b v i o u s .  
Cei ls  w i t h  24 c h r o m o s o m e s  p l u s  a f r a g m e n t  ( F i g u r e  l b )  
o r  25 c h r o m o s o m e s  w e r e  q u i t e  r a r e  a n d  in  t h e  l a t t e r  c a s e  
t h e  c o u n t  c o u l d  o f t e n  b e  a t t r i b u t e d  t o  t h e  c o u n t i n g  of  
s e p a r a t e d  c h r o m a t i d s  as  t w o  c h r o m o s o m e s .  

T h e  r e s u l t s  a p p e a r  t o  be  e n t i r e l y  c o n s i s t e n t  w i t h  a 
24 (22 + XX)  d i p l o i d  c h r o m o s o m e  se t  in  f e m a l e s  of  For- 
ficula auricularia. T h e r e f o r e  i t  m u s t  b e  c o n s i d e r e d  t h a t  

Table II. Distribution of types of males of For]icula auricularia at 
Melbourne University 

Interpretation of karyotype No. % " % 

a) 24 (22+XY1)  23 44.2 } 24-type 73.1 
b) 24(22q-XY2) 15 28.8 
c) 24(22q-XYe)/25(22+XY~Y2) 5 9.6 } 
d) 25 (22 + XY~Y2) 9 17.3 25-type 26.9 

Chromosome type of previous authors. 

t h e  p o l y m o r p h i s m  in  m a l e s  is l i m i t e d  t o  t h e  m a l e  l ine  
a n d  is c a u s e d  b y  v a r i a t i o n  in  c h r o m o s o m e s  w h i c h  b e h a v e  
as  Y c h r o m o s o m e s .  

D e t a i l s  of  t h e  b e h a v i o u r  of  c h r o m o s o m e s  d u r i n g  
s p e r m a t o g e n e s i s  i n c l u d i n g  a c c u r a t e  m e a s u r e m e n t s  of  
c h r o m o s o m e  sizel b e h a v i o u r  d u r i n g  m e i o s i s  a n d  r e s u l t s  
f r o m  a u t o r a d i o g r a p h i c  s t u d i e s  o f  l a t e  r e p l i c a t i o n  d u r i n g  
s p e r m a t o g o n i a l  d i v i s i o n s  wil l  b e  p u b l i s h e d  s h o r t l y .  3 t y p e s  
of  s e x  c h r o m o s o m e s  c a n  be  d i s t i n g u i s h e d  in  m a l e s :  1. T h e  
X c h r o m o s o m e ,  w h i c h  is a s  l a r g e  as  t h e  l a r g e s t  a u t o s o m e s  
a n d  o n l y  r a r e l y  s h o w s  a b i l o b e d  c o n d i t i o n  a t  f i r s t  m e t a -  
p h a s e .  2. A s e x  c h r o m o s o m e  w h i c h  h a s  t h e  s ize  of  t h e  
s m a l l e s t  a u t o s o m e s  a n d  is  i n t e r p r e t e d  as  a Y1 c h r o m o s o m e .  
3. A n o t h e r  Y c h r o m o s o m e ,  d e s i g n a t e d  Y v  w h i c h  is a 
l i t t l e  l a r g e r  a n d  a p p e a r s  m o r e  f r e q u e n t l y  b i l o b e d  t h a n  
t h e  3f  c h r o m o s o m e .  

D i f f e r e n t  c o m b i n a t i o n s  o f  t h e s e  3 s e x  c h r o m o s o m e s  
p r o d u c e  t h e  4 t y p e s  of  m a l e s  w h i c h  c a n  be  d i s t i n g u i s h e d  
a t  t h e  M e l b o u r n e  U n i v e r s i t y  l o c a l i t y  a n d  p u b l i s h e d  
p h o t o g r a p h s  i n d i c a t e  t h a t  t h e y  o c c u r  a t  o t h e r  l oca l i t i e s  
i n  t h e  c o s m o p o l i t a n ,  cool  c l i m a t e ,  r a n g e  of  t h e  spec i e s  ~, ~, s. 

T h e  f r e q u e n c y  of  t h e  d i f f e r e n t  t y p e s  of  m a l e s  is  s h o w n  
in  T a b l e  I I  a n d  cel ls  f r o m  t h e m  a r e  i l l u s t r a t e d  in  F i g u r e s  
2 a - d .  A m o s a i c  i n d i v i d u a l  in  w h i c h  24 (22 .q-XY1) a re  
a s s o c i a t e d  w i t h  25 (22 @ 32Y2Y2) cel ls  h a s  n o t  b e e n  f o u n d .  
I n  s o m e  i n d i v i d u a l s  w i t h  t h e  Y2 c h r o m o s o m e ,  c y s t s  of  
ce l ls  w i t h  u p  t o  6 a s s o c i a t e d  s e x  c h r o m o s o m e s  p e r  cel l  
h a v e  b e e n  o b s e r v e d .  T h e  cei ls  o f  o n e  t e s t i s  o f  a m a l e  
f r o m  t h e  1969 /70  p o p u l a t i o n  a t  t h e  l o c a l i t y  w e r e  a l l  
27 (22 q - X Y 2 Y ~ Y ~ Y i ) ;  t h e  o t h e r  t e s t i s  c o n t a i n e d  
25 (22 q- XY~Y~) cells.  

A d i s t r i b u t i o n  o f  c h r o m o s o m e  c o u n t s  i n d i c a t i n g  a 
24 (22 -}- XX)  c h r o m o s o m e  s e t  in  22 f e m a l e s  w a s  o b t a i n e d  
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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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Genetics Department, University o] Melbourne, 
Parkville 3052, Victoria (Australia), 10 August 1970. 

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  
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