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Abstract. Echymipera kalabu (Peramelidae: Ylarsupialia) does not have the 
full chromosome complement in all its adult somatic tissues. The chromosomes 
missing are the Y-chromosome in the male and an X-chromosome in the female. 
The full complement is present in the corneal epithelium and the reproductive 
tissue. A parallel mosMcism to this exists with respect to small supernumerary 
chromosomes which are found in certain animals of this species. These super- 
numeraries must be subject to the same control system as that which is responsible 
for the elimination of the sex chromosomes. 

Introduction 

We have described in previous papers an unusua l  and  apparen t ly  
regular form of sex chromosome mosaicism in two genera of the marsupial  
family Peramelidae (Hayman  and  Martin, 1965 a; H a y m a n  and  Martin,  
1969). The species in these genera do not  have the complete diploid 
complement  of chromosomes in all somatic tissues. Table 1 gives the 
present  informat ion about  this s i tuat ion and  includes data  on Peroryctes 
longicauda, a species whose chromosomes have not  been studied pre- 
viously. The data  are accounted for by supposing tha t  there is elimina- 
t ion of an X-chromosome from certain somatic tissue in  the female and  
of the Y-chromosome from the same somatic tissue in the male. 

This paper describes an extension of these observations to another  
species of the family Peramelidae, Echymipera kalabu, in which there 
is a similar e l iminat ion from certain somatic tissue of both the appro- 
priate sex chromosome and  also of supernumerary  chromosomes which 
apparen t ly  occur f requent ly  in this species. While certMn aspects of this 
s i tuat ion require addi t ional  s tudy  it  is no t  likely tha t  further  collections 
of this species will become available in the foreseeable future.  However,  
the impor tance  of the observations which have been made would seem 
to just i fy publ icat ion a t  the present  stage. 
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Table 1. The chromosome numbers and sex chromosome constitutions in di/]erent 
tissues o] adults o/Isoodon spp., Perameles spp. and Peroryctes longicauda 

Species Sex Tissue 2 n Sex 
chromosome 

Isoodon macrourus 

Isoodou obesulus 

c~ and 9 

thymus  13 a XO 
bone marrow 13 XO 
leucocytes 13 XO 
spleen 13 XO 
corneal epithelium 13 XO 
intestinal  epithelium 13 a XO 
testes 14 XY 
ovarian tissue 14 X X  

Perameles nasuta 

Perameles gunni 

and 

3 

tissue culture of skin 14 e 
corneal epithelium 14 X X  
intestinal  epithelium 14 b X X  
bone marrow 13 XO 
leucocytes 13 XO 
spleen 13 XO 
testes 14 X u  
ovarian tissue 14 X X  

and X Y  
and X Y  

Peroryctes longicauda f~ corneal epithelium 14 X X  
spleen 13 XO 

a Only I.  obesulus examined. 
b Only P. nasuta examined. 
c Jackson and Ellem, 1968 (pouch young of P. nasuta). 

Materials and Methods 
Specimens of Echymipera kalabu were t rapped in the  Eastern Highlands and 

the  Morabi district  of New Guinea. The animals were injected intraperi toneally 
with 0.02 % colchieine and killed after four hours. Slides showing chromosomes from 
the corneal epithelium (Fredga, 1964) and  from the bone marrow and  spleen were 
made in the  field and  subsequently sent to Adelaide for examination.  The quality 
of the  preparat ions varied, due to the  difficulties under  which they were made, 
bu t  sufficient information has been obtained to offer an interpretat ion of the 
si tuation in this species. 

Testieular material  from one male was fixed in acetic-alcohol for one day, 
transferred to 70 % alcohol and became available in the  laboratory several weeks 
later. 

Results 

T a b l e  2 l i s t s  t h e  c h r o m o s o m e  n u m b e r s  f o u n d  i n  t i s sue s  f r o m  a t o t a l  

of e i g h t  i n d i v i d u a l s  (3 c~ 5 ~). T h e  c h r o m o s o m e  c o u n t s  f r o m  t h e  b o n e  

m a r r o w  a n d  sp leen ,  i r r e s p e c t i v e  of sex,  a r e  a l w a y s  2 n = 1 3  a n d  t h e  

c h r o m o s o m e  c o m p l e m e n t  is a l w a y s  t h e  s a m e  i n v o l v i n g  6 p a i r s  of h o m o L  

ogues  a n d  a n  u n p a i r e d  s m a l l  m e t a c e n t r i c  c h r o m o s o m e  (Fig.  2). T h e r e  
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Table 2. The chromosome numbers and sex chromosome constitution o/ 
o/Echymipera ]~alabu examined 
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the specimens 

Indi- Sex Tissue 2 a 
vidual 

~ex  

chromo - 
s o m e  

complement 

A 

B 

C 3 

O ? 

E ? 

F 

G 

corneal epithelium 14 ( -- 1) XY 
marrow 13 XO 
testis 14 (+0, ~-1, -+-2) XY 

corneal epithelium 14 ( @ 2) XX 
marrow 13 XO 

corneal epithelium 14 XY 
marrow 13 XO 

corneal epithelium 14 ( @ 4) XX 
marrow 13 XO 
spleen 13 XO 

corneal epithelium 14 ( ~: 3) XX 
marrow 13 XO 

corneal epithelium 14 ( ~- 5) XX 

corneal epithelium 14 XY 

corneal epithelium 14 ( @ 2) XX 

a Numbers in brackets refer to the number of supernumerary chromosomes 
present (see text). 

is no such constancy with respect to the chromosomal counts in  the 
corneal epi thel ium between individuals,  where counts from 2 n = 1 4  
to 2 n  = 1 9  have been obtained.  Fig. 3 shows the chromosome comple- 
men t  from divisions in the corneal epi thel ium of the male G in which 
2 n  ~ 14. The autosomes of this complement  are essentially the same as 
those found in  the species of the genera Isoodon, Perameles and  Peroryctes. 

The acrocentric element is in terpreted as the Y-chromosome since it  has 
never  been found in the corneal epi thel ium of females, and  occurs in  all 
males. The small metacentr ic  chromosome is the X-chromosome. These 
sex chromosomes appear  to be smaller than  those in  the three genera 
named  above. The addi t ional  chromosomes above 2 n ~ 1 4  found in 
divisions from the corneal epi thel ium of other individuals  are always 
very small  and  metacentr ic  (Figs. 1 and  4). The var ia t ion in  the n u m b e r  
of these chromosomes accounts for the var ia t ion in  the total  chromosome 
number .  These small chromosomes have never  been seen in  marrow cells 
or spleen cells. These observations are based on a total  of more t han  two 
hundred  and  fifty cells examined, and there is no evidence of within- 
tissue mosaicism. 
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Figs. 1 and 2. Chromosomes of individual A. Fig. 1. Corneal epithelium; one super- 
numer~ry chromosome is present. Fig. 2. Bone m~rrow; no supernumeraries 

present and the u chromosome is missing 

Figs. 3 and 4. Chromosomes in the corneal epithelium. Fig. 3. Individual G; no 
supernumeraries are present. Fig. 4. Individual D; four supernumerary chromo- 

somes are present 

W e  i n t e r p r e t  t hese  o b s e r v a t i o n s  as fol lows.  T h e  basic  c h r o m o s o m e  
n u m b e r  of E. Icalabu is 2 n  = 14 ( X X / X Y )  a n d  t h e  c h r o m o s o m e s  a re  

v e r y  s imi la r  to  those  of species of Isoodon a n d  Perameles we h a v e  s tud ied .  
Th i s  c h r o m o s o m e  c o m p l e m e n t  is a lways  p r e sen t  in t h e  cornea l  ep i the l ium.  
I n  t h e  sp leen  a n d  m a r r o w  on ly  2 n  ~ 13 (XO) is found .  T h u s  E. Icalabu 



Fig. 5. Mitot ic  divis ion in t he  tes t i s  of ind iv idua l  A;  2 n  = 14 a n d  two s u p e r n u m e r -  
aries are visible, one pa r t l y  obscured  b y  an  a u t o s o m e  

Fig. 6. Diakines is  f rom meiot ic  divis ions in ind iv idua l  A;  no s u p e r n u m e r a r i e s  
present .  The  sex b iva l en t  is ind ica ted  

Fig, 7. Two sepa ra te  cells a t  t he  " l a t e "  m e t a p h a s e  s tage  a f te r  the  sex  ch romosomes  
h a v e  m o v e d  to t h e  poles;  in one of t h e m  a s u p e r n u m e r a r y  is visible,  in t he  o the r  no 

s u p e r n u m e r a r y  is visible 
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resembles Perameles spp. and  Peroryctes longicauda (Table 1) in those 
tissues abou t  which we have the necessary information.  I n  addi t ion  to 
the basic complement  of chromosomes some individuals  of E. kalabu 
conta in  representat ives of a class of chromosomes which are highly 
variable in n u m b e r  between individuals  and  which are no t  related to 
sex determinat ion.  These would fit the defini t ion of supernumerary  
chromosomes or accessory chromosomes (Mtintzing, 1958). The chromo- 
somes of this class are confirmed to certain tissues and  so far as our 
observations go are identical  to the complete sex chromosome comple- 
m e n t  in  their cycle of presence and  absence. 

The only testis mater ia l  available was from individual  A which had 
one supernumerary  chromosome present  in the corneal epithelium. 
Hav ing  been fixed under  sub-opt imal  conditions, only a l imited a m o u n t  
of analysis  could be a t tempted.  Cells were observed at  spermatogonial  
mitosis, pachytene,  diakinesis and  metaphase  I :  some of these cells ap- 
peared to conta in  two supernumeraries,  some one and  some none (Figs. 5 
- - 7 ) .  Where two supernumerar ies  were seen each was the same size as 
single supernumerar ies  and  so were no t  the products  of precocious divi- 
sions. I n d u b i t a b l y  in some of these cells the small  supernumerary  
chromosomes were hidden by  autosomes. The question of how much 
of the observed var ia t ion  was real and  how much could be accounted 
for by  chance invis ibi l i ty  will be discussed later. 

At  metaphase  I in  the mater ia l  available the autosomal  bivalents  
were c lumped at  the equator.  The sex chromosomes, which are negat ively  
heteropycnotic,  move to the poles precociously and  this separat ion was 

Table 3. Cells at metaphase I 

Number of 
super- 
numeraries 
visible 

Early metaphase Late metaphase 

observed expected a observed expected a 

hypo- hypo- hypo- hypo- 
thesis thesis thesis thesis 
A b B b A b B e 

0 168 168.5 167.3 86 90.8 82.9 
1 50 48.9 51.1 75 65.4 75.2 
2 3 3.6 2.7 7 11.8 9.9 

The nature of hypotheses A and B is explained in the text. 
b For hypothesis A the probability of observing a supernumerary chromosome 

at early metaphase is 0.127 and at late metaphase is 0.265. Z~ for agreement 
(summed for early and late metaphase) is 3.71, 0.20 > P > 0.1. 

c For hypothesis B the fcequencies of sperm mother cells with 0 and 2 super- 
numeraries are equal and estimated to be 0.185 each. The probability of observing 
a supernumerary at early metaphase is 0.255 and at late metaphase is 0.566. 
Z~ for agreement is 0.986, 0.50> P >  0.30. 
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used to distinguish early from late metaphase. The supernumeraries which 
are also negatively heteropycnotic move to the poles at about the same 
time since their observable frequency at late metaphase is greater than 
that at early metaphase. The numbers of supernumeraries in early and 
late metaphase cells are shown in Table 3. 

In 52 of the late metaphase cells with one supernumerary chromo- 
some, the sex chromosomes could be distinguished by their size. The 
single supernumerary was with the X-chromosome in 30 cells and with 
the Y-chromosome in 22 cells. This does not differ significantly from 
equality, and suggests that  sex and supernumerary chromosomes are 
inherited independently. 

No pattern of association between the supernumerary chromosome 
and the sex vesicle was seen at pachytene. 

Discussion 

Variation in the Number o/Supernumerary Chromosomes 

Variation in the number of supernumerary chromosomes seen at 
metaphase I in individual A could result from two different situations. 
Firstly, if there were always two supernumeraries present in the germ 
line, and the variation in the number seen was due to chance hiding of 
one or both by other chromosomes, then the distribution of cells with 
0, 1 and 2 supernumeraries should follow a binomial distribution. The 
oxpected numbers for the two classes of metaphase data are shown in 
Table 3 (hypothesis A). The differences between the expected and ob- 
served numbers are not significant. Alternatively, if the animal initially 
had one supernumerary chromosome, and during the divisions in the 
germ line preceding meiosis somatic non-disjunction occurred in some 
cells, then in addition to those with one, there would be an equal pro- 
portion of meiotic cells formed with no and two supernumerary chromo- 
somes. A proportion of chance invisibility would be superimposed on 
this real variability. The expected frequencies have been calculated 
using the maximum likelihood method of Mather (1951) and are shown 
in Table 3 (hypothesis B). Again the differences between the expected 
and observed results are not significant. Consequently the variation can 
be accounted for by either situation and the matter cannot be resolved. 
However, both hypotheses suppose that supernumerary chromosomes 
in E. kalabu exhibit mitotic instability - -  as do supernumerary chromo- 
somes in other species (Miintzing, 1958). In  hypothesis A instability is 
postulated to occur in the corneal cell line of males in which super- 
numeraries are lost; in hypothesis B instability is postulated in the 
mitotic divisions during the formation of sperm mother cells. 



378 D. L. Hayman, P. G. Martin and P. F. Waller: 

As is shown in Table  2, s ix teen supernumerar ies  were found  in the  
corneal  epi the l ia l  cells f rom five females while only  one s u p e r n u m e r a r y  
was found  in the  same t issue f rom three  males.  This difference is signifi- 
can t  (P  > 0.01) i.e. there  are fewer supe rnume ra ry  chromosomes in the  
corneal  cells of males t h a n  in females.  I f  th is  difference represents  the  
s i tua t ion  in the  whole animal ,  then  i t  cannot  be exp la ined  b y  the  pre- 
ferent ia l  segregat ion of the  s u p e r n u m e r a r y  wi th  the  X-chromosome for 
which we found  no evidence.  I f  the  difference is l imi ted  to cer ta in  t issues 
then  there  m a y  be a di f ferent  p a t t e r n  be tween the  sexes of the  non-dis-  
junc t ion  which is a necessary  consequence of hypothes is  A. 

Unt i l  a considerable  a m o u n t  of add i t iona l  in fo rmat ion  becomes 
ava i lab le  we can offer no fu r the r  evidence for the  basis of these var ia t ions  
in the  number  of supe rnumera ry  chromosomes.  

The Elimination o[ Sex and Supernumerary Chromosomes 

W e  have  a rgued  t h a t  the  e l iminat ion  of an X-chromosome from cer- 
t a in  somat ic  t issues of these peramel ids  is an  ex t reme  form of t he  
, , inac t ive-X"  hypothes is ,  dosage regula t ion  being achieved b y  el imina- 
t ion r a the r  t han  inac t iva t ion  ( H a y m a n  and  Mart in ,  1965a, 1969). W e  
suggest  t h a t  there  is a charac te r i s t ic  fea ture  of the  inac t ive  X-chromo-  
some which is recognised b y  cer ta in  cell lines p r e s u m a b l y  ear ly  in develop- 
m e n t  and  this  recogni t ion  resul ts  in the  e l imina t ion  of the  X-chromo-  
some. W e  have  sugges ted  t h a t  the  Y~chromosome is also s imi lar ly  char-  
ac ter ised  and  i t  therefore  is sub jec t  to the  same control  and  suffers the  
same fate.  

This same a r g u m e n t  can be ex t ended  to the  supe rnume ra ry  chromo- 
somes b y  supposing t h a t  t h e y  too share th is  common character is t ic  and  
are  sub jec t  to the  same control  as arc the  sex chromosomes.  Whi le  
o ther  models  are  possible we favour  the  view t h a t  the  recogni t ion  and  
e l imina t ion  sys tem evolved in i t ia l ly  as an  extens ion of the  dosage 
regula t ion  sys tem.  On this  view the  supe rnume ra ry  chromosomes are 
v ic t ims  of a p r e - a d a p t e d  sys tem which res t r ic ts  t hem to cer ta in  tissues. 

The observa t ion  t h a t  dur ing  stages of meiosis bo th  the  super-  
numerar ies  and  the  sex chromosomes  show nega t ive  he te ropycnos is  
suggests  t h a t  the i r  cycle of compac t ion  m a y  be associa ted  with  the  
recogni t ion  and  e l imina t ion  system.  Where  chromosome e l imina t ion  has 
been s tud ied  in o ther  organisms e.g. coccids, Sciara (Brown, 1966), i t  
has  been associa ted  wi th  the  compac t ion  of the  e l imina ted  elements.  
However ,  i t  is the  condi t ion  of the  e l imina ted  chromosomes a t  the  t ime 
of e l imina t ion  t h a t  would  be a cr i t ical  tes t  of this  a rgument .  I t  is possible 
t h a t  the  s u p e r n u m e r a r y  chromosomes are der ived  f rom sex chromosomal  
mater ia l .  Whi le  such an  origin would expla in  cer ta in  of the i r  proper t ies ,  
there  is no evidence for it .  
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Sex chromosome el iminat ion has been reported in  the m a m m a l i a n  
species, Microtu8 oregoni (Ohno et al., 1963, 1966) and  inferred in Akadon 
azarae (Bianehi and  Contreras, 1967) and  Choloepus ho//manni (Corin- 
Frederic, 1968). I n  each of these only the X-chromosome is eliminated.  
Consequently in these species the par t icular  characterisat ion of the 
X-chromosome is no t  shared by the Y or the control system is l imited 
to acting in the one sex. 

Supernumerary  chromosomes have been described in the marsupial  
Schoinobates volans (Hayman  and  Martin, 1965 b) and  there are probably  
two other occurrences. Gustavsson and  Sundt  (1965)report  a var ia t ion  
between individuals  in  the chromosome n u m b e r  of the canine Vulpes 
/ulve8 which can be in terpre ted as being due to the presence of super- 
numera ry  chromosomes and  Shel lhammer (personal communicat ion)  
a t t r ibutes  a similar var ia t ion  in Reithrodonto~, ~,s megaloti4' (Muridae) to 
supernumerary  chromosomes. The apparen t ly  ,J~frequent occurrence of 
supernumerary  chromosomes in mammals ,  compared to plants,  ma y  be 
a reflection of the degree of cytological knowledge in  the two groups, 
par t icular ly  in the n u m b e r  of individuals  of a ny  one species studied. 
Certainly there are two features in which ma mma l i a n  supernumerar ies  
differ from p lan t  supernumeraries.  Firstly,  they  do not  vary  great ly 
in morphology - -  all reports describe them as small metacentr ic  ele- 
ments ;  secondly, they  occur in greater f requency - -  individuals  with 
4 or 5 supernumeraries  are common. 
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