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of M. reevesi to  t h a t  of M. munt~ah t h r o u g h  repea ted  
fus ions  a n d  invers ions  would  en ta i l  cons iderab le  loss of 
DNA.  The  f igure of 0.724 of t he  h u m a n  D N A  va lue  for 
t he  M. muntjak w i t h  2 n ~ 6/7 ind ica tes  t h a t  such a loss 
m a y  h a v e  t a k e n  place.  On t he  o the r  h a n d ,  one would  t h e n  
expec t  a f igure of s o m e w h a t  more  t h a n  0.724, b u t  con-  
s ide rab ly  less t h a n  t h e  g iven  f igure  of 0.948 for t h e  M.  
muntjak w i t h  2 n = 8. These  d a t a  on  D N A  va lues  do n o t  
s u p p o r t  conclus ions  c6nce rn ing  t he  p a t h  of k a r y o t y p e  
evolu t ion ,  b u t  do offer a bas is  for specula t ion .  

F igure  3 shows t h e  same  k a r y o t y p e  of M. munt]'a]~ 
muntjak as shown  in F igure  1 b u t  w i t h  pa i r  No. 1 super-  
imposed  on  pa i r  No. 3 to  dep ic t  t h e  poss ible  evo lu t i on  of 
t he  k a r y o t y p e  of M. muntjak vaginalis f rom t h a t  of M.  
muntjak muntjak. This  p a t h w a y  supposes  b r e a k a g e  a n d  
s u b s e q u e n t  fus ion of pa i rs  i a n d  3. This  would h a v e  in- 
vo lved  some c h r o m a t i n  loss a n d  appea r s  t o  be  a feasible  
p a t h w a y .  H o m o l o g y  of t he  ch romosomes  of t h e  2 an ima l s  
c a n n o t  be  ascer ta ined ,  however ,  a n d  t he  X c h r o m o s o m e  

appea r s  to  be t r a n s l o c a t e d  to  a d i f fe rent  a u t o s o m e  in each  
case. I n  M. munljak vaginalis t h e  a u t o s o m e  invo lved  of ten  
d i sp lays  a m a r k e d  seconda ry  cons t r i c t i on  a b o u t  a t h i r d  
of t h e  d i s t ance  f rom t h e  cen t romere .  Th i s  a u t o s o m e  is 
equa l  in  l eng th  b y  a c t u a l  m e a s u r e m e n t ,  to  ha l f  of t h e  No. 1 
chromosome.  I n  M. muntjak munt]ak t h e  a u t o s o m e  fused 
w i t h  t h e  X is r e l a t ive ly  sho r t e r  a n d  does n o t  d i sp lay  t h e  
s econda ry  cons t r ic t ion .  A s imi la r  cons t r i c t ion  ap p ea r s  in  
t h e  No. 3 pair .  I t  is t h u s  poss ible  t h a t  in  t r a n s i t i o n i n g  
f r o m  t h e  k a r y o t y p e  of M. muntjah munt~ak to  t h a t  of 
M. muntjak vaginalis t h e  X c h r o m o s o m e  t r a n s l o c a t e d  on to  
t h e  No. 3 pa i r  a n d  t h e  a u t o s o m e  wh ich  h ad  b o r n e  the  X 
c h r o m o s o m e  t r a n s l o c a t e d  on to  t h e  No. i pai r .  Th i s  t r ans i -  
t i on  seems more  p robab le ,  b u t  would h a v e  i nvo lved  less 
D N A  loss t h a n  t h e  h y p o t h e s i s  p i c tu r ed  in F igure  3 a n d  is 
n o t  conf i rmed  b y  t h e  D N A  figures.  T r a n s i t i o n  of t h e  
k a r y o t y p e  f rom t h a t  of M. muntjah vaginalis to  t h a t  of 
M. muntjak muntjak would  h a v e  i nvo lved  c h r o m o s o m a l  
fission, a n d  t h e  a t t a i n m e n t  of a d d i t i o n a l  c e n t r o m e r e s  a n d  
DNA.  This  is i mp ro b ab l e .  A f o u r t h  a l t e r n a t i v e  would  be 
t h e  s epa ra t e  evo lu t ion  of t h e  k a r y o t y p e  of each  f rom a 
c o m m o n  predecessor ,  poss ib ly  M. reevesi. 

T h e  k a r y o t y p e  differences b e t w een  these  subspecies  are 
p r o n o u n c e d  enough  t h a t  one would  p red ic t  s y n a p t i c  in- 
c o m p a t i b i l i t y  in meiot ic  d iv is ion  of a h y b r i d  offspring,  
t h u s  confer r ing  s te r i l i ty  on  th i s  ind iv idua l .  A l t h o u g h  
spec imens  of M. munt~ak munt~ak are diff icul t  to  ob ta in ,  
co n f i rma t i o n  of a d iploid  n u m b e r  of 8 for th i s  subspecies  
is essential ,  a n d  h y b r i d i z a t i o n  s tudies  of t h e  two  subspe-  
cies would  be  inva luab le .  I f  t h i s  k a r y o t y p e  is indeed  
cha rac t e r i s t i c  of th i s  subspecies,  t h e n  i t  is possible  t h a t  a 
t a x o n o m i c  revis ion  should  be  cons idered  and  t h a t  e i the r  
subsp,  muntjak or subsp,  vaginalis should  receive  full 
species s ta tus .  

Fig. 2. t~aryotype of Muntjacus muntjak vaginalis. • 1600. 

Zusammen/assung. Es g ib t  b e m e r k e n s w e r t e  U n t e r -  
schiede der  K a r y o t y p e n  y o n  Muntiaeus muntjak vaginalis 
u n d  M. m. rauntjak. Jede r  h a t  e inen  u n t e r s c h i e d l i c h e n  
D N A - W e r t ,  abe r  be ide  W e r t e  s ind  n iedr iger  als d ie jen igen  
des Menschen.  Die K a r y o t y p e n - E v o l u t i o n  is t  n i c h t  ab-  
gekl/irt ,  abe r  die Be funde  zeigen, class eine t a x o n o m i s c h e  
Rev i s ion  n o t w e n d i g  ist. 
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Fig. 3. Karyotype of Muntiacus muntjak muntjak with pair No. 1 
superimposed on pair No. 3 with junction at arrow. Thus pair No. 1 
becomes similar in Figures 2 and 3, but note difference in realative 
size of the X/autosome element in each. • 1600. 
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On Dicentric Aberration Yields in 50-MeV Proton-Irradiated Human Peripheral Lymphocytes  

I n  space, i t  is k n o w n  t h a t  p r o t o n s  c o n s t i t u t e  t he  m a j o r  energies;  s tud ies  on  c o m b i n e d  effects  of these  par t ic les  
c o m p o n e n t  Of ioniz ing  rad ia t ion .  I t  has  been  p o i n t e d  ou t  an d  o the r  f l igh t  fac tors ;  d e v e l o p m e n t  of effect ive physical ,  
b y  a n u m b e r  of a u t h o r s  l-a t h a t  r a d i a t i o n  b io logy  p r o b l e m s  biological,  a n d  pha rmaco log ica l  m e a n s  of p ro t ec t i on  ; 
posed b y  space  f l ights  require ,  in  t he  f i r s t  p lace :  s tud ies  d e v e l o p m e n t  of a p p r o p r i a t e  m e t h o d s  for phys ica l  a n d  
on d e t r i m e n t a l  effects of p ro tons  and  h e a v y  ions of va r ious  'b iological '  d o s i m e t r y  of ioniz ing rad ia t ions ,  w i t h  a v iew 
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to ensuring radiation safety in space. I t  is considered that, 
in space, physical measurements should be supplemented 
and compared with 'quanti tat ive biological indicators', 
basing on radiobiological phenomena that  are better 
understood. On present knowledge, chromosome aberra- 
tion analysis appears to be the most valuable criterion for 
'biological dosimetry' purposes4-L This paper reports on 
dicentric yields found in human peripheral lymphocytes 
after exposing them to 50-MeV protons. 

Whole peripheral blood from healthy donors was irra- 
diated directly following vend puncture. The cultivation 
techniques used have been described in a previous paper s 
and do not differ from those conventionally used for 
human lymphocytes. Fixation t ime was at 52 h after 
phytohemagglutinin stimulation. Exposures were carried 
out at the Joint  Insti tute for Nuclear Research, Dubna 
(USSR), at 18-20~ with protons of 50 MeV given in 
doses of 25, 50, 100, 250, or 500 fads at a dose rate of 
0.62 rad/sec. Dosimetry has been described by AFANASIEV 
et al. ~ Analysis applied to metaphases with chromosome 
sets of 46 centromeres, containing well-spread chromo- 
somes of good speralization. 

In human peripheral lymphocytes exposed in vitro at 
Go stage to 50-MeV protons, the multi-break aberrations 
most frequently seen were dicentrics, minutes, and rings, 
while one-break aberrations consisted mainly of chromo- 
some fragments. Dicentrics predominated, constituting 
about 55-65% of multi-break aberrations. Because of 
higher relative yields of dicentrics and because of certainty 
in their microscopic identification, this cytological cri- 
terion is given preference over other aberration types by a 
number of authors4-~, 1~ In the present work, too, 
dicentric yields only have been used in estimating dose- 
response relationships. The analysis results are presented 
in the Table and the Figure. The Table gives values 
observed (Y) and values calculated (Y~). The figure 
shows a plot of dicentric yields per cell versus dose. 
Statistical t reatment  of experimental findings by least 
squares analysis indicated that  they would best be fitted 
by a regression curve experssed by the equation 
Y = (12.6 ~ 1.60) • 10 -~ • D( 1,36 ~ 0.027). 

The equation describes in the best way dicentric yields 
produced by 50-MeV proton doses of 25 to 500 rads, with a 
coefficient of variation of about 20%. 

The yield of d icent r ies  per  cell, a f t e r  i r r a d i a t i o n  of h u m a n  l y m p h o -  
cy tes  wi th  p ro tons  50 MeV 

Dose in  r a d  No. of cells Dicen t r i c s  per  cell 
Y Yc 

0 1000 0 - 0  
25 528 0 .004-0 .010  
50 510 0 .027-0 .026  

100 492 0 .049-0 .066 
250 458 0 .317-0 .230 
500 400 0.490 0.590 
y = bD+n --  Y = (12.6 -L 1.6) • 10 - ~ •  

D(1.36~ 0.027) 

X 2 - -  X 2 ~ 5.8 

Y, expe r imen t a l  d a t a ;  Yc,  ca l cu l a t ed  d a t a  

Zusammen/assung. Zur biologischen Dosimetrie wird 
eine Analyse fiir die Dizentiks-Ausbeute in Lympho- 
zyten bei in vitro Bestrahlnng aus peripherem Menschen- 
blut mit 50-MeV-Protonen durchgefiihrt. Zur Approxi: 
marion der experimentellen Befunde erweist sich eine 
Regressionskurve, entsprechend der Gleichung Y = 
(12,6~1,6) • 10 .5 •177 0.027) als vorteilhaft. 
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Figure  1. The  ave rage  n u m b e r  of d ieentr ies  per  cell as a func t ion  
of dose a f t e r  i r r ad i a t i on  wi th  p ro tons  50 MeV. 
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