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During tho first meiotic d i v i s i o n ,  t he  fragment chromosome may precede 
the  rest of t he  chromosomes t o  the  poles .  T h i s  behavior i s  a t t r i b u t a b l e  t o  
i t s  unpa&cd or  univalont condi t ion,  and such ear ly  movemont may be termed 
pre c o c it y . 0 DefinitG s tandards have been as tab l i shed  by which the precoc i ty  of t he  
fragment may bo judged s o  t h a t  d i f fe ronccs  batwoen detzrminat ions of t he  
percentage of precocious fragments made indspendently by two workers w i l l  
be l o s s  than  one percent.  

Nons of t h e  i r r a d i a t e d  mator ia l  showed a large change in  t h e  porcentago 
prococity.  The t o t a l  porcent prococi ty  f o r  all i r rndiatGd material was 
35% while f o r  t ho  non-irradiated mator ia l  it was 45%. 
m.y be soon from Table I, is  h ighly  s i g n i f i c a n t ,  even though tho  d i f fe rence  
i tself  is not largo.  

This  d i f fe ronce ,  as 

Tho presont workers bel ieve t h a t  t h i s  reduct ion i n  prococi ty  is  a 
r e f l e c t i o n  simply of t he  clumping e f f o c t s  brought about by the i r r a d i a t i o n ;  
t h e  tendency f o r  tho chromosomes t o  s t i c k  o r  clump toge the r  would prosumably 
r o t a r d  tho f r a e  mnovemmt of t h o  chromosomes t o  the  poles.  

It is not balioved, howover, t h a t  i n  these c a m s  t h e  i r r a d i a t i o n  has  - 
a f f e c t e d  the chromosome divis ion.  

Subscquuntly, a t tempts  have bacn made t o  f i n d  wh&har a s e n s i t i v e  
poriod o x i s t s  i n  t h e  meiot ic  cycle.  A s  ind ica ted  i n  Table 11, t h e r e  is 
no apparent evidence f o r  such a per iod at prosent.  Much m r o  work nee.ds 
t o  ba dono t o  e s t a b l i s h  t h e  average percentagos f o r  each of t h e  time periods.  
I n  add i t ion ,  t h e  resul ts  obtainod f o r  p lan t  no. 620-2 m y  indicate a d i f -  
f e r e n t i a l  type of s e n s i t i v i t y  t o  i r r a d i a t i o n .  Although such r e s u l t s  may be 
a t t r i b u t a b l o  t o  chance, t h e y  r.iight a l s o  ba a t t r i b u t a b l e  t o  d i f f a rences  i n  
n u t r i t i o n  o r  gcna t i c  c o n s t i t u t i o n  of t h e  p lan t .  The precoc i ty  percontagas 

. obtained on both c o n t r o l  and i r r a d i a t e d  material at tho  boginning of t h i s  
work had uppor limits at 5 6 ,  l a t e r  60-64$. Since tha  p l a n t s  used in t ho  
subsoquont work had been cut back several t imes t o  ob ta in  buds at t he  r i g h t  
stage, it soems l i k e l y  that tho  docreased v igor  of tho  older plants  may be 

use of material grown on known nutrient l e v e l s ,  and by s t r ic te r  l i m i t a t i o n  
of t ho  p lan t  s tago a t  which tho  c o l l a c t i o n s  aro made. 

i respons ib lo  f o r  tho  i n m c s o  i n  prococity.  This idea  can be t o s t e d  by t ho  

In addi t ion ,  information is being c o l l e c t e d  on t h e  ~ ? o l z t i o n s h i p  bettvoen 
precoc i ty ,  and tho  lagging and d i v i s i o n  of t h o  fragmont chromosome. The 
fragment chromosomo mar (1) proceed precociously t o  one polo (2 )  m v o  t o  a 
polo in s top  wi th  t h e  o thor  chromoE 
chramosomea (4 )  lag bohind 
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Plan t  No. 
I r r a d i  a t  od 

Daj 619-21 
Daj 619-21 
Daj 619-7 
Dsj 619-18 
Daj 619-18 
Daj 619-5 
Daj 619-5 
D a j  620-16 
Daj 620-16 

Ron-Rad i a t e d 
Daj 619-21 
Daj 619-21 
Daj 619-21 
Daj 619-18 
Daj 619-18 
Daj 619-18 
Daj-619-18 

S l i d e  
No. 

126 
118 
158 
20 1 
208 
315 
3 18 
250 
257 

127 
131 
132 
20 6 
20 9 
210 
212 

pro coc ious 

20R - 4 h r .  
20R -24 hr .  
50R - 4 h r .  
50R -24 hr .  
50R -24 h r  . 
lOOR - 4 hr .  
lOOR - 4 h r .  

lOOR -24 h r .  
lOOR -24 kr. 

(355 precocious)  

c onf r ol 
con t ro l  
c o n t r o l  
c o n t r o l  
c o n t r o l  
cont ro l  
con t ro l  

(45; precocious)  

i r r a d i a t e d  

14 7 

not precocious 273 

No. Cells No, c o l l s  
with without  

pr  e c oc iou s 
fragment fragment - 

precfocious 

1 5  
19  
14 
18 
8 

18 
20 
18 
17 - 

35 
31 
36 
32 
1 2  
32 
30 
32 
33 - 

147 273 

21 
21 
22 
25 
18 
24 
20 - 

29 
29 
28 
25 
17 
26 
30 - 

151 184 

not  i r r a d i a t e d  
3 (wi th  Yates' 

7.43 
df - 1 p < 0.01 

151 298 co r rec t ion )  : 

184 457 

4 20 335 755 

1) I n  t h i s ,  and subsequent t a b l e s  t h e  express ion  R - hrs., for example 
50R-24 hrs .  i nd ica t e s  m a t e r i a l  was c o l l e c t e d  24 hours a f t e r  an 
i r r a d i a t i o n  of 50 roentgens of x-rays. 
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a t  metaphase and then  lag and d i v i d o  n t  anaphase. I f  t h s  non-precocious 
chromosomas a r e  the  ones which w i l l  d iv ide ,  then 

(a41 ’$ precocious at  metaphase 

+ $ divided o r  lagging st anaphase = 100$ 

I f  tho  ma-precocious chromosomes f requent ly  move t o  e ?ole i n  s t e p  -dith 
the  o the r  chromosomes, thcn 

(B) $ precocious at metaphase 
t $ divided o r  h g g i n g  at  anaphase L..lOO$ 

If soma of t he  precocious chromosomes lzter begin t o  d iv ide  a i 6  become 
laggards,  then  

(c  1 $ precocious a t  metaphese 

+ $ divided o r  lagging a t  anaphase > loo$  
Anaphase counts were obtained from a number of d i f f e r e n t  ma te r i a l s  on which 
precoc i ty  counts wore made, Tabla I11 i nd ica t e s  a r e l a t i v e l y  high c o r r e l a t i o n  
b e t m e n  percontage precoc i ty  and parcontagc d iv id ing  and la&&ing w i l l  be 
obtained if  f u r t h e r  work y i e l d s  such closa agreement. 
i nd ica t e  t h a t  t h 2  fragment chromosomes r z r o l y  move i n  pcce with t h e  b iva len ts .  
Tha f a c t s  t h a t  no values under lo@ were obtained, and t h z t  t h e  average is 
above 100% i nd ica t e s  a lso  tha t  somo of t h o  prococious fregment chromosomos 
l a t e r  l a g  and.divide.  Such behavior has b m n  observed d i r o c t l y ,  with both 
halves of t he  completely divided and soparatad fragment near one of tho 
tolophase I nuclei .  

I n  add i t ion  t h e  data 

Quant i ta t ive  Analyses of t h e  E f f e c t s  of Radiat ion on Chromosomes 

In a d d i t i o c  t o  t h e  work o u t l i m d  i n  abovo, attempts ?.rc boing mr.de 
t o  set up q u r n i t i e t i v e  axprossions for o tha r  e f f e c t s  of r ad ia t ion  on 
chromosomes. The purpose of t h i s  work is twofold. F i r s t  is t h e  p r a c t i c a l  
aspect of ob ta in ing  an e a s i l y  used measure of the  c f f o c t s  of r a d i a t i o n  on 
chromosomes. Second is the  goa l  of ob ta in ing  more information about tho 
general phys io logica l  e f f e c t s  of r ad ia t ion  in t h e i r  r e l a t i o n s h i p  t o  s p e c i f i c  
gene t ic  e f f e c t s .  

Although seve ra l  o the r  c h a r a c t e r i s t i c s  a r o  being s tudied,  only two, 
metaphase clumping, and diakinesis s t r and ing  w i l l  bo discussed hare. 

Metaphaso clumping;. 

o ther  cgonts became condensod and pycnotic. Likewise, t h e  chromosomes of 
d iv id ing  c e l l s  so t r e a t e d  tend t o  aggregate on t h e  metaphase p l a t e .  

It has b a a  known f o r  many yoars that  nuc le i  in jurod  by i r r a d i a t i o n  o r  

By u t i l i z i n g  a plant  wi th  a few, l a rgo  chromosomes, it is poss ib le  

The index 
t o  set up an index fo r  v a r i a t i o n  in’clumping. 
whem n is t h e  t o t a l  numbor of v i s i b l y  separa to  chromosomes. 
values are zero for no clumping and 8 f o r  complete clumping. 
obtained for tho two examinations made are: 

The index employed is 8-n 

The values 
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Plan t  no. Slide Traatment No. of Avarage I df P 
No. c e l l s  clumping Diff .  t 

- -  - - --_ - index - -- - --e- __ .. . . .-_ -_ 
98 - D a j  620-16 260 cont ro l  50 0.84 

Daj 620-16 267 100R-24 kr. 50 4.30 3.46 7.52 =O.Q01 

ClurnpiEg index thus sozms t o  give vary d e f i n i t s  d i f f e rznces  betaeen i r r a d i e t a ?  
and don-irradiated ma t s r i a l .  Fur ther  work is necessary t o  dei;crminn how 
accur i t a  a measure of dosage it may be. I n  addi t ion ,  thc physfJ!.ogical reasons 
f o r  clumping a r e  s t i l l  an almost complete mystery. 

Diakinesis  s t r ands  

A t  d i ak ines i s ,  s t rands  a r e  apparent running from one chi-omosome t o  anothm.  
The nature  of t h i s  mater ia l  i s  not known, but  it seems t o  b e  t y p i c a l l y  
assoc ia ted  w i t h  rcgions of tho chromosomos cxpectGd t o  be  hetu,-o chromatic. 
By using t h o  fragnent chromosome as a marker, it i s  possible  t o  obta in  a measure 
of t he  amount of s t randing per nuclous without counting more 'than a small 
f r a c t i o n  of such strands i n  each c e l l .  Tho counts a r e  mado simply of the 
numbor of s t rands  connecting tho  fragolent chromossomD wi th  any o r  all neighboring 
chromosomes. Radiation szoms t o  increase tho  mount of s t randing ,  but s ince  
tho r e s u l t s  at present a r o  on tha  border l ino  of s t a t i s t i c a l  s ign i f icance ,  
more work w i l l  be necessary bafore  d e f i n i t e  conclusions can be drawn. 

P lan t  No. S l ide  Treatment No, of Avcrcgo df  
No. c o l l s  No. of Grouped Dif f .  t P 

st rands average 
.I_ --- -_-_- --- - -.---- - . _--- -. - -_ - - - 

D a j  619-18 200 50R-24 hr.  25 1.88 

Daj 620-16 250 1OOR-24 h r .  50 1.78 1.88 0.10 

Daj 619-18 212 cont ro l  50 1.26 

D a j  ------ -- - con t ro l  18 1.28 

141 0.05- - 1.81 

0.55 

1.26 

A t  presant ,  therefore  d i ak ines i s  s t r a n d i w  docs not Sean t o  be an accura te  
index t o  smll d i f f e r m c e s  i n  r a d i a t i o n  raccivcd by d iv id ing  c e l l s .  
of t h c o r e t i c d  i n t e r o s t ,  however, i n  t h e  na ture  of t h e  process responsible  f o r  
t ho  production of strand mator ia l ,  further work i s  being done on t h i s  effoct.  

&cause 

Development of t h e  Technique f o r  Determination of Synergism and Antagonism of 
Spocif ic  Substances t o  t h e  Effdcts.of Radiat ion on Chromosomos 

A mothod is being devaloped f o r  br inging chcmiccl substances i n t o  contact  

The system is  evacuated, ctd zir&mn out of t he  p lan t  t i s s u o ,  
wi th  m i o t i c  t i s suos .  
i n  tho solut ion.  
f s rop lccod  oy the  so lu t ion .  Aftor evacuation, tho inflorcsconco i s  placed 
i n  a small v i a l  of t h e  same so lu t ion  so t h a t  it w i l l  continuo ontor ing tho  
vascular  syston. 
d i s i n f o c t  t h e  l i v i n g  sur face  t i s s u o s  of  t ho  inflorosccnco. However, by the  
choice of i n i t i a l l y  heal thy plant  t i s s u e ,  it is poss ib lo  t o  conduct oxporiments 
f o r  b r i e f  time periods during which little or no b a c t e r i a l  o r  Pungal a c t i o n  

Inf loresconces are removed from the  p lan t  and submergod 

S t e r i l e  precaut ions a r o  not  attompted sincs it is  impossible tc, 

l 2 b 3 3 4 9  



would produce e f f ec t s .  
trcatmont w i t h  d i s t i l l e d  wator. Sono spcc h e n s  kept twenty-eight hours  show, 
however, d o f i n i t e  damage from bac tor ia  o r  fungi. 
is s t r i c t l y  l imited t o  experiments of br ief  duration. 

Inf lorescences shuw normal m i o s i s  f o u r  hours a f t a  

This method, t he re fo re  

The goa l  i n  working o u t t h i s m w  technique has bcen t o  enablo the  t o s t i n g  
of s p c c i f i c  substancos f o r  t h z i r  syne rg i s t i c  o r  an tagonis t ic  a c t i o n  t o  r a d i a t i o d -  
Plants make invaluable axporimontal mator ia l  i n  t h i s  ragard s ince  t h e  vascular  
tiatdr system is not subjoct  t o  such s t r i c t  cont ro l  as  ore animal vascular  
systoma, Anothm drawback, a t  prosent ,  is t h 2  q u a l i t a t i v e  n s t u r e  of t h o  tcch- 
nique, 
inf lorcscence while it i s  being evacuatod dr l z t o r  while  it i s  s tanding i n  the 
v i a l  of so lu t ion .  
quost ion by the  use of v i t a l  dyes,  al though even w i t h  t h i s  techniquo it  may 
bc d i f f i c u l t  t o  f i n d  out how much of t h e  t c s t  so lu t ion  a c t u a l l y  corns i n  contacf 
w i t h  o r  en te r s  tho c e l l s  undergoing miosis. 

No as t imatas  m e  ava i l ab le  of t h e  amount of  substance dram i n t o  the 

An attempt w i l l  be made t o  get a p a r t i a l  answor t o  t h i s  

.. 
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_-- 11. Studies  of tha Biological  E f foc t s  due t o  NuclGar F i s s i o n  

The s t u d i s s  reported last  month were continued with the  main new r e s u l t  
boing d e f i n i t a  da ta  on the presence of uranium i n  the  bone marrow of oxperi- 
mentcl mice given U02 co l lo id  type C. It was measured tha t  t h e  concentrat ion 
of uranium i n  bono marrow scooped out from t h e  femur was as high as .2 mg. of 
uranium per  a. bone marrow. 

Thoro i s  ona d i f f i c u l t y  with thd technique of mcasuring th2  r a d i o a c t i v i t y  o r  
bone marrow i n  small animals, Whcn ranoving t h e  bono marrow, one o f t e n  g e t s  
bone sp icu los  mixed with it. Thus, it i s  d i f f i c u l t  t o  determine whothor t h e  
bone c e l l s  or t h e  marrow c a l l s  aro the  onos containing r ad ioac t ive  material. 

Technique of radioautography on bone marrow and blood samples. 

A d i l u t o  sample of bonc marrow was used t o  mako t h i n  smears on a micro- 
scope cover glass, 
f o r  a suitabls t h o .  Aftor  dcvelopmnt tha  photographic p l a t s  and the 
cover glass were superimposod and examined u n d x  t h e  mioroscopo simul- 
taneously.  
t h a  i d e n t i t y  of t ho  c o l l s  from vrhich the alpha p a r t i c l e s  or ig ina ted .  
it appoers tha t  most of tho alpha a c t i v i t y  was i n  t h e  c e l l s  of t h e  bonc fnarrow. 
It is  bel ieved tha t  t h c  autoradiographic technique hare  doscribod WQS not used 
previously f o r  tho study of blood and marrow smmrs and it appoars t h e t  tho 
technique when s u f f i c i e n t l y  v w l l  developod w i l l  have important app l i ca t ion  in  
t h e  s t u d y  of spec i f i c  uptako of rad ioac t ive  matsrials in tho var ious  types of 
colls found i n  blood and marrow. \ h e n  the  smear is  mado t h i n  enough it w i l l  
be poss ib lc  t o  i d e n t i f y  t h e  ind iv idua l  c e l l s  containing tho  rad ioac t ivo  
ma te r i a l .  I n  sone cases  it may oven be possible  t o  point  out some p a r t s  
of t h e  c e l l  as o r i g i n  of t he  alpha p a r t i c l o  t r acks .  

The smear is  prossed age ins t  an Eastman alpha p l a t 0  

By a l ign ing  th2 two p l a t o s  c a r e f u l l y  it was poss ib le  t o  c s t a b l i s h  
So f e r  

The tcchniquo is s e n s i t i v e  
t o  vary low i n t c n s i t y  a lpha rad ia t ion .  

Transplan ta t ion  of bonc marrow 

In col labora t ion  sJ i th  another pro jec t  one of u s  has dovelopcd a tochnique 
t o  t r ansp lan t  rod bone marrow from one rat i n t o  t h e  l i v e r  of another rat. 
The t r ansp lan ted  marrow graw well i n  the  f i v e r  f o r  a per iod  of a monthi when 
t h e  animal was sacr i f idod.  A l a y e r  of newly formed bone surrounded and pro- 
t e c t e d  the  marrow. T h i s  vork i s  bcing continued. 
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