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1. T it le  o f Research P ro je c t: The influence of ra d ia tio n  in  a lte r in g  the 
incidence o f  m utations in  Drosophila.
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U. Work accomplished on grant in  term inal period :

Because th is  rep o rt w il l  be accompanied or sho rtly  followed by a summary 
rep o rt on th e  work done during the e n tire  period of 13 years, from 1951 through 
196U, of th is  g ran t, the work of th i s  term inal period w ill  be described in  le s s  
d e ta i l  in  re la t io n  to  i t s  amount, complexity, and sign ificance , than th a t  of the 
proceeding years had been. The unfortunate la ten ess  o f both of these l a s t  rep o rts , 
f o r  which apology i s  herewith tendered , has been caused by a combination of several 
circum stances, s e t  fo r th  below.

For one th in g , the p ro jec t lead er, who reached retirem ent a t  Indiana Univer­
s i ty  on June 30, 196U, before the data obtained since the l a s t  rep o rt could be 
duly c o lla te d , moved on th a t  date to  a new position  in  C a lifo rn ia . P r io r  to  th a t 
date much time had to  be expended in  preparing f o r  th e  moving and in  connection 
w ith a l l  the  ex tra  a c t iv i t ie s  th a t  a re  connected w ith the  closing of an academic • 
year. On top of th a t ,  as usua lly  happens w ith new p o sitio n s , much immediate work 
had to  be undertaken a f te r  a r r iv a l  in  C a lifo rn ia , in  order to  s e t t l e  down and to  
ad ju s t to  the  new and very d iffe re n t appointment.

The p ro jec t leader was then f a r  removed from h is  Research Executive, and 
from h is o ther former co-workers and a s s is ta n ts  on th is  p ro je c t, and th is  g rea tly  
hindered h is  co lla tio p  and intezprotAticm of the  voluminous and complicated da ta . 
Meanwhile, in  the  new p o s itio n , i t  was urgent fo r  him to  undertake new p ro je c ts . 
F in a lly , fo r  the past f iv e  months, he has been la id  up with a p ro trac ted  and 
incapacita ting  i l ln e s s ,  and although he i s  d e fin ite ly  recovering the process 
i s  very slow and has no t u n t i l  very recen tly  allowed him to  re tu rn  h is  a tte n tio n  
to  the  data o r the rep o rts .

As fo r  the  preceding two years so a lso  in  the term inal period , the major 
e f fo r t  was devoted to  the  attem pt to  ob tain  more d e fin itiv e  evidence as to  whether 
ionizing rad ia tio n  applied  to  Drosophila ottgonia i s  more e ffec tiv e  in  producing 
gene m utations, as judged by the frequency o f recessive sex-linked le th a ls ,  when 
adm inistered as a  concentrated, in tensive  ("acute") treatm ent than when acfoinia- 
te red  in  the  same to ta l  dosage as a  p ro trac ted , mild ("chronic") treatm ent.
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In  the a tta c k  on th is  problem, the  se t-up  devised and in s t i tu te d  ch ie fly  by Dr. 
William R. Lee, Research Executive on the 1962-'63 g ran t, and already described 
in  our previous re p o rt, was f i r s t  u t i l iz e d .  I t  may be reca lled  th a t  i t s  theory 
was to  a t t a in  p rec ise ly  equal t o t a l  doses of acute and chronic treatm ents bearing 
a known ra t io  o f dose-rates to  one another by having as the  source of acute and 
chronic ra d ia tio n , resp ec tiv e ly , a  given concentrated so lu tion  of a  rad ioactive  
substance (C s'^ 'C l) and a  known d ilu tio n  of the former (1 in  336), the lengths of 
exposure being exactly  rec ip ro ca l to  the concentrations, and a l l  o ther conditions 
o f exposure th a t  determine ra d ia tio n  f i l t e r in g ,  sca tte rin g  and distance being a l ik e . 
As a fu r th e r  check on re la tiv e  (and abso lu te) dose, mature spermatozoa were simul­
taneously Irra d ia te d  w ith in  the  same females as those carrying the oBgonia to  be 
te s te d  fo r  sex-linked le th a ls ,  the  o ffsp ring  of the former (sperm) being d iffe re n tly  
marked g e n e tic a lly , and obtained and te s te d  e a r l ie r ,  than the offspring ( la te r  fie*, 
rived  from o ther m atings) of the l a t t e r  (odgonia).

This t e s t  of sperm turned out to  have been e s se n tia l, since i t  was unfortunately  
found th a t  the f i r s t  such p a ir  (chronic and acu te) of ir ra d ia tio n s  gave r i s e  to  sub­
s ta n t ia l ly  higher m utation frequencies, in  both male and female germ c e l ls ,  than the 
(severa l months) l a t e r  ones, as i f  a considerable p a rt (s im ila r but ra th e r  more of 
the low concentration) had somehow escaped'. More l ik e ly  i s  the gradual evaporation 
of some of the w ater in  the so lu tions (somewhat more from th a t o f le s s  concentration 
because of the  more re ta in in g  influence of the  so lu te  in  th e  o ther) w ith re su lta n t 
shortening of th e  v e r t ic a l  columns of th e  rad ioactive  source and a  le s se r  average 
exposure of the f l i e s ,  which a re  negatively  geo trop ic. (For fu tu re  experiments in ­
volving the given d ilu tio n  p r in c ip le , which is  in  i t s e l f  unexceptionable, we would 
there fo re  urge the use o f m ixtures o f dry powders ra th e r than so lu tio n s .)  Thus the  
to ta l  doses and th e i r  r a t io s  had to  be estim ated by the r e s u l ts  from the spermatozoa, 
and th ese  t o t a l  doses, being l i t t l e  more than  h a lf  the  intended ones, induced 
le th a ls  a t  frequencies having la rg e r  re la t iv e  e rro rs than d esirab le .

These e rro rs , in  the gonial r e s u l t s ,  were fu r th e r  increased by the fa c t  th a t ,  
as the u n irrad ia ted  con tro ls showed, th e re  was an unusually high (nearly th ree  times 
the usual) "spontaneous" m utation frequency in  both otigonia and spermatozoa of the 
stocks used, to  be sub trac ted  from the frequencies found in  the  ir ra d ia te d  s e r ie s .
The e rro rs  were also  enlarged by reason o f there  having been so many and sometimes 
such large  "c lu s te rs"  o f oBgonial le th a ls  (each re su ltin g  from the m u ltip lica tion  of 
one mutant otigonium). Although th is  source of e rro r  could have been reduced by ig ­
noring a l l  c lu s te rs  la rg e r  than two, and (as we have calcu lated ) more "sign ifican t"  
r e s u l ts  thus obtained, th a t  procedure would have been in v a lid , fo r  there  were doubt­
le s s  more daughters bred per tre a te d  female a f t e r  one type o f treatm ent than a f te r  
the  o th er, and in  the case of one treatm ent fewer ir ra d ia te d  oBgonia may have sur­
vived, and th ese  would th ere fo re  have given r i s e  to  a  la rg e r  proportion of th e  o ff­
spring than in  the case of the o ther treatm ent, and so to  more of the large  c lu s te rs .

Excluding the  re s u l ts  from the aberran t f i r s t  i r ra d ia t io n , whose sperm te s ts  
were too few f o r  s a t is f a c to r i ly  estab lish ing  re la tiv e  doses, and combining those 
(which were su b s ta n tia lly  a lik e )  from the o ther two ir ra d ia tio n s , i t  turned out 
th a t ,  when a l l  c lu s te rs  were included in  the reckoning and were allowed th e i r  due 
e rro rs , the more highly concentrated so lu tio n , which delivered to  the f l ie s  a  
to ta l  of about 2000r, had re su lte d  in  a  frequency o f sex-linked le th a ls  induced 
in  the oBgonia about 1 tim es as high, per r ,  as did th e  d ilu te  so lu tio n . The 
l a t t e r  had delivered about 235&r spread out over a period (10^ days) th a t was 336 
times as long as the h$ minutes given th e  fo ra e r . The ac tu a l dose-ra te s  therefo re  
had been some 266?r per hour fo r  th e  concentrated versus 9 .35r per hour fo r  the 
d ilu te  treatm ent, a  dose-ra te  r a t io  of about 286 in stead  of 336, provided th a t



mature spermatozoa are re a l ly  qu ite  unaffected by dose-rate  d iffe ren ces. How­
ever, the e rro rs  of the "spem -corrected" oOgonial frequencies obtained a t  the 
two widely d iffe r in g  dose-rates tu rn  out to  be so large th a t the d ifference be­
tween them was somewhat le s s  than the standard e rro r  of th a t d iffe ren ce .

Therefore, these  find ings could by no means be considered s ig n if ic a n t in  
proving a dose-rate  e ffe c t — a t  l e a s t ,  not in  i t s e l f  — despite  the so p h is ti­
ca tion , in  some resp ec ts , of the  methods used. At the same tim e, th is  d ifference  
does l i e  in  the  same d irec tio n  as has been show, recen tly  by the trend  of our 
other experiments. Moreover, the ac tu a l frequencies per r  obtained a t  the two 
given dose-rates agree f a i r ly  w ell w ith those  obtained in  our o ther experiments 
a t  those d o se -ra tes , as w il l  be pointed out below. We w il l  postpone a  more gen­
e ra l  over-view of our r e s u l ts , however, u n t i l  our o v e r-a ll  re p o rt.

In  our preceding rep o rt i t  was mentioned on manuscript p . 9 th a t we had ju s t  
begun, by employing s t i l l  another physical technique, the study of vhether d i f f e r ­
ences in  the  nearly  100-fold range of ”<|cute" dose-rates lying from some 3000r per 
hour (and thus l ik e  the '‘acute” r a te  w ith the C s^ 'C l ir ra d ia tio n )  and 2l#0,000r 
per hour re su lte d  in  d if fe re n t mutation frequencies. This method, by u t i l iz in g  
the powerful 300-KVP X-ray machine a t  Purdue O hiversity th a t  Dr. A. B. Burdick had 
in v ited  us to  use, enabled u s , by stepping down th e  amperage in  a contro lled  way 
and leaving th e  d istance ofothe f l i e s  from the  ta rg e t  and a l l  the  o ther physical 
circumstances una ltered , to  give two treatm ents, of which one was known to  be 
twenty times as low as the o ther in  in te n s ity  bu t, as a re s u l t  of i t s  duration 
having been made twenty tim es a s .lo n g , was known to  c o n stitu te  the  same t o t a l  dose. 
Then, by increasing the  d istance , another p a ir  of doses, spanning a  s t i l l  lower 
but known range of r a te s ,  could be given s im ila rly , th e  h igher-ra te  one matching 
as f a r  as possib le  the previous low er-ra te  one, th e  re s u lts  from the te s ts  of 
spermatozoa ind icating  the degree o f  th is  matching. As before , spermatozoa and 
otigonia were ir ra d ia te d  w ith in  the very same f l i e s .  Here again, then, the tech­
niques were such as — barring unforeseen e rro rs  — to  allow the dose-rate  ra t io s  
to  be p rec ise ly  predetermined, and l a t e r  checked upon by the b io lo g ica l as w ell 
as physical dosimetry.

These experiments were ca rried  out on a considerable sc a le , mainly by Dr. 
R inehart and h is  Associates and a s s is ta n ts .  In  but a  few cases the  un irrad ia ted  
contro ls fo rtu n a te ly  gave th e  low spontaneous frequencies usually  found yin both 
male and female gem  c e l l s .  The re s u l ts  of the ir ra d ia tio n s  were c le a r , and con­
s is te n t  among them selves, as w ell as w ith those of our other experiments a t  such 
do se -ra tes . The most concentrated (“acu te” ) X-ray treatm ents, those a t  2li0,000r 
per hour, proved to  have a  m utagenicity fo r  otigonia v ir tu a lly  id e n tic a l w ith th a t  
of 2.1% fo r  IjOOOr found fo r  the  previous very acute treatm ents, which had employed 
cobalt-60 gamma ir ra d ia t io n  a t  nearly  twice th is  r a te ,  in  the “hot room”. 
X -irrad ia tio n s a t  1$,000r and 12,000r per hour were again v ir tu a lly  id e n tic a l in  
th e ir  re s u lts  w ith one another and w ith those of the more highly acute i r r a d ia t io n s .

Only th e  se rie s  ir ra d ia te d  a t  3000r gave somewhat d if fe re n t r e s u l ts ,  namely, 
about 1.8% fo r  UOOOr, ju s t  as had been found fo r  the C s^ 'C l ir ra d ia tio n s  a t  about 
th a t  dose-ra te . I t  i s  tru e  th a t  in  th e  3000r p e r hour X-ray ir ra d ia tio n  a t  Purdue 
the d ifference between the e ffe c t found and those of th e  more acute treatm ents



given there  was only ju s t  " s ig n if ic a n t11. Balancing th is  reserv a tio n , however, 
was the f a c t  th a t an e a r l ie r  cobalt-60 i r ra d ia tio n  a t  some 6000r  per hour had 
given re s u l ts  which, though overlapping .thsanu both in  i t s  standard e rro r , 
were n ice ly  in term ediate between those of the  3000r per hour treatm ents and a l l  
the highly  acute i r ra d ia t io n s .

I t  is  a lso  to  be noted th a t these  X-ray treatm ents c a rried  out a t  Purdue 
gave a good demonstration of th e  equal m utagenicity to  spermatozoa o f the dose- 
ra te s  over the  e n tire  range there  used. For th e  re s u l ts  from th is  b io log ica l 
dosimetiy matched those from the physical dosimetry, as w ell as the calcu lations 
based on the changes in  cu rren t, tim e, and d is tance . Thus, whatever doubt there  
might be about whether 3000r per hour i s  le s s  e ffec tiv e  than are more acute dose- 
ra te s ,  there  can be no doubt of the su b s ta n tia lly  equal effectiveness o f dose- 
ra te s  from 12,000r per hour to  the  h ighest te s te d . And th ere  can be no doubt 
th a t the frequencies here found by these  methods a re  s ig n if ic a n tly  higher, a t  
le a s t  Ji.5 times a s  high, as those found in  our e a r l ie r  experiments, although by 
other methods (perhaps not g iv ing  re s u lts  so w ell comparable), a t  "chronic11 dose- 
r a te s .  Our evidence concerning the  range o f ra te s  over which th is  seeming tra n s i­
t io n  in  e ffec tiveness probably occurs w i l l  be reviewed in  our o v e r-a ll  rep o rt.

Another s e r ie s  of experiments of the  year here being reported  on d e a lt w ith 
in fluences, i f  any, of dose-ra te  d ifferences on the  m orta lity  induced as an a f te r ­
e ffe c t in  the ind iv iduals th a t  were themselves exposed to  rad ia tio n . As in  our 
e a r l ie r  experiments on such m o rta lity  in  Drosophila, types having chromosome con­
s t i tu t io n s  d iffe rin g  in  such ways as to  cause chromosome breakage and lo ss to  
make c e l l  death more or le s s  l ik e ly  were compared. Unfortunately, the ir ra d ia ­
tio n s  th a t had been r e l ie d  upon fo r  giving the d iffe rin g  dose-rates — those 
w ith the C s'3 ‘C l-s o lu t io n  techniques — proved to  g ive, a t  the  chronic le v e ls , 
doses th a t were too low to  be s u f f ic ie n tly  damaging by themselves. Thus they , and 
the p a ra l le l  acute treatm ents, were in  the l a t e r  work both supplemented by a  more 
acute X-ray treatm ent.

A descrip tion  o f the d e ta i ls  o f these n ecessarily  in tr ic a te  experiments would 
be too lengthy fo r  th is  re p o rt. N either have the  calcu lations based on the 
complex re s u lts  obtained y e t been s u f f ic ie n tly  worked o u t. I t  i s  nevertheless 
safe to  say At th is  stage th a t ,  as expected in  view of our e a r l ie r  re s u l ts ,  
these re s u lts  cb give evidence of chromosome lo ss  as the  pathway by which the 
c e l l  damage is  produced. Secondly, th i s  damage also i s  to  some ex ten t dose-rate 
dependent, being lower a t  chronic r a te s .  This d ifference may w ell express the 
f a c t  th a t  a s ig n if ic a n t proportion  of the lo sses were, a t  th e  more concentrated 
i r ra d ia t io n s , caused by misunions of d iffe re n t chromosome fragments t i n t  had 
re su lted  from two o r more breaks, a ris in g  w ith in  a  lim ited  period of space and 
time along independent io n iza tio n  tra c k s .



Pursuing ra d ia tio n  mutagenesis in  another d irec tio n , the p ro jec t was f o l ­
lowed up under the p ro jec t le a d e r’s d ire c tio n  and the A.E.C.’s support, of 
investiga ting  the concept - -  fo r  "which evidence had been reported by o thers - -  
th a t th e re  i s  a  "recovery” from some of th e  preliminar^nutagenic e ffe c ts  (on 
genes as w ell as on chromosome breaks) in  the mature spermatozoa of young males 
when sperm are  held over fo r  a  day between th e i r  i r ra d ia t io n  and e jacu la tio n .
This study was c a rr ie d  out successfu lly  by William E. Trout, H I  (now Ph.D.) as 
a p a rt of th a t fo r  h is  doctoral degree (see our b ib liographic reference). Muta­
tio n  frequencies were determined among rin g  X-chromosomes (thus excluding most 
s tru c tu ra l  changes) of young males from e jacu la tions in to  successive females, 
performed every half-day  subsequent to  i r ra d ia t io n , both in  cases in  which (1) they 
e jacu lated  each h a lf-d ay , (2) they skipped e jacu la tion  on one or more half-days 
although given the opportunity , (3) they were not given the opportunity during the 
f i r s t  two h a lf-d ay s.

The re s u l ts  ind ica ted  strong ly  (1) th a t  the sperm th a t  are fu l ly  mature a t  
i r ra d ia t io n  are  more rad io sen sitiv e  and a re  (when the male i s  given the opportunity) 
e jacu lated  f i r s t ,  (2) th a t  when the e a r l ie r  e jacu la tions are prevented the l a te r  
one(s) include a mixture of any sperm th a t  were fu l ly  mature, along w ith those th a t  
were le s s  mature a t  the tim e of ir ra d ia t io n , (3) th a t when a f e r t i l e  male f a i l s  to  
u t i l i z e  the  opportunity  to  e jacu la te  during the  f i r s t  one o r two half-days i t  i s  
u sua lly  because he did not y e t contain enough qpeim th a t  were fu l ly  mature (and 
therefo re  e sp ec ia lly  rad io sen s itiv e )  a t  the  time of i r ra d ia t io n , and, f in a l ly  (U), 
th a t no evidence remains fo r  the idea th a t  there  i s  a  “recovery” from gene- 
mutagenesis, o r even f o r  s tru c tu ra l  changes, in  sperm when they are held  over w ithin 
Drosophila m ales. Unbeknown to  u s , the same conclusions were being drawn by Dr. 
George Lefevre on the basis of work, in  p a rt very s im ila r, th a t was being carried  
out independently and sim ultaneously a t  Harvard U niversity . Meanwhile to o ,p a r tly  w ith 
the  g ran t’s a id  in  our labo ra to ry , H. Traut (Geman Ph.D.) reached lik e  conclusions.

Another doctoral candidate working w ith the  A.E.C. g ra n t 's  support under th e  
p ro jec t lea d e r’s d ire c tio n , Dale E. Wagoner (a lso  Ph.D. now), was concerned with 
the exceptionally  high ra d io se n s itiv ity  o f the heterochromatin in  regard to the 
induction of s tru c tu ra l  changes. By the use of stocks especially  constructed fo r  
the purpose by the p ro je c t lead er, X-chromosomes were obtained th a t  had almost no 
heterochromatin as seen a t  m itosis (and th e re fo re , a lso , as present in  th e  sperma­
tozoon) and almost double the usual amount, th e  l a t t e r  X-chromosome being almost 
double the  former in  i t s  t o t a l  s iz e  as seen a t  m ito sis . As expected on the basis 
of th e  p ro jec t le a d e r 's  much e a r l ie r  (but usua lly  ignored) work on the  su b jec t,th e  
frequency o f recovered tran slo ca tio n s ( a f te r  the: ir ra d ia t io n  o f  the mature
spermatozoa contained in  inseminated fem ales) proved to  be not very d iffe ren t in  
these two chromosomes of ra d ic a lly  d i f f e r e n t . s izes  and c e rta in ly  nothing lik e  in  
the almost 2:1 r a t io  of th e i r  s iz e . This i s  tru e  desp ite  the  f a c t  th a t  in  nonnal 
X-chromosomes about on e-th ird  of the breaks th a t re s u l t  in  s tru c tu ra l  changes occur 
in  th e i r  hetero chromatin, which c o n s titu te s  about one-th ird  of th e ir  length as seen 
a t  m ito s is , and th a t ,  s im ila rly , about as many breaks th a t  re s u lt  in  s tru c tu ra l 
changes occur in  the Y-chromosome, which i s  nearly  a l l  hetero chromatin and about 
the same to ta l  s iz e  as the X a t  m ito s is , as in  the  X i t s e l f .

The in te rp re ta t io n  of th is  r e s u l t  i s  c la r if ie d  by the consideration th a t the 
portions of th e  hetero chromatin re su ltin g  in  i t s  ( re la tiv e  to  i t s  ac tiv e  gene con­
te n t o r  i t s  s ize  a t  in te rphase , as represen ted  by the s a liv a r ie s )  large size  as



seen a t  m itosis a re  co n stitu ted  of sp ec ia l, closely  neighboring genes, th a t give 
r i s e  a t  m itosis and in  sperm to  chromatic enlargements ("blocks"), having l i t t l e  
o r  no influence on th e  chromosomes * radio  s e n s i t iv i ty ,  b reak ab ility , o r tendency 
to  give mis-unions of fragm ents. Thus th e  exceptionally  high p ro c liv ity  of 
heterochromatin to  re s u lt  on i r ra d ia t io n  of spermatozoa (or "spontaneously") 
in  breaks th a t m is-jo in  i s  not an expression o f a  genuine proportional re la tio n  
between th e  s ize  of a chromosome region , as seen a t  m ito sis , and i t s  tendency to  
undergo breakage and m is-union, as so many have thought, but an expression of a 
much higher lik e  p ro c liv ity  o f a given length  o f i t s  a c tu a l "gene-string" to  
undergo these changes as compared w ith th e  same length  of a euchramatic region.
For th e  seeming p ro p o rtio n a lity  in  the  case of m ito tic  chromosomes can be 
destroyed by removing o r adding blocks.

In  the same work, Wagoner unexpectedly obtained evidence fo r the  concept 
( e a r l ie r  proposed by us on th e o re tic a l  grounds) th a t  the exceptionally  high radio­
s e n s i t iv i ty  of hetero  chromatin to  the induction o f s tru c tu ra l change rep resen ts , 
in  considerable measure a t  l e a s t ,  i f  not e n tire ly , a much g rea te r like lihood  of 
i t s  fragments than  o f euchromatin fragm ents, a f te r  having a risen  by breakage, to  
engage in  mis-union ra th e r  than  in  r e s t i tu t io n .  This evidence lay  in  h is  finding 
th a t  the tran slo ca tio n s undergone between the X-chronosome and th e  major autosomes, 
although s im ila r in  th e i r  t o t a l  frequency in  the m ito tic a lly  sho rt and long X- 
chromosame, consisted  in  the case of one of these X'e of about twice as many mis- 
unions Involving la rge  chromosome I I  as equally la rge  chromosome I I I ,  whereas in  
the  case of th e  o th er X the r a t io  was ju s t  the reverse , the normal X undergoing 
both types of tran s lo c a tio n s  w ith  about equal frequency.

These rad ic a l d iffe ren ces can hardly be explained as due to  d ifferences of 
breakage frequency of th e  heterochrom atic regions o f the  contrasted  X’s ,  in  view 
o f th e  to ta l  frequencies o f th e  s tru c tu ra l  changes undergone by the heterochromatin 
being about a lik e  and the autosome s tru c tu re  being a lik e . Thus, as Wagoner has 
pointed o u t, they  must be re f le c tio n s  of d ra s tic  d ifferences in  the like lihood  of 
the  heterochrom atic p a rts  o f  th e  con trasted  X*s undergoing d iffe re n t types of mis- 
union. This e f fe c t  would be a  r e s u l t  o f  the  types o f assoc ia tion  taken up by the 
p a rts  (before and/or a f te r  fragm entation) in  the  c e l l ,  a f te r  union of pieces had 
been made p o ss ib le . That being the  case, th e  same general phenomenon, which 
should also extend to  th e  lik e lih o o d  of p a rts  being placed so as to  m is-jo in  
ra th e r  than r e s t i tu t e ,  might w ell account also fo r  the much higher tendency of 
hetero chromatin than a  po rtion  of euchromatin having the same "gene-string" length  
to  undergo s tru c tu ra l  changes. That i s ,  i t  becomes g ra tu itous to  postu la te  th a t  
the  hetero  chromatin i s  a c tu a lly  more "breakable".

Another major se r ie s  of experiments, ra th e r  fundamental in  the sign ificance  
o f  th e i r  r e s u l ts ,  d e a l t  w ith the question — investiga ted  in  regard to rad ia tio n - 
induced gene-mutations by M uller, Carlson and Scbalet (1961) — of whether some 
spontaneous gene-m utations, l ik e  most of those induced by ir ra d ia t io n  of sperma­
tozoa, r e s u l t  from a lte ra tio n s  of th e  p re -ex is tin g  gene (in  both i t s  s tran d s, in  
a complementary way), or whether as so o ften  assumed they represent "erro rs in  
re p lic a tio n ,"  as do many chemically induced ones. The stage chosen fo r  th is  study 
was fo r  tech n ica l reasons th a t  o f spermatozoa which a re  being held  in  inseminated 
fem ales. For i t  i s  easy in  Drosophila to  double the frequency of mutations derived 
from the fa th e r  by causing the  fem ale, through underfeeding, to  re ta in  her sperm



fo r  some th ree  weeks before laying many eggs. The offspring developing from the 
eggs then  la id ,  having double the usual number of sex-linked le th a ls  tha t had 
a risen  in  th e i r  p a te rn a l X chromosomes, must have had some $0% of these re s u lt  
from "spontaneous11 m utations th a t were somehow in i t ia te d  during th e ir  presence 
in  the  long-reta ined  spermatozoa. Thus a comparison, among descendants of immed­
ia te ly  used versus long-re ta ined  sperm, of the  frequency of "whole-body" le th a ls  
— apparent on te s tin g  the daughters (FO — and "frac tio n a l"  (mosaically 
occurring) ones — often  not evident u n t i l  t e s ts  are  made of the grand-daughters 
(Fo) derived from non-lethal-seearning F. fem ales^-w ill ind icate  how often  ( i f  a t  
a l l )  the "spontaneous" gene-mutations in i t i a te d  in  the stage of mature spermatozoa 
involve both strands of the already ex is tin g  gene ra th e r  than only one s trand , or 
a daughter s tra n d  a ris in g  by re p lic a tio n  of one presen t in  the spermatozoon.

The work, ab ly  managed by Dr. R inehart, had to be on a large  scale because 
of the re la tiv e ly  low frequency o f spontaneously a ris in g  sex-linked le th a ls  and 
because two generations of te s tin g  (by sp ec ia l methods) were requ ired . However, 
the  re su lts  showed c le a rly  th a t ,  although the expected r i s e  in  mutation frequency 
w ith sperm re te n tio n  occurred, th e re  was no increased frequency of those of a 
f ra c tio n a l  (mosaic) k ind . I t  could th e re fo re  be calcu lated  th a t ,  as in  the case 
of mutations induced in  mature spermatozoa by ir ra d ia tio n , those a ris in g  from 
causes th a t  i n i t i a t e  them "spontaneously" during th a t  stage involve fo r  the most 
p a r t  the whole p re -ex istin g  gene, in  both the  complementary strands of the  liatson- 
Crick s tru c tu re , changing each in  a manner complementary to  the change in  the  o th er.

I t  i s  therefo re  proposed th a t  in  these  mutations a lso  our e a r l ie r  suggestion 
ap p lies , namely, th a t  a base happened to  be removed from each of two apposite ly  
ly ing nucleo tides, to  be replaced by a d if fe re n t base than beforehand th a t what­
ever base became incorporated in  the  one, the  complementary one became incorporated 
on the o ther s id e . This complementarity in  th e  incorporation  process could simply 
be th e  r e s u l t  of th e  already couple ted  nucleotide exerting a guiding influence on 
what base should be in se rted  opposite to  i t ,  as happens a f te r  mutagenesis by 
e thy l-ethane-su lfonate  in  experiments reported  by Freese and Bauch. Or i t  could 
be caused, mainly a t  l e a s t ,  by the f a c t  th a t  the two bases in  question were more 
av a ilab le  lo c a lly , by reason of th e i r  having been removed (and perhaps s t i l l  con­
nected by hydrogen bonds)3as in  the  a u th o r 's  working hypothesis of " ro ta tio n a l 
su b s titu tio n " . The l a t t e r  more sp ec ific  d e ta i ls ,  however, are  not e sse n tia l to 
our more general in te rp re ta tio n  of removal o f bases from both complementary 
nucleotides of the  already ex is tin g  gene, followed by the incorporation of bases 
d if fe re n t from those previously present but s t i l l  complementary to  each o th er.
This consideration of course app lies equally  to  the radiation-induced gene- 
mutations in  question .

As in  previous y e a rs , various sp ec ia l and o ften  very elaborate  stocks were 
devised and constructed by the p ro jec t lead er, a t  the cost of considerable time, 
during the l a s t  year of th e  g ran t, to  serve as genetic  machinery fo r  use in  the 
m utation work. Moreover, diverse new mutants o f sp ec ia l in te r e s t  were found and 
studied by him.

The study o f data  obtained during the l a s t  and even during e a r l ie r  years of 
the g ra n t ,  and the p reparation  of a r t i c le s  dealing with them, i s  expected to 
proceed fo r a long time y e t .
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