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Much information has been accumulated in.  recent years on the loss 

of reproductive integrity i n  irradiated populations of animal cells .  Data 

have been acquired mainly A.asn studies of c e l l  populations cultured i n  vi t ro  

. and though such r e m l t s  den vary due t o  different culturing conditions (1,2) 

R cwp,Pi ann vl.th the few  result^ availg!b&e Peon Jn vlvo studies (3-5) has 

shown good agreement between the two sets  of data, W i t h  higher plant cel ls ,  

i n  vi tro studies have not been technically feasible up t o  now and i t . h a s  -- 
only been possible t o  estimate. radiation induced loss of reproductive integ- 

r i t y  either by studying the sequence of changes i n  the  h i s ~ l o g l c a l  structure 

of an organized meri,s'tematic region (6) or by following the patterns of re- . . . '  . 

covery of growth i n  irradiated roots (7,8). For most of these c e l l  types-- ... , 

both enimal and plant--the sunrival curves af ter .x-  and gemma-ray exposures . .'I . , 

are sigmoid, f i t t i ng  the expression 8 = [I - ( ~ - e - ~ ) ~ ] ~ ,  where 8 i s  the sur- 

vival a t  dose D, - n i s  assumed t o  be the number of sites of one particular , .  : 

type which must be inactivated to  s t e r i l i ze  the. ce l l  (extrapolation number) , :  .. . . .  

and - m i s  the number of different kinds of si tes.  - m i s  generally assumed t o  

be one, though th i s  assumption has been disputed by Bender and Wolff (9) and 
. < 

Bender end Gooch (1). l /k or Do is the dose reqylred to reduce the surviving 
. , 

fraction 8 t o  0.37 8, i .e. ( e - h )  on the exponential part of tbe curve and 

has been found to be b e w e n  50 and 300 r for most of the mammalian cel ls  

investigated and between 35 and 90 rads for -- Vicia ' faba (7,8). Puck (10-12) 

on the basis of the good agreement of the mamxnallan c e i l  survival curves t o  

the equation 



. . 

of tbe high values of k and also on the basis of cytological observations, 

has suggested that two-. or multiple-hlt c h r o m o s ~  aberration6 are one of 

the prime causes of reproductive death i n  mesmnallan cells .  However, the 

validity of equation (1) for  the mammalian c e l l  survival curves obtsined 

and of .the relevance of certain of the cytological data have been. questioned, 

and the conclusion of the grime Importance of two-hit aberrations disputed 

by Bender and Wolff (9). 

As has been repeatedly stated, the only deflnitive conclusion that  

can be drawn a t  present from numerous radiobiological experiments i s  that 

lesions induced wlthin the nucleus are of prime importance i n  determining 

the loss of p r o l l i e r ~ t i v e  ability. Inhibition of mitosis, nucleolar inac- , 

tivation, spindle inhibition and nuclear membrane damage are among some of f 

the mechanisms which have been considered as reasonable alternatives t o  that 

of loss of genetic information. I n  the present paper, an experiment i s  

described i n  which accurate assessments of chzwnoscrmal damage were made on . . 

a system i n  which data on reproductive integrity could also be obtained, 

and this has allowed a reexamination of the possible relationship of these 

two events. 

clonal material (clone 02) of a diploid (2x1 = 12) variety derived 

2 
frcgn Tradescantia occidentalis was uti'llzed for the experiments. This 

clone i s  heterozygaus for certain marker genes and i s  being extensively 

used i n  other experiments. The tissues involved were hairs produced within 

the flowers, Each inflorescence ccunprlses a large number of ser ia l ly  
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arranged buds of different  developmental age. Under optimum condition. of 

growth, one flower emerges daily. Within each flower, there a re  s ix  Fils- 

ments, each bearing from 50 to 90 hairs. This ha i r  number i s  constant f o r  

any given inflorescence but unless environmental coniiitions are  kept uniform, 

varies from inflorescence to  inflorescence. Plants were kept i n  a constant . . 

environment chamber (24 hours H a t ,  950 foot candles, 70 f 1' F) for  seven 

days pre- and three days post-irradiation. Each h a i r  i s  a chain' of single 

c e l l s  and i t s  pattern of growth i s  as  follows: a c e l l  i n  a filament divides 

i n  such a way t h a t  one of the daughter c e l l s  protrudes obliquely out of the 

filament. This protruding c e l l  i s  merlstematic and becanes the terminal 

c e l l  of the hair ,  co~tirming t o  divide until the mature ha i r  (20 t o  30 

ce l l s )  i s  formed. The subterminal c e l l  .always divides once a f t e r  i t s  f o n k -  
. . . b 

t ion  and occasionally an Intermediate c e l l  a lso divldes. Thus the ha i r  i s  

almost ent i re ly  the  product of the single terminal ce l l .  

The rationale of the  technique was tha t  i f  flowers .having inrmature 

ha i rs  (from 2 t o  7 c e l l s  long) were irradiated, then, since the  fill growth 

of the hcdr was dependent on the meristematic ac t iv i ty  of the  terminal ce l l ,  

an inactivation of t h i s  c e l l  should resu l t  i n  an aborted or  stunted hair.  

The expected number of haire per fllament (the control value) was determined 

frcsn the  average value of three t o  fouff lowers (18 t o  24 filaments) taken 

prior t o  i rradiat ion &an every used. Percentage survival 

me then determined by scoring the number of n o m l  hai rs  i n  ten t o  twenty 

flowers (that is, 60 to 120 ff laments) on the  13th t o  16th day post-irradiation. 



. . 
CHROMOSOMAL ABEFClATIOIVS 

Terminal and subtermlnal ha i r  c e l l s  were again used f o r  determln- 

i ng  aberration frequencies. I n  order t o  obtain a representative picture of 

the sens i t iv i ty  of the asynchronous population of these meristematic ce l l s ,  

samples were fixed a t  the .  following intervals  post-irradiation: 2, 4, 6, 

8, 10, 13+, 16, 1&, 21, 24 and 26&! hours. Tissues were pretreated with 

0.0~5$colchicine fo r  two hours prior  t o  f lxat ion and 50 metaphase c e l l s  

were examined i n  Feulgen stained squash preparations froan coded s l ides  a t  

each of the f lxat ion times. A l l  chrcmtid and chromosome aberrations were 

RADIATION 'lmmmms 

A l l  treatments were given a t  room temperature w i t h  a G.E. Maxifron 

X-ray machine operated a t  250 kvp and 6 ma. With the 1 mm aluminum f i l t e r  

used, the dose r a t e  was 108 r per minute, the doses being measured wlth a 

Victoreen dosimeter placed on the  turntable i n  the position occupied by the  

inflorescences. lor the aberration frequency detexminations ,. doses of 36, 

63 and 90 r were used. A t  higher values the  level  of damage and the com- 

plexity of the configurations rendere& interpretat ion d i f f i cu l t .  .For the 

assessment of reproductive integrity, doses of 85 t o  500 r were used. Above 

500 r, the flowers were so  badly injured tha t  they did not develop and thus 

the level  of damage could not be assessed. 



Chromosome and Chromatid Aberrations 

The frequency of the a f f e r e n t  forms of chromatid and chromosome 

aberrations, as  well: as  that  of achromatic lesions (13), was determined a t  

: a l l  fixation times a f te r  'the three doses of radiation and are given i n  

Table I. A t  the two lowest doses usedt there seemed t o  be l i t t l e  fl.~~ct.i.~n- 

tion i n  sensi t ivi ty over the mitotic cycle i n  terms of the production of 

chromatid aberrations, even up t o  2% hours post-irradiation. The normal 

mitotic cycle time is  around 20 hours (~teffensen,  personal ccnnmunication); 

a value similar to  that  obtained i n  Wadescantia roots (14) where the average 
. . 

duration of the pm-synthetic ( G ~ ) ,  DNA synthetic (51, post-synthetic ( G ~ )  

and mitotic (M) periods have been shown'to be 4.0, 10.8, 2.7 and 2.5 hours 

respectively. ~hro'katid aberrations are usually .produced only a f t e r  irrad- 

iat ing G2 and 8 cells .  The appearance of chromaiid aberrations even 26$ 

hours post-irradiation must therefore mean that the radiation induced a 

considerable retardation i n  the movement of G2 and possibly S ce l l s  through 

t h e  mitotic cycle. 

Chromosome aberrations were obsenred in relat ively low numbers and 

so the data relating t o  thei r  frequency cannot be considered too reliab*.. 

In  general, chromosame aberrations are  much less  frequent and the i r  impor- 

tance i s  probably much less than chramatid aberrations since the G1 period 

occupies a 'small fraction o.f the cycle--estimates vary from 4 hours (14) 

t o  possibly as l i t t l e  ea one hour in Tradescantia roots (15). It might have 

been considered desirable t o  make fixations a t  longer times a f te r  irradla- 

tion i n  order t o  obtain a better  assessment of the frequency of chromosune 



a b e r r a t i m ,  but then the problem of the appearance. of mixed .populations 

of X1 ahd,X2 ce l l s  a t  mi tods  arises,. It i s  important that  only X1 ce l l s  . . 

be exbined since badly damaged ce l l s  tend to be ellmlnated i n  l a t e r  genera- 

; .tionso The only c e l l  which could be identifled w i t h  certainty as  being an 

X2 c e l l  appeared a t  '2e hours af'ter 63 r.. With the 90 r treatment a def- 

i n i t e  peak of chmmatid aberrations, especially interchanges, occurred a t  

the early fixation times  able I). Since these anterchanges have a large' 

"dose squared" component  a able 11), any fluctuations i n  sensit ivi ty through- 

out the c e l l  cycle would be much more apparent a t  the highest dose, A peak 

aberration frequency i n  late interpbese ce l l s  of -- Vicia faba has been observed 

by Evans (personal cammunication) and presumably the 4 t o  8 .hour peak i n  the 

present observations represent the G2 population of cells ,  i f  mitotic delay 

is taken in to  account, 

The question of the possible confusion of chraanatid breaks and 

gaps has been considered a t  length by Revel1 (13~16) and' an attempt was made 

to. separate these two types of events i n  the present experiment. The fre- 

quency of gaps obtained was very high (see Table I) and canpares w e l l  w i t h  

the values reported by Revell but the frequency of chromatid breaks was also 

somewhat high. Revell (13) has suggested that a l l  chrmatid aberqitions may 

be the resul t  of exchange events and on the basis of c.ertain assumptions has 

predicted that  the r a t i o  of chromatid breaks t o  incomplete isochroaaatid . . .  

breaks should be 2.5:l. H e  observed ratio8 of 3.2:l and 2.5:lin two sepa- 

ra te  experimente 'vith -- Vicia faba roots (16), and Evans (17) has similarly 

reported rat ios of 5.2:l and 3,5:1 for 'v ic ia  -- faba roots .and Tradescantia 

pollen tubes respectively, a1 the values being i n  agreement with that  
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expected. I n  the present data the overall r a t i o  was 3.3:1 (256 chromatid 

t o  84 incomplete isochromatid breaks). The l w e l  of incompleteness wae 

somewhat higher (27.1s for  isochranatid aberrations and 1 9 . ~  for  exchanges) 

than the values of 5-1046 obtained by Revell (13,161 but not very different 

f ram those obtained by Conger (18). (18$) and by Neary and Evans (.19) ( 36) . 
Nevertheless, i n  spi te  of the apparent agreement i n  the expected r a t i o  of 

chranatid t o  incmplete isochromatid breaks, the frequencies of chromatid 

breaks may possibly have been overestimated. Certainly the level i s  con- 

siderably higher than tha t  quoted by Revell (16) and by Bender (20) though 

not very different fran those quoted by Neary and Evan6 (19) and Chu e t  a l .  

(21), a l l  of whom similarly attempted t o  'exclude gaps from the i r  data. This 

reservation regarding the chromatid break data w i l l  be considered i n  a l a t e r  

section. 

The equations which best f i t  the l ines  relating aberration fre- 

quency t o  dose are given i n  Table 11. The isochromatid data best fit a 

linear equation but the chromatid.break and interchange data bet ter  fit a 

quadratic than a l inear equation. Again, on the exchange hypothesis of 

aberration induction4 a t  sufficiently hi& doees a l l  aberrations might be 
* 

expected t o  have a "dose squared" component. It must be remembered that  
* 

the accuracy of th i s  dose response relationship may not be very great as 

different c e l l  populations are probabiy .represented i n  the period 0-2% ' * 

hours afterytbe three different doses, due t o  Che varying amounts of mitotic 

delay induced. Nevertheless, it is important that  a representative picture 

of the eensitivlty of the whole spectrum of stages of the mitotic cycle be 

obtained i f  any attempt i s  t o  be made t o  equate aberrations to  loss of 



reproductive integrity. Poisson t e s t s  of the distribution of a l l  chroanatid 

aberrations per cal l ,  and also of chroanatid exchanges per cel l ,  showed good 

agreements wlth expectation, indicating that the more badly damaged cel ls  

were not being selected against i n  thei r  movement into metaphase. 

Reproductive I n t e n i  ty  

The percentage of hairs whioh eontim~.ad t o  grow to  a normal length 

a f k r  il'lcstllation, tihat i o ,  the number nf i m d l e t e d  terminal ce l l s  wfiich 

c o u l d . d i ~ d e  a t  leas t  5 or 6 times, are given i n  Fig. 1. This cri terion of 

ab i l i ty  t o  divide a t  l eas t  t h i s  r h e r  of times, , i s  the usual one adopted 

In  scoring viabi l i ty  by colony counts i n  i n  vi tro experiments vi th  m8mmalian 

cells. Reproductively s t e r i l e  apical ce l l s  either did not divide or didded 

only once or twlce post-irradiation. A s  i n  other irradiated c e l l  popula- 

tions, a t  the h i a e r  dose levels more ce l l s  tended not to divide a t  a l l  

af'ter irradiation. Giant cel ls  wlth large nuclei arose fa i r ly  commonly. 
. . 

The extrapolation rnmnber determined fro91 a regreasion analysis of the points 

on'thc exponential part of the s a - l o g  plot (Fig. 1) was 1.6, the Do value 

The parameters defining the .reproductive integri ty of the irradiated 

apical cel ls ,  n = 1.6, Do = 148.7 r, were remarkably similar t o  those ob- 

tained from a diversity of mwmn#lian cells, but aomewhat d l  Rerent *an 

those reported for  the only other higher plant investigated, -- Vicia faba. 

F'atr this l a t t e r  species, values of n = 2-3.5 and Do = 35-90 rads were ob- 

tained (7,8). In terms of gamma radiation-induced reduction i n  growth, 
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Vicia faba has elsewhere (22) been shown t o  be more res is tant  than Trades- -- 
cantia. I n  making any ,such comparisons, it has t o  be borne f n mind tha t  

there i s  one essent ial  difference between the mechanics of the system in- 

volved i n  the present experiment and those involved i n  -- i n  v i t r o  experiments. 

The cr i te r ion  of in tegr i ty  used here was the  a b i l i t y  of one spec1,fic terminal 

c e l l  to continue dividing. I n  -- i n  v i t r o  experiments, and possibly i n  many 

other, though not a l l  t issues i n  vivo, the cr i te r ion  of in tegr i ty  i s  met 

i f  e i the r  one of two daughter c e l l s  continues to-divide. Though i n  many 

tissues,  on average fo r  every c e l l  division tha t  occurrs, one stem c e l l  and 

one different iated c e l l  i s  produced, the t i ssue  organization i s  not such 

tha t  a f t e r  every division one daughter c e l l  remains meristematic and the 

other differentiates.  This difference between the terininal c e l l  s i tuat ion 

and other c e l l  populations i s  best i l lus t ra ted  by considering the f a t e  6f 

an induced l e t h a l  event i n  a part icular  ce l l .  I n  the  terminal ha i r  ce l l ,  

there is a 50$ chance tha t  t h i s  l e tha l  event vill segregate t o  the terminal 

c e l l ,  so tha t  ha i r  growth cannot continue, whereas with colony development 

i n  vi t ro,  where all c e l l s  are potentially proliferative, a viable colony -- 
w i l l  be scored i f  any one of the da-ter c e l l s  of the treated c e l l  survives. 

Thus, i f  l e tha l  events are induced Which can segregate, the estimate of 

l e t h a l i t y  w i l l  be higher with the present system than with -- i n  v l t ro  tech- 

niques . 
I n  attempting to  equate lose of genetic infomalion t o  le tha l i ty ,  

the f irst  and simplest a ~ ~ t m p t i o n  tha t  can be made i n  any calcula.tf oil i s  

that  any loss  of chromatin K i l l  resul t  i n  le tha l i ty .  On t h i s  basis the fa te  

of each c e l l  examined fo r  aberrations i n  the present experiment was determined, 



assuming. that  there was a 5046 chance of the apical c e l l  escapiw a deficiency 

af'ter a chromatid break, no chance a f te r  an isochronatid break, 25$ chance 

after  an as;ymmetrical chromatid interchange, etc. (23). Mlnutes were ignored. 

.From the data, 36 r wuld then be expected t o  give 79$ survivkl, 63 r 68$, 

and 90 r 53.9. Since there was some degree of uncertainty associated with 

U c  ecoriag of ohrematid hreaks (see above), the same calculation was again 

mndo i;gnoriw thewe abermtlons and the values were 8$, 71s and 60$ 

respectively. These two sets  of values do not resemble the observed ones 

( ~ 1 ~ .  1). indicating that  many deficient ce l l s  are reproductively viable. 

In  another .attempt t o  equate the chramatid aberration and survival 

data, the equations relating yield t o  dose, Y = a is0 D, Y = a chr D + I3 

2 2 chr D and Y = a i& D + 13 i n t  D  able 11) where i so  = isochromatid break, 

chr = chrcxnatid break and i n t  = chromatid interchange, were used t o  calcu- 

l a t e  the expected mean ylelds of t o t a l  aberrations per c e l l  a t  the doses 

used i n  the survival experiment. The other aberrations wfiich were quanti- 

tat ively less  important were ignored. Knowing these mean values and assum- 
. . . . 

.:: .: ,:::, 
ing . a Poisson distribution, the proportion of ce l l s  wlth different :tLMlb,ers 

of aberrations were calculated froan the equation 

Z e-' 
x ! .  ' 

where ~1 i s  the mean value per cel l ,  and x i s  the number 0, 1, 2, 3.. . . . . of 

aberrations per cel l ,  (1t  was 'known that the distribution of t o t a l  abdrra- 

tions per c e l l  a t  36, 63, and 90 r were distributed i n  a Poisson manner.) I f .  
. . 

the ce l l s  with no aberrations or even cel ls  with one or  less  aberrations were 

assumed to  be reproductively viable (both including and excluding chrcanatid 



breaks), then the predicted "survivalw values were ,very much l e s s  than the 

.observed  a able 111 ) . 
Another assumption t h a t  cauld be madewmB tha t  loss  of reproductive 

in tegr i ty  occurred when any two hcuuologous chroenosane arms among the  12 

chromosomes of the diploid complement were simultaneausly damaged. The. 

'ftequency with which such damage would occur (assuming cunpletely randan 

distr ibut ion of aberrations between chrcunososle arms) a t  any given mean 

aberration Frequency per c e l l  was calculated, but a g d n  the  predicted 

"survival" xss much higher than the observed ( ~ a b l e s  IVa and IV~) .  

There raay well be a basic f a l se  assumption involved i n  these last 

two calculations (Tables I11 and N)--that the yield of aberrations per c e l l  

increases with dose a s  the  equation Y =aD o r  Y = aD + D ~  would predict. ' 

The predicted values would not be achieved i f  there was a l imitat ion of the, 

number of aberrations t h a t  can be produced i n  any given ce l l .  The concept 

of a limited number of sites within the  c e l l  a t  which exchanges can occur 

has been considered by Wolff (24). A test for such a l imitation of site 

nuniber, using the chromatid exchange data a t  90 r, bowed tha t  a Poisson 

distr ibut ion f l t t e d  be t t e r  than a bincmial dis tr ibut ion ( ( 1  - $) + m)n a t  n 

l e a s t  w i t h  values of n ( s i t e  mrmber) up t o  4. It i s  s t i l l  possible, how- 

ever, t h a t  there i s  a low mnaber of s i t e s  and thus a l i m i t  t o  the  number 

of aberrations per c e l l  which can occur a t  :hi@ doses. 

The percentages of c e l l s  f ree  'of aberrations a t  36, 63 and 90 r 

were 71, 57 a& 41 respectively--in other words the  values appared t o  de- 

crease i n  an exponential manner wlth increasing dose within t h i s  range. 

Thus a further approach to the present problem was t o  predict the chromosome 



damage which would occur a t  high doses From the mean aberration dose, i.e. 

that  dose that  w i l l  give on average, one scorable aberration per c e l l  ( 9 ,  

10). This value was obtained using the three equations i n  Table 11--again 

aberrations other than these three main 'types were ignored, Y i s  =lien a 

, value of 1 and D i s  calculated. This mean aberration dose, 96.2 r was then 

taken t o  be the 37$ dose and the Poisson fonatla w l l &  M = - where Do l o  
Do 

the 37$ dose, used t o  calculate the expected frequency of ce l l s  with 0, 1, 

2, 3.eee.m aberrations per .ce l l  a t  different levels of D. If the proportion 

of ce l l s  assumed fram this calculation t o  have one or l ess  aberration were 

equated t o  survivors, then there was a remarkably good flt of predicted t o  
. . 

observed survival  a able V )  . This calculation, hawever, involved the un- 

l ikely assumption that  tbe.number of ce l l s  f ree  of aberrations did decrease 

i n  an exponential manner with increasing dose. If  there i s  a limitation on 

aberrations per c e l l  due t o  s i t e  xllrmber of other llmltations, t h i s  expected 

relation may hold, but if there i s  no limitation, the exponential relation- 

ship as discussed above will not be found since the "dose squaredn component 

becanes progressively more Important a t  higher doses. 

One f'urther possible l ink between aberration and le tha l i ty  may be 

that of bridge fh-equency. Bridges may cause mechanical d i f f icul ty  a t  mitosis 

and often lead to genetic loss ei ther  direct ly o r  through the set t ing up of 

breakage-fusion-bridge cycles. Frequencies. of ce l l s  which bight be expected . 

from the configurations present a t  metephase t o  have one bridge and of those 

+th two or  more bfldges am given i n  Table V I .  The Frequencies of the 

l a t t e r ,  but not the former, d i d  bear some .iesemblance t o  the sunrlval values, 
.. . 

but it was impossible t o  extrapolate from the frequencies e v e n  i n  Table V I  
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t o  higher doses as there As no indication of the shape of the dose response 

curve. Thie posed the same problem .as had been encountered previously. 

A t  those doses *ere survival .could be accurately estimated,.it  was d i f f i -  

cu l t  if not impossible t o  obtain accurate detailed observations of aberra- 

tions. 

A cciinpariaon of tbe present results  with the chraaasame aberration 

data oP DLndcr and Wolf? (9) and Chu 9 g. (21) i s  interesting. For diploid 

(2n = 46) human epitheloid cel ls ,  Bender and Wolff quote a mean aberration 

dose of 220 r.. For diploid human, primarily fibroblast cel ls ,  the data of 

Chu -- e t  a l .  give a value of approximately 78 r and for  Tradescantia (2x1 = 12) 

the value i s  96 r o r ' l f  chromatid breaks 'are neglected, 129 r. . A t  these 

mean break .doses, the level of survival - i s generally lower for  the diverse 

types of human. ce l l s  which have been examined (some of them had-  a higher 

chromoscnne number than 46), though the relat ive amaunt of genetic informa- 

t ion l o s t  per break w i l l  be' i n  the r a t i o  of 1/46 or less:1/12 for  .the' human 

and Tradescantia l ines respectively. Thls would  argue against the primary 

Importance of single aberrations a t  leas t  i n  determining lethality. That 

scam considerable degree of genetic loss can be tolerated even.in a diploid 

c e l l  i s  well known and has been demonstrated again i n  the present study. 

That loss of genetic informstion contributes t o  reproductlie s t e r i l i t y  i n  

many instances i s  also obvious. The extensive work of Sparrov and h i s  

associated (see 22, 25) indicates the importance of the ch~rmosome as one 

of the s i t e s  of the le thal  lesion. To simply equate two-hit aberrations t o  

le thal i ty  as Puck (10) has suggested, i s  not valid, as Bender and Wolff .(g) 

had also shown. That 10'8s of reproductive integri ty can ar ise  from causes 



other than genetic loss  a t  mitosis is also obvlous .men one considers, for  

example, the  well-known phenomena of interphase death and the work of von 

Borstel and Reckermeyer (26) which showed the  inab i l i ty  of genetic loss  t o  

.mimic one type of dcaninant l e t h a l i t y  i n  Habrobracon and Drosophila embryos. 

Again the mitotic upset6 resulting i n  reproductive s t e r i l i t y  reported by 

Harrington (27) and .the inhibition of c e l l  division due t o  nucleolar inac t i -  
Thue , 

vation (28) are not obviously related to  genetic loss. ;.the question. 

of the exact ro le  of chromosome aberrations i n  determining loss  of reproduc- 

t ive in tegr i ty  remains unresolved. The present data certainly indicate 

tha t  there i s  no simple relationship between the two events. 

SUMMARY 

The reproductive in tegr i ty  of single meristematic c e l l s  of 

Tradescantia occidentalls exposed t o  acute doses of X rays was investigated. 

The dose response curve was sigmoid and similar t o  tha t  reported f o r  a 

variety of mammalian c e l l  l ines  having a Do of 149 r and an extrapolation 

number of 1.6. Detailed observations were a l so  made of a l l  forms of chroma- 

t i d  and chromosome aberrations induced a f t e r  i r radiat ing a l l  s t q e s  of the 

mitotic cycle of these same meristematic cel ls .  A t t e m p t s  weie then made t o  

correlate these two se t s  of data and t o  equate loss  of genetic information 

t o  loss  of reproductive integrity.  
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T m  I 

CHROMATID AND CIIRCMSWB ABENWIONS OBSERVH) AT ~ETAEWISE BBTWEEA 0 AND 2@ HRS APTETi IRRADIATION 

36 2 50 42 44 3 3 3 2 3 
4 50 23 40 42 1 4 ' 3  3 
6 50 2 0 '  34 2 0 .  1 6 '  8 6 I 

8 55 33 42 X) 2 6 4 2 1 1 

*(9) (10) (384 (18.c) (1.8) (5.5) ( 3 . 4 )  (1.~8) (n.9) (0.9) 
l o  50 n 31 15 1 7 5 4 I 2 1 

133 38 22 25 8 8 3 2 1 2 2 2 .  
(50) (28.9) (32.9) (10.5) (10.5) (3.9) (2.6) (1.8) (2.6) ' (2.6) (2.6) 

16 50 36 38 4 7.  1 1 3 1 

50 . 23 27 10 7 . 3  7 5 e 8 1 
2.l 50 15 . 16 14 1 ll 10 ll 1 1 ll 1 3 1 

24 50 30 36 9 2 5 1 3 3 

2% 50 39 39 3 1 3 2 2 5 1 

6 3 2 4 5  27 33 '. ll 1 6 1 . 8  

(50) (30) 3 . 7 .  2 )  1 (6.7) (1.1) (8.9) 
4 50 ~.l 25 66 3 7 9 .  11 5 8 1 

6 50 3 a 72 4 8 19 4 3 4 1 

8 50 10 20 45 6 13 9 .  ll 2 6 4 1 1 . I  . 

10 49 18 24 . 13. 2 ll 7 5 6 1  6 3 1 

(So)  08.4) (?4*5) (13.2) (2) (11.2) (7.1) (5.1) (1) (6.1) (3) 

1% 50 22 30 12 1 ll 7 4 2 2 
16 50 20 23 11 . 14 7 5 5 1 1 

1 50 15 23 19 13 6 7 , 4  6 1 
2.l 50 22 26 6 16 3 8 1 .  ll 1 

24 50 18 e6 14 10 2 7 6 2 3 

50 29 33 8 10 2 6 1 2 .  1 1 

90 2 2 0 s a m e e  too sticky to be analyeable 
4 50 u, 16 59 1 6 14 26 2 3 2 
6 44 4 8 70 5 18 25 26 3 .  2 10 1 

(50) (4.5) (9.1) (77.3) (5.7) (20.4) (28.4) (29.5) (3.4) (2.3) ( l l -4 )  (1-1) 
8 28 1 3 46 1 12 17 21 3 7 4 

(50) . (1.8) (5.4) (82.1) (1.8) (a .4)  (30.4) (37.5) (5.4) (12.5) (7.1) 
10 34 5 ll 28 2 14 8 7 4 '  5 4 ' 5 
. (50) (7.4) (16.2) (41.2) (2.9) (20.6) (u.8)  (10.3) (5.9) (7.3) (5.9) (7.4) 

1 3 5 3  6 . 2 6  26 3 19 9. 1 C  1 1. 2 1 2 
(50) (15.1) (24.5) (24.5) (2.8) (17.9) (8.5). (13.2) (0.9) (0.9) (1.9) (0.9) (1.9) 

16 50 4 I2 55 5 16 21 15 4 7 5 

1Q 50 13 22 35 1 16 12 5 4 5 3 ' 1 

21 50 27 34 14 9 10 1 3 
24 50 22 27 8 10 7 6 1 3' . 1 4 1 

n e q  50 1 8 .  22 1 L  11 13 8. 2 3 1 5 

Control 100 g8 98 - 2 

V b ~ e  the data are based on eamples of less than 50 oelle, the data have been corrected to aberrations per 50 cells. 

Mcentrlca and rings. 



EQUATIONS YIELD OF ABERRATIONS P5R CELL (Y)  ' 

To DosE IN F4ommms (D) 

Isochroanstid aberrations Y P: .(I0333 D 

Chromatid breaks Y = .000678 D + .0000297 D2 



PRESICTED -010 mUEnCY C E U ,  AlWSURVIVAL, AT HIGHER DOSES 

Total aberr. 

Dose Chmmtid Isochrunatid Chromatid Total chromatid $ of ce l l s  w i t h  chromatid 5 of ce l l s  wlth Observed - 
breaks 

* * 
breaks interchanges - aberr . 0 or 1 aberr, brealrs 0 or 1 eberr, survival 

A Po5sson distribution assumed. 



TABLE N a  

PROBABILITY OF SIMULTANEOUSLY DAMAGING TWO HOMOLOWUS 

Number of 

aberrations 

Probabi 11 t y of damaging 

both hcnnolo~es 

TABLE IVb 

Proportion of c e l l s  Proportion of ce l l s  

not having any Predicted total  not havim any 

Dose Predicted total two homologues - chrcsnetid aberr. two haanologues Observed * 
sbraglatid aberr. &!!!!!@* excluaing breaks &aged survival 

--- - - - - - - --- 

* 
Poisson distribution of aberrations per c e l l  assumed. 



TABLE V 

PREDICTED -AGE OF CHlLS WITH 0 OR 1 ABERFtATIOIO FROM THE 

,OBSElRVED MBAlP ABERRATION DOSEu 

Dose Including chrcrmatid breaks Excluding chmat id  breaks Observed - 
I22 M.A.D. = 96 r M.A.D. = 138 r survival 

u 
A Poisson aistrlbution of aberrations per ce l l  assumed. 



- - FImcmmGE OF CmdS m1CH FROM 'HIEIR rQammmE 

CO~GUFU4TIOI9S MICHT BE -TED TO GIVE 

FUSE TO BRIDGES AT ANMUBE 

Dose $ Celle with - 
M 2 or more 

0 Bridge 1 Brldtze Bridges 



FIGURE LEGEND 

Flg. I. X ray survival curve of terminal hair c e l l s  of Tradescantla 






