
or 

.. 

3 4456 0360257 2 
Cover Page f er UNClASSIFIED Re:,orts 

OAK RID~ N~TIONAL L~BrRATORY 

RF"C'RT NO . tf(z;y 1 L 
This dOClli~ent consi~of ~ 
pa ges. ') 
Thi~ is cop0 of Ill ) 
Serles _~~t--_-

Issued To: 

TH IS P.E?ORT CONTAU:S NO CI ASSIFIF:D n~FC::1YATION 

______ -=Re~a~d~~ ____ _+----~Da~t~e----~--~R~e~ad~-=~-------~~n~a~te~------_ 



.. 

UNCLASSIFI ED 

ORHL - 77 

Hea.lth and Biology" G~eral 

CYTOGEtmTI CAL EFFECTS OF INTERNAL RADIATIONS 

FROIIl RADIOISOTOPES 

by 

Norman H. Giles, Jr. and Rene A. Bolomey 

Biology Division 

OAK RIDGE NATIONAL LABORATORY 

division of' 
CllRBI DG AND CJ\.RBON CHUa CALS CORPORATION 

Contra.ct No. w-7405-eng-26 

********* 

June 8, 1948 

- 1 -

UNCLASSIFIED 

1'lifli\~il l~i~mil\ij~\i\\I~~\l~lll~i~~f\l~ 
3 4456 0360257 2 



1. 
2., 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21-
22. 
23. 
24. 
25. 

26 .. 35. 
36. 

37-38. 
39. 

40-47. 
48-51. 
52-55. 

56. 
57-60. 
61-67. 

68. 
69-70. 
71 ... 73. 

74. 
75-76. 

77. 
78. 
79. 

80-82. 
83. 

84 ... 98. 
99. 

100-104. 
105-106. 
107-110. 

ORNL-77 
Health and Biology-General 

G. T. Fdbu~k (c & cce neX. - N·.Y.) 
706-A 
70B-A 
706-A 
706-B 
Biology Libra ry 
Train i ng School 
Centra l Fi16s 
Centra l Fil e s 
Centr&! File s 
Cm tra l Fil e s 
Centru l Fil <J s 
1:.. J. ~ur phy 
1:.. H. Ta.ylor 

• D. Pet erson 
A. i'll . Le in ber g 
A. Hollaender (Y-12) 
H. Etherington 
J. A. Cox 
i~ . A. Johnson 
C. D. Cagle 
S. k. Sa pirie(AEC) 
H. M. Roth (AEC) 
N. H. Gil es. Jr. (Y-12) 
AEe, Oa k Rid ge '~!) tio!1a l Laborlitory 
Argonne Na.ti ona l La bo r atory 
Armed Fo rc E- s Speci a l ~;: Gupon s :' roj ect 
Atomic 1n crgy Corrunission, v\Qshington 
Ba tt e ll t:: ,,'i f-.!'lori a l I n stitute 
Bro ok.~av E)n i~utiona l Labo r a tory 
Carbi de & Ca rbon Ch emica ls Co rpora ti on (K-25 Ar ea ) 
Carbide & Ca r bon Gh emi ~als Corpor ation (Y-12 Ar ea) 
Columbia University (Faill a ) 
Gen e r a l ~l ectric Company 
Hanford Diroct ed Oper a tions 
Iowa ~tat e College 
Ke ll €x Corpora ti on 
Los Alamos 
1~a ss uchus etts Institute of Technolo gy 
Mon santo Chemica l Company, Dayton 
Nationa l Bureau of S~ anda.rds 

riava l Radiologic a l De f ens e;; Labs. 
NEPA 
New York DirEct €:d Ope r a tions 
.2 at ent Advi sor. i ashi ngton 
Technical I nformati on DiviSion , ORDO 
UCLA Medica l Rv5 0b. rch L",oor ;lt ory ( 11~rr en) 
University of Ca liforni a Radiation La bora tory 
University of Roch e st er 
~i.c st €; rn Re s erve Unive r s ity (Fri edell) 



- 3 -
ABSTRACT 

Cytogenetical Eff~ of Internal Radiations from Radioisotopes 

Norman H. Giles, Jr. and Rene A. Bolomey 
Biology Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

Studies have been made of the effects of radiations from ~adio-
\ 

isotopes taken up in solution by inflorescences of the sPiderwort, \ 
\ 

Tradescantia, in producing chromosomal rearrangements in microspore '. 

nuclei. Beta radiations from both phosphorus-32 anG carbon-14 are 

effective in producing chromosomal changes which are cytologically 

indistinguishable from those produced by external radiation sources 

such as X-rays. An increase in aperration frequency over that in 

controls has been detected in inflorescences placed in solutions of 

initial activities from 100 to 0.1 uc/ml. The sequence of aberration 

types is fundamentally similar to that observed in previous X-ray ex-

periments, but the relative frequency of chromatid exchanges is con-

siderably higher. 

The foundations for a method of correlating the frequency of 

chromosome aberrations in a given bud with the p32 activity of the bud 

have been laid. It is shown that the best method of sampling buds for 

the simultaneous determination of p32 activity and aberration frequen-

cy involves the use of two sets of half-anthers. Using this method, 

the standard sampling error for both p32 determination and chromosome 

aberrations is of the orde~ of 5%. ~ t9tal number of disintegrations 
, ~ , 

" 

taking place wi thin a sifigl~ bud from th@ /ti.me the inflorescence is 

placed in a p32 solution to the time the bud is removed for chromo-

somal analysis may be determined by slightly modifying the standard 

mounting of Geiger-Mueller ~be and utilizing a recording counter. 

Paper to be presented at the Cold Spring Harbor Symposium, June 11, 1948: 
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Cytogenetical Effects of Internal Radiations from Radioisotopes 

Norman H. Giles, Jr. and Ren~ A. Bolomey 
Biology Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

One of the most significant effects of ionizing radiations, 

such as X-and gamma rays, applied externally to organisms is the 

production of genetic changes- gene mutations and chromosomal re-

arrangements. Since the radiations from most radioactive isotopes 

are fundamentally similar to those utilized as external radiation 

sources, it is of interest to determine the effectiveness of such 

radiations in producing genetic changes when these isotopes are 

present within cells and tissues. 

A major problem connected with the utilization of radio-

isotopes as internal radiation sources is the determination of 

the radiation dosage. Under certain circumstances this value may 

be calculated, at least approximately (Marinelli, Quimby, and Hine, 

1948). In other cases, attempts must be made to measure the dosage 

directly. A further problem involves the comparison of the effects 

of a dosage originating intern81ly with a similar dosage delivered 

from the outside. Related to these two problems is the possibility 

that effects of special genetic significance may result from the 

diSintegration of a radioactive atom incorporated in a chromosome. 

Physical data indicate that the energy of the recoiling atom will 

be sufficient to cause chemical bond rupture in nearly all cases 

(Libby, 1947). Thus the position of a disintegrating radioactive 

isotope within a cell (whether normally incorporated in molecules 

making up the chromosomes or not) may be of considerable importance. 

. .. 



Investigations of the cytooenetical effects of internal 

radiations are also of significance in relation to the utilization 

of radioisotopes in t~~r experiments and in therapy. In tracer 

experiments it is necessary to assume that the radiations do not 

produce changes sufficient to modify the normal physiology of the 

system under investigation. It is khown, however, that radiations 

may produce genetic changes which result in profound modifications 

of normal biochemical processes. (Beadle and Tatum, 1941; Beadle, 

1945). Thus it is of some consequence to determine the level of 

isotope activity at which genetic changes become appreciably 

common. The consideration of such radiation-genetic effects would 

appear to be particularly relevant in tracer experiments using 

haploid microorganisms where pronounced changes in the compo­

sition of populations are quite possible. 

The increasing utilization of radiations from radioisotopes 

in therapy makes it necessary to consider the cytogenetical effects, 

particularly those resulting in cellular death, which these rad­

iations may produce, since in certain treatments such effects may 

well be of primary importance. Further, in all cases of treatment 

it would seem desirable to evaluate the possible significance of sec­

ondary effects such as the induction of inherited genic and chromo­

somal changes. 

Materials and Methods. In the experiments to be described, 

the effects of internal radiations from radioisotopes in producing 

chromosomal rearrangements have been investi ~ated in the spider .. ,ort, 

Tradescantia. The pioneer researches of Sax (1938) established the 

spiderwort as an exceptionally valuable experimental organism for the 

investigation of radiation-induced chromosomal rearrangements. The 
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recent volume by Lea (1947) sumrnarizas t he considerable body of 

information now available dealing with these effects. In general, 

the method utilized in past experiments consists of exposing inflo-

rescences to an appropriate external radiation source, making smear 

preparations of t he anthers at definite time intervals following 

treatment, and analyzing the chromosomal rearrangements visible at 

the first post-meiotic mitosis in the developing haploid micro-

spores. It is found that the radiations produce breaks in the 

chromosomes, and the resulting broken ends may either fail to re-

join or may rejoin in various ways to produce visibly aberrant con-

figurations. Two general categories of aberrations are observed: 

(1) chromatid types, which are produced when chromosomes are 

broken after they have become effectively double; these are de-

tected from a few hours to approximately 40 hours foltowing treat­

ment. (2) chromosome types, which result when chrombsomes are 

broken while they are still effectively single; these are observed 

from about 30 hours to several days after irradiation. It is possl-

ble to distinguish several different configuration types in the two 

categories, depending on the number of breaks involved and the manner 

in which the broken ends rejoin. These various types have been figured 

and discussed by Sax (1940) and Catcheside. (1945). It was ~r&t~learly 

shown by Sax (1940) in X-ray experiments that both chromatid and 

chromosome break t~Jes could in general be divided into two groups on 

the basis of their relation to radiation dose. Those exhibiting a 

linear relation with increasing dose are termed one-hit types and are 

considered to be produced by single ionizing particles (secondary elec­

trons) while those which increase as the square of the dose are termed 
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two-hit types and result from breaks induced by two separate ionizing 

particles. Subsequent investigations (Sax, 1941) have shown that a 

time factor is involved in the production of two-hit types such that 

at low radiation intensities these types approach a linear relationship 

to dose. 

In the present experiments, inflorescences were removed from 

Tradescantia plants (clone # 5 of Sax was used in all except the first 

experiment), placed in a solution of a radioactive isoto)es, and cyto­

logical examinations made at intervals following the initiation of 

treatment in the same manner as in experiments utilizing external 

radiations. In all experiments inflorescences were shielded from 

radiations origi na ting from the solution to insure that any effect 

detected could be ascribed to the actual absorption of the radio-

active material. 

Initial Experiments with Phosphorus-32. In the first experiments, 

(Giles, 1947) solutions of phosphorus-32 (as NaZHP*04) were used. The 

p32 was added to a nutrient solution containing approximately 0.2 mg/ 

ml . of KH2P04" Solutions of several different initial activities were 

used, ranging from 100 ~c/ml to 0.1 uc/ml. At the highest activity 

(100 Ac/ml in the initial solution), examination at the microspore 

division indicated that within less than 24 hours an appreciable num­

ber of chromatid rearrangement types was present. The aberration fre-

quency increased so rapidly with continued treatment that within ap­

proximately 48 hours an accurate analysis became impossible. It is 

thus clear that the absorption of radiophosphorus by a plant such as 

Trsdescantia results in the production of extensive chromosomal changes 

which may be detected in appropriate dividing cells. 
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In order to obtain data on the kinds and frequencies of dif­

ferent aberration types at various intervals after the initiation 

of pJ2 uptake, a series of observations was made utilizing the 

solutions of lower initial activities. The results of these a­

nalyses are summarized in Table L. The aberration types detected 

are the same as those produced by external radiation. The fol­

lowing categories and abbreviations have been used in this and 

subsequent tablos: for chromatid types, Cd (chromatid break), Iso. 

(isochromatid break), Exch. (all exchange types)j for chromosomo 

types, I-hit (terminal and small interstitial deletions), 2-hit 

(exchanges - rings and dicentrics). Aberrations were detected in 

inflorescences from each of the three radioactive phosphorus solu­

tions tested. Even with initial activities as low as 0.1 pc/ml of 

original solution, the aberration frequencies are considerably 

higher than in the control series. The observed value in the con­

trols agrees well with that obtained in a previous study using com­

parable but different non-hybrid plants (Giles, 1940) •. In the 

phosphorus experiment, it is clear that the aberration frequency 

increases with time after start of the treatment. Further, at 

comparable times after the initiation of treatment the aberration 

frequencies of inflorescences from the three different solutions 

are clearly, correlated with the original activities of the solutioIl:s. 

In general the aberration types appear in the Same sequence 

as in X-ray. experiments •. Chromatid types are observed initially, 

with chromosome types appearing bet .. ~een the third and fourth day. 

In contraetto the usual radiation experiments with Tradescantia, 

however, chromatid types do not disappear to be replaced by chro­

mosome types exclusively. Rather they remain the most common type 
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Table 1 

FREQUENCIES OF VARIOUS CHRCMOS(JUL REARRANGEMENTS PRODUCED IN TRADESCANTIA 
MICROSPORE NUCLEI FOLLOWI NG UPTAKE OF RADIOPHOSPHORUS BY INFLORESCENCES 

I 

Time After No. of Cells Chromatid Types per Chromosome Types per Total Abel:~ 
. lOG Cell 100 ~el]l'I Start of Examined 100 Cells 

Experiment ~. 'Iso. Excll. Dels" Exch. 
t 

Series B - Initial Concentration of ~2~ l{)Jl.c,/ml. 
• 

24 hrs. 165 1.2 0.0 0.0 0.0 0,0 1.2 

48 hrs. 127 5.5 7.9 2.4 0.0 0,0 15.8 

74 hrs. 130 9.2 6.2 4.6 0.0 0.0 20,0 

4 days 109 29.3 3.7 4.6 2.8 1.0 41.4 

5 days 114 19,,3 8.8 5.3 1.8 1.0 36.2 

6 days 108 25.0 7.4 6.5 0.0 1.0 39.9 

8 days 86 26.7 16.3 12.8 5.,9 3.5 65.2 

9 days 84 23.8 13.0 10.8 1,,2 3 .. 6 52.4 

Series C· - Initial Concentration of p3 2• ~./ml. 

74 hrs. 146 2.7 I 0.0 0.0 0.0 0.0 2.7 
• 

4 days · 136 5.1 0.7 0.7 0.0 O ... P 6.5 

9 days 116 10.3 0.9 1,7 1.7 1·7 16.3 

Series D - .Initial Concentration of p3~f : O.4w./ml. 

4 days 142 2.1 0.7 0.0 0.0 0.0 2.8 

9 days 134 1.5 0.8 0,0 0.0 0.0 2.3 

.. , . ~ 

Control - no p3~, ~ added, 

.. brs. 644 0.0 0.15 0,0 0.15 0,0 0..30 . 
9 days 626 0,0 0.16 0.0 0.0 0.0 0.16 
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throughout the course of the experimenta. This results from the 

fact that the microspores are being subjected to continuous rad­

iation during their entire development such that chromatid aber­

rations will be produced when the cell nuclei pass through prophase 

immediately before the chromosomes are analysed for aberrations at 

metaphase. The later appearance of chromosome break ty~es, as con­

trasted with experiments with external radiations v!hen they appear 

by the second day following treatment, is probably to be explained 

as a result of a rather slow initial uptake of radiophosphorus,plus 

the fact that these types exhibit considerably less radiation sen­

sitivity than do chromatid break types. (Sax, 1940). 

One striking feature of the comparison of chromatid aberration 

types is that the ratio of exchanges to simple break types (chromatid 

and isochromatid) is considerably higher on the average than was 

anticipated from previous investigations utilizing X-radiation. 

It is not yet possible to state whether this relatively higher yield 

of exchanges is to be considered a characteristic feature of treat­

ment with internal~~radiation. It may be th~t many of the exchange 

type.:; o.re the result of single hits (single .'J ionization paths). 

Further, the restitution time of broken ends may not be as short as 

was originally suggested by X-ray experiments at high intensities 

(Catchesidc, Lea, and Thoday, 1946). 

The majority of the aberration types studied in these exper­

iments are cell-lethal and result in pollen abortion. It is very 

probable that viable types similar to the eucentric reciprocal 

translocations produced in somatic cells in various species of 

Rheat by radiophosphorus absorbed by germinating seeds (Arnason, 
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Cumming and Spinks, 1948) also occur, but no att8mpt has yet been 

made to detect these by an examination of meiotic behavior in 

Tradescantia. 

Experiments with Carbon-14. Similar experiments were per­

formed using c14 as a radiation source. The C14: originally ob­

tained as Ba C*03, was converted into (N H42 C*O). The resulting 

solution was adjusted to pH 7.0 and three solutions of differing 

activities prepared. The chemical manipulations and solution 

activity measurements were kindly carried out by Dr. David Anthony. 

Tradescantia inflorescences were p1e.ced in the solutions, each of 

which was kept under a separate bell jar on the roof of the lab­

oratory building during the course of the experiment. The results 

of the subsequent cytological analyses are presented in Table 2. 

Initial observations were not me de until the fourth day. As in 

the phosphorus experiments, aberration frequencies at comparable 

times are correlated ~ith initial activities, and for each activity 

there is, in general, an increase in aberration frequency with tice. 

Further, the same general relationships of aberration types are ob-

served ~ 

Correlation of Chromosomal Rearrangements with Radiophosphorus 

Content. The preceeding experiments demonstrate the effectiveness of 

absorbed radioisotopes in producing chromcsomal changes. Further, they 

indicate that there is a general positive correlation between aberration 

frequency and initial activity per ml. of a rad1:cactivQ s(,')~:~tion in which 

-::i~-oresconces have rbean placed. 

The next problem is to determine hOYl much radioactive material has 

been t aken up by the plant and to relat o the r esulting radioactivity 

to the cytogenetical effect. Such information is essential if quan-
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FREQUENCIES OF VARIOUS CHROMOSClUL REARRANGEMENTS PROOUCED IN TRADESCAN'l'IA 
MICROSPORE NUClEI FOLLOWING UPTAKE OF CARBON-14 BY INFLORESCENCES 

(FRClA SOLUTIONS OF (NH4) ~*03). 

Time After No. of .cell' Chrcoatld 1'71>6S per Chromosome Types ~r Total Abar. 
Start of Examined a.- _ _ 102 _Q ~~~ __ 100 Cells per 100 Cells 
IExper~ent 1 Cd. : I~o. Excb. Del. EXCh. 

1.. 

I I 
Series A - Initial Concentration of C~: 8.2)lc./ml. 

4 dayS 59 32.2 23.7 13.5 0.0 1.7 71.1 
6 days 25 80.0 68.0 52.0 0.0 0.0 200.0* 

Series B - Initial Concentration of 014., 4.3}l.c./m1. 

4 days 100 20.0 8.0 7.0 0.0 2.0 37.0 
6 days 50 ~O.O 46~0 26.0 0.0 4.0 156:0 
7 days 50 50.0 36.0 38.0 2.0 4.0 130.0 
8 days 50 34.0 32~0 26.0 10.0 12.0 114.0 

Serie~ C - Initial Concentration of cl4,; 0.9).4C./m1. 

4 days 86 1.2 1.2 4.6 0.0 0 .. 0 7.0 
6 days 85 10.6 2 .. 4 1.2 0.0 0.0 14.2 
7 days 80 3,,8 0.0 1.3 1.'3 1.3 7.'7 
8 days 150 7.3 3.3 0.7 2.0 3.3 16.6 

-

* Aberration frequency too high to permit very accurate analysis. 

i 
! 



• 13 -

titative comparisons are to be made between equivalent amounts of 

external and internal radiation. Consequently, an attempt has 

been ma0e to develop methods suitable for the simultaneous eval­

uation of the cytological effects and the Udosage" of radioac­

tivity in a given Tradescantia bud. 

The-term ftdosage H is loosely emplo3red in this paper to expres$ 

the total number of disintegrations having taken place within a 

bud and not to denote roentgen equjvalents. Before dosage values 

can be expressed in more conventional terms, it is essential to 

have a more complete understanding of the offect of the geometry 

of the bud in terms of the ionizations produced by .0particles 

arising from within the bud. 

The most suitable experimental conditionS that may be attained 

will depend on a number of factors. In order to quantitate the 

radioactivity in a single bud in terms of absolute disintegrations 

it is ess9ntial to obtain conditions of minimum back and for\v,ard 

scattering and of minimum self-absorption of the radiations. These 

optimum conditions may be realized only by strict observance of the 

principles involved. (Zumwalt, 1947). The samples must be mounted 

on thin films such as polystyrene in order to obtain minimum back 

scattoring conditions. The buds must be digested so as to remove 

the bulk of the matter that would contribute to forward scatt~r1ng 

and to sclf-absorption. The observance of these oonditions makes 

it impossible to evaluate the cytological effect on the same bud 

used for the estimation of the raGioactive content unless one 

resorts to aliquot sampling. 

Distribution of p32 in Tradescantia Buds. Preliminary experi­

ments were made to determine the distribution of p32 among the buds 
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of a single inflorescence as well as among the anthers of a single 

bud . Inflorescences were placed in a solution containing lo~c/ml 

of p34. After a pericx1 of four days buds of approximately the same size 

and shape were selected from single inflorescences, digested v-Ii th 

concentrated nitric acid in the presence of 5 mg. of Na2RP04~~20 and 

counted in a standard Geiger-Muller counter. The presence of in­

active phosphate is essential to minimize losses of p32 by absorp-

tion on the glass surfaces of the equipment. The results indi-

cated thet even comparable buds selected from the same inflores-

cence may vary from the ~verage by as much as 64%, and that the 

values cannot be correlated to the weight of the buds. Such a 

variation is much too great to permit any correlations to be made 

and requires that both the p32 content and the chromosome aberrations 

be determined on the same bud. 

The next comp.?rison involved a determination of the variation 

in p32 content of the six single anthers from the same bud. Each 

anther was treated e.s described previously for the individual buds. 

The r esults, although better than those obtained on whole buds, 

were still not precise enough to permit utilizing three of the 

anthers for p32 analyses end the other three for cytological analy-

sis. The average of the counts per minute for the six anthers was 

7,650! 8% with an extreme range of 24%. This variation may be 

conSiderably reduced by the method · discussed below. 

Varis.tion in the p32 Content of Half-Anthers. In an attempt to 

obtain more unifonn samples suitable both for p32 and cytological 

analysis, it was decided to divide each of the six anthers into 

halves and to compare the two sets of half-anthers. The division was 

made under a disecting microscope ~dth a sharp knife. Fairly good 
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divisions could be made by this method although a small amount 

of fluid was lost on the knife blnde. The amount of p32 lost 

amounted to 1% or less. The half-anthers were prepared for 

counting as before. Table 3 presents the data obtained by this 

method. i"ihen all samples a.re considered, the v8.riation about 

the average is of the order of 5%. Three out of thirteen buds 

had a greater error, two of which were above 10%. Eight out of 

thirteen buds had a va.riation of 2% or less from the average, 

This value falls within the expecte{ er"or of the instrument. 

Reliability of the He.lf-Anther Method for Cytological Analyses, 

Utilizing the half-anther method just described, it is quite feasi-

ble to use one group of half-anthers for cytological observations 

by the usual smear techniques. Thus tho initial cytological prob-

lem is concerned with determining the reliability of cytological 

analyses by this method as was done for the p32 dotermination. 

The results of such anc:.lyscs are shown in Table 4. All slides were 

scored under ccx'e " Ed the data compiletions made after all scorings 

were completed. COE.parisons hav ·: beon me.de on the basiS of both 

aberrations (of all types) per 100 cells and breaks per 100 cells. 

Calculati , ns of breaks per 100 cells have been made in accordance 

with the results of experiments utilizing X-radia"tioh of relatively 

high intensity ~mich indicate that chromatid exchanges and chromo-

some dicentrics and rings are principally two-break (two-hit) types, 

whereas chroma.tid a.nd isochromatid types, as well as the majority 

of terminal and interstitial chromosome deletions, are one-hit 

types. In the present experiments, however, the radiation intensity 

has been considerably less than in such X-ray experiments and many 

of the two-break types are undoubtedly the result of single hits 
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TABLE 3 

COMPARISON OF p32 C~NTENT OF 'l'RADESCANTIA HALF-ANTHERS ·~ 
BUDS REMOVED FROi INF!/JRl:SCE1Q;S AFtER FOUR DAYS IN p32 SOLUTION 

l~ lJe/)«.. INITIAL AC~IVITY) 
; 

BUD I HALF-ANTHER I COUlfr~ Inri . I A~GE I PERCENTAGE DI~E FRCJ! AVERAGl! 
SET 

., . 
A 1 8,'35 8,652 1.3 2 8,769 

B 1 8,47) 
8,350 1.4 2. 8,228 

C 1 9,195 8,875 3.6 2 8,555 

1 8 6,7Cf1 
6,333 5.9 b 5,959 

2 8 8,601 
8.,773 2.0 b 8,946 

a 17,997 
18,362 2.0 b 18,728 

4 a ),878 
3,428 13.1 b 2,979 

5 a 2.686 3,009 10.8 b 3, . .332 
6 a l~t~O 10,706 4.5 :h lit l B3 

7 a 11,976 
11 "·"'6 o.e b 11,776 ~ ' ) , 

a 18,851 
18,804 0.2 b 18,758 

9 a 17,517 
17,453 0.4 b 17,389 

10 a 8,504 8,516 0.1 b 8,529 

Average % differenee r 3.~ 

~~--- -



k, Time Arter-
, art of treat~ 

ment (days) 

1 

2 

3 

4 

(». , 

I 
-

Bud 
No. 

J,6a 
A6b 
A9a 
A9b 

12a 
l2b 
13a 
13b 

l5a 
ISb 
16& 
16b 
17a 
17b 

5a 
5b 

19a 
19b 

A5a 
ASh 
7a 
7b 

COMP ARISON OF p32 INDUC;ED CHROfuOSOW;AL REARRANGEMENTS IN SINGIE I,Rb!ISC.4NTIA 
BUDS USING THE HAIl .. ANTHER METRO!), lQUC .jML. OF p32 INITIAL SOUJTION 

" No. Cells 
' ' . h , . ' ' . ' . 

Chromatid Typ~B QPromosome Types Total Average 
Examined 'per 100 Cells -per 100 Cells Ahar. Ab8l'. 

- Per 100 Per ·l.do 
Cd~ Iso. Exch~ Del. Exch. Cells ~l:is 

SO 0'.0 0.0 0.0 0.0 0,0 0.0 
2.0 50 2 .. 0 0 .. 0 0.0 0.0 0.0 4~0 

50 0.0 0,,0 0.0 0.0 0.0 0.0 
2.0 50 0 .. 0 2.0 0.0 0,,0 0.0 4 .. 0 

50 24.0 16.0 30.0 0.0' 0.0 70.0 
61.3 57 15.8 26.3 10.5 O~O 0.0 52.6 

50 8.0 12.0 2.0 0.0 0.0 22.0 2l.() 50 2,0 12.0 6.0 0.0 0.0 20.0 
-

50 10~0 18.0 2.0 0,.0 0.0 30,0 
.)1.0 50 14.0 10,0 8.0 0.0 0.0 32,0 

50 18.0 42.0 28.0 0.0 0.0 88.0 
@!l.0 50 16.0 44.0 26.,0 0,,0 0.0 86.0 

50 14.0 28.0 16.0 2.0 0.0 60,,0 
50 16~0 22.0 16.0 0.0 0.0 54.0 57.0 

, . 

36 44.4 83.3 44 .. 4 2.7 2.,7 177,.S 
180.8 25 72,,0 64.0 48.0 0.0 0.0 184.0 

18 5.,6 72.2 22 •. 2 0,,0 5.9 105.6 
18 27.7 55.6 27.7 11,,1 0,0 122,2 113.9 

, " - ' . ". ~. . ' " 

50 18.0 32 0 8.0 0,0 6 t O 64,0 
8;0 

... 58.0 50 20.,0 20 .. 0 2.0 ~,O 52.0 

12 75,0 75 • .0 175.0 0,0 0.0 325,0* 
14 71.4 121.4 135",7 O.P 7,.1 335~6* 3~,3 

. .. ..... . .. . . , . -

. , 

%d1tt~ 
~0JIl aVe 

_. . . . . 

(100) 

(100) 

14.2 

5.0 

3.2 

1.1 

5.3 

1,,8 

7.3 

10,3 

1.6 

* Aberration frequenoies too high to permit very accurate scoring. Average % difference % 5.5 

T4B IE 4 

I. 

I-' 
--l 

I 
I 

, 
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TABLE 4A COMP .ARISON OF p32 INDUCED CHROMOSOMAL REARRlNGE1IIENTS IN SINGLE IfulDESCMiTIA 

:. -~ 
BUDS USING THE HlUF-ANTHER METHOD. 10 flC./ML. OF p32 INITIAL SOWTION 

BUD TOTAL AV. " DIFF. GENmAL 
NO. BREAKS BREaKS FROM AVERAGE 

PER 100 CEllS pm 100 CELLS AVERAGE ilBmRilTIONS 
PER ]£)0 CRLLS 

A6a O~O 
2.0 (100) A6b 4.0 

2.0 
A9a 0.0 

2.0 (100) A9b 4.0 
, 

12& 100.0 
81.6 12b 63.1 22.7 

41.1 
13a 24.0 
Db 26.0 25.0 4.0 

I-' 

15a 32.0 CD 

ISb 40.0 36.0 11.1 I 

16a . 112.0 
16b 116.0 114.0 1.8 58 • .3 

17& 70.0 
4.1 17b 76.0 73.0 

5a 225.0 
~ 232.0 228.5 1.5 

147.4 
~9a 133.0 
19b 150.0 - 141.5 6.0 -- -------~---. - ----

ASs 78.0 
A5b 74.0 76.0 2.6 

78 500.0 
7b 4?8.6- 489.3 2.2 194.2 

.. . . - .... ........ Average % difference: 0 
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(single ionization paths). Thus i"L is probable t hat the comparison 

of aberrations per 100 cells is the more valid measure of variability. 

For both compFTisons, when all samples are considered the variations 

about the average is of the order of 5 to 6%. Thes8 comparisons 

indicate that the precision of the cytological results is about the 

same as that of the phosphorus determination by this method. 

Certain general observations regarding the types and frequencies 

of various aberration types may also be made on the basis of the 

data in Table 4, Chromatid aberration typos are the only ones 

recorded in the observations at t wo days and three days (with one 

exception) after tho initiation of treatment. Chromosome types 

first appear r egularly on the fourth day. These results thus agree 

with those obtained in previous similar experiments with p32. The 

average frequency of aberration types per 100 cells increases with 

increaSing time of exposure to the p;2 solutions as the figures in 

the last column of Table 4 indicate~ 

The aberration frequencies recorded with these experiments are 

in general higher than those obtained in previous experiments in 

which soluti ons of about the same initial activity vrerc utilized. 

The principal reason for such differ ences is probably the fact that 

the present solutions were essentially carrier-free , wher eas an 

appreciable amount of inert phosphorus was added to the original 

solutions. Furthor, the initial experiments were carried out with a 

separate clone of plants and under differ ent external environmental 

conditions, which must necessarily influence the uptake of p32. 

Combined p32 and Cytological Analyses by the Half-Anther Method., 

The previous discussion indicates that tho ha lf-anther method should 

be sufficiently accurate to permit correlations to be made between 
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1'32 eontent and chromosome breakage. Consequently, it is of in­

terost to examine the results obtained when both activity measure­

ments and cytological analyses have been obtained from single buds 

in this manner. Such data are presented in Table 5. The activity 

measurements are given for whole buds, the recorded count value 

for a set of half;anthers being doubled and added to that for the 

remainder of the bud. It is evident that thera is a definite posi­

tive correlation, between the activity of a given bud and the freq­

uency of chromosomal aberrations. This is particul2rly true within 

a single experimental series, and especially at higher activity 

levels where the statistica.l reliability of both measurements is 

better. The aberration frequency in the control utilized in series 

PV is considerably higher than that obtai nod in provious controls, 

but is based on the analysis of a much smaller nu~ber of cells, 

It is to be noted that the length of treatment varies, and 

consequently the cytological effect cannot be directly relatod to 

the activity as recorded at anyone time. Rather it will depend on 

the total number of disintegrations that have taken place within 

the bud~ This in turn will depend on the rate of uptake of p32, 

which must be determined for each bud. 

Rate of p32 Uptake in Tradescantia Buds, In order to obtain 

the p32 uptake curve the standard mounting of the Geiger-Muller 

tube ?~s slightly modified so that the radiations from the bud 

could be measured while tho radiations from the rest of the plant 

~ the solution could be shielded (Fig. 1). A standard 1024 . ~ 

scaler connected to an Esterline Angus recorder was employed to 

give a relative time-activity curve. Two such curves are shown in 

Figure 2. To the p32 solution used for curve 2 was added about 10 



smxES - ~BUD 

NO. NO. 

PlY B-l2 
B-l~ 
B-15b 
.. 3> 

, 

-~ r~ 

1.-6 
A-lO 

. Control 
~ 

PVI 9 
10 
5 
:3 

---.. -

T/aB1E 5 

CCllPilRISQl OF ACTIVITY MEASUREM»lTS (p32) AND CHROMOSOME 
AB~nONS IN SINGlE TRLlDESChNTIll. BUDS USING THE lLlLF-ANTHER METHOD. 

ORIG~~CT. DAYS iJ'T. NO. CEILS CHRCl4ATID mES CHROMOSOME TYPES 
OF - START OF EXQMINED I-HIT 2-HIT 

SOlDTION TREATMr!2n' . CD - I 13) EXCH I-HIT 2-HIT 

1.0J¥:/ml 

i 
100 14 11 3 2 1 

1 .. ~/1ll 146 6 4 0 0 1 
1.()Jc/ml 113 1 2 0 0 0 

O. Gl,uI:/ml 169 0 0 0 0 0 

O.~/ml 8 250 0 0 0 1 0 
O.lpsJ/ml 8 124 4 1 0 0 1 
o.~/ml 8 164 1 1 0 0 1 
O.().to/ml 8 185 0 1 0 0 0 

1O.C&1c/1Il 2 100 21 17 11 0 0 
10. ()1c/111 2 100 16- 11 3 0 1 
10 • Que/Ill. J 12 9 5 17 0 0 
1O.~/m1 3 100 16 2l 6 0 0 

- -- - - - -- -- -- '--

* Aberration ~equency too high for very accurate analysis. 

rd 

• 

ABEBR. ACTIVITY 
pm 100 pm BUD 

CELLS elM 

31.0 10,184 
7.6 5,7fYl 
2.7 3,489 
0.0 43 

0.4 684 
4.8 1,l44 
1.8 336 
0.5 - 17 

49 .. 0 40,390 
31.0 19,m 

251.3* ~,OOO 
43.0 17,l~ 

--~-



Figure l~ 

Geiger-Mueller tube mounting for recording the rate of 
p32 uptake in n Tradescantia OuQ, , 
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Figure 2 

Uptake curVes of p32 in Tradescantia buds. Curve 1 (~ +) 
~ '801ution practically carrier free; 6urve 2 (.w.) - iO mg. 
of Na2HP04.7H20 added per mI. of solution. 
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mg. of Na2 HP04~7H20 per mI. The addition of inactive phosphorus 

to the solution markedly retarded the rate of pJ2 uptake as could 

be expected from the principle of isotopic dilutions. The other 

solution, although not carrier-free, contained very little inactive 

phosphorus. 

In order to obtain an absolute count in terms of disintegrations 

the bud is then dissected. S1% half-anthors are employed for the 

cytogenetic count and tho remaining six half-anthers and other 

parts of the bud may be digested separately with concentratod nitric 

acid in the presence of phosphate for the determin&tion of the 

total number of disintegrations for the whole bud at the end Cf~·the 

run. This value may then be employed to correct the relative area 

under the time curve to absolute number of disintegrations that 

have taken place from the start to the end of the experiment. This 

final value thon becomes related to the true dose of radiation the 

bud has received. 

Values obtained by the method will hs.ve at certain degree of 

uncertainty depending un the oxperimental conditions and on the 

validi ty of certain assumptions associe.ted with such measurements. 

These assumptions are that the p32 will be equally distributed 

among the various parts of tho bud during the uptake period,. the 

background value will remain constant thl'oughout the run, and the 

radiations back-scattered from the shield and originating in the 

unshielded portions of the stem will produce a negligible biological 

effect. At prescnt we have not completely tested the validity of 

these assumptions. Preliminary data indicate that they are in pErt 

not fully justified and that some further work is required both in 

the design of the instrument and in the determination of the degree 



of uncertainty resulting in such detarminations. Nevertheiess it 

is apparent that the results obtained in this way will be much 

more representative than those correlating the cytogenetic changes 

with the activity of the solution in which the inflorescences are 

placed. 

There is one further difficulty with the method. The micro­

spore nuclei in the bud may not be in the proper dividing state 

when the counting is terminated. This point can be determined 

only by cytological examination. The bud must be left in position 

in the instrument ~nd can be examined only superficially from time 

to time during phosphorus uptake provided care is taken that its 

geometrical position and shape with respect to the tube are not al­

tered. 'Hence, it may be expected that a fair number of buds will 

not be usable for cytogenetic analysis. This difficulty can be 

largely eliminated by the use of a multiple-channcl count rate recorder. 

Such an instrument will permit the simultaneous analysis of p32 

uptake in several buds, of which those in the appropriate state of 

mitosis can be used for cytological analysis. 

Data correlating chromosome aberrations with the total number' 

of disintegrations taking place within a single bud from the time 

an inflorescence is immersed in the p32 solution to the time the 

bud is sampled are not yet available. However, it is clear from 

the preceding tables that there is a distinct trend showing an in­

crease in the number of aberrations occurring per 100 cells with 

time. It is apparent that much of the variation found among buds 

for any given treatment would have been conSiderably decreased had 

the data been correlated with the total number of disintegrations 

that had taken place. 



Summary 

Studies have been made cit the effects of radiations from radio­

isotopes taken up in solution by inflorescences of the spiderwort, 

Tradescantia, in producing chromosomal rearrangements in microspore 

nuclei. Beta radiations from both phosphorus-32 and ce.rbon-14 are 

effective in producing chromosoma l changes 'which are cytologically 

indistinguishable from those produced by external radiation sources 

such as X-rays. An increase in aberration fr equency over that in 

controls has been eetected in inflorescences placed in solutions of 

initial activities from 100 to 0.1 ~c/ml. The sequence of aberration 

types is fundamentally similar to that observed in previous X-ray ex­

periments, but the relative frequency of chromatid 6EhElnges is con­

Siderably higher. 

The foundations &6r a method of correlating the frequency of 

chromosome aberrations in a given bud with the p32 activity of the 

bud have been laid. It is shown that the best method of sampling 

buds for the simultane ous deter min8,tion of p32 activity and aberration 

frequency involves the use of t wo sets of half-anthers. USing this 

method, the sampling error for both p32 determination and chromo-

some aberrations is of the order of 5%. The total number of disin­

tegrations taking place within a single bud from the time the inflo­

rescence is ph.ced in a p32 solution to the time the bud is removed 

for chromosomal analysis may be determined by slightly modifying the 

standard mounting of Geiger-MUller tube and utiliziHg a recording 

counter. 
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