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S
ABSTRACT
Cytogenetical Effetts of Internal Radiations from Radioisotopes
Norman H, Giles, Jr, and Rene A. Bolomey
Biology Division
Qak Ridge National Laboratory
Oek Ridge, Tennessee

Studies have been made of the effects of radiations from gadio—
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 carbon-1l) are
effective in producing chromosomal changes which are cytologically
indistinguishable from those produced by external radiation sources
such as X-rays., An increase in aberration frequency over thet in
controls has been detected in inflorescences placed in solutions of
initial activities from 100 to 0,1 mc/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 p3R 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 aberretion frequen—
¢y 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 prdér’of 5%. The tgtal number of disintegrations
taking place within a éingie bud from the time 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 tube and utilizing a recording counter,

Paper to be presented’aﬁ'the Cold Spring Harbor Symposium, June 11, 1948,




Cytogenetical Effects of Internal Radiations from Radioisotopes
Norman H, Giles, Jr, and René 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 -~ gens mutations and chromosomal re-
arrangements., Since the radistions from most radicactive 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 utiligzation 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 internslly with a similar dosage delivered
from the outside, Related to these two problems is the possibility
that effects of specizl genetic significance may result from the
disintegration of a radiocactive atom incorporated in a chromosome,
Physical data indicate that the energy of the recoiling atom will
be sufficient to cause chemical bond rupture in mearly all cases
(Libby, 1947). Thus the position of a disintegrating radiocactive
isotope within a cell (whether normally incorporated in molecules

making up the chromosomes or not) may be of considerable importance,
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Investigations of the cyto.enetical effects of internal
radiations are also of significance in relation to the utilization
of radioisotopes in trgcer 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 deseribed,

the effects of internal radiations from radioisotopes in producing
chromosomal rearrangements have been investirzated in the spiderwort,
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) summarizss the 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 the 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 fol}owing treat-
ment, (2) chromosome types, which result when chromésomes are
broken while they are still effectively single; these are observed
from about 30 hours to several days after irradiation, It is possi-
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 Pirst®learly
shown by Sax (1940) in X-ray experiments that both chromatid and
chromosome break tynes 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 tyves 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 léw radjation 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 isotones, 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 originating 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*OA) were used, The
P32 was added to a nutrient solution containing aprroximately 0.2 mg/
ml - of KHyPOy.. Solutions of several different initial activities were
used, ranging from 100 pc/ml to 0.1 ue/ml. At the highest activity
(100 ue/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 8p—
proximately 48 hours an accurate analysis became impossible, It is
thus clear that the absorption of radiophosphorus by a plant such as
Tradescantia 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 freguencies of dif-
ferent aberration types at various intervals after the initiation
of p3? uptake, a series of observations was made utilizing the
solutions of lower initial activities, The results of these a-
nalyses are summarized in Table 1., The aberration types detected
are the same as those produced by external radiation, The fol-
lowing categories and abbreviations have becn used in this and
subsequent tables: for chromatid types, Cd (chromatid break), Iso.
(isochromatid break), Exch. (all exchange types); for chromosome
types, 1-hit (terminal and small interstitial deletions), 2-hit
(exchanges ~ rings and dicentrics), Aberrations were detected in
inflorescences from each of the three radioective phosphorus solu-
tions tested, Even with initial asctivities as low as 0.1 uc/ml of
original solution, the aberration frequencies are considerably
higher than in the control series.. The observed valus in the con-
trols agrees well with that obtained in a previous studv 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 solutions,

In general the aberration types appear in the same sequence
as in X~ray experiments,.. Chromatid types are observed initially,
with chromosome types appearing between the third and fourth day.
In contrast to 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



9
A

Table 1

FREQUENCIES OF VARICUS CHRCMOSCMAL REARRANGEMENTS PRODUCED IN TRADESCANTIA
MICROSPORE NUCLEI FOLLOWING UPTAKE OF RADICPHOSPHORUS BY INFLORESCENCES

Time After | No, of Cells Chromatid Types per Chromosome Types per Total Aber
Start of Examined 3 10Q Cel 100 100 Cells
Experiment ‘-1§£rq_%”130. Exch, Dels, | Exch,

Series B - Initial Concentration of P23  10uc,/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 beb 0,0 0,0 20,0
4 days 109 2943 347 4ob 2.8 1,0 dlub
5 deys 114 19.3 8.8 5¢3 1,8 1,0 36,2
6 days 108 25.0 Tk 6.5 0,0 1,0 39.9
8 days 86 2647 1643 12.8 549 35 6542
9 days 84 23,8 13,0 10,8 1,2 346 5244

Series C — Initial Concentration of P52y  lue,/ml.

74 hrS.. 146 2.7 0,0 0.0 0.0 0.0 267
4, days 136 5.1 0.7 0.7 0.0 0.0 6.5
9 days 116 10,3 049 1,7 1.7 1.7 1643
: :

Series D - Initial Concentration of P33f: 0,luc./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 P32 added,

%, hrs, 644 0.0 0,15 0,0 0,15 0,0 0630

9 days 626 0,0 0,16 0.0 0,0 0.0 0.16




throughout the course of the experiments, 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 thec chromosomes are analysed for aberrations at
metaphase, The later appearance of chromosome break types, as con-
trasted with experiments with external radiations when they appear
by the second day following treatment, is probably to be explained
as a result of a rather slow initial uptaeke 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 retio 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 that many of the exchange
types are the result of single hits (single .3 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
(Catcheside, Lea, and Thoday, 1946).

The majority of the aberration types studied in these exper~
iments are cell-lcthal 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

wheat by radiophosphorus absorbed by germinating seeds (Arnason,
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Cumming and Spinks, 1948) also occur, but no attempt 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 €14 as a radiation source, The Cl4, originally ob-
tained as Ba C*Q3, was converted into (N Hjn C*03, 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 pleced in the solutions, each of
which was kept under a separate bell jar on the roof of the lab-
oratory bullding during the course of the experiment., The results
of the subsequent cytological analyses are presented in Table 2,
Initial observations were not made until the fourth day. A4s in

the phosphorus experiments, aberration frequencies at comparable
times are correlated with initial activities, and for each activity
there is, in general, an increase in aberration frecquency with time.
Further, the seme 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 initisl activity per ml. of a redtoactive sotution in which
-infdorescences have rbeen placed,

The next problem is to determine how much radioazctive material has
been teken up by the plant and to relate the resulting radicactivity

to the cytogenetical effect, OSuch information is essential if quan-
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Table 2

FREQUENCIES OF VARIOUS CHROMOSOMAL REARRANGEMENTS PRODUCED IN TRADESCANTIA
MICROSPORE NUCIEI FOLLOWING UPTAKE OF CARBON-14 BY INFLORESCENCES
(FROM SOLUTIONS OF (NH;) 20*03),

Time After|No, of.Cell% Chrenatld Typee per | Chromosome Types per Total Aber,
Start of | Examined » 100 Gelile 100 Cells per 100 Cells

[Experiment Cde i 1eo, Exchi, Del, Exch,

Series A — Initial Concentration of Clt: 8.2uc./ml,

4, days 59 3242 23,7 13.5 0.0 1.7 1.1
6 days 25 80,0 68.0 2.0 0.0 0.0 200,0%

Series B - Initial Concentration of Cti: 4.3nc./ml.

4 days 100 20,0 8.0 7,0 0,0 2.0 3740
6 days 50 80.0 46.0 26.0 0.0 400 156‘0
7 days 50 50,0 36.0 | 38,0 2.0 40 130,0
8 days 50 3440 32,0 | 26,0 10,0 12,0 114..0

Series C ~ Initial Concentration of ClQ: 0.9nc./h1.

)

4 days 86 1.2 l.2 46 0.0 0.0 7.0
6 days 85 10.6 24 1.2 0.0 0.0 14,2
7 days 80 3.8 0.0 | 1.3 1.3 1.3 7.7
8 dayﬂ 150 7.3 313 0.7 2.0 3.3 1606

* Aberration frequency too high to permit very accurate analysis,
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titative comparisons are to be made between equivalent amounts of
external and internal radiation, Consequently, an attempt has
been macde to develop methods suitable for the simultaneous eval-
uation of the cytological effects and the "dosage™ of radiocac-
tivity in a given Tradescantia bud.

The term "dosage" is loosely employed in this paper to express

the total number of disintegrations having taken place within e
bud and not to denote roentgen equivalents. Beforc 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 .“particles
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 esséntial to obtain conditions of minimum back and forward
Scattering and of minimum self-absorption of the radiations, These
optimum conditions mey be realized only by strict observance of the
principles involved., (Zumwalt, 1947). The samples must be mounted
on thin films such es polystyrene in order to obtain minimum back
scattering conditions., The buds must be digested so as to remove
the bulk of the matter that would contribute to forward scattering
and to self-absorption, The observance of these conditions makes
it impossible to evaluate the cytological effcct on the same bud
used for the estimation of the raciocactive content unless one
resorts to aliquot sampling.

Distribution of P32 in Tradescantia Buds, Preliminary experie

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 werc placed in a solution containing 1Opc/ml

of P32, After a period of four days buds of approximately the same size
and shape were selected from single inflorescences, digested with
concentrated nitric acid in the presence of 5 mg. of NaoHPOz,fHp0 and
counted in a standatd 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 average by as much as 6%, 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 mede

and requires thot both the P32 content and the chromosome aberrations
be determined on the same bud,

The next comparison involved a determination of the variation
in P32 content of the six single anthers from the same bud. Each
anther was treated es described previously for the individual buds,
The results, 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 1 8% with an extreme range of 24%. This variation may be
considerably reduced by the method discussed below,

Varistion in the P32 Content of Half-Anthers, In an attempt to

obtain more uniform 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 with a sharp knife. Fairly good
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N

divisions could he made by this method although a small amount
of fluid was lost on the knife blade, The amount of P32 lost
amounted to 1% or less, The half-anthers were prepared for
counting as before, Table 3 presents thc data obtained by this
method, Then all samples ere considered, the veriation about
the average is of the order of 5%, Threc out of thirteen buds
had a greater error, two of which were above 10%. Eight out of
thirteen buds had a variation of 2% or less from the average,
This value falls within the expectec error of the instrument.

Relisbility of the Helf-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 the initial cytological prob-
lem is concerned with determining the reliability of cytological
analyses by this method as was done for the p32 determination,

The results of such anzlyses are shown in Table 4., All slides were
scored under coce nud the data compilations madc after all scorings
were completed, Corparisons hav: been made on the basis of both
aberrations (of all types) per 100 cells and breaks per 100 cells,
Calculaticns of breeks per 100 cells have been made in accordance
with the recsults of experiments utilizing X-radiation of relatively
high intensity which indicate that chromatid exchanges and chromo—
some dicentrics and rings are principally two-break (two-hit) types,
whereas chromatid and 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




TABLE 3

COMPARISON OF P32 CONTENT OF TRADESCANTIA HALF-ANTHERS,
BUDS REMOVED FROM INFLORESCENCES AFTER FOUR DAYS IN P32 SOLUTION
1® nC/ML. INITIAL ACTIVITY)

BUD HALgE%ﬁTHER 'COUNTS MIN* | AVERAGE | PERCENTAGE DIFFERENCE FROM AVERAGE
& ; 3;3gg 8,652 1.3
= > e 8,350 1.4
. - L 8,875 346
. 5 = 6,333 549
< a s 8,773 2,0
2 : 18" 78 18,362 2.0
& b 3:333 3,428 13,3
5 % g:ggg 3,009 10,8
¢ b iﬁ;igg 10,706 4e5
! - 1&;332 11,576 0.8
¥ : 18,758 18,804 0.2
i . . 17,453 0wt
20 n . 8,56 0.1

Average % difference r 3.5



COMPARISON OF P32 INDUCED CHROMOSOMAL REARRANGEMENTS IN SINGLE TRADESCANTIA

[}
BUDS USING THE HALF-ANTHER METHOD, 10UC./ML. OF P32 INITIAL SOLUTION .
Time After Bud No. Cells Chromatid Types Chromosome Types Total Average % diff.
Start of tre§t— No. Exanined ‘per 100 Cells per 100 Cells Aber, Aber. from av,
ment (days ' Per 100 | Per 100 ) '
Cde | Iso. |Exch, Del, | Exch, Colls Colls
1 268 50 0.0/ 0,0| 0.0 0.0| o0,0 0.0 | L
{E 16b 50 2,0 0,0 ] 0.0 0.0 | 0.0 4.0 2+ (100)
A9a 50 0.0} 0,0 | 0.0 0,0 0.0 0.0
A9b 50 0.0{ 2.0} 0,0 0.0 | 0.0 440 2.0 (100)
2 ' 12a 50 24,0( 16,0 | 30,0 0,0 0.0 " 70,0 '
12b 57 15.8 | 26.3 | 10,5 0.0 | 0.0 52,6 61,3 1e2
13a 50 8.0 12.0 | 2,0 0.0 0.0 22,0 . -
1 13 50 2,0 12,0 | 6,0 0.0 | 0.0 20,0 : o
3 1 15 50 10,0{ 18,0 | 2.0 0,0 | 0.0 30,0 - L
15b 50 14,0} 10,0 | 8.0 0.0 0.0 32,0 31.0 3.2
16a 50 18.01 42,0 | 28.0 0.0 0.0 88,0
16b 50 16.0 | 44,0 | 26,0 0,0 0.0 86,0 87.0 1.1
17a 50 14,0 | 28,0 | 16.0 2.0 0.0 60,0
176 50 16.0 | 22.0 | 16.0 0,0 0.0 54,0 57,0 5.3
4 5a 36 Lok | 833 | 4hes 2,7 | 2.7 177,5 ' |
5b 25 72,0 | 64,0 | 48, 0.0 0.0 184.,0 180,8 1.8
19a 18 5.6 72,2 | 22.2 0,0 5,6 105.6
19b 18 27,7 55,6 | 27.7 11| 0,0 122,2 113.9 7,3
6 ASa 50 18.,0/32,0| 80 | 0,0 6,0 64,0
A5b 50 8.0 | 20.0 | 20,0 2.0| 2.0 52,0 58.0 10,3
7a 13 75,0 | 75,0 |175.0 0,0 0.0 325,0%
7b 14 71.4 |121.4 |135.7 0,0 | 7.1 335,6# 330.3 1.6
* Aberration frequencies too high to permit very accurate scoring. Average # difference x 5.5

TABIE 4




TABIE 44 COMPARISON OF P32 INDUCED CHROMOSOMAL REARRANGEMENTS IN SINGLE TRADESCANTIA
BUDS USING THE HALF-ANTHER METHOD. 10 C./ML. OF P32 INITIAL SOLUTION

BUD TOTAL AV, % DIFF. GENERAL
NO. BREAKS BRESKS FROM { AVERAGE
PER 100 CELLS PER 100 CELLS AVERAGE ; ABERRATIONS
| PER 100 CELLS
6 0,0
i(a; 420 2.0 (100)
2,0
493 040
12 00,0 '
12'; 163.1 81.6 22:7
41,1
138. 24.0
13b ‘ 26,0 25.0 40 '
&
1 2,0
1§§ io.o 36,0 11,1 '
16& 11200
16b 116.0 114.,0 1.8 5843
17a 70,0
l7b 76.0 73.0 4.1
5a 225,0
5k 232,0 228,5 1.5
1474
19a 133,0
19b 150 .0 141.5 6.0
ASa 78.0 ;
A5b 74.0 76,0 2.6
7a 500,0
7b 178.6 489.3 2.2 194,42

= average % dlfference = 0.2
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(single ionization paths). Thus it is probable that the comparison
of aberrations per 100 cells is the more valid measure of veriability.
For both comperisons, when 2ll samples are considered the variations
about the average is of the order of 5 to 6%. Thesc compsrisons

indicate that the precision of the cytologicel results 1s 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 types are the only ones
recorded in the observations at two days and three days (with one
exception) after thc initiation of treatment, Chromosome types
first appear regulerly 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 P32 solutions as the figures in
the last column of Table 4 indicate.

The aberration frequencies recorded with these cxperiments are
in general higher than those obtained in previous experiments in
which solutions of about the same initial activity werc utilized.,
The principal reason for such differences is probably the fact that
the present solutions were essentially carricr-free, whereas an
appreciable amount of inert phesphorus was added to the original
solutions, Further, the initial experiments were carried out with a
separate clone of plants and under different external envirommental
conditions, which must necessarily influcnce the uptake of P2,

Combined P32 and Cytological Analyses by the Half-Anther Method.

The previous discussion incicates that the half-anther method should

be sufficiently accurate to permit correlations to be made between
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P32 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
measurcments are given for whole buds, the recorded count value

fér e set of halfwanthers being doubled and added to that for the
remainder of the bud, It is evident that there is a definite posi-
tive correlation, between the activity of a given bud and the freq-
uency of chromosomal aberrations. This is perticularly true within
e single experimental series, and especially at higher activity
levels where the statisticel reliability of both measurements is
better.. The aberration frequency in the control utilized in series
PV is considerably higher than that obtained in previous controls,
but is based on the analysis of a much smaller number of cells,

It is to be noted that the length of treatment varies, and
consequently the cytological effect cennot be directly relatcd to
the activity as recorded at any one 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 Tradescantie Buds, In order to obtain

the P32 uptake curve the standard mounting of the Geiger-Muller
tube was slightly modified so that the radistions from the bud
could be meesured while the radiations from the rest of the plant'
aﬁ&: the soluticn 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




COMPARISON OF ACTIVITY MEASUREMENTS (P32) AND CHROMOSOME
ABERR.TIONS IN SINGLE TRADESCANTIA BUDS USING THE HALF-ANTHER METHOD.

T4BIE 5

SERIES

"BUD 4CT. | DAYS AFT. | NO. CELLS | CHROMATID TYPES | CHROMOSOME TYPES SBERR. | ACTIVITY
NO. NO, or 1-3 START OF EXAMINED 1-HIT 2-HIT , PER 100 | PER BUD
SOLUTION TREATMENT CD | IS0 EXCH | 1-HIT 2-HIT CELLS o/

PIV | B-12 1.0ug/ml 100 ¥ | 1 '3 2 1 31,0 10,184
B~15a 1,0uc/ml. 146 ) 4 0 0 1 7.6 5 707

B-15b 1.0ug/ml 13 1 2 4] 0 0 2.7 ,489

»20 0.0lue/ml 169 0 0 0 0 0 0.0 43

P | a2 O.1nc/ml 8 250 0 0 0 1 0 0.4 684
L-b 0. lug/ml 8 12 4 1 0 0 ) 4.8 1,144

2-10 0.luc/ml 8 164 1 1 0 0 1 1,8 "336
Control 0.0uc/ml 8 185 0 1 0 0 0 0.5 17

PVI {9 10,0uc/ml 2 100 21 | 17 11 0 0 49,0 40,390
{10 10.Guc/ml 2 100 16 1 3 0 1 31,0 19,707

5 10,Cuc/ml 3 12 9 5 17 0 0 257.3% 96,000

3 10,Que/ml 3 100 16| A 6 0 0 43.0 17,130

#* gberration frequency too high for very accurate analysis,




Figure 1,

Geiger-Mueller tube mounting for recording the rate of
P32 yptake in a Tradescantia bud,
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Figure 2

Uptake cur%es of P32 in Tradescantia buds, Curve 1 (se— 3)
a-@olution practically carrier free; Gurve 2 (sce) - 10 mg,
of NagHPO;,7Hy0 added per ml. of solution,
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mg. of Nay HPO,-7Hp0 per ml. The addition of inactive phosphorus
to the solution markedly retarded the rate of P32 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, Six half-anthers are employed for the
cytogenectic count and the remaining six half-anthers and other
parts of thec bud may be digested separately with concentrated nitric
acid in the presence of phosphate for the determinstion of the
total number of disintegraticns for the wholé bud at the end Bf*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 thcn becomes related to the true dose of radiation the
bud has received,

Values obtained by the method will have & certain degree of
uncertainty depending un the cxperimental conditions and on the
validity of certain assumptions associated with such measurements,
These assumptions are that the P32 will be equally distributed
among the various parts of the bud during the uptake period, the
background value will remain constant throughout the run, and the
radiations back-scattcred from the shield and originating in the
unshieclded porticns of the stem will produce a ncgligible biological
effect, At precsent 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
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of uncertainty resulting in such determinations, Nevertheless it
is apperent 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 end cen be examined only superficially from time
to time during phosphorus upteke provided care is taken that its
geometrical position and shape with respect to the tube are not al-
tered., Hence, it may be expected thet a fair number of buds will
not be useble for cytogcnetic analysis, This difficulty can be
largely eliminated by the use of a multiple-channcl count rate recorder,
Such an instrument will permit the simultaneous anzlysis of p32
upteke in several buds, of which those in the appropriate state of
mitosis can be used for cytological analysis,

Data correlating chromosome aberrations with the totel 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 & 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.
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Summary

Studies have been made of 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 cerbon-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 aberration frcquency over that in
controls has been Cetected in inflorescences placed in solutions of
initial activities from 100 to 0.1 pc/hl. The sequence of aberration
types is fundamentally similar to that observed in previous X-ray ex-
periments, but the relative frequency of chromatid exrhanges is con-
siderably higher,

The foundations 86r 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
frequency involves the use of two sets of half-anthers. Using this
method, the sampling error for both P32 Jetermination and chromo-

some aberrations is of the order of 5%. The total numbcr of disin-
tegrations taking place within a single bud from the time the inflo-
rescence is placed 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 utilizing a recording

counter,
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