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rI. STUDIES WITH FAST 

HE previous paper (DE SERRES and GILES 1953) has described the results T of experiments investigating the effects of fractionated doses of X-rays on 
the frequency of chromosome aberrations induced in Tradescantia microspores. 
The results of these studies demonstrate that there is a marked effect of X-ray 
dosage fractionation in reducing the yield of 2-hit aberration types and, further, 
that no recovery from this reduced yield occurs when the period between dose 
fractions is greater than four hours. These conclusions are thus in agreement 
with those obtained in earlier experiments of SAX (1939, 1940) and more 
recent experiments of SAX and LUIPPOLD (1952), and do not agree with the 
observations of LANE (1951). 

In  the discussion and interpretation of his experimental results with X-rays, 
LANE also discussed some of the results of fast neutrons experiments. These 
experiments (GILES 1940, 1943; TNODAY 1942) indicated that with fast neu- 
trons, in contrast to the situation with X-rays, the relationship between radia- 
tion dose and interchange frequency is linear, suggesting that both breaks are 
the result of a single hit, both being produced by a single proton path. This 
interpretation was confirmed by experiments in which it was shown that there 
was no effect of the intensity of neutron radiation on either chromosome or 
chromatid interchange yields, and also that fractionation of a neutron dose had 
no effect on the frequency of chromatid interchanges. Since the intensity and 
dose fractionation results with neutrons are difficult to reconcile with LANE’S 
interpretations of his X-ray results, LANE questions the validity of these re- 
sults, although he presents no new data based on neutron experiments. Conse- 
quently, when experiments were being planned to reinvestigate the effects of 
fractionated doses of X-rays, it seemed desirable to perform additional comple- 
mentary studies with neutrons. In the original experiments, most of the obser- 
vations dealt with chromatid rather than chromosome effects and the time 
intervals between dose fractions did not exceed 32 minutes. I t  thus seemed 
desirable to determine experimentally whether fractionation would have an 
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effect on the frequency of chromosome exchanges, particularly with longer 
time intervals between fractions. Experiments of this type are now much 
easier to perform, since more adequate facilities are available compared to the 
situation which obtained in the early experiments using cyclotron-produced 
neutrons. 

MATERIALS AND METHODS 

The same clone of Tradescantia puludosa (SAX No. 5)-was used as in the 
X-ray experiments (DE SERRES and GILES 1953), and in general the proce- 
dures for slide preparation and analysis were similar. Inflorescences were 
irradiated with fast neutrons arising from uranium fission in a special exposure 
device in the Oak Ridge nuclear reactor as utilized and described in previous 
studies (GILES and CONGER 1950; GILES, BEATTY ,and RILEY 1952). All 
irradiations were performed at approximately 23.5 O C in air. The inflorescences 
were kept at this temperature between dose fractions and were then removed 
to the greenhouse where they remained until slides were prepared at 72 and 96 
hours after the end of the second radiation dose. The fast neutron dose was, 
monitored with the same Victoieen thimble ionization chamber used in the 
experiments of GILES, BEATTY and RILEY (1952). The neutron intensity was 
approximately 2.5 N/min. Fractionated doses were administered in two five- 
minute exposures (12.5 N each) with intervals of 1, 2, 4, 8 and 12 hours be- 
tween exposures. In addition, individual separate exposures of 5 minutes 
(12.5 N )  and 10 minutes (25 N )  without fractionation were made. 

RESULTS AND DISCUSSION 

The results of the analyses for frequencies of interchanges and of interstitial 
deletions arising from the several different exposures to fast neutrons are pre- 
sented in table I. In  addition, these results are represented graphically in 
figure 1. 

It is immediately clear that, in marked contrast with the X-ray results, there 
is no decrease in the frequencies of either aberration type with dose fraction- 
ation intervals up to 12 hours. Further, the values obtained by multiplying by 

TABLE 1 

Effect of fast  neutron dose  fractionation on the frequencies of chromosome intes- 
chanees and interstitial deletions induced in Tradescantia microspores. 

~ 

Inters tit ia l  
deletions 
per ce l l  

Dose Time interval (hrs.) No. Interchanges 
(N units) between fractions cel ls  per cell  

25 0 
12.5 + 12.5 1 
12.5 + 12.5 2 
12.5 + 12.5 4 
12.5 + 12.5 8 
12.5 + 12.5 12 

12.5 0 

300 0.82 f 0.05 0.80 f 0.05 
300 0.90 f 0.05 0.90 f 0.06 
326 0.84 f 0.06 0.90 f 0.05 
350 0.76 f 0.05 0.90 f 0.05 
52 3 0.84 f 0.04 0.83 f 0.04 

0.81 f 0.04 0.92 f 0.04 550 
67 8 0.44 f 0.03 0.44 f 0.03 
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two the aberration frequencies arising from a single dose delivered in one five- 
minute exposure, agree well, as shown in figure 1, with those obtained from 
the ten-minute exposures, whether these were made in a single exposure or  in 
two fractions. 

The absence of an effect of dose fractionation with fast neutrons observed 
in these experiments on chromosome aberration types is in agreement with the 
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FIGURE I.-Interchange and interstitial deletion frequencies per cell with a dose of 
25 N at  an intensity of 2.5 N/min. 

results obtained in previous studies ( GILES 1943) involving chromatid aberra- 
tion types. These data do not support the contention of LANE (1951) that 
there exists an inhibition-recovery sequence in radiation experiments on chro- 
mosome breakage. The contrasting effects obtained in these experiments with 
neutrons and comparable ones with X-rays (DE SERRES and GILES 1953) sup- 
port the original hypotheses of SAX (1939, 1940) and GILES (1940, 1943) as 
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to the mechanisms of X-ray and neutron-induced chromosome interchanges in 
Tradescantia microspores. With neutrons both breaks are still interpreted as 
arising simultaneously from a single event-the passage of a single recoil 
proton-and hence no effect of intensity or of dose fractionation is anticipated. 
With X-rays, however, the two breaks are interpreted as arising independently 
as a result of the passage of separate secondary electrons. The reduction in 
yield of interchanges with lowered intensities or with fractionated doses is still 
most adequately explained on the view that relatively rapid restitution occurs 
following breakage. 

SUMMARY 

Experiments have been performed with fast neutrons to test the effect of 
dose fractionation on the frequencies of chromosome aberrations (interchanges 
and interstitial deletions) induced in Tradescantia microspores. A single dose 
of 25 N was administered without fractionation, and in two equal fractions with 
intervals of 1, 2, 4, 8 and 12 hours between fractions. No effect of fractionation 
has been found; the frequencies of both types of aberrations studied were 
essentially the same for all treatments. Further, aberration frequencies ob- 
tained from a single dose of 12.5 N were approximately half those produced by 
25 N. These results are in marked contrast to those obtained in similar com- 
parative experiments with X-rays where a pronounced decrease in aberration 
frequencies, with no recovery even with intervals between fractions as long as 
12 hours, results from dose fractionation. The data obtained in the present 
experiments with fast neutrons are in agreement with previous hypotheses as 
to the mechanisms by which radiation-induced chromosome aberrations arise 
in Tradescantia. They do not support the contention that there exists an inhibi- 
tion-recovery sequence in the production by radiation of chromosome breakage. 

ACKNOWLEDGMENT 

The authors would like to acknowledge the assistance of MISS MARY CASE 
in the slide analyses. 

LITERATURE CITED 

DE SERRES, F., and N. H. GILES, 1953 The effects of fractionated doses of radiation on 
chromosome aberration frequencies in Tradescantia microspores. I. Studies with 
X-rays. Genetics 38: 407-415. 

GILES, N., 1940 The effect of fast neutrons on the chromosomes of Tradescantia. Proc. 
Nat. Acad. Sci. 26: 567-575. 

GILES, N. H., JR., 1943 Comparative studies of the cytogenetical effects of neutrons and 
X-rays. Genetics 28: 398-418. 

GILES, N. H., JR., and A. D. CONGER, 1950 Chromosomal interchanges induced in 
Tradescantia microspores by fast neutrons from uranium fission. J. Cell. Comp. 
Physiol. 35: Supp. 1:  83-88. 

GILES, N. H., JR., A. V. BEATTY and H. P. RILEY, 1952 The effect of oxygen on the 
production by fast neutrons of chromosomal aberrations in Tradescantia microspores. 
Genetics 37: 641-649. 

LANE, G. R., 1951 X-ray fractionation and chromosome breakage. Heredity 5: 1-35. 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/38/4/416/6033357 by guest on 25 M

ay 2023



420 
SAX, K., 1939 The time factor in X-ray production of chromosome aberrations. Proc. 

Nat. Acad. Sci. 25: 225-233. 
1940 An analysis of X-ray-induced chromosomal aberrations in Tradescantia. 
Genetics 25: 41-68. 

SAX, K., and H. LUIPPOLD, 1952 The effect of fractional X-ray dosage on the frequency 
of chromosome aberrations. Heredity 6: 127-131. 

THODAY, J. M., 1942 The effects of ionizing radiations on the chromosomes of 
Tradescantia bracteata. A comparison between neutrons and X rays. J. Genet. 43: 

NORMAN H. GILES ET AL. 

189-210. 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/38/4/416/6033357 by guest on 25 M

ay 2023


