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HE role of time-intensity relationships in the production of chromosome T aberrations by X-irradiation was first studied in Tradescantia by SAX 
(1939). By examination of microspores five days after X-irradiation, using a 
total dose of 320 r, he showed that the frequency of chromosome aberrations 
(dicentrics and centric rings) could be reduced 40% by increasing the duration 
of irradiation by a factor of 16. This intensity effect has long since become well 
established through the experimentation of SAX (1940, 1941, 1950) and a 
number of other investigators (CATCHESIDE et al. 1946a; MARINELLI et al. 
1942). SAX also demonstrated ( 1939) that a reduction in 2-hit aberrations 
could be obtained by fractionating the total dose into a number of parts instead 
of giving it all at once and concluded (1940) that for 2-hit aberrations " most 
of the unions occur within a few minutes, and at the end of about an hour all 
fusions are complete. This does not necessarily mean, however, that a broken 
end can remain in an unstable condition for only an hour." LEA and CATCHE- 
SIDE (1942) upon a mathematical treatment of the data of SAX concluded that 
the average time between breakage and reunion is about 3% minutes, although 
a few breaks may not restitute and may remain open for a longer period of 
time. Additional experiments of CATCHESIDE et al. (1946b) suggested that if 
restitution or reunion of newly broken ends is not accomplished within a few 
minutes, then it may be a long time, measured in hours, before more or less 
accidental movements bring the ends within the range of attraction again. 

LANE (1951) in experiments " designed to obtain more critical informa- 
tion " on the effects of fractionation due to the " deficiencies in design and 
inference " in the work of previous investigators, confirmed the early experi- 
ments of SAX, when the interval between fractions is increased up to 4 hours. 
His experimental results indicated, however, that the aberration frequency 
rises again when the fractionation interval is increased to 6 or 8 hours and, 
furthermore, that at 4 hours' fractionation the frequency of aberrations drops 
considerably below that from twice the half dose. This apparent depressing 
effect on the sensitivity of chromosomes to breakage, he feels, is due to a 
temporary accumulation of nucleic acid on the resting stage chromosomes 

1This work was supported in part by a research contract with the Atomic Energy 
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which reaches a maximum at about 4 hours after the first dose. The 1949 
experiments of LANE were performed under controlled temperature and light- 
ing conditions to reduce to a minimum the effect of uncontrolled environmental 
conditions on the rate of microsporogenesis during the period between irradi- 
ation and fixation. His experimental results have led him to draw a number of 
conclusions, among them, the rejection of the theory of rapid reunion and 
restitution, in favor of one where reunion and restitution occur more than 
8 hours after breakage. 

SAX and LUIPPOLD (1952), in an experiment designed to extend and com- 
plement the original observations of SAX, obtained results quite different from 
those of LANE. On the contention that environmental conditions such as tem- 
perature are effective, but limited to the period during and shortly after irradi- 
ation, the experiments were performed in their original form. Their results 
show the same reduction of 2-hit chromosome aberrations, with rest periods 
of 4, 8 or 12 hours between fractions. Further, this reduction does not exceed 
twice the 2-hit aberration frequency induced by a single half dose. In addition, 
the aberration frequency with 4,s or 12 hours fractionation is much less (40%) 
than that obtained from a full continuous dose. 

LANE (1952) has objected to these results on the basis of uncontrolled 
environmental conditions, a difference in intensity levels used, a difference in 
material ( T .  paludosa versus T. bracteata), and a difference in the time period 
between irradiation and fixation. 

Since the validity of a number of basic theories established over a period of 
years had been questioned so strongly and the evidence for rapid reunion and 
restitution had been rejected so thoroughly by LANE, it seemed desirable to 
design experiments using experimental methods similar to those of both SAX 
and LUIPPOLD (1952) and LANE (1951) to test the validity of the results 
obtained. 

EXPERIMENTAL METHODS 

Plan of experiments 

The experiments were planned with a twofold purpose in mind: (1)  to 
investigate the effect of fractionation at a low intensity using “ uncontrolled ” 
environmental conditions before and after X-irradiation in contrast to LANE’S 
low intensity fractionation experiments with a ‘‘ controlled ” environment, and 
(2) to investigate the effect of fractionation at a high intensity using “con- 
trolled ” environmental conditions in contrast to SAX and LUIPPOLD’S high 
intensity fractionation experiment with “ uncontrolled ” environmental con- 
ditions before and after X-irradiation. 

Materials and growth conditions 

The plants used in both experiments were derivatives of clone 5 of Trades- 
cantia paludosa (obtained from SAX) maintained at  Yale University and at  
the Biology Division of the Brookhaven National Laboratory. The plants are 
ideal since they can be maintained in good flowering condition the year around 
in the greenhouse under standard greenhouse conditions. Inflorescences from 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/38/4/407/6033387 by guest on 25 M

ay 2023



X-RAY EFFECTS ON TRADESCANTIA 409 

at least 40-50 different plants were used for each experiment to reduce to a 
minimum the effects one might obtain from intra- and interplant variation 
within the clone. 

(1) In the low intensity experiment, young inflorescences were cut early in 
the morning of the day of the experiment and placed in the X-ray room prior 
to irradiation. After X-irradiation at 25°C (X-ray room temperature) .the 
inflorescences were placed in the greenhouse where they remained until fixation. 

(2) In  the high intensity experiment, inflorescences were picked 12 hours 
prior to irradiation time, trimmed to a constant stem length, and were placed 
in a well-ventilated constant temperature room at 23-24°C under two different 
artificial lighting conditions. 

Series A was-placed at a distance of 9-11 inches from a light source of six 
40-watt fluorescent bulbs and was given continuous light throughout the ex- 
periment. 

Series B was placed at a distance of 6 feet from a light source of four 
40-watt fluorescent bulbs and two 100-watt incandescent bulbs and was placed 
on an eight-hour photoperiod. 

Irradiation conditions 

(1) In the low intensity experiment (Yale University) the X-irradiation 
was administered at 250 KV and 6 mA, at .a distance of 80.9 cm from the 
target, using a filter of 1 mm of aluminum. The dosage rate of 25 r/min was 
constant for each exposure and was checked with a dosimeter. The total dose 
was 350 r. During the course of the experiment, the temperature of the X-ray 
room varied from 25-26°C. 

(2) In the high intensity experiment (Brookhaven National Laboratory) 
the X-irradiation was administered at 250 KV and 29 mA, at a distance of 
46.0 cm from the target, using a filter of 1 mm of aluminum. The dosage rate 
of 350 r/min was constant and checked with a dosimeter after each exposure. 
The total dose in this experiment too was 350 r. Inflorescences of Series A and 
Series B representing either the full continuous dose, half-dose or fractionated 
doses, were irradiated simultaneously to insure uniformity of dose in compara- 
tive cases under the two lighting conditions. 

Inflorescences were removed from the constant temperature room and trans- 
ferred within 15 seconds to a constant temperature exposure chamber (23- 
23.5"C) for the X-irradiation. After irradiation they were put back into the 
constant temperature room under the appropriate lighting conditions until the 
time of the next fractionation, and subsequent slide preparation. 

Slide preparation and analysis 
At 72 and 96 hours after irradiation a portion of one of the anthers of a bud 

was tested, using smear techniques, with aceto-carmine for an abundance of 
metaphase cells. If the smear was satisfactory, the six anthers were smeared 
on a slide and fixed in fresh Carnoy's fixative. The slides were then stained 
as needed with propionic carmine and examined for aberrations using tempo- 
rary mount preparations. 
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TABLE 1 
The effect of fractionated dosages at low intensity on the aberration frequency 

per cell in Tradescantia paludosa microspores. May 1952. 

Fractionation Interstitial 

cells per cel l  Interchanges deletions 
per cell 

Dose in No. time 
(hours) roentgens 

3 50 0 694 0.48 f 0.02 0.61 f 0.03 
175 + 175 1 5 68 0.43 f 0.03 0.37 f 0.03 
175 + 175 2 600 0.35 f 0.02 0.37 f 0.03 
175 + 175 4 462 0.32 f 0.03 0.37 f 0.03 
175 + 175 8 679 0.41 f 0.02 0.41 f 0.03 
175 + 175 12 93 7 0.36 f 0.02 0.36 f 0.02 

175 0 690 0.17 f 0.02 0.18 f 0.02 

In the analysis, late metaphase and anaphase chromosomes were scored. In 
all cases, no more than 100 cells per slide were scored, so each total count of 
500 cells in tables 1 and 2 represents that accumulated from five different 
slides. In general, the agreement from slide to slide within each irradiation was 
very good, although in a few cases considerable variation from the mean was 
encountered. This again, stresses the importance of using inflorescences from 
a large number of plants in this type of work and scoring a large number of 
cells from a number of slides (SAX 1941). Standard errors have been calcu- 
lated by the method discussed by CATCHESIDE et al. ( 1946a). 

Cells with abnormal chromosome numbers (diploid, monosomics or tri- 
somics) were rejected in the analysis as well as those cells, which occurred 
very rarely, in which chromatid aberration types appeared. 

In tables 1 and 2, interchanges refer to dicentric, tricentric (scored as two 
interchanges) and centric rings, and interstitial deletions refer to acentric frag- 
ments not associated with interchanges. Difficulties in the analysis of acentric 

TABLE 2 

The effect of fractionated dosages at high intensity on the aberration jrequency 
per cell  in Tradescantia paludosa microspores as  modified by different lighting 
conditions before and after irradiation. Temperature throughout the experiment 
24OC. August 1952. 

Fractionation Interstitial 

c e l l s  per ce l l  de let ions 
per cell 

No. Interchanges time 
(hours) 

Dose in 
Series roentgens 

A' 
A 
A 
A 
A 
A 
A 
B l  
B 
B 
B 

350 
175 + 175 
175 + 175 
175 + 175 
175 + 175 
175 + 175 

175 

350 
175 + 175 
175 + 175 

175 

0 
1 
2 
4 
8 

12 
0 

0 
4 

12 
0 

500 
600 
500 
500 
500 
500 
500 

500 
500 
500 
500 

0.54 f 0.03 0.85 f 0.04 

0.35 f 0.03 0.53 f 0.03 
0.34 f 0.03 0.53 f 0.03 
0.29 f 0.02 0.54 f 0.03 
0.31 f 0.03 0.47 f 0.03 
0.16 f 0.02 0.25 f 0.02 

0.63 f 0.04 0.84 f 0.04 
0.41 f 0.03 0.54 f 0.04 
0.35 f 0.03. 0.51 f 0.03 
0.19 f 0.02 0.25 f 0.02 

0.38 f 0.03 0.55 f 0.03 

~ ~ _ _  
'Continuous light. 
a 8-hour photoperiod. 
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fragments, as has been well illustrated by LANE (1951), were overcome by 
classifying as deletions all pairs of acentric fragments in excess of one per 
dicentric chromosome or centric ring, or two per tricentric chromosome. Thus, 
deletions in this method of analysis include fragments of 1-hit and 2-hit origin 
(RICK 1940). 

EXPERIMENTAL RESULTS 

In both the low and high intensity experiments, a total dose of 350 r was 
administered. A continuous dose of 350 r and a single half-dose of 175 r were 
given for comparison with the fractionated doses separated by intervals of 1, 2, 
4,s and 12 hours. 

The results of the low intensity experiment are summarized in table 1 and 
figure 1. The reduction in interchange frequency at 25 r/min as a result of 4 to 
12 hours of fractionation is about 30% that of the full continuous dose and the 
reduction in deletion frequency is about 27% that of the full continuous dose. 
In either case, the aberration frequency reduction at 4, 8 or 12 hours never 
falls below twice the aberration frequency induced by a single exposure of 
175 r (base line of SAX’S curves). 

The results of the high intensity experiment are summarized in table 2 and 
figures 2 and 3. The reduction in interchange and deletion frequency under 
both lighting conditions, at a constant temperature of 24°C throughout the 
experiment, as a result of 4, 8 or 12 hours of fractionation is about 40% that 
of the full continuous dose. 

Whereas the deletion frequency curves in figures 2 and 3 coincide for both 
lighting conditions, it can be seen that the interchange frequency curves, 
although identical in shape, show a uniformly higher interchange frequency for 
those inflorescences maintained under an eight-hour photoperiod than those 
kept under continuous light. 

The fundamental relationship, however, of the interchange frequencies at 
4, 8 and 12 hours of fractionation not exceeding that of twice the aberration 
frequency produced by a single dose of 175 r has not been altered by the differ- 
ent environmental conditions. Whether light bears a relationship to total inter- 
change frequency, as seems possible in these experiments, will have to be deter- 
mined more accurately in further experimentation designed expressly for that 
purpose. Preliminary experiments, to date, along these lines suggest, however, 
that this relationship may be due, rather, to any one of a number of personal 
factors in experimentation methods or scoring. 

DISCUSSION I 

As stated previously, the experiments presented in this paper were designed 
to act as controls on both the experiments of SAX and LUIPPOLD and those of 
LANE. What we have considered LANE’S most valid objection, that of “ uncon- 
trolled ” environmental conditions after irradiation, has been shown in these 
experiments to have no effect on the 2-hit aberration frequencies obtained after 
4-, 8- or 12-hour intervals between fractions. 
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In  the low intensity experiment (25 r/min) no particular precaution was 
taken after X-irradiation (as in SAX’S experiments) and the inflorescences 
were left in the greenhouse until fixation. The temperature was, of course, 
“controlled ” during the irradiation and varied from 24 to 26°C. Neverthe- 
less, the fundamental relationships as shown by SAX and LUIPPOLD (1952) 
are the same in this low intensity experiment. In no instance did we find that 

0 1 2  . 4  a t2 

$.....I ..... ...........$. ............ ..... ............_. 

17Sr 

4 ... ., , ..... . .... 

0 1 2  4 8 I2 
JNTERVAL (HRS.) BETWEEN DOSE FRACTIONS 

FIGURE 1.-Interchange and interstitial deletion frequencies per cell with a dose of 
350 r at an intensity of 25 r/min. 

at 4: 8 or 12 hours fractionation, the 2-hit aberration frequency fell signifi- 
cantly below twice the 2-hit aberration frequency of a single half-dose. At no 
p i n t  from 4 to 12 hours of fractionation (as proposed by LANE) did we find 
evidence for a significant increase in aberration frequency due to a “ recovery ” 
in sensitivity to breakage. 

However, even though this experiment was performed at the same intensity 
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and buds were fixed at the same or equivalent time after irradiation, objections 
might still be made on the grounds of uncontrolled environmental conditions 
after irradiation. 

The high intensity experiment was performed in a manner closely allied to 
the 1949 low intensity experiments of LANE (1951). Temperature was con- 
trolled befmore, during and after irradiation with a maximum variation of 23- 

. . ~  .................................. 

3 175, 

0 1 2  4 8 12 

f 

................. I ..................................... f ..................................... G... $ 4 €E: 

0 1 2  4 8 12 
INTERVAL (HRS.) BETWEEN DOSE FRACTIONS 

FIGURE 2.-Interchange and interstitial deletion frequencies per cell with a dose of 
350 r at an intensity of 350 r/min. (continuous light). 

24°C. The lighting conditions were duplicated and buds were kept in continu- 
ous light throughout the experiment (series A).  Buds were again fixed at 
equivalent times after irradiation. 

An examination of the interchange frequency curves in figures 2 and 3 
shows that, even where temperature has been held constant, with variable 
lighting conditions, the results obtained at 4, 8 and 12 hours of fractionation 
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are again the same as those found in the low intensity experiment. The 2-hit 
aberration frequencies from 4, S or  12 hours of fractionation do not differ sig- 
nificantly from twice the 2-hit aberration frequency obtained from a single 
half-dose. Thus, even the use of LANE'S exacting experimental method does 
not yield experimental results in accordance with those resulting from his 1949 
experimentation. 

................... . . . . . . . . . . . . . .  

@ 1 1 1 .  

0 4 12 

I 

.._ ............................................... I ......... I 8 

0 ' 4  t2 
INTERVAL (HRS.) BETWEEN DOSE FRACTIONS 

FIGURE 3.-Interchange and interstitial deletion frequencies. per cell with a dose of 
350 r at an intensity of 350 r/min. (%hour photoperiod). 

We, then, are forced to the same conclusions as SAX and LUIPPOLD (1952) : 
that the differences in experimental results are due to inadequate data as a 
result of the low numbers of cells (chromosomes) scored by LANE. Consider- 
able variation in microspores from anthers which have apparently received the 
same treatment has been encountered previously by a number of investigators 
(SAX 1941 ; CATCHESIDE, LEA and THODAY 1946a). 
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SUMMARY 

Experiments have been performed at a low and a high intensity of X-rays 
on Tradescantia microspores to test the validity of the theory, recently pro- 
posed by LANE, that there is an inhibition-recovery sequence in the production 
of chromosome aberrations with fractionated doses. In both experiments single 
doses of 350 r and 175 r were administered without fractionation. In addition, 
five exposures of 350 r were administered in two equal parts with intervals of 
either 1, 2, 4, 8 or 12 hours between fractions. The results of “ controlled ” 
environmental conditions (light and temperature) in the high intensity experi- 
ment and ‘ I  uncontrolled ” environmental conditions in the low intensity experi- 
ment do not support the inhibition-recovery sequence theory. The results of 
both experiments support, rather, the original and later conclusions of SAX 
that the reduction in chromosome aberration frequency with rest periods of 
4,s or 12 hours between doses does not exceed twice the aberration frequency 
induced by a single half-dose. In none of the intervals tested did the aberration 
frequency drop significantly below that induced by twice a single half-dose. 
Further, the experimental data provide no evidence for a significant increase 
in aberration frequencies with 4- to 12-hour intervals between fractions, due to 
a ‘ I  recovery ” in sensitivity to breakage, as proposed by LANE. 
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