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The discovery by Muller in 1927 studying the fruit fly Drosophila, and by
Stadler in 1928 studying barley, that X-rays can induce mutations, represented
a milestone in the history of Genetics. It demonstrated clearly that “artificial
transmutation of the gene” could be performed by environmental means. In
1043, Oehlkers showed that a chemical substance (aluminum chloride) could be
mutagenic and in 1944, Auerbach and Robson first published their results from
studies with mustard gas in which they showed this chemical to be a powerful
mutagen that could induce a frequency of both gene mutations and chromosome
aberrations as great as that from X.rays. These studies led the way for later
ones on the radiomimetic effects of certain chemical compounds, that is, the
effects produced by chemicals that are similar to those caused by irradiation.
Since then, considerable evidence has been accumulated, primarily as a result
of more sophisticated teckniques, confirming the fact that the genetic material
within the cell is subjected to both structural and functional modification by
many chemicals, as well as by ionizing radiations.

In previous reports, we have shown that a number of pesticides, namely,
herbicides, insecticides and a fungicide, were highly effective in inducing
chromosomal aberrations in both mitotic and meiotic cells of harley (Wuu and
Grant, 1966a, 1967a) and mitotic cells of Vicia faba (Wuu and Grant, 1967b). One
interesting case concerned an individual barley plant derived from seed treated
with the herbicide Lorox which had 1002 of the pollen mother cells with
chromosomal abnormalities or cellular irregularities, and was morphologically
normal up to the reproductive stage (Wuu and Grant, 1966b). Observations
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are reported here on the induction of chromosomal aberrations by a plant -
growth retarding chemical, B-995, along with information from X-rayed material
used for comparisons.

Materials and Methods

 B-995 is a plant growth regulant which was donated for our study by
Naugatuck Chemicals, Elmira, Ontario, Canada. The active ingredient is N-
dimethyl amino succinamic acid which. constitutes 98% of B—995.

Dry barley seeds (Hordeum vulgare, agronomic variety Montcalm) were
soaked in an aqueous solution of B-995 containing 500, 1000, and 1500 p.p.m..
of active ingredient for periods of 6, 12 and 24 hours. - After treatment the seeds
were washed  thoroughly with tap water and incubated at a temperature of
22°C for 36 hours. Root tips were fixed with Carnoy’s fluid (3:1 ethanol—acetic
acid) and stained by the Feulgen method. Seeds from the 12 hours—1000 p. p. m.
treatment were also sown in pots. Carnoy's fixative and the acetocarmine
smear technique were employed inthe analyses of pollen mother cells. Seeds
harvested from C; plants were germinated in Petri dishes, or resown in soil,
and  observations for both mitotic. and meiotic chromosome irregularities
were carried out in the C; generation in the same manner as for the C;
generation.. In another experiment, a volume of 2 ml. of 500 p.p.m. solution
of B-995 was sprayed -evenly on five seedlings at the age of two weeks, and
meiotic cells of the sprayed plants were later examined. Spraying was carried
out in a greenhouse at 25°C and the pots were returnedv to a cold frame 12

“hours later. , k

For comparative purposes, dry barley seeds were irradiated with 5500 R
X.rays which is an exposure equivalent to approximately 502 sterility in barley
(Ehrenberg ef al, 1961). The seeds were germinated and root tips of the
seedlings and flower buds of the immature spikelets were studied for mitotic
and meiotic chromosomal aberrations, respectively. Seeds harvested from X,
plants without any further treatment were germinated, and mitotic and meiotic
chromosome analyses were carried out in the X, generation. . In another
experiment, seeds irradiated with 2,000 R X-rays were subsequently treated
with a 500 p.p. m. solution of B-995 for six hours, and an analysis was made
on mitotic behavior in the root tips of the geérminating seeds.

Results

1. The first generation:

The treatments of barley seeds with B-995 produced chromosome abnor-
malities in root tip cells ranging from 2.84% to 5.64% for the different concen-
frations and time periéds (Table 1). ‘There was some correlation between the.
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level of concentration of B-995 used in each time interval and the percentage
of affected cells. In the case of the 12 hour treatment in which there was a

k higher average percentage of abnormal cells (5.092%) than in the 24 hour

treatment (4.85%); the difference (0.2424) is not considered significant.

: The percentage chromosomal abnormalities found in root tip cells from the ‘
X.rayed seeds was 4932 and 9.15% from the 2,000 R and 5500 R exposures;

respectively -(Table 1).

Table 1. -Percentage of barley root tip. cells with chromosome. abnormalities as
a result of seed treatment with B-995, X-rays, and X-rays and B-995

Time | Concen | No. of | als M chromo [ Mean 77
Treatment period tration cells Percent. time
(hours) - | (p. p. m,) |examined | Number age period
Pirst Generation
500 | - 264 8 3.03*
6 1,000 211 6 S 2.84 3.07
' 1,500 209 7 3.35% :
500 284 12 4.84*
B-995 212 1,000 216 11 5.09* 5.00
1,500 302 16 5.30%
500 208 9 4:33*
24 1,000 215 10 4.65* 485
1,500 195 111 5.64*
X-ray (2,000 R) : Cese |14 4.93*
X-ray (5,500 R) ‘ . 4707|0043 9.15%
X-ray (2,000 R)--B-995 8 500 225 19 8.44%"
Control ' o 2027 g 0.68
Second Generation
X-ray (5,500 R) - 202 -5 2.48*
B-995 : ' <120 1,000 200 1 0.50
‘Control ' : 234 0 0 ' 7 :

* The percentages starred are significant-at the P>0.05 level .

" In"the combined X-ray (2,000 R) and B~995 (500 p. p. m., 6 hours) treatment,
8449 of the root tip cells were found with chromosome abnormalities, a
percentnge approximately equivalent to the sum of the individual X-ray (4.93%5)
and B-995 (3.0325) treatments. k The majority of the chromosomal abnormaiities
observed in the root tip cells were metaphase fragments and anaphase fragments
(Fig. 1) and bridges (Fig. 2). S ‘
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- In the analyses for chromosome irregularities in meiotic cells of the first
generatmn the ‘highest’ percentage was found from the treatment with the
'5,,500 R exposure of X: rays (391%); Whereas seeds treated with B-995 (12 hours,
1000 p.p.m.) produced -a percentage ‘of chromosomal abnormaties (0.36%) not
much greater than that observed in control (0.22%) plants (Table 2). The
- percentage of microsporocytes with chromosome, abnormalties (0:65%) found
after the seedlings were sprayed - with B-995 (500.p.p. I;n.")f was ‘only slightly
“greater than that found from plants originating from seed treatment. Chromo-
. some aberrations in ‘poilen mother cells as a result of B-995 tréatment are shown
inF igs. 3 and 4 and from Xay trea"cment in Figs. 5 and 6.

. Table 2. Percentage of pollen mother cells with chromosome abnormalities
: reSu,lting Srom seed treatwment with B-995, X-rays and
seedlings sprayed with B-995

: , Time | Concen: | No. of '|" No. of Abnormal: cells
Treatment period " | tration | plants cells Porcent.
e (hours) | (p. p. m.)|examined|examined| Number age
First: Generation
X-ray (5500 R) 5 460 | 18 | 301%
B-995 (seed treatment) 12 1,000 5 533 2 0.36
‘B-995; (seedlings. sprayedy | 500 3 308 2 0.65
Control 4 454 1o 0.22
'k/Sec'ond Generation
Xeray (5500 R) e 897 | 5 | 12
B-995 (seed treatment) | 12 1,000 | 5 615 5 081
Control =~ o g 408 2 | 049

*Signiﬁc'ant at the P<’0‘05 level.‘

: 2. The second generation: ,

There was an extremely low transmlsswn of chromosomal aberratmns in
.G, root tip cells (0.5024) and pollen mother cells (0.81/ )'in the second generatlon '
plants. In the case of the X-irradiated barley, the percentage chromosomal
aberratibns in Xs root tip cells '(2,48%) and pol]eri*lmo‘ther cells ' (1.26%) was
considerably higher than those in the second generation from the B-995 treat-

o “'ment; but much lower in comparison ‘with the results’_f’jrom the Xy generation'.

stcussxon

: The eﬁ‘icxency of B*995 in mducmg chromosomal aberratlons ‘was - con- -
~s1derab1y greai!er in root tip cells than in pollen mother cells Th]S observation
is in. agreement w1th our prevmus studles on the cytolog1ca1 effects of certam\'
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Figs. 1-6. Chromosomal aberrations induced by B~995 and X-rays in roct tip

and pollen mother cells of first generation barley plants. The
treatments are given in brackets.

Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.
Fig. 5.

Fig. 6.

Late anaphase root tip cell with a fragment (B-995, 12 hr.,
1500 p. p. m., sesed soaking) x 4400.

Late anaphase root tip cell with a bridge and a fragment
(B-995, 6 hr., 500 p. p. m., seed soaking) x 5980,

Pollen mother cell at Al with a single bridge (B-995, 12 hr.,
1000 p. p. m., seed soaking) x 1880.

Pollen mother cell at AI with a bridge and a fragment (B-
995, 500 p. p. m., seedling spraying) x 3360.

Pollen mother cell at MI with chromatin threads and frag-
ments (X-ray, 5,500 R, seed irradiaticn) x 2150,

Pollen mother cell at AI with a lagging chromosome (X-ray,
5,500 R, seed irradiation) x 1480,
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pesticides (Wuu and Grant, 1966a, 1967a). The effect of B-995 on meiotic chromo-
some behavior as revealed by the small percentage of abnormalities scored in
the C; (0.362) and C. {0.812), however, was not significant over control.

The occurrence of chromosomal aberrations in meiotic cells varied greatly
from plant to plant in both the B-995 and X.ray treated plants. For example,
of five X, generation plants for which meiotic analyses were made the percentage
of chromosome aberrations found was 0, 1.49, 2.78, 4.70 and 15.38%, respectively.
Factors which may be responsible for the variation in chromosome abnormalities
Among plants have been discussed previously (Wuu and Grant, 1967a).

The low incidence of chromosomal aberrations in pollen mother cells of
B-995 treated plants and the low transmission of somatic chromosomal aber-
rations from the C; to the C, generation would indicate that the danger of
causing a modification of the genetic constitution of B-995 treated plants is
considerably less serious than that from seeds treated with X-rays at the dosages
employed. Furthermore, the concentrations of B-995 applied in the present
study were approximately equal to or slightly higher than that recommended
for commercial application (Naugatuck Chemical Company Technical Data
Bulletin, February, 1962). From these facts, we might consider that the beneficial
use of B-995 in practical plant management would outweigh the possible harmful
effects which might be induced, especially since the incidence of meiotic chromo-
some abnormalities was extremely low. It should be noted, however, that the
production of mitotic chromosome abnormalities from seed treatments with
B-995 were with one exception statistically significant and that the production
of any chromosomal aberrations may produce mutations. Therefore, any
chromosomal aberrations are a threat to the genetic constitution of the organism
within which they are produced and, subsequently, to their descendants.
Chromosomal aberrations are only one type of change which B-995 may induce.
The possibility exists that point mutations, which might be traced down to
single base substitutions, may also be produced by B-995, but a study of this
aspect remains to be carried out.

From a consideration of the percentages of chromosomal abnormalties
induced in root tip cells by a combined treatment of barley seeds with B-99%
and X-rays (8.44%) and those from B-995 (3.03%) and X-ray (4.93%) treatment
alone, it may be concluded that an additive effect was exerted by these two
agents when they were applied consecutively. It is generally believed that the
localization of aberrations on the chromosomes from X-ray induction is non-
specific, whereas, those induced by chemicals have usually a certain degree of
specificity (Kihlman, 1966). Such an occurrence might account for part of the
additive effect observed in the present study. In addition, the dosages of the
X-rays and B-995 used were probably not high enough to cause the maximum
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number of aberratmns p0531ble, so that the breaking.points induced by X -rays
and B-995 would not necessarlly overlap Thus one might expect that a
combined treatment would produce more chromosomal aberrations than one
with either - agent separately. Such an explanation, for the additive effect

would exclude one in terms of interaction.. No information is available on the
latter possibility.

 Summary

SRE Barlejf seeds treated with B 995, a plant- ‘grow‘th retarding chernical,

with'a concentration of 500, 1, 000 and 1,500 p.p.m. for 6 12°and 24- ‘hours, had
c¢hromosomal aberrations in root tip cells of the Cl generatlon which ranged

from 2.84 to 5.64%. -Some correlation exrsted between the concentration: of

B=995 applied and the percentage of cells W1th chromosomal abnorma11t1es
“observed. - :

© 2. -Seeds irradiated with 2,000 and 5 500 R X- -rays’ for ‘comparative purposes,

‘had 493 and 915/ root tip- cells of the X; seedlmgs with chromosomal

aberrations.

3. 'The percentage of pollen mother cells with chromosomal aberrat1ons

" after seed treatment with B-995 in both the C; (0.36%%) and C: (0.81%) gener-

ation plants was very low and the percentages obtained ‘were only shghtly

‘greater than those found for controls (0.222¢ YA similar result was found in
“an analysis of pollen mother cells after seedling spraying (0.65%7).

4. For the 5500 R X-ray treatment 3.91% and 1.26% of the ‘meiotic cells
of the X; and X, generation plants, respectively, were found with: chromosomal
aberrations. «

5. -Chromosomal aberrations in root tip cells of the C; generation Were
extremely low (0.527) indicating a low transmission of chromosomel aberrations:

6. For the 5500 R seed exposure 2.48% of the root t1p cells of the X,

“seedlings possessed chromosoinal aberrations.

7. An additive effect was observed after-a combined: treatment of barley
seeds with X-rays (2,000 R) and B-995 (6 hrs, 500 p.p.m.) in which 84494 of

the root tip cells were found with chromosomal aberratlons whlch is approxi-

mately the sum of the individual X-ray (4.9325) and B-995 (3.03%5) treatments.
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