STUDIES ON THE RADIATION BREEDING IN THE
GENUS MENTHA

(VI) DOSE-RESPONSE CURVE FOR ROOT GROWTH
AND INTERSPECIFIC DIFFERENCE
IN RADIOSENSITIVITY
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Introduction

It is a well known fact in radiobiology that different organism shows different degree of
sensitivity to radiation. Moreover, since the early studies by JOHNSOH (1933, SMITH (1949
and DAVIES (19622, 19¢2b), it has been reported that there is also a marked difference in
radiosensitivity between varieties or lines of the same species. Studies on interspecific differ-
ence in radiosensitivity not only provide valuable informations in radiobiology but also are
required from the practical point of view in radiation breeding.

A series of experiments has been carried out by us to clarify the radiobiological and gene-
tical aspects of interspecific differences in radiosensitivity in the genus Mentha. In the
present report, effects of gamma rays on root growth will be presented with special reference
to the dose-response curves and the interspecific difference in semsitivity.

Materials and Methods

BKR to B0KR of ®Co gamma rays were given to dormant seeds of twenty of species or
lines in the genus Mentha at a dose rate of 96R/min. That is, a sample of two petri dishes,
with 50 seeds in each, was irradiated with *Co gamma rays of 5KR, 10KR, 15KR, 20KR,
40KR and 60KR. Prior to iradiation, the seeds were kept in a desiccator over saturated
NaClOs, solution for more than two weeks, during which all the material had the same mois-
ture contents of about 17~20%. Immediately after irradiation, the seeds were immersed in
usuplun sterilizing solution for five hours and washed with distilled water, and allowed to
germinate on water soaked blotting paper in petri dishes. The dishes were placed under the
daily alternations of temperature, especially of 15°C for 16 hours and 30°C for 8 hours.
The non-irradiated control seeds were treated in the same way as the irradiated ones. Measure-
ment was taken on the length of the seminal roots 20 days after irradiation.

Results

The mean root length of each irradiated plot was expressed as a ratio to the corresponding
control value. This proportion will be indicated by “Ar”.  TFig.1 shows the dose-response
curves for 8 species out of 20 species or lines. From this figure the following features can
be drawn :

(1) The eight species tested revealed different semsitivity. M. arvensis L. var. piperascens
(2n=06) was most resistant and M, arvensis L, var. agrestis (2n=7T2) most sensitive,
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Fig.1 Doseresponse curves for root growth 20 days after irradiation
for eight species in the genus Mentha.

(2) Dose-response curves are of sigmoid type for all the species tested and the more sensi-
tive species have curves with steeper slope.

(8) By comparing the corresponding doses to a given value of Ar for any two species, it
can be found that the ratio between two doses is almost constant.

(4) After irradiation of S5KR, a slight increase in root length was observed in some species.

(5) Root length was never reduced to zero even at the highest dose.

The length of root emerged at the highest dose is thought to be independent of radiation
effect. TFor further comparison of dose-response curves between species, this length was sub-
tracted from the mean of the irradiated plots and from that of the control plots, and the ratio
between the residual val-
ues was calculated. This
ratio will be referred to as 1.0
“Ar” hereafter. Then in
view of the above results
(3), Ar were plotted aga-
inst dose D divided by
Dso (the dose at which 0.8
Aris 0.5) for each species
in Fig. 2.
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Ar=f (KD) wrorrevreremmnnnnens PPN o))
where K is a characteristic value for each species. Next, the function f was estimated acco-
rding to the curve in Fig. 2 which takes the familiar sigmoid shape of the multi-target
model in radiobiology. In order to indicate whether the following type of function fits the
observed values with an appropriate value of n, integers from 1 to 12

were substituted for n, where X is a variable proportional to D and n is an integer corres-
ponding to the number of targets. It was found that function (2) shows the best fit for
the observed values when n is 4. Two mathematical ways of estimation of n were tried and
gave the same result. With n equals 4, X in (2) has the following relation to D:

X==1.438)/Dgp renrrreerrrerrerecrnresitoniinieiiiiiiine, (3)
Hence if we put
s G T PP (4)

it can be shown that all the dose-response curves can be approximated by the following
function irrespective of the sensitivity :

Ar=1— (1= KDY tuririieiiiiiiee et e et (5)
The above results were confirmed for the other species of mint.
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Tig. 3 Intra-interspecific variance of root length as a function of Ar calculated
for the twenty Mentha species

Fig. 3 shows intra-interspecific variance of root length divided by the square of control
mean root length for the twenty species or lines. It is clear that the variance follows
almost the same pattern of curve inspite of interspecific difference in sensitivity when plotted
against Ar instead of D.  The variance decreases with the decrease of Ar showing no peak
or plateau.

Frequency distribution of two subgenera of Mentha used in the second experiment for sen-
sitivity has been presented in Fig. 4. These species belong to two subgenera of the genus
Mentha, Pulegium subgenus and Menthasirum subgenus. A clear difference in the distribution
among two subgenera was observed, The Pulegium subgenus were confined to high sensitivi-



s ML ASBYEEHAE B55

ty while the Menthasirum subgenus

. O Pulegium subgenus showed middle or low sensitivity
;5) @ Menthastrum subgenus as far as this experiment was con-
& cerned. There was a wide variation
K in radiosensitivity in the species
5’ of the Menthastrum subgenus. X.
% ‘ arvensis L. var. agrestis (2n="T2)was
= R : : most sensitive among the latter
° s 8 v @ ® subgenus while #/. arvensis L. var.

&0 .. %, 0.8 .,.©.9, piperascens (2n=96) was most re-

0.6 0.7 6.8 09 1.0 1.1 sistant. The former species is about
Radiosensitivity indicated by the value of logl0OK four times as senmsitive as the
latter species. The values of D
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and K for some respective species
have heen shown in Table 1.

Table 1. Interspecific difference in radiosensitivity of root growth
calculated for eight species :

No. of * XX
Species chromosome Genome . Dso K
(an)
M. ervensis L. 72 RAR2SSJJI 12.1XR 11.94
M. japonica 48 RaRaJJ 13.4 9.24
M. spicate L. var. crispa ' 54 RRScSC + oy aomgasas 18.38 8.13
M. spicate L. var. crispa 48 RRS<8¢ 19.8 7.28
M. spicate L. 48 RRSS 23.4 6.06
M. rotundifolic 24 RR 25.1 5.27
M. Pulegium 48 — 25.9 4.46
M. arvenis L. var. DpiDerascens 96 RAR28SITAA 30.3 2.99

3 Dose at which Ar value is 0.5
XX Coefficient of sensitivity

Discussion

The present study indicated that there was a large difference in radiosensitivity between
species of Mentha. There was also differential distribution for sensitivity between two subge-
nera. From these facts, it is thought to be mnecessary to consider interspecific difference in
determining doses to be used in practical radiation breeding. It is also erquired to see if
such large interspecific difference in sensitivity exists for other radiation effects important
from a practical and radiobiological point of view.

Dose-response curves showed the same shape of sigmoid type. Interspecific differences in
the dose-response curves may be divided into two types by existence and non-existence of the
general function shown in (1). In order to simplify terminology of this phenomenon, we
shall distinguish these two types as Common Response (CR) type and Difference Response
(DR) type. The CR-type of interspecific difference afford favorable points for expressing the
relative sensitivity. The radiosensitivity of a species can be expressed only by the value K
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in equation (1) irrespective of dose used.  The fact that the value K is proportional to the
inverse of Dsp is clear from equation (4), indicating that K represents quantitatively the
level of radiosensitivity. In other words, we can express the quantitative difference between
species only by calculating the ratio between their K values. In a statistical analysis where
additivity is needed, the value of loglO0K is a better expression than K itself.  To avoid
negative logarithmic cases, K is multiplied by 100. We shall hearafter call K, coefficient
of sensitivity. In the CR-type, the degree of effect on root growth “Ar” can be predicated
at an arbitrary dose, if the best approximate function is determined and the value of K is
known for the considered species.

The CR-type of interspecific difference which was obtained in the genus Mentha suggests
that the primary events induced by radiation at cell level may be identical for all the spec-
ies investigated inspite of the marked difference in their semsitivity. The differential radio-
sensitivity may be explained by the difference in the probability of occurence of the primary
events leading to depression of root growth at a unit dose of irradiation.

Though it was found that dose-response curves could be approximated by ome general fun-
ction for the multi-target model, further investigations about the primary effects at cell level
are required in order to apply the target theory to clarify the present results since the red-
uction in root length is just final output of a chain of radiation effects.
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BHEBICE BNy ABEGOBELERNE
(FB68H) Ny TORRICKE Y 2MERISHG - BREZER

Ny HAOBRIBOWMBTCE-~ORED 7/ () ZEHLEBEDIC, thELhY
IWEICERE L CHEBEESEMSL, 0RO FEECHT 2 BHSREELZHHE BRI
BECELNEENZESED LN, $7, FOHBRISHEIROMETELDTI LAY
T&EBTEMNbhoTt.

Ar=1-—(1—e K)4

TZIT Ar BREBEREECETI2HTRLASREKOBETRY, DRIBE ZLUTER
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DFTAVEL - T,

BRRIGHEOE O RZUHOMHERZORBIC DWW TETOZER LR AL,



