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Intervarietal Difference in Radiosensitivity and lis Controlling
Factors in Suspension Cultures of Rice Cells

Yasuo Kowrvama® and Morio SHIBATA™™

Introduction

Differences in radiosensitivity of higher plants have been reporied among genera and speches™ and
even among cultivated varleties in & given species™ ™, Srarmow and his colleagees™ "™ revealed that
DMA content per nsclens and interphase chromosome volume are major factors controlling celiular
radiosensitivily of diffesent plant specics,  As another hiological factors, it has been shown that the level
of polvploidy and the genome conslitotion ako contribute 1o differential radiosensitvity in plants through
genetic redundancy™*="", These lactors, however, do nol seem Lo play an importani rode in deter-
minkng the varicial differences in rudiosensitivity within a given plant species.

From genetic annlysis of adiosensitivity in three crop plants, Ukarand Y amasama™ showed that warietal
diffesences in gamma- and X-rays sensativity are confrolled by different genetic systems, i, by polygenic
systems in rice and barley, and by a single major gene in soybean, Although intervarietal variations of
radiosensitivity have been investigated by many rescarchers’***, all the studies were carried out with
gither the seeds, seedlings or whole plants as experimental materinls,  While, little attention has been
devnted to varietal differences in radiosensitivity of culiured cells in plants,  Somme culiured cells of plants
nre more or bess heterogeneous cedl population with werious degrees of polyploddy™ ™% In the
cultored cells in contrast with an intact pland, therefore, high propontion of polyploid colls might modily
the radiation effects.

The present experimenis were made to reveal the varietnl differences in radiosensitivity of calles tissue
cultures derived from & rice varieties, and to evaluiate the contribution of polvploid cells to the sensitivity.
Based on (he comparison of the radiosensitivities in the cultered celis with thoss of both the dry seeds and
the seadlings, blolopicnl Taciors confrolling the varielal diferences in radiosensitivity are discusssd,

Muterials and Methods

Rice vavieries and culture condirion

Three rlee varietles from Japonica type (A kamai, Qiran and Sensho) and three from Indica type {Zenith,
Kurmarl and Tadukan) were picked up as experimental matecials, because the prominent varietal differences
in radicaensitivity had besn observed among them in a preciminory experiment with the dry seeds,

Callus cells of the six varieties were separalely induced and subcultured by the same culture comaditions
and autelent medium a5 describesd in the previous papes™ excepd that the subcultures were come to an end
only Tor seven months. The growth of the callus oells In each varicty was monitored by ihe sedimented
sl wolume (SCY) throwghout subouliunes.

Megsrremment af muciear velme

Callus cells obtpined fram the nbove mentioned & varietles were sampled in the third subculture for esti-
miating the ploidy levels of their nuclei.  Alter fixation In glasial acetic acid, the cells were hydralysed for
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30 minuies in SN=-HC| at 20°C, and then siained for 1 ke with the Feulgen redgent. The exoss of stain
was removed with three changes of 50, water ench for 10 min. A drop of the staived cells was placed on
4 clean slide and then a coverslip was applied without any squashing.  Using a serew micromeler evepiece,
iwo perpendicelar damelers of the muclei were mensured in the 250 randomly chosen cells.  The noclear
volume was calcubated as an ellipsoid,  For estimation of the diploid nsclear volume, root-tip cells of ench
varigty were also prepared by the same procedures,

vy dreadierion

The third subculiured callus cells of the & varieties were used for estimating the rodiosensitivity,  Based
on the experimental sesults obtalned In the previous paper”, X-ray irmadiation wes made ai the most
sensitive growth phase, L. ot mid log phase.  The methods for irmdiating and culiuring the callus ealls
were followed by the snme procedures as described n the previows paper™,  Raodiossnsitivities of callus
cells in the & varisties wers compared by measurlng the SCY at 35 days after irrndintion.

For seed irrudintion, respeciive seeds rom the & varieties were adjusied to 117 moisture content by
sloring them in o desicoator with 7557 ghycerol for 7 weeks, and subjected to warying doses of X-rays
[L0-80 kR) at 4 dose rate of 136 R/min, The irradiated seeds were germinated and grown at 30°C for
Sdays. For seedling experiments, 4-days-old potied seedlings were freadiated with 2.1 10 32,2 kR of X-rays
4t dose rate of 322 Bfmin, Ruadiosensitivities of the sseds and seedlings were estimated by measyring root
length and seedling height at 5 days after irradiation, respectively, These experiments were carried out
with two replichtlons, in each of which 35 seeds and 40 seedlings were used for eacl dose in seed and seedling
irradiation, respectively.

For comparing the radiosensitivity among the varieties, hall reduction doses (Dy) for culiured cells,
seeds and seedlings of cach variety were caleulated as described in the previous paper™.

Fltssulis

Fealasensiitwty b erlivred celle

Crrowth patierns of the & varieties in a culiure persod for 35 days are shown in Fig. 1. From this figure,
it is clearly noticed thail callus oclis of Tadukan and Zenith profiferate more rnpidly under the present culivire
conditions than those of the other four varseties.  Callus cells at mid log phase which were decided based
on the growth patterns of each variey were sampled and irradiated with 2.5-15 kR of X-rays, Flpure 2
shows the growth curves of irmadiated cells for 35 dayvs alter sreadiotion,  In all the varieties, consplcuous
depressions of cell growth occurred in exposure with the highest dose of X-rays, 15 kR, Half reduction
dases for cell growth (D) in each variety were estimated from dose response curves s shown in Fig. 3,
in which the 30V walues were taken from the finnl measuremenis in the culiure period for 35 davs. As
listed in Table I, Tadukan was most sensitive (D) B0 kR) and Kursarl was most resistang (16.2 kR,
The other four varieties showed the intermedinte Dy, values.

Farfation of aeclese volivne O enlivred ool

Figure 4 shows frequency distributions of nuclear volume In culiured cells sampled at mid log phase in
Sih subculiure. Kumari exhibited heterogeneous cell popaiation with the widest distribugion of the nuclear
volume ranging from 129.4 o to 636.8 *, On the other hand, all the varieties except Kumari consisied
of considerably homogeneaus cell population with bimodal distribution of the nuclesr volume.  Moreover,
significant difference in the nuclear size was observed between Kumard and Tadukan, ie., svernge nuclear
vilume being 2330 ¢ in Kumard and 986 ¢ in Todukan, From the measerements of noclear volume in
rood-tip meristemns of each variety, dipleid, tetrapioid and cciaplold cell muclel were estimated,  Based on
these estimation, proportions of polyploid cells in ench cultured cell population were calculated, ns shown
in Table 2. In Kumar, again, high percentages of polypleid cells were observed; 36.0% tetraploid and
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Fug. 1. Growlth patigrns of callus cells i the sx rice vareties, i.e., Todokan (47,
Zenmith {7 ), Oiran {4}, Sensho (), Akamai (30 and Kumari (@],

12% ociaploid.  Wherens, in the other five varieties more than 8053 of the cells were identified as diplaad,
and octaploid cells were not observed at all,

Kadipsensirivity in seedy and seediings

Radicsensitivities in dry seeds of the six varisties were estimated from dose response curves for fsan
fool length espressed as o omatio 1o the corresponding control value.  As shown in Fig. 5, the highes
sensitive varselies exhibited the steeper slope in the dose respomse.  The lower sensitive warlethes
showed (he distinctive feature with the more gentle slope and the wider sholder in their dose response
curves. Al 40 kR of X-rays, rool growth in Akomai was almost completely depressed, whereas those in
kiran and Zenlth were inhitated only by about 50% of the conirol.  From comparisen of the caleulated
Dras values, Akamai was approximately 3 times as sensitive as the other five varietics (Table 13,

Radiosensitivitles in seedlings of the six vareties were similarly compared in dose responss curves as
shown in Fig. 6. After X-ray icradiation of 21.5 and 32,2 kR, no further growih of the seedling took place.
The calculated Dy values in the seedling irradiation are listed i Table |, From these data, it is chearly
noticed that Sensho B most reslstant to X-ravs (D 4.8 KR), and that both Tadukan and Akamai are most
pensitive, Dy boing 2.8 kR and 2.9 KR, respectively.  Maximum varietal diffierence in radiosensitivity of
seedlings, however, was only 1.7 times, Le., smaller than 3.0 tirses in that of dry seeds.
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Fig L Call growth measured by the SCY nfver X-ray [rradiations of O kR (cone,, ), L5 kR (=),
SOER (&), T5ER (@), 10KKE {7} and 13 kR (&) in calles cells af the six varieties, ie,
Akanski {A), Sensho (B), Oiran (C), Kamarl (E), Zeniih {E) and Todukon (F).

Dixcussion

Among the cultured cells in the six rice varicties which include Joponica and Indica type, a two-fold
difference in rediosensitivity and different propartions of palyplold nuclei in their cell populations were
revealed in the present siudy, The radioresistance in the callus celts of Kumar colncided with a high
perceniage of polyploid colis. The callus cells of the other five warietses wers composed of over B9
diploid puclei and nome of the octaploid in their cell populatbon and showed higher radicsensitivity than
those of Kumari. Mamna™™ aghserved the varselal diference in distribution of the nuclear size among
callus tissues derived from seed embryos of six rice varbetles.  Polyploidy is one of the mest common
nuclear conditions i plant cells grown iw wirre.  The occurrence of polyplaid cell & witro is sipposed
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Fig. 3. Dose response of collus cells in six rice vanedies, Le, Kuman (@), Zeaith (%), Oaran
(o], Beosho { =), Akamas O] and Todukan (& ).

Table 1. Radiosersitivity coellicient (k), constant () and Dy valoe io callus oofls, seedlings and

seede of the aix rbee varicties.
Cnllus cells Seedlings Speds
k mi D k mi D k m [

Aknmai 00733 1.0100 k45 LIl .42 284 Pk 1352 1208
Sensho 0,42 1,058 11.24 0, [E8 1207 4 80 (LGS 2,008 KN
liran 0,520 .17 (22 0, 1921 1144 1494 044 1,950 4 88
Zenith 014 1115 1254 0. 1x19 1183 163 HEEE ] 2404 e xs
Kumari 0,043 1.082 1617 21 3 1200 187 0ot 3445 A
Tadukan O{8eT 1,008 H.04 {.X745 11415 178 0473 L&Y 0%

zither to be & consequece of its appearance m original explants fw wee, or to be o result of its induction
and selection during culture peried™™,  Furthermore, (L was found in the present experiment that Dy
vialue in the callus cells of Sensho weare 11,2 R, indicating more rudiorssistint than the long-lerm sib-
cultured cells of the varety described in the previous paper”™ mowhich the Dy, valises were | the doss
rivige from 2.2 19 6.9 kR depending upon the prowth phases st tme of Xoray firadintion.  The long-lerm
aubculured cell population holded more than 90°% diplsld nucbel, whereas In e present calliss cells of
Senalio which were subcultured only three tme, 18% weiraplobd nuclel were observed (Table 2j, It has
been reported n some plant species that after a preliminary period wills larpe vartability in chromosoms
number or in DMA content of the mecled, there B a propressive tendency towards scability within one or
two ploidy levels™™ ™=, Cell suspension cultures of Haplopappue pracilis were sabilized in the diploid
condition'™,  On the osther hand, tetraploid cells were predominant in Mearama  rabacem callus
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Fig. 4, Frequessy distribitions of noclear voluimse in Sth subrulivred callias eells of the

Six rice varietie.
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Tahle 2. Propartions of polyploid cefls in 5ih subcubiored calbuses of the six mee varietios.
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Fig. 5. Twge response of dry seeds ofter Xemy irmdintion in six e varieles, e, Oimo
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Flg 6. Dose response of seedfngs after Xe-ray irradiation in six rics vaneties, i.e..
Sensho =), Oiran (a), Kumari (@), Zeaith { 7)., Akamni {2} and Tadukan &l
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cultwres'",  Mixoploid compesition in the shori-term subculiured cell population seems to contribute
te the lower rediosensitivities as shown In the present experimeni, The proporiion of polyploid
cedls in & eallus cell population can be influenced by some factors like the composition of the medium, in
particular the auxin and cytokinin concentrations in the mediam, the duration of subcultures and penertical
iraits in a parental plant wsed as experimental materinl, From these considerntions, it ssems reasonable
1o point out that the polyploid o=l composition and their ploady kevels play an imporiant role in madifying
the radintion effect on a cell population cultured f wiea,

In the present experiment, the plaidy bevels al the calhes cells were roughly estimated by measoring their
nmuclear volumes,  Although the counting of chromosome number 15 the mest reliable method for deter-
mination of polyploidy in o cell pucleus, metaphase plabes are too rarely obseved o plant cells culiared
dir vitre to permit & systermnatic analysis nothe cell population.  While, entophoiemetrical mesasuremend of
nisclenr IMNA conbanis make it possible (o deal with a lasge number af’ the cell nuchel and to evaludte their
ploady conaition and the fregquency ditdbution of polyploid cells'™'.  Further expeelosent with the aid of
the cytopholometry, therefore, might be required for accurate estimation of polypbaldy found in the presemt
experirmenlal malesials,

The maximum intervarietal diferencs in radiosensitlvity alter X-eay rendiation of callus cells was 2.0
times among the six vaclcties used in the present study,  While a 3.0-lold difference in radiosensitivity s
revealed among different prowth phases of callus cells during & culture pericd, as shown i the previcos
paper™.  These resulis supgest that neclear andfor cytological factors more deckively take part in con-
trolling the radbosensitivity of plant cells cultured b witra than genstical factors inherent in each rice varsty.
Thiz supgestion was abo confirmed by the comparative study on radiossnsitivities in eallus c2lls, seedlings
and seeds of tha six varieties afier X-ray irrndintion,  Fipure 7 shows the correlations of Due vales in collus
cells with those in the seedlings and seeds. 1t i5 chearly noticed that there exist no correlation betwesn D
fior callus cells and that for seeds (r=00001, P> 0003} and slight correlation betwesn callus cells and seedlings
irradiations (r=0470 which are, however, statistically not significant (P> 005, Tasaar™ found the
positive correlation of mdiosensitivity betwesn dormant seed and seexlling irrudintions amang 21 varieties
of Givelne maex, and revealed that the lorge varietnl difference in radiosensitivity is contrelled by two major
penes, fs, and Rs; which exert their actions throughout Jife cycle of the plant,  On the other hand, @ has
been pinted out in many crop plants that a marked variefal difference in ra.dinm'lﬂili'.-il} abserved in dry
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Fig. 7. Correlation of radiosensitivity in callus colls with these in seediings and sesds among
5i% rice warislies,
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seeds completely disnppears in irradiations of germinnting seeds and seedlings, resulting in no correlation off
mdiosensitivity bebween dry seeds and perminating seeds or seedlings™+*",  In these crop planis, for
example, Arociiy k_p]mgqrp"", Lyrapersicon rrcalentinny’ and Sscale .pr.rc'n.l'c", pnl}'g;\':nic conirols of radio-
sensitvily were demaonstraced. Deasi®" and Ukal and Yamaspiima™ also revealed From g;muﬂn: I:|.1'I3|;|.'.1.':|.
on dialbel cross among some varieties 0 Ovyza sotive and Horder valgoee et the major part of the
varsslal difference in radicsensitivily of the dry seeds could be aseribed 1o additive and dominance action
of polygenes, The varsetal variationd of radiosenabtiviey sevealed b the present study seems also fo be
contralled by not & major pende but o polygenie genetical syaterm, and theefore the rediosensitivity could
be readily modified by different physiolopscal and environmental Coctors in different cellular conditions
like callus cells, soadlings and dry seeds,

Sumnuiary

Tlse present study was carrled out (o examine the varietal difference n radiosensitivity of callus czlls
derived from rooi-dip sepments of six rice varieties. The induced callus czlis which were subguliured
throagh three teansfers were subjected to X-roys of 2.5 to 15 kR at mid log phase of each variety, In all
the: varieties used, the highest dose of X-rays brought about conspicuous depressions of cell growth measured
by ithe sedimented cell wolume (SCY) at 35 days afier irmdintion. From the comparizon of Dy valoes
estimaied from X-may dose response curves of the SCY, Kumari was 2 tioes a5 radioresising as the most
sensifive variety, Todukan, The radioresistance in Kumari coingided with a high proportion of polyplosd
nucled in its enllus cell populntion,  The present resulis suggesi that polyploid cell composition and their
ploidy levels might play an importunt role in modifving the radiosensitivity of o plant cell populntion
culiured or wira,

The wvarietnl differences in radiosensitivity were wlse compared among the six rios vaselies afier X-ruys
irrdiations in the callus cells, sectflmes and dey seeds, There was no correlation between Dy, for callus
cells and either those [or seedlings or dry seeds, suggesting thai the variefn] differences of radiosensltivitles
in dilferent cellular conditlons of ree plant are contralled by & polyvgenic penetieal sysiem,
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