Muiaiion Rate and Specirum with Special Reference 1o Agropemical Tmie Indueed 25

Mutation Rate and Spectrum with Special Reference to
Agronomical Traits Induced by X-rays in Dry Seeds
of Rice, Oryza sativa L.

Yusuo Kowyama®, Yoshihiko Yamapa® and Tsuneo Kawasn®

Iniroduwciion

Dy seeds are the most suitable and the most widely usesd plant materials for radiobiclogicul research wnd
prictice] works on mutation breeding of crop plants,  In fecr, o brge portion of new varieties relessed
through imduced mutations has been derved from dry seeds irsated with physical ar chemical mulagens®,
This is due to the following versaule characteristics of dry seeds: (1) large populations can be readily
handbed, (21 mormal wiability ofen can be mainalined wnder severe snvironmental conditions such as
complete desiccation and vaeuum, varlous gas atmaosplseres ai high pressure and extreme low wemperaiure,
and {3) physical and chemical reactlons with cellular mpcrormadecules aler Irradiation can oceur bn the near
absence af metaboliam.  From these points of view, mutagenie effbciency of dry seed ireaiment has nluo
b emploved as a standard criterion for comparing with the effciencies of various treatmenis in different
muterlals of plant paris.

Aldtering the mutation spectirum in a predictable monner and there-by achieving the directional muiagensis
are an wlimabe and Imponant gol in mutation breeding of higher plants.  The numerous attempis o
control the direction of induced mutntions have been carried out by sreafing dry seeds with different kind
of mutngens and with their combinations, and have revealed some depress of mutagen specificity' ",
Mutagenic ireniments of dormani seeds, however, are confined o the ceils at mtrerphase of Gy, or G2,
Besides these attempis, it has been reported m barley and rice thot mutagenic trentments of the germinating
seeds ul different phases of ogll cycle pive rise to the specific mutntion specira lor the respeciive
phases™ "' These studies denlt with the spectrum concerning the various kinds of chlorophyll muta-
tions, because of their ense in the detection and the frequent appenraneces aller mutagenic reaiment.  How-
=yer, il seemy mone importand from ]:u'u-:lil:a.l ol ol wiew whether the directional mutations of wpromaemical
traits could ke induced by the mutagens, Therelore, further studies might be required Ffor examining the
cell cycle specificity For various agromomical trzits, The present experiment was wicderiaken (0 examiine
the mutation frequencies and spectrum with special relerence b pgromomical traits in addition wo chlorophydl
mustations in M generateon aller X-ray irradigtion of dry seeds in order 10 compare with those oblaimed by
the rradiations at different cell-cycle stages of mitesis and meiosis.

Materials pnd Methods

Three rice cultivars, “Sensho’, "Ajchi-Asahi’ and “Akamai were chossn as experimental materinls, becauuse
a preliminnry experiment showed that the dry seeds of thess varielies exhikited low, intermediate and high
ridiosensitivities, respectively, The dry seeds equilibrated 1o 11.3% water conbent were subjected to
Mernws of 5 1o #0 kR pt dose nve of 205 Rimin using a Xeray generior operaled ot 280 kY¥p, 10 mA with
w 1.0 mm aluminum filier, The number of serds of the respective variely used in each eaposure was 500
to 1200 depending upon the estimated survival rates,  The fradinted seeds were aliowed 1o geeminate at
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3C on molstened blotter paper in Petel dishes for about 34 he alter sxposure.  Germinated seeds were
ihtn sown in g mursery bed and 46 days old seediings were transplanted 1o the field, At maturity, three
1o five panicles were harvested from each M, plant.  Radiosensitivity of esch variety was estimated by
measuring the root length, seedling height and survival rate on 4, 30 and 43 days after the seed sowing,
respectively, wnd M, plant fertility nt maturity,

In the following year, three panicle-progenies per M, plant were separately raised in o nuresery bed as
M lines. At the seedling stage, numbers of chlorophyll mutants and normal plants were counted in each
treatment of the three varieties, The M, lines derived only from the variety “Aichi-Asshi’ were trans-
planted 1o the figld and grown to the maturity, Heading-date varianis, morphological and sterile mutants
werg soored throvgh the period from heading to mupturity,  When two @r more segreganis were detected
in a line and their Fentures were identical with one another, they were regarded as frue mutants,  Mutition
frequency was estimated by the number of mutanis peer 1,000 M planis,
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Fig. |, X-may dose responses of M, damapes oz measured by reat length, seedling Beipht, survival
rofe and seed fertility after seed irmdintion of the rce variety *Aachi=Asabi'.
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Resulrs

Az shown in Fig. 1, root length and seed fertility of M, plant responded fo X-ray doses in o similar
manner, in which thelr reductions were almost linear with increasing doses,  Hall' reduction doses (D)
for root growth and seed fertility of the varkety *Adchi-Asahi' were about 25 kR and 27 kR, respectively.
O e odher hand, seedling beight and servival rabe showed not so clear reduction as the reot lengih
and the seed Tertility,  The similar trends of these four end points for estesating the radiosensitivity were
also observed In the other two varieties.

The frequencies of chlorophydl mutatien observed in My generation of thres different varieties are given
in Table 1, and thess results are presented graphically In Fig. 2 Among the various kinds of chlorophyll
mutants, albing sppeared most frequently with about hall the proportion of total chlorophyll mutanis,
followed by viridis ond xantha.  Strlam and other types of mutant including tigring, maculata and al-
boviridis wers found with very low frequency.  The totall chlorophy]l mutation frequency which was pooled
with different kingds of mutanis, and albing frequency increased in o non-finear fashion with increasing
Werny dosage.  From calewlation of the best fitted parameters in the power-law eguation ¥y =kD", wiwere
v is chlorophyil mutation frequency per 1000 M, plams, [ is X-ray dose and k is a constant far each
equation, it was revealed that the frequenciss of total chlorophyll mutation and albina increased pro-
portionately with dose o the power 1.42 and 1,33 respectively,  Furthermore, no significant difference n
these chiorophyll rmutation Mrequencics was observed among three rice varieties over all the doses employed,
The ¥-ray dose of 32 kR which caused sterility of about 603 in M, plant, gave 20 to 30 chierophyll muianis
per 1,000 M, plans,

Tahles 2 shows average scgregation matios of the respective chlorophyl mutanis in M, panick-progeny
at three different exposure doses,  Four iypes of the mulant, ie., albing, viridis, xantha end the other
milseellaneous ehlorophyll muiants, were segrepated with a ratio of abouwl 20% with considerably wide
variance, indicating that the ratic was slightly lower than the expected ratio of 255 from recessive gene
mutation at one locus,  Strinde, on the oiher hond, showsd low segregation ratio, 4.1 % on avernge. Mo

Table 1. Chlorophyll mutntian frequency in M, genertion after Xemy irradiation of dry seads 0
thres differen) sarletis af rice

g Disse T'L';“;'_.lt:"' H;erﬁ-::r Mumber of ehlorophyll mutan: m“:ﬂ"
Varetly  YR)  panicle  seedling per |

used  ohserved Albing  Virdlis Xamha Striam  Oghers  Tonl M plants

Adeld-Asnhi 0 kL 6607 o 1] o 1] a i} 1

1.1 1454 THaE1 176 Td m 1 50 1 6,26

22 1504 67771 iliks 12% 174 3 1T+ Tal 11,33

3z.3 1800 h250s T 265 122 Il 175 1374 prd i

Sensho L) 5 16351 1] o o 1] 0 a L]

111 T 12965 21 fi3 2 & ] 4] a7

.2 a33 14540 i) 7% 23 1] e 115 [T

Iz.3 arlg 146223 220 OH 15 112 G5 30 124

Adknmni L] 5R3 19912 o * 1] o i} 1] i

Lh Han 231 g . 12 L1 23 44 | .Ed

167 1212 JA12E 147 . 14 13 195 k1o 106

13 1534 IT49 403 171 17 10 2E8 o7 25,14

& Viridis midlants wene aol eouvied, beoause they were nat distinguishable from normal plants with
pale preen leaves al seedling stage.
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Fig. 2. Dase responses of tegal chloraphyll molziien frequency and albina frequency in three
rice varieties, ie., Aichi-Asahi (@}, Sensho (0 and Akamai § = ),

Tuble 2. Segregation rufios of chlorepbyll matant m M penemtion aler X-roy irmdintion of dry
speds in the rice variely “Aichi-Asahi”

e —
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significant difference in these segregation ratics was found among the exposurs doses of X-rays covployed
in the present experiment.

The mutation frequencies of agronomic treils detecied in ihe ficld are summarized in Table 3. Serlls
matants which include both partial and complete slerilities were obssrved with the highest frequency, and
amounted 1o pbowt 109 of M, plants a1 32 kR Xeray exposure,  Short-culm and dwarf mutenis were also
induced with o considernbly high frequency, whereas long-awned mutants and the other tvpe of mor-
phological muiants were found with very low frecuency, Todal frequency of sierilz and morphological
midants increased carvilineardly against the Xeray dose.

dlutation spectrs which were calculnted [vom the respective mutntion frequencies ol thres different doses
gre presented in Fig, 3. It is nodticeable from this figure that there is no significant difference in the spectes
among the three doses,  Sterile mutanis acoounbed for 55.6% of all the mutants defected in M, plant
populetion, shor=culm mutants for 27,1 % and chlovophyll mutants for 1045, on avernge respectively.
Drwarl and long=awned mulants were 3.7 and | 4%, respectively, From a pructical point of wiew, it is nobe-
worlhy that a number of agronamically peomising mufanls were imdwced by the present experment, for
instance, five My lines of sarly headings, two Hoes of short-culm with normal length of the panicale, nnx
gme line of dense graim and of glabrous mutant.
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Tahle 3. Fregueney of steride and marphological muiaiiens in My generation afier Xeomy imudintion
of dry seeds in ihe riee varlesy *Adchi-Asaht’
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Fig. 3.  Muiation specira in M, peneration afber Xe-may irradiation of dry seeds in the nee varioly
'Michi-Asahi’.

Discussion

Adchough radiatbon-indused reduction in reot growth and M, plant fectility afer Irradiation of rice secds
arg originnted from the different radiation injuries, viz,, from mitetle Inhibition and chromesomal aber-
ritions respectively™ '™, the dose response of M, plant lertility was similar to that of root kength in the
rice wariety ‘Abchi-Asahl’. This implées that an approximate half-reduction doss (D) for M, plant
fertility could ke estimated from the reot growth reduction at the seedling stage of n rice viriety with
intermediate radiosensitivity,

Ukar™ examined the varictn] difference in chlorophyll mutation frequencies among seven rice varietics
having different radiosensitivities measured by the reduction in root length after Xeray irmdiation of dry
seeds, and pointed out that there was no significant correlaiion between chlorophyll mutation frequencics
arvd the rool-length rediosensitivities, though his data on the matation mte were based on a single dose
exposure (0 X-rays.  Also in the present experiment, thres varicties with different root-length radiosensss
fivity exhibiled no varietal difference in dose respanse of chriorophyll mutation freguency.  These resulis
indicate thal mitatic inhihition, which is & radiation-induced damage leading to varietal difference in the
contlength madiomensiidvity, has no relatbonship with ocousrence of chiorophyll motation aller Xeray
frradstion of rice seeds.  Furtherimore, the presenl experiment showed that fregquency of todal chiarophyll
mutation merensed as dase o (he power 142 and albinn freguency had a dese exponent of 1E3 n the powers
law eguation, The exponential increase o the chlorophyll manatien reguency with X-ray dosage supgests
ihat chlorephyl]l mutation, in particular alldsa eetation occurs foem twoe=hit event of radiation, vz, from
& minute Interasitlal deletion of chromosome following X-ray freadiation of dey seeds, Therelore, chle-
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rophyll mutations as well a5 the reduction of M, plant lfertility aler Xeray exposure of rice seeds seem 1o
be ascribed not to the point mutation but to the Induced minute chromasomal aberrations,

Average segregation mtios in different Kinds of chlorophyll mutains wese 19.88% n the M; panicle-
progeny,  The sume range of the segregation ratio las been roported in M generation alter ireadiation of
dormant rice seeds, eg., b0 be 19,752 for various kinds of chirolophyll mutants' and 30.50% far albina®™®,
The fact that the segregation ratios in M; progenies are significantly less than the Mendelian expectation of
2594 has been explained as contribution of more than one mitial cells in the corpus 1o cldmaeric Tormation
in an M, panicle’. On the ather hund, sirinta showed very low segregation ratlo of 4.1 %, suppesting that
this mutation is aseribed not o @ recessive pene mutntion.  Fusus® studied the inheritance and mor-
phogenesis of siclata mutant In rice, and sugeesied that the striate mutant originates from a cyioplasmically
imherited chloroplast mutation,

The frequency of mutdtion with regard to agronomicul traits increased with increasing dosage of X-rays,
though ifs dose response was nol 3o chear because of smaller number of M, plants observed, than that of
sedlings used Tor counting of chlorophyll mutanis, From the comparison of mutation spectma at three
different doses of X-raye, It was eevealed that sierile motants pmounted more thon 532 of all motants
detected at both the seedling stage and maturity, irrespective of the exposure doses,  Yamacata and
Svaruno'™ nlso reported that partielly or completaly sterle mujants which were induced by gnmma-ruy
irradiation of rice seeds, occupied the most part of mulsted M, plunts over all the dosages employed,
This report agrees well with the results presented here.  These expermental resulls indicate that sterile
mutations are readily induced by radintion exposure of dry sesds, and that the main genetical effect of
radiation on dermant seeds is due to the chromosomal absreations.  From practical point of view, it is
desirable (o reduce the induction of chromosomal aberration as low as possible, ether by any pre- os
poat-irradiation treatment of dry seeds or by g treatment of any olser plant part than dormant seed.

Sumimary

Dry seeds of three rice varieties with differeni rediosensitivity were subjected io X-rays of 5 lo 0 kR,
and the mutation (reguencies nnid spectrn were examined in the M, panicle-progeny, with the alm of
comparing mutagenic efficiencies of the irmdintion ot diffesent stages of mitosis and melosis,

Chlorophyll mutation frequency and, in particular, albing frequency increased expopentially with in-
creasing dosape of X-rays, suggesting thet the chlorophyll mutations are origlnaced from minute |ntes-
stitin] chromosome deletions mduced by two-hif events of the radintions.  Theee was no varietal difercnes
in the chlorophyll mutation frequencies among the thres varieties, rrespective of their radiosensitivities
measured by root-length reduction of the frradiated seeds.  OF all the mutonis detscted ot the seedling
stage and maturity, more than 50% were sterile mutonds, most of which seems to be due to chromosomal
aberrafions.  The present resulis imply that chromosemal nberrations are predominantly induced by X-ray
irradintion of dormant rice seeds and bring abouf high proportion of sterile and chlorophyll deficient
mutations in the M; peneration.
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