CYTOLOGICAL AND GENETIC CHANGES INDUCED
BY X-RAYS AND THERMAL NEUTRONS IN RICE®

CHUAN-YING CHAO and SHU-WEN CHar®

Introduetion

A number of ionizing radiations have been used by genetists to induce
mutations ‘in plants, among which X .ray was the first one to have been employed.
Since the introduction of nuclear reactor, thermal neutron has also been utlhzed
to mduce mutations in plants. ' ‘

In barley, Caldecott et al. (1952, 1954) have already shown that X-rays and
thermal neutrons have different biological effects.  Besides affecting the genetic
materlals, X-rays ‘have physiological - effect on extranuclear mater1als Com-
parlsons of blologlcal effects between X-rays and thermal neutrons on rice have
been made by Matsuo ef al. (1958). However, their studies were mainly on
seedling height, seedling mutations, and fertility. The present experiment was
designed to obtain more informations about the effects of X-rays and thermal
netitrons on two rice varieties: In addition to seedling: height and seedling
mutations, data- for chromosomal interchanges ‘and pollen sterility were also
collected and presented in this paper. ‘

-Materials and Methods’

Two rice varieties, Taichung No. 65 and Chianan No. 8, were used in this
experiment. Before irradiation, dry seeds of the two varieties ‘were 'stored in a
foom to stabilize the uniform moisture content at 60 per cent relative humidity:

The X-ray irradiations of the seeds were made at the Brookhaven National
n Labora’cory; U.S. A., with a G.E. Maxitron‘operated,at 250 KVP and 30 ma., giving -
a dose rate at approximately 1,000 r per minute. The thermal neutrons were
generated’ in ‘th‘e thermal heutron column of the nuclear reactor at the Brook-
haven National Laboratory. Its dosages were determined by exposing gold foils
with the seeds and relating the extent of induced radioactivity in the foils to
- the flux of thermal neutron in the column. AR :

Treated seeds were presoaked in water for 24 hours and then sown and

“oLgrownin pots Number of seedlings survived and seedhng helght were de-

termined at the time of transplantmg (18 days after sowing).
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At mxcrosporogenesm, one splke was pxcked from each plant survrvmg each'; !
'treatment and fixed in acetic alcohol. Frequencies of chromosomal mterchanges;,
o at dlakmes:s and ﬁrst merotlc metaphase were determmed Aceto- -carmine smear

- " ' techn ue was employed throughout the study.

Pollen abortlon was checked and counted from random samples of sprkelets
'prcked from 40 to 50 plants of each treatment before anthes:s

At matunty two sp1kes were taken from each plant of the treated generatxon -

"Twenty to fourty seeds of each spxke were sown and grown for studymg the"
mutatlons m seedlmgs.

Results

_,Number of seedlmgs szm)wed cmd seedlmg hezght., Data Afor number of.*

seedhngs surv;ved and: seedhng helght are presented\ m Table 1 For X-ray o -

Table 1 Effects of X-rays and thermal neutrons on dry seeds of nce as
measured by the number of seedhngs survwed and seedlmg he1ght

'k . ot . : No; of ',,Seedllngs sur\{wed ' segl‘lrme eV
~'J’l‘reyatment - Dose . : seezls s o of' height (see_dlingf ,
- g " ‘ e »treated No. - control | (em) | h’\e;gh’t)’,""
yipﬁlchung;éoﬂtrfol' 0 160 | 144 | 1000 | 286 |
e Xrays (20000 | 30 | 266 | 985 | 206 |
 |Xrays 25000r | 300 | 11 | 633 | 113 | .
| ol | 65><1ownth/cm2 30 | 26 | 1022 | 200 | 204 |
Egj{r‘ggl 3.99x,101§nth,/;Cm3' 30 s b owus | a7z |om70
_,f"f’t,cOntrol 0o | 100 | e | 1000 | w2 | 187
~ | Xrays [20000r | 300 | 267 | 900 | 174 | 227
' : 25‘00’0 £ g o281 '}77’.fs o132 | 428
| netteons ?2o55><1ownth/cm2 %00 | 260 | g6 | 182 | 228
g‘fjggﬁ; 399x1018nth/cm= a0l “;,27"0,, j,“go.eygi | 1‘7.0-,

. ]V"Inumber of seedhngs survwed at hlgh dose than at IOW one was observed in both" " o '

f ,varletles tested However, ‘this is not the case for the thermal neutron 1rrad1ated
Is. The survwal of seedlings grown from seeds treated W1th ‘thermal

- neutrons' was as good; as the controls. Sumlar results have been reported by

et al (1952)‘j,1n barley They found that even under ﬁeld cond1t1ons,f '

. .about as good as the umrradlated ones..

rvwals from seeds treated w1th the _most doses of thermal neutrons Were? o
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Both X.ray and thermal neutron irradiations inhibited seedling*:heightfto a
~ considerable degree. Seedlings grown from seeds treated with 25,000 r Xrays

Were,:" about half the length of the controls. The coeﬂiCients'iof variability for e '

~seedling height presented in the last column in Table 1 indicate that seedlings .
grown from seeds irradiated with either X-rays or thermal neutrons were more" "
variable than, those of the unirradiated ones. Ranges of seedhng height became

~ greater at h1gh dose of either X- -rays or thermal neutrons than at low dose

The coefﬁments of varxablhty also show that seeds 1rrad1ated w1th thermal

neutrons were more uniformly affected than those 1rrad1ated w1th Xrays in

o seedhng height. Thus, ‘the variability of - seedlmg helght 1ncrease& in the
e followmg ascendmg order: controls, thermal neutron 1rrad1ated ones, X-ray'

. 1rrad1ated ones.

Data for number of seedlings survived and seedling he1ght shown that X. ray d
'and thermal neutron irradiations manifest d1fferently to the rice seeds.

 In order to find out whether there existed varietal dlfference as to the :

response to X-ray ‘and thermal neutron 1rrad1at1ons, analys1s of variance was
made’ for seedlmg hexght ‘The F value for varieties is 5.24 which is not
g s1gn1ﬁcant Th1s may indicate that dry seeds of the two var1et1es treated are
snmlar in response to X-rays and thermal neutrons as far as seedlmg he1ght is:

: concerned : ' :
: Chromosomal Interchanges in the R, MzcroszborocyteS' Chromosomal abnorma- :
lities were checked in the pollen mother cells.- The chromosomal abnormahtles, ‘

mostly observed at dlakmesm and first me10t1c metaphase were those of inter-

gchanges of nonhomologous chromosomes e1ther in rmg or cham conﬁguratlons .

- Smce such chromosomal conﬁguratlons were not con31stent in cells of a smgle' -

~ spike, more than 20 cells were checked before a definite conclusmn was made
for each spike. The fluctuation of such chromosomal conﬁguratlons might be
related to the length of the 1nterchange segments which affect the number and

‘position of chlasmata and consequently ‘the chromosomal conﬁguratlons at""

dlakmes1s and ﬁrst metaphase ’
k Table 2 presents the frequenc1es of dlfferent types of chromosomal mter- ,
,{changes determlned from the R, mlcrosporocytes The most frequent type of =

chromosomal 1nterchanges observed was a ring- or chain-of-four. The next to o

‘the most frequent types were two rings- or _chain-of- four and a rmg- or cham-" .
ofsix. ng- or - chain-of- eight was very rare and only observed in the mxcro-ﬁ S

sporocytes of the variety Taichung No. 65.

In barley, Caldecott et al. (1952) found that the only types of chromosomal
'anomahes observed at melosrs “in plants grown from the X-ray and thermal
i neutron irradiated seeds were reciprocal interchanges. No clear case of gross ?
 chromosomal deficiency was observed. In this study, however, two monosomic
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- splkes were found in the varlety Talchung No. 65 after X-ray 1rrad1at10n o
(Table N Besides monosomlcs, one spike . analyzed had two unlvalents and
‘ ,“ele,f n bwalents at diakinesis and first meiotic ‘metaphase (Table 2). The cause ,' ,
. of fallure in pairing of the chromosomes was not determined. The per cent of
' ;chromosomal 1nterchanges of edach treatment is presented in the last column m" o
k‘ Table 2 When the data for types of chromosomal 1nterchanges ‘were trans— o

ble 2 Frequenc1es of chromosomal 1nterchanges in the R, mlcrosporocytes ﬁ, .
‘ from dry. seeds 1rrad1ated Wlth X-rays and thermal neutrons

. o i i No of sp1kes showmg Total per* .
e | No, °f : rmg- or chain-of:: | cent of
- Variety |Treatmentl - Dose | spikes | — inter
L analyzed| 4 [444| 6 | 8 Others‘changes
Taichung| Control o 3 | 0o 0ol o] oo | o000
N° ® lxray |2000r | 12 |2 | 4| 2| 0| 1(a) 2620
Xray 25000r | 66 | 15| 4| 2| 1| 1@ 4545
| Thermal| 5o i L e Lol
| neutron ’2’.,’6’5><10!,nth/Cm2 8 16| 1] 2] 0 0 2500
! 399x10tnth/em?l 90 | 23 | 1| 3| 1|0 | 3718
|20000r 3 19| 1| 1| 0] 0 | 203
Xray | 250001 % |2 | 0| 1 0|0 | 2444
| Thermal| 3 e b b -
| neutron 265)(101 nth/cm” o4 b 12 1 1 1 0 : 0 1905

Thermal
- neutron

t399x10“nth/cm2 : ',91 ,711,6 1301 0

When in rchange

" ‘kf'“ﬁcantly greater at hlgh dose than at low dose in both X:ray and thermal netitron .
. V1rrad1ated matenals Wlth the same treatment and dose, greater per cent of" .

- same relatlve frequenc1es of .the drfferent types of chromosomal 1nterehanges ;
after thelr dry seeds Were 1rrad1ated w1th Xrays and thermal neutrons By'
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Fig. 1. Per cent of chromosomal interchanges in PMC from seeds irradiated
with X-rays and thermal neutrons. :

is not statistically significant, indicating that the two varieties produced similar
relative frequencies of interchanges after irradiations.

Table 3. Summary of chromosomal interchange types in the R,
microsporocytes from plants grown from dry seeds
irradiated with X-rays and thermal neutrons

No. of spikes showing ring- or chain-of
Variety
0 . 4 4-+-4 6 8
Taichung No. 65 269 74 10 92 2
(all doses and treatments)
Chianan No. 8 301 67 5 4 0
(all doses-and treatments)

Similar ‘analysis was conducted to determine the resemblance of the two
types of - radiations. in producing the relative frequencies. of different classes of
interchanges -in each variety. . The Chi-square values. thus obtained are: not

significant for either variety.

It has been calculated from the data for chromosomal interchanges that 1t
of X-rays is approximately equal to 1.4x10° nth/cm? of thermal neiitrons. ~The
result is very close to 1 r equivalent to 1.35 nth/cm? calculated by Matsuo ef al.
(1958} who based upon the dose necessary for the indiction in rice of the
frequency of chlorophyll deficient mutation of five per cent.

Pollen Sterility: Cytogentists are aware of the fact that many chromosomal
abnormalities may affect the fertility of organisms. ~Thus, many heterozygous
translocation plants are semisterile. The sterility resulting from irradiations
has been attributed to ‘the chromosomal abnormalities by many investigators.
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In rice plants, the partlal sterlhty followmg X ray irradiation is mostly due to

: rec1proca1 interchanges (Oka el al 1953)

. The results obtained by Beard ef al (1958) in barley, ma1ze, mustard and
: 'safﬂower indicate that close correlation ex1sts between the pollen sterlhty and

” doses of X-rays and thermal neutrons. '

As expected, results ‘presented in Table 2 -show that the . per cent of chfo-f
~. ‘mosomal interchanges is higher at high dose than at low doseof X-rays and
thermal neutrons in both varieties tested. In order to determine the relations
between: the chromosomal interchanges and pollen steriliy, the per cent of pollen

o abortmn was counted for each treatment. The results are summarized in Table 4.

Table 4. "Pollen-abortion of the plants grown from ‘the seeds 1r1fad1ated
with X-rays and thermal neutrons: :

s S “Aborted | Per cent of
Variety | Treatment Dose S (sﬂa;rencxl)(lgg Total pollen”k pollen | abo rtlon k
Taichung| Control | = 0« | 45 .| 11,509 | - 1011 | 8T .
No.® | Xray |20000r - | 43 11,139 | 2916 %2
Xray | 25000 r 49 14,235 7,713 541
Eg‘lfg;g;l 265%108Bnth/eme | 40 13,640 8664 | 635
Thermal | 399 10nth/em? | 47 13362 | 8854 66.2
Chianan | Centrol | 0 a2 9,781 1,102 11.3
‘N"j 8 | Xray 20,000 45 12,430 | 4,053 32.6
Xeray | 250001 42 | 11,543 | 6081 527
Thermal | pg5xlo®ath/em?| 43 | 14062 | @60 | 480
Thermal | 399, 1gmth/cmt | 43 10834 | 4943 | 464

~ For X.ray irradiated materialsz -significant differences in pollen abortion
between low and high doses were found in both varieties tested. Such a caseis
being observed in the per cent of chromosomal interchanges. However, for thermal
neutron irradiated materials no significant differences in "'pollenfstefility”'wefe' ’
found between plants grown from  seeds 1rrad1ated ‘with low and ‘high doses.

Since the pollen 'samples were taken from the regenerated plants (the original

R, plants were severely damaged by Chslo sp. ‘before ,an,thesns) the results of
pollen abortion obtained’mig'ht not truly represent the effect of thermal 'nent'rons ,
‘For this teason no general conclusion can be made in this study concermng the:
~’relatmnsh1p ‘between chromosomal interchanges and pollen abortion. e
' Seedling Mutations; Data. for ‘seedling mutations are given in Table b. The
' seedlmg mutatlons mclude -albino, yellow - green, l1ght green, yellow, strlped

- and vanegated types, among ‘which albino 1s the most frequent one. Smce :
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the original R; plants were damaged by Chélo sp., the spikes used for seedling
mutation study were picked from the regenerated plants.. Thus, only relatively
small number of spikes were teésted for each treatment. Errors mvolved in the

data for seedhng mutaions may have been great

Table 5. Frequencies of chlorophyll deﬁcient mutants induced
by X-rays and thermal neutrons

B s No, of spikes
Variety Treatment Dose No. tgitzglkes showjng Pﬁfuggg r(x) f
mutations
Taichung |- Control 0 140 ' 0 0-
No. 65 X-ray 20,000 r , 158 6 38
X-ray. 25,000 r 94 3 - 32
Thermal
) neutron . 2.65 % 103 nth /cm? ‘ 129 3 2.3
Thermal ‘
neutron 3.99 x 10¥nth /cm? | 140 ) 9 6.4
Average ) ; v 403
Chianan .| Control 0 145 0 0
No. 8 Xray - 20,000 T 148 R 4 47
X-ray 25,000, r ' 146 13 8.9
Thermal = | pg5x108nth/em? | 181 | 15 115
Thermal
neutron 3.99 x 10¥nth /cm? 120 ; 6 5.0
Average ’ 7.52

Data given in Table 5 show that fréquéncies of chlorophyll deficient miita-

“ tions induced by X-rays and thermal neutrons were higher in the variety Chiana_m ‘
-No. 8 than in the Variety Taichung No. 6‘5.‘ It should be recalled that the reverse

is the case‘ for the chromosomal interchanges {Table -2 and Fig. 1).

In testing the chlorophyll deficient mutations, it was observed that air

temperature had affected greatly on the expression of such mutants. ‘This is

especially true with those-of variegated types. Genetists a:re/ often handicapped
with the interference to obtain a precise segregating ratio ‘of such mutants.  In
order to clarify the temperaure effect on the segregating ratio of such mutants,
4 ‘variegated R; lines were taken for this study. The R, seeds from the
heterozygous plants of each line were divided into 3 parts. They were germi-
nated and . grown under 3 different conditions, namely: (1) under natural
condition (20°-36°C), (2) under constant low temperature (15°+20°C), and (3)under
constant high temperature (25°-30°C), and. their segregating ratios were deter-
mined. The results are given in Table 6. :
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The Segregating ratios -of all the 4 lines tested under the constant rlovs//
temperature  fit very closely to the 3:1 ratio while under 1_:he constant high
temperature only 2 out of the 4 lines fit to the 3:1 ratio, and those under
natural condition, only one of the lines fits to the monogenic ratio. - By the.
analysis of the variance, it was found that significant difference for the conditions

‘was demonstrated, indicating that in testing chlorophyll deficient mutants tem-

perature takes great importance in the expression of their phenotypes especially
those of variegated types.
Discussion )

In barley, Caldecott et al. (1952, 1954) demonstrated that X.rays have a
pronounced effect on extra-chromosomal elements of the cells, while the effect
of thermal neutrons is largely chromosomal. Their interpretation -is mainly
b:zsed onthe data for seedling lieight and number or seedlings survived.
~ Data for the number of seedlings survived and seedling height obtained in
this experiment indicate that rice seeds treated with thermal neutrons were
much more uniformly affected than seeds irradiated with X.rays. This finding
supports the conclusion made by Caldecott ef al. in barley.

Intervarietal differences in radio-sensitivity has been observed in some species.
In this study intervarietal differences in response to X-rays and thermal neutrons
were found to have expressed in chromosomal interchanges and seedling muta-
tions but not in seedling height. It is interesting to note that the variety
whose chromosomes are relatively resistant to radiations, Z.e. chromosomes less
subjected- to chromosomal interchanges yielded more chlorophyll deficient muta-
tions and vice versa. This might be explained by the difference in elimination
of the aberrant chromosomes between varieties during ontogenesis or due to
difference in genes sensitive to radiations. In any case; for the practical purpose
of plant breeders, selection of variety for the induction of mutations is important.

In genetic studies, it is a recognized fact that recessive mutants often appear
in rels.tively low proportions. This is especially true for chlorophyll deficient
mutants. The results obtained in this experiment show that the proportion-of
chlorophyll variegated mutants in the segregating populations was influenced
by temperatures. Thus, in testing chlorophyllb deficient mutants, control of
temperature may be necessary.

Summary

Dry seeds of two rice varieties were treated with both X-rays and thermal
neutrons in two doses each.. Comparisons of the effects were made between the
two types of irradiations as well as between the two varieties as measured by
seedling height, number of seedlings survived, chromosomal interchanges, pollen
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‘abertion,‘ and'seedlin'g mutations. Frém‘,ythese studies;‘ the jollowing conclu‘sions :
- have ‘been reached: : ' : , \ ae
' 1 Seeds of ‘both varieties treated with thermal neutrons Were much more
umformly affected than seeds irradiated with X- -rays as shown by the seedlmg’
height and number of seedlings survwed ~
: -2, Intervarietal differences in response to both irradiations were observed
Seeds of the variety ‘Taichung No. 65 after bemg irradiated with X -rays and. k
_thermalr neutrons produced more chromosomal interchanges than that: of the
. variety Chianan No. 8. The reverse was the ‘case for the seedling mutations. '
3. It is calculated from the data for chromosomal interchanges that 1 r of
. X -rays was approximately equal to-1.4x10° nth/cm? of thermal neutrons.
: 4. The relationship between the per cent of chromosomal mterchanges and
the per cent of pollen abortion was rather obscure.

5. .In testmg the segregating “ratio -of the variegated type of chlorophyll
deficient mutants, it was observed that temperature had an important effect on
the expressmn of such mutants in the segregating populatlons ‘
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