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GENETICS VARIABILITY IN MAIZE (ZEA MAYS L.) INDUCED BY
MUTAGENS

I. THE EFFECT OF COMBINED DOSES OF N-METHYL-N-NITROSOUREA,
SODIUM AZIDE AND GAMMA RAYS!

JAN OLEJNICZAK®

Institute of Plant Genetices, Polish Academy of Sciences, Poznan

Summary. The action of combined doses of SA-+-MNUA and MNUA 4+ gamma rays
resulted in a marked inerease in the number of ehromosome aberrations in the root tips,
as compared to separately acting mutagens. Sodium azide did not induce aberrations,
and MNUA and gamma rays induced a relatively small number of aberrations. Singly
acting mutagens caused small seedling injuries of M, plants, whereas secdling injuries
of M, plants were found to increase and decrease, when combined doses of mutagens
were applied. The highest level of seedling injuries was detected in the case of SA+ ga-
mma rays and MNUA 4-gamma rays interaction, and the lowest — in the case of gamma
rays--SA and MNUA-LSA interaction.

Among the applicd mutagen combinations the largest frequeney of chlorophyll mu-
vations in M, was induced by SA. The combined mutagen doses did not cause an
increase in the mutation number in comparison to singly acting mutagens.

A mutagenic cffect of gamma rays and that of the chemomutagen MNUA on
higher plants have been known for many years, and recently, a high mutagenic
effectiveness of sodium azide has been noted. The frequency of mutations may also
increase interaction of chemical and physical mutagens. Mutation methods are
used in basic and breeding works mainly with self-pollinating and rarely with cross-
-pollinating plants.

The purpose of the present paper was to determine the effect of interaction of
N-methyl-N-nitrosourea, sodium azide and gamma rays on the size of seedling inju-
ries of M, plants of the maize line S-615 and on the frequency of chlorophyll muta-
tions in M, plants.

MATERIAL AND METHODS

The material for the present studies consisted of the corn seeds of the maize
inbred line S-615 (Zea mays L.) obtained at the Experimental Department of Plant
Breeding and Acclimatization in Smolice. Healthy and well-developed seeds were
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exposed to the action of two chemical mutagens and gamma rays in the following
combinations:

1) eontrol — H,0,

2) econtrol — H,0 — buffer,

3) sodium azide (SA) — 0.7 mM,

) N-methyl-N-nitrosourea (MNUA) — 0.8 mM,
) gamma rays (y) — 7 kR,
6) SA-+-MNUA,
) MNUA-LSA,
) gamma rays—+SA,

9) SA-4gamma rays,

10) gamma rays+MNUA,

11) MNUAgamma rays.

Corn seeds were presoaked in distilled water for 12 hours at 24°C. The SA solu-
tion was prepared in phosphate buffer (0.025 M), pH 3, whereas MNUA was dissol-
ved in distilled water, at pH 5.6. The grains were gamma-radiated (at the Labora-
tory of Isotopes, Academy of Agriculture in Poznan). The grains were treated with
chemomutagens for 3 hours at 24°C, after which they were rinsed under running
water.

Mutagen-treated secds ready for cytological analyses were sown in Petri dishes,
Germinating grains were fixed in aceto-aleohol (1:3) at 5 h-intervals from 31 to
78 hours of germination. Cytological observations of chromosome aberrations (brid-
ges and fragments) at anaphase were made on smashed root tips prepared by Feul-
gen method.

In order to estimate the effect of mutagens on the growth of roots and seedling
the treated seeds were placed in filter rollers in three replications at 24°C and addi-
tionally lightened for 18 hours/day. Fourteen days after the establishment of the
experiment the root length and seedling height weve measured. Besides that. muta-
gen-treated graing were also sown in the glasshouse. 7 days after the germination
rate was assessed and 14 days after — the plant height was measured.

For comparison of the effect of mutagen combinations on the complex of scedling
injuries (roct length, seedling height, germination and plant beight) as compared
to the control, Mahalanobis’” distances were used (Calinski, Kaczmarek 1963).

Mutagen-treated seeds were sown in the field at the space of 15375 cm in three
replications by the method of random blocks, 280 grains in each replication, to
obtain 7, seneration. Two weeks after the gevmination in the control plants the
germination rate on the plots was estimated. The fivst measwrenent of the plaut
height was made at the phase of 4 leaves and the sceond — befose harvest., 30 ran-
dom plants trom ~ach combination selected bofore were then soifpollinated during

Ao

flowering. Before harvesting the plant savvival was meosured (Le. the nuwber of
plants containing et least one gravi on croaapollinated cobs, was detennined).

Afper harvesting inbreedingty pollinated cobs, the numbei and welght ol the
corn seeds wore estimated. The frequeney of chlorophyll mutations were deter-

mined on M, plants according to Gustafsson’s simplificd classificetion,
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For all the studied elements of seedling injuries (germination, plant height (I and
IT measurements), survival, seed number per cob seed weight per cob) of M; plants
and chlorophyll mutations of M, generation contrasts were made between the
control and mutagen combinations. For individual mutagens and the control form,
Mahalanobis’ distances, the significance of which was studied through the com-
parison with critical distances at o=0.05, 0.01, were calculated.

RESULTS

Depending on the kind and combination of mutagens, the observed percentage-
of chromosome aberrations was different (Tab. 1). The dose of 0.7 mM of sodium
azide did not cause any aberration at all. A small number of chromosome aberra-

Table 1. Chromosomal aberrations after combined
treatments with SA, MNUA and gamma rays

Aberrant | Time after
Combinations anaphases |treatments
{%] {h]
Control — H30 — ! -
Control — H,0 — buffer =
Sodium azide (0.7 mM) SA - —

MNUA (0.8 mM) 6.5 48
SA (0.7 mM)-+-MNTUA (0.8 mM) 10.0 53
MNTUA (0.8 mM)+8A (0.7 mM) 4.5 58
Gamma rays — 7 kR 18.0 63
Gamma rays (7 kKR)+SA (0.7 mM) ! 14.2 63
SA (0.7 mM) 4 gamma rays (7 kR) 13.5 78
(7 kRY+MNUA (0.8 md) 140 | W4
MNTA (0.8 mM)-+(7 kR) 25.0 | 73

tions was detected after treatment with 0.8 mM MNUA solution, but a large number
— after the effect of a 7 kR dose of gamma rays. The application of 2 0.7 mM SA
dose together with a 0.8 mM MNUA dose induced a marked increase in the number
of aberrations, as compared to a 0.8 mM MNUA dose.

The application of sodium azide after MNUA caused an insignificant reduction
of aberration number in relation to the concentration of 0.8 mM MNUA. The dose
of gamma rays with sodium azide pronouncedly decreased the number of aberra-
tions in comparison to a 7 kR dosc of gamma Tays. The dose of MNUA applied
after the effect of gamma rays caused a decrease in the nwnber of aberrations in

relation to a singly acting physical factor (gamimé rays). meed treatmeut with 0.8mM

of MNUA before the action of a physical factir increused the pumber of ¢hromo-
some nberrations as compared to a 7 kR dose.
AMahalanobis distances (Diagram 1) for the complex of seedling injuries (root

length, scedting height, germination and plant height) as compared to the control

generzslly showed that the applied mutageus and their combinations induced signi-

ficant changes in the complex of the studied characters. An exception is the buffer
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Fig. 1. Mahalanobis’ distances for seedling injuries in laboratory and Egge-
brecht’s tests between the control form and combinations of mutagens

solution, the combination of 0.8 mM MNUA 0.7 mM SA and 0.7 mM SA-+7 kR
gamma rays. A particularly high level of seedling injuries was found in the case of
interaction between gamma rays and chemical mutagens.

An analysis of contrasts of germination between the standard and mutagen
combinations (Tab. 2) indicates that the combined dose of 0.8 mM MNUA-+0.7 mM
SA induced significant stimulation of germination and that the combination of
0.7 mM SA-+7kR and 7kR+4-0.7 mM SA definitely decreased the number of ger-
minating plants. The first measurement of the plant height performed at 4-leaf

‘Table 2. An estimate of contrasts of the control (H,0) with different combinations of SA,
MNUA and gamma rays for seedling injuries of M, gencration and frequency of chlorophyll
mutations of M,

Contrast values

! Plant plant number of el frequency

Contrast germina- height height - — vfei ht of chiloro-

tion I measure- | IT measu- g phyll M,

per cob per cob

ment rement plants

(K) — K (buffer) —1.33 —7.81% | —5.42 —1.67 67,26% 074 | —0.63
(K) — 0.7 mM 54 1.67 —6.86 —0.15 4.33 30.21 -7.11 —2.79*
(K) — 0.8 mM MNUA —6.00 0.63 18.73* 8.67 97.34* 6.25 —2.47*
(K) — 7 kR gamrua rays 1.33 2.75 5.95 9.67 70.53* 4.68 —1.96%
(K) — SA+MXNUA 4.00 1.85 25.03* 22.00* 116.39* 9.13* —2.05*%
(K) — MNUA--8A —10.00* —4.65 20.14% 1.00 88.32% 4,72 —1.40*
(K) — gamma rays+SA 4.00 1.87 9.81 ° 9.67 93.47* 783 | —2.24*
(K) — SA+-gamma rays 31.00* 13.10* 29.61* 45.67* 126,33* 10.32*% | —1.92*
(K) — gamma rays + MNUA —1.33 8.54% 28.94* 28.00* 122.99* 10.42% ~1.21%
(K) — MNUA < gamma rays ! 20.33* 6.09 27.11* 35.00* 108.24* 8.71 —~1.55%

* Contrast significant at x=0.05
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stage showed a significant stimulating effect of the buffer solution on the plant
height, whereas the effect of combinated doses of 0.7 mM SA--7 kR and 7 kR
+0.7 mM SA caused a clear reduction of the plant height in relation to the
control.

Measurements made just before harvesting showed that almost in all the cases
a significant reduction of the seedling hight was induced by mutagens. Nearly all
the combined mutagen doses, except 7 kR+0.7 mM SA and 0.8 mM MNUA--0.7mM
SA decisively caused a decrease in the survival of M, plants. Each of separately
applied mutagens did not decrease markedly the survival of M, plants. The mean
number of set seeds per cob significantly decreased in all mutagen combinations,
except 0.7 mM SA dose. Out of many mutagen combinations only the doses of
0.7 mM SA+0.8 mM MNUA, 0.7 mM SA+7kR and 7kR+0.8 mM MNUA caused
a marked decrease in the seed weight per cob in comparison to the control. The
frequency of chlorophyll mutations of M, plants (Tab. 2) showed a significant num-
ber of mutations after the action of all mutagen combinations. The highest frequency
of mutations was detected after the action of 0.7 mM SA and 0.8 mM MNUA doses
and 0.7 mM SA--0.8 mM MNUA and 0.7 mM SA-+7 kR combinations. The com-
bined mutagen doses did not induce a stimulating effect of chlorophyll mutations
resulting from the action of single mutagens.

The obtained Mahalanobis’ distances (Diagram 2) for the complex of seedling
injuries (germination, plant height, survival, number of set grains per cob and
grain weight per cob) of M, plants between the control and individual combina-
tions show in all the cases significant differences in the response to the applied muta-
gens. The highest level of seedling injuries was observed after the action of the

1 — control (H;0)

201 4 2 — H,0—Dbuffer
; % 3 — 0,7mA MNUA
10 4 — 0,3 mA MNUA

5 — 7 kR of gamma rays
6 — AS+MNUA
7 — MNUA+AS

6
) 8 — gamma rays-+AS
1 s g
X
10 — gamma rays+MNUA

s’ gdistunces

9 — AS+gamma rays
8 11 — MNUA +gamma rays

Matelan
w

x - significant af o = § 05

Fig. 2. Mahalanobis’ distances for seedling injuries of M, generation between
the control form and individual combinations of mutagens
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combined doses of gamma rays and MNUA and interaction of SA with gamma rays.
Sodivm azide applied after gamma rays markedly reduced the size of seedling
injuries in comparison with singly acting mutagens.

DISCUSSION

Mutagenic means induce chromosome aberrations, mutations and seed-
ling injuries of 1/, plants. The last ones decrease the effectiveness of applied
mutagens.

In the performed studies no chromosome aberrations were found after the action
of sodium azide. Similar results were obtained by Sideris et al. (1969), Nilan
et al. (1973), Kleinhols et al. (1974), Walther (1975), Niknejad (1976) and
Sander et al. (1978). A small number of aberrations was obtained after applica-
tion of a low MNUA dose. A small number of aberrations was also noticed by Gich-
ner et al. (1968) and by Zasimovich et al. (1967) — after treatment with low con-
centrations of MNUA. Significantly higher per cent of chromosome aberrations
after treatment with MNUA concentrations was revaled in various cultivated
plants by Kiinzel and Maluszynski (1968), Grzesik (1980), Tanoi Yamaguchi
(1969), and in maize by Larchenko and Morgun (1974), Morgun and Larchenko
(1978). In our studies, the dose of 7 kR gamma rays induced a significant percen-
tage of aberrations in the root tips of maize. Sideris (1968) as well as Sideris et
al. (1973) also observed a high percentage of aberrations after gamma radiation
in barley. Sodium azide used in combined doses after MNUA caused a decrease
in the number of aberrations in comparison to a single-acting MNUA dose. Tawin
and Shkvarnikov (1979) found a decrease of aberrations by about 20°/ in wheat
after a combined treatment of sodium azide and MNUA.

The combination SA+MNUA markedly increased the number of aberrations
in maize. Combined doscs of chemical mutagens with gamma rays had a signiticant
influence on the sumber of aberrations in maize. MNUA and SA-treatment after
the action of gamma rays reduced the number of aberrations, whereas a MNUA-
-treatment before the action of gamma rays caused an inerease in the aberration
number in maize. Similarly, Sideris et al. (1969) proved that sodinm azide applicd
after the action of gamma rays markedly increased the number of aberrations in
barley, while Heiner et al. (1960) and Mohan Rao (1972) in the case of action
of dES with physical factors observed an incerease in the number of aberrations in
barley. Interaction of chemical mutagens with physical facters frequently vield
covtradictory vesults caused by different mechanisms of mutagen action (Molan
Rao 1972), whe:cas Hartley (1980) is of the opinion that an inerease in the aberra-
tion number after the effect of combined mutagen doses is caused by inhibition
of yepair processes at the 5 phase or by inhibition of postreplication repairs.

The applied miuntagens caused disturbances in the germination, growth and deve-
lopment of M, plants. A synergistic effect of a combined treatment by gamma rays
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and EMS on the number of emerged plants in barley was detected by Khalathar
and Bhatia (1975) and by Singh et al. (1978), whereas Gichner et al. (1978)
found no decrease in germination after MNUASA action. A reduction in the num-
ber of emerged plants after the effect of SA was observed by Hasegawa and Inoue
(1980), Olejniczak et al. (1978a, 1978b) in barley, Popova and Nikolov (1975).
Morgun, Larchenko (1975) and Olejniczak, Patyna (1981) observed reduction
in the germination of maize plants after treatment with chemical mutagens.

The next symptom of mutagen action was a marked reduction of the height
and survival of maize plants after treatment by both single and combined mutagen
doses.

A similar phenomenon after the action of single mutagen doses was found by
Olejniczak et al. (1978a, 1978b), Singh et al. (1979) and by Hasegawa, Inoue
(1980) in barley. The effect of combined MNUA and SA doses on the plant height
and survival was also stadied by Konzak et al. (1975) and Gichner et al. (1978)
in barley. Popova (1978), Popova, Nikolov (1979) and Olejniczak, Patyna
(1981) observed reduction of the plant height and survival after treating
maize grains with chemical mutagens.

The applied mutagens also reduced the number of set seeds and the seed weight
per cob, particulary after the application of combined doses. A similar reduction
in the seed weight after the effect of combined MNUA and SA doses was observed
in barley by Konzak et al. (1975) and in soybean by Constantin et al. (1976) —
after the action of combined doses of other mutagens. Sarwella and Gorgan (1967)
report about a decrease in the seed number per cob in maize after gamma-ray trea-
tment.

One of the genetic effects of mutagen action is the occurrence of chlorophyll
mutations. Among the applied mutagens the largest frequency of chlorophyll muta-
tions in maize was induced by sodium azide. Hibberd, Green (1978) and Olejni-
czak, Patyna (1981) displayed a similarly high mutagenicity of sodiuam azide in
maize and Olejniczalk et al. (1978a, 1978b), Singh and Olejniczak (1979), Singh
et al. (1979, 1980) and Jende-Strid (1978) — in barley. The applied MNUA caused
the occurrence of chlorophyll mutations in maize. A similar symptom of MNUA
action in maize was detected in maize by Popova and Nikolov (1975), Popova
(1978) and by Morgun and Larchenko (1978), whereas that in barley was revealed
by Ehrenberg and Gichner (1967), Gichner et al. (1978) and by Konzak et al.
(1975).

The dose of 7 kR of gamma rays induced a low per cent of chlorophyll muta-
tions in maize in relation to the studied chemo-mutagens. A similar, weak muta-
genicity of gamina rays as compared to chemical mutagens was observed by Bru-
nner and Mikaelsen (1971), Kiinzel (1971), Prasad (1972) and Nerkar (1977).

The obtained results indicate that combined mutagen doses did not increase
the frequency of chlorophyll mutations with regard to singly acting mutagens.
An interacting effect of combined mutagen doses was observed by Konzak et al.
(1975), Mohan Rao (1972), Choudhary and Kaul (1976) in cultivated plants.
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ZMIENNOSC GENETYCZNA KURKURYDZY (ZEA MAYS L) WYWOLANA
DZIALANIEM MUTAGENOW

1. EFEKT WSPOLDZIALANTA KOMBINOWANYCH DAWEK N-NITROZO-N-MET YLO-
MOCZNIKA, AZYDKU SODU I PROMIENI GAMMA

Streszczenie

W wyniku dzialania kombinowanych dawek SA+MNUA i MNUA--promienie gamma
stwierdzono wyragne zwigkszenic liczby aberracii chromosomowych w komorkach stozkow
wzrostu korzeni w poréwnania z oddzielnie dzialajacymi mutagenami. Azydek sodu nie wy-
wolal aberracji, a MNUA i promienie gamma wywolaly stosunkowo mala liczbe aberracji.
Pojedynczo dzialajace mutageny spowodowaly niewielkie uszkodzenia somatyezne roSlin M,
natomiast przy zastosowaniu kombinowanych dawek mutagenéw stwierdzono zaréwno zwigk-
szenie jak i zmniejszenie uszkodzen somatyeznych rodlin M,. Najwiekszy poziom uszkodzer
somatycznych wystapil przy wspoldzialaniu SA -4promienie gamma, MNUA-promienie
gamma, & najmniejszy przy wspéldziataniu promienie gamma--SA oraz MNUA-SA.

Spoéréd zastosowanych mutagenéw najwicksza czestotliwoéé mutaecji chlorofilowych
roflin w M, wywolalo dzialanie azydku sodu. Kombinowane dawki mutagendéw nie spowodowaly
zwiekszenia liczby mutacji w poréwnaniu z pojedynezo dzialajacymi mutagenami.

TEHETHYECKAS M3MEHUUBOCTh KYKVPY3bL (ZEA MAYS 1.) BBI3BBAHHAJ
OENCTBUEM MVTATEHOB

I. DOOEKT B3AVMO/ECTBUA KOMBUHWPOBAHHBIX 103
N-HUTPO30-N-METUJIMOYE BUHEI, A3JA HATPUA U TAMMA JIVYEN

Pezome

B pesynpTaTe BO3ACHCTBHA KOMOMHMPOBAHHBIME J103aMA SA+MNUA u MNUA +y obHapy*eHO
SBHOE YBCIMYCHHE WHMCNA XPOMOCOMHBIX abeppalMil B KICTK2X KOHyca pocTa KOPHCH 110 CPaBHCHUIO
¢ OTAENBHO ACHCTBYIOIMMY MyTareHaMu. A3uI HATPHA HE BBI3BAI abeppauuii, a MNUA n ramMMma JIyud
BBI3BANM CPABHATEIRHO HeGoNbINOE wuHcro abeppaluit.

OTHEeNbHO ACHCIBYIONIME MYTATEHbI BBI3BAJI HEOO/BIME COMATHYCCKME IOBPEXCHMAA pacTenuit
M,, B TO Bpems Kak IPHU IPAMEHCHUM XOMOMHMPOBAILBIX 103 MYyTArCHOB 0OHAPYKCHO KaK YBEJIMYCHHE,
TaK ¥ YMEHBIUICHHE COMATHYECKHX TIOBPEKCHUM pacrermit M. HanOGonpmuit ypoBeHb COMATHYCCKNIX
[OBPEKICHIMIL BHICTYTIH IPH B3aBMOAEHCTENM SA + 7, MNUA + y, a naumessumit — npuy + SAuMNUA
+SA.

Cpels KCHOMB30BAHHBIX KOMOKHAUME MYTATCHOB HAHMBBICILYIO YACTOTY XJTOPOGHMIUTOBBIX MyTaLui
pacresit M, mpmwamman SA. KoMOGMHAPOBAHHBIC Z036I MyTATCHOB HE BLI3BA/IM Y BETUHCHIA THCIA MyTALMI
0O CPABHEHKIO C OTAETBHO ACHCTBYIOIIMME MyTarCHAMA.



