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Screening for Nitrate Reductase-Deficient Mutants in Rice (Oryza sativa L.)
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To obtain mutants deficient in nitrate reductase (NR) in rice, screening for chlorate
resistance was carried out using the mutant lines maintained at the Institute of Radiation
Breeding, NIAR, Japan. Of 437 lines tested, four chlorate resistant lines (M819, M821,
M1004 and M1009) were selected. Differences in chlorate sensitivity were also observed
among the four selected lines. The levels of i witro NR activity of seedlings in M819 and
M821 were below 30% of that of their parent, Norin 8. M&819 and M821 were identified
as low NR activity lines. NR activity in M1009 was about 80% of that of Norin 8.
However, NR activity in M1004 was the same level as that in Norin 8. Seedlings of four
selected lines took up nitrate to the same extent or a higher than Norin 8.
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Introduction

Most higher plants use nitrate as a major source of nitrogen. Nitrate taken up into the
cells is reduced to nitrite by nitrate reductase (NR). In order to improve the efficiency of
nitrate utilization in crop plants, it is the most important to investigate the structure and
function of NR, because NR is a key. enzyme in nitrate assimilation (Bray 1983). Genetical
and biochemical studies on NR have been progressed using NR deficient mutants or cell lines
from several higher plant species (reviewed in Kirnnors ef al 1985, Wray 1986). However,
we need further information on the genetical control of NR in various plant species.

NR deficient mutants can be selected as chlorate resistant mutants, because chlorate is
taken up as an analog for nitrate into the cells and is reduced to toxic chlorite by NR. A
number of mutants and cells resistant to chlorate have been selected in various plants and
have been used for genetical and biochemical research on NR (Wray 1986).

Since rice seedlings, unlike most crop plants, use ammonium as a major nitrogen source,
we assume that rice may have a unique NR system and that rice mutants defective in NR
may have a better chance of survival and seed production. This paper describes a screen-
ing technique for isolating chlorate resistant mutants and demonstrates that they are low NR
activity lines.

Materials and Methods

Plant materials and culture of seedlings
Seeds of 437 rice mutant lines including 427M lines and 10HP lines were used. M lines
are progenies of mutants altered in various kinds of morphological characters and HP lines
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are high protein mutants. All mutants whose original variety was Norin 8 (japonica type) were
selected from the progenies mutagenized by gamma-rays in the 1960s and have been main-
tained at the Institute of Radiation Breeding, National Institute of Agrobiological Resources,
Ibaraki, Japan.

Seeds were sown and cultured on a net float in a plastic container in a biotron
(LH-200-RD, Nippon Medical and Chemical Instruments, Japan at 25+1°C with fluorescent
light (6,000 lux, 16h photoperiod).

Primary screening

Seedlings were cultured with 0, 104 and 10-*M potassium chlorate from sowing. Four-
teen days after treatment, seedling damage induced by chlorate was visually evaluated on
the basis of the reduction in seedling height and the extent of brown leaf spots (described
as chlorate burn by Kirmnnors ef al 1978). The grades of chlorate resistance were classi-
fied into four groups; R (resistance), R’ (weak resistance), S (sensitive) and R/S (resistant
seedlings segregating). Fifteen seedlings were used in each treatment.

Secondary screening

Seeds which had been classified as R at the primary screening were sown and cultured
with 0, 5x10-°, 10-4 5x10-% and 10-3M potassium chlorate under the same conditions
as the primary screening. Seeds of Norin 8 were also used as control. Seedling height was
measured as a parameter of chlorate injury on the 14th day after the sowing. Twenty seeds
were used in each treatment.

Nitrate reductase activity

The in vitro NR activity of a 20-day-old seedling was determined in four lines of group
R and Norin 8. For the analysis, seedlings were cultured with low concentration of culture
solution including both nitrate and ammonium for 17 days and then were transferred into
deionized water. Seedlings were placed in the 500uM potassium nitrate solution for 6h be-
fore NR assay to induce NR. NR was assayed by the method proposed by Haceman and
Reep (1980). Five or ten seedings were used in each assay.

Nitrate uptake

Prior to the nitrate uptake measurement, seedlings were kept in a solution of 250uM potas-
sium nitrate and 500uM calcium sulfate at 25+1°C for 24h. Fifteen days after sowing, seed-
lings were placed in a small beaker containing 50m/ of a solution of 250uM potassium
nitrate and 500xM calcium sulfate in a biotron at 28+1°C. After 6 hours, nitrate concen-
tration of the solution was measured with a nitrate specific electrode (8201-06T, Horiba Ltd.,
Japan) with an ion meter (N-8F, Horiba Ltd., Japan). Net nitrate uptake into the seedlings
was calculated from the depletion of the solution. Each experiment was replicated three times

using 5 seedlings.
Results

When seedlings of Norin 8 were cultured with potassium chlorate at concentrations above
5x10-5M, their growth was severely inhibited. Brown spots, indicative of chlorate-induced
damage, were also found on the leaves. The number and size of the spots increased with
the increase in chlorate concentration. From these observations, it was indicated that a
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chlorate-resistant seedling could be easily distinguished from a chlorate-sensitive one.

Table 1 shows the classification of the lines tested into three groups based on extent of
resistance. Of 437 mutant lines tested, four lines, M819, M&821, M1004 and M1009, were
classified as R, while fifteen lines were R’. In six lines classified as R/S, it was observed
that a few well-grown seedlings were found among the sensitive ones. No chlorate resistant
mutants were detected in HP lines.

The difference in chlorate sensitivity between Norin 8 and the four lines classified as R
is shown in Fig. 1. Fig. 2 shows the responses to 10-3M potassium chlorate in four chlo-
rate resistant lines and Norin 8. In M819, M821 and M1004, reduction in seedling height
was observed at a concentration of 5x10-°M or higher, but no remarkable decrease in
seedling height was found with increase in chlorate concentration except for the seedlings
of M819 and M821 at 10-*M chlorate. Differences in chlorate sensitivity were also ob-
served between the lines classified as R. M819 and M&821 were obviously resistant to chlo-
rate. The chlorate resistance in both lines
was confirmed from their small size of leaf
spots. M1004 was the most resistant to

chlorate when the resistance was evaluated 100 ™
by the reduction in seedling height, but the 'i}\ ______________
seedlings showed apparent brown leaf spots. I \‘: ' .

On the other hand, chlorate resistance in .
® M1004

M1009 was intermediate between three M

Seedling height (% of control)

50f e ~=~N\ M1009
. . — M821
lines and Norin 8. R B - M819
Table 2 shows i wvitro NR activity in the \\.‘ )
r Norin 8
four lines classified as R and in Norin 8. i
Leaf NR activities of M819 and MS821 R
were 29 and 28%, respectively, of that in 4 g --‘1110_4 R S S ...1|0_3

Norin 8. Therefore, M819 and M821 were

identified as low NR activity lines. On the

other hand, leaf NR activity of M1004 Fig. 1. Difference in chlorate sensitivity between four

. . chlorate resistant lines and Norin 8. Seedling
was as almost the same as that in Norin height was measured on 14th day after

8. Leaf NR activity of M1009 was about treatment.

Potassium chlorate concentration (M)

Table 1. Chlorate resistant lines from 437 mutant lines

R R’ R/S

M 819 M 108 M 730 M1027 M 25 M1147
M 821 M 213 M 743 MI1054 M 102
M1004 M 643 M 828 M1082 M 689
M1009 M- 682 M1017 M1087 M 725
M 707 M1023 M1153 M 728

R : Resistance
R’ : Weak resistance
R/S : Resistant seedling(s) segregating
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80% of that of Norin 8. Preliminary assay for NR activity was also carried out using the
seedlings of the lines of group R’, but no NR deficient mutants were found (data not
shown).

As shown in Table 3, seedlings of both mutant -lines and Norin 8 took up nitrate. Up-
take of nitrate from the 250uM nitrate for 6h ranged from 9.2 to 10.5x mol'g~1-6h~!. No
significant difference in nitrate uptake was found between Norin 8 and the mutant lines ex-
cept for M1009, where there was a significant difference at 5% level.

Discussion

Chlorate resistance has been used as a selective marker for isolating NR deficient mutant
at both the cell and the whole plant level in many plant species (reviewed in Wray 1986).

Table 2. Level of in vitro nitrate reductase activity (umol NO2~-g fresh weight ~*h~1) of a 20-day-
old seedling in four chlorate resistant lines and Norin 8

Norin 8 M 819 M 821 M1004 M1009  Mutant/Norin 8
Assay 12 3032 +£417 875+63 — — — 0.289
Assay 22 3657 711 — 1004 +201 — — 0.275
Assay 3° 2941 + 360 - — 2779 +165 — 0.950
Assay 4P 2941 + 360 — — — 2264 138 0.770

& Average of 10 seedlings
b. Average of 5 seedlings

Fig. 2. Seedlings of chlorate resistant lines and Norin 8 cultured with 10-3M
potassium chlorate.
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In this study, two chlorate resistant mutant lines, M819 and MS821, were identified as low
NR level ones. The levels of NR activity in M819 and M821 were higher than those in NR
deficient barley mutants, which showed 0~10% of NR activities of their original varieties
(WarNER ef al. 1977, BricuT ef al 1983). NR activity of M1009 was about 80% of its par-
ent. On the other hand, NR activity in M1004, which was also classified as chlorate resist-
ant, were almost the same as in Norin 8. Seedlings of M1004 grew in the chlorate solu-
tion but showed apparent leaf spots. These facts suggest that the chlorate resistance in
M1004 is controlled by a different mechanism from that in M819 and M821.

It was interesting that mutants deficient in NR were found among the lines which had
been selected previously as mutants in other agronomic or morphological traits. At present,
relationship between the low level of NR and the morphologically mutated character in M819
and M821 is unclear. The plants of M819 and M821 grew vigorously to maturity and
produced seeds under the field condition fertilized with both nitrate and ammonium. This ob-
servation was different from that by Kiemwmors et al. (1978), who reported that all chlorate
resistant barley seedlings were lethal.

Since the 1980s, studies on NR in higher plants have entered into a new era because of
the progress in genetical and immunological approaches (Wray 1988, CampserL 1989). The
genes for NR have been identified in some plant species. In barley, some genes determin-
ing synthesis of either apoenzyme or molybdenum co-factor of NR have been identified by
the genetical and biochemical characterization of NR deficient mutants (KLEiNHOFS et al.
1980, BricuT ef al 1983). Similar researches have been conducted in Nicotiana species
(MULLER. 1983, GaBarDp ef al. 1988). In rice, Wakasa et al. (1984) established NR deficient
cell lines, but whole plant mutants deficient in NR have not been reported. HamaT ef al
(1989) reported that rice NR was encoded by a small gene family and suggested that the
NR system in rice was different from that of barley. Recently, the cDNA sequence of NR
structural gene has been determined in Arabidopsis (CRawrorD ef al. 1988), rice (Cuor et al
1989) and others. M819 and M821 have a potential value for the research on genetics and
biochemistry in rice. Further studies on the chlorate resistant mutants selected in this ex-

~ periment are now in progress.

Table 3. Nitrate uptake by 15-day-old seedlings of four mutant lines and No-
rin 8. The rates of nitrate uptake by rice seedlings were simulated
from the decrease of nitrate from the root-bathing culture solution
containing 250 uM KNOs3+ 500 M CaSOy4

L. No. Uptake (umol-g fresh weight ~1"6h~1
Norin 8 9.6+0.29
M 819 9.8+0.59
M 821 9.2:£1.00
M 1004 10.0£0.87
M 1009 10.50.30*

2. Whole plant fresh weight
* : Significantly different from Norin 8 at 5% level
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It has been reported that some mutants resistant to chlorate may be deficient in nitrate
uptake (OosTiNnDIER-Brasxsma and Freenstra 1973). However, the seedlings of the mutant lines
selected in this experiment took up nitrate to the same or higher extent than Norin 8. The
fact that seedlings of the low NR level mutant lines, M819 and M821, took up nitrate to
the same extent as their parent is similar to the reports on NR deficient Arabidopsis
(DoppEma ef al. 1978) and pea (Deane-Drummonp and Jacossen 1986). These observations sup-
port the view that nitrate uptake is independent of NR in higher plants (Warner and
Hurraker 1989).

Finally, it has been reported that a chlorate hypersensitive mutant in Arabidopsis shows
both enhanced nitrate uptake and NR activity (WanG ef al 1988). In the mutant lines (M
lines) tested in these experiments, some lines seemed to be more sensitive to chlorate than

the parent. It may be possible to select mutants showing enhanced level of NR from the
lines tested in this study.

Acknowledgements

The authors wish to their thanks to Dr. J.L. Wray, University of St. Andrews, Scotland,
U.K., for his revising this manuscript.

Literature Cited

Bray, C.M. 1983. Nitrogen metabolism in plants. Longman, London and New York. 214p.

BriGHT, S. W.]., P.B. NOrRBURY, J. FrRANKLIN, D. W. Kirx and J.L. WRrAY 1983. A conditional-lethal
cnx-type nitrate reductase-deficient barley mutant. Mol. Gen. Genet. 189 :240~244.

CampPBELL, W.H. 1989. Structure and regulation of nitrate reductase in higher plants. In “Molecular
and genetic aspects of nitrate assimilation "WRAY, J. L. and J. R. KINGHORN (eds.), Oxford Science
Publications, Oxford, 125~ 154.

Cuoi, H.K., A. KLEINHOFS and G. AN 1989. Nucleotide sequence of rice nitrate reductase genes.
Plant Mol. Biol. 13:731~733.

CrAWFORD, N. M., M. SmitH, D. BeLLisSIMO and R. W. DAvis 1988. Sequence and nitrate regulation
of the Arabidopsis thaliana mRNA encoding nitrate reductase, a metalloflavoprotein with three func-
tional domains. Proc. Natl. Acad. Sci. USA 85 :5006~5010.

Deane-DrRuMMOND, C.E. and E. JACOBSEN 1986. Characteristics of 36ClOs-influx into nitrate reductase
deficient mutant E; Pisum sativum seedlings : Evidence for restricted ‘induction’ by nitrate compared
with wild type. Plant Sci. 46:169~173.

DobpemA, H., J.J. HOFSTRA and W.J. FEENSTRA 1978. Uptake of nitrate by mutants of Arabidopsis
thaliana, disturbed in uptake or reduction of nitrate. I. Effect of nitrogen source during growth on
uptake of nitrate and chlorate. Physiol. Plant. 43 :343~350.

GaBARD, J., F. PELsY, A. MarioN-PoLL, M. CaBocHE, I. SaarLBacH, R. GRAFE and A.J. MULLER
1988. Genetic analysis of nitrate reductase deficient mutants of Nicotiana plumbaginifolia : Evidence
for six complementation groups among 70 classified molybdenum cofactor deficient mutants. Mol.
Gen. Genet. 213:206~213.

Haceman, R.H. and A.J. LeEep 1980. Nitrate reductase from higher plants. Methods Enzymol.
69 : 270~ 280.

HamaT, H.B., A. KLEINHOFS and R.L. WARNER 1989. Nitrate reductase induction and molecular
characterization in rice (Oryza sativa 1L.). Mol. Gen. Genet. 218:93~98.

KLEINHOFS, A., T. Kuo and R.L. WARNER 1980. Characterization of nitrate reductase-deficient barley
mutants. Mol. Gen. Genet. 177 :421~425.

, R.L. WARNER and K.R. NARAYANAN 1985. Current progress towards an understanding of
the genetics and molecular biology of nitrate reductase in higher plants. In “Oxford surveys of plant
molecular and cell biology. Vol.2” MIFLIN, B.]J. (ed.), Oxford University Press, Oxford, 91~121.

NI | -El ectronic Library Service



Japanese Soci ety of Breeding

Nitrate Reductase-Deficient Mutant in Rice 101

, , F.J. MUEHLBAUER and R.A. NitaN 1978. Induction and selection of specific gene
mutations in Hordeum and Pisum. Mutat. Res. 51:29~35.

MULLER, A.J. 1983. Genetic analysis of nitrate reductase-deficient tobacco plants regenerated from mu-
tant cells. Evidence for duplicate structural genes. Mol. Gen. Genet. 192 :275~281.

OOSTINDIER-BrAAKSMA, F.J. and W.J. FEENSTRA 1973. Isolation and characterization of chlorate-
resistant mutants of Arabidopsis thaliana. Mutat. Res. 19:175~185.

Wakasa, K., M. Kosavasui and H. Kamapa 1984. Colony formation from protoplasts of nitrate
reductase-deficient rice cell lines. J. Plant Physiol. 117 :223~231.

Wang, X., K. A. FELDMANN and R.L. ScHoLL 1988. A chlorate-hypersensitive, high nitrate/chlorate up-
take mutants of Arabidopsis thaliana. Physiol. Plant. 73 : 305~ 310.

WARNER, R.L. and R.C. HUFFAKER 1989. Nitrate transport is independent of NADH and NAD(P)H ni-
trate reductases in barley seedlings. Plant Physiol. 91 : 947 ~953.

. C.]. Lin and A. KiemNHOFS 1977. Nitrate reductase-deficient mutants in barley. Nature
269 : 406 ~ 407.

WraY, J.L. 1986. The molecular genetics of higher plant nitrate assimilation. In “A genetic approach
to plant biochemistry” BLONSTEIN, A.D. and P.J. KING (eds.), Springer-Verlag, Wien and New
York, 101~157.

1988. Molecular approaches to the analysis of nitrate assimilation. Plant Cell Environ.
11 :369~382.

A R BT B RANERIR TURER TG M SRR AR DR IR

AN BV - KEOWBY - RS - —IRE S
VKRB RSB AR 22, S, T 593

2 REEEYPRIRATJC AT U MO Y,  KIRIRKENT, T 319-22
O FN RIS, BN =AN], T 761-07

B W RIRT SRR R B RS IC B GRIRE N, MERFE N Tw 5 4 A RRERRM (KR, BReS) %
BT, Ry ) 7 LRI & L 2R TEEE (NR) REBZREFIRNZ 7)) —=2 TR RAT,

EREDEFRBEHERLD 0, 1074 BLO10M OEEREE Y ) 7 ABRTEFI 2, B 14 BHICBITS
IFEM O B A HIHIRRE 7 &5 NS IENBER K E Sz X ) TIHRICIERE Y ) 7 28850 Tl £ 1T, PR
EE R (HEHUE), R BBVEHME), S (M) 7206 Nc R/S (HEPTHERMARS RN IC 0 8E) 1oL 72, ok
% TR 72 437 R 9 B, M 819, M 821, M 1004 7 & (Mic M 1009 o 4 REAHERER A ) 7 235 R) &
Adshz, /2R &L TISRED, R/S L LT 6 REAFRD L7z (Table 1),

RICHEFERR 7 ) 7 LAHEHTHE 4 M8 & B 8 B MRES & 0~103M DIRRIR Y ) 7 ABEB CTEE &8, N
FREE 2 EMA L 72, M 819 & M 821 I3 H L OMPHIFRE & BEDWEH DK E S ORI D FUeD & WK EREE Y V)
AP ERL 2. —F, M 1004 3 F L S 13 b HEHE 2 R L 22030 IIEER R b7z, F 72 M 1009
i3 M 819, M 821 & B 8 BT ML IFIFRRE TH - 72 (Fig. 1, Fig. 2).

HAERL 20 H H MR OTEIZ BT 5 in vitroNR IEMHELZ A2 & 2 A, M 819 & M 821 » NR iEHIZH/KiEND
30%LLTFTH D, FiRFIIE NR IEMZEREREK TH 5 & KIS 72, —, M 1009 @ NR #EHEI3 R S5 050 80%
THYH, M1004 Ti3JF ffE <‘: FRRETH L Z EDW LI - 72 (Table 2). HaREgy ) 7 AP IZAEERITIL/R
MZEREROIRE - LT LA TH 5. 4 RGO M 8 B & FREH 5 WiZ 20U ETh V) IR /R PR 52

REERIR T3 % h - 72, (Table 3),

NR (3 OTEBABIC B W TR D ERELRE L I3 TEETH D, Lo &5 I EBRTFZEOMAIL, $hE
B AR 2 AT % DB R OB L L TEETH 5, ZORPUCIE NR IS0 b 5 2L 2 RERORA» A
WMTH DT, KEBRTHLPZR - 2RI DV T NR OBREFHHE 21T > T 5,
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