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Eukaryotic nitrate reductases (NRs) catalyze the reduc-
tion of nitrate to nitrite and are classified into three
groups based on reduced pyridine nucleotide dependen-
cy (Guerrero etal 1981): NADH-specific (EC 1.6.6.1),
NAD(P)H-bispecific (EC 1.6.6.2) and NADPH-specific
(EC 1.6.6.3). Both NADH and NAD(P)H-bispecific NRs
have been reported in plants (reviewed in Kleinhofs and
Warner 1990). Recently, a barley NAD(P)H-bispecific
nitrate reductase was cloned and characterized (Miyazaki
et al. 1991). The chromosomal location of the genes for
this enzyme in barley, rye, wheat and Aegilops umbellu-
lata is presented.

Source of the probe

A genomic clone (pMJ4) containing the sequence coding
for NAD (P)H-bispecific NR from barley was recovered
and characterized (Miyazaki et al. 1991). A Sphl to Sacll
fragment (approximately 400 bp), containing the 5 re-
gion overlapping the ATG translation start site, which
shows low homology to NADH NR was used as a probe
for mapping.

Polymorphism in barley

Polymorphism for the NAD (P)H-bispecific NR probe
was analyzed for two sets of barley cultivars. In the first
set three genotypes were tested using eight restriction
enzymes and in the second set ten genotypes with three
enzymes. The comparison of three genotypes revealed at
least two alleles for six of the eight enzymes. Three alleles
were detected for EcoRI and Xbdl and two alleles for
EcoRV among ten barley cultivars tested in the second
set.
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Chromosomal localization and mapping

The NAD(P)H-bispecific NR was mapped to barley
chromosome 6 using wheat-barley addition lines (Fig. 1).
Although the band for barley cv. Betzes is approximately
the same size as one of the wheat bands, the dosage effect
is apparent for the chromosome 6 addition. The probe
was subsequently used to map the NAD(P)H NR using
the North American Barley Genome Mapping Project
(NABGMP) Steptoe by Morex mapping population.
The segregation was consistent with the expected 1:1
ratio and the NR gene was localized to the long arm of
the chromosome 6, 10.1 cM proximal to Amy! (Klein-
hofs 1992). The locus for that probe has been designated
Nar7 on the barley map.

The hybridization pattern obtained for wheat-rye ad-
dition lines indicates that the sequence homologous to
the probe is localized on chromosome 6 in Imperial rye.
There is no band corresponding to the Ae. umbellulata
NR in a set of lines carrying six individual chromosomes
from this species in a wheat genetic background. This
suggests that the sequence for the NAD (P)H-bispecific
NR may be located on chromosome 3U in Ae. umbellu-
lata since this chromosome addition line was not avail-
able. Alternatively, the chromosome 6 addition line may
have lost all or part of 6U. This possibility is partly
eliminated since the same addition line DNA was hy-
bridized with the NADH NR probe and a positive signal
observed indicating the presence of the short arm of 6U
(Kleinhofs et al. 1988). The specific loss of the long arm
of 6U from this addition line has not been examined.
Hybridization to wheat nullisomic-tetrasomic lines al-
lowed us to assign individual bands detected by the
probe to chromosomes 6A, 6B, and 6D. The pattern
obtained for ditelosomic lines indicated that the genes for
NAD (P)H-bispecific NR are located on the long arms of
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Fig. 1. Hybridization of genomic DNA from various sources with the NAD(P)H-bispecific NR probe. The blots were prepared and
hybridized as previously described (Kleinhofs et al. 1988). Barley cv. Betzes (lane {), wheat-barley addition lines (Islam et al. 1981)
(lanes 2—7), Chinese Spring (CS) wheat/Imperial rye amphiploid (Jane 8), wheat-rye addition lines (Driscoll and Sears 1971) (Janes
9-15), CS wheat/Ade. umbelluldta amphiploid (lane 16), wheat-Ae. umbellulata addition lines (Kimber 1967) (lanes 17-22), CS
nullisomic-tetrasomic lines for group 6 chromosomes (Sears 1966) (lanes 23— 25), CS ditelosomic lines for group 6 chromosomes (Sears
and Sears 1978) (lanes 26—30). Bands hybridizing with the NAD(P)H NR probe are observed for barley chromosome 6H and rye
chromosome 6R. The Ae. umbellulata addition lines do not show a hybridizing band although it is clearly visible in the amphiploid.
The absence of a band in the appropriate nullisomic-tetrasomic and ditelosomic lines identifies the location of the band to the wheat

genomes and chromosome arms as indicated by the arrows

group 6 chromosomes, the same location as in the ho-
moeologous barley chromosome.

In summary, the NAD (P) H-bispecific NR probe is a
highly conserved single-copy sequence in barley and its
relatives (final wash, 0.5 SSC and 65 C). The chromoso-
mal location is conserved for all genomes studied, with
the possible exception of de. umbellulata. The NAD(P)H-
bispecific NR probe detects levels of polymorphism suit-
able for mapping in barley.

Genetic organization of bispecific NR in four mono-
cot species representing six homoeologous genomes is
different from the NADH NR (Kleinhofs et al. 1988).
The NADH-specific enzyme has duplicated sequences
located on chromosomes 6 and 7 in Ae. umbellulata and
the wheat genomes A and D. In the B genome the se-
quence for NADH NR was translocated from chromo-
some 7 to 4. In rye, three bands homologous to the
NADH NR, which may represent one or more loci, were
localized to chromosome 4R. The evolutionary processes
which resulted in the different genetic organization be-
tween the two NRs and among monocot species are cur-
rently under investigation.
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