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In leguminous plants, a species-specific type of (iso)flavonoid secreted out from roots 
functions as a trigger for the nitrogen-fixing symbiosis of rhizobacteria.  The pathway of 
(iso)flavonoid biosynthesis is significantly down-regulated by exogenously supplied nitrate 
in alfalfa (Coronado et al., 1995).  This suggested a possibility that inhibitory effects of 
nitrate on nodulation, in part, operate via regulation of the pathway of flavonoid 
biosynthesis.  On the other hand, it has been reported that pathways of flavonoid 
biosynthesis are regulated by various members of R2R3-MYB superfamily in different 
organs and in different conditions (Paz-Ares et al., 1987; Grotewold et al., 1994; 
Quattrocchio et al., 1999; Jin et al., 2000; Nesi et al., 2001).  In this study, we attempted to 
isolate members of the R2R3-MYB superfamily, which may be involved in regulation of 
nitrogen fixation or of nitrogen metabolism in legumes. 
 
A library of 300 recombinant plasmid clones containing the PCR fragments amplified by 
using degenerate primers for the R2R3-MYB superfamily was screened by differential 
hybridization to isolate R2R3-MYB genes whose expression was up-regulated under nitrogen 
nutrient limited conditions. Two groups of clones were identified, each of which seemed to 
represent a gene responsive to the nitrogen starvation. The entire coding regions for the 
genes were further isolated by PCR and were designated as LjMYB101 and LjMYB102. By 
screening a genomic library of Lotus japonicus with a probe derived from LjMYB101, the 
third gene, LjMYB103, was isolated. In addition, a candidate for the soybean orthologue of 
LjMYB101 was isolated and designated as GmMYB101 (Miyake et al., 2003). Sequence 
alignment of the genes with members of the plant R2R3-MYB superfamily showed that they 
all belonged to the subgroup 10 (Stracke et al., 2001) of the R2R3-MYB superfamily (Figure 
1). Among these genes a contrasting expression pattern has been observed between 
LjMYB101 and LjMYB103. That is, the expression level of LjMYB101 was higher in roots 
and it was up-regulated under a nitrate limited condition (N-) in the roots, but not in the 
shoots. On the other hand, expression of LjMYB103 was higher in shoots and was also 
up-regulated only in the shoot (Figure 2). Considering their structural similarity in the 
coding region, LjMYB101 and LjMYB103 seem to have diverged through acquisition of their 
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organ specific responsiveness, which might have differentiated their physiological roles.  
Therefore, the primary role of LjMYB103 might have been assigned to the shoot while the 
same kind of role fulfilled by LjMYB101 in the roots. 

 
 
Figure 1. Phylogeny of the members in the subgroup 10 as well as those in its related 
subgroups (24, 4, and 11) of the plant MYB superfamily.  The amino acid sequences of 
LjMYB101, LjMYB102, LjMYB103, and GmMYB101 (indicated with arrowheads) along 
with those of the genes of which sequences are currently in GenBank/EMBL/DDBJ 
(accession numbers are indicated in parenthesis) were aligned with the ClustalW (Thompson 
et al., 1994) and, at the same time, reconstruction of a phylogenic tree with neighbor joining 
method and calculation the bootstrap values were carried out with the program package of 
DDBJ.  Members of each subgroup are indicated with side brackets. 
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Figure 2.  Differential expression of LjMYB101 and LjMYB103 in the roots and 
shoots of L. japonicus grown under the N- or N+ conditions. RT-PCR/Southern 
analysis was carried out using the specific primers for each gene.  The total RNA 
samples as templates were extracted from seedlings grown with the agar 
medium containing the basic MS salts (Murashige and Skoog, 1962) with its 
nitrogenous components (NH4NO3 plus KNO3) substituted for by the equal 
molars (39.4 mM) of KCl (N-) or KNO3 (N+).  The expressed levels of LjACTIN 
transcripts were analyzed as the reaction controls.  

 
At this point, we don’t have any evidence defining the cis-elements that conferred their 
organ specificity, but the sequence information of the promoters seems informative. The 5' 
upstream fragment (524 bp) of LjMYB101 was isolated by inversed PCR and that (1569 bp) 
of LjMYB103 was obtained from the lambda genomic clone, λLj72302-2. On the analysis of 
the sequence information, a striking similarity was found between the promoter segments of 
LjMYB101 and LjGln1, a member of the Gln synthetase gene family in Lotus corniculatus 
var. japonicus (Thykjær et al., 1997; Figure 3). The homologous region spans over a stretch 
of 138 bp with similarity of 89 %.  It is located from 374 to 511 bp upstream of ATG in 
LjMYB101, or from 1517 to 1654 bp upstream in LjGln1, respectively. It would be 
interesting to speculate that insertion or deletion of this element in the promoter of the 
common ancestor of LjMYB101 and LjMYB103 might have caused diversion of the two 
genes. Because nitrate regulated expression of LjGln1 was also restricted to the root tissues, 
the homologous region of LjMYB101 and LjGln1 may be related to their organ specific 
regulation. When a blast search was performed with the element of 138 bp, a list of 27 
sequences containing this element was found in the genome of Lotus corniculatus var. 
japonicus. We found ORFs of various sizes in many of their proximal regions, but we did not 
find any genes closely relevant to nitrogen metabolism. Further work will be required to 
verify the significance of this element.     
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Figure 3. Sequence alignment of the promoters of LjMYB101 (LjMYB101 PRO) 
and LjMYB103 (LjMYB103 PRO), as well as the homologous sequence element 
found in the promoter of LjGln1 (GLN1 ELEMENT).  The sequences were 
aligned using the Higgins’ multiple alignment program of DNASIS V3.6 
(HITACH SOFTWARE).  The TATA-boxes are underlined and the homologous 
elements of 138 bp are lined above the sequences. 
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Downstream of this promoter element is a promoter core region including 332 bp upstream 
of the ATG initiation codon in LjMYB101 or 341 bp upstream of LjMYB103, respectively. 
The putative TATA-box was found at 190 bp or 166 bp upstream of ATG for each of the 
genes. Sequence alignment of the two promoters revealed that LjMYB101 and LjMYB103 
shared continually homologous sequences around the regions surrounding the TATA-box 
(Figure 3). Thus, the two sequences seem to have retained substantial homology, while little 
homology was detected between the two in their further upstream regions, because of 
presence of the element of 138 bp in the promoter of LjMYB101.  Albeit their difference in 
tissue specificity, the two genes are both up-regulated under nitrogen-limited conditions.  
Thus, it is possible that the sequence element conserved between the promoters of 
LjMYB101 and LjMYB103might act as cis-elements for the nitrogen regulation. 
 
We speculated that LjMYB101 might function as a transcriptional activator of genes such as 
members of chalcone synthase gene family (LjCHS) and/or LjGln1, because both these 
genes are also up-regulated specifically in roots under nitrogen-limited conditions (Miyake 
et al., 2003).  In order to verify if the MYB transcription factor targets to the promoters of 
these genes, the DNA binding domain of LjMYB101 was synthesized using an E.coli protein 
expression system.  The protein was used for the electrophoretic mobility-shift assay 
(EMSA) and it was found that the protein bound to the probe DNA fragments containing the 
sequence of CACCTACC or CACCAACC, which coincided very well with the type IIG 
(H-box like) consensus of YACCWACC as a recognition sequence for a class of MYB 
transcription factors.  The sequence perfectly matching YACCWACC is found in three 
members (accession numbers; AP006705, AP006706, and AP006709) of LjCHS, among 
eight members of the gene family available from the database.  This motif locates upstream 
of the TATA-box and the distance ranges from 22 to 34 bp, which is very similar to the 
distance of the same element to the TATA-box on the promoter regions of the soybean CHS 
gene family, ranging from 22 to 38 bp (Shimizu et al., 1999).  These suggest that LjMYB101 
may target to the promoters of members of CHS gene family in Lotus while GmMYB101 
may do the same in soybean.  On the other hand, the sequence of CACCTACC also exists at 
43 bp upstream of TATA-box on the promoter of LjGln1, inspiring another possibility that 
LjMYB101 may target to LjGln1.  In vivo analysis of the gene function will be required to 
further investigate the physiological roles for the newly isolated R2R3-MYB genes, in 
relation to flavonoid biosynthesis or to nitrogen metabolism. 
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