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Certain plant flavonoids identified in exudates of the roots
of leguminous plants are highly effective inducers of nod
genes. In soybean (Glycine max L. Merr) the isoflavone daiz-
ein has been identified as a naturally occurring inducer of
Bradyrhizobium japonicum nod genes (Long, 1989). Estabrook
and Sengupta-Gopalan (1991) have demonstrated that a gene
encoding CHS, a key enzyme of flavonoid biosynthesis, is
specifically induced during nodulation of soybean. They iso-
lated RNA from nodules and sequenced a partial cDNA clone
(cEUC2) encoding exon 2 of CHS (Estabrook and Sengupta-
Gopalan, 1991). On the other hand, in the course of charac-
terizing the soybean chs multigene family, we found a family
member, gene 7, having a sequence almost identical with
that published for exon 2 and the 3’ flanking region of
cEUC2 (Fig. 1). Thus, we call gene 7 a nodule-development-
specific member of the soybean chs family.

A comparison of the nucleotide sequence of the protein-
coding region of gene 7 with those of genes 1, 3, and 4
(Akada et al., 1991, and refs. therein) shows that the former
has a substantially lower similarity to the latter three genes,
which among themselves have >98% similarity (Table I). It
is also interesting to note that the similarity of gene 7 to bean
and kudzu vine chs genes (Ryder et al., 1987; Nakajima et
al., 1991) is considerably higher than to genes 1, 3, and 4 at
both nucleotide and amino acid sequence levels (Table I).

Gene 7 has a protein-coding exon 1 of 178 bp, an intron
of 445 bp, and an exon 2 of 992 bp, giving rise to an open
reading frame of 1170 bp encoding a 389-amino acid poly-
peptide. The size of the intron is larger than that of genes 1,
3, or 4 by 323 to 324 bp, and the size of exon 2 is larger by
3 bp. Various putative regulatory elements are found in the
5’ flanking sequence of gene 7 (Table I). This may imply that
the regulation of gene 7 may be quite sophisticated and
responsive to a variety of abiotic and biotic stresses.
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Figure 1. Nucleotide sequence and the de-
duced amino acid sequence of soybean CHS
gene 7 (Gmchs7) compared to the nodule-
specific ¢cDNA (cEUC2) (Estabrook and Sen-
gupta-Gopalan, 1991). The nucleotide se-
quence of cEUC2 that is identical with Cmchs7
is indicated with dashed lines. Sequences that
diverge between Gmchs7 and cEUC2 are indi-
cated with bold letters. Putative regulatory ele-
ments listed in Table | are underlined.
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Soybean Chalcone Synthase Gene 7

Table 1. Characteristics of Gmchs7 from soybean

Species and Cultivar:
Glycine max (L.) Merr, cv Williams.
Gene:

Gmchs7, encoding gene 7 of the soybean CHS multigene family.

Cloning:

A genomic library of C. max cv Williams cloned in a bacteriophage AEMBL-3 was initially screened
at a low stringency of hybridization with a parsley ¢cDNA probe for CHS. One positive clone,
AGmw15, was further characterized by sequence analysis. A 5’-gene-specific probe derived
from this clone was found to hybridize with a 15-kb Hindill fragment on a Southern blot of
genomic DNA. The nucleotide sequence of a 2688-bp Mbol-Tagl DNA fragment (Fig. 1) derived
from AGmw15 was found to contain the entire coding sequence as well as 796-bp 5" and 276-

bp 3’ flanking sequences.
Techniques of Sequencing:

The 2688-bp Mbol-Tagl DNA region of A\Gmw 15 was digested with several restriction endonucle-
ases to generate overlapping subclones in bacteriophage M13. The nucleotide sequence of both

strands was determined by the dideoxy chain termination method.

GC Content:

36.7% overall; 46.8% in the protein-coding region.

Codon Usage:

Third base frequency: T>A>C>G. Codon preferences: AAG for Lys, AAT/C for lle, CCA/T for Pro,

GCA/T/C for Ala.

Nucleotide and amino acid sequence similarity (%):

Nucleotide Sequence

Amino Acid Sequence

Gmchst Gmchs3 Gmchs4 Bean Kudzu Gmchsi

Cmchs3 Gmchs4 Bean Kudzu

Cmchs7 81.6 81.6 80.6 90.7

Putative regulatory elements in the 5’-flanking region of Gmschs7:

Element Sequence

Distance
Upstream of ATG

TATA box TATATAT

H box ACCTACCC

G box CACGTG

CCAT box  CCAAT

Sugar box 2 ATGATGtAg(t),;aAAaaaGAt

Sugar box 3 gAATCAataaatTTA

GT-1 box TTAACC (reversed)
GGTAAA

AT-1 box cATTATTaTTAAg
TAT(A)sTAATT (reversed)

bp
—-114
-143
~157
—-304
—496
-577
624
—646
—-650
-727

96.2 90.2 89.9 90.0 954 979
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