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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 occuning 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 partia1 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 cal1 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 (Cmchs7) 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 I are underlined. 

Schrl  1 CATCTCAATA AAAGTIIATCA TARaTTATTG TIACCATAAT AATTAATGGC CTAAATACTR TAAAALTAAT TAATGACCTA hCRGX-CAGAA ACITRlAAGT 

ACACCGTCGA MAATAAAGG AGTTCAATCA GCATACATTA TTATTAAGGT AAAGTTTTTT A C T G T C T G ~ A A T T A A  RAACATTTAT AATATRAATT 

TTAAGAGAAT CkIITAAATTT ATCACACTTA ATCATCTGTG ATTGAATAAG TTACCAATAT AATTACTACA TGTaTGATGT AGTTTTTTTT TTTARAI\AAC 

E T A A A G T A c  TCAACCTIIAT ATTCCATCCR AThTAAkARII TAATAATTCC I\TCCAATAAA ACATRTAGTA GACATATART TCI\GTTACIIC TTCCAAATTC 
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TGAAAAThAA A T U T A R A T A  CGGGTAGACG CGGTCT'TGAA AAAACATCCG CCCATATGCC ACCAAACTCR TAGGTCACAT ACTAACAAGC IICTCATRGTA 

AACCCTGGIA AATATGTTCG TCTGTATGGT GCATG-P.TACTC-TCcCA TCCACTCTCT CCCTACATI\TI\TI\TAAGATC CTATCTCCCT 

W L C A A C T T C  RAACCACACC TTkATTCTCT CTACTACTGC TAGCTGTGAC TTGTTTTGAG TTCAATCAAA TCGCATTGGT ATCTGAAATC RGGAAAGRTC 
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n o 1  CTTAGCGTW CTGAGATCAC GCRGGCACAA AGGGCAGAAC GCCCAGCAAC CATCCTTCCC ATTGGUCTG CAARCCCACC ~ I C C C T C T T  GAT'CACICCR 

Y S V  A E I R  Q l i Q  R A C  G P A T  I L A  I G T  A N P P  N R V  D Q S  

CCTRTCCTCR TTACTACTTC ACAATCACCA ACAGTCACCA CATCACCGAG CTCAI\ACACA AATTTCAGCC C A T G T q f a r q  tdcfqccatd c fc tca l i~ t t  901 
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1101 CcCgffaCaT t a t a t t a t c t  dtC1CqcCqd rccqcqaaic aLtCLt9.a. t a a a t a a a t a  ddradatc fd  actqqqrqca aatatraaaa tqqcatcaaq 
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1 4 0 1  tccffafqac taatIttCaq GTGACAAGTC TATGATCAAG ACGAGATATA TCTACCTAAA CGAAGAGATC TTGAAAGAGA ATCCAAACAT GTGTGCTTAC 

5 ................................................................................ 
C D K E  M I K  T R I  H Y L N  E E I  L K E  N I ' N M  C A Y  

1 5 0 1  ATGGCACCTT CTTTGGATGC TAGGCAAGAC ATGGTGGTGG T R G A G G T X C  AAAGCTACGG AAAGAGGCTG CACTAAAGGC CATAAAGGAG TGGGGCCAGC 

8 5  ................................................................................ _____..-__ .......... 
M A P  S L D A  R Q D  H V V  V E V P  K L G  K E A  A V K A  I K S  W G Q  

1 6 0 1  CRAAGTCAliR GITTACCCAC TTCIITCTTCT GCACCACTRG CGGTGTGGAC ATGCCTGGTG CTGATTACCA ACTCACCAAA CAATTGGGCC TTCGCCCTTk 

185 .................................................................................................... 
P K S K  I T M  L I F  C T T S  G V D  H P G  A U P Q  L T K  Q L G  L R P Y  

1 7 0 1  TCPGAAGAGG TACATGITCT ACCAACUGG TTGCTTTGCA GGTGGCACGG TTCTTCGTTT GGCCAAGGAT TTGGCTGAGA ACAAUVIGCG TGCACGTGTG 

2 8 5  .................................................................................................... 
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3 8 5  .................................................................................................... 

L V Y  C S E I  T R Y  T F R  C P S D  T N L  O S ! .  V G Q A  L F c  D G R  

1 9 0 1  CTGCAGTCAT TGTTGGTTCT GACCCRRTTC CRCRAGTTGA GAAGCCTTTG TATGAGCTTC TTTGGACTGC RCAAIICIIRTT GCTCCAGACA GTGRRGGTGC 

4 8 5  .................................................................................................... 
A A V l  V G S  D P 1  P Q V E  W P L  Y E L  V W T A  Q T I  A P D  L E G A  

2 0 0 1  TATTGATGCR CACCTTCGTG AAGTTGGACT CACATTTCAC CTCCTCAIICG ATGTTCCCGG CATTGTCTCA AAGAACATTG AThAGCCACT TTTTCRGGCT 

5 8 5  .................................................................................................... 
I D G  H L R  E Y C L  T F H  L L K  D V P C  I V S  K N I  D K A L  F E A  

2 1 0 1  TTCARCCCAT TGAACATCTC T G A T T R C I I X  TCCATCTTTT CGATTGCACA CCCTGCTGGG CCTGCGATTT T&GACCAAGT 'ICAGCAAAAC TlGGGTCTCA 

6 8 5  .................... ................................................................................ 
F N P  L N I S  O Y N  S I F  W I A N  P G C  P A I  L D Q V  E Q K  L G L  

2 7 0 1  ARCCTGAGRA GATGRAGGCC ACTAGACAIG TGCTTAGTGR A'IATCGGAAC ATGTCARGTG C T T C T C T K I  TTTCATCTTC GIICACXTGA CCAGGhAIITC 

, 8 5  .................................................................................................... 
K P E K  n R A  T R D  V L E E  Y G N  M S P  A C V L  F I L  D E M  R R K E  

2301 TGCTCARAhT CCACAThAAA CCACAGGTGA RGGACTTGAA TCGGGTGTGT TCTTCGGTTT TGGACCTGGA CTTACCATTG AAACTGTTGT TTTGCRTAGT 

8 8 5  .................................................................................................... 
A E N  C H K  T T G B  G L E  U G V  L F G F  G P C  ' 7 1  E T V Y  L I I S  

2 4 0 1  G T G G C C A ' L I C ~ G A T C C C T C  ATRTATTRTT TCATTIITTGT GTACCRCTTT TCAAACTTGC TTGGGGTTTG TRACARCAAC AACCACC.AIIII AAAAAAAAAC 
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2501  TCGTTTAGAG TTTGTTTCTG TIICGTTTATA TTAAIIRTAAT AATILCCTCTT TGGTGGCTTT TTAGCCTAAT TRTCAhTAAC AGGCATTTGT TTTAGATTT7 

1 O n 6  .................................................. -..---.c-- .................................... - 
2 6 0 1  W C T T T C A  TGIITCTTTIT TRTTATAAAT TTTATCTTAG ATTCCATCTA ACCTTGTTTG CTAGCGATAT TTGATTTTAA ATAATCGA 
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Table 1. Characteristics of Cmchs7 from soybean 

Species and Cultivar: 

Gene: 

Cloning: 

Clycine max (L.) Merr, cv Williams. 

Cmchs7, encoding gene 7 of the soybean CHS multigene family. 

A genomic library of C. max cv Williams cloned in a bacteriophage XEMBL-3 was initially screened 
at a low stringency of hybridization with a parsley cDNA probe for CHS. One positive clone, 
XGmwl5, was further characterized by sequence analysis. A 5’-gene-specific probe derived 
from this clone was found to hybridize with a 15-kb HindIII fragment on a Southern blot of 
genomic DNA. The nucleotide sequence of a 2688-bp Mbol-Taql DNA fragment (Fig. 1) derived 
from XCmwl5 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-Taql DNA region of hGmwl5 was digested with severa1 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: 

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

Third base frequency: T>A>C>C. Codon preferences: AAC for Lys, AAT/C for Ile, CCA/T for Pro, 
CCA/T/C for Ala. 

Nucleotide and amino acid sequence similarity (O/O): 

Nucleotide Sequence Amino Acid Sequence 

CmchsJ Cmchs3 Gmchs4 Bean Kudzu CmchsI Cmchs3 Cmchs4 Bean Kudzu 

Cmchs7 81.6 81.6 80.6 90.7 96.2 90.2 89.9 90.0 95.4 97.9 

Putative regulatory elements in the 5’-flanking region of Cmschs7: 

Distance 
Umtream of ATC 

Element Sequence Reference 

TATA box TATATAT 
H box ACCTACCC 
C box CACGTC 
CCAT box CCAAT 
Sugar box 2 ATGATCtAg(t),,aAAaaaGAt 
Sugar box 3 gAATCAataaatTTA 
GT-1 box TTAACC (reversed) 

AT-1 box cATTATTaTTAAg 
CGTAAA 

TAT(A)5TAATT (reversed) 

bP 
-1 14 
-143 
-157 
-304 
-496 
-577 
-624 
-646 
-650 
-727 

Joshi, 1987 
Loake et al., 1992 
Cilmartin et al., 1990 
Mcknight and Tjian, 1986 
Tsukaya et al., 1991 
Tsukaya et al., 1991 

Gilmartin et al., 1990 

Gilmartin et al.. 1990 


