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Nucleotide sequence of the rice (Oryza sativa) Em protein gene (Empl) 
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The Em protein was first identified as a major 
product of the in vitro translation of poly(A) RNA 
obtained from dry wheat embryos [3, 4]. It was 
later shown that Em protein accumulation begins 
late in embryogenesis and that the level of accu- 
mulation can be manipulated in culture by absci- 
sic acid (ABA) [20]. The wheat Em protein and 
its encoding mRNA are rapidly degraded during 
seed germination under normal conditions [2, 4, 
18]. This decline is inhibited by ABA. Em tran- 
scripts also accumulate in wheat seedlings when 
treated with exogenous ABA or when subjected 
to water stress [1,13]. This correlation between 
Em accumulation and water stress, along with the 
interesting physical properties of the Em protein, 
suggests that Em, along with other factors in the 
cell, may act as a cytoplasm protectant during 
desiccation [4, 12]. A cDNA clone (p1015) [8] 
and a genomic counterpart (2CS41) [9] have been 
isolated and characterized from wheat. The 5' 
flanking region of the wheat gene represented by 
)~CS41 has been shown to contain elements that 
are responsive to ABA in a rice protoplast tran- 
sient expression system [10] and in transgenic 

tobacco [11]. A protein which binds one of these 
elements has been identified and a cDNA repre- 
senting this protein has been characterized [5]. 

A genomic clone 2OSg4B containing a rice Em 
gene was isolated from an EMBL3 library [7] 
using a fragment of the wheat Em clone 2CS41 
[9] as a heterologous probe. The nucleotide se- 
quence of the rice Em gene (Empl) is presented 
in Fig. 1. Southern blot analysis and trisomic 
mapping experiments have shown that the Em 
sequence in this clone is single copy in the rice 
genome and maps to chromosome 5 [16]. The 
nucleotide sequence includes 733 bp of 5' flank- 
ing region above the putative transcription start 
site, 114 bp of 5' untranslated leader, 395 bp of 
sequence including the coding region and a 107 bp 
intron, and 683 bp of 3' flanking region. A com- 
parison of the Empl nucleotide sequence with the 
sequences of several genes that are similar with 
respect to their products and/or regulation re- 
vealed several interesting similarities. The most 
interesting of these sequences was found in Empl 
as a 15 bp perfect, inverted repeat located at 574 
and inverted at 654. A similar sequence was found 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession number X63126. 
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i GAGCCTCCTAGGCTA GAAGAAATCCTAACG CCACCACTAATCTGA AGCACGAAACAAATC AATTAAAGAAGCCAT 

76 AAATGATAAATGAAT AATCCTTCATGCATA AAAATATTTAGTTAT CCATAAAGAGACGAC AGACGTATGCAACGT 

151 TCATATTAATTGTCA CTCTACAGTGTCACC GAGTTGTCGGTCCAA GCAATTTTACCCATA CATGAAAACCATCTG 

226 AGAAAGGGCATGAGA GTAGTACTGCGTCAA TACACATGCAGTTGC ACACAGTAGCTGAGA GAGCGAGCCGGAAAC 

301 ATCTGGTCGCCGGTC CACGATCGGTCTACG CATGGGCTTCCCCC~ GACCAGGTGGTGCGT GCGAGCCTACCACAT 

376 GTCCACATGCATGCA CGGTGATCGACATCC CGATCGACGTGTCGA CAGTGCAGCCACCCC GCCGCTCGCTCGCTC 

451 GCGCTCGCGAGTCGC GCTAGCACGGACATA CGGAGTAGTATATGC GTATGCATAGGCACG CGCGCGCACGCGCGA 

526 TGCAGCGAACCAG~I~ CGCGCCGCGCACGGG CGGAGGCATAGCTTG CGCACGTACGTGTCG CGCTCCGGCGGCCTG 

601 GCCACGACGCGTGTC GCGGAGGCGCGCGCG CGCACCGAGCCGTCC GCGTCGCCGCGCGAC ACGTACGTTGCCGGC 

676 GCCCTGATCCCGCCG CGGAGTCGCCGCCTA TAAGAAGGACAGCGC GGCCGCGTCGTCCAT ~CCCATCAGCTCAAG 

751 CCGCAGAAGACATAC ACACACAAACACAAG CCACCCTTCCGATTT GTTCATCGATCAGTT CGCAGCGTACGTCAG 

826 GCTAGCTAACTAGTG TTTGGCA ATG GCG TCC GGG CAG CAG CAG CAG GGC AGG TCG GAG CTG GAC 
M A S G Q Q Q Q G R S E L D 

890 CGC ATG GCC AGG GAG GGC CAG ACC GTC GTC CCC GGC GGC ACC GGC GGC AAG AGC CTC GAG 
R M A R E G Q T V V P G G T G G K S L E 

950 GCC CAG GAG AAC CTC GCC GAG G I GTATGCAAAATAATA CTGAAACTTTTGATA GATCAAACTTGCCAT 
A Q E N L A E 

1017 TTCATTCGGTATTTC GGTTGAAGTACGTAA CTAATATGCGTACGT GTGCATCGATCGATC AG I GG CGC AGC 
G R S 

1087 CGC GGG GGG CAG ACG AGG AAG GAG CAG ATG GGG GAG GAA GGG TAC CGC GAG ATG GGG CGC 
R G G Q T R K E Q M G E E G Y R E M G R 

1147 AAG GGC GGC CTC AGC ACC GGC GAC GAG TCC GGC GGC GAG CGC GCC GCC CGC GAG GGC ATC 
K G G L S T G D E S G G E R A A R E G I 

1207 GAC ATC GAC GAG TCC AAG TAC AAG ACC AAG TCC TAG ACTACACACACTTTT GCATCCGTGAATG 
D I D E S K Y K T K S Stop 

1271 CCAGTGTGTCGTAGT CGTCTCAGTTGTAGT CATCGAGTCAGTCTT AGCTAGCTAGCTCTC 

1346 TAGGTCTTGACGGAT GCACGCATTTAGGCG CCCGTATGATTTGCT 

1421 AGCTTTAGCTAGCTT TGGTAGTTTGGTTTA GGTGCTGGTCAGTAG 

1496 TCGGTCAGGCAGGGG CTGAATGCTAGCTAG GTGATGCTTTGGCTT 

1571 TCCAACTGATGCCTc TGCTGGGTGTGTCCT TTGTAACCGTGCTTG 

1646 TCCGAA~G~GCCAGT GTCTATGTCTGATCT ATCGCGGCTAATTGT 

1721 GAGATGCCATGTGCA GGATGGAATTATTAG CGCAAAACACAGGAG 

1796 TTTTCTTAAAACACC TGCTGGGCCGTGCAC ACAAAAAAAAAATCA 

1871 TGAAAGTGAAAACAG GACGTGCCGTGCCAA GAACTTCGAGATATC 

ATGTTATGTTTCATA 

CTAGGGTATGTGTTT 

TTCATGGCCAGCAGC 

CTTTCAGTT,AATCTA 

TGCTGTTGCTAGTTG 

AAGGGACAACAATTT 

AGTACCTCGTCTAAA 

TCCGAGTTCT 

TTATCAATAATAATG 

TGGTGATGCGTGCTT 

TAGTTTATTGCAGGA 

TGCTAGCTTCTTGTT 

GCTAGCTGTTGTTCA 

ATCTTTGATTCCTCA 

TAAGTTGCCTAATTT 

CTGAATGCTCAAGTT 

Fig. 1. Nucleotide sequence of Empl as determined from 2OSg4B. The coding region is blocked into codons and translated. The 
introns and exons are demarcated by vertical bars (I). The various putative control elements are underlined, with the exception 
of the ABREs which are double-underlined. 

at 412. This repeat, ACGTACGTGTCGCGC,  
contains a sequence (underlined) which is very 
similar to those identified as ABA-response ele- 
ments (ABREs) in  a wheat Em gene [9,11] and 
another ABA-responsive rice gene [14,17]. 
ABREs and their role in gene regulation have 
been reviewed recently [6, 15]. 

An analysis of Ernpl expression in mature rice 
embryos revealed that it is regulated in a manner 
similar to that described in detail for the wheat 

gene [ 19, 20]. When isolated mature rice embryos 
were incubated on moistened filter paper there 
was an 80 ~o reduction in the amount of accumu- 
lated m R N A  in the first six hours of germination. 
When similar embryos were incubated for 24 h in 
the presence of ABA, the level of Ernpl m R N A  
was maintained. Like the water control, the lev- 
els of m R N A  in GA-treated embryos dropped by 
80~o. Rice Ernpl mRNA was also found to ac- 
cumulate in immature seeds. 



In summary, based on sequence analysis and 
preliminary expression studies, the rice Empl gene 
belongs to a highly conserved family of genes 
present in both monocot and dicot plants. Empl 
is the only gene in the rice genome closely related 
to the Em protein family. Empl contains highly 
conserved ABREs that are probably responsible 
for its induction by ABA, as well as other se- 
quences that are conserved in similar genes and 
which may control its expression in other ways. 
Empl is regulated very similarly, if not identically, 
to the wheat Em genes. 
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