
Plant Molecular Biology 16: 1073-1076, 1991. 
© 1991 Kluwer Academic Publishers. Printed in Belgium. 

Update section 
Short communication 

Sequence analysis of a cDNA encoding a Group 3 LEA mRNA 
inducible by ABA or dehydration stress in wheat 

1073 

Jeanne Curry, Craig F. Morris and M. K. Waiker-Simmons* 
U.S. Department of Agriculture, Agriculture Research Service, Wheat Genetics, Quality, Physiology and 
Disease Research, Johnson Hall 209, Washington State University, Pullman, WA 99164-6420 USA 
(*author for correspondence) 

Received and accepted 3 January 1991 

Key words: abscisic acid, dehydration, LEA, water stress, wheat 

Abstract 

A cDNA clone (pMA2005) of a Group 3 LEA (late embryogenesis abundant) protein has been sequenced 
from wheat. The wheat cDNA clone codes for a protein with ten tandem repeats of an 11 amino acid 
sequence and has homology to other Group 3 LEAs reported in barley, carrot, cotton and rape (L. Dure 
et al., Plant Mol Biol 12: 475-486, 1989). The deduced amino acid sequence indicates that the wheat 
protein has a molecular weight of 23 000 and is a basic, hydrophilic protein. Northern analysis with the 
cDNA clone shows that dehydration of wheat shoot tissue results in increased transcript levels that 
correlate with increases in endogenous ABA. 

Introduction 

LEA mRNAs and proteins accumulate in embry- 
onic tissue during seed maturation [4]. LEA 
mRNAs and proteins can also be induced by the 
application of abscisic acid (ABA) or by tissue 

~Contribution from the U.S. Department of Agriculture, 
Agriculture Research Service, and the College of Agriculture 
and Home Economics Research Center, Washington Stte 
University, Scientific Paper No. 9001-54. Mention of a 
specific product name by the U.S. Department of Agriculture 
is not an endorsement and does not imply a recommendation 
over other suitable products. 

dehydration. A protective role for these proteins 
during plant tissue dehydration that could be 
mediated by ABA has been proposed [2, 5]. LEA 
proteins deduced from several higher plant cDNA 
and/or genomic DNA sequences have been com- 
pared and fail into three groups based on 
sequence homologies [ 5 ]. In wheat a cDNA clone 
encoding a Group 1 LEA protein, Era, has been 
characterized [7]. We report here the sequence 
analysis of cDNA clone pMA2005 that encodes 
a Group 3 LEA mRNA from wheat and induc- 
tion of the mRNA in dehydration-stressed shoot 
tissue. The deduced protein sequence of the 
pMA2005 clone contains tandemly repeated 11 

*The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession number X56882. 
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amino acid stretches similar to that reported for 
other Group 3 LEA proteins from barley, carrot, 
cotton and rape [5]. 

Materials and methods 

A wheat embryonic axes cDNA library, con- 
structed in Lambda Zap (Stratagene, La Jolla, 
CA) was screened and the cDNA clone 
pMA2005 selected by differential screening as 
previously described [8]. Both strands of the 

pMA2005 cDNA were sequenced in their entirety 
using a deletion series (Erase-a Base System, 
Promega) and dideoxy chain termination (Se- 
quenase Version 2.0 DNA Sequencing Kit, 
United States Biochemical Corporation) of 
double-stranded DNA templates. The sequencing 
data were analyzed using the UWGCG Sequence 
Analysis software package (version 6.2) [3] with 
the assistance of the VADMS Center, Wash- 
ington State University. Poly(A) + RNA was 
obtained from isolated wheat embryonic axes or 
from shoot tissue [ 1 ]. Northern analysis was con- 
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1 ATG GCC TCC AAC CAG AAC CAG GCC AGC TAC CAC GCC GGC 
Met AIa Ssr Ash Gin Asn Gin AIa Set Tyr His Ala Gly 
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AAG ACG GAG GCGGCCAAG CAGAAGGCCGCC GAG ACC ACG 
Lys Thr Glu Ala Ala Lys Gin Lys Ala Aia Giu Thr Thr 
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GCC GAG GCG ACC GAG GCGGCCAAG CAGAAGGCG TCG GAG 
Ala Glu Ala Thr Glu Ala AIa Lys Gln Lys Ala Set Glu 
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TCC GCC GTC ACC GGC AAG GAC AAG ACC GGC AGC GTC CTC 
Ser Ala Val Thr Gly Lys Asp Lys Thr Gly Ser Val Leu 

GTGAACGCC GTG GTGGGCGCCAAG GACGCC GTGGCCAAC 
Val Asn AIa Val Val Gly Aia Lys Asp Ala Val Ala Asn 

AAC ACC ATC ACC ACC AAG GAC AAC ACC ACC GGC GCC ACC 
Ash Thr If@ Thr Thr Lys Asp Asn Thr Thr Gly Ala Thr 

GAG ACC AAG GCC CGC AAC GAG 
Glu Thr Lys Ala Ar K Asn Glu 

GCG GGG CAG ACC ACG GAG GCC 
Ala Gly Gln Thr Thr Giu Aia 
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CAG AAG GCC GCC GAG ACC ACG 
Gin Lys Ala Ala Glu Thr Thr 

I [ 

ACC AAG CAG AAG GCC GCC GAG 
Thr Lys Gin Lys AI8 Aia Giu 
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GAG AAG ACG TAC GAG ACG GCG 
Glu Lys Thr Tyr Glu Thr Ala 

I t 

ACC GCC AGC ACC CTC GGC GAG 
Thr Ala Ser Thr Leu GIy Glu 

GAG GCG GCC AGG CAG AAG GCC 
Glu Ala Ala Arg Gln Lys Ala 

,9 

ACG GCG CAG TAC ACC AAG GAG 
Thr Ala Gln Tyr Thr Lys Glu 

CAG CAG GCA GGG GAG ACG GTG 
Gln Gln Ala GIy Glu Thr Val 

ACG CTG GGC ATGGGC GGG GAC 
Thr Leu Gly Mst Gly Gly Asp 

ACC AAG GAC ACC ACC ACC ACC 
Thr Lys Asp Thr Thr Thr Thr 

ACC AGG AAT CAC TAGACC-,CATGTGTTC-C~GCTTAATTTC, CTTTC-CTTTAGTAGTGTTTGGTCGTTCC-CGC-~CCTT 
Thr ArE Asn His 

CTACATAT TTGTATGTTTCCACTCTTTCGTGATTTCAGCTCATTTGGTGTAAAAGTTTGCCTTCGATTTGATGTACTCC 

TCGTGTCCGGT TC TGTAT TAGTACGAGTTATGGTCCATA TACT T TGGTGTAAATGGATATCGAGGACACTCGAAGGCGG 

CAATAAAGTGTAATTTC gl0 

Fig. 1. Nucleotide sequence ofpMA2005. Dideoxy sequencing data of a 934 bp eDNA encoding a Group 3 LEA protein in w h e a t  

is shown along with the deduced amino acid sequence. The ten tandem repeats of 11 amino acid tracts are bracketed, underlined 
and numbered. The truncated version o f  the repeat is shown underdotted and the unrelated 11 amino acid stretch is l o c a t e d  

b e t w e e n  repeats 7 and 8. A probable polyadenylation signal, AATAAA, is underlined, though a poly(A) tail was not present 
in the clone. 
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ducted as previously described [8]. ABA was 
extracted from shoot tissue and measured by 
immunoassay using a monoclonal antibody to 
( + )ABA as previously described [ 91. 

Results and discussion 

The cDNA clone pMA2005 was obtained from a 
cDNA library prepared from ABA-treated 
embryonic axes of wheat (Triticum aestivum) cv. 
Brevor [8]. The cDNA clone was selected by 
differentially screening with cDNA prepared from 
dormant and nondormant axes [8]. In Fig. 1 the 
nucleotide sequence and deduced amino acid 
sequence of pMA2005 are shown. The sequenced 
cDNA has a length of 934 bp, which includes an 
open reading frame encoding a protein of 224 
amino acids plus 5’ and 3’ flanking regions. The 
deduced protein sequence of the wheat clone 
shows homology to the Group 3 LEA proteins. 
Highest homology was found to the barley clone 
pHVA1 [6] (91% at the nucleotide level, 95% at 
the amino acid level). The repeating 11 amino acid 
tract, typical of Group 3 LEA proteins, is 
repeated 10 times in the wheat clone (Fig. 1) and 
9 times in barley [6]. Both the wheat (Fig. 1) and 
barley [6] clones contain an identical truncated 
version of the repeating unit that consists of only 
7 of the 11 amino acids. Further, for both the 
wheat and barley clones the repeating sequences 
are interrupted by one 11 amino acid stretch that 
has no homology with the repeating sequence. 
This unrelated stretch in the wheat clone (Fig. 1) 
is identical to that of barley [6] except for two 
amino acid substitutions. Analysis of the entire 
amino acid sequence shows a hydrophilic, basic 
polypeptide with a molecular weight of 23000. 

Northern analysis with clone pMA2005 has 
shown that gene expression is high in embryos 
from mature wheat seed and that this message can 
be enhanced by incubation of embryos in ABA 
[ 81. To test whether the message accumulates in 
shoot tissue when ABA levels are elevated by 
water stress, we measured transcript levels in 
dehydrated shoot tissue. As shown in Fig. 2A, 
dehydration of wheat shoots also induces high 

CONTROL STRESS 

Fig. 2. Northern analysis of the wheat Group 3 LEA tran- 
script and ABA measurement in wheat. A. Two-day old 
wheat seedlings were slowly dehydrated by placement in 
open petri dishes over 25 y0 glycerol (v/v) in a desiccator and 
incubated at 22 “C for 30 hours. Control seedlings were 
placed on moistened blotter paper and incubated under the 
same conditions. Poly(A)+ RNA (0.5pg) obtained from iso- 
lated mature wheat embryonic axes (non-stressed) or from 
the shoot tissue was separated by formaldehyde-agarose gel 
electrophoresis and transferred to a nylon membrane. 
Northern analysis conducted with the pMA2005 cDNA 
revealed transcripts of approximately 1 kb. B. ABA levels in 
control tissue at 0 and 30 hours and in shoot tissue de- 
hydrated for 30 hours. ABA was measured by immuno- 

assay [9]. 

levels of pMA2005 mRNA compared to hydrated 
controls. Induction of the wheat clone transcript 
correlates with endogenous increases in ABA in 
dehydrated shoot tissue (Fig. 2B). An antibody 
has been produced against a fusion protein devel- 
oped from the cDNA sequence of pMA2005. 
Upon dehydration a protein that is strongly cross- 
reactive with the antibody accumulates in wheat 
shoots. The protein is not present in unstressed 
shoots (J.L. Ried and M. Walker-Simmons, 
unpublished data). While the function of the 
pMA2005 protein product is not yet certain, the 
induction of gene expression for this highly hydro- 
philic protein in dehydrated tissue suggests that 
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this Group 3 LEA protein may be part of a 
drought tolerance mechanism in wheat. 
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