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LEA proteins comprise a large group of probable desicca- 
tion protectants that in cotton (Gossypium hirsu tum)  are de- 
velopmentally induced during the postabscission stage of 
embryogenesis (Hughes and Galau, 1989) and are environ- 
mentally induced in embryos by desiccation or culture with 
ABA or high osmoticum (Hughes and Galau, 1991). In other 
plants, some Lea mRNAs are induced by similar stresses in 
vegetative tissues (Skriver and Mundy, 1991). Of the many 
Lea and water stress-related mRNAs that have been se- 
quenced (Skriver and Mundy, 1991), a11 but cotton LealZ, 
cDNA D34 (Baker et al., 1988), and desiccation-induced 
Craterostigma cDNA pcC27-45 (Piatkowski et al., 1990) en- 
code proteins that are very hydrophilic (Baker et al., 1988; 
Skriver and Mundy, 1991). Extensive hydrophilicity is ex- 
pected of structural and nonstructural proteins that bind or 
replace water during water stress (Baker et al., 1988; Hughes 
and Galau, 1989), but other functions might be expected for 
those that are not remarkably hydrophilic. Of the 18 cloned 
cotton Lea and LeaA mRNAs (Galau et al., 1986), only Lea5 
(cDNA D73) and Leal4 (cDNA D95) are highly induced in 
mature leaves of water-stressed plants or in water-stressed, 
detached leaves (D.W. Hughes, G.A. Galau, unpublished 
observations). We report here that both genes encode proteins 
with significant hydropathic character and that Leal4 is a 
homolog of the gene encoding the Craterostigma desiccation- 
induced cDNA pcC27-45 (Piatkowski et al., 1990). 

Both alloalleles of Leu5 were recovered, and 3809 nucleo- 
tides of Lea5-A clone GD73-14R and 1269 nucleotides of 
Lea5-D clone GD73-2R were sequenced along with several 
Lea5 cDNA clones (Table I). Lea5-A and Lea5-D are very 
similar from at least 240 nucleotides upstream of the tran- 
scription start to about 230 nucleotides 3' of the major 
polyadenylation site, after which they diverge in sequence. 
The cDNA clones D73 and D96 are transcribed from Lea5-A, 
and cDNA clone D122 is transcribed from Lea5-D. Clone 
D73 is the result of an error in excision of the single intron; 
instead of splicing to Lea5-A nucleotide 2515, as occurs with 
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D96 and at an equivalent position with Lea5-D cDNA D122, 
the D73 mRNA is spliced to Lea5-A nucleotide 2529, resulting 
in an out-of-frame translation of six amino acids before a 
premature termination. Lea5-A and Lea5-D encode 11.4-kD 
proteins with substitutions in only 6 of their 105 amino acids. 
Their hydropathic profiles are unremarkable; the amino- 
terminal half is somewhat hydropathic, possibly with a mem- 
brane-spanning region, and the carboxy-terminal half is 
somewhat hydrophilic. 

The A genome alloallele of Leal4 was recovered, and 4535 
nucleotides of Leal4-A clone GD95-18 was sequenced along 
with cDNA clone D95. The sequence of a partia1 clone of the 
other alloallele, Leal4-D clone GD95-23B, contains several 
nucleotide substitutions in the carboxy-terminal portion of 
the encoded protein. The cDNA clone D95 is from the'leal4- 
A alloallele. LeaZ4-A encodes a 16.4-kD protein that is exactly 
colinear, with 66% identity, with that encoded by the Crater- 
ostigma cDNA pcC27-45, which is induced in leaves and 
roots during desiccation and in ABA-treated and NaCl- 
treated callus (Piatkowski et al., 1990). The proteins encoded 
by cotton Leal4  and Craterostigma pcC27-45 thus define an 
additional family of water stress-related proteins (Dure et al., 
1989), the Group 4 LEA proteins. These proteins are slightly 
hydropathic throughout. 

An ACGT-containing element has been shown to be in- 
volved in the ABA induction of a wheat Lea gene (Guiltinan 
et al., 1990). Leal4-A contains sequences at nucleotides -58 
and -14 from the transcription start that are similar to this 
element and similar sequences that are in many cotton Leu 
genes (Galau et al., 1992). However, Lea5-A and Lea5-D 
contains only one sequence, at nucleotide -127 from the 
transcription start, that is only partially similar to these. 
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Table 1. Characteristics of Lea5 and Leal4 genes and cDNAs from Cossypium hirsutum 

Organism: 

Function: 

Expression: 

Cossypium hirsutum L. cv Coker 201 (Upland cotton), Malvaceae. 

Encode probable desiccation protectants (Hughes and Galau, 1989, 1991). 

During the postabscission stage of embryo development and during water-related stress during 
embryo culture; coordinately expressed at these times with many other genes, including all 
Lea, LeaA, and MatP genes (Hughes and Galau, 1989, 1991). 

Source: 
Nuclear DNA from embryo cotyledons 20 to 23 d postanthesis (preendoreduplication). A partia1 

Sau3Al digest was cloned in LambdaGEM-12 (Promega), and phage were identified by hybridi- 
zation with cDNA clones D73 and D95. All cDNA clones have been described (Balau et  al., 
1986). 

Lea5: 
Lea5-A Clone GD73-14RXB144: 

Two phage isolates contain the Lea5-A alloallele in the  A genome, based on the size of the 
EcoRl and BamHl fragments that hybridize to cDNA D73 (Galau et  al., 1988). Cloning of the 
6.5-kb EcoRl fragment of isolate 14 into Bluescript (Stratagene) was followed by subcloning 
of restriction fragments and deletions and complete dideoxy sequencing of both strands with 
Taq polymerase using double-stranded templates. 

lea5-D Clone GD73-2R: 
Cloning of the 6.1-kb €coRI fragment of phage isolate 2 of the D genome alloallele and 

sequencing on both strands, as described above. 
Lea5-A cDNAs D73 and 0 9 6  and Lea5-D cDNA D122: 

Subcloning of the cDNA inserts into Bluescript and complete sequencing of both strands as 
described above, using internal primers and cloned restriction fragments and deletions. 
D122 contains a portion of its 3’ end in reverse orientation on its 5’ end (not reported). 

Lea 14: 
Leal4-A Clone GD95-18XR: 

Three phage contain the Leal4-A alloallele in the A genome, based on the size of the EcoRl 
fragment that hybridizes with cDNA D95 (Galau et  al., 1988). Cloning of the entire insert of 
isolate 18 and subcloning of an internal €coRV/Xbal fragment and an upstream overlapping 
EcoRl fragment were followed by sequencing of both strands as described above. 

Leal4-A cDNA D95: 
Subcloning of the Pstl + Pvul insert (Balau et al., 1986) into Bluescript and sequencing of both 

strands as described above. 
Transcription Starts: 

Primer extension assays were used to map the transcription starts of mRNAs present in post- 
abscission-stage embryos. Primers were Lea5-A nucleotide 2358-2338 and Lea 14-A nucleo- 
tide 2176-2158. 

Structural Features of the  Proteins: 
Both Lea5 and Leal4 contain hydrophathic regions. Leal4 is a homolog of’the Craterostigma gene 

encoding the cDNA pcC27-45 (Piatkowski et  al., 1990). 
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