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Abstract
The Late Embryogenesis Abundant (LEA) proteins in plants are basically related with water deficiency. Recent studies showed that
LEA proteins might be molecular chaperones regulating many physiological functions. In this study, LEA proteins were analyzed in
model grass Brachypodium distachyon L. The data represented here may help to further analyze the LEA genes in model grass
Brachypodium in order to understand their functions especially under conditions of water deficiency and/or other physiological
mechanisms. By using the Pfam database, proteins containing at least one LEA conserved repeat (LEA2, LEA3, LEA4, LEA5, and
LEA6) were classified as LEA family members. According to these results, 36 LEA proteins were identified in B. distachyon. LEA2
repeat was found as the dominant protein among 28 members followed by LEA3 (5 members). Physicochemical analysis showed that
pI values and GRAVY index ranged from 4.40 to 11.1 and 0.48 to -1.423, respectively. Many LEA proteins were considered as basic
character (26 members, 72.2%), while 10 proteins (27.8%) were in acidic form. Moreover, GRAVY index revealed that 19 of the 36
sequences were considered hydrophobic (52.8%) while others were hydrophilic (47.2%). Comparative phylogenetic analysis revealed
that BdLEA proteins fall into eight subgroups. They were basically divided into two main groups. Chromosomal distribution of LEA
genes was determined and segmental and tandem duplications were found in eight genes which may cause expansions of LEA genes
through the Brachypodium genome. These results can be helpful for the further functional analysis of LEA proteins in
Brachypodium.
Keywords: Brachypodium distachyon, LEA proteins, in silico analysis, phylogenetics.
Abbreviations: LEA_Late Embryogenesis Abundant; cDNA_complementary DNA; At_Arabidopsis thaliana; Mbp_mega base pair;
Lys_Lysine; Cys_Cysteine; Trp_Tryptophan.
Introduction
Late Embryogenesis Abundant (LEA) proteins are highly
hydrophilic that were first detected in cotton (Gossypium
hirsutum L.) seeds and observed during late embryogenesis
stage (Dure et al. 1981; Galau et al., 1986). It is considered
that LEA proteins help plants to withstand water deficiency,
which may be stimulated by freezing, drying or saline
conditions (Bray, 2004; Tunnacliffe and Wise, 2007). These
proteins are ubiquitous in plants and distributed across
organisms such as fungi (Eichinger et al., 2005), protozoa
(Katinka et al., 2001), nematodes (Gal et al., 2004), and
insects (Kikawada et al., 2006).
In general, LEA proteins are composed of charged and
uncharged polar amino acid residues, thus they are highly
hydrophilic. Dure (1993a) studied characterization of
different cDNAs from LEA proteins and supported that these
proteins are of hydrophilic nature and they lack or have low
levels of Cys and Trp residues. Also, they found vast
amounts of Gly, Ala, Glu, Lys/Arg, and Thr residues. These
results supported that LEA proteins are subset of
hydrophilins. Dehydrins (dehydration induced proteins) are
immensely hydrophilic proteins accumulated when water
deficiency occurs during embryogenesis (Hara, 2010). The
LEA 2 proteins are accepted in dehydrin proteins based on

cDNA characterization (Close et al., 1989). According to
amino acid sequence and conserved motifs, LEA proteins are
classified in five to nine sub-classes in different species.
Also, POPP (protein or oligonucleotide probability profile)
shows at least four LEA groups (Wise and Tunnacliffe, 2004;
Tunnacliffe and Wise, 2007).
Up to now, LEA protein families were identified in several
plant and animal species.
Among those, Arabidopsis
thaliana is one of the most studied species. By using some
known reference sequences, Arabidopsis genome was
analyzed and 50 LEA genes were discovered. Those genes
were defined in nine different groups (AtLEA 1-9) (Bies
Etheve et al., 2008). AtLEA1 proteins include wheat Em
protein (Cuming, 1984) and the cotton D19 protein (Baker et
al., 1988), divided into two subgroups according to the
conserved sequences (Espelund et al., 1995). The AtLEA2
proteins, also called dehydrin or RAB (responsive to ABA)
proteins (Close et al., 1989) which were detected in cotton
embryos and defined its conserved 15-amino-acid lysine-rich
sequence (Galau and Close, 1992). AtLEA3 proteins also
known as D7 proteins were characterized by different
consensus sequences of 11-mer repeats (Baker et al., 1988).
AtLEA4 proteins, also called D113 proteins lacks of
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were considered as basic character (pI≥7), while 10 protein
sequences (27.8%) were considered as acidic (pI≤7) (Table 1
and Fig. 4). Moreover, LEA4, LEA5, and LEA6 proteins
were determined as acidic character. The most basic protein
was found in LEA2 group (LEA2-20) while the most acidic
protein was found in the LEA3 group (LEA3-2). Shih et al.
(2008) found that most LEA2 proteins are neutral to basic
(mean pI: 7.58) but this finding is not in agreement with our
data in which most of the observed pI values (58.9%) were
higher than 9. Therefore, a total of 26 LEA proteins of B.
distachyon (22 LEA2 and 4 LEA3 members) were considered
as basic character. GRAVY index showed that 19 of the 36
sequences were hydrophobic (52.8%) while 17 were
hydrophilic proteins (47.2%). All LEA3 proteins (5
sequences), LEA4 protein (1 sequence), LEA5 protein (1
sequence), and LEA6 protein (1 sequence) were found to be
of hydrophilic character. Additionally, 9 of the 28 LEA2
sequences (32.1%) were found to be hydrophilic. In other
words, most of LEA2 proteins (67.9%) were considered as
hydrophobic character. In the LEA2 members, some acidic
dehydrins were used as calcium buffers, this was related to
protein phosphorylation (Alsheikh et al., 2003; Hara, 2010).
In the current analysis, 21.4% of the LEA2 sequences were of
acidic character and this can lead to the idea that some
members of Brachypodium LEA2 proteins may have an ionbinding activity. In general, LEA proteins are relatively
small, mostly in the range of 10 to 30 kDa. Also, LEA2 group
is the most hydrophobic while LEA4 and LEA5 are the most
hydrophilic in A. thaliana (Hundertmark and Hincha, 2008).
Our results were similar to those values, where molecular
weights of LEA proteins were ranging from 9.25 kDa to 37.8
kDa. Also, LEA5 protein was the most hydrophilic followed
by LEA6 and LEA4, respectively. Based on prediction of
sub-cellular localizations of BdLEAs, 15 of the 36 sequences
(38.5%) were related to organelles (mitochondrion and
chloroplast) and others were connected with secretory
pathway or any other locations in the cells (Table 1). Most of
LEA2 proteins accumulate in cytoplasm, while some of them
are localized in nucleus or in other cell compartments
including mitochondria (Battaliga et al., 2008). These data
support our findings in which LEA proteins show diverse
sub-cellular localizations. In this study, a total of 3 different
motifs were determined by using MEME tool with numbers
ranging from 15 to 27 amino acids (Fig. 2 and Table 2). 28 of
36 LEA protein sequences (only LEA2 proteins) were
determined as containing conserved protein motifs.
Remarkably, LEA3, 4, 5, and 6 proteins had any conserved
motifs. These LEA groups may be diverged recently from
ancestral LEA2 proteins during LEA protein evolution.
According to combined block diagram of LEA proteins, 28 of
36 LEA proteins (77.8%) contain motif I while 13 of 36 and
9 of 36 LEA proteins had motif II and motif III, respectively
(Fig. 1). 8 of 36 LEA proteins had all motif types (motif I,
motif II, and motif III), whereas 12 of 36 LEA proteins had
one motif type (motif I). Motifs including short amino acid
residues (5-25 amino acids) are very important for protein
evolution and they are related with biological functions or
protein structure (Saito et al., 2007). It can be suggested that
motif I may be essential component of LEA domain
structure, thus it showed demonstrating of stability in many
of LEA sequences (77.8%) (Fig. 1).

AtLEA1, AtLEA2, and AtLEA3 sequences. AtLEA5 proteins
are hydrophobic and cotton LEA D34 and D95 proteins are
representatives of this group. Group 6 proteins have not been
well defined and are called atypical LEA proteins (Shih et al.,
2008).
Brachypodium distachyon L., also called purple false
brome has recently emerged as a model organism for grass
family. It offers some attractive characteristics such as small
genome (~300 Mbp) (International Brachypodium Initiative,
2010), short life cycle (Higgins et al., 2010), and a powerful
model system for many molecular based researches (Vogel
and Hill, 2008). Today, some herbaceous crops (especially
grasses) are crucial in obtaining renewable energy and thus
model species B. distachyon can also be used for bio-energy
production (Ozdemir et al., 2008). Brachypodium is
considered as a bridge between rice and the Triticeae tribe
(Hammami et al., 2011). Thus, genes including in B.
distachyon genome will be helpful to understand major cereal
genomes in molecular basis. In this study, in silico analysis
were conducted to reveal LEA protein family in B.
distachyon. As a result, 36 BdLEA proteins were analyzed.
Physicochemical properties, their chromosomal locations,
gene structures of LEA genes, and phylogenetic
classifications were determined. We assume that findings of
this study will be a scientific basis for comparative studies of
LEA proteins for both Brachypodium and other grass species.
Results and Discussion
Characteristics and sequence analysis of BdLEA proteins
A total of 36 LEA protein sequences from B. distachyon were
analyzed by using bioinformatics tools. Pfam family domains
were searched for the LEA protein sequences and LEA2 (also
known as dehydrin proteins) was found to be the most
predominant group with 28 members (77.8%). The other
LEA groups were found as LEA3 (5 members, 3.9%), LEA4
(1 member, 2.76%), LEA5 (1 member, 2.76%), and LEA6 (1
member, 2.76%), respectively (Table 1). In A. thaliana,
LEA4 group was the most dominant group followed by
LEA2, SMP, and LEA3 (Hundertmark and Hincha, 2008).
Based on conserved domain analysis, the distribution of
BdLEA groups was not found to be similar to that of A.
thaliana. Analysis of LEA genes revealed that many of LEA
genes (60.7%) had no introns, whereas 11 LEA genes contain
introns with varying 1 to 2 (Fig. 1). This finding could
support that BdLEA genes were conserved well during LEA
gene evolution in Brachypodium. According to the amino
acid composition analysis of B. distachyon, the most
abundant amino acid residues were found to be alanine (Ala),
valine (Val), leucine (Leu), and glycine (Gly), respectively
(Supp. Table 1). LEA2 proteins have 15-mer lysine rich
conserved sequences (EKKGIMDKIKEKLPG, named K
segment) in different numbers (Galau and Close, 1992).
While all LEA2 proteins contain K (Lys) residues, some
LEA2 proteins have higher percentage (LEA2-21, 9.82%;
LEA2-27, 9.47%; LEA2-22, 8.08%) of K residues. Group 2
LEA proteins are rich in glycine or alanine and proline (Bray
et al., 2000) and many LEA proteins called hydrophilins have
glycine (G) content greater than 6% (Battaliga et al., 2008),
thus this data is in agreement with our results (Supp. Table
1). In general, LEA proteins are highly hydrophilic, lack or
have low levels of Cys and Trp residues (Dure, 1993a). In the
current data set, we found that 8 of the 36 protein sequences
had no W (Trp) residues. Similarly, 6 of the 36 protein
sequences had no Cys residues. Physicochemical analysis
revealed that most of LEA proteins (26 members, 72.2%)

Genomic organization and gene duplication of BdLEA
genes
According to the chromosomal distribution results, LEA
genes were found to be dispersed over all chromosomes (Fig.
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Table 1. Characteristics of LEA proteins in B. distachyon, including accession numbers, gene location, physicochemical properties,
and subcellular localizations.
Seq.
Mol.
LEA
length weight
Subcellular
domains
Access. no.
Gene
Start
Stop
(aa)
(kDa)
pI
GRAVY localization
LEA2-1
XP_003573252 BRADI3G13027.1
11647653 11648699 227
24.5
9.28
0.18
Unknown
LEA2-2
XP_003580846 BRADI5G26600.1
27538230 27539252 227
24.6
8.18
0.25
Unknown
LEA2-3
XP_003578883 BRADI4G41990.1
46079830 46080991 215
23.3
8.82
0.17
Unknown
LEA2-4
XP_003575086 BRADI3G45160.1
47094442 47095427 218
23.3
9.45
0.22
Mitochondrion
LEA2-5
XP_003579716 BRADI5G09670.1
12986478 12987932 221
23.4
8.83
0.27
Mitochondrion
LEA2-6
XP_003580847 BRADI5G26610.1
27554849 27555797 206
21.8
8.98
0.39
Secretory pathway
LEA2-7
XP_003573253 BRADI3G13020.1
11645945 11646574 209
23.4
9.21
0.34
Secretory pathway
LEA2-8
XP_003564678 BRADI2G55920.1
54394039 54395221 238
26.5
9.69
-0.27
Unknown
LEA2-9
XP_003571637 BRADI3G20640.1
19656521 19657261 246
26.5
7.94
0.03
Unknown
LEA2-10
XP_003571928 BRADI3G29620.1
31702318 31703626 265
28.3
10.32 0.04
Unknown
LEA2-11
XP_003564453 BRADI2G53027.1
52260517 52261624 299
31.9
9.87
0.00
Unknown
LEA2-12
XP_003577129 BRADI4G44250.1
47736121 47737186 230
24.5
9.96
0.10
Chloroplast
LEA2-13
XP_003576336 BRADI4G25970.1
31285929 31286582 217
22.4
10.04 0.32
Chloroplast
LEA2-14
XP_003559726 BRADI1G15980.1
12919102 12919837 208
22.8
8.66
0.20
Unknown
LEA2-15
XP_003568059 BRADI2G19200.1
16919537 16920388 254
26.7
9.43
0.13
Unknown
LEA2-16
XP_003567090 BRADI2G49140.1
49255066 49255976 261
28.2
5.13
-0.15
Unknown
LEA2-17
XP_003561309 BRADI1G54290.2
52676958 52680396 252
30.0
9.74
0.15
Mitochondrion
LEA2-18
XP_003560997 BRADI1G11810.1
8791659
8795795
225
24.5
9.35
0.21
Unknown
LEA2-19
XP_003565815 BRADI2G07480.1
5821262
5821816
152
16.3
5.35
-0.04
Unknown
LEA2-20
XP_003569392 BRADI2G44020.1
44506348 44507118 177
19.0
4.40
0.01
Unknown
LEA2-21
XP_003562546 BRADI1G02090.2
1419315
1421725
326
35.9
4.95
-0.41
Unknown
LEA2-22
XP_003561266 BRADI1G53000.1
51393475 51395766 390
37.3
4.93
-0.29
Mitochondrion
LEA2-23
XP_003560139 BRADI1G25960.1
21073069 21073632 187
20.1
9.14
0.48
Secretory pathway
LEA2-24
XP_003562991 BRADI1G25800.1
20911051 20911796 201
22.6
9.19
-0.08
Mitochondrion
LEA2-25
XP_003558301 BRADI1G67370.1
66006462 66007719 236
25.1
9.08
0.28
Unknown
LEA2-26
XP_003570065 BRADI3G51270.1
52359488 52363285 346
36.9
10.26 -0.14
Chloroplast
LEA2-27
XP_003567827 BRADI2G15410.1
13732581 13733743 169
18.3
4.85
-0.18
Unknown
LEA2-28
XP_003570072 BRADI3G51360.1
52409629 52412403 202
21.5
9.79
0.05
Mitochondrion
LEA3-1
XP_003566475 BRADI2G09150.1
7435407
7436193
94
92.3
10.13 -0.13
Mitochondrion
LEA3-2
XP_003572634 BRADI3G46190.1
48116389 48117470 86
93.1
11.10 -0.38
Mitochondrion
LEA3-3
XP_003561563 BRADI1G60350.1
59700337 59700988 88
98.4
9.58
-0.34
Mitochondrion
LEA3-4
XP_003566331 BRADI2G27890.1
26817041 26817417 90
97.3
6.23
-0.22
Mitochondrion
LEA3-5
XP_003567608 BRADI2G11940.1
10275789 10276597 89
92.5
9.41
-0.22
Mitochondrion
LEA4
XP_003558017 Bradi1g63816.1
63052837 6305424
357
37.8
6.45
-1.022
Mitochondrion
LEA5
XP_003568642 BRADI2G28480.1
27830766 27831217 112
16.6
6.25
-1.42
Unknown
LEA6
XP_003578310 BRADI4G33400.1
39101863 39102180 105
11.3
5.64
-1.07
Unknown
Table 2. The conserved protein motifs of Brachypodium LEA protein sequences.
Motif number
Width Sequence
Protein sequences
1
15
LNYTLQVTVRIHNPN
2
29
LQVKVDGWVRWKVGAWITGHYHLRVNCPA
3
27
QITVPTSLPVMYQGHRDTSVWSPVMSG
3). It was determined that each chromosome included at least
three LEA genes and the number of LEA genes distributed to
each chromosome (Chr1-5) was as 10, 11, 8, 4, and 3,
respectively. The highest LEA gene density was determined
in Chr2 and the lowest in Chr5. In general, LEA genes were
not found residing around the centromeric regions of the
chromosomes. Gene duplications were also predicted for the
LEA genes. According to this, two segmental and two tandem
duplications were determined among the Brachypodium LEA
genes (Fig. 3). Gene duplications might be one of the major
evolutionary forces for new protein functions (Kondrashov et
al., 2002). Also, orthology and paralogy are key concepts in
the field of protein and proteome evolution (Makarova et al.,
1999). In our study, 8 of 36 LEA genes were predicted to be
involved in the duplication event. Of those, LEA2-23:LEA224 and LEA2-26:LEA2-28 genes are arranged in tandem.
Considering their sequence similarity, they seem to be
paralog genes. At the same time, they reside on different

Repeat no.
28
9
7

chromosomes representing segmental duplications. Besides,
LEA2-7:LEA2-1 and LEA2-2:LEA2-6 had the same situation
with the previous genes showing segmental and tandem
duplications.
Phylogenetic relationship of BdLEA proteins
The phylogenetic tree was constructed using 36 LEA protein
sequences of B. distachyon and five species (Arabidopsis
thaliana (9), Triticum aestivum (2), Zea mays (3), Hordeum
vulgare (3), and Oryza sativa (3) as outgroups (Fig. 5). Two
main groups were observed on the phylogenetic tree that the
first main group consists of LEA2 and LEA3 groups while
the second main group consists of LEA4, 5, and 6 proteins.
The highest bootstrap values (62%) were observed between
BdLEA2 and HvLEA2 in the subgroup A. The members of
LEA3 group were quite diverse compared with other groups
of LEA proteins and this diversity was created in the
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Fig 1. Representation of intron and exon distribution of LEA2 genes with their conserved motif distributions. Diagrams of the
conserved motifs in grass LEA protein sequences were shown for per genes. Small boxes in different color represent the different
conserved motifs. Accordingly, three most conserved motifs, stated in Table 2, were detected on LEA2 proteins. Exon and intron
regions were shown as filled boxes and lines, respectively.

Fig 2. Combined block diagrams of the conserved protein motifs in Brachypodium LEA proteins using MEME server. Each motif
was represented in boxes with different colors: motif 1, cyan; motif 2, blue; and motif 3, red.
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Fig 3. Chromosomal distribution of 36 LEA genes in Brachypodium. Colored boxes show tandem and segmental duplications.
According to the duplication analysis, two tandem and two segmental duplications were observed separately. The size of each
chromosome is indicated as Megabase (Mb).

Fig 4. Phylogenetic analysis of 36 LEA proteins in Brachypodium. LEA proteins were classified according to their homology
analysis by using NJ tree. Circles with blue and red represent the basic and acidic characterized proteins, respectively. Accordingly,
26 of 36 LEA proteins show basic character which constitutes the two main subgroups of the phylogenetic tree.
repeating 11-mer amino acid motif (Dure 1993b; Battaliga et
al. 2008). In the phylogenetic tree, we found that LEA3
proteins were seperated from the other LEA groups
containing LEA2, 4, 5, and 6. LEA4, LEA5, and LEA6
groups were clustered in the same clade within subgroup H.
The convergence of different plant LEA groups (LEA4,
LEA5, and LEA6) can be explained by possibly having
similar ortholog genes that formed this clade. Subgroups B,
C, D, E, F, and G consist of LEA2 proteins, whereas
subgroup H contains LEA4, 5, and 6 members. Also,
subgroup A includes LEA2 and LEA3 proteins, thus same
LEA protein groups (LEA 2-3-4-5-6) were clustered together
in joined tree (Fig. 5). The highest bootstrap values were
found among LEA2 proteins including 62%, 58%, and 48%,
respectivly. It could be proposed that different LEA gene

clusters were conserved well during the diversification of
monocot and dicot lineages. Previous studies indicate that
LEA2 proteins accumulate during seed desiccation stimulated
by drought, low temperature, or salinity (Nylander et al.,
2001). Many LEA1 and LEA2 proteins have significant
unstructured (loop) regions resulting four-state predictions
(α-helix, β-sheet, loop or no prediction). Hence, absolute
function of LEA proteins is unknown (Wise and Tunnacliffe,
2004). In this study, LEA proteins showed different clusters
and dominant groups which LEA2 and LEA3 groups had 28
and 5 members, respectively. LEA proteins contain many
lysine (K) residues that it may be related with specific
physiological role(s) in abiotic stress (Alsheikh et al., 2003).
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it was found that 57% (653) of the pairs of more recent
duplicates and 73% (306) of the pairs of older duplicates
were diverged in expression (Blanc and Wolfe, 2004). In both
A. thaliana and rice, more ancient WGD-duplicated genes
showed greater expression divergence than more recent
WGD-duplicated genes (Wang et al., 2011). As observed on
the LEA protein sequences in B. distachyon, five types of
LEA proteins were observed (most of them were LEA2
proteins). Also, LEA2 proteins were grouped based on their
pI values including basic and acidic characters and support to
the phylogenetic tree topologies. This result may be related to
expression divergence in LEA genes because of duplicated
genes which can affect expression divergence (Wang et al.,
2012). Also, LEA2 genes may be more ancient than the other
ones. So, it may cause greater expression divergence in
Brachypodium genome evolution.
Materials and Methods
Sequence resources of LEA proteins
A total of 36 LEA protein sequences of B. distachyon were
retrieved from NCBI (the National Center for Biotechnology
Information) protein database (http://www.ncbi.nlm.nih.
gov/). LEA2 (access. no: Q03968), LEA3 (access. no:
Q03968), LEA4 (access. no: Q03968), LEA5 (access. no:
Q03968), and LEA6 (access. no: Q03968) proteins of
Arabidopsis were used as query sequences to match to the
candidate LEA proteins via BLASTP analysis. The sequences
were selected as predicted proteins if their E value satisfied E
was ≤ e-10 and redundant sequences were removed. The
coding sequences, exon and intron structures of LEA genes
were retrieved from Gramene Brachypodium database
(http://www.gramene.org/Brachypodium_distachyon/Info/Ind
ex). LEA protein sequences were searched for their
conserved domains (Pfam) and their chromosomal locations
were determined by using Brachypodium Genome Database
server (http://www.brachybase.org/gmod/genomic/contigs).
Physicochemical characterization and classiﬁcation of
Brachypodium LEAs
For the physicochemical characterizations, sequence length,
molecular weight, theoretical isoelectric point (pI), and grand
average hydropathy (GRAVY) index were computed using
the Expasy’s ProtParam server (Gasteiger, 2005) which
calculates various physicochemical properties based on
protein sequences. Kyte and Doolittle (1982) have defined
the GRAVY as indication of the solubility of proteins:
Positive GRAVY value means hydrophobic protein structure
while negative GRAVY value means hydrophilic protein
structure. Isoelectric point (pI) is a pH value where net charge
of protein is zero and shows whether protein character is
acidic or basic. The subcellular distribution of the LEA
proteins was predicted by using TargetP 1.1 server
(http://www.cbs.dtu.dk/services/TargetP/) which predicts the
sub-cellular locations of eukaryotic proteins (Emanuelsson et
al., 2007). The nomenclature was given according to their
similarity analysis by using ClustalW program (Larkin et al.,
2007).

Fig 5. Comparative phylogenetic analysis of Brachypodium,
A. thaliana, H. vulgare, O. sativa, and T. aestivum LEA
proteins. Neighbor-joining (NJ) tree method was used to
compute the distances of LEA proteins by using the MEGA
5.1 program. According to these results, proteins were fall
into eight subgroups classified as subgroup A, B, C, D, E, F,
G, and H with two main groups.
Some LEA2 subgroups showed acidic character, while the
others were in basic character (Fig. 4). It can be considered
that LEA2 proteins reflect various physiochemical properties.
It was understood that all plant genomes have mysterious
evolutionary history including gene and genome duplication
(Flagel and Wendel, 2009). Also, whole genome duplications
(WGD) were detected in many sequenced genomes (Semon
and Wolfe, 2007). Gene duplications play a considerable role
that support adaptive evolution and plant genomic
architecture (Flagel and Wendel, 2009). Blanc et al. (2000)
showed that A. thaliana genome includes long duplicated
blocks (megabase-sized) and 45% of the gene pairs of
chromosomes have highly similar sequences. In A. thaliana,

Protein identification and phylogenetic analysis of LEA
proteins
A multiple sequence alignment was done by using ClustalW
(Larkin et al., 2007). Phylogenetic relationships among the
LEA protein sequences was established using MEGA 5.1
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(Molecular Evolutionary Genetics Analysis) software
(Tamura et al., 2011) by the bootstrap analyses with 1000
replications (Felsenstein, 1985). The evolutionary history was
inferred by using the Maximum Likelihood method based on
the JTT (Jones-Taylor-Thomton) matrix-based model (Jones
et al., 1992). Pfam (http://www.sanger.ac.uk/software
/pfam/search.html) was used for domain analysis. The Pfam
database is a large collection of protein families, each
represented by multiple sequence alignments and hidden
Markov models (HMMs) (Punta et al., 2012). The conserved
protein motifs were deduced by using MEME (Multiple Em
for Motif Elicitation) software (Timothy et al., 2009). The
following parameter settings were used: distribution of
motifs, zero or one per sequence; maximum number of motifs
to find 3; minimum width of motif, 6; maximum width of
motif, 50.
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