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บทคัดย่อ 

Late embryogenesis abundant (LEA) เป็นโปรตีนที่เกี่ยวข้องกับสภาวะความเครียดโดยเฉพาะการ
ขาดน้ าของพืช จากการวิเคราะห ์ ยีน EgLEA4 ทีไ่ด้มาจากการท าห้องสมุด EST ของปาล์มน้ ามัน (Elaeis 
guineensis Jacq) พบว่า ยีนโครงสร้างของ EgLEA4 มีขนาด 1505 คู่เบส ประกอบด้วย 2 เอกซอน (108 และ 
378 คู่เบส), 1 อินทรอน (313 คู่เบส) และบริเวณโปรโมเตอร์ของ EgLEA4 (447 คู่เบส)  ล าดับนิวคลีโอไทด์ที่ไม่
มีการแปลรหัสด้านปลาย 5’ แสดงล าดับนิวคลีโอไทด์ของโปรโมเตอร์ เช่น ABA-responsive element (ABRE) 
และ salt/drought/dehydration responsive element (DRE) โปรตีนที่ได้เป็นส่วนที่ชอบน้ า 50.3 เปอร์เซ็นต์ 
และเป็นส่วนที่ไม่ชอบน้ า 49.7 เปอร์เซ็นต์ และจากการวิเคราะห์ด้วย Hydropathicity ท านายว่าโปรตีนนี้เป็น
โปรตีนที่ชอบน้ า รูปแบบโมทีฟของยีน EgLEA4 ประกอบด้วย 5 โมทีฟ (2, 1, 3, 4 และ 5) ยีน EgLEA4 มีการ
แสดงออกสูงในเนื้อเยื่อชั้นกลางของผลปาล์มและมีการแสดงออกสูงสุดในระยะท้ายของการพัฒนาผลปาล์ม
เนื่องจากปริมาณน้ าในเนื้อเยื่อผลปาล์มมีค่าน้อยลง 

 
ABSTRACT 
 The late embryogenesis abundant (LEA) proteins in oil palm have been implicated as part 
of the stress response especially those associated with drought in plants. We first isolated the 
EgLEA4 gene from an EST library of oil palm (Elaeis guineensis Jacq.). The structural gene of 
EgLEA4 consisted of 1505 bp containing 2 exons (108 and 378 bp), 1 intron (313 bp), and the 
promoter region of an EgLEA4 (447 bp). The 5’ untranslated region showed a putative promoter 
sequence such as an ABA-responsive element (ABRE) and a salt/drought/dehydration responsive 
element (DRE). The protein sequence analysis showed that it consisted of 50.3% hydrophilic 
residues and 49.7% hydrophobic residues. Hydropathicity analysis predicted that this protein was 
a hydrophilic protein. The amino acid patterns of EgLEA4 consisted of five conserved motifs (II, I, 
III, IV and V). The high expression of the EgLEA4 gene in the mesocarp tissue and the highest 
expression in the late stage of oil palm fruits development were associated with the decreased 
water content of the fruit’s tissue. 
 
ค าส าคัญ:  โปรตีน late embryogenesis abundant, การขาดน้ า, ปาล์มน้ ามัน, EgLEA4 
Keywords:  late embryogenesis abundant protein, drought, oil palm, EgLEA4 
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INTRODUCTION 

In plant, the late embryogenesis abundant (LEA) proteins have been claimed to be 
involved in the plant’s water stress response caused by drought and/or cold stress (Goyal et al., 
2005). In a study of Arabidopsis, a group-4 LEA protein was shown to contribute the ability of the 
plant that respond to drought stress. This protein accumulated during the late stages of seed 
maturation, but was not found during the seed germination. It was assumed that, because of water 
deficits only occurred during the later stages of seed maturation (Bies-Etheve et al., 2008; Galau et 
al., 1987). Group 4 of the LEA proteins have hydrophilic features and contain a high percentage of 
small amino acid residues such as glycine, alanine, and serine (Battaglia et al., 2008). LEA4 
proteins have conserved regions near to the N-terminus, that cover about 70-80 amino acid 
residues, compared to the less conserved regions near the C-terminus (Dure, 1993). Furthermore, 
an in vitro study of the LEA4 family of proteins of Arabidopsis has shown that they were present 
during controlled dehydration experiments, and also prevented the inactivation of LDH, even after 
a 99% water loss (Reyes et al., 2005). In this work, we have provided more information that may 
help to obtain a clearer understanding on the role of the LEA4 proteins. This includes information 
about their sequence conservation, variation, and as well as their expression patterns during the 
developmental stages of the friut. 
 

MATERIALS AND METHODS 
Total RNA was extracted from the mesocarp of oil palm fruit during their 22 weeks of 

development. Semi-quantitative RT-PCR was performed. The resultant chromosomal DNA was 
extracted and used as the template for genome walking and structural gene analysis of the 
EgLEA4. The PCR product was separated by electrophoresis on a 1.5% (w/v) agarose gel, and a 
semi-quantitative analysis was carried out using the Quantity One program and the SPSS program. 
The obtained PCR product was ligated to the pGEM®-T Easy vector (Promega) and transformed 
into Escherichia coli as described by Maniatis et al., 1982. The recombinant plasmids were then 
purified and sequenced using the Applied BioSystem 377 Sequencer (Perkim Elemer). Finally, the 
5’ untranslated region of the EgLEA4 was analyzed using the Bioinformatic tools and the 
Genomatix software. 
 

RESULTS AND DISSCUSSION 
Using semi-quantitative RT-PCR for analysis the expression of the EgLEA4 gene during the 

development stages of the mesocarp compared to the expression of the 18s rRNA as the internal 
control, the EgLEA4 gene achieved its highest expression during the late stage of development of the 
oil palm fruits (22 weeks) (Figure1). This correlated with the water deficit stage. A similar result had 
been found for the expression of the AhLEA4 gene in Arachis hypogaea that was only detected in 
their seeds (Su et al., 2011). The amino acid sequence alignment of different plant LEA4 proteins 
showed that all had a similar five conserved patterns of the motifs II, I, III, IV, and V. This confirmed 
that the EgLEA4 was part of the group 4 LEA proteins (Figure 2). Therefore, the structural gene of 
EgLEA4 consisted of 1505 bp containing 2 exons (108 bp and 378 bp), 1 intron (313 bp), and the 
promoter region of an EgLEA4 protein (447 bp). This result is similar to the GhLEA4 (accession 
number: M73752) that has two exons (193 bp and 522 bp) and an intron of 101 bp (Galau et al., 
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1993). Furthermore, the EgLEA4 promoter sequence at the 5’-untranslated region was obtained by 
the GenomeWalkingTM method and analyzed by the Genomatix software (Matlnspector database). 
There were two putative cis-acting regulatory elements perhaps involved in the abiotic stress 
response, such as an ABA-responsive element (ABRE) and a salt/drought/dehydration responsive 
element (DRE) detected (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Relative EgLEA4 gene expression from different stages of the oil palm fruits 
development. Bars show the relative expression of the EgLEA4 gene compare to the expression of 
the 18s rRNA gene as the internal control. The highest expression was observed at 20 and 22 
weeks of fruit development, and they were significantly (P<0.05) higher when compared to all 
previous weeks. Values represent the means and s.e.m (N=3). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Multiple amino acid sequence alignment of the EgLEA4 protein from oil palm (Elaeis 
guineensis Jacq; AFG26321.1) and the LEA4 protein from other various plant species; A.thaliana 
(Arabidopsis thaliana; NP_196294.1), D113A.thaliana (LEAD113 A.thaliana; CAA63008.1), 
B.carinata (Brassica carinata; AAT77224.1), B.napus (B.napus; AAT77223.1), S.irio (Sisybrium irio; 
AAY26119.1), G.max (Glycine max; AAG37440.1), A.hypogaea (Arachis hypogaea; ADQ91840.1), 
G.tomentella (G.tomentella; AAG37451.1), G.tabacina (G.tabacina; AAG37441.1) and G.canscens 
(G.canscens; AAG37439.1). The enclosed black boxes indicate the five conserved motifs.  

IV V 

II I III 



Thai J. Genet. 2013, S(1): 266-269  Thongin W, et al. 

พันธุศาสตร์ก้าวหน้าสู่อาเซียน (Genetics towards ASEAN) 
17-19 กรกฎาคม 2556 ณ โรงแรมแอมบาสเดอร์ สุขุมวิท กรุงเทพมหานคร 

269 

 
 
 
 
 
 
 
 
 
 
Figure 3 Positions of the various recognition elements from the promoter sequence of the nucleotides 
of the 5’ untranslated EgLEA4 gene in oil palm. 
 

CONCLUSION 
In this study, the molecular information, sequence analysis, gene structure and expression 

have provided some basic knowledge about the EgLEA4 gene which may be useful for the 
improvement of drought tolerance in oil palm and other crops. 
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