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The rice genome contains at least 28 EXPA (α-expansin) 

genes. We have obtained near full-length cDNAs from 

the previously uncharacterized genes. Analysis of these 

newly identified clones together with the 12 identified 

earlier showed that the EXPA genes contain up to two 

introns and encode proteins of 240 to 291 amino acid 

residues. The EXPA proteins contain three conserved 

motifs: eight cysteine residues at the N-terminus, four 

tryptophan residues at the C-terminus, and a histidine-

phenylalanine-aspartate motif in the central region. 

EXPA proteins could be divided into six groups based 

on their sequence similarity. Most were strongly in-

duced in two-day-old seedlings and in the roots of one-

week-old plants. However, only 14 genes were expressed 

in the aboveground organs, and their patterns were 

quite diverse. Transcript levels of EXPA7, 14, 15, 18, 21, 

and 29 were greater in stems, while EXPA2, 4, 5, 6, and 

16 were highly expressed in both stem and sheath but 

not in leaf blade. EXPA1 is leaf blade-preferential, and 

EXP9 is leaf sheath-preferential. Most of the root-

expressed genes were more strongly expressed in the 

dividing zone. However, the Group 2 EXPA genes were 

also strongly expressed in both mature and dividing 

zones, while EXPA9 was preferentially expressed in the 

elongation zone. Fourteen EXPA genes were expressed 

in developing panicles, with some being expressed dur-

ing most developmental stages, others only as the pani-

cles matured. These diverse expression patterns of 

EXPA genes suggest that in general they have distinct 

roles in plant growth and development. 
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Introduction 
 

Plants have evolved cell walls to protect them from envi-

ronmental damage as well as to maintain their shape 

against physical forces. Nevertheless, walls restrict plant 

growth and, therefore, must be relaxed during cell divi-

sion. Xyloglucan endotrans-glucosylase/hydrolase (Fry et 

al., 1992), endo-1, 4-β-glucanase (Hayashi et al., 1984), 

yieldins (Okamoto and Okamoto, 1995) and expansins 

(McQueen-Mason et al., 1992) participate in this relaxa-

tion, but the underlying mechanisms are unclear. One 

hypothesis suggests that expansins break the hydrogen 

bonds between cellulose microfibrils and matrix polysac-

charides (Cosgrove, 2000; Cosgrove et al., 2002; McQueen- 

Mason and Cosgrove, 1994). 

Expansins, encoded by members of a multigene family, 

consist of three conserved domains: a signal peptide in the 

N-terminal region, a cellulose-binding domain in the C-

terminal region, and a central catalytic domain that con-

tains an HFD motif and several cysteine residues thought 

to function in catalytic activity (Cosgrove, 2000). Ex-

pansins can be divided into two groups, α-expansins 

(EXPA) and β-expansins (EXPB), based on their activi-

ties and sequence identities (Cosgrove et al., 2002; Kende 

et al., 2004; Shcherban et al., 1995). N-linked glycosyla-

tion motifs are generally absent from EXPA sequences 

but present in EXPB sequences (Cosgrove et al., 2002). 

Although both types are involved in cell elongation, they 

appear to have distinct roles. For example, EXPAs func-

tion in xylem development (Sterky et al., 1998), forma-

tion of leaf primordia (Reinhardt et al., 1998), and fruit 

ripening (Brummell et al., 1999; Civello et al., 1999; 

Rose et al., 1997) whereas EXPBs act in the reproductive 

phases, especially in pollen tube elongation (Cosgrove et 

 

Abbreviations: DAG, days after germination; EXPA, α-ex-

pansin; EXPB, β-expansin. 
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al., 1997; Shcherban et al., 1995). However, some maize 

EXPBs are also expressed in vegetative organs (Wu and 

Cosgrove, 1999), while some rice EXPBs are critical for 

internode elongation. 

At least 28 EXPA and 18 EXPB genes exist in the ja-

ponica rice genome (Lee and Kende, 2001; 2002). How-

ever, only 12 full-length EXPA ESTs and 12 EXPB ESTs 

have been reported. Most studies have focused on expres-

sion in vegetative organs (Cho and Kende, 1997a; 1997b; 

1997c). Choi et al. (2003) used a transgenic approach and 

suggested that EXP4 plays an essential role in growth and 

development in rice. 

In this study, we obtained nearly full-length cDNAs for 

the 16 rice EXPA genes that had not been previously char-

acterized. The expression patterns of all 28 EXPA genes 

were examined in both vegetative and reproductive organs. 

 

 

Materials and Methods 

 

Plant materials, growth and tissues sampling Seeds of the 

japonica rice variety ‘Dongjin’ were sterilized with 50% hy-

pochlorite for 40 min, washed several times with sterile distilled 

water, and placed on MS medium (Murashige and Skoog, 1962). 

Two-week-old seedlings were transferred to soil and grown in 

the greenhouse. Stem tissues were collected from the basal part 

of the plants between 0.5 and 1 cm from the ground. Leaf blade 

and leaf sheath were sampled from the second youngest leaves 

of each plant. Panicles were sampled at various developmental 

stages as follows: the < 2 cm panicle phase containing 0.1−2 

cm-length panicles, the < 5 cm panicle phase containing 3−5 

cm-length panicles, and the < 10 cm panicle phase containing 

7−10 cm-length panicles. 

 

cDNA synthesis and RT-PCR analysis Total RNA was ex-

tracted from plant tissues at various developmental stages. For 

first-strand cDNA synthesis, 2 µg of total RNA was reverse-

transcribed in a total volume of 25 µl containing 10 ng of oligo 

(dT)12-18 primer, 2.5 mM dNTPs, and 200 units of Moloney mur-

ine leukemia virus reverse transcriptase (Promega, USA) in a 

reaction buffer. After reverse transcription at 37°C for 90 min, 

RT-PCR was conducted in 25-µl volumes containing 20 pmole 

of gene-specific primers (Table 1), 10 mM dNTPs, 1 unit of 

rTaq DNA polymerase (TakaRa Shuzo, Japan), and 10× reaction 

buffer. RT-PCR was performed under optimal conditions for 

each gene and numbers of reaction cycles were 33−36. The 

gene-specific primers were designed to contain an intron, which 

allowed differentiation of the cDNA products from genomic 

DNA contamination. Afterward, 10 µl aliquots of the reaction 

mixtures were separated on 1.5% (w/v) agarose gels. 

 

Synthesis of near full-length cDNAs RT-PCR was performed 

with specific primers located in the 5′-UTR and 3′-UTR regions 

of each gene (Table 2). The products were purified with Wizard 

PCR Preps (Promega), and sequenced with an ABI 3100 Ge- 

Table 1. Primers used for obtaining near full-length cDNAs and 

for RT-PCR analyses. 

Gene name
Primer sequence 

(5′ to 3′) 

Primer sequence for near 

full length cDNA (5′ to 3′) 

EXPA1 acatgcctcctctggaac  

AF394543 gtacatcaccggcacgat  

EXPA2 acaacgatgggcagtggt  

AF394544 ctagcatagttcatggtccc  

EXPA3 atgcttctcgttcttgtgac  

AC130731 tcttgtagttgacggggac  

EXPA4 Gttctcttcctcctcttcttg  

AF394545 gtactgggcgatgtggag  

EXPA5 gtacgggaacctctacagc  

AF394546 taccactagcagtgacacca  

EXPA6 ctcgcttctctcctcctc  

AC125496 gttgacggtgaacctgac  

EXPA7 cactcgcactcacaatgtc  

AF394547 gttccaggatgtggaggt  

EXPA8 agtagaactgagccgagga  

AC007789 aaatggactcctgccttc  

EXPA9 gttgctctgccagttctc gctagttgctcttcaggtca 

AC007789 gtcttgttcctaagcctgtg tgacaggcctagtaggagaa 

EXPA10 gaacacctttggagccat  

AL662987 atcttctcgaaggactggat  

EXPA11 aggccatgagccacaact catcgtttttcagatggagt 

AP000837 atgacgtcagcaaagagagt tgacgtcagcaaagagagt 

EXPA12 gagtgccttcttcttccact  

AF394548 gtagacgccgatctgttc  

EXPA13 agtgctacaagctcgtctg agctagactagagcacgcac 

AF394549 cttgaactgtatgttgctcg aaattaaatccttcacgcat 

EXPA14 ttggtgtttttcgcaatc ctactgatcacgacgacaga 

AF394550 atgttcttgaagacaagcgt atacacaacgcaaatatcca 

EXPA15 gaacctgtactggtcggg ctagtccacctgcaagattc 

AF394551 gaggttggaggagaatgact cgttgtagtgtgcctgttag 

EXPA16 acatcttcaggtacgggag  

AP003938 ctactcgacgaactgcttg  

EXPA17 tagaagttgttggatccctg atcgacgacaatagcatgg 

AP000616 agacttgtactggcagcaac gccaagaagaagaaacaaaa 

EXPA18 gcaatgctacctcatcatct tagctacaggaaatcatggg 

AF394553 tgattgccttggatatattg atgaaaacgaagtatgaatgc 

EXPA19 gtacgggaacctgtacgac ctagctaagaggaaatgggg 

AF394554 cagaccgatgaaatgtgatt cgtctgaaccctgcttagta 

EXPA20 ctgtacgaccagcgctac agctgtagcaaacagaggag 

AF394555 aacttgatttacatccaccg atcagtagtcgaattggtgg 

EXPA21 caagtccatcgtggtgac tacgtacgatacgacaatgg 

AF394556 ttcctcgaaatcttgttttt tatccgacctatcaatggac 

EXPA22 ctttactcgcagggggat caaacgcctactgaccac 

AP004128 gcacaattcaatagtccttaca aatagtgcacagaagcacaa 

EXPA23 gttcgtgttggtgctgct agttatccgatcatgacgac 

AF394558 aaacgcacaacgaaacttat acacaccgaaagaataaacg 

EXPA24 cttggtgttgctcgcagt gcaagcttgataacgtccatggcggata

AF394559 agagggcacaatgttccta gcggtaccggccgtagaaacccaaatct

EXPA25 atggagtacgcgatcttatt tcgattctctgctctatcgt 

AF394560 gcacgacgttgtagatgtag atttgacgaattcaagatgt 

EXPA26 Aaccacggcaggtacaagt  

AF394561 cctggtaggtgttgtcgtag  

EXPA28 tgttgatctgcagcgtct aaccaacaatcaaattaatcagt 

AC087550 tgatggtgatcaggttcttc tgacagacactagcagcaaa 

EXPA29 cagagagctaggcgaaatc cagagagctaggcgaaatc 

AC091774 aaagtatagcaaacaacgcc aaagtatagcaaacaacgcc 
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Fig. 1. The genomic structures of rice EXPA genes. Boxes and 

lines represent exons and introns, respectively; numbers indicate 

their lengths (in bp). A. EXPA genes with two introns. B. EXPA 

genes that have lost the first intron. C. EXPA genes that have 

lost the second intron. D. EXPA gene lacking introns. 

 

 

netic Analyzer (Applied Biosystems, USA). 

 

Sequence analysis Exon/intron positions were determined using 

the NCBI Blastn search program (http://www.ncbi.nlm.nih.gov/ 

BLAST) and the GeneMark program (http://opal.biology.gatech. 

edu/GeneMark/eukhmm.cgi). Multiple sequence alignment was 

performed with Clustal W (Oh et al., 2003; http://www.es. emb-

net.org/Doc/phylodendron/clustal-form.html). Sequence homology 

was analyzed with the NCBI bl2seq program (http://www.ncbi. 

nlm.nih.gov/BLAST/ bl2seq/wblast2.cgi). 

 

 

Results and Discussion 

 

Sequence analyses of full-length cDNA clones for rice 

α-expansin genes Database analysis of the ‘Nipponbare’ 

genome has identified at least 28 EXPA genes. Of these, 

full-length cDNA clones for 10 genes have been reported 

previously (Lee and Kende, 2002). Two additional full-

length ESTs are present in KOME (http://cdna01.dna. 

affrc.go.jp/cDNA). To deduce the nucleotide sequences 

and genome structures of the remaining 16 EXPA genes, 

we obtained near full-length cDNA clones by PCR, using 

gene-specific primers located in the 5′-UTRs and 3′-

UTRs of the respective genes (Table 1). We sequenced all 

the cDNA clones to confirm that the annotations reported 

in GenBank were correct (Fig. 1). 

The EXPA genes can be divided into three classes 

based on the numbers of their exons. The first class of 

EXPA genes have three exons, the lengths of the introns 

varying from 89 to 1981 bp. In most cases, both introns 

are small. However, in EXPA3, 4, 10, and 20, one of the 

introns is large, whereas in EXPA16, both are large. In-

trons often contain regulatory elements and enhancers 

(Callis et al., 1987; Christensen et al., 1992; Jeon et al., 

2000; Luehrsen and Walbot, 1991; Maas et al., 1991; 

McElroy et al., 1990; Rose and Last, 1997; Vasil et al., 

1989). The lengths of the first exon varied considerably. 

For example, EXPA5 contained the largest first exon, i.e., 

243 bp, while the others varied between 121 and 151 bp. 

The second exons varied between 289 and 337 bp, while 

the third exons were rather constant in length (303 to 313 

bp). The second class of EXPA genes contained only one 

intron, from 86 to 1367 bp, and appear to have been de-

rived from the first class via the loss of one intron. Eight 

EXPA genes seem to have lost the first intron, six the sec-

ond intron. Finally, EXPA11 belongs to the third class, 

which have lost both introns. Lee et al. (2001) have pro-

posed that the common ancestor of the EXPA and EXPB 

genes contained two introns, which were lost in some 

cases during evolution. 

 

Phylogenetic analysis of the EXPA genes We performed 

a multiple sequence alignment to examine amino acid 

sequence similarity and to identify conserved motifs. As 

previously reported (Lee and Kende, 2002), eight cysteine 

(C) residues in the N-terminus, four tryptophan (W) resi-

dues in the C-terminus, and one histidine-phenylalanin-

aspartate (HFD) motif in the central region are conserved 

in most EXPA proteins (Fig. 2). However, EXPA26 has 

only four C residues, the other four having been either 

deleted or changed into other residues (fourth residue C 

→ G and sixth C → A). The cysteine residues play an 

important role in protein folding. Therefore, EXPA26 

may form a distinct structure from the other EXPA pro-

teins, and hence its function may also differ. 

In EXPA10 and EXPA16, the D residues in the HFD 

motif have changed to L and E, respectively. Cosgrove 

(2000) reported that the HFD domain is homologous to 

the catalytic site of a family of 45 glycosyl hydrolases; 

this domain may contribute to catalysis by EXPA. There-

fore, the changes in this domain may affect the behavior 

of the corresponding gene products. 

The conserved W residues are present in the C-terminal 

regions of most of the EXPA proteins. However, in 

EXPA16, three of these residues and surrounding amino 

acids have been replaced by unrelated residues, indicating  
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Fig. 2. Multiple sequence alignment of 28 rice α-expansins. 

Amino acid sequences deduced from cDNA sequences were 

aligned using the Clustal W program. Sequences in black boxes 

indicate the HFD motif. Conserved Cys (C) and Trp (W) residues 

are shown with black and bolded-black asterisks, respectively. 

 

 

that the protein has a distinctive function. In EXPA15 and 

EXPA17, the first and third W residues have changed to 

R and Y, respectively (Fig. 2). 

Typical EXPA proteins have 250 to 270 amino acids. 

However, EXPA5 contains an extra 32 amino acids rich in 

glycines, histidines, and glutamine residues immediately 

after the N-terminal signal peptide region. This hydro-

philic N-terminal structure in the mature protein is unique 

among EXPA proteins. The H-rich region, conserved in 

metal ion binding proteins, is a potential metal binding 

domain (Lopez-Millan et al., 2004; Rey et al., 1994). 

Also some proteins containing this region function as an-

timicrobial peptides (Park et al., 2000). Therefore, it is 

possible that EXPA5 plays a role in metal resistance or in 

counteracting biotic stress. To examine this idea (Wang et 

al., 2004), we assessed the response of EXPA5 to hor-

mones. Interestingly, EXPA5 transcript levels were in-

creased by salicylic acid and jasmonic acid (data not  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Phylogenetic tree of rice α-expansins. The 28 rice EXPA 

genes can be divided into five groups plus four orphan genes. 

 

 

shown). These two plant hormones are important compo-

nents of defense response pathways (Dempsey et al., 

1999; Dong, 1998; Pieterse and van Loon, 1999; Rey-

mond and Farmer, 1998; Xiong et al., 2002). EXPA26 

also contains extra N terminal residues in the mature pro-

tein. However, this region is rich in Gs (Fig. 2). 

The sequence homology (Table 2) among all the proteins 

ranged from 35 to 93% (mean of 57.5%), in agreement 

with a previous report based on a smaller number of 

EXPA proteins (Lee and Kende, 2002). The protein pair 

with the highest homology (93%) was EXPA19 and 

EXPA20, which are encoded by genes close to each other 

on chromosome 3. EXPA26 had the lowest homology to 

other EXPA proteins, and EXPA10, 16, and 17 were quite 

dissimilar to the other EXPAs. 

We further evaluated the relationships between the rice 

α-expansin proteins by phylogenetic analysis, and divided 

them into six groups (Fig. 3). Group 1 includes EXPA15, 

18, 19, 20, 25, and 28, which have high sequence similar-

ity (54 to 93% identity) in pair-wise comparisons (Table 

2). The similarity between EXPA18, 19, and 20 is espe-

cially high. Their genes, each with three exons, are close 

together on chromosome 3 (Fig. 1), suggesting similarity 

of function. The genes encoding EXPA15 and EXPA25 

are also on chromosome 3, and their genomic structures 

resemble those of EXPA18, 19, and 20. However, unlike 

the other members of this group, EXPA28, with two exons, 

is located on Chromosome 10. 

Group 2 proteins include EXPA13, 14, 22, 23, 24, and 

29, all of which, except for EXPA29, are on Chromosome 

2. The homology between EXPA22 and EXPA24 is the 

highest (88%) in this group, while EXPA29 has little ho-
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Table 2. Amino acid sequence identities among EXPA proteins. 

 

 

mology to other members of the group (Fig. 1). Because 

our phylogenetic analysis indicates that Group 1 and 2 

proteins are closely related, they may perform similar 

functions. 

Whereas Group 3 contains only three proteins, EXPA3, 

8, and 9, Group 4 includes eight -- EXPA2, 4, 5, 6, 7, 10, 

11, and 21 -- which are comparatively distant from the 

first three groups. Sequence homologies among the Group 

4 proteins are relatively high (61 to 87% identity), except 

between EXPA7 and EXPA21 (57%). Moreover, com-

pared with other groups, their genome structures are di-

verse and they are distributed on several different chro-

mosomes. 

Group 5 contains EXPA10 and EXPA16, with only 

49% similarity. Interestingly, they have long introns (Fig. 

1); both of the introns in EXPA16 are > 1 kb, whereas 

only the second one in EXPA10 is of substantial length. 

Finally, Group 6 (EXPA1, 12, 17, and 26) is an orphan, 

and the most distantly related to the other groups (Table 2, 

Fig. 1). For example, the mean sequence homology be-

tween EXPA26 and other proteins is 40.9%; that between 

EXPA17 and others is 43.7%. Moreover, the homology 

between EXPA 17 and 26 is only 37%, suggesting that 

these two play specific roles, different from the other 

EXPAs. 

 

Temporal and spatial expression patterns of EXPA 

genes in vegetative organs We used RT-PCR to study 

the expression patterns of the 28 EXPA genes in both 

vegetative and reproductive organs. Specific primers for 

each transcript were designed to include introns in the 

PCR product (Table 2), thereby enabling us to distinguish 

them from contaminating genomic DNA. We performed 

at least two independent analyses to ensure that the data 

were reproducible. When the expression level was low 

(EXPA11 and 28), DNA-gel blots were used for visualiza-

tion. Most of the rice EXPA genes were strongly ex-

pressed in two-day-old seedlings (Fig. 4). At that stage, 

rapid cell elongation occurs accompanied by cell division 

for radicle protrusion (Hoshikawa, 1989). Therefore, we 

believe a high amount of EXPA activity may be required 

for cell enlargement. In situ experiments are needed to 

determine whether those genes are expressed in particular 

tissue types or organs. 

A majority of the genes were also expressed in the 

roots of one-week-old plants, but were little if at all ex- 

pressed in aboveground organs. However, exceptions to 

this included EXPA29, which was strongly expressed in 

stems but undetectable in roots, and EXPA4, 5, 10, and 16, 

which were strongly expressed in both roots and stems, 

and in almost all other organs examined. 

EXPA10 was expressed in all organs while EXPA16 

transcripts were detected in all organs except leaf blades. 

These expression patterns are similar to that of FaEXPA4,  

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 28

EXPA2 66            
EXPA3 59 61           
EXPA4 62 87 66          
EXPA5 56 72 60 73         
EXPA6 58 70 55 75 71        
EXPA7 63 72 62 72 69 63        
EXPA8 62 64 74 66 66 63 60       
EXPA9 57 59 65 60 60 58 58 71      

EXPA10 45 51 44 54 48 48 47 49 43     
EXPA11 60 68 58 70 75 68 63 63 58 51     
EXPA12 63 64 63 61 59 60 62 62 63 47 59     
EXPA13 58 60 61 62 63 57 58 59 57 43 59 61     
EXPA14 59 63 59 67 62 62 60 62 59 44 56 62 74     
EXPA15 66 61 55 60 60 55 58 57 57 41 58 66 62 65     
EXPA16 46 50 48 55 51 51 50 45 44 49 52 48 47 46 46     
EXPA17 42 48 52 48 45 48 42 44 41 40 47 43 45 41 45 40     
EXPA18 59 57 59 59 57 55 55 58 54 43 56 60 62 65 63 44 43     
EXPA19 59 57 60 57 56 53 56 59 54 42 54 61 58 67 64 43 45 89     
EXPA20 54 53 57 53 53 49 52 55 52 39 52 58 54 62 60 42 42 85 93     
EXPA21 51 61 53 64 74 64 57 59 55 45 63 50 54 52 48 46 44 50 49 47     
EXPA22 64 68 63 67 62 62 66 62 58 45 60 63 80 84 68 47 41 66 67 62 53    
EXPA23 60 68 63 68 62 62 60 58 59 42 56 58 76 83 63 48 41 60 65 62 51 80   
EXPA24 64 68 62 67 61 61 65 64 57 43 60 64 70 84 67 46 38 64 66 62 52 88 82  
EXPA25 64 63 62 60 57 54 56 57 54 46 56 66 58 62 73 42 45 67 67 63 51 62 64 64 
EXPA26 39 46 43 46 45 49 45 43 42 36 50 37 39 38 38 40 37 38 36 35 46 40 40 39 39
EXPA28 60 61 64 60 58 55 63 64 58 44 58 64 63 64 66 45 46 69 70 65 51 65 61 65 75 41
EXPA29 66 66 63 64 58 56 57 65 58 45 60 62 68 64 64 46 46 66 63 59 56 68 69 70 63 40 67
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Fig. 4. RT-PCR analyses of EXPA expression during vegetative 

and reproductive development. 2DAG, 2 d after germination; LS, 

leaf sheath; LB, leaf blade; < 2 cm panicle, 0−2 cm panicle; < 5 

cm panicle, 2−5 cm panicle; < 10 cm panicle, 5−10 cm panicle; 

IF, immature flower before heading; MF, mature flower after 

heading. Internodes were from bottom nodes. 

 

 

which is expressed in nearly all tissues and organs (Harri-

son et al., 2001). Interestingly, both EXPA10 and EXPA16 

have long introns, which are known to enhance gene ex-

pression. Other examples of this include the maize Adh1 

(Callis et al., 1987), Sh1 (Vasil et al., 1989), and Ubi1 

genes (Christensen et al., 1992); as well as rice Act1 

(McElroy et al., 1990) and TubA1 (Jeon et al., 2000) and 

Arabidopsis PAT1 (Rose and Last, 1997). Nevertheless, 

although the EXPA7 and EXPA26 genes each contain a 

long intron, they did not show particularly strong expres-

sion, perhaps because their second introns are short and it 

is likely that long second introns play a role in enhancing 

expression. We observed no obvious sequence elements 

conserved in the second introns of the two genes. Finally, 

the expression patterns of EXPA4 and EXPA5 were simi-

lar to that of EXPA16, except that they were weakly ex-

pressed in the upper portions of the internodes and roots 

(Figs. 4 and 5).  

Whereas most of the 28 EXPA genes were expressed in 

roots, only 14 were expressed in aboveground organs (Fig.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Expression of EXPA genes during root development. 

Roots of one-week-old seedlings were divided into 3 regions: 

DZ, the first 0.5-cm region from root tips; EZ, region between 

DZ and MZ; MZ, region containing root hairs. 

 

 

4). Interestingly, the expression patterns of the latter were 

quite diverse. For example, EXPA18 transcript levels 

were higher in the stem portion of one-week-old seedlings, 

and similar stem-preferential expression was observed in 

one-month-old plants, albeit at a low level. This preferen-

tial pattern was also found with EXPA7, 14, 15, 21, and 

29, though expression was stronger in the older plants of 

these latter. Secondary tillers develop at this stage, so 

perhaps the products of these genes are primarily in-

volved in that process. EXPA2, 4, 5, 6, and 16 were ex-

pressed in both stem and sheath but not in leaf blades. 

The pattern of EXPA1 expression differed from most 

other EXPA genes in that its transcript level was higher in 

blades. EXPA9 also displayed a unique pattern, namely 

stronger expression in the leaf sheaths of one- and three-

month-old plants. Some of our results were not consistent 

with those of Lee and Kende (2002), who reported that 

EXPA genes were expressed only in the 0- to 7-cm region 

of young leaf blades. This difference might be due to the 

cultivars and growth conditions used in the two studies; 

we used soil-grown ‘Dongjin’, and Lee and Kende used 

deepwater rice. Huang et al. (2000), however, presented  



216 α-Expansin Gene Family in Rice 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Expression of EXPA genes in mature floral organs. G, 

glume; P, palea; L, lemma; Lo, lodicule; A, anther; O, ovary. 

 

 

results similar to ours. The low levels of transcript of 

most EXPA genes in leaf blades implies that they do not 

act in that organ, and that only the products of two genes, 

EXPA1 and EXPA10, are involved in leaf blade elonga-

tion. Reidy et al. (2001) have suggested that the XET 

genes play a major role in leaf elongation. Therefore, it is 

possible that the EXPAs act together with XETs in that 

developmental process. 

 

Expression patterns of the root-expressed EXPA genes 

We selected 20 root-expressed EXPA genes to see whether 

they were differentially expressed in that organ. Seedlings 

were grown hydroponically for 7 d after germination 

(DAG) and their roots divided into three regions: dividing 

zone (DZ, first 0.5 cm from tip), elongation zone (EZ, 1.5 

to 3.0 cm), and maturation zone (MZ, above 4.0 cm, and 

including root hairs). The six Group 1 genes were 

strongly expressed in the DZ, but only weakly in the EZ 

and MZ (Fig. 5); their functions may be redundant during 

root development. In contrast, the genes in Group 2 had 

various expression patterns (Fig. 5). In particular, al-

though EXPA14 was more strongly expressed in the DZ 

(as was true of Group 1 members), the other Group 2 

genes were expressed strongly in both the MZ and the DZ, 

suggesting roles in root differentiation. Furthermore, al-

though two of the Group 3 genes were DZ-preferential, 

one, EXPA9, was preferentially expressed in the EZ. Such 

a different pattern in roots (Fig. 5) and stems (Fig. 4) 

strongly suggests that the product of this particular gene 

has a unique role in plant development. Among the re-

maining root-expressed genes, EXPA10 and 16 were ex-

pressed in all aboveground organs. Finally, EXPA2, 4, and 

17 were DZ-preferential, while EXPA5 was active in the 

DZ and EZ.  

 

Expression patterns of EXPA genes during reproduc-

tive development We examined the transcript levels of 

the EXPA genes in panicles at five different stages (Fig. 

4). Two of the Group 1 genes were expressed; the remain-

ing four were not. Of the six Group 2 genes, only two 

were expressed, the pattern of EXPA13 being similar to 

that of EXPA15, whereas the expression of EXPA29 dif-

fered from the rest of the EXPA genes. Specifically, its 

transcript level was high in young panicles as well as ma-

ture flowers where meristematic activity is high. EXPA29 

was also expressed in the meristematic regions of vegeta-

tive organs. Therefore, its protein product may play a role 

in meristems. 

Four of the Group 4 genes were strongly expressed dur-

ing both the early phases of floral meristem formation and 

the mature floral stage. These genes share high sequence 

homology with CsEXPA1 of cucumber; LeEXPA2, Le-

EXPA9, and LeEXPA18 of tomato; and PcEXPA4, 

PcEXPA5, and PcEXPA7 of pear, with strong expression 

in apical meristems (Fleming et al., 1997; Pien et al., 

2001; Reinhardt et al., 1998). Hiwasa et al. (2003) have 

suggested that PcEXPA4, 5, and 7 function in cell divi-

sion and elongation. 

The Group 5 genes were constitutively expressed dur-

ing all stages of reproductive development. Meanwhile, 

among the orphan genes of Group 6, the transcript of 

EXPA26, which was not detectable in vegetative tissues, 

started to accumulate in the late stages of panicle devel-

opment, and was strongly expressed in mature flowers. 

EXPA26 contains the glycine-rich N-terminal residue that 

is absent in other EXPAs. Therefore, its unique expression 

pattern and unusual structure suggests that it plays a dis-

tinctive role in the reproductive organs. 

 

Expression patterns in mature florets We examined 13 

EXPA genes active in mature panicles, and found that 

EXPA2, 7, and 10 were expressed in all the floral organs 

examined (Fig. 6). In contrast, EXPA4 and 5 were ex-

pressed in all organs except the glumes, while EXPA16 

was expressed in all but the anthers. EXPA26 was anther-

specific and EXPA6 was weakly expressed in the lodi-

cules and ovaries. EXPA25 and 13 were palea- and lemma- 

preferential, EXPA29 was palea- and lodicule-preferential, 

and EXPA1 was lemma- and lodicule-preferential. Finally, 

EXPA18 was strongly expressed in paleae and also 

weakly in anthers. These diverse expression patterns in 

mature floral organs again suggest that each member of 

the rice EXPA family has a distinct role not only during 

vegetative development but also during reproductive de-

velopment. 
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