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ABSTRACT
Functional characterization of an endosperm specific 
promoter p1062 from common buckwheat (Fagopyrum es-
culentum Moench) for driving tissue specific gene expres-
sion

Seed storage proteins of grain crops meet the major di-
etary protein requirement of over half of the world popula-
tion. PCR based genome walking the 5’UTR of the gene cod-
ing for a lysine rich legumin type protein amplified a 1.1kb 
DNA fragment representing the promoter region of the 
gene. Clustal alignment of this sequence with other se-
quences in the Genbank database clearly showed 100 per-
cent complementary base match of 282 bases at the 3’ end of 
the sequence, corresponding to nucleotide position 780-
1062 with correspondingly similar number of bases on the 5’ 
end of the 1.7kb Bwleg gene.We detected one prolamin box 
and three RY-repeat motifs in the sequence. Seven deletion 
fragments of the putative promoter were generated by 5’ 
nested PCR and cloned in pCAMBIA1304 upstream of GUS 
gene after excising the CaMV 35S promoter from the vector. 
Arabidopsis plants plants harbouring the deletion construct 
pBwlDF1 to pBwlDF6 clearly showed seed specific expression 
of the reporter gene. Seeds harbouring the constructs pB-
wlDF3, pBwlDF4 and pBwlDF5 showed a nearly threefold 
decrease in GUS activity than those harbouring the con-
struct with full length promoter.
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IZVLEČEK
Funkcijske lastnosti endospermskega promotorja p1062 
navadne ajde (Fagopyrum esculentum Moench) za 
omogočanje tkivno specifične ekspresije genov

Založne beljakovine semen zrnastih poljščin ustrezajo 
glavnim potrebam po beljakovinah za več kot polovico 
svetovnega prebivalstva. S PCR in 5’UTR so za kodiranje ka-
kovostnih beljakovin leguminskega tipa pomnožili odlomek 
1,1 kb DNK, ki je promotorsko gensko območje. Vzporejanje 
te sekvence z drugimi sekvencami podatkovne baze genske 
banke jasno pokaže popolno komplementarnost 282 baz na 
3’ koncu sekvence, kar ustreza pozicijam 780-1062 z us-
treznim številom baz na 5’ koncu gena 1,7 kb Bwleg. V 
sekvenci smo odkrili eno prolaminsko škatljo in tri RY-
ponovljene motive. Sedem delecijskih fragmentov puta-
tivnega promotorja smo generirali z 5’ PCR kloniranjem 
pCAMBIA1304 navzgor od GUS gena po izločitvi promo-
torja CaMV 35S iz vektorja. Semena s konstrukti pBwlDF3, 
pBwlDF4 in pBwlDF5 so izražali skoraj trikratno zmanjšanje 
GUS aktivnosti v primerjavi s konstrukti, ki so vsebovali 
polne dolžine promotorjev. 

Ključne besede: ajda, DNK, promotor, konstrukti
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Plant genetic resources, representing the entire genera-
tive and vegetative reproductive material of species 
with economic and /or social value for the agriculture 
of the present and the future, with special emphasis on 
nutritional plants are the most important gifts of na-
ture to mankind. Of the total available genetic diver-
sity, mankind has utilized only a few plants as major 
food sources with cereal grains and legume seeds being 
the major sources of vegetarian dietary proteins for 
human consumption. However, the nutritional quality 
of the proteins in both these crops do not match the 
WHO standards. While the major amino acid deficien-
cy in legume seed proteins is their low content of sul-
phur containing amino acids cysteine and methionine, 
cereal proteins have low levels of lysine (Boulter 1981; 
Shotwell & Larkins 1989).

Strategies developed over the years to improve 
the level of essential amino acids in seed storage pro-
teins of important crop plants through conventional 
breeding. However, in most cases these attempts have 
either led to a severe depletion in seed storage protein 
levels or abnormalities in seed development. The neg-
ative correlation between the seed protein content 
and the level of essential amino acids per unit protein 
has, therefore, come as a major handicap in improv-
ing the amino acid composition of seed proteins in 
crops. Due to such limitations in conventional breed-
ing methodologies, molecular approaches have pro-
vided alternate strategies to conventional breeding 
programmes aimed at compensation of amino acid 
deficiencies in conventional crop plants. With the po-
tentiality of genetic engineering being amply demon-

INTRODUCTION

strated a first step towards production of transgenic 
plants with improved amino acid composition entails 
the purification and characterization of the specific 
seed storage protein rich in essential amino acids fol-
lowed by cloning a full length gene coding for the tar-
get protein. Such proteins and their genes have been 
isolated from soyabean (Hill & Breidenbach 1974), 
pea (Higgins et al. 1986; Hoffman et al. 1988), Lupi-
nus albus (Melo et al. 1994), rice (Takaiwa et al. 
1987; Krishnan & Pueppke  1993), oat (Shotwell et 
al. 1990), Phaseolus vulgaris (Goossens et al. 1994), 
rape seed (Coupe et al. 1993); field bean (Heim et al. 
1994); chickpea (Khitha et al. 1995; Mandaokar, & 
Koundal  1996; Saha & Koundal 1998); Chenopodi-
um  (Dey et al. 1993); Brassica (Dasgupta & Man-
dal 1991; Utsumi et al. 1993; Dasgupta et al. 1995); 
grain amaranth (Raina & Datta 1992), buckwheat 
(Bharali, & Chrungoo 2003). Due to the balanced 
amino acid composition, high nutrient value and ho-
mology with seed storage proteins of leguminous 
group of plants, the nutritionally rich component of 
protein of common buckwheat (Fagopyrum esculen-
tum Moench) which is a 26kDa basic subunit, having 
more than 6% lysine and nearly 2% methionine 
(Bharali, & Chrungoo 2003) could be an important 
candidate for compensation of limiting amino acid in 
plants deficient in such amino acids. The present 
paper describes the functional characterization of an 
endosperm specific promoter p1028 from common 
buckwheat (Fagopyrum esculentum Moench) for driv-
ing tissue specific gene expression.

MATERIALS AND METHODS

Plant Materials: Grains of common buckwheat (Fago-
pyrum esculentum Moench) [Accession No. IC-188669] 
were procured from North Eastern Regional Station of 
National Bureau of Plant Genetic Resources, Shillong. 
(ii) Seeds of Arabidopsis col-0 (Columbia) ecotype 
were procured from the University of Nottingham, 
School of Biosciences through the European Arabi-
dopsis Stock Centre.

DNA Isolation: Total genomic DNA was isolated 
from 14 days old etiolated seedlings of common buck-
wheat (acc. no. IC-188669) following a modified CTAB 
extraction protocol (Murray &Thompson 1980).

RNA Isolation: Grains of common buckwheat 
were harvested at the mid-maturation stage (16-

20DAF) of development and Total RNA was isolated 
using TRIzol reagent (Invitrogen).

Isolation and In-silico analysis of the buckwheat 
legumin gene: PCR amplification of the legumin gene 
Bwleg from the cDNA template with primer pair BwlegF 
(5́ GACTAGTATGTCAACTAAACTCATACT3́ ) and 
BwlegR (5́ACGCTAGATCTTTAGAAACGCTCCCTC3́ ). 
The nucleotide sequences were subjected to in-silico 
analysis. MOTIF SCAN software was used for motif 
search on amino acid sequence. The coding regions of 
the sequences were translated by the EXPASY tool to 
get the deduced amino acid sequences which were sub-
sequently subjected to BLASTp to determine their ho-
mology with other known amino acid sequences in the 
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data bases. Physico-chemical properties like the Mo-
lecular weight and isoelectric point (pI) of the deduced 
amino acid sequences were obtained by ProtParam 
using EXPASY online tool.

Isolation and characterization of the 5’UTR of 
legumin gene Bwleg of common buckwheat: This 
study involved construction of genome walking 
adapter libraries from genomic DNA isolated from 
common buckwheat and amplification of the buck-
wheat legumin gene and its 5’ upstream region (UTR) 
from the library. The approach was followed by ampli-
fication of the 5’ UTR using primers designed from 
nucleotide sequences obtained during genome walk-
ing. After a series of in-silico analysis seven deletions 
of the putative promoter were created by 5’ nested 

PCR. To further assess the tissue specificity and 
strength of promoter for driving reporter gene expres-
sions, each deletion fragment was directionally cloned 
separately in pCAMBIA1304 plant expression vector 
upstream of GUS and GFP genes for reporter gene ex-
pression after excising the CaMV 35S promoter from 
the vector by digestion with BamHI  and SpeI. For 
verifying the introgression of transgene into the nu-
clear DNA of transformed Arabidopsis, nuclear DNA 
was isolated from T1 and T2 generations of trans-
formed Arabidopsis plants. PCR amplification of 
transgenes was carried out with genomic DNA isolat-
ed from transformed Arabidopsis plants as the tem-
plate and transgene nucleotide sequence specific 
primers for amplification.

RESULTS AND DISCUSSION

PCR amplification of the legumin gene Bwleg from the 
cDNA template with primer pair BwlegF and BwlegR 
yielded a single amplicon corresponding to a molecu-
lar mass of 1.7kb (Fig.1). BLASTn analysis of the nu-
cleotide sequence showed a maximum homology of 
99%, 96% and 90% with a query coverage of 91%, 92% 
and 85% to common buckwheat legumin gene nucleo-
tide sequences bearing accession numbers D87980, 
AF152003 and DQ849083, respectively. The sequence 
has been deposited in GenBank with accession num-
ber KM488332. The deduced amino acid sequence of 
the open reading frame derived from the nucleotide 
sequence bearing accession no. KM488332 represented 
a putative 64kDa pre-protein comprised of 565 amino 
acid residues with a theoretical pI of 5.63. Motif search  
on the deduced amino acid sequence identified a 
“Cupin 1” superfamily domain spanning from P’49-275 
and P’390-539. Additionally, domain search on the de-
duced amino acid sequence using prosite identified an 
N-terminal signal sequence comprised of 18 amino 
acid residues represented by the sequence “MSTKLILS-
FSLCLMVLSC” highlighted in red in figure 2. Se-
quence analysis of the putative 64kDa pre-protein 
identified the ASN-GLY proteolytic cleavage site at 
P’377. While the presence of the ASN-GLY proteolytic 
cleavage site indicated the presence of an α- and a β- 
subunit of the protein, the presence of cysteine resi-
dues at P´21 and P’381 shows the residues linking the 
α- and a β- subunit of the protein by a disulphide bond. 
ExPASy tool identified the α- subunit as a sequence of 
376 residues with a predicted molecular mass of 43kDa 
and a theoretical pI of 5.23. The putative protein 
showed a lysine content of 1.9%. On the other hand, 

the β- subunit was identified as a sequence of 181 
amino acid residues with a predicted molecular mass 
of 20kDa and a theoretical pI of 9.51. The subunit 
showed a lysine content of 5%. Analysis of the number 
of moles of different amino acids present in the α and 
β subunits of the putative 64kDa pre-protein revealed 
the presence of higher levels of lysine and leucine in 
the β subunit.

The 5’ upstream region of buckwheat legumin-
type SSP generated was isolated by PCR-based genome 
walking using Universal Genome Walker Kit from 
Clontech (USA) which resulted in amplification of a 
1.1 kb DNA fragment (Fig.3). The nucleotide sequence 
of 1062 bases for the amplicon has been deposited in 
Genbank with accession no. EU595873. It is known 
that the efficiency of ATG codon recognition is modu-
lated by the context sequence of the codon. The con-
text sequence of ATG at P’801 (TCCACCATGTCA) in 
the nucleotide sequence of p1062Bwleg matches the 
optimal context sequence CCACCATG(G) derived by 
Kozak (Kozak 1984; Kozak 1986). Promoter predic-
tion tool (Neural Network Promoter Prediction) iden-
tified three probable promoter regions at P’392-442, 

473- 523 and 721-771 in the sequence. Out of the three pre-
dicted transcription start sites, the TSS at P’761 was lo-
cated closest to the predicted ATG start codon at P’801. 
The YR rule, i.e., pyrimidine (C/T) at position -1 and 
purine (A/G) at position +1 of the TSS by Yamamoto 
(Yamamoto et al. 2007) was suggested to be conserved 
in Arabidopsis and rice genes. The TSS at position 761 
also follows the YR rule, having pyrimidine ‘C at -1 
and purine ‘A’ at+1 position (C-1A+1). Considering ‘A’ at 
position 761 (+1) as the predicted TSS and ATG at posi-
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tion 801 (+40) as the initiating codon, the TATA at po-
sition 731(-62) is therefore considered as the TATA box 
of the promoter. Apart from TATA box, the sequence 
revealed several other cis-elements, that are involved 
in the regulation of eukaryotic gene in general and 
seed-specific expression in particular. Online tool 
PLACE revealed presence of one prolamin box repre-
sented by the -171 core element 5’TGTAAAG3’ and 
three RY-repeat motifs represented by -525, -138, -111 
core elements “5’CATGCA3”(Fig 4). The core element 
5’CATGCA3’ also known as legumin box is considered 
to be the key element in regulating seed specific ex-
pression of genes (Chamberland et al. 1992; Eller-
ström et al. 1996; Reidt et al. 2000). This box is con-
served in all the legumin genes (Shasany & Koundal 
2000). The presence of other positive regulatory, en-
hancer like cis elements are only fully functional in 
conjunction with the core motif 5’CATGCA3’ of the 
legumin box (Bäumlein et al. 1992). While the “P-
box” (“TGTAAAG”) is a -300 enhancer element pre-
sent in SSP genes of cereals and several other dicots 
(Vickers et al. 2006), we detected a “P- box” as a -171 
element in the buckwheat legumin gene Bwleg promot-
er p1062Bwleg. This element has also been reported to 
be involved in quantitative regulation of gene expres-
sion in seeds (Wu et al. 2000; Chandrasekharan et 
al. 2003). In many cases the “P-box” and “GCN4” mo-
tifs are coupled with each other with only a few nucleo-
tides separating them. This module has been named as 
“bifactorial endosperm box”. Comparative search for 
regulatory motifs across other seed specific promoters 
also revealed the highly conserved nature of the ‘TG-
TAAAG’,’ CANNTG’, ‘AAAG’, ‘CACA’ and ‘CANNTG’ 
(MYC consensus box) motifs in SSP gene promoters of 
many dicots and monocots  (Takaiwa et al. 1996; Sa-
kata et al. 1997).

Seven deletion fragments of the putative promoter 
were amplified by 5’ nested PCR using a common re-
verse primer viz. DLRl and seven forward primers viz. 
DLF1, DLF2, DLF3, DLF4, DLF5, DLF6 and DLF7. This 
generated a ladder of 7 amplicons with molecular mass 
of 790kb, 680kb, 560kb, 520kb, 380kb, 250kb and 
180kb (Fig.5). Directional cloning of each deletion in 
pCAMBIA1304 plant expression vector upstream of 
GUS and GFP genes for reporter gene expression after 
excising the CaMV 35S promoter from the vector by 
digestion with BamHI  and SpeI generated constructs 
designated as pBwlDF7, pBwlDF6, pBwlDF5, pBwlDF4. 
pBwlDF3, pBwlDF2 and pBwlDF1. These constructs 
were mobilized into Agrobacterium tumefaci-
ens (LBA4404) for transformation of Columbia (Col-0) 
ecotype of Arabidopsis thaliana. While PCR amplifica-
tion with genomic DNA of transformed Arabidopsis 

plants as template revealed amplification of each dele-
tion fragment in conformity with the size of the 
transgene, no amplification was detected with genom-
ic DNA isolated from untransformed plants of Arabi-
dopsis thaliana. Similarly, amplification of GUS re-
porter gene was observed in the same pattern (Fig.6).

To determine the tissue specific expression and 
minimum effective promoter length, various plant 
parts (pod, flower and leaf) of all the seven confirmed 
homozygous T3 transgenic Arabidopsis harbouring 
buckwheat p1062Bwleg deletion construct (pBwlDF1 to 
pBwlDF7) individually were subjected to GUS and GFP 
staining (Fig.7). Arabidopsis plants harbouring pro-
moter deletion construct pBwlDF1 to pBwlDF6 clearly 
showed seed specific expression of the reporter gene. 
However, wild type and transgenic Arabidopsis har-
bouring deletion construct pBwlDF7 did not show any 
reporter gene activity in any tissue. Endosperm speci-
ficity of reporter gene expression by previously known 
seed specific promoters of monocots such as glutelin 
GluA-2 of rice (Wu et al. 1998), D hordein of barley 
(Horvath 2000), zein of maize (Russell & Fromm 
1997) and dicots like lectin (Phillips et al. 1997), ß-
conglycinin ά subunit from soybean (Nishizawa et al. 
2003), ARCELIN5 (Goossens et al. 1999)  and ß-phase-
olin (Burow et al. 1992; van der Geest & Hall 1997) 
is well known. Reporter gene assay for p1062Bwleg 
clearly revealed the highest activity in plants harbour-
ing the construct pBwlDF1 followed by a marginally 
lower activity in plants harbouring the construct pB-
wlDF2. Seeds harbouring the constructs pBwlDF3, pB-
wlDF4 and pBwlDF5 showed a nearly threefold decrease 
in GUS activity than those harbouring the construct 
with full length promoter. We could not detect any sig-
nificant GUS activity in plants harbouring the con-
struct pBwlDF7. Thus, deletion of 5’CAAT3’ (-732) motif, 
5’CACA3’ (-774) motif, 5’CANNTG3’ (-621) motif and 
5’AACA3’ (-761) motifs had only a marginal effect on 
promoter activity. On the other hand, deletion of 
5’CAAT3’ elements at P’-732, -570, -497, -451, CACA elements 
at P’-774 and -475, 5’CANNTG3’ elements at P’-621 and -224, 
5’AACA3’ element at P’-761 and 5’CATGCA3’ element at 
P’-525 caused a marked reduction in GUS expression in 
the seeds. CATGC, the core motif of legumin box, has 
been implicated as a key cis acting element for seed spe-
cific gene expression (Chamberland et al. 1992; Bäu-
mlein et al. 1992). Deletion of this motif within the 2.4 
kb LeB4 upstream sequence has been reported to lead 
to a drastic reduction in reporter gene expression, be-
sides driving low level of expression in the leaves (Bäu-
mlein et al. 1992). However, on the basis of their results 
on progressive deletions, leaving the CATGCATG motif 
intact in the LeB4 promoter, it was concluded that the 
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CATGC motif was necessary, but not absolutely essen-
tial, for SSP for gene expression. Arabidopsis plants har-
bouring the construct pBwlDF7 did not show any GUS 
expression in their seeds. This confirms the role of 
proximal elements like the 5’TGTAAG3’ (-171) motif or 
P-box in regulating the expression of SSP genes. A sim-
ilar profile of activity was observed for GFP activity in 
the seeds of transformed Arabidopsis plants. This func-

tional analysis revealed the presence of the significant 
proximal and distal regulatory elements spanned in the 
biparietal organization of p1062Bwleg promoter. Suc-
cessful introgression of the promoter into a heterolo-
gous system for driving spatial and temporal manner of 
expression of the reporter gene also accentuates its can-
didature in seed specific gene expression for nutritional 
enhancement programmes.

Fig 1: Electrophoresis  profile  of the  legumin gene  Bwleg using cDNA as 
the template with primer pair BlegF and BlegR. M: 500bp ladder and 
lane 1 shows the 1.7kb profile of the legumin gene.

Fig. 2 (a)Sequence  analysis of the putative 
64kDa pre-protein  showing an N-terminal 
signal sequence comprised of 18 amino acid 
residues represented by the sequence “MST-
KLILSFSLCLMVLSC” highlighted in red and 
the  ASN-GLY proteolytic cleavage site at P’377 
indicating the presence of an α- and a β- 
subunit of the protein with the presence of 
cysteine residues at P´21 and P’381 linking the 
α- and a β- subunit of the protein by a disul-
phide bond.
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Fig2(b)Motif search  on the deduced amino acid sequence showing a “Cupin 1” Superfamily domain spanning from P’49-275 and 
P’390-539.

Fig. 3: Electrophoresis profile of the 5’UTR of the legumin like seed storage protein gene. M: EcoRI/HindIII double digest λ DNA, 
lane 1 shows the profile of the 5’UTR of the legumin like seed storage  protein gene.
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Fig.4: Nucleotide sequence of the the 5’ UTR of legumin seed storage  protein gene of  common buckwheat showing position of 
primers for deletion analysis along with the position of various regulatory elements.

Fig.5: Electrophoresis profile of deletion fragments; Lane M- 100bp DNA ladder,1-DF1(784bp), 2-DF2(668bp), 3-DF3(541bp),  
4- DF4(502bp), 5DF5(358bp), 6- DF6(224bp) and 7- DF7(149). 
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Fig.7: Reporter gene expression profile showing GUS gene (G1-G7) and GFP (F1-F7) activity in transformed Arabidopsis seed 
sections (transformed with constructs pBwlDF1, pBwlDF2, pBwlDF3, pBwlDF4. pBwlDF5, pBwlDF6 and pBwlDF7)and no activ-
ity in GC and FC seed section from control Arabidopsis seed section. leaf and stem of transformed plants (G) also showed no 
activity.

Fig.6: Electrophoresis profile of PCR amplification of (i)Deletion fragments (L1- L7) from transformed plants using genomic 
DNA isolated from transformed Arabidopsis plants (ii) Deletion fragments (C1- C7) from genomic DNA isolated from common 
buckwheat (iii) Deletion fragment from Arabidopsis A kept as control using genomic 20DNA isolated M-500bp DNA marker.
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