
































































































































































































































































































































































































































Fig. 4.22: ClustalW (1.81) pairwise alignment of the 576bp nucleotide sequence
generated from 16-20 DAF cDNA template and 455bp nucleotide
sequence generated from genomic DNA using primer pair NKC5-
NKC6 (* denotes conserved residues).
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Fig. 4.23:

Fig: 4.24:

Diagramatic representation of the intron/exon architecture in the
455bp nucleotide sequence of the amplicon generated with genomic
DNA as the template and NKC5-NKC6 as the primer pair.

Dot blot of total RNA isolated from grains of common buckwheat
harvested at different maturation stages hybridised with [o-P**}]-dATP
labelled 0.7 Kb fragment from genomic DNA using primers NKC5-
NKCé6.

E=10-13 DAF, M=16-20 DAF, L=23-25 DAF, MA=30-35 DAF
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in the present study, generated a strong signal against RNA isolated from grains
harvested at 16-20 DAF. While the blots did not show any signal against RNA isolated
from grains harvested at 10-13 DAF, weak signals could be detected against RNA
isolated from grains harvested between 23-25 DAF and 30-35 DAF. Compared with the
intensity of signals against RNA isolated from grains harvested between 23-25 DAF and
30-35 DAF, the intensity of signal against RNA isolated from grains harvested

between16-20 DAF was much stronger (Fig. 4.24).
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CHAPTER : V
DISCUSSION



Seed development proceeds through a series of spatially and temporally
regulated steps, which are usually characterized by specific molecular and metabolic
events, which control the course of developmental processes. Key metabolic events
associated with distinct stages of seed development are reflected by changes in the
mRNA subsets within the developing seed. In particular, storage-protein synthesis
which is prevalent during the expansion stage, declines markedly during later stages
of maturation and does not occur during germination. The changes also include
degradation of residual mRNAs for storage proteins present in the dry seed (Dure
1985; Bewley and Marcus 1990; Kermode 1990). Work carried out during the
present investigation involved isolation and characterization of novel abundantly
expressed seed storage protein genes in maturing grains of common buckwheat.

Standard RNA extraction methods wusing GITC-phenol-chloroform
(Chomczynski and Sacchi. 1987)), RNeasy kit, or TRIzol reagent failed to produce

good quality RNA from starch-rich seed species such as buckwheat. The Lopez-



Gomez and Gomez-Lim (1992) protocol used in the present investigation yielded
fairly good quality RNA from the grains of common buckwheat. Under UV light, the
isolated RNA was detected on the agarose gel as two fluorescent bands
corresponding. to a typical RNA profile of 28S rRNA and 18S rRNA. The ratio of
band thickness as well as the intensity of fluorescence between the bands
corresponding to 28S rRNA and 18S rRNA was nearly 2:1. Electrophoresis profile of
the isolated RNA did not reveal any significant degradation of the RNA nor did it
reveal contamination of the sample with DNA. The ratio of Ayso/Azgo for the isolated
RNA samples ranged between 1.7 to 1.8 and the yield of RNA from grains at
different stages of development ranged between 0.5ug gm™ to 0.75pg gm™ powdered
mass.

Isolation of high-quality RNA from plant seeds is very critical for seed-
specific gene analysis. Seed endosperm contains very high levels of starch, which
causes the solidification of samples in the guanidine isothiocyanate (GITC)-based
RNA extraction buffers. Tissues with a high level of starch can also hinder
resuspension of precipitated RNA or contaminate the RNA pellet by co-precipitation
(Wilkins and Smart. 1996). The presence of two sharp bands corresponding to 28S
and 18S rRNA, without any significant degradation, and the high Ajep/Azgo ratio
clearly indicated that the isolation method used in the present study yielded good
quality RNA.

The isolated RNA could be successfully used for Reverse transcriptase
polymerase chain reaction and also for construction of a cDNA library. Reverse
Transcriptase- PCR with cDNA, prepared from RNA isolated from grains at different
stages of maturation, as the template and primer pair CJ1F-CJ2R amplified a 1.0 kb

DNA fragment from ¢cDNA synthesized from RNA isolated from grains harvested
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between 16 to 20 DAF. The amplicon was not detected in amplification mixtures
containing cDNA prepared from RNA isolated from grains harvested at any other
stage of development. BLASTn analysis of the nucleotide sequence of the amplicon
clearly identified it with gene sequences coding for dehydrin/ derhydrin-like proteins.
The sequence showed 99% and 97% homology with Coffea canephora dehydrin
genes DH2a (acc. no. DQ323989) and DH2b (DQ323990), respectively. The
nucleotide sequence showed 67% homology with a Camellia sinensis dehydrin gene
(acc no. FJ436979). The amplification of the DNA fragment from RNA isolated
from mid maturation stage of seed development and not from any other stage. This
indicates the absence or low abundance of transcripts coding for the putative
buckwheat dehydrin gene in the grains during other developmental stages. These
results indicate the mid maturation developmental stage specific expression of the
gene in grains of common buckwheat. Similar pattern of LEA gene expression has
been reported by Gomez et al. (1988), Mundy and Chua (1988), Close et al. (1989),
Han et al. (1997), Choi and Close (2000), Nylander et al. (2001) and Hinniger et al.
(2006).

Over the last few years, several reports have linked higher expression of
dehydrins with seed maturation as well as protection of tissues against osmotic stress
(Puhakainen et al., 2004; Choi and Close, 2000; Nylander, ef al., 2001). Our results
on the detection of transcripts coding for dehydrin class of proteins in grains of
common buckwheat during mid maturation stage of development are in conformity
with other reports indicating enhanced expression of genes coding for dehydrin like
proteins during the maturation phase of grain development (Close, 1996; Hinniger et
al., 2006). The pattern of accumulation of some of the Lea transcripts during seed

development, with the highest level of transcripts reported at incipient desiccation,
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have led to the suggestion that LEA polypeptides play a decisive role in the
acquisition of desiccation tolerance during embryo maturation (Gomez et al., 1988;
Mundy and Chua 1988; Close et al., 1989; Pages ef al., 1995). Han er al. (1996)
have observed differential pattern of Lea transcript accumulation and decline within
the endosperm tissues of castor bean seeds during their development. While the
transcripts for class I and II Lea proteins started to accumulate upto 35 DAP, distinct
differences were observed in Lea gene expression during later stages of development
with Class 1 Lea mRNAs declining substantially during maturation. These
observations indicate a stage specific role of different classes of LEA proteins in seed
development. Similar observations have been made by Hinniger er al. (2006) on
Coffea canephora. Hinniger et al. (2006) also reported an unusual expression pattern
of LEA gene (CcLEAIl) in Coffea canephora during grain development. The
transcripts for CcLEA1 were detected only during one relatively short period of grain
development in the large green grain stage and not in either the small green or yellow
stages of grain development. Since this period of grain development spans the period
when the perisperm tissue undergoes a substantial size reduction and the endosperm
expands significantly it was suggested that CcLEA1 proteins might have a specific
role during perisperm/endosperm transition.

Compared with the nucleotide sequences of dehydrin genes DH2, DH2a and
DH2b, the nucleotide sequence of putative buckwheat dehydrin like gene, amplified
in the present study, showed an insertion of six bases “CTTGTG” at position 217,
seven bases “CGTCCCT™ at position 258 and a single base “G” at position 682.
These features distinguished the buckwheat nucleotide sequence from nucleotide
sequences of Coffea canephora dehydrin like genes DH2, DH2a and DH2b. A

significant feature of the sequence was the presence of a domain comprising of the
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sequence “GTCGGAGGATGATGGACAAGGAGGAAGAAGAAAGAAAAAAG
GGTTGAAAGAAAAGATAAA” between position 557 to 616. This domain has

been reported as a conserved segment present in genes coding for dehydrin like
proteins from several plants including Solanum lycopersicum (AC215480), S.
tuberosum (X83597), Cornus sericea (AF345988), Helianthus annuus (AJ438980),
Eriobotrya japonica (FJ472835), Panax ginseng dehydrin (DQ487110), Phoenix
dactylifera (DQ399792), Tithonia rotundifolia (AJ250127).

The deduced amino acid sequence of the 1.0 kb amplicon, amplified in the
present study, comprised of 112 amino acids with a predicted isoelectric point (p/)
of 5.87 and calculated molecular weight of 12kDa. Using an alignment that permitted
maximum homology, the deduced amino acid sequence showed a maximum of 63%
homology with Coffea canephora dehydrins DH2, DH2a and DH2b (acc. nos.
DQ338457, DQ323990 & DQ323989).The homology percentage ranged from 42 ~
46% with amino acid sequences of dehydrin/dehydrin like proteins from other plants
including Vitis vinifera (acc. no. XP002283605) and Raphanus sativus (acc. no.
P21298). The alignment also revealed the presence of two segments, positioned
between residue 1-38 and 90-109, with the highest level of conserved residues.
While the N-terminal region between position 1 and 38 contained three “Y”
segments represented by the sequence “D(E/Q)YGNP” located between position 10-
35, the C-terminal region between position 90-109 contained the “K” segment
represented by the sequence “EKKSMVEKIMEKLPGHH” located between position
93-107. The presence of “K” and “Y” segments in the buckwheat amino acid
sequence indicates that the protein belongs to the dehydrin/ dehydrin-like protein

family.
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Dehydrin like proteins are known to possess one or more lysine-rich
stretches of 15 amino acids, called the “K” motifs, that are predicted to form class A
amphipathic a-helices (Dure, 1993; Close, 1996, 1997) and two other motifs, an N-
terminal “Y” segment and a serine-rich “S” segment which can be phosphorylated
and is thought to participate in nuclear localization (Godoy et al., 1994; Close, 1997).
The “K” segment comprisess of the consensensus  sequence
“EKK(S/G)M/T)(V/M)(E/D)KIM/K)EKLPGHH” and the “Y” domain comprises
of the sequence “D(E/Q)YGNP”. While the conserved sequence of 15 residues viz.
“EKKSMVEKIMEKLPG” in the “K”-segment is a distinctive feature of group 2
LEA proteins (Close ef al., 1989, 1993; Rorat, 2006), the “Y” segment comprised of
the sequence “DE/QYGNP” has been reported as a common feature of all dehydrin
like proteins (Close et al., 1993; 1996; Campbell and Close, 1997). Close (1996) and
Svenssen et al. ( 2002) have emphasised the importance of the “K” segment in the
functioning of dehydrins in response to dehydration/ dehydration related stresses.
Close (1996) and Koag et al. (2003) have proposed that the short amphipathic “K”
segments of dehydtl'in polypeptides interact with solvent-exposed hydrophobic
patches on proteins undergoing partial denaturation thereby protecting the proteins
against aggregate formation. An alternative proposal for at least part of the protective
effect of dehydrins is the ability of these very stable, but relatively unstructured
proteins, to tightly bind and organize water molecules (Soulages et al., 2003). This
may help in slowing down the rate of water loss from cells thereby improving the
stability of certain macromolecules by the development of dehydrin based regions of
more tightly bound ‘ordered’ water around these molecules. A distinctive feature of
the buckwheat amino acid sequence identified in the present study was the

substitution of Serine tract with ‘Asn-Phe-Arg’ at position 66-68. While majority of
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dehydrins identified to date fall into the class that contains the “Ser” tract, a number
of dehydrins have been reported to lack the serine tract. Examples of dehydrins that
lack a “Ser” tract include dehydrin/dehydrin-like proteins from spinach (Neven ef al.,
1993), wheat (Houde et al., 1992, Guo et al., 1992), barley (Close et al., 1995), pea
(Robertson and Chandler, 1992), Glycine max (Momma et al., 2003, Nylander et al.,
2001) Vigna unguiculata (Ismail et al., 1999a). It is possible that the serine residues
on the “Ser’ tract may be phosphorylated and that the phosphorylation may
contribute towards binding of nuclear localization signal peptides for translocation of
the protein. Similar observations have been made by Goday et al. (1994) and Mehta
et al. (2009).

On the basis of the presence and arrangement of different motifs in a single
polypeptide, Campbell and Close (1997) have classified the group 2 LEA proteins
into five subgroups. Amongst these, the proteins having both “Y” as well as “K”
segments have been classified under the “YK”-subgroup (Campbell and Close,
1997). On the basis of presence of three “Y” segments, one “K” segment coupled
with the absence of the a “Ser” tract, the putative buckwheat dehydrin identified in
the present study can be classified under the “YK” subgroup with “Y;K;”
architecture. PCA60, a Prunus persica dehydrin belonging to the “YK” subgroup has
been reported to exhibit cryoprotective activity towards low temperature-sensitive
enzymes in the plant species (Wisniewski et al., 1999)

MOTIF SCAN of the deduced amino acid sequence identified a putative
protein kinase C phosphorylation site between residue 2-4, a N-glycosylation site
between residue 53-56, a kinase II phosphorylation site between residue 96-99 and
two N-myristoylation sites between residues 40-45 and 82-87. Post- and co-

translational modifications of proteins such as phosphorylation, glycosylation, and
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myristoylation occur on many proteins involved in signal transduction. In most cases,
these modifications are essential for protein function to mediate membrane
association or protein—protein interaction (Ishitani er al., 2000). Mehta er al. (2009)
have reported similar putative phosphorylation sites for Casein kinase II in
theAmDHNa ORF. Similarly, N-glycolysylation and myristoylation sites have been
reported from dehydrins/dehydrin-like proteins from other plants (Levi, 1999;
Caruso et al., 2002; Robertson and Chandler, 1992).

MOTIF SCAN also detected the presence of two dehydrin domains
comprising of the sequences “MQLTDQYGNPVQLKDEYGNPMQ” and
“GTSTTVGGQQHEKKSMVEKIMEKLPGHH” between position 16-37 and 82-
109, respectively. Analysis of the 112 amino acid sequences showed that the protein
is highly hydrophilic sharing the characteristic of all dehydrins. Typically, dehydrins
contain a high proportion of charged and polar amino acids with a low fraction of
non-polar, hydrophobic residues and either few or no tryptophan and cysteine
residues (Close er al.,, 1989; Battaglia et al., 2008). The deduced amino acid
sequence of the 1.0 kb amplicon, amplified in the present study, shares these
features. SAPS software predicted the amino acid sequence to transform into a
secondary structure with 20.54% alpha helix, 54.46% random coil and 25% extended
strand. The K-segment of dehydrins is deduced to form a-helix (Baker et al., 1988;
Ismail et al., 1999b), involved in protein-protein and protein-lipid interactions (Dure,
1993; Epand et al., 1995; Kovacs et al., 2008). The absence of any transmembrane
helices in the deduced amino acid sequence of the putative buckwheat dehydrin like
protein indicates that the protein may not have any function in the membranes.
Presumably it functions within the cytosolic or nuclear compartment. This

assumption is supported by the detection of putative sites for post translational
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modification in the amino acid sequence of the putative buckwheat dehydrin like
protein identified in the present study. Similar observations have been made by Pulla
et al. (2007) for dehydrin gene from Codonopsis lanceolata.

The phylogenetic tree generated from the alignment data of the sequence 112
deduced amino acids deduced in the present study with amino acid sequences of
other dehydrin/dehydrin-like proteins available in the EMBL data base, revealed that
even though the putative buckwheat (Fagopyrum esculentum) dehydrin/ dehydrin
like protein, identified in the present study emerged as a separate group, it had
greater closeness with dehydrins from Coffea canephora. Dehydrins/dehydrin-like
proteins from plants belonging to different groups/families are known to show low
homologies. The phylogenetic tree of dehydrins/dehydrin-like proteins developed in
the present study is one such example.

Seed filling is a dynamic, temporally regulated phase of seed development
that determines the composition of storage reserves in mature seeds. Programmes of
gene expression in developing seeds comprise of distinct classes of genes that are
coordinately regulated (Hughes and Galau, 1989; Parcy et al., 1994). The MAT
(maturation) class of genes includes major SSP genes (like 2S albumins and 125
globulins) which are expressed at early and mid-maturation phases, whereas the LEA
(late embryogenesis abundant) class includes primarily genes involved in the
acquisition of desiccation tolerance. These genes are reported to be expressed at
later stages of maturation (Wobus and Weber, 1999; Hoekstra et al., 2001). MAT-
specific or Class II genes encode major seed storage proteins, the expression of
which starts from 9 days after fertilization, peaks at 15, and declines about 20 days
after fertilization (Parcy et al., 1994). Genes coding for seed proteins, one of the

major and important storage materials, represent abundantly transcribed genes that
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are controlled in a precise developmental manner. Expression of such genes is
specific to a development of seeds during the mid to late stages of embryo
maturation.

PCR screening of the mid maturation stage cDNA library of common
buckwheat  with  the forward  primer  bearing  the sequence
5’ GGATCCGGATTGGAGCAAGCGTTCTGC3’ and the reverse primer having the
sequence 5S’GAAACGCTCCCTCTCCTTCTCATC3’ amplified a DNA fragment
showing an apparent molecular mass of 0.5 Kb. No such amplicon could be
amplified from cDNA library constructed from germinating seeds of common
buckwheat. The absence of any amplification with seed germination stage cDNA
library as the template indicates that the amplicon generated from the mid maturation
stage specific cDNA library was specific to mid maturation stage of seed
development. BLASTn analysis of the nucleotide sequence of the amplicon revealed
a high degree of homology with nucleotide sequences of genes coding for legumin
type proteins. Using an alignment that permitted maximum homology, the sequence
showed 96% and 92% homology with Fagopyrum esculentum legumin like protein
genes (acc. no. D87980 and D87982) and 93% against Fagopyrum tataricum
allergenic protein gene (acc. no. DQ849083) respectively. The alignment also
revealed 58% homology against Ficus pumila 11S globulin precusor 2B (acc. no.
EF091696) and 57% homology against Cifrus sinensis seed storage protein citrin
(acc. no. U38914) and Gossypium hirsutum beta-globulin B (acc. no. M16936). A
feature that distinguished the nucleotide sequence of the DNA fragment amplifies in
the present study and the nucleotide sequences of other legumin genes from
Fagopyrum species was a 3 base deletion “GGG” at position 528. However, a 12

base deletion “GAGGAGAAGGAG” detected at position 552 in the nucleotide
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sequence of the DNA fragment amplified in the present study and Fagopyrum
esculentum nucleotide sequences (acc. nos. D87980 & D87982) was not detected in
Fagopyrum tataricum allergenic protein genes (acc. no. DQ849083) and seed storage
protein genes of various plants. This feature distinguished the nucleotide sequence
identified in the present study from seed storage protein genes of Fagopyrum
tataricum and other plants.

Seed storage proteins are thought to be accumulated exclusively in the cell-
expansion phase of embryogenesis and metabolized during germination and seedling
growth, The peak of storage protein gene expression is known to be much earlier
during seed development, when cells rapidly expand and accumulate reserves (White
et al., 2000). The amplification of nucleotide sequence for the gene coding for
legumin type proteins from mid maturation stage specific cDNA library and not from
seed germination stage cDNA library indicates the mid maturation developmental
stage specific expression of the gene in grains of common buckwheat. Similar pattern
of legumin gene expression during seed development has been reported by Panitz et
al. (1995), Abirached-Darmency et al. (2005). Abirached-Darmency et al. (2005)
have detected the transcripts for legumin A and vicilin in the embryo cells of
Medicago truncatula and Pisum sativum specifically at mid-embryogenesis. They
suggested that legumin A and vicilin expression patterns could be considered as
suitable embryo-specific markers during histo-differentiation at mid-embryogenesis
in M. truncatula and P. sativum. On the basis of changes in the expression pattern of
genes coding for SSPs in Vicia faba, Panitz et al. (1995) have concluded that storage
proteins of Vicia faba accumulated transiently during early seed development and
were used as nutritive reserves for the growing embryo.  Sunderlikova and

Wihelm (2002) have reported differential expression of putative legumin, Em- and
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two dehydrin-like homologues (designated as Dhnla and Dhnlb) in developing
embryos of Quercus robur. While the expression level of these genes was
substantially high during early and mid maturation stages of development, it declined
markedly during the late mid maturation stage to mature stage when, dessication was
complete. Sunderlikova and Wihelm (2002) have suggested a strong developmental
control of expression of these genes. Even though seed storage protein gene
expression has been shown to be rigorously tissue and developmental stage specific
(Goldberg et al., 1989; Perez-Grau and Goldberg, 1989; Guerche e al., 1990) and
several trans-acting factors that have been implicated in regulating the expression
these genes, the role of specific sequences in seed protein gene expression is still a
matter of discussion. Two major factors have contributed to this conundrum. First,
regulatory ensembles of seed protein genes are extensive, often including more than
a kilobase of upstream sequence, making it difficult to identify DNA sequences for
detailed functional analysis. Second, seed protein gene regulatory ensembles are the
result of combinatorial interactions of multiple DNA elements. Therefore, it is not
surprising that analysis of individual elements comprising these ensembles has'
sometimes led to conflicting results on the role of specific elements in a regulatory
ensemble (Baumlein et al., 1991, 1992).

ORF finder tool identified 5 open reading frames in the nucleotide
sequence of the 0.5 kb DNA amplified in the present study. The ORF, starting at
position 1, consisted of 191 amino acids which showed 100% homology with the
acidic chain of Fagopyrum esculentum 13S globulin (acc. no. Q9XFM4) and
Fagopyrum esculentum allergenic protein (acc. no. AAF34635). The percentage
homology ranged from 43% - 53% with amino acid sequences of legumin type

proteins from other plants including Coffea arabica (acc. no. AAC61881) and
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Magnolia salicifolia (CAAS57846). The 7-element fingerprint signature for the 118
globulin family observed in the deduced amino acid sequence of 191 residues also
shared 100% homology with Fagopyrum esculentum 13S globulin and allergenic
protein (acc. no. Q9XFM4 and AAF34635). Further, motif 4
“VQVVGDEGRSVFDDNVQ” and motif 7 “TSVLRAIPVEVLANSYDI” present in
the 191 amino acid sequence were observed to be highly conserved in both
Fagopyrum esculentum as well as F. tataricum seed storage proteins. This clearly
indicates that the deduced amino acid sequence of 191 residues identified in the
present study belongs to legumin family. MOTIF SCAN identified a putative N-
myristoylation site beginning from the 1% residue, 5 putative kinase II
phosphorylation sites at positions 19-22°, 75-78°, 90-93°, 157-160’, and 179-182’,
and a protein kinase C phosphorylation site at position 157-160° in the deduced
amino acid residue. Similar post-translational processing sites have been reported for
peanut glycinin Gly-1 (Jain, 2004). Phosphorylation has been shown to play a major
role in modulating the function and DNA-binding activity of many nuclear proteins,
including transcription factors and proteins involved in chromatin organization
(Dang et al., 1994; Armstrong et al., 1997; Hoffmann ef al., 1998). The identification
of such sites in the deduced amino acid sequence is indicative of its role in sigﬁal
transduction processes during seed maturation. Protein phosphorylation is a
ubiquitous form of regulation that influences many aspects of dynamic cellular
behaviour in plant biology. Identification of 70 non-redundant phosphoproteins and
their classification into 10 functional categories suggested that protein
phosphorylation might be involved in the regulation of storage reserve synthesis
(Agrawal and Thelen, 2006). Further, identification of a cupin domain in the

deduced amino acid sequence of 191 residues starting from 13 to 162 indicated that
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the protein belongs to the cupin superfamily. The cupin superfamily is one of the
largest, most functionally diverse families of proteins including the 7S (vicilin) and
118 (legumin) seed storage proteins (Bdumlein ez al., 1995). These proteins have a
characteristic signature domain comprising of two histidine containing motifs
separated by an inter- motif region of variable length. This domain consists of six
strands within a conserved B barrel structure. The cupin superfamily of proteins in
plants has been found to share a small number of globally conserved residues with
7S (vicilin) and 118 (legumin) seed storage proteins (Baumlein et al. 1995) and are
generally known as germin-like proteins (GLPs). The expression of genes coding for
some of the proteins belonging to this family has been correlated with specific stages
of development such as embryogenesis (Domon et al. 1995; Neutelings, 1998), floral
induction (Heintzen et al., 1994; Staiger et al., 1999), stress (Hurkman and Tanaka,
1996; Thordahl-Christensen et al. 1997; Hamel ef al., 1998; Vallelian-Bindschedler
etal., 1998; Schweizer et al., 1999).

When the amino acid residues of the sequence were plotted as a function of
hydropathic index, the sequence showed a predominantly hydrophilic character.
Based on the hydropathic index of Kyte and Doolittle (1982), the major regions of
hydrophilic nature detected in the sequence were between residues 3-43, 60-100,
114-134 and 152-189. Slightom et al. (1985) have also reported similar results on the
hydrophilicity of Phaseolus vulgaris phaseolin. They have also reported the presence
of two N-glycosyl recognition sites in the protein. While majority of the reports have
described legumin type proteins as hydrophilic, Jain (2004) have reported the
presence of two hydrophobic regions located within the first 76 residues (residues 6
to 21 and 67 to 76), each of which is long enough to span a membrane bilayer in

peanut glycinin Gly-1.
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A phylogenetic tree constructed using neighbor joining distance method
revealed that the deduced amino acid sequence of 191 residues generated in the
present study formed one clade along with Fagopyrum esculentum seed storage
proteins. Even though the seed storage proteins of F. tataricum and F. gracilipes
emerged as separate clades, they showed low level of divergence from the
Fagopyrum esculentum group . Coffea arabica 118 globulin appeared as the closest
relative of SSPs from Fagopyrum species.

Amplification reaction of genomic DNA with primer pair 5’
GGATCCGGATTGGAGCAAGCGTTCTGC 3’ as the forward primer and 5’
GAAACGCTCCCTCTCCTTCTCATC 3’ as the reverse primer amplified a 0.7 Kb.
DNA from the template genomic DNA. Pair wise alignment of the sequence with the
nucleotide sequence of the amplicon generated with primer pair NKC5-NKC6 and
cDNA library from grains harvested at 16-20 DAF as the template clearly revealed
that the two sequences shared absolute homology. The alignment also revealed a gap
of 96 bases corresponding to position between 142-238 bases in the 455bp nucleotide
sequence of the amplicon generated with genomic DNA as the template and primer
pair NKC5-NKC6. GENSCANW identified this region on the nucleotide sequence of
the 0.7kb amplicon as an intron. Even though legumin genes are known to have a
fairly fixed intron-exon architecture of three introns and four exons (Shewry, 1995),
some of the legumin genes have been reported to have a two intron-four exon
architecture (Shotwell and Larkins, 1989). While Vonder et al. (1988) have related
legumin gene evolution to loss of introns, Shotwell and Larkins (1989) have
suggested that the evolution of legumin gene has progressed towards addition of
introns. Our result showing the presence of only one intron may be due to the partial

sequence of the DNA amplified product.
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Northern hybridization against RNA isolated from grains harvested at 10-
13 DAF, 16-20 DAF, 23-25 DAF and 30-35 DAF with [a-P**]-dATP labelled 0.7 Kb
PCR product generated a strong signal against RNA isolated from grains harvested
at 16-20 DAF. The blots did not show any signal against RNA isolated from grains
harvested at 10-13 DAF, whereas weak signals could be detected against RNA
isolated from grains harvested between 23-25 DAF and 30-35 DAF which was of
lesser intensity than the signal against RNA isolated from grains harvested between
16-20 DAF. Although most of the genes expressed during the later phases of
embryogenesis are also active during the post-germination phase, all storage protein
mRNAs have a particular period during which it reaches a maximum level and then
declines. During rice seed formation, Duan and Sun (2005) have observed that the
genes encoding storage proteins glutelin, prolamin, globulin and albumin followed a
pattern of low initial expression at early developmental stage, reached its peak at mid
maturation stage and maintained a significant expression profile till maturation
except for glutelin gene which started declining towards maturation. Our result on
the transcript level changes corresponding to the putative dehydrin gene as well as
the legumin clearly indicate mid maturation specific expression of the two genes.
Several studies have clearly established the role of dehydrin genes in
protective reactions thereby promoting maintenance of embryo structure under
conditions of water loss during seed maturation (Puhakainen ef al., 2004; Choi and
Close, 2000; Nylander, et al., 2001), signalling cascade during embryo development
(Goday et al., 1994; Mehta et al., 2009), protein-protein and protein-lipid
interactions (Dure, 1993; Epand ef al., 1995; Kovacs et al., 2008) as also during
transition of perisperm to endosperm Hinniger et al. (2006) thereby indicating a

prominent role for dehydrins in maturation phase of embryo development. On the
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other hand, a similar role for seed storage proteins has not been identified
definitively. Even though extensive evidence has pointed towards a rigorous
temporal and spatial control of seed storage protein gene expression during the
maturation phase of seed development (Goldberg er al, 1989; Perez-Grau and
Goldberg, 1989; Guerche et al., 1990; Panitz et al. , 1995; Sunderlikova and Wihelm,
2002; Abirached-Darmency et al., 2005; Abirached-Darmency et al., 2005), the role
of seed storage proteins in modulating developmental processes in seeds is still a
matter of discussion. Majority of the legumin type seed storage proteins are
hydrophilic in nature. Therefore, it is possible that besides acting as a major source
of amino acids during germination and initial stages of seedling growth, these
proteins may also be involved in conferring desiccation tolerance to the seeds during

the maturation phase.
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CHAPTER : VI
GENERAL SUMMARYAND DISCUSSION



Introduction

Seed development is a crucial process in the lifecycle of higher plants,
providing the link between two distinct sporophytic generations, and thereby,
maintenance of the species. Seed development may be divided into four distinct
stages: (i) embryo patterning, (ii) embryo growth, (iii) seed filling, and (iv) seed
desiccation. Following the completion of embryo growth, major changes occurring
during the process of seed development include accumulation of storage products
(e.g., proteins, oil, and starch), followed by desiccation, during which seeds acquire
drought tolerance and primary dormancy is often induced (Bewley and Black, 1994).
The maturation of embryos ends with a desiccation phase after which the embryo
enters into a quiescent state, thereby permitting its maintenance and survival under a
range of environmental conditions. Embryogenesis describes the developmental

period during which a single cell differentiates into a mature embryo.



During embryogenesis, the zygote elongates and then divides asymmetrically
to form daughter cells of different sizes and cytoplasmic densities. The apical daughter
cell, after two rounds of longitudinal and one round of transverse divisions, gives rise
to an eight-cell embryo proper. At the eight-cell stage, four regions with different
developmental fates can be recognized: (i) the apical embryo domain, (ii) the central
embryo domain, (iii) the basal embryo domain or hypophysis and (iv) the extra
embryonic suspensor. Clonal analyses have confirmed that the contribution of each
cell to the seedling body plan is highly predictable (Reviewed by Laux et al., 2004).
However, rare variations in the cell division pattern do occur where each cell
differentiates according to its final position, establishing that developing plant cells are
flexible and assume their fate corresponding to positional information (Poethig et al.,

1986; Saulsberry et al., 2002).

Seed embryogenesis is one of the major areas of interest and in recent times,
researchers have started adopting functional genomics strategies to study its
physiological process. Seed proteins comprise one of the major and important
storage materials, which accumulate in high amounts during the maturation phase of
seed development. These proteins remain stable throughout the developmental arrest
and are then specifically degraded to serve as a source of carbon and nitrogen at the
initial stages of germination and seedling growth. Seed storage protein genes
represent abundantly transcribed genes that are controlled in a precise developmental
manner during various stages of seed development. Okamuro and Goldberg, (1989)
and Goldberg et al. (1989) have put forth four features of seed protein gene
expression during seed development which raises the question of genetic and

molecular relationships between seed development and changes in protein pool:
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(i) Seed protein gene expression is regulated temporally during embryogenesis;
" . (ii) Seed protein genes are expressed exclusively during embryogenesis
(iii) Seed protein gene expression is regulated spatially

(iv) Seed protein mRNAs are localized within specific cells within the embryo
cotyledon.

In recent years, several genes, which are directly related with cell
differentiation, morphogenesis, and desiccation tolerance have been identified (Ikeda
et al., 2006). Many of these genes are specifically expressed during embryogenesis
and function as part of the embryogenesis program. Thus, a large number of proteins
found at early developmental stages in soybean seeds have been shown to belong to
the 2S albumin fraction while those accumulating during the maturation phase have
been shown to belong to the 7.5S and 11.8S fractions (Eldridge et al., 1966;
Catsimpoolas et al, 1969; Catsimpoolas and Leuthner, 1969). In developing
cotyledons of Pisum sativum, the globulins have been‘ shown to be synthesized till
27 DAF while the accumulation of albumins stoppgci,;lfter 24 DAF (Basha, 1974)
Consistent with differential accumulation of proteins during various stages of seed
development, variations have also been observed in transcript levels for different
proteins during various stages of éeed development. Dong et al., (2004) have
demonstrated the presence of higher levels of transcripts coding for enzymes
involved in biosynthetic pathways, structural proteins, regulatory factors, and
transport or protective proteins at 15 DAP in embryos of Brassica napus. On the
other hand, embryos at 25 DAP had higher levels of mRNAs for storage proteins
such as napin, cruciferin and oleosin.

Out of the large number of diverse genes expressed during embryogenesis,

most encode rare mRNAs of unknown function. A small set of genes, however,
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directs the synthesis of abundant mRNAs that encode seed storage proteins that are
packed preferentially into protein bodies in the embryo, dicot cotyledons and
monocot endosperms (Mandal and Mandal, 2000). In addition to storage proteins,
several other proteins like lectins, proteinase inhibitors and late embryogenesis
abundant (LEA) proteins too are synthesized in the embryo during seed
development. Apart from possibly serving as storage proteins, these proteins have
been implied as defense proteins against several biotic and abiotic stresses
(Gatehouse et al., 1991). While the changes in transcriptome and proteome profiles
with seed development have provided valuable clues linking seed development with
gene networks (Gallardo ef al., 2003; 2007; Nakabayashi et al., 2005; Hajduch et
al., 2005; Cadman et al., 2006; Chibani et al., 2006; Joosen et al., 2007; Carrera et
al., 2008, Liu et al., 2009; Houston et al., 2009), many important unresolved
questions associated with the regulatory network mechanisms involved in gene
expression during seed development remain unresolved. Except for SSP genes, for
which the structure of cis regulatory elements is well documented, little is known
about the interactions between master regulator proteins and other putative target
genes. The high diversity of seed storage compounds among plant species implies
that distinct biosynthesis pathways and, therefore, distinct putative regulatory
mechanisms are involved. Consequently, the use of non-model plant species might
be important for identifying new regulators, as well as for highlighting the
differences between conserved and non-conserved seed maturation processes. In
order to better understand the seed maturation processes, many studies have been
done in model plants such as Arabidopsis thaliana (Gallardo et al., 2001; Charmont
et al., 2005; Cho et al., 2007; Amme et al., 2006) and Lotus japonicus (Dam et al.,

2009). However, the use of non model plant species might be important for
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identifying new gene regulator and also highlight the differences between conserved
and non-conserved seed maturation processes.

The present work focused on isolation and characterization of novel
abundantly expressed seed storage protein genes in maturing grains of common
buckwheat. The approaches followed were (i) PCR amplification of target gene(s)
from RNA isolated from grains of common buckwheat at different stages of
maturation by reverse-transcription (RT)-PCR and (ii) construction of cDNA
library from RNA isolated from grains of common buckwheat at mid maturation
stage of development and from grains at early stages of germination followed by
amplification of target gene(s) by nested PCR using the cDNA library as the
template and primers designed from nucleotide sequences of genes available in the
gene bank databases.

Results

The Lopez-Gomez and Gomez-Lim (1992) protocol used in the present study
for isolation of total RNA yielded fairly good quality RNA from all the tissue
samples. Under UV illumination, the isolated RNA was detected on the agarose gel
as two fluorescing bands corresponding to a typical RNA profile of 28S rRNA and
18S rRNA. The ratio of band thickness and intensity of fluorescence between of 28S
rRNA and 18S rRNA was approximately 2:1. Reverse Transcriptase-PCR with
cDNA prepared from RNA isolated from grains harvested 5-7 DAF, 10-13 DAF, 16-
20 DAF, 23-25 DAF and at early gemination stage as the template and primer pair
with the sequence 5 CCGGGCAGGTATCTCGGCTAG3’ and
5’ATGTCTCCGGGCATCCTGG3’ amplified a 1.0 kb DNA fragment from cDNA
template prepared from RNA isolated from grains harvested between 16-20 DAF.

The amplicon was not detected in amplification mixtures containing cDNA prepared
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from RNA isolated from grains harvested at any other stage. BLASTn analysis of
the nucleotide sequence of the amplicon identified it as a dehydrin gene. The analysis
showed the presence of a domain represented by the sequence
“GTCGGAGGATGATGGACAAGGAGGAAGAAGAAAGAAAAAAGGGTTGA
AAGAAAAGATAAA” between position 557 to 616 in the nucleotide sequence of
the 1.0 kb amplicon. The sequence was identified as a conserved domain present
- genes coding for dehydrin like proteins from several plants including Solanum
Iycopersicum (AC215480) Cornus sericea (AF345988), Helianthus annuus
(AJ438980), Eriobotrya japonica (FJ472835), Panax ginseng dehydrin
(DQA487110), Phoenix dactylifera (DQ399792), S.tuberosum (X83597), Tithonia
rotundifolia (AJ250127). Using an alignment that permitted maximum homology,
the nucleotide sequence showed 99 % and 97% homology with Coffea canephora
dehydrin genes DH2a (acc. no. DQ323989) and DH2b (DQ323990) respectively.
Amplification of the DNA fragment from RNA isolated from mid maturation
stage of seed development and not from any other stage indicates the presence of
transcripts coding for the putative buckwheat dehydrin gene specifically in the grains
at mid maturation stage. No such amplicon could be detected in the amplification
mixtures with cDNA templates from other stages of development. This indicates the
absence or low abundance of transcripts coding for the putative buckwheat dehydrin
gene in the grains during other developmental stages. These results indicate the mid
maturation developmental stage specific expression of the gene in grains of common
buckwheat. Similar pattern of LEA gene expression has been reported by Gomez et
al. (1988), Mundy and Chua (1988), Close et al. (1989), Han et al. (1996), Choi and
Close (2000), Nylander et al. (2001), Hininger et al. (2006). Our results on the

detection of transcripts coding for dehydrin class of proteins in grains of buckwheat
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during mid maturation stage of development are in conformity with other reports
indicating enhanced expression of genes coding for dehydrin like proteins during the
maturation phase of grain development (Close, 1996; Hinniger et al., 2006). This,
pattern of accumulation of some of the Lea transcripts during seed development,
with the highest level of transcripts reported at incipient desiccation, have led to the
suggestion that LEA polypeptides play a decisive role in the acquisition of
desiccation tolerance during embryo maturation (Gomez et al. 1988; Mundy and
Chua 1988; Close et al. 1989; Pages et al. 1995). Compared with the nucleotide
sequences of dehydrin genes DH2, DH2a and DH2b, the nucleotide sequence of the
putative buckwheat dehydrin like gene, amplified in the present study, showed an
insertion of six bases “CTTGTG” at position 217, seven bases “CGTCCCT” at
position 258 and a single base “G” at position 682. These features distinguished the
buckwheat nucleotide sequence from nucleotide sequences of Coffea canephora
dehydrin like genes.

BLASTp identified the deduced 112 amino acid sequence of the 1.0 kb
amplicon, amplified in the present study, as a dehydrin like protein showing 63%
homology with Coffea canephora dehydrins DH2, DH2a and DH2b (acc. nos.
DQ338457, DQ323990 & DQ323989). The homology percentage ranged from 42 —
46% with amino acid sequences of dehydrin/dehydrin like proteins from other plants
including Vitis vinifera (acc. no. XP002283605) and Raphanus sativus (acc. no.
P21298). The alignment also revealed the presence of two segments, positioned
between residue 1-38 and 90-109, with the highest level of conserved residues.
While the N-terminal region between position 1 and 38 contained three “Y”
segments represented by the sequence “D(E/Q)YGNP” located between position 10-

35, the C-terminal region between position 90-109 contained the “K” segment
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represented by the sequence “EKKSMVEKIMEKLPGHH” located between position
93-107. Dehydrin like proteins are known to possess one or more lysine-rich
stretches of 15 amino acids, called the “K” motifs, that are predicted to form class A
amphipathic a-helices (Dure, 1993; Close, 1996, 1997) and two other motifs, an N-
terminal “Y” segment and a serine-rich “S” segment which can be phosphorylated
and is thought to participate in nuclear localization (Godoy ef al., 1994; Close, 1997).
The presence of “K” and “Y” segments in the buckwheat amino acid sequence
indicates that the protein belongs to the dehydrin/dehydrin-like protein family. Close
(1996) and Svenssen et al. ( 2002) have emphasized the importance of the “K”
segment in the functioning of dehydrins in response to dehydration related stresses.
Close (1996) and Koag er al. (2003) have proposed that the short amphipathic “K”
segments of dehydrin polypeptides interact with solvent-exposed hydrophobic
patches on proteins undergoing partial denaturation thereby protecting the proteins
against aggregate formation. An alternative proposal for at least part of the protective
effect of dehydrins is the ability of these very stable, but relatively unstructured
proteins, to tightly bind and organize water molecules (Soulages et al., 2003). A
distinctive feature of the buckwheat amino acid sequence identified in the present
study was the s-ubstitution of Serine tract with ‘Asn-Phe-Arg’ at position 66-68.
While majority of dehydrins identified to date fall into the class that contains the
“Ser” tract, a number of dehydrins have been reported to lack the serine tract.
Examples of dehydrins that lack a “Ser” tract include dehydrin/dehydrin-like proteins
from spinach (Neven et al., 1993), wheat (Houde et al., 1992, Guo et al., 1992),
barley (Close et al., 1995), pea (Robertson and Chandler, 1992), Glycine max
(Momma et al., 2003; Nylander et al.,, 2001) and Vigna unguiculata (Ismail et al.,

1999a). Goday et al. (1994) and Mehta et al. (2009) have postulated that the serine
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residues on the “Ser’ tract could be the site of phosphorylation and that the
phosphorylation may contribute towards binding of nuclear localization signal
peptides for translocation of the protein. Campbell and Close (1997) have classified
the group 2 LEA proteins into five subgroups depending on the presence and
arrangement of different motifs in a single polypeptide. Amongst these, the proteins
having both “Y” as well as “K” segments have been classified under the “YK”
subgroup (Campbell and Close, 1997). On the basis of presence of three “Y”
segments, one “K” segment coupled with the absence of a “Ser” tract, the putative
buckwheat dehydrin identified in the present study can be classified under the “YK”-
subgroup with “Y3K;” architecture.

MOTIF SCAN on the deduced amino acid sequence identified a putative
protein kinase C phosphorylation site between residue 2-4, a N-glycosylation site
between residue 53-56, a kinase II phosphorylation site between residue 96-99 and
two N-myristoylation sites between residues 40-45 and 82-87. Similar sites for post
translational modifications have also been reported in other dehydrin like proteins
(Caruso et al., 2002; Roberton and Chandler, 1992; Mehta et al., 2009). The software
also detected the presence of two dehydrin domains comprising of the sequences
“MQLTDQYGNPVQLKDEYGNPMQ” and “GTSTTVGGQQHEKKSMVEKIME
KLPGHH?” between position 16-37 and 82-109, respectively. Hydropathy analysis of
the deduced amino acid sequence identified two strong hydrophilic domains in the
sequence, between residues 1-40 and 80-112. SAPS software analysis also identified
23.2% non polar group, 25.8% uncharged polar group and 19.6% charged polar
group in the amino acid sequence. Typically, dehydrins contain a high proportion of
polar amino acids with a low fraction of non-polar, hydrophobic residues and either

few or no tryptophan and cysteine residues (Close et al., 1989, Battaglia et al., 2008).
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The deduced amino acid sequence of the 1.0 kb amplicon, amplified in the present
study, shares these features. The software predicted the amino acid sequence to
transform into a secondary structure with 20.54% alpha helix, 54.46% random coil
and 25% extended strand. Statistical analysis of the sequence revealed that the N-
terminal region consisting of 70 residues had predominantly random coil and
extended strand secondary structure while the C-terminal region of 42 residues were
primarily of a-helical configuration. The “K” segment of dehydrin is deduced to
form a- helix (Baker ef al., 1988; Ismail ef al., 1999b), involved in protein-protein
and protein-lipid interactions (Dure, 1993; Epand et al., 1995; Kovacs et al., 2008).

The phylogenetic tree constructed using maximum parsimony method, with
the alignment data of deduced amino acid sequence generated in the present study
with amino acid sequences of other dehydrin/dehydrin-like proteins available in the
EMBL data base, revealed that even though the putative buckwheat (Fagopyrum
esculentum) dehydrin/ dehydrin like protein, identified in the present study emerged
as a separate group, it had greater closeness with dehydrins from Coffea canephora.
Dehydrins/dehydrin-like proteins from plants belonging to different groups/families
are known to show low homologies. The phylogenetic tree of dehydrins/dehydrin-
like proteins developed in the present study is one such example.

PCR screening of the mid maturation stage and seed germination stage
cDNA libraries of common buckwheat with the forward primer bearing the sequence
5’GGATCCGGATTGGAGCAAGCGTTCTGC3’ and the reverse primer having the
sequence 5’GAAACGCTCCCTCTCCTTCTCATC3’ amplified a 0.5 Kb DNA
fragment from mid maturation stage cDNA library. No such amplicon could be
amplified from cDNA library constructed from germinating seeds of common

buckwheat. Absence of the amplicon in the reaction mixture containing cDNA
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library prepared from RNA isolated from germinating seeds indicated that the
amplicon generated from the mid maturation stage specific cDNA library was stage
specific. BLASTn analysis of the nucleotide sequence of the amplicon revealed a
high degree of homology with nucleotide sequences of genes coding for legumin
type proteins. Using an alignment that permitted maximum homology, the sequence
showed 96% and 92% homology with Fagopyrum esculentum legumin like protein
genes (acc. no. D87980 and D87982) and 93% against Fagopyrum tataricum
allergenic protein gene (acc. no. DQ849083) respectively. The alignment also
revealed 58% homology against Ficus pumila 11S globulin precusor 2B (acc. no.
EF091696) and 57% homology against Citrus sinensis seed storage protein citrin
(acc. no. U38914) and Gossypium hirsutum f3-globulin (acc. no. M16936). A feature
that distinguished, the nucleotide sequence of the 0.5 kb amplicon from other
nucleotide sequences of legumin/legumin like genes from Fagopyrum spp. species
was a 3 base deletion “GGG” at position 528 in the nucleotide sequence of the 0.5 kb
amplicon. However, a 12 base deletion “GAGGAGAAGGAG” detected at position
552 in the nucleotide sequence of the DNA fragment amplified in the present study
and Fagopyrum esculentum nucleotide sequences (acc. nos. D87980 & D87982) was
not detected in Fagopyrum tataricum allergenic protein genes (acc. no. DQ849083)
and seed storage protein genes of various plants. This feature distinguished the
nucleotide sequence identified in the present study from seed storage protein genes
of Fagopyrum tataricum and other plants.

The amplification of nucleotide sequence for the gene coding for legumin
type proteins from mid maturation stage specific cDNA library and not from seed
germination stage cDNA library indicates the mid maturation developmental stage

specific expression of the gene in grains of common buckwheat. Similar pattern of
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legumin gene expression during seed development has been reported by Panitz et al
(1995), Darmency et al. (2005). Darmency et al. (2005) have detected the transcripts
for legumin A and vicilin in the embryo cells of M. fruncatula and P. sativum
specifically at mid-embryogenesis. It was suggested that legumin A and vicilin
expression patterns could be considered as suitable embryo-specific markers during
histo-differentiation at mid-embryogenesis in M. truncatula and P. sativum.. On the
basis of changes in the expression pattern of genes coding for SSPs in Vicia faba,
Panitz et al. (1995) have concluded that storage proteins of Vicia faba accumulated
transiently during early seed development and were used as nutritive reserves for the
growing embryo. Even though seed storage protein gene expression has been shown
to be rigorously tissue and developmental stage specific (Goldberg et al., 1989;
Perez-Grau and Goldberg, 1989; Guerche et al., 1990; Sunderlikova and Wihelm,
2002) and several trans-acting factors that have been implicated in regulating the
expression these genes, the role of specific sequences in seed protein gene expression
is still a matter of discussion. It is therefore not surprising that analysis of individual
elements comprising these ensembles has sometimes led to conflicting results on the
role of specific elements in a regulatory ensemble (Baumlein ez al., 1991, 1992).
ORF finder tool identified 5 open reading frames in the nucleotide
sequence of the 0.5 kb DNA amplified in the present study. The ORF, starting at
position 1, consisted of 191 amino acids which showed 100% homology with the
acidic chain of Fagopyrum esculentum 13S globulin (Q9XFM4) and Fagopyrum
esculentum allergenic protein (acc. no. AAF34635). The percentage homology
ranged from 43% - 53% with amino acid sequences of legumin type proteins from
other plants including Coffea arabica (acc. no. AAC61881) and Magnolia salicifolia

(CAAS57846). The 7-element fingerprint signature for the 11S globulin family
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observed in the in the deduced amino acid sequence of 191 residues also shared
100% homology with Fagopyrum esculentum 13S globulin and allergenic protein
(acc. no. Q9XFM4 and AAF34635). Further, motif 4 “VQVVGDEGRSVFDDNVQ”
and motif 7 “TSVLRAIPVEVLANSYDI” were observed to be highly conserved in
both Fagopyrum esculentum as well as F. tataricum seed storage proteins. This
clearly indicates that the deduced sequence of 191 amino acids, identified in the
present study, belonged to legumin family.

MOTIF SCAN identified 5 putative kinase II phosphorylation sites, a
putative N-myristoylation site and a protein kinase C phosphorylation site in the
deduced amino acid sequence identified in the present study. Phosphorylation has
been shown to play a major role in modulating the function and DNA-binding
activity of many nuclear proteins, including transcription factors and proteins
involved in chromatin organization (Dang et al., 1994; Armstrong et al., 1997,
Hoffmann et al., 1998). The identification of such sites in the deduced amino acid
sequence is indicative of its role in signal transduction processes during seed
maturation. Further, identification of a cupin domain in the deduced amino acid
sequence indicated that the protein belongs to the cupin superfamily. The cupin
superfamily is one of the largest, most functionally diverse families of proteins
including 7S (vicilin) and 11S (legumin) seed storage proteins (Biumlein et al.,
1995). These proteins have a characteristic signature domain comprising of two
histidine containing motifs separated by an inter motif region of variable length. This
domain consists of six 8 strands within a conserved B barrel structure.

When the amino acid residues of the sequence were plotted as a function of
hydropathic index, the sequence showed a predominantly hydrophilic character.

Slightom et al. (1985) have also reported similar results on the hydrophilicity of
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Phaseolus vulgaris phaseolin. They have also reported the presence of two N-
glycosyl recognition sites in the protein. While majority of the reports have described
legumin type proteins as hydrophilic, Jain (2004) have reported the presence of two
hydrophobic regions located within the first 76 residues (residues 6 to 21 and 67 to
76), each of which is long enough to span a membrane bilayer in peanut glycinin
Gly-1.

A phylogenetic tree constructed using neighbor joining distance method
reveéled that the deduced amino acid sequence of 191 residues generated in the
present study formed one clade with together Fagopyrum esculentum seed storage
proteins. Even though the seed storage proteins of F. tataricum and F. gracilipes
emerged as separate clades, they showed low level of divergence from the
Fagopyrum esculentum group. Coffea arabica 11S globulin appeared as the closest
relative of SSPs from Fagopyrum species .

Amplification of genomic DNA  with primer pair 5’
GGATCCGGATTGGAGCAAGCGTTCTGC 3’ as the forward primer and 5’
GAAACGCTCCCTCTCCTTCTCATC 3’ as the reverse primer amplified a 0.7 Kb.
DNA from the template genomic DNA. Pair wise alignment of the sequence with the
nucleotide sequence of the amplicon generated with primer pair NKC5-NKC6 and
cDNA library from grains harvested at 16-20 DAF as the template clearly revealed
that the two sequences shared absolute homology. The alignment also revealed a gap
of 96 bases corresponding to position between 142-238 bases in the 455bp nucleotide
sequence of the amplicon generated with genomic DNA as the template and primer
pair NKC5-NKC6. GENSCANW identified this region on the nucleotide sequence of
the 0.7kb amplicon as an intron. Even though legumin genes are known to have a

fairly fixed intron-exon architecture of three introns and four exons (Shewry, 1995),
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some of the legumin genes have been reported to have a two intron-four exon
architecture (Shotwell and Larkins, 1989). While Vonder er al. (1988) have related
legumin gene evolution to loss of introns, Shotwell and Larkins (1989) have
suggested that the evolution of legumin gene has progressed towards addition of
introns. Our result showing the presence of only one intron may be due to the partial
sequence of the DNA amplified product. Sequence homology of the 107 deduced
amino acid residues with BLASTp against non-redundant protein database clearly
identified the protein as belonging to the legumin gene family. Northern
hybridization against RNA isolated from grains harvested at 10-13 DAF, 16-20 DAF,
23-25 DAF and 30-35 DAF with [0-P*?]-dATP labelled 0.7 Kb PCR product
generated a strong signal against RNA isolated from grains harvested at 16-20 DAF.
Signals were also detected against RNA isolated from grains harvested between 23-
25 DAF and 30-35 DAF but were of lesser intensity than the signal against RNA
isolated from grains harvested between 16-20 DAF. Although most of the genes
expressed during the later phases of embryogenesis are also active during the post-
germination phase, all storage protein mRNAs have a particular period during which
it reaches a maximum level and then declines. During rice seed formation, Duan and
Sun (2005) have observed that the genes encoding storage proteins glutelin,
prolamin, globulin and albumin followed a pattern of low initial expression at early
developmental stage, reached its peak at mid maturation stage and maintained a
significant expression profile till maturation except for glutelin gene which started
declining towards maturation. Our result on the transcript level changes
corresponding to the putative dehydrin gene as well as the legumin clearly indicate

mid maturation specific expression of the two genes.
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Several studies have clearly established the role of dehydrin genes in
protective reactions thereby promoting maintenance of embryo structure under
conditions of water loss during seed maturation (Puhakainen et al., 2004; Choi and
Close, 2000; Nylander, et al., 2001), signalling cascade during embryo development
(Goday et al., 1994; Mehta et al, 2009), protein-protein and protein-lipid
interactions (Dure, 1993; Epand et al., 1995; Kovacs ef al., 2008) as also during
transition of perisperm to endosperm Hinniger et al. (2006) thereby indicating a
prominent role for dehydrins in maturation phase of embryo development. On the
other hand a similar role for seed storage proteins has not been identified definitively
Even though extensive evidence has pointed towards a rigorous temporal and spatial
control of seed storage protein gene expression during the maturation phase of seed
development (Goldberg et al., 1989; Perez-Grau and Goldberg, 1989; Guerche et al.,
1990; Panitz et al. , 1995; Sunderlikova and Wihelm, 2002; Abirached-Darmency ef
al., 2005; Abirached-Darmency et al., 2005), the role of seed storage proteins in
modulating developmental processes in seeds is still a matter of discussion. Majority
of the legumin type seed storage proteins are hydrophilic in nature. Therefore, it is
possible that besides acting as a major source of amino acids during germination and
initial stages of seedling growth, these proteins may also be involved in conferring

desiccation tolerance to the seeds during the maturation phase.
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