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Abstract The Bowman-Birk (BBI) protease inhibitors
can be used as source of sulfur amino acids, can regulate
endogenous protease activity during seed germination and
during the defense response of plants to pathogens. In
soybean this family has not been fully described. The goal
of this work was to characterize in silico and analyze the
expression of the members of this family in soybean. We
identified 11 potential BBI genes in the soybean genome. In
each one of them at least a characteristic BBI conserved
domain was detected in addition to a potential signal
peptide. The sequences have been positioned in the soy-
bean physical map and the promoter regions were analyzed
with respect to known regulatory elements. Elements
related to seed-specific expression and also to response to
biotic and abiotic stresses have been identified. Based on
the in silico analysis and also on quantitative RT-PCR data
it was concluded that BBI-A, BBI-CII and BBI-DII are
expressed specifically in the seed. The expression profiles
of these three genes are similar along seed development.
Their expressions reach a maximum in the intermediate
stages and decrease as the seed matures. The BBI-DII

B. de Almeida Barros - W. G. da Silva -

M. A. Moreira - E. G. de Barros (X))

Instituto de Biotecnologia Aplicada a Agropecuaria—
BIOAGRO, Universidade Federal de Vigosa,

Vicosa, MG 36570-000, Brazil

e-mail: ebarros@ufv.br

B. de Almeida Barros - W. G. da Silva - E. G. de Barros
Departamento de Biologia Geral, Universidade Federal de
Vigosa, Vicosa, MG 36570-000, Brazil

M. A. Moreira
Departamento de Bioquimica e Biologia Molecular,
Universidade Federal de Vigosa, Vigosa, MG 36570-000, Brazil

transcripts are the most abundant ones followed by those of
BBI-A and BBI-CII.
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Introduction

Protease inhibitors are essential for regulating protease
activity during seed germination, they are involved in plant
response to insects and pathogens and in addition may
function as storage of sulfur amino acids [1, 2]. In soybeans
there are two main families of protease inhibitors: the
Kunitz trypsin inhibitors (KTI) and the Bowman-Birk
(BBI) trypsin—chymotrypsin inhibitors.

BBI, originally described in soybean by Bowman [3]
and Birk [4], consists of a 71 amino acid polypeptide chain
containing seven disulfide bonds [5]. These small proteins
function as pseudosubstrates for several serine proteases.
Their structure typically presents two independent protease
ligation sites which are able to ligate and inhibit trypsin,
chymotrypsin and elastase [6]. The complex formed by the
interaction between the inhibitor and the enzyme substan-
tially limits the proteolytic activity [7].

The genes encoding BBI in Glycine max and G. soja
form a multigene family with at least five members: BBI-A,
BBI-B, BBI-CIlI, BBI-DII and BBI-EI. The inhibitory
specificity and the primary sequence of BBI-B are very
similar to those of BBI-A and supposedly BBI-B is enco-
ded by a gene which is closely related to BBI-A, designated
BBI-A2. BBI-EI originates from BBI-DII by proteolysis.
As a consequence, the BBI members have been grouped in
three classes—A, C and D—with distinct specificities;
BBI-A, -C and -D inhibit trypsin/chymotrypsin, elastase/
trypsin, and trypsin/trypsin, respectively [8].
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Identification, isolation and functional analyses of soy-
bean genes have been speeded up significantly after the
soybean genome sequence became available (http://www.
phytozome.net/soybean). According to the soybean geno-
mic model (Glymal), approximately 975 Mb have been
organized in 20 chromosomes and 66,153 loci potentially
encoding proteins have been predicted [9]. This informa-
tion will be important to study the organization and regu-
lation of genes related with yield, seed quality, nitrogen
fixation, and response to environmental modifications [10].

The main goal of this work was to identify, characterize
in silico and analyze the expression of the members of the
multigene family encoding BBI in soybean.

Materials and methods
Identification and in silico characterization

To identify the genes encoding BBI the algorithm blastp
was used against the modelled proteome data of annotated
genes in Glymal (the proteome predicted by the soybean
genome sequence (Glymal)) with an E-value thresh-
old <le™>. Fourteen BBI protein sequences (queries)
from nine species (G. max, G. microphylla, G. soja, Oryza
sativa, Phaseolus vulgaris, Pisum sativum, Triticum aes-
tivum, Vigna unguiculata, and Zea mays) were used.

The search for signal peptide sequences was performed
with the software SignalP (http://www.cbs.dtu.dk/services/
SignalP/). PREDOTAR (http://urgi.versailles.inra.fr/pre
dotar/predotar.html) and TargetP 1.1 (http://www.cbs.
dtu.dk/services/TargetP/) were used to determine the
most probable subcellular localization of the predicted
proteins. The conserved domains were identified with
InterProScan and InterPro DB (www.ebi.ac.uk/interpro).
To determine the presence of conserved cysteine residues
which are important to maintain the structure of the
inhibitor and to determine BBI typical domains the
deduced amino acid sequences, not including the possible
signal peptides, were aligned using ClustalW (http://www.
ebi.ac.uk/Tools/clustalw2) and Superfamily (http://supfam.
cs.bris.ac.uk/SUPERFAMILYY/).

All genes identified were positioned and anchored in the
physical map based on the consensus soybean genome
sequence available at SoyBase (http://soybeanphysical
map.org/index.php) [11].

The software SignalScan [12] and database PLACE [13]
(http://www.dna.affrc.go.ja/PLACE) were used to identify
regulatory cis-elements along the putative promoter
regions encompassing 1,500 bp upstream of the theoretical
+1 translation site.

To get preliminary information on the expression of the
BBI encoding genes, the predicted sequences of their
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transcripts were used to search (blastn) the GenBank EST
data base (http://www.ncbi.nlm.nih.gov/nucest/9205464?
dopt=genbank). Alignments with an E-value <le™'*
were considered significant matches.

Gene isolation and sequencing

To isolate and sequence the BBI genes, seed genomic DNA
of cultivar CAC-1 was extracted according to a procedure
previously described [14] and specific primer sets for each
BBI putative ORF were designed. PCR reactions were
carried out in a thermocycler MasterCycler (Eppendorf,
Hamburg, Germany) according to the following program:
one initial denaturation step at 94°C for 2 min, followed by
35 cycles at 94°C for 30 s/55°C for 30 s/72°C for 30 s, and
a final extension step at 72°C for 4 min. A 10 pL aliquot
from each reaction was purified with ExoSAP-IT® (USB,
Cleveland, OH, USA) according to the manufacturer’s
recommendations and sequenced at Macrogen (Seoul,
South Korea).

Plant material and RT-PCR

The expression of the BBI genes was analyzed in roots,
stems, leaves and seeds of soybean cultivar CAC-1. The
seeds were collected along eight developmental stages
based on their fresh weight: 1st—0 to 75 mg; 2nd—76 to
150 mg; 3rd—151 to 225 mg; 4th—226 to 300 mg; Sth—
301 to 375 mg; 6th—376 to 450 mg; 7th—451 to 525 mg
and 8th—mature seeds.

Total RNA was extracted with phenol:chloroform [15],
and treated with RQ1 RNase-Free DNase (PROMEGA,
Madison, WI, USA). Synthesis of the first cDNA strand
was primed by oligo d(T) using a SuperScript First Strand-
Synthesis System (Invitrogen, Grand Island, NY, USA)
according to the manufacturer’s recommendations.

The primer-pairs used for isolation and sequencing of
the BBI genes were also used in conventional RT-PCR
reactions. The amplification reaction conditions were also
the same except that the genomic DNA was replaced by
cDNA from root, stem, leaves and immature seeds. The
soybean actin gene was used as internal control.

The quantitative expression of the BBI genes was
determined along the stages of seed development by
RT-PCR (qRT-PCR). The specific primer-pairs were designed
with the aid of the program Primer Express 3.0 (Applied
Biosystems, Foster City, CA, USA). The reactions were
carried out in a thermocycler 7500 Real Time PCR System
(Applied Biosystems) using SYBR Green PCR Master Mix
(Applied Biosystems) according to the manufacturer’s
recommendations. A negative control without a cDNA
template was run with each analysis to evaluate the
overall specificity. The glyceraldehyde 3-phosphate
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dehydrogenase gene (GAPDH) was used as endogenous
reference to normalize the data and for determination of the
relative abundance of the transcripts through the pACt
method [16]. Specificity and reaction efficiency of each
primer set were evaluated by a dissociation curve and a
standard curve, respectively. All experimental samples
were run in triplicate (technical replicates) with three
biological replicates for each gene.

Results and discussion

To identify potential BBI encoding genes, 14 BBI protein
sequences from different species were blasted (blastp)
against the predicted soybean proteome of annotated genes
in Glymal. This analysis revealed the existence of 11
putative BBI encoding genes in the soybean genome, all of
them lacking introns: Glyma09g28700, Glyma09g28720,
Glyma09g28730, Glyma09g39630, Glyma09g39640, Glyma
14826400, Glymal4g26410, Glymal6g33400, Glyma
18¢46550, Glymal8g46560 and Glymal8g46580.

Six of these potential genes encode type A inhibitor
(Glyma09g28700, Glyma09g28730 and Glymal4g26410),
type C-II (Glyma09g28720 and Glymal4g26400) and type
D-1I (Glymal6g33400), which have already been described
in the literature [8, 17]. Type A BBI genes have been
divided into two groups, Al and A2. These two groups
differ by 11 base substitutions which lead to modifications
in two amino acid residues. In addition, BBI-AI genes
present a characteristic HindIII restriction site [8]. Based
on these differences it was concluded that Glyma09g28700
and Glyma09g28730 encode BBI-A1, and Glymal4g26410
encodes BBI-A2. It is interesting to notice that three genes
encoding BBI-A have been originally identified [8].
However, as only two cDNA could be isolated for this
gene, the authors concluded that the third one would not be
transcribed or that it could be an identical copy of one of
the two cDNAs. Indeed, our data allowed us to conclude
that the third gene is a copy of BBI-Al.

We also identified two genes encoding BBI-CII
(Glyma09g28720 and Glymal4g26410) and one encoding
BBI-DII (Glymal6g33400) as previously described [8].
The difference between the two genes encoding BBI-CII
resides on three substitutions, two of them are silent but the
third one leads to the replacement of an arginine by a
histidine. Sequence alignment showed that the transcript
encoded by Glyma09g28720 (BBI-CII) is identical to the
sequence reported in the literature [17]. There were no
reports in the literature about the second transcript. Two
transcripts (GmBBI1 and GmBBI2) which are expressed in
soybean roots upon interaction with cyst nematodes have
been cloned [18]. Alignment of these two cDNAs with

transcripts annotated in the soybean genome shows
that they are identical to genes Glymal8g46560 and
Glymal8g46550. The other sequences we detected
(Glymal8g46580, Glyma09g39630 and Glyma09g39640)
have not been described in the literature.

Soybean BBIs typically present two sites which simul-
taneously inhibit trypsin/chymotrypsin (type A), elastase/
trypsin (type C-II) and trypsin/trypsin (type D-II) [8]. In
addition, BBI structure is maintained by seven disulfide
bonds between conserved cysteine residues [19]. The
known BBI sequences present these conserved residues and
the two characteristic inhibition sites. However, the novel
sequences we detected showed more variability in relation
to amino acid composition. As the proteins encoded by
these sequences have not been isolated one cannot state
that these variations affect their structure and/or function.
In relation to the inhibition domains, sequences Gly-
ma09g39640, Glymal8g46550 and Glymal8g46580 pre-
sented only one of these typical domains. The second site
was not conserved (Fig. 1).

A potential signal peptide was predicted in the N-terminal
of all 11 BBI sequences described indicating that either BBI
is synthesized and stored in specialized vacuoles (PSVs—
protein storage vacuoles), as described for the 11S and 7S
soybean seed storage proteins [20], or exported to the
intercellular space. Analysis of the soybean embryonary axis
and cotyledons demonstrated that BBI may be found in
PSVs, in the nucleus and in the cytosol to a minor extent [21].
The KTI was localized in cell walls, protein bodies, the
cytoplasm between the lipid-containing spherosomes, and
the nucleus of the cotyledon and embryonic axis [22].

To map the BBI genes we used the soybean consensus
map which is available in the USDA database SoyBase.
Five of the genes were mapped to chromosome 09 (linkage
group (LG) K). Glyma09g28700, Glyma09g28720 and
Glyma09g28730 were positioned between SSR markers
Sat_043 and Satt 273; and Glyma09g39630 and Gly-
ma09g39640 were flanked by Satt 196 and Satt 588. Gly-
mal6g33400 was mapped to chromosome 16 (LG J)
between Satt 441 and Sat_144. Glymal4g26400 and Gly-
mal4g26410 were mapped to chromosome 14 (GL B2)
flanked by Satt 318 and Sattd74. Glymal8g46550, Gly-
mal8g46560 and Glymal8g46580 were mapped to chro-
mosome 18 (GL G) between Satt 288 and Satt612.
Although the molecular confirmation is still necessary, this
is the first time the BBI genes are positioned in the soybean
physical map (Fig. 2).

A great number of cis-acting elements have been iden-
tified in promoter regions that control a series of biological
processes including response to biotic and abiotic stresses
and plant development [23]. To characterize the promoter
region of the BBI genes we analyzed approximately
1,500 bp upstream of the putative +1 translation site for
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09¢g28700 ..... dESSKPCCDQCACTKSN PPQCRCSDMr LNSCHSACKSCICA . LSY PAQCFCVDITDFCYEPCKPsedd.
09g28730 ..... dESSK PCCDQCACTKSNPPQCRCS DMrINSCHSACKSCICA. FSY PAQCFCVDITDFCYEPCKPsedd.
leg2e410 ..... dDS SKPCCDQCACTRSN PPQCRCSDMrLNSCHSACKSCICA. LSYPAQCFCVDITDFCYEPCKPsedd.
14g33400 ..... dEYSKPCCDLCMCTRSM PPQCSCEDI rLNSCHSDCKSCMCT . RBQ PGQCRCLDTNDFCYKPCKS. . ...
09g28720 ..... dE § SKPCCDLCMCTASM PPQCHCADI r LNSCHSACDRCACT . RBM PGQCRCLDTTDFCYKPCKSsdedd
16g26400 ..... dE § SKPCCDLCMCTASM PPQCHCADI r LNSCHSACDRCACT . RBM PGQCRCLDTTDFCYKPCKE Ssdedd
18946560 nnyyvkSTTKACCNSCPCTKSIPPQCRCSDI.GETCHSACKTCICT. RSI PPQCHCSDITNFCYEPCNSsete.
18946580 ..vkikSTATACCDLCLCTKSYPPQCNCVDESETGCHSCCKNCICH. RKF PRTCYCSDITNFCYDKCNStean.
09g392630 dnynlkSTTSACCDACACTKSIPPICHCHDF.GETCHSACNLCICT. ASYPPQCRCLDQTTFCYDKCDSsedk.
18g46550 nnyyvkSTTNGCCDNCRCTISISEMCKCADI. GETCHPSCK SCFCDiPTF PGLCQCIDVINFCYELCNSsetk.
09¢g39640 nnyyikSTTKACCDKCYCSKSI PPEKCYCADV. GITCHSACKVCLCI . ==-HPQCRCVDTTDFCYEPCNH. . ...

Fig. 1 Alignment of amino acid BBI sequences predicted to be encoded by genes present in the soybean genome. Conserved cystein residues are
highlighted in light gray and the inhibition site residues are in bold and highlighted in dark gray
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Fig. 2 Position of the BBI genes in the soybean physical map

each of the potential genes in search for known regulatory
motifs.

Besides the TATA-box and CAAT-box, cis-elements
related to transcriptional activation, seed-specific expression
and response to biotic and abiotic stress have been found in
the BBI promoters analyzed (Table 1). The following seed-
specific cis-elements and elements regularly found in genes
encoding seed-storage proteins were found: CANBNNAPA,
DPBFCOREDCDC3, EBOXBNNAP, RYPEATBNNAPA,
SEF3MOTIFGM, and SEFAMOTIFGMT7S.

We also found eight elements—DOFCOREZM, GT1
GMSCAM4, MYBIA, MYCATERDI1, MYCCONSEN-
SUSAT, T/GBOXATPIN2, WBOXARNPR1, WBOXN-
TERF3—related to response to biotic and abiotic stress.

@ Springer

Among them are the sites for ligation of transcription factors
WRKY, MYB and DNA binding with one finger (DOF).
WRKY proteins constitute a transcription factor family that
has been detected only in plants. Members of this family are
induced by pathogen attack, defense signaling and wounding
[24]. The MYB family responds to stresses such as UV light,
wounding, anaerobiosis and pathogens [25, 26]. The DOF
family members are induced by salycylic acid and interact
and stimulate the ligation activity of bZIP proteins to DNA
which are also responsive to stress conditions [27]. It is
noteworthy that in rice the expression of a BBI gene is
induced by wounding, jasmonate and ethylene [28], which
together with salycylic acid are considered signals that
induce the defense response in plants.
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Table 1 Cis-elements found in the promoter regions of the 11 potential genes encoding BBI in soybean

Place ID Motif Function

ARRIAT NGATT Ligation site for transcriptional activators ARR1 and ARR2

CAAT BOX CAAT Ligation site for transcriptional factors, frequently found before eukaryote coding regions

CANBNNAPA CNAACAC Involved with seed-specific expression

DOFCOREZM AAAG Ligation site for transcriptional factors DOF induced by salycilic acid

DPBFCOREDCDC3  ACACNNG Ligation elements for transcriptional factors DPBF (Dc3 promoter-binding factor) 1 and 2, involved
in embryo-specific transcription

EBOXBNNAPA CANNTG Essential element for seed storage protein expression

GT1GMSCAM4 GAAAAA Involved with gene expression induced by salt and pathogen. May also stabilize the transcription
initiation complex: DNA-TBP-TFIIA

MART BOX TTWTWTTWTT Matrix attachment region

MYBIA WAACCA Ligation site for transcriptional factor MYB present in genes which respond to dehydration

MYCATERDI1 CATGTG Ligation site for transcriptional factor MYC and NAC present in genes which respond to

dehydration
MYCCONSENSUSAT CANNTG

Ligation site for transcriptional factor MYC present in genes which respond to dehydration
Enhancer present in present in promoters of soybean ff-conglycinin genes
Enhancer present in present in promoters of soybean f-conglycinin genes

Responsible for activating the expression in response to jasmonate induced by wounding

W-Box recognized by transcriptional factors induced by salycilic acid

RYPEATBNNAPA CATGCA Important for seed-specific expression
SEF3MOTIFGM AACCCA

SEFAMOTIFGM7S RTTTTTR

T/GBOXATPIN2 AACGTG

TATA BOX TATAAAT Important for the accuracy of transcription initiation
WBOXARNPR1 TTGAC

WBOXNTERF3 TGACY

W-Box involved on gene activation in response to wounding

Some of the mentioned elements have not been detected in
all promoter regions analyzed. The element CANBNNAPA
(CNAACAC) involved with seed-specific expression was
only present in the genes encoding BBI-A (Glyma09g28700,
Glyma28730, and Glymal4g26410), BBI-D (Gly-
mal6g33400) and in a putative BBI gene (Glyma46580)
identified in this work. In addition, the promoter regions of
one of the genes encoding BBI-C (Glymal4g26400) and the
gene Glymal8g46580 encoding a putative BBI do not
present a TATA-box and the former does not contain the RY
element which is important for seed-specific expression. The
absence of these elements suggests that they are not
expressed, however, these observations are not enough to
show that they are pseudogenes.

To complement the in silico analysis of the promoter
region, a virtual expression profile, similar to a virtual
northern blotting (VNB), was determined for each gene.
The representativity in the GenBank EST data base and the
tissue-specific expression of each transcript were evalu-
ated. The transcripts encoding the inhibitors BBI-A, BBI-
CII and BBI-DII have been found in expression libraries
built from immature cotyledons. The only exception was a
hit detected for the BBI-CII transcript in a somatic embryo
library. The genes Glymal8g46550 and Glymal8g46560
have been detected mainly in roots submitted to nodula-
tion, pathogen or dehydration. These transcripts correspond

to those isolated from roots infected with cyst nematode. In
this work the authors determined that the expression of
Glymal8g46560 increases 4.5 times in susceptible plants
infected with cyst nematode when compared to resistant
plants [18]. The last three genes, Glyma09g39630, Gly-
ma09g39640 and Glymal8g39640 have been detected in
only one library each: somatic embryo, root submitted to
biotic and abiotic stress and seedlings infected with
Fusarium solani, the causative agent of Sudden Death
Syndrome, respectively. In relation to representativity the
most abundant transcript was encoded by Glymal6g33400
(104 hits) followed by those encoded by Glyma09g28700,
Glyma09g28730 and Glymal4g26410 (55 hits), Gly-
mal8g46560 (27 hits), Glymal8g46550 (24 hits), Gly-
ma09g28720 and Glymal4g26400 (20 hits).

As a whole, the data obtained from the in silico pro-
moter analysis and the virtual expression profile give
support to the idea that BBI protects the plant against
herbivores [2] and can function as storage proteins to be
used during seed germination [29].

After the in silico analysis, we isolated the 11 putative
BBI genes and determined their expression by RT-PCR. As
all the genes were devoid of introns we designed primers
flanking the ORFs and used soybean genomic DNA to
isolate the genes. All amplicons had the predicted sizes and
they were sequenced (data not shown). Alignment of the
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sequences with the soybean genome showed only small
differences (identities varying from 96.1 to 99.7%) which
might be due to differences between the cultivar we used
(cv. CAC-1) and the one used to sequence the whole
soybean genome (cv. Williams 82).

The organ-specific expression of each BBI gene was
determined by conventional RT-PCR using cDNA from
leaf, stem, root and seed. The expression of BBI-A, -CII
and -DII genes was seed-specific (Fig. 3), while the
expression of the other genes was not detected in these
organs (data not shown).

As the genetic material we used was collected under
normal conditions, this expression pattern was expected
and is in line with the results obtained by the in silico
analysis. In dry beans, the expression of two BBI genes has
been analyzed in several organs and detected only in
developing cotyledons [30]. In addition, Birk [31] reported
that 1 week old soybean seedlings presented all types of
protease inhibitors in cotyledons and only a small amount
in the hypocotyl. In another work, BBI was detected
mainly in cotyledons of 12-day-old seedlings [32]. How-
ever, a small amount was detected in epicotyls, hypocotyls,
and roots. In mature soybean plants, Goldberg [33]
observed BBI synthesis only in cotyledons.

The expression of the genes encoding the main BBI
types in the seed (BBI-A, -CII and -DII) was evaluated by
gRT-PCR during seed development. A specific primer-pair
was designed to amplify each type of gene. In the case of
BBI-A, a primer-pair was designed to amplify both BBI-A1
and BBI-A2. Only one primer-pair was also used to amplify
the two BBI-CII genes. The primer-pairs presented

L St R S
== BBI-A
w— BBI-CIl
- BBI-DIl
pr— Actin

oot M

Fig. 3 Expression analysis of BBI genes (BBI-A, CII and DII) in
different soybean organs (L leaf, St stem, R root, S seed)

@ Springer

amplification efficiency higher than 90% and each ampli-
fied one fragment only. The expression of the three genes
was extremely high along seed development, except in the
mature seed stage. The transcript levels increase in the
initial developmental stages and reach maximum expres-
sion at the third stage and reduces thereon. Essentially no
transcripts were detected in mature seeds (Fig. 4).

The transcripts for BBI-DII were the most abundant ones
in all stages of seed development, followed by BBI-A and

350
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Fig. 4 Quantitative expression analysis of BBI-A (a), CII (b) and DII
(¢) genes during soybean seed development
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Relative Quantification
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0 . .

BBI-A BBI-ClI

BBI-DII

Fig. 5 Comparison between in silico expression data (a) and real-
time expression determined by qRT-PCR (b) for genes encoding BBI
in soybean seeds during the third developmental stage (151-225 mg)

finally BBI-CII. These results are in line with those
obtained by the in silico expression analysis (Fig. 5). The
transcripts for BBI-A, BBI-CII and BBI-DII have been
found in seed cDNA libraries, mainly in immature coty-
ledons (100-300 mg). This size range overlaps the 3rd
stage of development (151-225 mg) as defined in the
present work. In this stage, we observed the highest BBI
transcript levels in vivo, BBI-DII being the most abundant
ones.

It is noteworthy that the promoter region of the gene
Glymal6g33400 (BBI-DII) possesses three copies of the
RY cis-element, which is very important for seed-specific
expression. Two of these copies are close to the TATA
box. The BBI-A gene presents one copy of this element and
BBI-CII harbors two RY copies approximately at 1,200 bp
upstream of the TATA box. It is conceivable that the copy

number and the position of these elements contribute to
determine the expression levels of the BBI genes in the
seed. In this sense, a systematic combinatorial in silico
analyses of cis-elements and analyses of expression profiles
in Arabidopsis indicated that there was a positive correla-
tion between gene response to stimuli and cis-element
density in the promoter region [34]. Although BBI-A has
been considered the most abundant BBI type in soybean
seeds [19], another study reported that BBI-EI is the most
abundant type [35]. This last report is in line with our
findings considering that BBI-EI derives from a post-
translational modification of BBI-DII [8]. BBI-CII seems
to be the least abundant BBI type in soybean seeds [17].

In summary, the soybean genome presents 11 loci that
potentially encode BBI. Among them six encode type A,
-CII and -DII inhibitors which are seed-specific. The other
sequences are present in cDNA libraries from tissues that
have been submitted to stress. Their expression has not
been detected under normal cultivation conditions. The
expression profiles of the genes encoding seed BBI follow
a similar pattern along seed development, however, tran-
scripts for BBI-DII are the most abundant followed by
those of BBI-A and BBI-CII.
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