
Abstract Glycinin is the predominant seed storage pro-
tein in most soybean varieties. Previously, five major
genes (designated Gy1 to Gy5) encoding glycinin sub-
units have been described. In this report two new genes
are identified and mapped: a glycinin pseudogene, gy6,
and a functional gene, Gy7. Messenger RNA for the gy6
pseudogene is not detected in developing seeds. While
Gy7 mRNA was present at the midmaturation stage of
seed development in the soybean variety Resnik, the
steady state amount of this message was at least an order
of magnitude less-prevalent than the mRNA encoding
each of the other five glycinin subunits. Even though 
the amino-acid sequence of the glycinin subunit G7 is 
related to the other five soybean 11S subunits, it does not
fit into either the Group-1 (G1, G2, G3) or the Group-2
(G4, G5) glycinin subunit families. The Gy7 gene is 
tandemly linked 3′ to Gy3 on Linkage Group L (chromo-

some 19) of the public molecular linkage map. By con-
trast, the gy6 gene occupies a locus downstream from
Gy2 on Linkage Group N (chromosome 3) in a region
that is related to the position where Gy7 is located on
chromosome 19.

Keywords Soybean · Glycinin · Plant genes · Storage
proteins

Introduction

Glycinin, an 11S globulin, is the predominant seed stor-
age protein in soybean. It accounts for over 50% of the
total seed protein in most varieties. Because glycinin
makes an important contribution to the nutritional quali-
ty of this economically important crop species, it has
been characterized extensively. Glycinin can be extract-
ed from seeds as a hexamer of about 350,000 Da using
dilute salt solutions. To-date, five glycinin genes have
been described, and they encode each of the subunits
known to comprise this protein. The five genes can be
arranged into two families based on the extent of identity
they exhibit to one another (Nielsen et al. 1997). Glyci-
nin genes Gy1, Gy2 and Gy3 form one group (Group-1),
while the second consists of Gy4 and Gy5 (Group-2). Al-
though subunits derived from both groups of genes con-
tain suboptimal amounts of the nutritionally important
sulfur-containing amino acids methionine and cysteine,
Gy4 and Gy5 encode proteins that contain substantially
fewer sulfur amino acids than those derived from the
other three genes.

There have been previous efforts to describe the ge-
netic inheritance and genomic organization of glycinin
genes. The three Group-1 genes are organized into 
two chromosomal domains, each about 45 kb in length
(Nielsen et al. 1989). Gy1 and Gy2 are located in a direct
repeat in one domain, and are separated by about 3 kb.
Gy3 is located at a position in the second domain that
corresponds to that of Gy1 and Gy2. The two domains
each contain at least five pairs of functionally homolo-
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gous genes that are expressed in either embryos or leaves
of the mature plant (Nielsen et al. 1989). By making use
of appropriate DNA polymorphisms, Cho et al. (1989)
demonstrated that the two chromosomal domains segre-
gated independently, both from one another and from ge-
netic loci containing either Gy4 or Gy5. However, on the
basis of a mutant identified by Kaizuma et al. (1990), it
has also been suggested that Gy1/2 and Gy3 might be 
genetically linked (Kitamura 1993).

The mapping of the glycinin genes should clarify
their linkage relationships and provide additional infor-
mation about glycinin gene organization and evolution.
In this regard, the results reported by Cho et al. (1989)
were confirmed in part by genetic-mapping experiments
in which Gy4 and Gy5 were mapped to Linkage Groups
O and F, respectively (Diers et al. 1993; Chen and 
Shoemaker 1998). The objective of the experiments de-
scribed in this report was to genetically map the three
Group-1 glycinin genes. The results demonstrated that
Gy3 is found on Linkage Group L. However, a probe for
Gy1 and Gy2 mapped to two independently segregating
genetic loci. One locus was tightly linked to Gy3 on
Linkage Group L and the other was located on Linkage
Group N. To characterize these loci, the nucleotide se-
quences for the chromosomal regions downstream from
the Gy3 gene on Linkage Group L, and downstream
from the Gy1 and Gy2 genes on Linkage Group N, were
determined. These sequences revealed that there were
remnants of a glycinin gene, gy6, downstream from Gy2
on Linkage Group N, and another functional glycinin
gene, Gy7, at an equivalent position in Linkage Group L.
These data provide new insights about the complexity of
the family of 11S genes that encode soybean glycinin
and the changes that have occurred in this family during
its evolution.

Materials and methods

Mapping of glycinin genes

Three populations derived from interspecific and intraspecific
crosses were used to construct genetic maps with the glycinin
genes. Crossing a Glycine max breeding line (A81-356022) and a
wild Glycine soja accession (PI468916) generated one F2 popula-
tion, which consisted of 60 individuals. This population has been
used to develop the public USDA-ARS/ISU molecular linkage
map (Shoemaker et al. 1996). The second F2 population, which
consisted of 94 lines, was derived from a cross between a shriv-
eled seed mutant, T311, and the cultivar Keburi. Keburi contains 
a null allele of Cgy1 (Kitamura et al. 1984). The third F2 popula-
tion contained 92 lines, and was developed from the cross of T311
and the cultivar Raiden. Raiden contains a null allele of Gy4
(Kitamura et al. 1984).

Genomic DNA isolation, restriction-enzyme digestion, electro-
phoresis, blotting, probe preparation and labeling, hybridization
and membrane washing were conducted as described by Keim et
al. (1989), except for the washing conditions for the Gy3-specific
probe (‘gy3’). For ‘gy3’, membranes were washed in 2 × SSC,
0.5% SDS for 25 min, then 1 × SSC, 0.5% SDS for 25 min, and fi-
nally 0.5 × SSC, 0.1% SDS for 20 min at 60 °C. Simple sequence
repeat (SSR) markers were processed as described by Akkaya et
al. (1995).

The public soybean molecular map derived from a cross be-
tween G. max and G. soja contains 810 markers and 25 linkage
groups, and spans about 2,500 cM (Shoemaker et al. 1996). 
For the crosses between T311 and Keburi, and between T311 and
Raiden, 248 markers covering all linkage groups at intervals of
less than 20 cM were screened with five restriction enzymes
(HindIII, EcoRI, EcoRV, DraI and TaqI). Ninety and 87 polymor-
phic markers were mapped in the T311 × Keburi and T311 ×
Raiden populations, respectively (Chen and Shoemaker 1998).
The Mapmaker program (Lander et al. 1987) was used to con-
struct the linkage map. A LOD score of 3.0 was used as the lower
limit for accepting linkage between two markers. The distances in
cM between markers were calculated by the Haldane function.

Sequence determination of G* (gy6) and G*′ (Gy7)

DNA sequence analysis was carried out with an ALFexpress appa-
ratus (Pharmacia) using an Amersham sequencing kit (Cat. no.
RPN2538). Plasmid pG30H6.4 was used to obtain the sequence
for gy6. This plasmid contains a HindIII–HindIII genomic DNA
fragment of about 6.4 kb in length that includes the 3′ part of the
Gy2 gene on the 5′ end of the clone. The 3′ end of this plasmid
downstream from Gy2 contains about 1.5 kb of the gy6 pseudo-
gene. The 3′-end of plasmid pG6R3.2 (Nielsen et al. 1989) was
used to sequence the chromosomal region downstream from the
Gy3 gene. Plasmid pG6R3.2 contains a 3.2-kb EcoRI–EcoRI ge-
nomic DNA fragment that had a 5′ portion of the Gy7 gene. An
oligo walking procedure was used to sequence the intergenic DNA
3′ from Gy3. When this analysis revealed that Gy7 contained the
5′-end of a potential glycinin gene, the entire gene was obtained
using a Promoter Finder Genomic Library (Clontech). The library
was used for the polymerase chain reaction (PCR) with Gy7 gene-
specific and AP (adaptor–primer) oligonucleotides to obtain the
3′-part of the Gy7 gene according to the manufacturer’s instruc-
tions (user manual PT3042-1, Clontech). A full-length cDNA
clone of Gy7 was amplified from a Marathon (Clontech) cDNA 
library prepared from midmaturation Resnik soybeans. All am-
plified PCR DNA fragments were initially cloned into pCRII 
(Invitrogen).

Results

The Group-1 glycinin genes map 
to Linkage Groups L and N

DNA probes were generated to distinguish between the
three Group-1 glycinin genes. This objective was com-
plicated by the high degree of nucleotide sequence iden-
tity that exists among Gy1, Gy2 and Gy3 (Cho and 
Nielsen 1989; Nielsen et al. 1989; Sims and Goldberg
1989). As summarized in Fig. 1, a comparison of these
nucleotide sequences revealed that Gy3 regions
81–631 bp, 1,207–1,843 bp and 2,779–3,474 bp (Cho et
al. 1989; Cho and Nielsen 1989) had 92, 85 and 86%
identity, respectively, to the corresponding regions in
Gy1 (Sims and Goldberg 1989). Other regions had 
40 to 45% identities. Gy3 regions 187–631 bp and
2,766–3,326 bp were 90 and 94% identical to Gy2, re-
spectively, although there were also other regions with
less than 45% sequence identity. Based on these compar-
isons, the Gy3 region between 2,417–2,695 bp, which
was 41% identical to the corresponding regions in Gy1
and Gy2, was amplified by PCR. This probe was desig-
nated ‘gy3’, because under highly stringent washing con-
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ditions it hybridized specifically to Gy3, but not to Gy1
and Gy2 (data not shown). The Gy3 region between
2,537–2,990 bp, which had 94 and 93% identity to Gy1
and Gy2, was also amplified. Because this DNA probe
recognized Gy1, Gy2 and Gy3 equally well (data not
shown), it was designated ‘gy123’. By comparing hy-
bridization results obtained using the ‘gy123’ probe with
those obtained with the ‘gy3’ probe, it was possible to
determine which fragments corresponded to Gy3 and
which ones corresponded to Gy1 plus Gy2 (Gy1/2). 

An F2 population was generated by crossing a G. max
breeding line (A81-356022) with a wild G. soja acces-
sion (PI 468916), and progeny from this cross were used
to develop the public USDA-ARS/ISU molecular link-

age map (Shoemaker et al. 1996). To identify polymor-
phisms within this interspecific population, genomic
DNAs from the two parents were digested with 14 re-
striction enzymes, blotted, and then hybridized sequen-
tially using probes ‘gy123’ and ‘gy3’. Figure 2 illustrates
the DNA polymorphisms among G. max and G. soja that
were identified using the restriction enzymes AccI, BclI,
EcoRI and SspI. These polymorphisms represented the
Gy3 gene, and were designated as markers Gy3_Acc,
Gy3_Bcl, Gy3_EcoRI and Gy3_Ssp, respectively. By
elimination, the polymorphic fragments produced by the
restriction enzymes DraI and EcoRV, corresponded to
Gy1 plus Gy2-related genes, and were called markers
Gy1/2_Dra and Gy1/2_EcoRV, respectively. 

Figure 3 shows polymorphic fragments identified in
F2 populations from crosses between cultivars or variet-
ies of G. max. One of these populations was derived
from an intraspecific cross between T311 and Keburi,
while the other derived from a cross between T311 and
Raiden. Polymorphic fragments between T311 and
Keburi were produced by the restriction enzymes
HindIII, EcoRV and DraI, and were due to Gy3 sequenc-
es. These were designated Gy3_Hind, Gy3_EcoRV and
Gy3_Dra, respectively. The polymorphic fragment be-
tween T311 and Keburi with the enzyme TaqI identified
Gy1/2, and was called Gy1/2_Taq. The polymorphic
fragments between T311 and Raiden with EcoRV was
also a marker for Gy1 plus Gy2, and was designated
Gy1/2_EcoRV. 

The Group-1 genes were mapped initially using a seg-
regating population derived from the interspecific cross
described earlier in this communication. As indicated in
Fig. 4A, each of the four Gy3 markers, Gy3_Acc,
Gy3_Bcl, Gy3_EcoRI and Gy3_Ssp, mapped to the same

Fig. 1 Identity analysis of Gy3 to Gy1 and Gy2. The long central
bold line in the figure designates the Gy3 coding region. The open
boxes above the central bold line identify highly related regions
between Gy3 and Gy1. The regions 81–631 bp, 1,207–1,843 bp
and 2,779–3,474 bp have 92, 85 and 86% identity, respectively
(Cho and Nielsen 1989; Nielsen et al. 1989; Sims and Goldberg
1989). The shaded boxes below the central bold line indicate 
highly homologous regions between Gy3 and Gy2. The regions
187–631 bp and 2,766–3,326 bp have 90 and 94% identity, respec-
tively. The ‘gy123’ probe was amplified by PCR from the Gy3
2,417–2,695-bp region that has 41% identity to Gy1 and Gy2 (Cho
and Nielsen 1989; Nielsen et al. 1989; Sims and Goldberg 1989).
The ‘gy123’ probe was amplified from the Gy3 2,537–2,990-bp
region, and has 94 and 93% identity to Gy1 and Gy2 at their 3′
ends, respectively (Cho and Nielsen 1989; Nielsen et al. 1989;
Sims and Goldberg 1989)

Fig. 2A, B Blot of G. max and
G. soja genomic DNA. The
same membrane was hybridized
sequentially with the ‘gy123’
(A) and ‘gy3’ (B) probes. The
restriction enzymes used are in-
dicated at the top of Panel A.
For each enzyme, the first lane
was G. max and the second 
G. soja. The arrows in Panel A
identify the Gy3 fragments that
correspond to the fragments on
Panel B
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position on Linkage Group L. This locus was tightly
linked to markers A_132_2T and A_461T, with LOD
values of 8.7 and 10.1, respectively. The Gy1 plus Gy2
marker, Gy1/2_Dra, co-segregated with the four Gy3
markers on Linkage Group L. By contrast, as indicated
in Fig. 4B, the Gy1 plus Gy2 marker, Gy1/2_EcoRV,
mapped to Linkage Group N. It was tightly linked to
markers BLT_015 and A_808V with LOD values of 11.4
and 11.5, respectively. Thus, DNA from both linkage
groups hybridized with the ‘gy123’ probe. 

These map positions were confirmed using segregat-
ing populations from the T311 × Keburi and T311 ×

Raiden crosses. As indicated in Fig. 4C, the three Gy3
markers, Gy3_Hind, Gy3_EcoRV and Gy3_Dra, all
mapped to Linkage Group L in the T311 × Keburi popu-
lation. They were linked to RFLP markers A_489D,
R_210V, and to the SSR marker SATT6, with LOD val-
ues of 6.0, 4.0 and 4.1, respectively. Therefore, the map
position of Gy3 identified using the T311 × Keburi popu-
lation coincided with the one mapped using segregants
from the G. max × G. soja cross (i.e., compare Fig. 4A
and C). Gy1/2_Taq, a Gy1/2 marker used for the T311 ×
Keburi population, cosegregated with Gy3, and mapped
to Linkage Group L (Fig. 4C). Gy1/2_EcoRI, the other

Fig. 3A, B DNA blot of T311,
Keburi and Raiden. The same
membrane was sequentially hy-
bridized with the ‘gy123’ (A)
and ‘gy3’ (B) probes. The five
restriction enzymes used are 
indicated at the top of Panel A.
For each enzyme, the order of
lanes was T311, Raiden and
Keburi. The arrows in Panel A
identify Gy3 fragments that
correspond to the fragments on
Panel B

Fig. 4A–E Linkage maps of
Gy1/Gy2 and Gy3. The dis-
tances in centiMorgan (cM)
were computed using the Map-
maker program (Lander et al.
1987). Panels A and B were
constructed for the G. max ×
G. soja population. Panels C
and D were developed for the
T311 × Keburi population. E is
for the T311 × Raiden popula-
tion. DNA sequence analysis
revealed that Gy1/2_Dra and
Gy1/2_Taq were due to Gy7,
while markers Gy1/2_EcoRV
and Gy1/2_EcoRI were due to
gy6. LG refers to linkage group
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Gy1/2 polymorphism marker used for T311 × Keburi
population, was tightly linked to A_808V and K_494I on
Linkage Group N with LOD values of 8.2 and 3.0 re-
spectively (Fig. 4D). Similarly, in the T311 × Raiden
population, Gy1/2_EcoRV was linked to A_808V and
K_494I on Linkage Group N with LOD values of 16.0
and 3.2, respectively (Fig. 4E).

In summary, these data identify two regions on the
molecular linkage map for the soybean genome, one on
Linkage Group L and the other on N. The map position
of Gy3 on Linkage Group L was confirmed with seven
markers in two independent soybean populations. A
Gy1/2 region on Linkage Group L was confirmed with
two markers in two populations, and the position of the
Gy1/2 region on Linkage Group N was confirmed with
three markers in three populations. Although the map
distances between Gy1/2 and the flanking markers on
Linkage Group L and between Gy3 and flanking markers
on Linkage Group N varied slightly, the order of the
genes with the flanking markers was invariant among all
three segregating soybean populations.

Why do two chromosomal regions hybridize 
with the ‘gy123’ probe?

In a previous report (Nielsen et al. 1989), the three
Group-1 glycinin genes were found to be located in two
related chromosomal domains that each encompass about
45 kb of DNA. The basic features of the molecular map
describing this organization are presented in Fig. 5. Gy1
and Gy2 are arranged in a direct tandem repeat, and are
flanked by several leaf genes. Gy3 occupies a position
analogous to Gy1 and Gy2 in the second chromosomal
domain. Immediately 3′ from both Gy2 and Gy3, DNA
regions were identified that hybridized with glycinin-spe-
cific probes and appeared to produce mRNA of an appro-
priate size to encode a glycinin subunit. The two regions
were designated G* and G*′ in the original report 
(Nielsen et al. 1989). Because DNA within G* and G*′
could potentially hybridize with the ‘gy123’ probe, and
thereby account for the results from the genetic studies
described earlier in this paper (Fig. 4), the DNA se-
quences 3′ from both Gy2 and Gy3 were determined. 

Fig. 5 Molecular maps of two related chromosomal domains that
contain glycinin genes. The domain that contains Gy1 and Gy2 is
on Linkage Group N (Shoemaker et al. 1996) of the public molec-
ular-linkage map. The glycinin genes are flanked on each side by
genes expressed in leaves (LF). A pseudogene, designated gy6, is
tandemly linked to Gy2, and begins with a putative start codon
that is located 2,271-bp 3′ from the TAG stop codon of Gy2.
About 1.5 kb of DNA following the putative start codon was se-
quenced. The predicted translation product from this gene termi-
nates after 52 codons (solid black part of coding region). While an
open reading frame was identified further into the sequence
(cross-hatched region of insert), it was not homologous with other
glycinin sequences. Multiple stop codons were encountered down-
stream from the large ORF. gy6 occupies the position previously
identified as G* (Nielsen et al. 1989). The second chromosomal
domain contains Gy3 and is on Linkage Group L of the public 
molecular linkage map. A new functional glycinin gene, denoted
Gy7, is tandemly linked to Gy3. Its putative start codon is 
1,370-bp 3′ from the TAG stop codon of Gy3. The four exons in
Gy7 are found in the same relative positions in the new glycinin
gene as the equivalent structures of the other glycinin genes (indi-
cated by solid black lines). Gy7 occupies a region previously re-
ferred to as G*′ (Nielsen et al. 1989). White arrows denote DNA
sequences used as oligonucleotide primers to amplify Gy7 cDNA
by PCR. Vertical arrows indicate EcoRI cleavage sites, and num-
bers between these arrows identify the size of the fragment that is
generated. The scale at the bottom of figure indicates distance in
kb. Open boxes are introns and closed boxes exons. Expanded in-
serts below chromosomal fragments summarize structures of the
gy6 pseudogene and Gy7 functional gene, respectively, between
ATG start and chain-termination codons. Numbers below inserts
refer to nucleotides, where numbering starts with the ATG start-
codon. Asterisks signify chain-termination codons embedded in
the nucleotide sequences
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gy6 encodes a glycinin pseudogene, 
but Gy7 encodes a new glycinin subunit

To understand the relationship between G* and G*′ and
the ‘gy123’ probe, the nucleotide sequences of the chro-
mosomal regions 3′ from Gy2 and Gy3 were both deter-
mined. In the case of the G* nucleotide sequence, nearly
4 kb of DNA after the chain termination codon of Gy2
was analyzed. While the entire sequence can be accessed
in GenBank (AF319775), the essential features of this
sequence are outlined in Fig. 5. A putative start codon
was found 2,271 bp after the TAG stop codon of Gy2. It
was followed by 52 codons that encoded a protein 
homologous to other glycinin subunits, and then a stop
codon was encountered. The first exons from other gly-
cinin genes encode more than 90 amino acids, so it ap-
peared that the first exon in G* was truncated. As indi-
cated by the hatched box in Fig. 5, another open reading
frame was located in the sequence of G* that followed.
However, the protein sequence predicted from this open
reading frame did not have appreciable homology with
any of the glycinin subunits. Following this extended
open reading frame, multiple stop codons occurred. At-
tempts to generate an amplification product by PCR us-
ing a cDNA library prepared from Resnik seeds at mid-
maturation were unsuccessful (data not shown). Based
on these data, we concluded that G* harbors the rem-
nants of a glycinin gene that is apparently unable to pro-
duce a message that can be amplified by PCR. To facili-
tate discussion, we designated the G* pseudogene as
gy6.

To characterize the G*′ chromosomal region that was
3′ from glycinin Gy3, approximately 4 kb of nucleotide
sequence was determined. The important features of 
this sequence are summarized in Fig. 5, and the entire
sequence has been deposited in a public database 
(GenBank AF319776). The nucleotide-sequence data
permitted identification of a functional glycinin gene that
has not previously been described. The ATG start codon
of the new gene, designated as Gy7, was located
1,370 bp downstream from the TAG stop codon of Gy3.
Part of the Gy7 nucleotide sequence had 88% identity
with the ‘gy123’ probe. This observation accounts for
the apparent anomaly in the genetic linkage data de-
scribed earlier in this paper in which the Gy1/2 probe
was mapped to both Linkage Groups L and N (Fig. 4).

Thus, genetic markers Gy1/2_Dra and Gy1/2_Taq corre-
sponded to Gy7 on Linkage Group L, while the rest of
the markers identified by the gy1/2 probe are associated
with the glycinin genes on Linkage Group N (Fig. 4).

Examination of Gy7 revealed that the positions of the
three introns and four exons in this new gene were simi-
lar to those found in the other glycinin genes (Nielsen et
al. 1989). The size of the preproprotein encoded by the
gene was predicted to be 57,677 daltons, and had a cal-
culated isoelectric point of 6.37 (Table 1). After co- and
post-translational processing, the preproprotein encoded
by the new glycinin gene would yield an acidic chain of
about 37 kDa and a basic chain of about 20 kDa. The
NH2-terminal amino acid of the basic chain was valine
rather than glycine. 

To confirm that Gy7 was expressed, PCR was per-
formed using a Marathon cDNA library prepared using
mRNA isolated from seeds at the midmaturation stage of
development. The positions of the DNA primers used for
this amplification are identified in Fig. 5. As shown in
Fig. 6A, three amplification products were obtained. 
After it was cloned, the nucleotide sequence of the larg-
est and most-prevalent amplification product was deter-

Table 1 Characteristics of glycinin subunits

Glycinin Database Calculated Calculated Acidic polypeptide Basic polypeptide Number Number 
subunit accession molecular isoelectric of Met per of Cys per 

number weight point (IEP) Molecular IEP Molecular IEP subunit subunit
weight weight

G1 CAA33215 53,624 5.78 33,161 5.37 20,481 7.99 6 8
G2 CAA33216 52,445 5.37 32,136 5.03 20,327 7.97 7 8
G3 AAB23211 52,311 5.22 31,718 5.09 20,611 5.69 5 8
G4 AAB23212 61,294 5.33 40,687 4.72 20,626 9.90 2 6
G5 FWSYG3 55,424 5.53 36,392 4.97 19,050 9.51 4 6
G7 AF319777 57,677 6.37 37,335 5.90 20,359 9.41 6 11

Fig. 6A, B PCR amplification products from glycinin cDNAs.
Panel A: M DNA size marker, P PCR using Marathon cDNA as a
template and Gy7 specific oligonucleotides (5′-caccatgtttaaccattct-
gcgctccat and 5′-ttacatggtgacaatgaggggatttggag). Panel B: M DNA
size marker, 1–6 Products from PCR carried out using soybean
cDNA from developing seeds as a template and oligonucleotide
pairs that specifically amplify each glycinin cDNA (see Materials
and methods for details). Lanes 1 to 5 Gy1 to Gy5 cDNAs, respec-
tively. Lane 6 Gy7 cDNA
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mined and shown to correspond to a full-length tran-
script derived from Gy7 (GenBank AF319777). A sec-
ond product, which accounted for an estimated 30% of
the total amplified DNA, yielded a nucleotide sequence
in which DNA encoding the third exon was absent. This
result implied that an appreciable portion of mRNA from
Gy7 was misspliced. The third minor PCR product pro-
duced a nucleotide sequence of unknown origin, that was
unrelated to Gy7 (data not shown). Together these data
demonstrate that Gy7 is indeed expressed. 

We addressed the question about the prevalence of
Gy7 mRNA at the midmaturation stage of seed develop-
ment. For this purpose, PCR was performed using Mara-
thon cDNAs prepared from the soybean variety Resnik
and primers specific for each of the glycinin genes. Re-
sults from these experiments are shown in Fig. 6B. The
results revealed that Gy7 transcripts were present in
amounts that were several orders of magnitude lower
than that of transcripts for the other five glycinin genes.
Thus, while Gy7 mRNA is accumulated, it accounts for a
small proportion of the total glycinin messages at seed
midmaturation, at least in the case of the soybean variety
Resnik. This conclusion is consistent with results of ex-
periments designed to detect the G7 protein. When mix-
tures of either the acidic or basic chains from glycinin
were purified (Staswick et al. 1984), and the mixtures
analyzed by Edman degradation, an amino-acid se-
quence due to G7 could not be distinguished from the
other glycinin sequences in the mixtures. Thus, if pres-
ent, the G7 protein must account for less than 5% of the
total protein in the samples analyzed.

Discussion

Gy1 and Gy2 segregate independently from Gy3

The primary goal of this research was to locate the glyci-
nin genes in the soybean genetic linkage map. When
these experiments were initiated, five glycinin genes had
been identified (Nielsen et al. 1989). As a result of the
experiments reported here, another functional glycinin
gene, Gy7, and a pseudogene, gy6, were discovered. 
Prior to the start of these experiments, two of the genes,
Gy4 and Gy5, had already been assigned to Linkage
Groups O and F, respectively (Diers et al. 1993; Chen
and Shoemaker 1998). Linkage Group F is on chromo-
some 13 (Cregan et al. 2001), while Linkage Group O
has not yet been assigned to a chromosome. Based on
the present experiments, the remaining five glycinin
genes can be assigned to genetic loci. Gy1, Gy2 and gy6,

which are tandemly linked one after another respectively,
are on Linkage Group N, while Gy3 and Gy7 are found
linked to one another on Linkage Group L. The identifi-
cation of two linkage groups that contain Gy1 plus Gy2
and Gy3 confirm studies by Cho et al. (1989), who dem-
onstrated that RFLPs associated with these genes under-
went independent genetic segregation.

Kitamura (1993) reached the opposite conclusion;
that these three Group-1 glycinin genes were linked. His
conclusion was based on genetic characteristics of a 
mutant soybean line induced by γ-ray irradiation. The
mutant line lacked each of the Group-1 subunits as deter-
mined by SDS-PAGE, and this trait segregated genetical-
ly as if controlled by a single recessive allele (Kaizuma
et al. 1990). Thus, the data supporting the conclusion
that the Group-1 glycinin genes are linked relies on the
accumulation of a gene product rather than on identifica-
tion of the glycinin genes themselves. The RFLPs asso-
ciated with Linkage Group L reside on chromosome 19
(Garner et al. 2001), while those on Linkage Group N
are on chromosome 3 (Lee et al. 2000). Because the
RFLPs marking glycinin genes Gy1, Gy2, Gy3, gy6 and
Gy7 are distributed among two different chromosomes,
they cannot all be linked genetically. A more-likely pos-
sibility to explain the results of Kaizuma et al. (1990) is
that the γ-irradiation-induced mutation uncovered a
trans-acting modifier gene. Modifier genes that modulate
seed-storage protein accumulation have been described
previously (Lopes et al. 1995).

Gy7 is poorly expressed

Our data reveal that the steady state amount of mRNA
encoding Gy7 at seed midmaturation is an order of mag-
nitude less than the mRNAs encoding the five other gly-
cinin subunits (Fig. 6B), at least in the soybean variety
Resnik. Purified acidic chains of glycinin subunits from
Resnik are unavailable, but we were unable to detect
protein due to this subunit in preparations of acidic sub-
units purified from the breeding line CX635-1-1-1. If G7
was present among purified glycinin acidic polypeptides
in the preparations from CX635-1-1-1 that were ana-
lyzed, it must have accounted for less than 5% of the to-
tal protein. As indicated in Fig. 7, a potential explanation
for this observation was discovered when the legumin
box in the Gy7 nucleotide sequence was compared with
the equivalent regions in the promoters from the other
11S storage protein genes. This region has an important
regulatory function during the expression of seed-storage
protein genes (Bäumlein et al. 1986; Dickinson et al.

Fig. 7 Alignment of legumin
boxes in the promoter regions
of the seven glycinin genes
from soybean. The conserved
nucleotides are highlighted.
Those from gy6 and Gy7 are
the most divergent



1988). It is evident that the two central highly conserved
regions of the legumin box are aberrant in both gy6 and
Gy7 (Fig. 7). Whereas these legumin box regions are
highly mutated in gy6, those in Gy7 are less disturbed
(Fig. 7). Most changes in the legumin box lead to a se-
vere down-regulation in gene expression and the accu-
mulation of glycinin gene products in seeds of transgenic
plants (Bäumlein et al. 1992; Lelievre et al. 1992). Per-
haps lines can be identified within the extensive soybean
germplasm in which Gy7 is more highly expressed than
in Resnik. 

Gy7 encodes a new type of glycinin subunit

Glycinins are members of the ancient cupin superfamily
of proteins (Dunwell et al. 2000). The term cupin refers
to a β-barrel structural motif found in proteins from or-
ganisms that range evolutionarily from primitive pro-
karyotes to eukaryotes. Both single-domain cupins and
two-domain bicupins exist, the latter presumably arising
as a result of gene duplication. The 11S and 7S storage
proteins, together with the sucrose binding protein, are
examples of bicupins found in seeds of higher plants,
while germins and germin-like proteins contain single
cupin motifs. Shutov and Bäumlein (1999) have present-
ed detailed analysis of the evolutionary relationships
among these proteins.

Structural properties of the six known glycinin sub-
units are compared in Table 1. G7 is the second largest of
the glycinin subunits that have been identified. It is
slightly larger than G5, but smaller than G4, and is 3 to
5 kDa larger than the Group-1 subunits. As with the two
Group-2 subunits, the increased size of G7 compared to
the three Group-1 subunits is due to a larger acidic chain.
The increase in size is due to a large insertion toward its
COOH-terminal just prior to the conserved post-transla-
tional processing site (NV in G7). This region is highly
variable among all 11S subunits. That the conserved post-
translational cleavage site is NV rather than NG has
precedent. Aberrant cleavage sites have been described
previously in subunits from pea (March et al. 1988), 
gingko (Arahira and Fukazawa 1994) and pine (Allona et
al. 1992). Deviations from the NG cleavage site usually
present among the 11S subunits in angiosperms are wide-
spread in the Taxodiaceae, Cupressaceae and Taxaceae
(Häger and Fischer 1999). The asparaginyl endopeptidase
that carries out post-translational modification has an ab-
solute requirement for asparagine on the N-terminal side
of the peptide bond that is cleaved, but is far-less discrim-
inating in its choice of amino acids on the C-terminal side
(Jung et al. 1998).

Figure 8 presents a distance-matrix diagram of the
glycinin subunits that was generated using the method of
Kimura (1983). Genetic distances between glycinin sub-
units are presented as the number of nucleotide substitu-
tions per 100 codons that would be required to convert
one protein subunit to the other. The data indicate that
G1, G2 and G3 comprise one family, G4 and G5 a sec-
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ond, and G7 a third (i.e., Group-3). Whereas G4 and G5
are nearly 90% identical with one another when the hy-
pervariable region is excluded from the comparison, and
less than 50% identical with the three Group-1 subunits,
G7 is only about 45% identical to the Group-2 proglyci-
nin subunits and less than 40% identical with the Group-
1 subunits. This result suggests that Gy7 followed a dif-
ferent evolutionary pathway than either the Group-I
(Gy1, Gy2, Gy3) or Group-II (Gy4, Gy5) glycinin genes.

The organization of glycinin genes in the soybean ge-
nome reflects the complex evolutionary history of this
species. Whereas Gy4 and Gy5 are each found as single
genes, probably on different chromosomes, the other five
glycinin genes are found in two large related regions on
chromosomes 3 and 19. These regions are either ho-
moeologous as a result of an ancient tetraploidization
event (i.e., bringing chromosomes 3 and 19 into the same
nucleus) or result from a large segmental duplication.
The extent of relatedness between these two chromo-
somes can be viewed at SoyBase in Linkage Groups L
and N (http://129.186.26.94).

It seems likely that the evolution of the three main
groups of glycinin genes predates the appearance of 
soybean as a species. Indeed, as discussed elsewhere
(Nielsen et al. 1997), distinct groups of genes that corre-
spond to the Group-1 and -2 genes are evident in other
legumes. The origin of the relatedness among the various
Group-1 and -3 genes remains an open question and
could predate the origin of soybean as a species. It could
also reflect either global or segmental duplication as part
of the presumed tetraploidization event that occurred
during soybean evolution (Shoemaker et al. 1996).
Events that involved unequal crossing-over could also
have played a role during the evolution of the related re-
gions that contain glycinin genes. This phenomenon
could be responsible for the mutations accumulated in
gy6 and Gy7 noted in this study. It might also have re-
sulted in the appearance of Gy1 and Gy2 in tandem link-
age, although gene duplication is another possibility. 

Fig. 8 Phylogenic tree of glycinin subunits. Pairwise distances
shown at the bottom of the figure are the calculated number of 
nucleotide substitutions per 100 codons
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Answers to these questions should eventually result from
studies that compare the organization of soybean chro-
mosomes with those from other legumes.
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