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Abstract

Glycinin is a predominant storage protein in most soybean accessions. It is a hexamer constituted by five major subunits, which can be
classified into two groups. Group I contains G1, G2 and G3, and Group II contains G4 and G5. The genes encoding these subunits have
been designated from Gyl to Gy5, respectively. In the present study, Gyl genomic fragments were cloned from wild accessions of sub-
genera Glycine glycine, Glycine soja and a cultivar of Glycine max. Their sequences and the deduced amino acid sequences were com-
pared. The residues critical for assembling of G1 subunits from the wild perennial accession were conservative. The Gy4 fragments
were cloned from two wild perennial accessions and compared with that from subgenus Soja. The intron 3 of Gy4 had abundant vari-
ations between the subgenera G. soja and G. glycine as well as within the subgenus G. glycine. Abundant variations existed in the dis-
ordered regions 3 and 4 of G4 subunits from two wild perennial accessions. The genomic organization of glycinin genes was
analyzed in 19 accessions from subgenera Soja and Glycine. The hybridization patterns were identical among the accessions of subgenus
Soja. On the contrary, abundant polymorphisms existed between the accessions from subgenus Glycine. These results indicated that gly-
cinin genes have high degree of conservation within subgenus Soja but more variations within subgenus Glycine.
© 2007 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in

China Press. All rights reserved.
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1. Introduction

Glycinin, an 11S globulin, is one of the predominant
storage proteins in soybean. In developing seeds, the con-
stituent subunits of 11S globulin are synthesized as a single
polypeptide precursor, preproglycinin, the signal sequence
of which is removed cotranslationally in the endoplasmic
reticulum [1,2]. The resultant proglycinins are assembled
into trimers and then transported from the endoplasmic
reticulum through the Golgi apparatus to protein storage
vacuoles (PSVs), where they are cleaved to form acidic
and basic polypeptides that are linked by a disulfide bond
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[3]. The site of the cleavage is between an asparagine and
glycine residue, and has been highly conserved during the
evolution of the 11S globulins [4]. It has been demonstrated
that the cleavage is a trigger for the formation of the hexa-
mers [4]. The glycinin extracted from cultivated soybean
seed has a hexametric structure with a molecular mass of
300-380 kDa. Five major subunits of glycinin have been
identified and classified into two groups [5,6]. Group I con-
tains G1 (AlaBlb), G2 (A2Bla) and G3 (A1bB2), and
Group II contains G4 (A5A4B3) and G5 (A3B4). Each
subunit is composed of an acidic polypeptide with a molec-
ular mass of about 32 kDa and a basic polypeptide with a
molecular mass of about 20 kDa. The genes encoding these
subunits are named as Gyl-GyS5, respectively. The
sequence identity is about 80% in each group and about
45% between groups [5,6].
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Five variable regions have been proposed based on the
sequence alignment among various 11S globulins [7,8].
And five of the six disordered regions correspond roughly
to the five variable regions [9]. The crystal structure of a
homohexamer of the glycinin G5 subunit has also been
determined [10]. The sorting determinants of glycinin,
which mediates protein targeting to the protein storage
vacuole (PSV), have been investigated in maturing soybean
cotyledons by transient expression assays [11]. A C-termi-
nal stretch of 10 amino acids (C-terminal vacuolar sorting
determinant, ctVSD), the sequence [ICTMRL] down-
stream of disordered region 4 and Ile-297 of G1, has been
demonstrated to be critical for sorting [11].

Genus Glycine is one of the most important genera in
legume plants. It consists of subgenera Soja and Glycine.
Subgenus Soja includes two species (Glycine soja and Gly-
cine max). Subgenus Glycine includes about 16 wild peren-
nial species. Among them, Glycine tomentella is a large
group including diploids (2n = 38 and 40) and tetraploids
(2n =78 and 80). Glycine tabacina is also a group of both
diploids (2n = 40) and tetraploids (2n = 80). Previous stud-
ies of DNA sequence variations at the histone H3-D and
alleles at two isozyme loci [12,13], chloroplast DNA poly-
morphism [14] and nrDNA internal transcribed spacer
ITS loci [15] have provided evidence for multiple origins
of the polyploid races.

Weng et al. have cloned Gy5 cDNA from wild annual
soybean G. soja and compared with that from G. max
[16,17]. The comparison revealed 98% similarity at the
nucleotide level and 97% identity at the amino acid
sequences between them. This indicated that glycinin, as a
soybean seed-storage protein, is highly conservative
between G. max and G. soja [17]. Fukuda et al. have found
two and five lines containing small A3 and large A4 polypep-
tides of glycinin, respectively, from 390 lines of wild annual
soybeans (G. soja) [18]. Mahmoud et al. have investigated
the degree of divergence in the DNA sequence of the genes
encoding glycinin in the ancestral and modern cultivars
released during the past 60 years by Southern blotting and
the polymerase chain reaction. The banding patterns were
remarkably similar among the ancestral cultivars and those
derived from them, suggesting a high degree of conservation
of seed-storage protein genes in cultivars [19]. Staswick et al.
have conducted a germplasm survey to identify storage pro-
tein variants by using SDS-PAGE to compare the electro-
phoretic mobility of storage proteins among 120 lines of
G. soja but found no obvious variants. They further ana-
lyzed 118 seed-storage proteins from four perennials related
to soybean (Glycine canescens, Glycine tomentella, Glycine
tabacina, and Glycine clandestina). The results indicated that
the perennials exhibited variability in their seed proteins at a
level not found among the subgenus G. soja [20].

Although the glycinin subunit genes in subgenus Soja
have well been studied, the genetic diversity of these genes
in subgenus Glycine is less known. In this study, we cloned
and compared the partial genomic sequences of the gly-
cinin subunit genes from the cultivated and wild soybean

species. The corresponding encoded amino acid sequences
were analyzed and the genetic variations of the glycinin
genes among different soybean accessions were further
investigated.

2. Materials and methods
2.1. Plant materials and DNA extraction

Totally 20 soybean accessions were sampled in this
study. The species, collection codes, numbers of chromo-
somes, karyotypes and origins of the accessions are listed
in Table 1. Seeds of the accessions were grown in pots filled
with vermiculite. Two-week-old seedlings were harvested
and stored at —70°C for DNA extraction. Genomic
DNA extraction was performed as described previously
[21]. The genomic DNAs of cultivar Liuyuehuang
(G. max), wild annual accession Y0074 (G. soja), wild
perennial accessions PWO0031 (Glycine latifolia) and
PWO0052 (G. tomentella) were used as templates in the
PCR. The genomic DNAs of all the accessions except the
cultivar Liuyuehuang (G. max) were used in the Southern
blotting.

2.2. Cloning and sequencing of the partial genomic sequences
of the glycinin subunit genes

The partial genomic fragments of Gyl including the
entire exon 3, intron 3 and exon 4 were amplified and
cloned by PCR. Considering the high similarity of the three

Table 1
Soybean accessions used in this study

Species Collection Number of Karyotype Origia
code chromosomes
Subgenus Glycine
G. latifolia PWO0031 40 B1BI Australia
G. tabacina  PD0005 40 B2B2 Australia
PD0021 80 AAB2B2  Australia
PD0042-3 80 ? China
G. tomentella PW0049 38 EE Australia
PWO0052 40 DD Australia
PWO0054 78 DDEE Australia
PW0060 80 AADD China
PWO0063 80 ? Australia
Subgenus Soja
G. soja Y0047 40 China
Y0049 40 China
Y0069 40 China
Y0100 40 China
Y0043 40 China
Y0073 40 China
Y0074 40 China
Y0146 40 China
G. max Kefeng 1 40 China
Nannongl138-2 40 China
Liuyuehung 40 China
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subunits in Group I [5,22,23], we designed the forward pri-
mer from 48 bp downstream of starting site of the exon 3
according to the G. max glycinin gene Gyl (X15121) [24].
The specific forward primer was 5-CAAGAGCAAGG
AGGTCATCA-3" and the reverse primer was 5'-CT
AAGCCACAGCTCTCTTCT-3’. The templates were
genomic DNAs of wild perennial accession PW0031 (G.
latifolia) of the subgenus Glycine, wild annual accession
Y0074 (G. soja) and cultivar Liuyuehuang (G. max),
respectively. PCRs were performed as follows: 35 cycles
at 94 °C for 1 min, 56 °C for 1 min, and 72 °C for 1 min.

The partial genomic fragment of Gy5 including the
entire exon 3, intron 3 and exon 4 was amplified and
cloned. The primers for amplification of the partial Gy5
gene were designed according to G. max glycinin gene
Gy5 (AB003680) [25]. The forward primer was 5'-GT
ATTTTACCTTGCTGGGAA-3’ and reverse primer was
5'-TTATGGGTTGACCACAAGGGC-3'. Because of the
high similarity between Gy4 and Gy5 [5,25,26], the forward
primer was also completely complementary to the first
20 bp of the exon 3 of Gy4 (X52863) [26]. The reverse
primer was partially complementary to the 3’ end of Gy4.
This pair of primers could amplify specific bands from cul-
tivar Liuyuehuang (G. max), the wild perennial accessions
PWO0031 (G. latifolia) and PWO0052 (G. tomentella), respec-
tively, under different PCR conditions. When the cultivar
Liuyuehuang (G. max) genomic DNA used as template,
PCR was performed as follows: 35 cycles at 94 °C for
1 min, 60 °C for 1 min, and 72 °C for 1 min. When the wild
perennial accessions PW0031 (G. latifolia) and PW0052
(G. tomentella) genomic DNAs were used as templates,
PCRs were performed as follows: 35 cycles at 94 °C for
1 min, 54 °C for 1min, and 72 °C for 1 min 30s. The
amplified fragments were purified and cloned into the
pGEM-T easy vector (Promega) and sequenced on the
Capillary Automatic DNA Sequencer ABI 3730 (Applied
Biosystems).

2.3. Sequence analysis

The sequences were analyzed by the program DNA
STAR (Inc. Larsergene). The putative cDNA sequences
encoding the subunits were deduced by comparing the
cloned genomic sequences with the published cDNA
sequences. The accession numbers of the cDNA sequences
of Gyl, Gy4 and Gy5 are E02463, X02626 and AB049440,
respectively.

2.4. Southern blotting

Genomic DNA extraction and Southern blotting were
performed as described previously [21,27]. Ten micrograms
of the genomic DNA was digested completely with Taq]l,
and separated on a 0.8% agarose gel then transferred onto
Hybond N+ nylon membranes. Hybridizations were car-
ried out for 16 h at 65 °C using the **P-dCTP-labeled frag-
ments of Gyl cloned from Liuyuehuang, and the exon 3 of

Gy4 cloned from G. latifolia as probes, respectively. The
exon 3 of Gy4 from G. latifolia was prepared by PCR from
the cloned Gy4 fragment of G. latifolia. The forward primer
was the same as that used to amplify the Group II genes.
The reverse primer was 5-CTTGTAGAGGACAACAT
ATT-3'. The filters were washed with 2x, 1x, and 0.5x
SSC/0.1% SDS for 15min, 10 min, and 2 min at 65 °C,
respectively.

3. Results

3.1. Comparison of the Gyl partial genomic sequences and
their deduced amino acid sequences

The full length of the Gyl gene containing four exons
and three introns is 2388 bp in length [24]. We amplified
the genomic region ranging from 48 bp (nucleotide position
1108) downstream of the starting site of the exon 3 to the
stop codon (nucleotide position 2388) of the Gy! from cul-
tivated accession Liuyuehuang (G. max), wild annual
accession Y0074 (G. soja), and wild perennial accession
PWO0031 (G. latifolia). Three Gyl fragments were 1281 bp,
1281 bp and 1278 bp in length, respectively (Fig. 1). They
all included the corresponding exon 3, intron 3 and exon
4 when compared with the published Gyl sequence of G.
max. The similarities of the present three Gyl sequences
with the published Gyl from G. max were 100%, 99.3%
and 99.8%, respectively. And all of their putative mRNA
splicing sites were consistent with the corresponding ones
of G. max. The corresponding deduced amino acid
sequences were 299 Aa, 299 Aa and 298 Aa in length,
respectively, ranging from position GInl78 to the last
amino acid (Ala476) of the subunit G1 from G. max [24].
The similarities of these amino acid sequences with the
published one from G max were 100%, 99.7% and
98.3%, respectively (Fig. 2). These results indicated that
the Gyl genes and the encoded proteins are conserved
among the compared accessions.

Gyl of wild annual accession Y0074 (G. soja) had one
nucleotide substitution (A to G) in the corresponding
exon 3. This event led to the change from Asp266 in
G. max to Glu266 in G. soja, but did not change the
acidic characteristic of the residue. This change was
located in the hypervariable region IV [6] as well as the
disordered region 4 [9] of the subunit (Fig. 2). The par-
tial genomic fragment of Gyl cloned from G. latifolia
showed more variations both in the exons and in the
intron, compared with those of the G. max and G. soja.
The exon 3 from G. latifolia had a triple nucleotide dele-
tion (GAA) which did not change the ORF of the
sequence. This deletion resulted in an acidic residue
Glu265 deletion in the hypervariable region IV [6] as well
as in the disordered region 4 [9] of the subunit (Fig. 2).
The hypervariable region IV is an acidic residue rich
region which has eight Glu residues and one Asp residue
in G. max [6]. The Glu265 deletion in this region may
not influence the structure and the function of the sub-
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Fig. 1. Comparison of the glycinin Gyl genes from various accessions. The full length of the Gy! gene is from the other cultivar [24]. GyI fragments were
amplified from cultivar Liuyuehuang (G. max), wild annual soybean Y0074 (G. soja) and wild perennial PWO0031 (G. latifolia), respectively. The open
boxes indicate exons. The filled boxes indicate introns. The arrows mark Taql cleavage sites and the numbers above the arrows indicate the positions of
cleavage. The numbers under each panel indicate positions of the nucleotides.

1-Gm 178 QEQGGHQSQK GKHQCEEENE GGSILSGFTL EFLEHAFSVD KQIAKNLQGE NEGEDKGAIV TVKGGLSVIK 247
2-Gm 178 GKHQUEEENE GGSILSGFTL EFLEHAFSVD KQIAKNLQGE NEGEDKGAIV TVKGGLSVIK 247
i-Gs 178 GRKHQCEEENE GGSILSGFTL EFLEHAFSVD KQIAKNLQGE NEGEDKGAIV TVKGGLSVIK 247
4-G1

178 QEQGGHQSQK GKHQOEEENE GGSILSGFTL EFLEFAFSVD KQIAKNLQGE NEGEDKGAIV TVKGGLSVIK 247
3 3’ -

\A Sl §
1-Gm 248 PPTDEQQCRP QEEEEEEEDE KPOCKGKDKH CQRPRGSQSK SRRNGI Dﬂi CTMRLRHNIG {TSSP ‘I?NP be il
2-Gm 248 PPTDEQDQRP QEEEEEEEDE KPQCKGKDKH CQRPRGSQSK SRERNGIDETI CTMRLRHNIG QTSSPDIYNP 317
3-Gs 248 PPTDEQQQRF (EEEEEEE| KPCCKGKDKH CQRPRGSQSK SERNGIDETI CTMRIRHNIG OTSSPDIYNP 317
4-G1 248 PPTDEQQORP QEEEEEE& EPQCKGHKDKH CORPRGSQSK SERNGIDETI CTMRLRHNIG QTSSPDIY'P 31le
4
L IV

1-Gm 318 QJ’!GSVTTA;S LDFPALSWLR LSAEFGSLRK NAMFVPHYNL NANSIIYALN GRALIQVVNC NGERVFDGEL 387
2-Gm 318 QAGSVTTATS LDFPALSWLR ILSAEFGSLRK NAMFVPHYNL NANSIIYALN GRALIQVVNC NGERVFDGEL 387
3-Gs 318 QAGSVTTATS LDFPALSWLR LSAEFGSLRK NAMFVPHYNL NANSIIYALN GRALIQVVNC NGERVFDGEL 387
4-G1 317 QAGSVTTATS LDFPALSWLR LSAEFGSLEEK NAMFVPHYNL NANSIIYALN G IQVVNC MNGERVFDGEL 38€

1-Gm 388 QEGRVLIVPQ NFVVAARSQS [NFEYVSFKT NDTPMIGTLA GANSLLNALP EEVICHTFNL KSQQARQIKN 457
2-Gm 388 QEGRVLIVPQ NFVVAARSQS DNFEYVSFKT NDTPMIGTLA GANSLLMALP EEVICHTFNL KSQQARQIEN 457
3-Gs 388 QEGRVLIVPQ NFVVAARSQS DNFEYVSFET NDTPMIGTLA GANSLLMNALF EEVICHTFNL KSQQARQIEN 457
4-G1 387 QEGRVLIVPQ NFVVAARSQS DNFEYVSFKT NDTPMIGTLA GANSLLNALP EEVICHTFNL KSQCARQIKN 456

1-Gm 458 NNPFKFLVPP QESQKRAVA 478
2-Gm 458 NNPFKFLVPP QESQKRAVA 476
3-Gs 458 NNFFEKFLVPF QESQFRAVA 476
4-G1 457 NNPFKFLVPF QESQKRAVA 475

v

Fig. 2. Alignment of the G1 amino acid sequences from different soybean species. 1-Gm represents the published G1 sequence from G. max [24]. 2-Gm
represents the G1 sequence from cultivar Liuyuehuang (G. max). 3-Gs represents the G1 sequence from the wild annual soybean Y0074 (G. soja). 4-Gl
represents the sequence from the wild perennial accession PW0031 (G. latifolia). The differences are decorated by black shade. Dotted lines indicate the
disordered regions 3, 3, 4 and 5. Thin lines indicate the variable regions III, IV and V. Thick lines indicate the binding regions of the protomers. The arrow
indicates the processing site between Asn and Gly. Filled circle indicates the residue 11297 critical for vacuole sorting. Pentagram indicates Cys residue
involved in interchain linkage. * and § indicate residues involved in hydrogen bonds and hydrogen-bonded salt bridges, respectively.

unit significantly. Besides this deletion, the Gyl sequence responding amino acid residue did not change. The sec-
from G. latifolia had two, one and one nucleotide chan-  ond and the fourth nucleotide changes resulted in the
ged in the corresponding exon 3 (A to G, C to G), intron  changes from Asn316 in G. max to Lys315 in G. latifolia,
3 and exon 4 (T to C), respectively. Because the first and from Leu373 in G. max to Ser370 in G. latifolia,
nucleotide change was a synonymous mutation, the cor-  respectively (Fig. 2).
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We further examined the residues critical for the assem-
bling of the Gl subunit from G. latifolia. The putative
cleavage site between the Asn291 and Gly292 (Fig. 2,
arrow) was the same as other glycinin subunits. It has been
demonstrated that the cleavage is a trigger for the forma-
tion of the hexamers [4]. The Cys298 residue involved in
interchain linkage remained conservative. The residues
involved in hydrogen bonds and hydrogen-bonded salt
bridges were unchanged (Fig. 2). The cloned part of Gl
included the third and fourth binding regions of the pro-
tomers [10], and they remained conservative too. The
known PSV sorting determinants of the G1 subunit from
G. max [11] remained conserved in the G1 subunit from
G. latifolia.

3.2. Comparison of Gy4 and Gy5 partial genomic sequences
and deduced amino acid sequences

Group II subunits of glycinin consist of G4 (A5A4B3)
and G5 (A3B4), and the genes encoding these subunits
are named as Gy4 and GyJ, respectively [5,6]. The sequence
identity between them is about 80% [5]. The full length Gy4
and Gy5 from G. max are 2600 bp and 2822 bp in length,
respectively, and both of them contain four exons and three
introns [25,26]. A pair of primers can amplify specific
bands from cultivar Liuyuehuang (G. max), the wild peren-
nial accessions PWO0031 (G. latifolia) and PW0052 (G. tom-
entella) under different PCR conditions. Sequence analysis
showed that the fragment from Liuyuehuang was 1484 bp

in length and shared 100% identity with the Gy5 of cultivar
Williams of G. max [25]. The putative splicing sites, the
length of the exon 3, intron 3 and exon 4 were exactly
the same as those in the Gy5 of Williams [25], respectively
(Fig. 3). However, the fragments cloned from G. latifolia
and G. tomentella were 1517 bp and 1590 bp in length,
respectively. Sequence alignment revealed that both of
them had higher similarities with Gy4 (86% and 85%,
respectively) than with Gy5 (72% and 71%, respectively).
A sequence of the glycinin gene Gy4 from wild perennial
accession Glycine microphylla has been reported ([19], Gen-
Bank Accession No.: DQ415544). The Gy4 fragments from
G. latifolia and G. tomentella had about 94% similarity with
the corresponding fragment of the Gy4 from G. microphy-
lla, suggesting that these two sequences are the alleles of
Gy4, therefore we named them as Gy4 (Fig. 3).

The similarities at the nucleotide level were compared
among the Gy4 genes from G. max, G. latifolia, G. tomen-
tella, and G. microphylla. For exon 3 of Gy4, the similarities
between G. max and the three wild perennial species were
about 86%. The similarities among the wild perennial spe-
cies were above 95%. For the intron 3 of Gy4, the similar-
ities between G. max and the three wild perennial species
were from 76% to 84%. And the similarities within the
three wild species ranged from 75% to 89%. For the exon
4 of Gy4, the similarities were above 96% among all the
four compared soybean accessions. These results indicated
that the intron 3 of the Gy4 gene had more genetic
variations between the subgenera Soja (G. max) and

23172397
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(G.max) [ ol W 7470p 390 bp
2600 bp 1 963 2600
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PWO0031 (G. latifolia) 735bp e 354 bp|
1517 bp 963 2479
22552386 2489
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Fig. 3. Comparison of the Gy4 and Gy5 genes from various accessions. The full length of the Gy4 and Gy5 genes from other cultivars [25,26]. The Gy5
fragment was amplified from cultivar Liuyuehuang (G. max) and Gy4 fragments were amplified from wild perennial accessions PW0031 (G. latifolia) and

PWO0052 (G. tomentella). Other descriptions are the same as those in Fig. 1.
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Glycine as well as within the subgenus Glycine than the
exon 3 and exon 4. The exon 3 had more genetic variations
between the subgenera Soja and Glycine than that within
the subgenus Glycine. The exon 4 was highly conserved
between the subgenera Soja and Glycine as well as within
the subgenus Glycine.

The deduced amino acid sequences from the cloned Gy5
of G. max and the Gy4 of G. latifolia and G. tomentella
were compared with the known sequences. Fig. 4 shows
that, in the variable region III (the disordered region 3),
the G4 subunits from G. latifolia, G. microphylla and G.
tomentella have three or four more Gln residues compared
with the G4 and G5 subunits from G. max and G. soja.
More variations were observed in the variable region IV
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(the disorder region 4). In this region, 31 amino acids
(KREQDQDQDE DEDEDEDQPR KSREWRSKKT Q)
were present in G4 from accessions of G. max and G. soja
but absent in G5 from these two species [6,25,26] (Fig. 4).
In G4 of the wild perennial species G. latifolia, G. tomentel-
la and G. microphylla, the inserted amino acid sequences
were seven residues shorter than those from G4 of G
max and G. soja, and the corresponding amino acid com-
positions were also different (Fig. 4).

Except for the variable regions as well as the disordered
regions of the G4 subunits, other regions were not signifi-
cantly changed (Fig. 4). The Asn354 and Gly355 residues
for the cleavage to separate the acidic and basic polypep-
tides [4] were conserved. The Cys361 residue involved in

1-GmG5 162 VFYIAGNPDI EHPETMQOQD OCBEEEIKSHG GRKQGOHOJS EEERGGSVLS GFSKHFLAQS FNTNEDWAEK 226
2-GmG5 162 VFYLAGNPDI EHPETMOOQD QOBEEEKSHG GRKQGOHOOS EEE@GGSVLS GFSKHFLAQS FNTNEDMAEK 22 6
3-GsG5 162 VFYIAGNPDI EHPETMQOQD OOSEEEKSHG GRKQGOHO EEEGGSVLS GFSKHFLAQS FNTNEDAEK 226
4-GmG4 162 VFYLAGNPDI EPETMOOCO QOEEEEIKSHG GRKQGOHQQE EEEEGGSVLS GFSKHFLAQS FNTNEDIAEK 227
5-GsG4 162 VFYLAGNPDI EMPETMQOCO BKSHG GRKQGQHOQE EEEEGGSVLS GFSKHFLAQS FNTNEDIAEK 227
6-G1G4 162 VFYLAGNPDI EHPETMQQQD BKSHG GRKQGQHOQE EEEEGGSVLS GFSKHFLAQS FNTNEDIAEK 230
7-GtG4 162 VFYLAGNPDI EHPETMOO(D SHG GRKQGOHQQE EEEEGGSVLS GFSKHFLAQS FRTNEDIAEK 231
8-GmicG4 162 VFYLAGNPDI EHPETMOOCD BKSHG GRKQGQHOQE EEEEGGSVLS GFSKHFLAQS FNTNEDIAEK 230
3
111
1-GmG5 227 IESPDDERKQ IVIVEGGLSV ISPKWQE EDEDEDED@E HEQTPSEPPR B DEDEDEEED 29 2
2-GmG5 227 LESPDDERKQ IVIVEGGLSV ISPKWOE EDEDEDED@E MEQTPSMPPR B DEDEDEEED 292
3-GsG5 227 LFSPDDERKQ IVTVEGGLSV ISPKWQE EDEDE] E MEQTPSHPPR [BDEDEDEEED 28 8
4-GmG4 228 LOSPDDERKQ IVIVEGGLSV ISPKWQEQQD EDEDEDEDDE DECHPSHPPR EDEDEDEQEID 295
5-GsG4 228 LQSPDDERKQ IVTVEGGLSV ISPKWQEQOD EDEDEDEDDE DECMPSHPPR EDEDEDEgRD 295
6-G1G4 231 LQSPDDERKQ IVIVEGGLSV ISPKWQEQOD EDEDECESDE [EEOTPSHP EDEDEDEEED 298
7-GtG4 232 LOSPDDERKQ IVIVEGGLSV ISPKWQEQQD EDEDEDJSRIDE DEQTPSH EDEDE[EED 299
8-GmicG4 231 LOSPOEERKQ IVIVEGGLSV ISPKWQEQQD EDEDEDHSDE [EEOTPSHP EDEDEDEEED 298
..... 7 —_
* * % ¥ §
1-GmG5 293 QPRPDHEOR RGRGCWTRNG VEENICTKL 331
2-GmG5 293 QPRPDHEgOR RGRGCTRNG VEENICTMKL 331
3-GsG5 289 QPRPDHPFOR RGRGC§TRNG VEENICTIMKL 327
4-6mG4 296 ErreRPsOE B RGCETRNG VEENICTKL 365
5-GsG4 296 prregapsile B RGCE TRNG VEENICTMKL 365
6-G1G4 299 OPRPEHPSOR GRGCETRNG VEENICTFKL 361
7-GtG4 300 OHFHEHPSOR GRGCETRNG VEENICTFKL 362
8-GmicG4 299 QPRHGHPSOR GRGCETRNG VEENICTFKL 361
4
N v § . .

1-GmG5 332 HENIARPSRA DFYNPKAGRI STLNSLTLPA LRQFGLSAQY VVLYRNGIYS PHWNLNANSV IYVIRGHEGRV 401
2-GmG5 332 HENIARPSRA DFYNPKAGRI STLNSLTLPA LRQFGLSAQY VVLYRNGIYS PHWNLNANSV IYVIRGEGEV 401
3-GsG5 328 HENIARPSRA DFYNPKAGRI STLNSLTLPA LROFGLSAQY VVLYRNGIYS PHWNLNANSV IYVTRGHGRV 397
4-GmG4 366 HENIARPSRA DFYNPKAGRI STLNSLTLPA LROFELSAQY VVL@GIYS PHWNLNANSV IYVTRGQGKV 435
5-GsG4 366 HENIARPSRA DFYNPKAGRI STLNSLTLPA LRQF@LSAQY VVLYRINGIYS PHWNLNANSV IYVIRGQGKV 435
6-G1G4 362 HENIARPSRA DFYNPKAGRI STLNSLTPA LROFG§SAQY VVLYRNGIYS PHWNLNANSV IYVIRGOGKV 431
7-GtG4 363 HENIARPSRA DFYNPKAGRI STLNSLTLPA LRQFGSAQY VVLYENGIYS PHWNLNANSV IYVIRGQGKV 432
8-GmicG4 362 HENIARPSRA DFYNPKAGRI STLNSLTLPA LRQFGSAQY VVLYRNGIYS PHWNLNANSV IYVTRGQGKV 431
1-GmG5 402 RVVNCQGNAV FDGELRRGQL LVVPONFVVA ECEcEOd@Ey BvrkrHNAv Bsvlkovrra 1psevig¥sy 471
2-GmG5 402 RVVNCOGNAV FDGELRRGQOL LVVPONFVVA ECEGEQQ#EY WVFKTHHNAV ESYMKDVFRA IPSEVIEMSY 471
3-GsG5 398 RVVNCOGNAV FDGELRRGQL LVVPONFVVA EQEGEQCMEY WVFKTHHNAV ESYMKDVFRA IPSEVIENSY 467
4-GmG4 436 RVVNCQGNAV FDGELRRGQL LVVPONFVVA EQAGEQGFEY IVFKTHHNAV TSYLKDVFRA IPSEVLAHSY 505
5-GsG4 436 RVVNCOGNAV FDGELRRGQL LVVPQNFVVA EQAGEQGFEY IVFKTHHNAV TSYLKDVFRA IPSEVLAHSY 505
6-G1G4 432 RVVNCQGNAV FEGELRRGOL LVVPONFVVA EQAGEQGFEY IVFKTHHNAV TSYLKEVFRA IPSEVLAHSY 501
7-GtG4 433 RVVNCOGNAV FNGEIBRGOL LVVPONFVVA EQAGEQGFEY IVFKTHHNAV TSYLKDVFRA IPSEVLAHSY 502
8-GmicG4 432 RVVNCOGNAV FRNGELRRGOL LVVPONFVVA EQAGEQGFEY IVFKTHHNAV TSYLKDVFRA IPSEVLAHSY 501
1-6mG5 472 NfosovroL KYReMgepLv NP 193

2-GmG5 472 NLEOSOVROL KY@GNSGPLV NP 493

3-GsG5 468 NLEOSOVROL KY@GNEGPLV NP 189

4-GmG4 506 NLROSOVEJBL KYEGNWGPLV NPESQOGSPR VKVA 539

5-GsG4 506 NLROSOVERBL KYEGNWGPLV NPESQOGSPR VKVA 539

6-G1G4 502 NLROSQVESAL KYEGNWGPLV NP 523

7-GtG4 503 NLROSOVEML KYEGNWGPLV NP 524

8-GmicG4 502 NLROSOVENL KYEGNWGPLV NPESQOGSER VKVA 535

5
v

Fig. 4. Alignment of the G4 and G5 amino acid sequences from different soybean species. 1-GmGS5 represents a published G5 sequence from G. max [25].
2-GmGS represents the G5 sequence from cultivar Liuyuehuang (G. max); 3-GsGS represents the G5 from G. soja [18]; 4-GmG#4 represents a published G4
sequence from G. max [26]; 5-GsG4 represents the G4 sequence from G. soja [18]; 6-G1G4 represents the G4 sequence from PW0031 of G. latifolia; 7-GtG4
represents the G4 sequence from PW0052 (G. tomentella); 8-GmicG4 represents the G4 subunit from G. microphylla (DQ415544). Other descriptions are

the same as those in Fig. 2.
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interchain linkage [3] and the residues involved in hydrogen
bonds and hydrogen-bonded salt bridges [10] were also
unchanged. The third and fourth binding regions of the
protomers of G5 subunit from G. max [10] remained rela-
tively conservative in the G4 subunit fragments from G. laz-
ifolia, G. tomentella and G. microphylla (Fig. 4).

3.3. Genetic diversity of the glycinin subunit genes among
accessions from subgenera Soja and Glycine

To understand the genetic variations of the glycinin
genes between cultivated and wild soybean species, we ana-
lyzed the restriction fragment length polymorphisms of gly-
cinin subunit Gy/ and Gy4 genes among 19 accessions of
subgenera Soja and Glycine by Southern blot analysis.
Genomic DNA from 19 accessions of 5 species was
digested completely with Taql. The labeled partial genomic
sequence of Gyl cloned from the cultivar Liuyuehuang
(G. max) was used as probe. The results in Fig. 5 show that
four apparent hybridized bands (1.4 kb, 1.0 kb, 0.7 kb,
0.65kb) can be observed in all the accessions from
G. max and G. soja of subgenus Soja. A smaller and weaker
band of 0.5 kb can also be notified. The 1.4 kb and 0.5 kb
fragments most likely correspond to the two fragments
from the Taql digestion of the Gyl genomic sequence
(Fig. 1). Other bands may result from cross-hybridizations
of the probe with the Gy2 and Gy3 due to the high
similarity of these genes [24,25]. The two fragments
(1.0 kb and 0.65 kb) probably correlated with the Gy2 gene
and the 0.7 kb fragment likely correlates with the Gy3 gene.
The identical hybridization pattern in all the accessions of
the G. max and G. soja supports that the Group I glycinin
subunits have high degree of conservation among most
accessions of subgenus Soja [19].
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Fig. 5. Genetic variations of Group I glycinin subunit genes among
accessions from subgenera Soja and Glycine. Taql enzyme was used to
digest the genomic DNA. Hybridization was performed using the labeled
Gyl from Liuyuehuang (G. max) as the probe. Due to the high similarity
of the Group I glycinin subunit genes, the Gy2 and Gy3 gene fragments
were also cross-hybridized. The sizes and the corresponding gene
fragments are indicated on the left.

The hybridization patterns were different in the subge-
nus Glycine (Fig. 5). One to three apparent hybridization
bands were observed in different accessions. This result
indicates that although the cloned partial sequence of
Gyl from PWO0031 had high similarity with those of G.
max and G. soja, there were variations that existed in the
Gyl from PWO0031 (G. latifolia) or other species in subge-
nus Glycine. Three similar bands were observed in
PWO0063 and PW0060. Two identical bands were identified
in PW0021 and PWO000S of G. tabacina, implying a close
relationship of the two accessions.

The genetic variations of Group II glycinin subunit
genes were also examined among the 19 accessions using
the labeled exon 3 fragment of the Gy4 from PW0031 (G.
latifolia) as the probe. Fig. 6 shows that three apparent
hybridized bands (2.5 kb, 1.2 kb, 0.8 kb) can be identified
in all the accessions from G. max and G. soja. Through
the analysis of the probe used for hybridization and the
Taql restriction sites in the Gy4 and Gy5 (Fig. 3), we found
that the 2.5 kb band corresponded to the fragment from
Gy5, and the 1.2kb and 0.8 kb bands corresponded to
the fragments from the Gy4 gene. In the accessions from
the subgenus Glycine, the hybridization pattern was more
varied. A band of ~1.2kb in PW0031 (G. latifolia) and
PWO0052 (G. tomentella) was observed, consistent with the
prediction from the Taql site analysis of the Gy4 gene.
Three accessions PW0052, PW0060 and PWO0063 from
G. tomentella had similar band patterns at ~1.2 kb and
~0.8 kb (Fig. 6). However, their large bands were different,
indicating the presence of a polymorphism in this locus.
PWO0063 had identical band pattern with PW0060 (G. tom-
entella) when Gyl fragment was used as the probe (Fig. 5).
However, when Gy4 fragment was used as a probe,
PWO0063 and PW0060 showed an obvious polymorphism
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Fig. 6. Genetic variations of Group II glycinin subunit genes among
accessions from subgenera Soja and Glycine. Taql enzyme was used to
digest the genomic DNA. Hybridization was performed using the labeled
exon 3 of Gy4 fragment from PWO0031 (G. latifolia) as the probe. Due to
the high similarity of Group II glycinin subunit genes, the Gy5 gene
fragments were also cross-hybridized. The sizes and the corresponding
gene fragments are indicated on the left.
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in size of the large bands. These results indicated that the
two different groups of glycinin subunit genes may have
experienced different evolutionary process in PW0060 and
PWO0063 of G. tomentella.

4. Discussion

We cloned Gyl partial genomic sequences from wild
perennial accession PW0031 (G. latifolia) of subgenus Gly-
cine, a wild annual accession Y0074 of G. soja and a culti-
var of G. max, and compared them with the published
counterparts from G. max [24]. These Gyl sequences and
the deduced amino acid sequences were conservative, indi-
cating that Gyl genes were very conservative during the
evolution. The vacuolar sorting determinants [11], the
cleavage site between the Asn291 and Gly292 [4], and some
residues involved in hydrogen bonds and hydrogen-bonded
salt bridges [10] of G1 subunit from G. max remained con-
served in G1 subunit from G. latifolia, indicating that the
assembling and sorting mechanisms of G1 subunit were
probably conservative during the evolution.

Using a pair of primers designed according to the GyS
from G. max [25], we cloned Gy4 fragments from two wild
perennial accessions PWO0031 (G. latifolia) and PW0052 (G.
tomentella). In a previous study, Staswick et al. have found
that the A3 component (acid polypeptide of G5 subunit) of
G. max was missing in all the studied perennials [20]. In the
present study, the Gy5 gene encoding the G5 subunit
(A3B4) appeared to be absent in the PW0031 (G. latifolia)
and PWO0052 (G. tomentella) genomes. These studies sug-
gested that the Gy5 gene may exist in cultivated soybean
but not in the wild perennial species. A sequence of the
Gy4 gene from wild perennial accession G. microphylla
has also been reported ([19], GenBank Accession No.:
DQ415544), and this Gy4 had high similarity with the pres-
ent Gy4 genes from G. latifolia and G. tomentella. The G4
sequences from the three wild perennial accessions of sub-
genus Glycine were seven amino acids shorter than the G4
from G. max or G. soja in the variable region IV (the disor-
dered region 4). These results may imply that there exists a
new allele of the Gy4 gene, featuring the wild perennial
accessions. The intron 3 of the Gy4 genes had abundant
variations between the subgenera Soja and Glycine as well
as within the subgenus Glycine.

The genetic variations of the Glycinin genes were also
compared among accessions from subgenera Soja and Gly-
cine. We found that the hybridization patterns of the Gly-
cinin genes were identical among the accessions from the
subgenus Soja. However, the hybridization patterns were
more diverged among the accessions from the subgenus
Glycine. These results suggested that the Glycinin genes
are highly conserved within the subgenus Soja but more
varified within the subgenus Glycine.

Overall, we cloned the partial genomic sequences of the
Gyl and Gy4 genes from the cultivated and wild soybean
species, and found that Gyl gene was highly conserved
whereas the Gy4 gene was more diverged among the com-

pared species at both the nucleotide level and the amino
acid level. In addition, Group I and Group II genes of
the glycinin subunits were highly conserved among the cul-
tivated accessions within the subgenus Soja. On the con-
trary, the genetic variations of the glycinin subunit genes
were drastic among the wild perennial soybean accessions.
This study may have significance in elucidating the evolu-
tion of the soybean species.
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