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Abstract The predominant storage protein of soybean
[Glycine max (L.) Merr.] seed is a globulin called
glycinin. Thus far five genes encoding glycinin subunits
have been described, and these are denoted by the gene
symbols Gyl to Gy5. The objectives of this study were to
map two of these genes, Gy4 and Gy5, and to conduct a
genetic analysis of a subunit size-variant from an allele
of Gy4. For this purpose a population was formed with
an interspecific cross between PI 468916 (G. soja) and
A81-356022 (G. max). The two size forms of G4, the
subunit from Gy4, segregated codominantly in the map-
ping population, and were due to a short insertionin the
hypervariable region of the mutant protein. The bio-
chemical and molecular characteristics of the two
subunits indicate that they are produced from alternate
alleles of the same gene. The gene symbols Gy* and Gy®
have been assigned to the normal and variant genes,
respectively. When genomic DNA from the two parents
was probed with a Gy4 cDNA, RFLPs were identified
for both Gy4 and Gy5. Using these genetic markers, the
Gy4 and GyS5 glycinin genes were mapped in linkage
group “O” and “F” on the public soybean genomic map.
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Introduction

The predominant storage protein in soybean [Glycine
max (L.) Merr.] seed is an 11 s globulin called glycinin.
Because of the importance of these proteins, their prop-
erties and the genes that encode them have been studied
extensively (for a review see Shotwell and Larkins 1989).
To-data, five genes that encode glycinin subunits have
been cloned and assigned the gene symbols Gyl to Gy5.
The subunits encoded by these genes are denoted G1 to
G5, respectively, to distinguish them from the genes
(Nielsen et al. 1989). The five glycinin genes are classified
into two groups based on their sequence homology and
size. The group-1 genes include Gy1, Gy2 and Gy3, while
group 2 consists of Gy4 and GyS5.

Several mutant glycinin genes have been described. The
cultivar ‘Raiden’ lacks the G4 glycinin subunit encoded by
Gy4 (Kitamura et al. 1980; Staswick and Nielsen 1983).
Molecular studies later showed that the absence of the G4
subunit in Raiden was the result of a mutation in the initia-
tion codon for the Gy4 gene (Scallon et al. 1987). The
cultivar ‘Forest’ lacks the G3 subunit of glycinin, This
null is caused by a chromosomal rearrangement that
separates and inverts the two halves of the Gy3 gene
(Cho etal. 1989). Staswick etal. (1983) conducted a
germplasm survey to identify storage protein variants.
They screened 120 lines of Glycine soja, an annual that
shares the subgenus Soja with G. max. The electro-
phoretic mobility of the storage-protein components
were compared using SDS-PAGE, but no obvious vari-
ants were found. Staswick et al. (1983) widened their search
to include four perennial species of the subgenus Glycine:
G. canescens, G. tomentella, G. tabacina and G. clandes-
tina. A unique electrophoretic pattern for storage pro-
teins was observed for each species. There were differen-
ces both in the number of bands and in their mobilities.

Efforts have been made to map glycinin genes. Gyl
and Gy2 are arranged in a direct tandem linkage in the
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genome (Nielsen et al. 1989). However, this group of two
genes and the other three glycinin genes all segregate
independently from one another (Cho et al. 1989). The
morphological markers T/t, W1/wl, 1/i, R/r and
1,L,/1,1, were also tested by these workers and found to
be genetically unlinked to the glycinin genes. Related to
these efforts is the development of a RFLP map for
soybean. Keim et al. (1990) have reported linkage rela-
tionships between 150 RFLP markers. Diers et al. (1992)
reported linkage relationships between 252 RFLP
markers, and presently the map includes in excess of 450
loci (Shoemaker, unpublished data). The map is being
constructed using an F2 population formed from an
interspecific cross between the G. max experimental line,
A81-356022, and the G. soja plant introduction, PI
468916. As this public RFLP map has been generated,
an effort has been made to include markers of known
biochemical functions. In this report, we describe a new
allele of Gy4 in the G. soja parent of the mapping
population. In addition, the map location of the two
group-2 glycinin genes, Gy4 and Gy3, are identified.

Material and methods
Genetic material

The Gy4 and Gy5 genes were mapped using an F2 population derived
from a cross between the G. max experimental line A81-356022 and
the G. soja PT 468916. The F2 seed for this population were obtained
from Dr. W. R. Fehr, Towa State University. F2 plants were grown
from this seed during the summer of 1987 near Ames, lowa. Sixty F2
plants were harvested and threshed separately to form F2-derived
lines in the F3 generation (F2:3). The F2:3 lines were grown in a
replicated trial at three locations near Ames, Iowa, during 1988, with
two replications per location (Keim et al. 1990). Each plot was a single
row 1.5m long with a seeding rate of 33 seeds per meter. F2:4 seed
from each plot were harvested in bulk. The F2-derived families were
scored for the protein variant using SDS-PAGE. Each family was
scored twice, first using protein isolation from a bulk of four F2:3
seed harvested in 1987, and then from a bulk of four F2:4 seed
harvested in 1988. DNA for RFLP analysis was isolated from leaf
material harvested from the F2 plants.

Protein extraction

Protein was extracted by crushing the seed between two sheets of
glassine paper with a pestle. The crushed seed were placed in a 1.5-ml
microcentrifuge tube and soluble protein was extracted in 0.5-1.0ml
of extraction buffer. Protein for gels that did not contain urea was
extracted in a buffer containing 50mM Tris (pH 8.0), 20g/1 SDS,
10m/! B-mercaptoethanol. The protein used for gels containing urea
were extracted in the same buffer, but it contained SM urea. The
samples were extracted for 15min on ice with periodic mixing and
then centrifuged for 10min at 4°C at 15,000 g. This supernatant was
pipetted into fresh tubes and the protein was quantified with the
Biorad protein assay kit (Bio-rad Laboratories, Richmond, Calif.).
Bovine serum albumin served as the protein standard.

Protein separation

A SDS-PAGE system adapted from Laemmli (1970) was used for
protein separation. The resolving gels were 11cm long and the

stacking gels were 2cm long. The electrophoretic buffer contained
0.025M Tris, 1g/1 SDS and 0.1875 M glycine. Protein staining and
destaining procedures were as described by Honeycutt et al. (1989).
The F2-derived families were scored as having an F2 genotype of
homozygous G. max, heterozygous or homozygous G. soja. In the
case of electrophoretic gels without urea, the resolving gels were
composed of a gel of 80 to 160 g/l acrylamide with 0.44 M Tris (pH 8.8)
and 1.2 g/l SDS. The stacking gels contained 55 g/l acrylamide with
0.125 M Tris (pH 6.8) and 1.0 g/1 SDS. Polymerization of the resolving
gels was catalyzed with 0.417 g/l ammonium persulfate and 0.167 m/1
TEMED (N, N, N', N'-tetramethylethylethylenediamine). Polymeri-
zation of the stacking gels was catalyzed with 0.625 g/l ammonium
persulfate and 0.33 ml/l TEMED. For gels that contained urea, the
resolving gels were composed of an acrylamide gradient of
100-185 g/1 acrylamide that contained 0.58 g/1 SDS, 0.44 M Tris and
5M urea. In these experiments, the stacking gels contained 50 g/l
acrylamide, 0.44 M Tris, 0.58 g/l SDS and 5M urea. The resolving and
stacking gels with urea were polymerized with 0.31 g/l ammonium
persulfate and 0.167ml/l TEMED. Both kinds of gels were run
approximately 11h at a constnat 35 milliamps/gel.

RFLP methods

The Gy4 and Gy5 genes were mapped using the cDNA clone pG248
(Dickinsonet al. 1987). The portion of the clone encoding Gy4 was cut
from the plasmid, gel-purified and radiolabeled using random hexa-
mer primers. After separation by electrophoresis, HindIII fragments
of F2 genomic DNA were blotted onto nylon membranes and probed
with the labeled Gy4 cDNA. To determine the relative location of the
HindIlI polymorphism associated with Gy4, the purified cDNA was
cut at an internal HindIII site and each end was isolated by gel
purification. The two ends were used separately as a hybridization
probe using a protocol described previously (Apuya et al. 1988; Keim
et al. 1989).

Mapping Gy4 and Gy5

RFLPs associated with Gy4 and GyS5 were mapped in the F2 popula-
tion using pG248 glycinin DNA as a probe. This DNA hybridized
strongly with DNA encoding Gy4, weakly with DNA encoding GyS5,
but not at all with DNA encoding Gy, Gy2, and Gy3 (Scallon et al.
1985). Gy4 also was mapped by analyzing the F2 population for the
G4 subunit size variant using SDS-PAGE without urea. Data from
these experiments, together with an existing set of F2 data consisting
of over 300 markers, were analyzed using the program ‘Mapmaker’
(Lander et al. 1987).

Germplasm screen

Twenty-four G. soja plant introductions were screened with SDS-
PAGE gels to determine if the variant Gy4 polypeptide found in P1
468916 could be identified in these G. soja accessions. Protein was
extracted from four seeds of each accession. The SDS-PAGE system
used was the same as described for the F2 population and parents.

PCR and sequencing

Two oligonucleotide primers (TAAATCTAGACTCCTCATGTTC
TTTCCA and GTGTGAGGATGAGGCCATCTGCAGAAATAA)
were used for PCR amplification of the Gy4 gene from PI 468916. The
sequence of these oligonucleotides was based on the known sequence
of Gy4 from the soybean variety ‘Dare’ (Scallon et al. 1987). Restric-
tion endonuclease cleavage sites for Xbal and PstI were added to the
5" and 3’ primers, respectively, to facilitate cloning. After 35 cycles



(94°C 1 min 30s; 53 °C 2 min; 72 °C 3 min) of PCR, a DNA fragment
of about 2.7kb was separated in an agarose gel and purified using a
Geneclean IT kit. The purified fragment was digested with Xbal and
Pstl restriction enzymes and ligated with a pBSK vector that also had
been digested with these enzymes. After transformation into E. coli
HMS (174) cells, four recombinant colonies were picked and charac-
terized. For characterization, mini-preparations of plasmid DNA
were analyzed by restriction analysis. A plasmid, pBSGM, that
contained the complete Gy4 gene sequence was obtained and se-
quenced.

Results and discussion
PI 468916 contains a variant seed protein

The parents of the population used for construction of a
public RFLP map were screened for variation in storage
protein subunit composition using SDS-PAGE. The
compilation of soybean storage protein mutants de-
scribed by Fontes et al. (1984) was used for comparison.
Figure 1 shows that there is a mobility difference for one
of the main protein bands in extracts of seeds from
PI 468916 and A81-356022 (denoted A4, lanes 2 vs 3).
The time of electrophoretic separation that led to the
results shown in Fig. 1 were much longer than those
used previously (Staswick et al. 1983), and this resulted
in an increased resolution of the polypeptides in the
region of the gel where the glycinin acidic polypeptides
migrate.

Fig.1 Analysis of the storage proteins of parents of the mapping
population and F2-derived lines by SDS-PAGE. Conditions for
electrophoretic conditions are described in Methods. The o, o and f
are subunits of f-conglycinin. Bands designated A3, A4 and A’s are
acidic polypeptides of glycinin (Fontes et al. 1984). A3 and A4 are
derived from the G5 and G4 glycinin subunits, respectively, by
post-translational modification (Nielsen et al. 1989). The band desig-
nated A contains a mixture of acidic chains from Group-1 subunits.
The seed extracts used for each lane are : I, Raiden; 2, A81-356022; 3,
PI 468916; and 4, 5 and 6 are each from four seeds of F2-derived
families that are heterozygous, homozygous G. soja and homozygous
G. max, respectively
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The size variant is derived from the G4
glycinin subunit

The variant seed protein in P1468916is derived from the
glycinin Gy4 gene. Three types of data support this
conclusion. First, the variant band is absent in seed
extracts from the variety Raiden (Figs. 1 and 2, lanes 1).
Raiden carries a recessive null-allele, gy4, that causes the
G4 subunit of glycinin to be absent from the seed, and
A4 is derived from G4 by post-translational modifica-
tion (Kitamura et al. 1984). Second, the electrophoretic
mobility of the variant polypeptide is strongly in-
fluenced by the presence of urea in SDS gels. This can be
seen by comparing the electrophoretic profiles repro-
ducedin Figs. 1 and 2. By including urea in SDS gels, the

- electrophoretic mobility of acidic polypeptides A4 and

A3 from the two Group-2 glycinin subunits, G4 and G5,
respectively, are retarded as compared to those from the
three Group-1 subunits (denoted as As in Figs. 1 and 2).
This phenomena was described earlier by Fontes et al.
(1984). Finally, as indicated in Fig. 3, DNA primers
corresponding to the coding region at the 5 and 3’ end
ot Gy4 from the variety Dare (Scallon et al. 1987) were
constructed and used to amplify the corresponding
region from PI 468916 DNA by PCR. By determining
the nucleotide sequence of the amplified fragment, it was
possibile to compare directly the genes in Dare and PI
468916.

Despite the high conservation of homology between
the G4 subunits from Dare and PI 468916, a number of
differences were observed in both the coding and non-
coding regions of the genes. The most conspicuous
difference was short insertion in the third exon begin-
ning at position 1428. The insertion appears to be the

Fig. 2 Analysis of the storage proteins of parents for the mapping
population and G. soja accessions with a variant A4 polypeptide by
SDS-PAGE containing 5M urea in the gel. Conditions for elec-
trophoresis are given in the Materials and methods section. The
protein bands are labeled as in Fig. 1 except that B's denote the basic
polypeptides of glycinin. The extracts in each lane were: I, Raiden; 2,
A81-356022; 3, PI 468916; 4, molecular weight standards; 5, PI
407288; 6, PI 366122; 7, P1 339735; and 8, PI 468918
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+PCR olig
TAAATCTAGACTCCTCATGTTCTTTCCAA Met Leu
CTATAAATCACCACTCCTCATGTICTTTCCAATTCACCAACTCCTTCAAACTTAATTATTAACACTTCCTTAGTTCAATATGGGGAAGCCCTTCACTCTCTCTCTTTCTTCCCTTTGCTTGCTAC TCTTGTCGAGTGCATGCTTTGC TAT
75%)“1“: TCCTCATGTTCTTTCCAATTCACCAACTCCTTCAAACTTAATTATTAACACTTCCTTAGTTCAATATGGGGAAGCCCTTCACTCTCTCTCTTTCTTCCCTTTGCTTGCTACTC f‘l’ GTCGAGTGCATGCTTTGCTAT
a eu

TAGCTCCAGCAAGCTCAACGAGTGCCAACTCAACAALCTCAACGCGTTGGAACCCGACCACCGCGTTGAGTCCGAAGGTGGTTTGATTCAAACATGGAACTC TCAACACCCTGAGC TGAAATGCGCCGGTGTCACTGTTTCCAAACTCAC
TAGCTCCAGCAAGC TCAACGAGTGCCAACTCAACAACCTCAACGCGTTGGAACCCGACCACCGCGTTGAGTCCGAAGGTGGTTTGAT TCAAACATGGAACTC TCAACACCC TGAGC TGAAATGCGCCGGTGTCACTGTTTCCAAACTCAC

EXQN I-><-INTRON
CCTCAACCGCAATGGCCTCCACTTGCCATCTTACTCACCTTATCCCCGGATGATCATCATCGCCCAAGG TAATCATATATAAGGAGTGCTTC TAACACACATATCAGAAAGAGTATCACCAGCATTTCTCAGTGTATATTAATCCATTTS
CCTCAACCGCAATGGCCTCCACTTGCCATCTTACTCACCTTATCCCCGGATGATCATCATCGCGCAAGG TAATCATATATAAGGAGTGCTTCTAACACACG TATCAGAAAGAGTATCACCAGCATTTCTCAGTGTATATTAATCCATTTE
Sty I

TCACCACTTGTTCAAATTTCAACATCACATTACCATAGATCATTTACTAAAGATAATAATGATTTAAGTAAATAGTATCTCTATAGTAAATTTTACATGATTATTTAACTACAAATTATTATTATTATATATAGAATGACTTTGTTGACA
TCACCACTTGTTCAAATTTCAACATCACATTACCATAGATCATTTACTAAAGATAATAATGACCCAAGTAAATAGTATCTCTATAGTAAATTTTACATGATTATT TAACTACAAATTATTATTATTATATATAGAATGACTTTGTTGACA

) INTRON-><-EXON T1
TATCAATCACCTTAAAAGTTTTATTAAGTTATATATATCAACTAAGATATC TGATTAAATAAAAATGTGATTGTTTTG T TTGG TGATGATTGATGTACAGEGAAAGGAGCACTTGGAGT TGCAATTCCAGGATGTCC TGAGACGTTTGAG
TATCAATCACCTTAAAAGTTTTATTAAGTTATATATATCAAC TAAGATATC TGATTAAATAAMATG TGATTGTTTTGTT 166 TGATEATTGATGTACAGGGAAAGGAGCAC TTGGAGTTGCAATTCCAGGATGTCCTGAGACGTTTGAG

GAGCCACAAGAACAATCAAACAGAAGAGGCTCAAGGTCGCAGAAGCAGCAGC TACAGGACAGTCACCAGAAGATTCGTCACTTCAATGAAGGAGACGTACTCGTGATTCCTCCTGGTGT TCCTTACTGGACCTATAACACTGGCGATGAA
GAGCCACAAGAACAATCAAACAGAAGAGGC TCAAGG TCGCAGAAGCAGCAGC TACAGGACAGTCACCAGAAGATTCGTCACTTCAATGAAGGAGACGTACTCGTGATTCCTCCTGGTGTTCCTTACTGGACCTATAACACTGGCGATGAA

EXON, 1I-><- INTRON INTRON -><- EXON 3
CCAGTTGTTGCCATCAGTCTTCTTGACACCTCTAACTTCAATAACCAGCTTGATCAAACCCNCTAGGETM7TATL‘AA)7'L‘M777L‘ATTTAL‘TATTMCMAML‘CATG‘TTCTCCTCAL‘TTGTTMmWTCACUTCAlI;TATTTTAC
CCA_GTTGTTGCCATCAGTCTTCTTGACACCTCTAACTTCAATAACCAGCTTGATCAAACCC_CTIIXGGGTM7TA7'L‘MTTL‘M777L‘AﬂTAL‘TAiTML‘MAML‘L‘ATGTTCTCCTL‘AL‘TTETTMTTTTT7L‘ACT77L‘A(£TAT1TTAC

Sty

CTTGCTGGGAACCCAGATATAGAGTACCCAGAGACCATGCAACAACAACAACAGCAGAAAAGTCATGGTGGACGCAAGCAGGGGCAACACCAGCAGGAGGAAGAGGAAGAAGGTGGCAGCGTGC TCAGTGGC T TCAGCAAACACTTCTTG
CTTGCTGGGAACCCAGATATAGAGTACCCAGAGACCATGCAACAACAACAACAGCAGAAAAGTCATGGTGGACGCAAGCAGGGGCAACACCAGCAGGAGGAAGAGGAAGAAGGTGGCAGCGTGCTCAGTGGC TTCAGCAACACTTCTTG

GCACAATCCTTCAACACCAACGAGGACATAGC TGAGAAACT TCAGTCTCCAGACGACGAAAGGAAGCAGATCGTGACAGTGGAAGGAGG TC TCAGCGTTATCAGCCCCAAG TGGCAAGAACAACAAGATGAAGATGAAGATGAAGACGAA
GCACAATCCTTCAACACCAACGAGGACATAGC TGAGAAACT TCAGTC TCCAGACGACGAAAGGAAGCAGATCGTGACAGTGGAAGGAGG TC TCAGCGT TATCAGCCCCAAGTGGCAAGAACAACAAGATGAAGATGAAGATGAAGACGAA

AspGlinAs
GATGATGAAGATGAACAAATTCCCTCTCACCCTCCTCGCCGACCAAGCCATGGAAAGCGTGAACAAGACGAGGACGAGGACGAAGATGAAGATAAACCTCGTCCTAGTCGACCAAGCnAAGGAAAGCGTGAACAAGACCAGGACCAGGAE
GATGATGAAGATGAACAAATTCCCTCTCACCCTCCTCGCCGACCAAG(;CATGGAAAGCGTGAACAAGACGAGGACGAGGACGAAGATGAAGATAAACCTCGTCCTAGTCGACCAAG(;CAAGGAAAGCGTGAACAAGACCAGGAC%AGGAC

Sty I AspGluAsp

GluAsp GluAsp Acidic chain -><- Basic chain

GAGGAC GAAGATGAAGATGAAGATCAACCTCGCAAGAGCCGCGAATGGAGA TCGAAAAAGACACAACCCAGAAGACC TAGACAAGAAGAAL CACGTGAAAGAGGA TGCGAGACAAGAAAC GGGGTTGAGGAAAATATC TGCACC
G/]\GGACGAGGAPLE%EATGAAGATGAAGATCAACCTCGCAAGAGCCGCGAATGGAGATCGAAAAAGACACAACCCAGAAGACCTAGACAAGAAGAACCACGTGAAAGAGGATGCGAGACAAGAAACGGGGTTGAGGAAAATATCTGCACC
GluAspGTuAs| sp

Hind I1I EXON ITI-><-INTRON
TTGAAGCTTCACGAGAACATTGCTCGCCCTTCACGCGCTGAC TTCTACAACCC TAAAGC TGGTCGCATTAGTACCC TCAACAGCC TCACCC TCCCAGCCCTCCGCCAAT TCCAACTCAGTGCCCAATATGTTGTCCTCTACAAGGTATGT
TTGAAGCTTCACGAGAACATTGCTCGCCCTTCACGCGC TGACTTCTACAACCC TAAAGC TGGTCGCATTAGTACCCTCAACAGCCTCACCCTCCCAGCCCTCCGCCAATTCCAACTCAGTGCCCAATATGTTGTCCTCTACAAGE! TATGT

AATTCACCTCATTCATATTAC TAAGTAATCAACATGAAACTAATATACGTACATACTTACACATCTACCAGTAATTTTTCCETGGATATTCAATTGTCAATTAGTC TATC TTGAGAAAATTAAGAAA TAAAAAGAAAGCACAAAAGGGAA
AATTCACCTCATTCATATTACTAAGTAATCAACATGAAACTAATATACGTACATACTTACACATCTACCAGTAATTTTTCCGTGGATATTCAATTG TCAATTAGTCTATC TTGAGAAAATTAAGAAATAAAAALAAGCACAPAAGGGAA

AMTCTTTATGTCATAAATCATATGATATAA TAATT TAGAAGACATATAAAAATGTCAGTAAGTATGTTGTAGGGTTGGATTCCTTTAAATGTCATTAAMATATCATTTGATATGGGTAATTCTTTAGTGATTCTCTAGGGGTAGTTGAA
AAATCTTTATGACATAAATCATATEATATAATAAT T TAGAAGACATATAMAAA TG TCAGTAAGTATGTTGTAGGG T TGATTCCTTTAAATGTCATTAAAATATCAT T TGATATGGGTAATTCTTTAGTGATTCTCTAGGGETAGTTGAA

CTETAATGTATTATAATTGTGCATTGATTTTTATGAGTTACTTTAACATETCAATGAAGACTTATTTCATAATAATTATAGTTACTTGTTGGTTCTACTACTT T TAATAAAAAAATAATAAAAATATTGGTGTAAATATA  TAATATAT
CTGTAATGTATTAMATTGTGCATTGATTTTTATGAGTTACTTTAACATGTCAATGAAGACTTATTTGATAATAATTATAGTTACTTGTTGGETICTACTACTTCTAATAAAAAAATAATAAMMAATATTGGTGTAAATATATATAATATAT

INTRON --><-- EXON IV Asn
AATAATAAT G‘ATGATGATACGI'AACACATGTTAITATATL‘CATGCA@!ATGGAATTTACTCTCCACATTGGAATCTGAATGCAAACAGTGTGATCTATGTGACTCGAGGACAAGGAAAGGTTAGAGTTGTGAACTGCCAAGGGAATG
AATAATAATGAT GATGATGATACETAACACATGTTATTATATCCATGCAGNATGGAATTTACTCTCCACATTGGAATC TGAATGCAAACAGTGTEATC TATGTGAC TCGAGGACAAGGAAAGGTTAGAGTTGTGAAETGC%AAGGGAACG
ty Asn

CAGTGTTCGACGGTGAGC TTAGGAGGGGACAAT TGC TGGTGGTACCACAGAAC TTCGTGGTGGCGGAGCAAGCCGGAGAACAAGGAT TCGAATACATAGTATTCAAGACACACCACAACGCAGTCACTAGC TACTTGAAGGATGTGTTTA
CAGTGTTCGACGGTGAGC TTAGGAGGGGACAATTGCTGGTGGTACCACAGAAC TTCGTGGTGGCGGAGCAAGCCGBAGAACAAGGATTCGAATACATAGTATTCAAGACACACCACAACGCAGTCACTAGCTACTTGAAGGATGTGTTTA

EXON IV ->Stop

GGGCAATTCCCTCAGAGGTTCTTGCCCATTCTTACAACCTTCGACAGAGTCAAGTGTCTGAGC TTAAGTATGAAGGAAATTGGGGTCCTTTGGTCAACCCTGAGTCTCAACAAGGC TCACCCCGTGTTAAAGTCGCA TAAATGACAAGCA

GGGCAATTCCCTCAGAGGTTCTTGCCCATTCTTACAACCTTCGACAGAGTCAAGTGTCTGAGC TTAAGTATGAAGGAAATTGGGGTCCTTTGGTCAAC(P:CAGAGTCTCAACAAGGC TCACCCCGTGTTAAAGTCGCA TAAATGACAAGCA
ro

Pst 1
TGATGETGTGAGGATCAGECCATC TTATGAAATAATAACAAATAAATAAATTTTGTATGAT
TGATGGTGTGAGGATGAGGCCATCTGLAG
GTGTGAGGATGAGGCCATC TGCAGAAATAA
PCR oligo

result of a GAGGAC duplication, because a direct
tandem array of three of these sequences is located in the
mutant gene from PI 468916. The insertion occurs in the
“hypervariable” region of the glycinin genes, a region
identified earlier because of the extreme amount of
variation that occurs in this region of all 11s genes
(Nielsen et al. 1989). The insertion is probably respon-
sible for the increased apparent molecular weight asso-
ciated with the mutant polypeptide in PI 468916.
Additional differences were found between the two
sequences, a number of which were point mutations.
Two occurred in that part of the gene encoding the
acidic polypeptide: a silent T-to-C point mutation in the
codon for LEU at position 49, and a C-to-G transition
at position 1366 that caused GLU to be substituted for
GLN. Two point mutations were also found in the

Fig. 3 Nucleotide sequence of Gy4* and Gy4°. The sequence of Gy4®
(Dare) is shown on top and is taken from Scallon et al. (1987). The
sequence of Gy4® originated from PI 468916 and was contained in
clone pBSGM after PCR amplification. The primers used for PCR
amplification are given at the beginning and end of the sequence.
Cloning and sequencing details are given in the Materials and
methods section. Noncoding regions are underlined, while the begin-
ning and end of the coding sequence are in bold print. The mutations
in the pPBSGM sequence are indicated in bold italic print. Dots below
or above the sequence at indicated restriction enzyme recognition
sequences denotes points of cleavage

basic chain, but both were silent. One affected the
ASN codon at position 2 305 and the other was found in
the PRO codon at position 2 561. Finally, several muta-
tions were found in non-coding regions of the gene.



Fig.4 Autoradiographs of the
hybridization by the 3’ end (1)
and 5’ end (2) of pG248 to
BamHI + HindI11 (HB)-,

BamHI (B)- and HindIII (H)-di-
gested genomic DNA from the G.
max parent, A81-356022 (M) and
the G. soja parent, P1 468916 (S).
Both autoradiographs were ob-
tained using the same mem-
brane; the membrane was first
hybridized with the fragment
from the 5" end from pG248,
stripped, and then hybridized
with the 3' end of Gy4®. The sizes
of the fragments are given in kilo-
bases

There was a CCC for TTT substitution at positions
434--36 in intron-1, and two small insertions were
identified in intron-3. A TA insertion occurred at posi-
tions 2154-55, and a GAT insertion was found at
position 2 173-75.

DNA purified from PI 468916 and A81-356022 was
evaluated to determine if RFLP markers could be asso-
ciated with glycinin Gy4 and Gy5 genes. For this pur-
pose the G4 coding sequence in pG248 was purified and
used to probe DNA from the two parents that had been
cut with the restriction endonuclease HindIII. As illus-
trated in Fig. 4, restriction fragments in the digests
consistently could be divided into those that hybridized
strongly with the probe versus those that hybridized
weakly. Those hybridizing strongly were considered to
be from Gy4, while those hybridizing more weakly were
from Gy5. This behavior was anticipated based upon
similar results reported by Scallon et al. (1985).

The location of the polymorphism associated with
Gy4 that was detected upon digestion by HindIII is
illustrated by the data in Fig. 5. For these experiments
pG248 was cut at the unique internal HindIII site in the
this gene (Fig. 3), and then the 5’ and 3’ fragments were
used separately as hybridization probes. When HindIII-
cut DNA of the parents was hybridized with the 5-end
of the clone a clear polymorphism was observed be-
tween a 4.5-kb fragment in the G. max and a 7.3-kb
fragmentin G. soja. The 5.6- and 5.3-kb fragments visible
in these genomic blots were consistently less intense
than the others and were therefore considered to be due
to Gy5. No polymorphism was observed when the 3’ end
was used to probe HindIII-cut parental DNA, and no
polymorphism was observed when either end of pG248
was hybridized to BamHI-cut DNA. This indicates the
polymorphism that distinguishes the two parents is
located 5’ to the internal HindIII site. Because the Gy4
fragments that hybridize to the 5-end of pG248 in
HindIIT/BamHI double digests are of an approximately
equal size, we concluded that the polymorphism lay
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Fig. 5 Restriction maps of Gy4 and surrounding regions for A81-
356022 and PI 468916. The darkened box is the Gy4 gene. The scaleis
given in kilobases

between the BamHI and HindIII sites that are 5 from
Gy4.

The above interpretation is consistent with the DNA
sequence data shown in Fig. 3. The insertion in the
hypervariable region lies 5’ to the internal HindIII site,
but the size of the insertion is small and unlikely to
account for the 2.8-kb difference in the sizes of the RFLP
fragments from the two parents. An insertion of this size
would be difficult to detect as illustrated by the similar-
sized BamHI/HindIII fragments from each parent that
hybridize to the 5'-pG248 probe (Fig. 6). Nonetheless,
the hybridization data shown in Fig. 6 demonstrate that
a size polymorphism does exist within Gy4. When
HindIII/Styl double digests were prepared with
genomic DNA derived from both the parents, an 0.2-kb
fragment polymorphism was observed. Examination of
the DNA sequence shown in Fig. 3 revealed that there is
a Stylsite in the G. soja parent 182 bp 5’ from the unique
HindIlIl, and this fragment contains the 6-bp insertion in
the hypervariable region responsible for the polymor-
phism. Thus, the molecular and biochemical data clearly
indicate that the mobility variant in PI 468916 is differ-
ent from the one described earlier in the variety Dare; we
propose that the allele in PT 468916 be denoted Gy4® to



302

- — -
: SPY SHS ' )
i M SMS

-2.0

-
=12

Fig. 6 Autoradiograph of the hybridization of the 5’ end of pG248 to
HindI1l-, Styl-and HindIII + Styl-digested genomic DNA from the G.
max parent, A81-356022 (M) and the G. soja parent, PI 468916 (S).
Also included is HindlI-cut DNA (/). The sizes of the fragments are
given in kilobases. The asterisk (*) denotes the HindIII + Styl frag-
ment that is polymorphic

distinguish it from the original allele, and that the
original allele described by Scallon et al. (1987) now be
denoted Gy4°.

Gy4 and GyS5 are in linkage groups
“O” and “F”, respectively

Approximately 60 F2 plants from a population derived
from an interspecific cross between A81-356022 and PI
468916 were examined for HindIII polymorphisms in
Gy4 and Gy5 using pG248. This population was also
monitored for the variant G4 subunit using SDS-PAGE,
and the genotype of each F2 plant was identical for both
variant G4 subunit and for the Gy4 RFLP. Examples of
the electrophoretic behavior of seed extracts from seeds
of F2-derived families are given in Fig. 1 and show that
the variant allele of Gy4 in PI 468916 segregates
codominantly with the normal allele A81-356022. The

Table 1 Segregation of Gy4 and Gy5 alleles

Cross Class Gy4 Gy5
Observed Expected Observed Expected
P1468916 (soja) max/max 13 11.5 10 12
x A81-356022 max/soja 27 23 20 24
soja/soja 16 11.5 18 12
Total 46 46 48 48
Xf:m =039 Xiz;l =40

actual segregation data are summarized in Table 1, and
show that the RFLPs associated with both Gy4 and Gy5
segregate with the 1:2: 1 ratios expected for codominant
genes.

The segregation data for Gy4 and GyS5, together with
data of over 300 other markers scored in this popula-
tion, were analyzed using the program “Mapmaker”
(Shoemaker et al., unpublished data) in order to place
these two genes on the public soybean RFLP map. The
LOD (logarithm of the odds ratio) that establish the
linkage of Gy4 and Gy35 to several of these RFLP
markers is given in Table 2, and a representation of their
positions in the linkage map is given in Fig. 7. Gy4 is

Table 2 Linkage relationships between Gy4, GyS and adjacent
RFLP markers

Linkage relationship Gene LOD Map
separation
pG248a-pA-081 Gy4 14.87 7.85
pG248a-pA-882 Gy4 11.17 12.58
pG248b-pA-401 Gys5 10.81 10.66
pG248b-pK-390 Gys 1241 9.32
pG248b-pA-806 Gys 11.89 9.44
pG248b-pK-002 Gys 18.96 2.15
pG248b-pB-202 Gys 12.64 8.13

Fig. 7 Linkage groups that include Gy4 and Gy5. Linkage arrange-
ment and distances were determined using ‘Mapmaker’ (Lander et al.
1987). The distances between markers are given in centiMorgans to
the left of the linkage group. Markers labeled pA and pK were
developed at Towa State University and markers labeled pT, pB, pG,
pR and pL were developed at the University of Utah and were kindly
provided by Dr. K. G. Lark. The locus marked B is a seed coat bloom
gene (Palmer and Kilen 1987)
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located between pA-81 and pA-882 on linkage group
“O”, while GyS is located on linkage group “F” between
pA-806 and pK-2. This placement is consistent with the
finding of Cho et al. (1989), who reported these two loci
to segregate independently.

Glycinin subunit variants appear associated
with centers of origin

Table 3 summarizes the G. soja accessions that were
screened in this study, and shows that four additional
size variants were identified. Two accessions, PI 407288
and PI 468918, had G4 subunits whose A4 peptide had
an electrophoretic mobility identical to that of the PI
468916 parent (Fig. 8). The other two accessions, PI
336122 and PI 339735, had a predominant band with a
greater electrophoretic mobility than A4 from the nor-
mal allele in A81-356022. The acidic polypeptides in
these subunits were not resolved from the acidic
subunits of the Group-1 subunits even though the elec-
trophoresis was carried out for an extended period of
time. In these cases the electrophoretic pattern that was
produced resembled the one obtained with extracts from
seeds with Gy4 null-allele. However, a band with a
mobility similar to that of the normal allele was evident
when extracts of P1336122 and PI 339735 were resolved
in gels that contained urea (Fig. 2, lanes 6 and 7). It is
therefore apparent that these accessions differed from
the null-allele, and are referred to as “fast G4” in Table 3.
Nonetheless, the genes encoding the rapidly-migrating,
putative G4 subunitin PI1336122 and PI339735 must be

Table 3 G. soja plant introductions screened for storage protein Gy4
variants

PI Number Country of origin Genotype
65549 China Gy4*
101404 China Gy4*
135624 China Gy4*
339735 South Korea “fast G4
326581 Soviet Union Gy4*
326582 Soviet Union Gy4*
342618 Soviet Union Gy4?
366122 Japan “fast G4”
407162 South Korea Gy4*
407184 South Korea Gy4*
407200 South Korea Gy4*
407275 South Korea Gy4*
407288 China Gy4*
407293 China Gy4*
407299 China Gy4*
423988 Soviet Union Gy4*
423991 Soviet Union Gy4*
424004 South Korea Gy4*
440913 China Gy4*
468904 China Gy4*
468904 China Gy4*
468906 China Gy4*
468916 China Gy4®
468918 China Gy4®

® Higher mobility than normal allele in SDS-PAGE but normal in
SDS-PAGE and SDS/Urea-PAGE; not characterized genetically
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Fig.8 Analysis of storage proteins of the parents for the mapping
population and the variant G. soja accessions using nondenaturing
SDS-PAGE. The electrophoretic conditions were given in the Ma-
terials and methods section and the proteins are labeled as in Fig. 1.
The lanes were loaded with the following: I, Raiden; 2, A81-356022; 3,
P1468916; 4, P1407288; 5, P1 366122; 6, P1 339735; and 7, PT 468918

characterized more fully at either a genetic or molecular
level before a gene symbol is assigned.

A consideration of the origin of the accessions with
variant G4 subunits is informative. All three accessions
with the Gy4® allele were collected in Northeastern
China. PI 468916 and PI 468918 were collected near
Shenyang in Liaoning Province, while PI 407288 came
from near Kungchuling in Jilin Province. These two
provinces lie adjacent to one another. The accessions PI
366122 and PI 339735 were collected in Japan and
Korea, respectively; again indicating some regional lo-
calization. By using relationships such as these, it may
be possible to study the evolution of storage protein
genes and gene families.
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