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The partial DNA sequence of a glycinin gene in a
genomic clone and a homologous ¢cDNA clone were
determined. They have nearly identical nucleotide se-
quences and encode the basic polypeptide and part of
the acidic polypeptide for an A;B,. glycinin subunit.
The protein primary structure deduced from the DNA
sequence is in close agreement with the amino acid
sequence of the subunit determined chemically and
confirms assignment of part of the amino acid sequence
in the basic component where we were able to establish
an overlap using conventional approaches. The coding
part of the basic subunit is interrupted by a 625-base
pair A + T-rich intron whose boundaries correlate with
the established consensus sequences for the exon-in-
tron junctions. Comparison of the nucleotide sequence
of the basic subunit of pea legumin gene with that of
the gene for A,B;, subunit reveals 70% homology in
coding regions, although there is considerably less in
the 3’-flanking regions.

The preceding papers in this series (28) present the primary
structure of the A;B,, subunit of glycinin. The objective of
the work described in this paper was to confirm the amino
acid sequence in a portion of the basic polypeptide component
where overlapping peptide fragments were either not available
or could not be purified. This was accomplished by determin-
ing the nucleotide sequences in DNA clones that encode this
portion of the A,B;, subunit. The results of this study confirm
our earlier conclusion that the acidic and basic polypeptides
of a subunit are encoded by a single gene which encodes the
acidic polypeptide component at its 5’-end followed by the
basic component at its 3’-end (27, 31, 32). The acidic and
basic components are covalently joined in the precursor by a
4-amino acid linker peptide.

MATERIALS AND METHODS!

RESULTS AND DISCUSSION

Two clones that contain coding sequences for an A;B,,
glycinin subunit were studied. A cDNA clone, pA06, contains
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a 610-bp® insert that was introduced into the Pstl site of
pBR322. The other, a genomic clone called AAls, was selected
from a genomic library that was constructed from a partial
EcoRI digest of soybean leaf DNA. The genomic clone con-
tains a 17-kb insert, although only a 4.1-kb EcoRI fragment
located at one end of the insert contains coding sequence for
a glycinin subunit. Details concerning the construction, selec-
tion, and characterization of these clones are described in the
accompanying Miniprint Section.

The physical maps of pA06 and the 4.1-kb EcoRI fragment
of AAla are compared in Fig. 1. With the exception of a 0.6-
kb region toward the 5'-end of the 4.1-kb fragment, the
restriction sites in the two inserts are identical. As data
described later will show, the region in the 4.1-kb insert which
does not match corresponds to an intron in the coding se-
quence of the genomic clone. Since Northern hybridization
and hybrid selection experiments (Miniprint Section) indicate
that the clones contain genetic information for glycinin, their
nucleotide sequences were analyzed. The strategies employed
to establish the nucleotide sequence are given in Fig. 1.

The nucleotide sequences of the coding regions in both
clones are shown in Fig. 2. The two are nearly identical,
although in neither case is the complete coding sequence
present. Since the 5”-end of the gene is absent in the genomic
clone (AAla), one cannot be certain that the information
encoded within it is expressed. However, comparison of the
amino acid sequence for glycinin subunit A.B,, with that
deduced from the clones reveals that with two exceptions they
are identical. In the case of pA06, the coding sequences
extends from Thr 244 in the acidic polypeptide component
until Pro 146 in the basic polypeptide component. The coding
regions in genomic clone AAla extend from Asn 18 in the basic
polypeptide component into the 3’-flanking region of the
gene. Thus, the results confirm our previous conclusion (29,
31, 32) that both the acidic and basic polypeptide components
of a glycinin subunit are part of the same transcriptional unit.
The mRNA produced is initially translated into a precursor
of M, = 60,000 which is modified post-translationally by
several proteolytic cleavage steps.

Efforts to sequence the B, polypeptide component by con-
ventional chemical techniques (28) failed to establish an
overlap between the last readable residue in cyanogen bromide
fragment 3 (Gly 77) and the first residue in trypsin fragment
2 (Ala 79). However, the DNA sequence in this region clearly
predicts Gly 77-Arg 78-Ala 79. Since the primary structure
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pAD6 CACAGCTCCAGCCATGAGGAAGCCACAGCAAGAAGAAGATGATGATGATGAGGAAGAGCA
ThrAlaProAlaMe tArglLy sProGInGInGluGluAspAspAspAspGiuGluGIuGl
20 14¢
pAO6  GCCACAGTGCGTGGAGACAGACAAAGGTTGCCAACGCCAAAGCAAAAGSAGCAGAAATCGCATTGATGAGACCATTTGCA
nProGinCysValGluThrAspLysGlyCysGInArgGInSerLy sAFgSerArgAsnGly1leAspGluThrileCysT
{ inker
208 220
pAO6  CAATGAGACTTCGCCAAAACATTGGTCAGAATTCATCACCTGACATCTACAACCCTCAAGCTGGTAGCATCACAACCGCE
Mla AATTCATCACCTGACATC TACAACCCTCAAGCTGGTAGCATCACAACCGEC
hrie tArgLeuArgGInAsnIleGlyG1nAsnSerSerProAsplleTyrAsnProGInAlaGlySerIleThrThrAla
200 298
PAOS  ACCAGCCTTGACTTCCCABCCCTCTGGCTTCTCAAACTCAGTGCCCAGTATGGATCACTCOGCAAG o
Mla  ACCAGCCTTGACTTCCCAGCCCTCTGBCTTCTCAAACTCAGTGCCCAGTATGGATCACTCCGCAAGGTACGTACATCATA
ThrSerLeuAspPheProAlaleuTrpleuleulysieuSerAlaGinTyrGlySerleuArglys
3 a0
Mla CATGTTATAAATTAAGCTCAACAAATGTTAAAAAATGGT AATAGTTATATATAGTAATTAAMATGTGTGACGACAAAGTT
20 48 460
Mla  ATCTTAGCACTTGCATATGCATTATTCATGTGCTTTTTTTTTATATATASARATGCCCCARGTTATTAAGTAGTCACAGT
508 s2¢ 540
Mla  TTCTTGTGTCGATTTTACTAATCTAATTAATCTCTGCATGAGATGTAATTATGCATGTCTTATTAATTTTTGTTACGTET
20
Mla  GATACAATTAGTAGATAATTITGTCCTTTAGTATATATGACTCATGAGTATGAAATTTTT TTCAACCTTGAAARATTTGT
L)
Mla  TTTTGACTTTTAACCAAAAAATACTTTGATTAAAARAAAAGAAAAATATTTTTGTGCCARRAATATTCTGATTCACAAAR
700 3
Mla  ACATATTTTTCTATGAGACTATATATTGACATGTGATAAAATACCTGATAATAATTTCCATAGGATTAGGAAGAAAAGET FIG. 2. Nucleotide sequences of
v . e - the pA06 and the AAla clones. The
Mla  ATAAGATAGTGAGATAATTAATTAATATCATGATGAAAAGATAAAAGGAAARTAATAATATTATAAAAATATTGGATGAR  predicted amino acid sequence from both
DNA sequences is indicated below the
pAO6 e e AATGCTATGTTCGTGCCACACTACACCCT gl.‘;‘f’le“‘de sequences. The two sgggencg
Mla  TAACATGTTGTGATTAACGTACACTTGCATGGATATTGATGTATGGTGCAGAATGC TATGTTCGTGCCACACTACACCCT erences occur at positions 1043 an
AsnAlaMetPheValProisTyrThrie 1106 (*) and do not result in an amino
. o 000 we acid substitution.
PAOS  GAACGCGAACAGCATAATATACGCATTGAATGGGCGGGCATTGGTACAAGTGGTGAAT TGCAATGGTGAGAGAGTGTTIG
Mla  GAACGCGAACAGCATAATATACGCATTGAATGGGCGGGCATTGGTACAAGTCOTGAATTGCAATGGTOAGAGACTETTTG
uAsnA‘IaAsnSerIleneTyrAlaLeuAsnGlyArgMaLeuVa]GlnValValAanysAsnGlyGluArgValPheA
* [
PAOS  ATGGAGAGCTGCAAGAGGGAGGAGTGCTGATCGTTCCACAAAACTTTGCGGTGECTGCARAATCCCABAGCGATAACT]T
Mla  ATGGAGAGCTGCAAGAGGGAGGGGTGCTGATCGTTCCACAAAACTTTGNGETEGCTGCAAATCCCAGAGCOATAACTTT
spG1yGluleuGInGluGlyGlyYalleulleYalProGInAsnPheAlaYalAtaAlalysSerGinSerAspAsnPhe
Ll
PADE GAGTACGTOTCATTCAAGACE AATGATAGACCC TCGATE G ARACC TTECAGCOGCARRETCATTGTTGAACGCATTGRE
Mla  GAGTATGTGTCATTCAAGACCAATGATAGACCCTCGATCGGAAACCTTGCAGGGECAAACTCATTETTGAACCOATTGLC
GluTyrValSerPhelLysThrAsnAspArgProSerlieGlyAsnLeuAlaGlyAlaAsnSerteuleuAsnAlaleuPr
pAOG A 1 r 1240 1260
Mla  AGAGGAAGTGATTCAGCACACTTTTAACCTAAAGAGCCAGCAGGCCAGSCAGGTGAAGAACAACAACCCTTTCAGETTCE
oGluGluYaTlIleGInHisThrPheAsnLeulysSerGInGInATaArgGinYatlysAsnAsnAsnProPheSerPhel
Mla  TAGTTCCACCTCAGGAGTCTCAGAGGAGAGCTGTGGCTTAGAGAGCCCTTTTTGCATGTRCTACCACACTTTTGTCCTE
euValProProGInGluSerGinArgArgAlaYalAlaAMs
1]
Mla  TGGGCTCTAGCTAGTGCTEGETAGCAGTAAATAAGAATGAATAARAGAAACARAGGCTTAGATGCCCTTTGTTAAGTGTAG
0
Mla  AATAACGGGTATAGTAACTATGTACCCTTGTGTAATGAGTCACTCAAGTACCTATECGECAAMAGCATAAATAAAAGAAS®
20 id
Mla  ARATTCCAATAATTTTCTGTCCAATCTCTTTTCTTTTCTITTCATTCTTTTCTATCC T CTTCCAGAACAARATAAGER
Mla AATATTGTTGATAACAATTCRTCTAAG

predicted from the nucleotide sequence is in such close agree-
ment with the protein sequence determined by Staswick et al.
(28), we consider this assignment of residues 77-79 to he
correct. Only two positions of heterogeneity between the
protein and nucleic acid sequences were identified. Both of
these occur in the Bi. portion of the molecule. Tryptophan is
replaced by Ser 43 in the sequence of By, at a position 14
amino acids upstream from the intron. The other occurrence
is the replacement of valine by Ile 164 22 amino acids before

the amber codon. The first change involves a G to C trans-
version in the second nucleotide of the Trp codon. The second
change involves alterations in the first (G to A) and third (G
to T, C or A) nucleotide of the valine codon. The variation
between the sequences predicted by the clones and those
determined chemically are likely related to the charge and
sequence microheterogeneity discussed in more detail in the
first paper of this series (28).

Comparison of the amino acid sequence determined for the
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Lys Gly GlylLeuArglle IleSerProProGlu LysGInAtaArgHisGinArgGlySerGin
AAAGG  TGGACTCAGGATCA TAAGCCCACCCGAGA AGCAAGCGCGCCACCAGAGAGGCAGCCAA
G.. .AAGA., . .G.T...G.GG...AG,..G.. .C.GT.. GTG.A.A.. G.C.A...TT... .
Glu GluAsp AspAspAspGluGluGluGin ProGInCys ValGluThr AsplysGlyCys GI1

Pea DNA
Soybean DNA

LysGlylysSerArgArgGInGlyAspAsnGlyLeuGluGlu Thr¥alCysThrAlalysLeuAr

Pea DNA AAAGGCAAAAGCAGAAGGCAAGGAGACAATGGGCTTGAGGAAAC AGTTTGCACTGCTAAACTTCG%

Soybean DNA . C..C.vvunnAuiiss ooCive veweuCAueeeTeBuuCo venues AATG.G. .o...C

n ArgGinSerLysArg LEerIrg AsnGlyIleAspGluThr IleCysThrMetArgleuArg
nker

LeuAsnileGlyProSerSerSerProAspIleTyrAsnProGluAlaGlyArgllelysThr¥alThr
TTGAACATTGGCCCGTCTTCATCACCAGACATCTACAACCCTGAAGCTGGTAGAATCAAAACTGTTACC
CAA..oeaee TLALAAL Lt e e TeiiiianracaseneCinnnanennaluns.C.y.C.CCL..
GInAsnileGiyGInAsnSerSerProAsplleTyrAsnProGinAlaGlySerIleThrThrAlaThr

Pea DNA
Soybean ONA

SerLeuAspleuProValleuArgTrpLeulyslLeuSerAlaGlulisGlySerLeyHi sLysAsnThr
AGCCTGGACCTCCCAGTTCTCAGGTGGCTCAAACTAAGTGCTGAGCATGGATCTCTCCACAAAAATACT
ITTT T IPRTS SO ol (U SN of f (RPN (RPN o s SAPURSURY SRR - SN S - S
SerLeuAspPheProAlaLeuTrpleuleulysleuSerAlaGInTyrGlySerLevArglysAsnAla

Pea DNA
Soybean DNA

MetPhe ValProHisTyrAsnLeuAsnAlaAsnSerllelleTyrAlaleulys GlyArgAla Arg
ATGTTTCGT(A;CCTCACTACAACCTGAATGCMACAGCATAATATACGCATTGAA GGGACGTGCA AGG
IR L T T, PPN oSl /P - AP SRR <SR & S
Met PheValProHisTyrThrLeuAsnAlaAsnSeritelieTyrAlaleuAsnGly ArgAlabLeu

Pea DNA

F16. 3. Comparison of the nucleo-
Soybean DNA

tide sequence of glycinin ¢DNA and
genomic DNA with sequence of a
cDNA encoding pea legumin (8). Péa
DNA sequences are presented above the Pea DNA
glycinin DNA sequences; only positions Soybean DNA
where nucleotide differences occur are
indicated. The alignment of the two se-
quences are adjusted to obtain maximum
homology.

LeuGlnYalValAsnCysAsnGlyAsnThrValPheAspGlyLysLeu GluAlaGlyArgAlaleu
CTACAAGTAGTGAACTGCAATGGCAACACCGTGTTTGATGGAAAGCTAG AAGCCGGACGTGCATTG
vesssreleneesTeveneeeeT6.6.GA tveennanesaboes ToCuu AG, .. . . GG..
YalGinValYalAsnCysAsnGlyGluArgVaiPheAspGlyGlu LeuGInGluGly  GlyVal

Thrval ProGInAsnTyrAlaValAlaAlalLysSerLeu AsnAspArgPheSerTyrValAla
ACAGTG CCACAAAACTATGCTGTGGCTGCAAAGTCACTA AACGACAGGTTCTCATATGTAGCA
JTATCETT. v eeveeeeeToeeBenennnnsssaAllC, LG.G...T,AC. . TGAG. .T,.GT..
LeulleValProGInAsnPheAlaValAlaAlalysSer GinSerAspAsnPheGluTyrvalSer

Pea DNA
Soybean DNA

PhelysTnrAsnAspArgAlaGlylleAlaArgleuAlaGlyThrSerServallleAsnAsplLeuPro
TTCAAGACCAATGATAGAGCTGGTATTGCAAGACTTGCAGGGACATCATCAGTTATAAATGATCTGCCC
secesesesssneseessl CTCG..C.G. AChuvsevesaGa AAC. . . T,GT.G,.C.CAT....A
PheLysThrAsnAspArgProSerIleGlyAsnLeuAlaGiyAlaAsnSerLeuleuAsnAlaleuPro

Pea DNA
Soybean DNA

LeuAspValValAlaAla ThrPhelLysLeuGInArgAsp GluAlaArgGlinLeu LysSerAsn
TTGGATGTGGTTGCAGCT ACATTCAAACTGCAGAGGGATG AGGCAAGGCAGCTCA  AGTCCAAC
GA...Av.. A, oo ACL . T..T..CL AAL...CCh WCuvueCuvto..G.GLAGALCAA,...
GluGluVallle GInHisThrPheAsnLeulysSer G1nGlnAlaArgGinVallysAsnAsnAsn

Pea DNA
Soybean DNA

AsnPro PhelLysPheleuValProAlaArgGinSerGluAsnArgAtlaSerAlaAMB

AATCCCT TCAAATTTCTAGTTCCAGCTCGTCAGTCTGAGAACAGAGCTTCGGCTTAG  ATTTCGCA
weeloeaBCesCacennneeeCiosAGGyvessloeaGGeenessGT,uvass. AGL.GCCCTTT
ProPheSerPheLeuValProProGinGluSerGlnArgArgAlaYalAlaAMB

Pea DNA
Soybean DNA

Pea DNA
Soybean DNA

CCAAATCAATGAAAGTAATGAATAAGAAAACTAAGGCTTAGATGCCTTTGTTACTTGTGTAAAATAACT
TTGCATGTGCTACCACACTTTTGTCCTTITGGGCTCTAGCTAGTGCTGGTAGCAGTAAATAAGAATGAA

Pea DNA
Soybean DNA

CGAGTCATGTACCTTTTTGCGGAAACAGAATAAATAAAAGGTAAAATTTCAGTGLTC
TAAAAGAAACAAAGGCTTAGATGCCCT GAATAACGGGTATAGTAA

mature A;B,, subunit from the seed with that for the precursor
(Fig. 2) permits characterization of the linker which joins the
acidic and basic components in the initial translation product.
For A,B,. the linker consists of the 4 amino acids, Arg-Ser-
Arg-Asn. Cleavage at the NH, terminus of the linker occurs
between Lys 278, found at the COOH terminus of the mature
acidic polypeptide, and arginine. Conversion of proinsulin to
insulin involves hydrolysis of the same type of bond (30) and
is catalyzed by a specific thiol protease recently described by
Docherty et al. (10). Interestingly, while thiol proteases are
common constituents of seeds (22), serine proteases are more
prevalent in animal cells than are thiol proteases.
Explaining the mechanism for cleavage at the COOH ter-
minus of the linker is less straightforward. An aminopeptidase
could remove the linker amino acids, although this conversion
is extremely specific since the NH,-terminal amino acid of
every basic polypeptide studied is glycine. Al alternative pos-
sibility is that a specialized protease may cleave between
asparagine and glycine to form the basic component (Fig. 2).
While an enzyme with this specificity is to our knowledge

unknown in higher plants, a viral protease which cleaves
glutamine-glycine bonds in virus coat polyprotein precursors
has been described by Kitamura et al. (16).

Post-translational modification also appears to occur at the
COOH-terminal end of the basic polypeptide component B;..
A pentapeptide (Arg-Arg-Ala-Val-Ala) predicted from the
nucleotide sequence of clone AAla is absent in the mature
subunit. An interesting similarity exists between the penta-
peptide and the acidic polypeptide A, in that both have a pair
of NH,-terminal arginine residues. As discussed in an earlier
paper (28), A, appears to be separated from A; post-transla-
tionally by a protease which cleaves just prior to the paired
Arg residues. While the relationship may be coincidental, the
same enzyme potentially could carry out both cleavages.

The region of the AAla clone which encodes glycinin subunit
AsBi1, is interrupted by a 625-bp intron (Fig. 2). The intron is
characterized by long A + T regions which are atypical of the
actual coding region of the gene. The intron-exon junctions
at both the 5’- and 3’-ends have sequences equivalent to
consensus sequences established for these regions in other
eukaryotic genes.
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Pea legumin shares many common structural features with
glycinin. Both are the same size and consist of subunits with
paired acidic and basic polypeptide components (8, 9). As in
soybean, the initial translation products of legumin genes are
precursors of about 60,000 daltons (9). Since the nucleotide
sequence for a cDNA clone encoding part of a legumin subunit
was recently published (8), we determined to what extent the
coding sequences for these two proteins is conserved. Com-
parison of the two sequences (Fig. 3) reveals about 70%
homology between the DNA coding sequences but only about
55% between the amino acid sequences. This is somewhat
surprising since one might have anticipated that codon redun-
dancy would have permitted more mutational drift in the
nucleotide sequence than in the amino acid sequence. Most
of the differences between the nucleotide sequences of the
two genes involve single base substitutions, although larger
substitutions (up to four bases), small deletions and insertions
are also observed. While the degree of homology between the
two genes is extensive in the coding region, less homology is
evident when the 3’-flanking regions are compared (Fig. 2).

Structural and immunological criteria have been used in
the past to establish the similarity among the 11 S proteins
of legumes, and this has resulted in the notion that the genes
which produce these proteins have evolved from a common
ancestral gene. The high degree of homology between the
legumin and glycinin genes strengthens this conclusion and
argues strongly against a role for convergent evolution in the
appearance of the 11 S proteins in different plant species.
Recent structural data indicate that proteins similar to gly-
cinin and legumin are found in cereals such as oats (5, 33),
rice (35), and maize (7). Glycinin or legumin-like storage
proteins therefore seem conserved among a rather diverse
group of plants. This may indicate that the complex post-
translational interconversions and packaging of these pro-
teins into protein bodies occurs by processes which do not
tolerate appreciable structural deviation. A comparison of the
conserved regions among these proteins may permit a clearer
definition of these fundamental structural requirements. In
addition to conformational effects at the protein level, struc-
tural constraints to evolutionary divergence could be operat-
ing at an even more fundamental level. Conformational re-
quirements in secondary structures of RNA or DNA are one
means to account for the greater homology between the nu-
cleotide sequence of legumin and glycinin coding sequences
than between their amino acid sequences.
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Supplemental Materfal To:
Cloning and Structural Analysis of DNA

Encoding an A8, Subunit of Glycinin.

Yves A, Marco, Yu H. Thanh, Nilgun E. Tumer, Bernard J. Scallon

and Niels C. Nielsen

MATERIALS AND METHODS
Materials

Terminal transferase and polynucleotide kinase were obtained from Bethesda Research
Laboratories (BRL), and the restriction enzymes were purchased from either BRL or New England
Biolabs. Avian myeloblastosis virus (AMY) reverse transcriptase was provided by J. Beard, Life
Sciences, Inc. Nitrocellulose was obtained from Schleicher and Schuell. Gamma and alpha
labelled nucleoside triphosphates were purchased from Amersham.

Isolation of Soybean mRNA and Preparation of cONA Clones

Polysomal RNA was purified by two passages through an oligo (dT) cellulose column and
fractionated on a sucrose gradient to purify the 18-205 enriched fraction as described by Tumer
et al. (31). Complementary DNA copies of the 18-205S wRNA were synthesized using AMY reverse
Transcriptase and an oligo (dT) primer according to the method of Buell et al. (6). Double
stranded cONA was prepared as described by Wickens et al. (34), treated with S1 nuclease, and
sized on a 5 to 203 sucrose gradient. The double stranded cONA was cloned into the Pst I site
of pBR322 by the oligo (dG)-oligo (dC) tailing method (21). E. coli K12 strain HB10l was
transformed with the recombinant plasmid as described by Boyerﬂm Roulland-Dussoix (4).
Colonies with recombinant DNAs were identified by hybridization to P-labelled cDNA according
to Grunstein and Hogness (12). Plasmid DNA was purified according to the method of Katz (I14).

Identification of cONA and Genomic Clones by Hybrid Selection

50 ug recombinant DNA from cDNA or phage was digested with Eco RI, denatured with NaOH, and

blotted onto nitrocellulo (20). The nitrocellulose filters were hybridized at 47°C for 2
hours with 10 wug of poly A" RNA in 300 wl in a solution conqining 303 formamide, 50 wM Pipes,
pH 7.6, 500 =M NaCl, 2 =M EDTA, 0.4% SDS, 100 ug/ml poly A' RNA and 200 ug/ml E. coli tRNA.
After hybridization, the filters were washed 3 times with 5 ml of 10 wM Tris=HC1,”| 5,
EDTA at 4°C for 5 minutes, and then were washed at 45°C for 3 minutes with the elution buffer
containing 2 mM EDTA, pH 7.5, and 10 ug/ml E. coli tRNA. Elution of the sRNA bound to the
filters was carried out with 600 ul of the elution buffer at 100°C for 2 minutes. The sRNA was
translated in a reticulocyte lysate translation system and analyzed on a SDS-polyacrylamide gel
as described by Tumer et al. (31).

Identification of cONA and Genomic Clones
by Northern Blotting

Poly A* RNA was fractionated on 13 agarose containing 5 sM methylmercury and blotted onto a
nitrocellulose filter according to Alwine et al. (1). DNA from cONA and genomic clones was
labelled by pick translation (15). Sections of the nitrocellulose were hybridized for 14 hr. at
42°C with P-labelled DNA in 503 formamide 5 x SSC, 50 mM potassium phosphate, pH 6.5, 0.1%
3SA, 0.13 Ficoll, 0.13 PYP, 250 pg/ml salmon sperm DNA, 0.13 SOS and 10 ug/ml polyadenylic acid.
Following hybridization, the filters were washed with 2 x SSC, 0.1%3 SDS and exposed at -80°C.
Southern blotting was performed after separating the ONA fragments on agarose, transferring to
nitrocellulose (26) and hybridizing as described above.

Preparation of the Soybean Genomic Library

DNA was isolated from soybean (CX635-1-1-1) leaves as described by Heyn et al. (13). The
library was constructed from a partial Eco RI digest of soybean DNA as described Dy Maniatis et
al. (18). Packaging of the recombinant phage was accomplished by a modification of the me
Of Enquist and Sternberg (11, S. Gupta, personal communication). Screening of the library was
performed by the method of Benton and Davis (2). Phage were grown in NZYM medium (5g NaCl, 2g
MgCl,  10g NZ-amine and 5g yeast extract per liter of water) and purified according to Blattner
et af. (3]. Phage DNA was extracted by the procedure of Maniatis (18).

DNA Sequencing

The DNA sequences were either determined according to the method of Maxam and Gilbert (19),
or the Sanger technique was used with @7 as a vector (23-25).

Physical Mapping of Mla

The Eco RI fragments of Mla were mapped with Bal-31 exonuclease. Treatment of DNA with
exonuclease and generation of Eco RI fragments were ggﬂe as described by Legerski et al. (17).
The 5'-termini of the fragments were labelled with ““P—-ATP, separated by electrophoresis in
0.73 agarose, blotted onto nitrocellulose (26) and visualized by autoradiography. This
permitted the loss of Eco Rl fragment to be followed as a function of digestion time.

RESULTS

Synthesis and Isolation of cONA and Genomic Clones

We have previously demonstrated that total poly A' RNA from midmaturation stage embryos
contains two superabundant mRNA classes of about 185 and 20S which encode glycinin and
g-conglycinin subunits, respectively (31). A fraction enriched for these messages was purified
by a sucrose gradient and used as template t synthesize cONA. Double stranded cDNAs were
prepared according to standard procedures (6), treated with Sl nuclease and sized on 5 to 20%
linear sucrose gradients. The cDNA fraction larger than 1.3 kb was collected and inserted into
the Pst 1 site of pBR322 by the oligo (dG)-oligo (dC) tailing method (21). Escherichia coli K12
strain HB10l was transformed with the recombinant plasmids, and the transformants were screened
for tetracycline "s'“‘ﬂﬁ‘ and ampicillin sensitivity. Four clones pA06, pB36, pC26 and pB40
hybridized strongly to P-labelled cDONA synthesized from 18-205S mRNA. Plasmid pAO6, which
exhibited the strongest hybridization, was selected for further study. Pst I cleavage and
subsequent gel electrophoresis of pAO6 showed that ft contafned a 610 bp insert. A restriction
map of the insert in pAD6 was subsequently determined by conventional methods (Fig. 1).

A genomic library was conﬁy‘ucud in ACharon 4A using soybean DNA partially clqveq with
Eco RI. It was screened with ““p-labelled cONA prepared from 18-205 enriched poly A" RNA. A
clone, Mla, was identified by plaque hybridization and mapped both by restriction site analysis
and the Bal-31 exonuclease technique of Legerski et al. (17). The clone contained a 17 kb
{nsert which produced 5 fragments after Eco Rl digestion. These fragments were about 11.5, 4.1,
0.7, 0.55 and 0.1 kb in size. The 0.7 kb fragment was the one most insensitive to Bal-31
exonuclease, followed by the 11.5 kb fragment. This indicated that the 0.7 kb fragment was
probably adjacent to the long arm of the Charon 4A cloning vehicle while the 11.5 kb fragment
occupied the central part of the insert (Fig. 4). The 4.1 and 0.55 kb fragments were equally
sensitive to Bal-31, but were degraded more rapidly than the 11.5 and 0.7 kb fragments. This
result indicated that these two fragments were adjacent to the short arm of the cloning vehicle.

The orientation of the 0.55 and 4.1 kb fragments was determined by characterizing
restriction fragments which crossed the junction between the genomic DNA and short arm of the
cloning vehicle (Fig. 4). Digestion of AAla with Bgl Il produced three restriction fragments
(e.g., 4.5, 4.7 and about 9 kb) not present in digests of the Charon 4A arms. Each was purified
and further degraded with Eco RI. In the case of the 4.5 kb fragment, this treatment produced
2.3, 0.55 and 1.6 kb pieces of DNA. The 1.6 kb piece originated from the short arm (3) while
the 2.3 kb fragment came from the 4 kb Eco RI fragment of the genomic finsert in Mla (cf. Figs.
1 and 2). Not only was the 2.3 kb fragment able to hybridize with pAO6 in southern blots, but
its position in the fragment was established by nucleotide sequence analysis (Fig. 2). The 0.55
kb fragment is therefore located between the 4 kb Eco Rl fragment from the genomic DNA and the
short arm of Charon 4A. Eco Rl digestion of the 4.7 kb Bgl Il fragment of MAla produced 2
pieces of DNA of 2.9 and 1.8 kb. The 1.8 kb piece originated from the 4.1 kb £co RI fragment of
genomic DNA in Mla. The 2.9 kb piece therefore extended into the 11.5 kb Eco RI fragment, The
third unique Bgl II fragment from Mla (e.g., 9 kb) decreased only slightly in size when
digested with Eco RI. This s consistent with the conclusion that the 0.7 kb Eco RI fragment
followed the 11.5 kb Eco RI fragments. Experiments with the purified 0.7 kb fragment revealed
that it was cleaved by Bgl II.

The Xor Il restriction fragment across the junction between the fnsert and short arm was
also studied. In performing this experiment use was made of the fact that the 4.1 kb Eco RI
fragment in Mla contained a single Xor II site which was located after the large intron which
interrupted the coding sequence for the basic polypeptide component (Figs. 1 and 2). When pAO6
was used as a probe in southern blots, it hybridized with the 900 bp segment of DNA Detween the
Xor Il site and the Eco RI sfte at the 5'-end of the A8  coding sequence in Mla. Digestion
of Mla with Xor Il resulted in a 3.2 kb fragment which b} southern analysis hybridized to the
pAO6 probe. Purification of the 3.2 kb Xor Il fragment and its subsequent digestion with Eco RI
resulted in formation of the 0.97 kb piece of DNA from the 4.1 kb Eco RI fragment, the 0.55 kb
Eco-fco fragment and a 1.7 kb piece of ONA from the short arm of the Charon 4A short arm (3).
The results of this experiment therefore confirmed the assignment of the 0.55 kb Eco RI fragment
as being located next to the short arm of Charon 4A.

Only the 4.1 kb Eco RI fragment hybridized with 32p-labelled cONA proves synthesized from
18-20S enriched polyadenylated sRNA (Fig. 5). Tnis suggested that it was the only one which
contained coding sequence for one of the prevalent seed proteins. To further characterize the
4.1 kb Eco RI fragment, it was subcloned into pBR322. This fragment and the CONA insert from
pAO6 were labelled by nick translation and hybridized to poly A" RNA from developing seeds (Fig.
6). The Northern analysis showed that both the cONA insert and the 4.1 kb genomic DNA fragment
hybridized to 185 poly A* RNA. This class of prevalent seed messages was previously shown to
code for glycinin precursors (31). Northern hybridization analysis of the other CONA clones
indicated that pB40 also hybridized to 185 mRNA, pC26 hybridized to 165 mRNA while pB836
hybridized to 20S mRNA. The 20S messages were previously shown to encode g-conglycinin
precursors (31).

Hybrid-select translation was used to confirm that pAO6 and Mla coded for glycinin
precursors. The recombinant plasmid from pAO6 and DNA from Mja were linearized with Eco RI,
bound to nitrocellulose and then hybridized to soybean poly A" RNAs from midmaturation stage
embryos. The specifically bound sRNAs were eluted by increasing the temperature to 100°C and
these were translated in vitro. The results are findicated in Figure 7. The translation
products of enriched soybean poly(AJRNA are fn the second lane. A group of proteins around
60,000 molecular weight previously fdentified as glycinin precursors were major translation
products (32). The Mla DNA selected mRNA that for the most part directed the synthesis of one
of these precursors (lame 3), and it was specifically precipitated by antibodies against
glycinin (lane 4). The clone pAO6 also selected mRNA which caused a 60,000 molecular weight
precursor to be synthesized. These results suggested that both pA06 and 4.1 kb fragment from
Mla encoded part of a glycinin subunit.

As summarized in the main body of the manuscript, nucleotide sequence analysis indicated
that coding sequence for glycinin subunit ‘{';1 began at the border of the 4.1 kb Eco RI
fragment closest to the short arm of Charon @X%nd continued 3' into that fragment (Fig. 2).
The 0.55 kb fragment which lay between the 4.1 kb Eco RI fragment and the short arm neither
hybridized with cDNA prepared from glycinin enriched mRNA's (Fig. 5) nor contained coding
sequence for the NH,-terminal end of the A.B, precursor (data not shown). The insert in Mla
could be part of a%se«dogene for a glycinfn'ubunit. However, since fragments from a partial
Eco RI digest of soybean DNA were used to prepare the library, it is considered more likely that
the 0.55 kb fragment became situated next to the 4 kb fragment as a cloning artifact. Thus,
while clones pAO6 and Mla were quite useful in our efforts to determine the primary structure
of the Azs subunit by conventional approaches to protein sequence analysis, other clones with
complete? d8ding sequences will have to be characterized 1in their entirety to define
unambiguously the features of these genes.
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Figure 4. Partial restriction map of Mla genomic clone. The Eco Rl fragments were mapped by
restriction analysis, as well as by the Bal-31 exonuclease method of Legerski et al.
(17). The Bgl Il and Xor Il sites were determined by double digestion methods.
Figure 1 gives a more detailed map of the 4.1 kb Eco RI fragment which was subcloned
into pBR322.
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Figure 5. Hybridization of nick translated cONA with Eco RI digested phage Mla DNA. Phage DNA
was digested with Eco RI, transferred to nitrocellulose and hybridized tw nick
translated cONA (sp. act. 2 x 10° cpm/ug). A 9 kb genomic ONA fragment comigrating
with the phage arms is not visible on this gel: lane 1, electrophoretic separation
of partially Eco RI digested Mla ONA; lane 2, electrophoretic separation of total
Eco RI digest; lane 3, autoradiograph of lane 1 after hybridization to nick
translated cDNA; and lane 4, autoradiograph of lane 2 after hybridization to nick
translated cONA. The 800 bp fragment in lane 1 probably fis a partial digestion
product that originated from the left border of the insert (e.g., 0.7 & 0.1 bp
fragments, see fig. 4).
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Nxbrlalznlon of cDNA clones and 4.1 kb Eco RI fragment with total poly(A)RNA. Poly

RNA was fractionated on a 13 agarose gel that contained 5 sM methyl mercury,
trnnsferrea onto nitrocellulose filur and hybridized to nick translated pA06, pB836.
pC26 and B40 ONAs (sp. act. 10" cpm/ug) and 4.1 kb Eco RI fragment (sp. act. 10

lane 1, ethidium bromide stained gel showing electrophoretic separation of

poly A" RNA; lane 2, autoradiogram of cONA synthesized from the mRNA shown in lane 1;
lane 3, autoradiogram of Northern blot hybridized to pAO6 DNA; lane 4, autoradiogram
of Northern blot hybridized to pC26 ONA; lane 5, autoradiogram of Northern blot
hybridized to p836 ONA; lane 6, autoradiogram of Northern blot hybridized to pB40
ONA; and lane 7, autoradiogram of Northern blot hybridized to 4.1 kb Eco Rl fragment.

Figure 7.

In vitro translation of hybrid-selected mRNA.
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The cONA clone, pAO6, or the 4.1 kb
genoaic tco Rl fragments from Mla were bound to nitrocellulose and hybridized to a
mixture of poly A" RNA. Specifically bound mRNA was eluted by increasing the
temperature to 100°C, precipitated and translated in a rabbit reticulocyte lysate
translation system as described in Materials and Methods: lane 1, standard soybean
proteins showing a, a' and B subunits of 7S and 58K glycinin subunit complexes; lane
2, translation products of total poly A" RNA; lane 3, translation products from sRNA
selected by the 4.1 kb Eco RI fragment; Tane 4, immunoprecipitation of lane 3 by
glycinin antibodies; and lane 5, translation of sRNA selected by pAO6 DNA.



