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Summary 

A cDNA library was made from poly(A ÷) RNA isolated from developing oat seeds, and oat globulin 
cDNA clones were identified by hybridization with synthetic oligonucleotides. Globulin clones were charac- 
terized by restriction enzyme mapping and cross-hybridization analysis. Based on these comparisons, four 
classes of globulin clones were distinguished. These clones hybridized to multiple DNA fragments in restric- 
tion enzyme digests of  oat genomic DNA, indicating that the genes exist in a multigene family. The nucleo- 
tide sequence of  one of  the globulin cDNA clones was determined. The amino acid sequence derived from 
the DNA sequence verified its identity as an oat globulin and confirmed that the protein is synthesized as 
a precursor similar to legume llS storage globulins. The basic polypeptide encoded at the 3 '  end of the 
mRNA was found to be homologous to the basic polypeptides of  other llS seed globulins. 

Introduction 

Oat (Avena sativa L.) is unusual among cereal 
species in that its major seed storage protein is a 
globulin rather than a prolamin (21). The oat 
globulin, which comprises 50-80°70 of  the seed 
protein, shares many structural characteristics with 
the 11-12S storage globulins of  dicot seeds (9). 
These proteins appear to be hexamers of 
Mr 60000-65000 subunit polypeptides, with each 
subunit in turn being composed of  a 
Mr 36000-40000 polypeptide with an acidic pI 
and a Mr 20000-23000  polypeptide with a basic 
pI (4, 27). The acidic and basic polypeptides are 
cross-linked by disulfide bonds. The oat 12S globu- 
lin differs from the 11-12S globulins of  legumes by 
requiring much higher concentrations of  salt for 
maximum solubility (4). 

As is true of the legume storage proteins, oat 
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Abbreviations: ds, double stranded; kb, kilobase. 

globulin is synthesized by membrane-bound poly- 
ribosomes (1) and is deposited within vacuole mem- 
branes (22). Based on in vitro and in vivo labeling 
experiments, the Mr 60000 subunits are synthe- 
sized as precursors that consist of  one acidic and 
one basic polypeptide (5, 18, 27). The subunits are 
synthesized as precursors which are post- 
translationally cleaved to give acidic and basic 
polypeptides joined by a disulfide linkage (4, 27). 

In order to investigate the molecular basis for the 
high level of globulin synthesis in oat seed, we syn- 
thesized and identified cDNA clones correspond- 
ing to oat 12S globulin proteins. These clones were 
used to determine the extent of  homology among 
these sequences and the number of  genes encoding 
12S globulins in the oat genome. The nucleotide se- 
quence of  one clone was determined, and from this 
we were able to deduce the amino acid sequence of  
the corresponding protein. 
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Materials and methods 

DNA restriction endonucleases were purchased 
from Bethesda Research Laboratories (Gaithers- 
burg, MD) or from New England Biolabs (Beverly, 
MA), Calf intestinal alkaline phosphatase was 
from Boehringer Mannheim (Indianapolis, IN) and 
terminal transferase and polynucleotide kinase 
were from P - L  Biochemicals (Milwaukee, WI). 
[7-32p]ATP and [a-32p]dCTP were obtained from 
New England nuclear (Boston, MA) or from 
Amersham (Chicago, IL). Nitrocellulose was pur- 
chased from Schleicher and Schuell (Keene, NH). 
The apparatus used for dot hybridizations was pur- 
chased from Bethesda Research Laboratories 
(Gaithersburg, MD). 

DNA isolation and analysis 

Preparation of plasmid DNA, restriction enzyme 
digestion, nick translation of DNA, DNA-end 
labeling, and bacterial transformation were per- 
formed by standard methods as described by Mani- 
atis et al. (16). DNA sequencing was by the method 
of Maxam and Gilbert (20) with the modification 
of Krayev et al. (13). 

Synthesis of oligonucleotides 

Deoxyoligonucleotides were synthesized manual- 
ly by a solid phase method with dimethoxytrityl 
nucleoside phosphoramiditis (19) with materials 
purchased from Applied Biosystems Inc. (Foster 
City, CA). Polymers of 17 nucleotides were separat- 
ed from incomplete products in a 20% polyacryla- 
mide gel that contained 7 M urea in TBE (0.01 M 
Tris, pH 8.3, 0.01 M boric acid, and 0.01 mM 
EDTA). The oligonucleotides were eluted in 0.5 M 
NH 4 acetate, 1 mM EDTA (20). 

Construction of an oat cDNA library 

Poly (A +) was prepared from developing oat 
seeds as previously described (27). The RNA was 
size-fractionated on 5-20% sucrose density gra- 
dients. Fractions determined to be most active in 
globulin synthesis by in vitro translation sediment- 
ed at approximately 18S and these were used for 
cDNA synthesis. First strand and second strand 
cDNA synthesis was as described by Buell et al. (6) 

and Wickens et al. (28). After S1 nuclease treat- 
ment, the double-stranded cDNAs were separated 
by electrophoresis in 5% polyacrylamide gels and 
molecules longer than 800 bp were excised and 
eluted. Following homopolymer tailing with dTTP, 
the cDNAs were inserted into the Pst 1 site of 
pUC8 that has been homopolymer tailed with 
dATP. The recombinant plasmids were used to 
transform JM83 cells. The resulting white colonies 
were selected for further analyses. 

Identification of 12S globulin clones 

To identify globulin sequences among the popu- 
lation of cDNA clones, two pools of synthetic 
oligonucleotides were synthesized corresponding to 
the previously determined NH2-terminal amino 
acid sequence of the globulin basic polypeptide 
(27). The mixtures of synthetic oligonucleotides 
were end-labeled with 32p-ATP and hybridized to 
bacterial colonies that were lysed onto nitrocellu- 
lose as previously described (11). Plasmids were pu- 
rified from colonies showing positive hybridization 
signals and analyzed by restriction enzyme diges- 
tion. A clone containing the largest insert (pOG77) 
was used for nucleotide sequence analysis. 

Northern analysis of endosperm RNA 

Messenger RNA or total RNA was separated by 
electrophoresis in denaturing gels containing 5 mM 
methyl mercury hydroxide and 1.4% agarose (3). 
After the gels were stained with ethidium bromide, 
they were blotted onto nitrocellulose and hybri- 
dized in a solution containing 5 × SSC, 20 mM 
NaPO4, pH 6.8, 1% SDS, 0.02% Ficoll, polyvinyl- 
pyrrolidone, and bovine serum albumin, and 5% 
dextran sulfate in 50% formamide (16). The 
hybridization probe was prepared by isolating the 
cDNA insert from pOG77 and labeling the DNA 
by nick translation with 32p-dCTP (18). After 
hybridization the filters were washed with 1 x SSC 
containing 0.1% SDS at room temperature, fol- 
lowed by a wash at 68 °C with the same solution. 

Southern hybridization analysis of  oat DNA 

DNA was isolated from 7-day oat shoots by a 
rapid preparation procedure (8): The DNA was 
digested with Bam HI, Eco RI, and Hind III, sepa- 



rated by electrophoresis in a 0.8% agarose gel, and 
transferred to nitrocellulose. Hybridization with 
the nick-translated cDNA insert from pOG77 was 
in a solution containing 40% formamide, 5 × SSC, 
5 x Denhart's, 1% SDS, 250 mg/ml denatured calf 
thymus DNA, and 20 mg/ml poly(A) at 62 °C for 
18 h. The filters were washed in 0.06 x SSC, 0.1% 
SDS at 62°C for 2 h and autoradiographed. 

Dot blot hybridizations 

Filters for dot hybridization were prepared as 
described by Kafatos et al. (12). Plasmids were 
digested with Bam HI, denatured in 0.4 N NaOH 
for 10 min at temperature, and neutralized with 
NH 4 acetate. Nitrocellulose filters were wetted with 
H20 and rinsed with 1 M NH 4 acetate before ap- 
plying 40 #1 samples containing 0.5/zg of  plasmid 
DNA in 0.1 M NaOH and 1 M NH 4 acetate. The 
filter was then rinsed in 3 × SSC and dried. 

The probes for hybridization were made by nick- 
translating inserts isolated from the cDNA clones. 
The hybridization and wash solutions were the 
same as described for Southern analysis. 

Results 

Construction and identification o f  oat 12S globulin 
clones 

The mRNAs encoding oat 12S globulin precur- 
sors sediment at approximately 18S (22). To in- 
crease the proportion of  globulin sequences among 
cDNA clones, we isolated mRNAs of the appropri- 
ate size from total poly(A) RNA of  developing oat 
endosperm. The 18S mRNAs directed the synthesis 
of  oat globulins, as determined by immunoprecipi- 
tation with a polyclonal antibody generated against 
purified 12S globulin (27). These mRNAs were 
used as templates for synthesis of  double stranded 
(ds) cDNAs as previously described (6, 28). To in- 
sure the isolation of large cDNA inserts, the ds 
cDNA was separated by electrophoresis in 5% 
polyacrylamide gels. Molecules of  800 bp or larger 
were excised from the gel and recovered by electroe- 
lution. The ds cDNAs were homopolymer tailed 
and annealed with the plasmid pUC8 that had been 
homopolymer tailed with the complementary 
nucleotide. After transformation of  competent 
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bacterial cells, we selected 560 recombinant plas- 
mids for subsequent analysis. Restriction enzyme 
analysis of  these plasmids indicated that 95% of 
the recombinants contained cDNA inserts of 800 or 
more nucleotides. 

To identify clones containing oat globulin se- 
quences, we synthesized oligonucleotides for use as 
hybridization probes. The sequences of these 
probes were derived from the NH2-terminal se- 
quence of the basic polypeptides (27). It was not 
possible to identify a peptide that is encoded by a 
unique nucleotide sequence, so we selected two 
regions that had minimal codon degeneracy. These 
two sequences corresponded to amino acids 3 - 8  
and 13-18 of the basic polypeptide. The mixture of  
oligonucleotides corresponding to each of  the 
regions consisted of  32 sequences (oligo I) and 
48 sequences (oligo II), respectively (Fig. 1). 

Hybridization of  32p-labeled oligonucleotide II 
to the cDNA library led to the identification of  20 
putative globulin clones. Plasmids from colonies 
showing positive hybridization were prepared and 
hybridized separately with labeled oligo I and oli- 
go II to confirm their identification. Eleven of the 
20 clones hybridized with both oligonucleotides 
and these were subsequently purified for detailed 
analysis. 

OLIGO I 

3 h 5 6 7 8 
GLU GLU ASN PHE CYS ASP 

MRNA 5' GA A GA A AA~ UU~ UG~ GA~ S' 

DNA 3' CT~ CT~ "G"GTIA ^A A AC~ Cl 5' 32 . . . .  ENCES 

OL[GO [ l  

13 14 15 16 17 18 

GLU ASN ILE GLU ASN PRO 

G 

DNA 3' CT~ TT A IA I CT~ TT A GG 5' 48 sc . . . . . . .  

Fig. 1. Synthetic deoxyoligonucleotides used as hybridization 
probes for the detection of oat globulin cDNA clones. Two 
17-mers were synthesized that corresponded to the predicted 
mRNA sequences encoding residues 3-8 (oligo I) and 13-18 
(oligo II) of the oat globulin basic polypeptide. Based on codon 
degeneracy pools of 32 and 48 sequences were synthesized for 
oligo I and II, respectively. 
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Fig. 2. Restriction map and sequencing strategy of pOG77. Only restriction enzyme sites used for end labeling are shown. The scale 
of the map is in hundreds of base pairs. The horizontal arrows indicate the direction and extent of sequence analysis. All regions of 
the cDNA insert were sequenced at least twice; both strands were sequenced for the majority of the clone. 

Characterization of  globulin cDNA clones 

As an initial step to confirm the identity of  the 
cloned cDNAs as 12S globulin sequences, the 
recombinant plasmids were hybridized to total 
RNA or poly(A ÷) RNAs from developing oat en- 
dosperm. Following separation in agarose gels con- 
taining methylmercury hydroxide (3), the RNA was 
transferred to nitrocellulose and hybridized to 
cloned cDNAs that were labeled by nick transla- 
tion. Each of  the recombinant plasmids was found 
to hybridize to a m R N A  of  approximately 1800 
nucleotides based on its migration relation to the 
marker 18S rRNA (data not shown). 

Analysis of  the size of  the c D N A  inserts of  these 
11 clones indicated that the largest one, designated 
pOG77, was approximately 1200 nucleotides in 
length. To verify that this clone corresponded to a 
12S globulin protein, we prepared a detailed restric- 
t ion enzyme map (Fig. 2) and determined its 
nucleotide sequence. The D N A  sequence of  pOG77 
showed that the c D N A  insert extends to the 3' end 
of  the mRNA and includes a portion of  the 
poly(A) tail (Fig. 3). There is a single open reading 
frame of  313 amino acids that precedes a TAA ter- 
mination codon. Two potential polyadenylation se- 
quences (AATAAA) are found in the non-coding 
region following the stop codon. Amino acids 112 
through 129 of  the predicted sequence were found 

Fig. 3. Nucleotide and predicted amino acid sequence of 
pOG77. The NH2-terminal sequence of purified basic polypep- 
tides is shown in single letter designation below the predicted 
amino acid sequence; this also indicates the junction of the acid- 
ic and basic polypeptides. The amino acid sequence repeats in 
the acidic polypeptide between nucleotides 238 and 315 are un- 
derlined. The polyadenylation signals in the 3' untranslated 
regions are overlined. 

to correspond to the NH2-terminus of  the 12S 
globulin basic polypeptide (27), thus confirming 
the identity of  the clone as a storage globulin se- 

54 
• .. GGT CAA CAG TIT GGA CAA AAC ATA TTC AGT CCA TrC AGT 

Gly Gin Gin Phe Gly Gin ASh lle Phe Set Gly Phe Set 

II! 
GTC CAA CI~ ~ ATA AGT CAG CAA GCA GCA CAA AAG ATT CAG 
Val Gin Leu Gly Ile Set Gln Gin Ala Ala Gin Lys lle Gin 

168 
AGT CAA GAG ATA AT? CGT GTG AGT CAA GGC CT? CAA T~ 
Ser Gln GIu ne ne Arg Val S~r Gln Gly Leu Gln Vne Leu 

225 
AAG CCT GGA CCA GTA GAG CAT CAA GCC TAC CAA (3CA ATr C~ 
Lys Pro Gly Pro Val GIU His Gin Ala Tyr Gln Pro lle Gin 

282 
AGT CAA CAA TAC CAG GTA ~ CAA TCA CCA CAA TAT CAA C4%A 
Set Gin Gln T~r Gin Val GI~ Gin Set Pro Gln T~r Gln Glu 

339 
GGA CAA TCA ACT CAA TAC CAG TCA GC~ CAG TCA ~GG GAC CAA AGT T~C AAT GGT TTG 
G~ Gin Set Tbr Gin Tyr Gin Set GIy Gin Set Trp Asp Gin Set Vae Am GIy Leu 

(NH2)G L 

396 
C-%G C~ AAT T~C ~T TCA TTG GAG GCA AGG CAA AAC ATC GAA AAC CCG AAA C6T GCC 
Glu Glu Ash Vne Cys Set Leu Glu Ala Arg Gln Ash ne Glu Ash Pro Lys Arg Ala 
E E N F C D L E A R E N I E N 

453 
GAC A~G TAC AAC CCA CGT GCT GGC AGG ATA ACA CAT C~C AAT AGC AAG AAT TTT CCC 
ASp Thr Tyr ASh Pro Arg Ala Gly Arg Ile Thr His Leu Ash Set Lys ASa Phe Pro 

51B 
A~C C~ AAC T~G G'IX3 CAA ATG AGT CCT ACA AGA GTA AAT ~i~A TAC CAG AAT GCT ATT 
Thr Leu Ash Lea/ Val Gln Met Set Ala Thr Arg Val Ash Le~ Tyr Gin ASh Ala Ile 

567 
CTT TCA CCA TAC TGG AAC ATT AAT GCT CAC AGT G'@C A~G CAC A,~G ATC CAA GGA ~ 
Le~ Set Pro Tyr Trp ASh lle ASh Ala HIS Set Val M~t His Met lle Gin Gly Arg 

624 
GCT CGA G~T CAA GTT G~C AAT A~C CAT GGT CAG ACC GTA TTC AAT GAC ATT C~ OGT 
Ala Arg Val Gln Val Val Ash ASh His Gly Gin Th~ Val Fae Ash Asp Ile Leu &rg 

681 
C(~ GGA CAA CTA CTA A'~C ATA CCA CAA CAC TAT GTT G~ C~ AAG AAG GCA C~ C~ 
Arg Gly Gln 5eu Leu lle lle Pro Gin His Tyr Val Val Leu Lys Lys Ala Glu ~rg 

AAC AAC A~3 AGA GAG 
ASh Asn Lys Arg GIu 

CTT CT~ AGT GAG GCC 
Leu Leu Set Glu Ala 

AAT GAC CAA AGA GGT 
ASN ASp Gln Arg Gly 

TTT GTT TCC CAA CAA 
Fne Val Set Gln Gln 

CAA GA~ CAA TCA ACC 
Gin Glu Gln Set Thr 

GAK GGA ~C CAA TAT AT~ ~A TTC AAG ACC ACC 
GIu Gly Cys Gin Tyr Ile Set Fne Lys Thr Thr 

GCA G~ AAG ACC ~OC ATC CTA CGT GCA TPG CCC 
Ala Gly Lys Thr Set Ile Leu Atg Ala Leu Pro 

CGC A~ TCT ~G CAG GAA T~C CAA AAC CIC AAA 
Arg Ile Set Arg Gin Glu Set Gin Asm Leu LyS 

OCA TTC ACC CCT AAG TTT GCA CAA ~CG GGC ~X3C 
Ala Phe Thr Pro Lys Phe Ala Gin Thr Gly Set 

CAT C]'~ C~ C~ AGA AGG CAT (3OG AGT GAA T~A 
His Leu Arg Leu Arg Arg His Pro Set Glu End 

739 
CCC AAC TCT A~ GIT AGC TAC ATC 
Pro ASh Set Met Val Set Tyr lle 

795 
GTT GAT GTC C~ GCC AAT GCA TAC 
Val Asp Val Leu Ala Ash Ala Tyr 

852 
AAT AAT CGT GGA GAA GAG TTT G~ 
Ash ASh Arg Gly Glu GIu Phe Gly 

999 
CAG AGT TAC AGG ACG AOG GAG AGT 
Gin Set Tyr Azg Thr Atg Glu Set 

967 

Ig27 
TGAAATAAAG GCATAC--CAT(I 'I~]'~AC~CCT AGTGGTATAT AACCGCTTAC TCAATAAAAA 

1~65 
A~'T'FIL-~'CL~I ' G'ITA24 



quence. The length of the basic polypeptide is 202 
amino acids, and corresponds to a protein of  
Mr 26 744. 

We were unable to determine the sequence of  the 
acidic polypeptide of  the 12S globulin because the 
NH2-terminus is blocked (27). Although the 111 
amino acids preceding the basic polypeptide would 
only correspond to a portion of  the acidic polypep- 
tide, the amino acid composition of  this sequence 
is similar to that previously determined (21). Fur- 
thermore, the sequence of  this portion of  the clone 
is homologous to amino acid sequences of acidic 
polypeptides from other llS seed storage globulins 
(14, 15, 17, 24). Within this region of  the protein 
there is a short repeated peptide of  10 amino acids 
that has the sequence QSTQYQVGQS. This peptide 
begins at amino acid 79 and extends through amino 
acid 89. An imperfect repeat of  the sequence, 
QSTQYQSGQS, lies between amino acids 96 and 
105, and between these 10 amino acid repeats, at 
positions 91-  95, is a five amino acid variant of  this 
repeat QYQEG. 

Comparison of  sequence homology among globu- 
lin cDNA clones 

Restriction enzyme mapping of the 11 globulin 
cDNA clones revealed considerable sequence heter- 
ogeneity. To further examine the relationships 
among these clones, we analyzed the extent of  their 
sequence homology by cross-hybridization. Sam- 
ples of  each plasmid were immobilized on nitrocel- 
lulose filters and hybridized at several criteria to the 
32p-labeled insert from pOG77 (Fig. 4). At 45 °C in 
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5 x SSC the pOG77 sequence hybridized to all of  
the other cDNA clones. However, at 62°C in 5 x 
SSC pOG77 hybridized to only four of the 
10 clones. 

To examine the relationships between the clones 
that did not hybridize with pOG77 at the stringent 
criterion, a similar experiment was performed. 
Each of the 11 clones was immobilized on nitrocel- 
lulose, and replicate samples were hybridized with 
32p-labeled inserts from those clones that did not 
cross-hybridize with pOG77. At the stringent 
criterion these clones can be divided into four dis- 
tinct groups (Fig. 5). Group 1 contains those which 
hybridize with pOG77 and includes clones 
pOG107, pOG234, pOG258, and pOG302 (Fig. 4). 
Clones pOG250 and pOG270 did not hybridize 
with any other clones, and thus form two distinct 
classes. The fourth group contains plasmids 
pOG252, pOG277, and pOG438 (Fig. 5). Thus, 
while there is a significant degree of homology 
among the globulin sequences, by using a more 
stringent hybridization criterion it is possible to 
distinguish among them. 

Southern hybridization analysis o f  genomic DNA 

To investigate the number of genes encoding 
globulin subunits in the oat genome, we hybridized 
pOG77 to oat genomic DNA at a criterion that 
should allow cross-hybridization to all the charac- 
terized globulin sequences. DNA was isolated from 
seven-day-old germinating oat shoots and digested 
with the restriction enzymes Bam HI, Eco RI, and 
Hind III, which do not cut in the cDNA clones. 

Fig. 4. Cross-hybridization analysis of pOG77 with oat 12S globulin cDNA clones. Recombinant plasmids were fixed on nitrocellulose 
and hybridized with the 32p labeled insert from pOG77 in 5 x SSC, 40o7o formamide at 42 ° C and 62 °C. 
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Fig. 5. Cross-hybridization analysis of  homology among  oat 12S globulin cDNA clones. Recombinant plasmids corresponding to vari- 
ous globulin clones were fixed on nitrocellulose and hybridized at 62 °C in 5 × SSC, 40o/0 formamide with 32p-labeled inserts from 
each of  the clones that  dit not cross-hybridize with pOG77. 

The DNA was separated in an 0.8% agarose gel 
and transferred to nitrocellulose by the procedure 
of  Southern (26). At a criterion of  T m - 2 7 ° C ,  the 
cDNA insert hybridized to multiple DNA frag- 
ments in each of  the digests (Fig. 6). The hybridiza- 
tion intensity of  some of  these fragments was more 
intense than others, suggesting that some of the 
genes may be clustered or that they are present on 
similar sized DNA fragments. However, in the ab- 
sence of restriction maps of  full-length cDNA 
clones, it is difficult to determine precise relation- 
ships among the fragments that hybridize. 

Discussion 

Because of the  sequence homology between the 
basic polypeptides of  the oat 12S globulin and 
those of  legume species (27), we attempted to use 
cDNA clones corresponding to pea (15), soybean 
(24), and rape seed llS globulins (25) as heterolo- 
gous probes to identify oat 12S globulin sequences. 
However, none of  these were found to hybridize to 

oat endosperm poly(A) RNA at even a low hybridi- 
zation stringency. We therefore used synthetic 
oligonucleotides to identify oat globulin sequences. 

Although the oligonucleotide probes we synthe- 
sized were complex mixtures, i.e. 32 and 48 se- 
quences (Fig. 1), they were nevertheless effective 
hybridization probes. Eleven of the 20 clones that 
hybridized to oligonucleotide II were found to also 
hybridize to oligonucleotide I. All 11 of  these ap- 
pear to be authentic 12S globulin sequences based 
on homology with a verified globulin clone. We did 
not further investigate the nine clones that hybri- 
dized only to oligonucleotide II, but they may also 
represent globulin sequences. 

We compared the deduced sequence of the oat 
globulin basic polypeptide with that of  basic poly- 
peptides from dicot llS globulins (Fig. 7). This 
analysis showed that there is approximately 40% 
homology between the oat polypeptide and those 
in soybean, pea, and rape seed. The basic polypep- 
tide of  the oat globulin was more homologous to 
that of  the soybean Gy 4 subunit than it was to the 
other sequences that we compared. 



Fig. 6. Analysis of  genes encoding oat globulin by Southern 
hybridization. Oat DNA was digested with the restriction en- 
zymes Barn HI (lane 1), Eco RI (lane 2), and Hind Ill  (lane 3), 
and separated by electrophoresis in a 0.8% agarose gel. The 
DNA was transferred to nitrocellulose and hybridized with nick 
translated insert from pOG77. The position of  the tool wt mar- 
kers is shown at the left of the figure. 

Although we have no sequence information for 
the acidic polypeptide, the protein deduced from 
this region of the clone is similar to the acidic poly- 
peptides of dicot llS seed globulins (14, 15, 24). In 
addition to having an amino acid composition con- 
sistent with the acidic polypeptide of the oat globu- 
lin, this region of the protein has several structural 
features of other globulin precursors. In legume llS 
globulins (14, 15, 24) repeated peptides of 
10-30 amino acids were found to precede the 
NH2-terminus of the basic polypeptide. We identi- 
fied similar repeats between amino acids 79-105 in 
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pOG77. The region where these repeats occur ap- 
pears to be a highly variable portion of the acidic 
polypeptide (2). The sequence of the first 79 amino 
acids in pOG77 is similar to the comparable region 
in legume llS globulins. 

Processing of the soybean llS globulin precursor 
includes the removal of a peptide of four amino 
acids between the acidic and basic polypeptides 
(17); however, in pea the COOH-terminal amino 
acid of the acidic polypeptide immediately pre- 
cedes the NHz-terminus of the basic polypeptide 
(14). Since the identity of the COOH-terminal ami- 
no acid of the oat acidic polypeptide is unknown, 
we cannot determine the presence or absence of a 
linker peptide in this region of the molecule. How- 
ever, we found an asparagine residue precedes the 
NHz-terminal glycine of the basic polypeptide in 
the oat globulin precursor. This Asn-Gly sequence 
is conserved at the site of proteolytic cleavage for 
all globulin sequences that have been examined (7, 
14, 15, 17, 24, 25). 

Two-dimensional gel analysis of oat 12S globu- 
lins revealed a large number of acidic and basic 
polypeptides (4, 27), suggesting that these proteins 
are encoded by a complex mixture of mRNAs. 
Comparison of restriction enzyme maps of globu- 
lin cDNA clones showed considerable heterogenei- 
ty among these sequences, and this was supported 
by results of experiments comparing sequence ho- 
mology (Figs. 4, 5). At a criterion calculated to be 
Tm-27°C there was sufficient homology among 
the clones that they all cross-hybridized. It was pos- 
sible to distinguish four groups of clones when 
hybridization was at a more stringent criterion 
(T m- 8 °C). Although we do not know the amount 
by which the coding sequences of these clones over- 
lap, it is likely that they have a considerable region 
of common coding sequence. This conclusion is 
based upon the fact that each clone hybridized to 
oligonucleotides corresponding to the 
NHz-terminus of the basic polypeptide, which is in 
the central region of the mRNA. Since the size of 
the cDNA inserts in these clones ranged from 
850-1200 bp, they should overlap a significant 
proportion of the sequence at the juncture of the 
acidic and basic polypeptides. 

Southern hybridization analysis of oat genomic 
DNA demonstrated that the globulin genes are 
present in the genome in multiple copies. The clone 
pOG77 hybridized to a number of DNA fragments, 
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6v2: ! T T lq R 

6Vql V A T L K 

L . :  LIE EIT T k K 
Cmu: LIE EJT S A R 

20 3O 

L R G A I G G A S S I O S 

L H E N [ k R P S R. F K R 

L R L G P S S S f l y  A P1EiA 6. R 
C T D[N j L D  D P S A V!YIKIP jO LL ! ,Y  

qO 50 

6v2: T A ~ L D F P AILIW L L K O Y E S L R K EtA M F 
T L i L T C A L R Q F G G Y V V l Y K [AFG I Y 

Leii: T V T S L D L V L R W L K E H G S L H K AIT A F 
CMu: T L N Y D L R F L R L R G S I R O ~ k IM V 

7O 

6v2: V P H Y T L N k A S I 
Gvq: S V N L N A N S I 
Leii: V lPIH Y A L A A N SI 
Ceu: L g W M k A N~ 

1GO 
OAT: ~ i  D I L R R 6 O 
Gv2: 6 E I O E 6 6 
6Vq: G E | R R E O 
LIG: 6 K L E A G R 
r'u: IV FID G G V S G 6 O 

V A H M I I ~ R A R  
] I Y A L ~  R A L  
V I Y V T  Q G K  
R I Y A L  R A R  
V L Y V T  E A H  

II0 
L ~  ~ H  Y V V 
V IV A F I V 

L v A F V I 
k V P O A Y A V 
L P L U G  F S V 

H ~ Q T  
I V O V V A C A  E l  
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Fig. 7. Comparison of the amino acid sequences of basic polypeptides from five different 12S globulins. The sequences that are com- 
pared are from oat, soybean (17, 24), pea (7), and rape seed (25). Gaps were introduced in the sequence to maximize homology; identical 
amino acids are enclosed to highlight them. 

some o f  which sl)owed hybridizat ion intensity con- 
sistent with the presence o f  multiple gene copies. At  
the criterion used in this analysis we would expect 
to detect all sequences similar to the group o f  
c D N A  clones we have described. However, it is pos- 
sible that  there are other  globulin genes in the ge- 
nome that  are less homologous  to pOG77.  There 

are at least two sub-families o f  genes encoding the 
soybean l lS globulin (24), and each contains two or  
three genes. Likewise, in pea the l lS globulins are 
encoded by a relatively small number  o f  genes (7, 
10). Our  results indicate that  oat  12S globulins are 
probably  encoded by a larger multigene family than 
the l lS globulins o f  legumes. 
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