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Summary. Charge and molecular weight heterogeneity of 
globulin-1 (G1) polypeptides of the bean, Phaseolus vul- 
gaffs L., were revealed by sodium dodecyl sulphate-polya- 
crylamide gel electrophoresis (SDS-PAGE). Different bean 
cultivars were classified into three groups: 'Tendergreen', 
'Sanilac', and 'Contender' on the basis of their protein 
subunit composition. Nine distinct major bands: r,51 ,t~49, 
a48.5,/~48 x ,/348 s , /347,745.5,745 s,  and 745 c,  and two 
minor bands: 746 x and "f46 s were found to account for 
the three profdes seen on one-dimensional SDS-PAGE. 
Two-dimensional analysis revealed these eleven protein 
bands to be composed of a minimum of fourteen distinct 
protein subunits. The 'Tendergreen' and 'Sanilac' types 
differ in their G1 polypeptide composition. The protein 
patterns of  the 'Contender' types are intermediate, con- 
taining many protein subunits found in the pattems of the 
'Tendergreen' and 'Sanilac' types suggesting a genetic and 
evolutionary relationship. 
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Introduction 

Heritable variation in the subunit composition of G1 
storage protein from several P. vulgaris cultivars has been 
shown by single dimension SDS-PAGE (Romero et al. 
1975 ; Hall et al. 1977). Electrophoretic screening of ninety- 
five pure lines of P. vulgaris revealed only three different 
banding types (Romero unpublished data; Ma 1977) sug- 
gesting that only limited variation existed. The observed 
variation is not due simply to post-translational modifica- 
tions (Hall et al. 1980). Subsequently, charge microhetero- 
geneity has been observed within G1 polypeptides mi- 
grating as uniform molecular weight species in the cultivar 
'Tendergreen' (Brown et al. 1980). Zein, the major storage 

protein of Zea mays exhibits large charge heterogeneity 
allowing the identification of single varieties on the basis 
of their isoelectrofocusing (IEF) banding patterns (Gia- 
nazza et al. 1976). Two-dimensional electrophoresis of 
legumin from pea (Pisum sativum) and broad bean (Ficia 
faba) has shown heterogeneity of  charge and molecular 
weight for both the acidic and basic subunit groups of 
these proteins (Casey 1979a, b; Croy et al. 1979; Gate- 
house et al. 1980). Catsimpoolas and Wang (1971) showed 
charge heterogeneity of the acidic and basic subunits of 
glycinin, the major storage protein from soybean (Glycine 
max) using IEF in urea-dithiothreitol media. 

In this paper the polypeptide composition and the 
molecular weights of  G1 polypeptides are re-evaluated for 
the three different banding types. Two-dimensional elec- 
trophoresis allowed the close examination of the varietal 
variation for charge and molecular weight heterogeneity 
of G1 polypeptides, and on this basis, relationships be- 
tween the banding types were observed. 

Materials and Methods 

Plant materials 

The cultivars of P. vulgaris studied were 'Sanilac', 'Pinto 111', 
'Mecosta', 'PI 229815', 'Tendergreen', 'PI 302542', 'BBL 240', 
'Contender', 'Romano', 'Gina', and 'Nikos' and were obtained 
from stocks held by Dr. F.A. Bliss. 

G1 Purification and Preparation for Electrophoresis 

The seed coat and testa were removed from the dry seeds and G1 
protein extracted from the ground cotyledons as described by Sun 
and Hall (1975). The G1 protein was resuspended in 0.5 M NaC1 
and stored at -27~ Before electrophoresis, the G1 protein in 0.5 
M NaC1 was dissociated by heating to 100~ for 3 min in an equal 
volume of a buffer containing 0.625 M Tris-HC1, pH 6.8, 2 mM 
EDTA, 2% (w/v) SDS, 40% (w/v) sucrose, 1% (v/v) 2-mercapto- 
ethanol, and 0.01% (w/v) bromophenol blue marker dye. For sin- 
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gle seed analysis, the non-germ end was dissected (Romero et al. 
1975) and ground in a mortar and pestle. The G1 was extracted 
from the flour with 1 ml of 0.5 M NaC1 (adjusted to pH 2.4 with 
HC1) for 30 min. 100/~I of the supernatant fraction was removed 
and dissociated as described above. 

SDS-polyacrylamide Gel Electrophoresis 

Proteins were separated according to molecular weight using the 
SDS-PAGE system of Laemmli (1970) as modified by Ma and Bliss 
(1978). Electrophoresis of the extracts in 0.75 mm thick, 13% (w/v) 
polyaerylamide slab gels was carried out at 30 mA/gel for 3 to 4 h. 

Molecular Weight Determinations 

Apparent molecular weights for the G1 polypeptides were calcu- 
lated according to the method of Weber and Osbom (1969). The 
molecular weight standards used were: phosphorylase B (94,000 
daltons), bovine serum albumin (68,000), catalase (58,000), fuma- 
rase (49,000), aldolase (40,000), malate dehydrogenase (34,000), 
and soybean trypsin inhibitor (21,000). 

Two-dimensional Electrophoresis 

Proteins were separated by charge in the first dimension and by 
molecular weight in the second dimension by combining IEF 
(O'Farrell 1975) and the SDS-polyacrylamide gel system described 
above. The ampholine mixture used in the IEF dimension was a 2 : 1 
mixture of pH 5.0-8.0 : pH 3.5-10.0 ampholines (LKB). lsoelec- 
trofeusing was at 200v for 16 h followed by 400v for 1 h. After 
equilibration (O'Fartell 1975), the IEF rod gels were laid along the 
top of the SDS slab gel and overlaid with a solution containing 1% 
(w/v) agarose (electrophoretic purity, BIO-RAD), 0.35 M Tris, 
0.1% (w/v) SDS, 0.02 M EDTA-Na2, and 0.01% (w/v) bromo- 
phenol blue marker dye. 

Results 

Varietal Variation in Molecular Weight o f  G1 Polypeptides 

The SDS-PAGE patterns o f  G1 from the eleven varieties 
studied fell into three different banding types (Fig. 1) 
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Fig. 1. a-c. SDS-PAGE of G1 proteins from bean cultivars, a 'Ten- 
dergreen' types: 'Tendergreen', 'PI 302542', 'BBL 240'; b 'Sanilac' 
types: 'Sanilac', 'Mecosta', 'Pinto 111', 'PI 229815'; c 'Contender' 
types: 'Contender', 'Romano', 'Nikos', 'Gina'. 40/~g GI protein 
loaded per slot 

corresponding to those described previously (Romero et al. 
1975; Ma 1977; Hall et al. 1977). The patterns o f  G1 
from 'Tendergreen' ,  'BBL 240' ,  and 'PI 302542'  were 
identical, having three major and one minor band (Fig. 1). 
G1 samples from 'Sanilac' ,  'Pinto 111', 'Mecosta'  and 'PI 
229815'  had five major and one minor band,  and those 
from 'Contender ' ,  'Nikos ' ,  'Romano '  and 'Gina" had six 
major and one minor band (Fig. 1). The molecular weights 
and terminology of  the component  polypeptides of  the 
r 'Sanilac' ,  and 'Contender '  types are given 
in Table 1. 

It is expedient to classify the component  GI  polypep- 
tides, and the system of  Hall et al. (1977) where the three 
major bands of  'Tendergreen'  were called a,/3, and 7 will 
be applied. In order to differentiate between protein 
bands which have the same molecular weights but  differ- 
ent isoelectric points,  the superscripts 'S ' ,  'T ' ,  and 'C'  are 
used to identify the three different banding types.  For  
example, the 48,000 dalton band from 'Tendergreen' and 
'Sanilac' types are referred to as 1348 T and fl48 s respec- 
tively (Table 1). 

Table I. Classification of the SDS-PAGE banding patterns of GI polypeptides accord- 
ing to molecular weight and isoeleetric point 

Molecular Subunit 'Tendergreen' 'Sanilac' 'Contender' 
weight group type type type 

51,000 1 a51 (1,2) a r (1A, 2A) 
49,000 ~ r a49 (6) r (6A) 
48,500 a48.5 (7) 
48,000 348 T (3) ~48 S (8, 9) /348 T (3A) 
47,000 } # ~47 (10) #47 (10A) 
46,000 1 ~'46T(4) ~46 ~ (ll) ~,46 T (4A) 
45,500 ~ "y "r45.5(5) "r45.4 (5A) 
45,000 J -/45 S (12, 13) ~45 C (14) 

aNumbers in parentheses correspond to the IEF variants shown in Fig. 2 which com- 
pose the SDS-PAGE bands. The superscripts 'S', 'T', and 'C' are used to distinguish 
proteins with identical molecular weight but different isoelectrofocusing properties 
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Two-dimensional Analysis of  G1 Polypeptides 

The two-dimensional gel electrophoretic patterns of the 
cultivars are shown in Figure 2. These patterns occupy 
only a small area of the total gel (see Brown et al. 1980). 
The G L o f  'Tendergreen', 'BBL 240' and 'PI 302542' (i.e. 
the 'Tendergreen' types) showed four major protein sub- 
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Fig. 2. a-f. Two-dimensional  electrophoretic pat terns  o f  bean cup 
tivars, a 'Tendergreen '  types;  b 'Sanilac' types;  c 'Contender '  types;  
d mixture  of  'Tendergreen '  and 'Sanilac'  types;  e mixture  o f  q 'en-  
dergreen'  and 'Contender '  types;  f mixture  of  'Sanilac'  and 'Con- 
tender '  types. 40  pg o f  G I protein was loaded in a-c; 30 pg of  each 
GI protein was mixed and loaded in d-f 

units (Fig. 2a, nos. 1-3 and 5) and at least one minor sub- 
unit (Fig. 2a, no. 4). There were two very faintly staining 
subunits, one slightly to the acidic (right) side of subunit 
2 and the other to the acidic side of subunit 3, correspon- 
ding to subunits 3 and 5 described by Brown et al. (1980). 
Subunits 1 and 2 correspond to the a51 band, subunit 3 
to the j~48 T band, subunit 5 to the 3,455 band, and sub- 
unit 4 to the minor 1,46 x band (Table I). 

'Sanilac', 'Pinto 111', 'Mecosta' and 'PI 229815' (the 
'Sanilac' types) showed a two-dimensional pattem con- 
sisting of seven major subunits (Fig. 2b, nos. 6-10, 12 and 
13) and one minor subunit (no. 11). A faintly staining 
subunit to the acidic side (right) of subunit 6 (Fig. 2b) 
could be discerned. Subunits 6 and 7 give rise to the a49 
and a48.5 bands respectively, while subunits 8 and 9 
combine to produce the/348 s band. Subunit 10 gives the 
1347 band, subunits 12 and 13 form the 745 band, and 
subunit 11 gives the minor 746 s band (Table 1). 

The two-dimensional pattern of the 'Contender' types 
(i.e. 'Contender', 'Nikos', 'Romano' and 'Gina') shows 
seven major subunits (Fig. 2c, nos. 1A-3A, 5A, 6A, 10A, 
and 14) and one minor subunit (no. 4A). 

When samples of G1 from a 'Tendergreen' and a 'Sanilac' 
type are mixed, two-dimensional electrophoresis yielded 
the positional relationships shown in Figure 2d. Of the 
thirteen numbered protein subunits (Fig. 2a and b), only 
two (subunits 3 and 9) were not distinct in terms of mo- 
lecular weight and isoelectric point (i.e. they were super- 
imposed). These will be treated as different subunits be- 
cause subunit 3 is consistently more heavily stained and 
because it alone forms the/348 T band while both 8 and 9 
form the/348 s band. 

A mixture of G1 samples from 'Tendergreen' and 
'Contender' types (Fig. 2e) showed the superimposition of 
subunits 1-5 (Fig. 2a) by subunits 1A-5A (Fig. 2c), thus 
indicating similarity on the basis of both molecular weight 
and pI. In the same way, a mixture of G1 from 'Sanilac' 
and 'Contender' types (Fig. 2f) revealed the subunit pairs 
6 and 6A, 9 and 3A,and 10 and 10A had identical molec- 
ular weights and isoelectric points. However, on the basis 
of intensity of staining, the 'Contender' types appear to 
contain subunit 3 of 'Tendergreen' rather than subunit 9 
of 'Sanilac'. G1 from a single seed extraction yielded the 
same two-dimensional electrophoretic profile as did G1 
purified from a batch of seeds. 

Discussion 

Molecular Weight Heterogeneity of  G1 Polypeptides 

The greater resolution of the SDS-PAGE system used in 
this study and the use of protein markers similar in mo- 
lecular weight to G1 has enabled a more accurate evalua- 
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tion of the number of component polypeptides of G1 and 
their molecular weights than was described previously 
(lVlcLeester et al. 1973; Romero et al. 1975; Hall et al. 
1977). Thus, the 53,000, 50,500, 47,000, and 439900 
dalton bands of Hall et al. (1977) have been recalculated 
here as being 51 9900, 49,000, 48,000, and 45 .500 daltons 
respectively. Hall et al. (1977) called the three major 
bands of the 'Tendergreen' pattern a,/3, and 3'. The 7 band 
has less glycosylation than the a of/3 bands (Hall et al. 
1977), and all three differ slightly in their primary struc- 
ture, especially with the a polypeptide containing one 
more methionine residue than the 15 polypeptide (Ma et al. 
1980). On the basis of these differences, the a,/3, and 3' 
nomenclature of Hall et al. (1977) has been retained. The 
G1 polypeptide bands of the 'Sanilac' types have been 
called 'a', '/3', and '3,' on the basis of their molecular weight 
alone, and therefore no particular physical or genetical 
relationships are presumed between bands designated by 
the same symbol. 

Charge Heterogeneity o f  G1 Polypepfides 

Charge microheterogeneity for the G1 polypeptides of the 
cultivar 'Tendergreen' has already been demonstrated 
(Brown et al. 1980). Separation by IEF alone gave sharp 
resolution clearly showing minor G1 variants towards the 
acidic end of the IEF gels (Brown et al. 1980). Separation 
in the second (SDS) dimension yields disperse protein 
spots, and therefore, these minor variants were only ob- 
served clearly when high concentrations of G1 protein 
were loaded (> 40 ~ug) (Brown et al. 1980). Thus, the 
number of variants shown in Figures 2a-c represents only 
the major G1 protein subunits. 

Although the observed charge variations are entirely re- 
producible for a given seed line, it has not been excluded 
that they may reflect artifacts of either extraction proce- 
dure or IEF and, therefore, may not resemble the in vivo 
state of the protein. G1 is a glycoprotein, and its carbo- 
hydrate residues may be the source of the observed hete- 
rogeneity due to loss of some residues during purification 
(Goldstone and Koenig 1974). However, identical two-di. 
mensional patterns are obtained with G1 from a short, 
acidic 0.5M NaCI extraction and with G1 from the extrac- 
tion/purification method of Sun and Hall (1975) so that 
the isoelectrofocusing variants are not due to the purifica- 
tion procedure. Also, initial two-dimensional studies of 
the protein products of in vitro protein synthesis from GI 
mRNA (where no glyeosylation occurs) reflect the in vivo 
situation both in their isoelectric points and in the similar- 
ities and differences in protein composition between the 
three banding types (Brown unpublished data). Thus, gly- 
cosylation does not appear to cause the observed charge 

heterogeneity. In a detailed study of zein, Righetti et al. 
(1977) concluded that the heterogeneity was due to a 
combination of in vivo deamidation of glutamine and as- 
paragine residues and point mutations in zein genes. 

However, if the charge variation seen in Gl protein is 
not artifactual, nor due to non-specific post-transcriptional 
modifications of the products of one or a few genes, then 
it is likely that there are at least fourteen Gl genes differ- 
ing slightly in their primary base sequence. Regardless of  
the molecular basis of the charge heterogeneity, the ob- 
served banding patterns consistently show the similarities 
and differences between individual G1 polypeptides and 
the three banding types, and are, therefore, valuable for 
studying inter-varietal relationships and the inheritance of 
G1 protein polypeptide expression. 

Varietal Variation of  G1 in P. vulgaris 

The two-dimensional analyses support and extend the 
findings of Ma (1977) and unpublished observations (J. 
Romero and F.A. Bliss) that only three different varietal 
banding types of G1 exist. It is clear that the 'Tendergreen' 
and 'Sanilac' types are different in their G1 composition. 
The former is composed of a51, 1~48 T, and 745.5 poly- 
peptides (Fig. 1, 2a, subunits 1-5) and the latter of a49, 
a48.5,/348 s, /347 s , 746 s, and 3'45 polypeptides (Fig. 1, 
2b, subunits 6-13). The mixture of G1 from 'Tendergreen' 
and 'Sanilac' G 1 shows only subunits 3 and 9 to be similar 
(Fig. 2d). The 'Contender' types are intermediate con- 
taining bands from both the 'Tendergreen' types [a51, 
/348 T, 746 T, and 3,45.5 (Fig 1, 2a, subunits 1-5)] and the 
'Sanilac' types [a49 and /347 (Fig. 1, 2b, subunits 6 and 
10)]. The only t~olypeptide which is apparently unique to 
the 'Contender' types is 3,45 c (Fig. 2c, subunit 14). Thus, 
the variation of G1 of P. vulgaris appears to consist of 
only nine major bands: a51, ~49, c~48,5,/348 T , ~48 s ,/347, 
3,45.5,745 s, and 3,45 c,  and two minor bands, 746 T and 
3'46 s. Based on two-dimensional analyses, these eleven 
bands are made up of a minimum of fourteen distinct 
protein subunits. 

Only four bean lines of the 'Contender' type are known 
to us at present: 'Contender', 'Nikos', 'Romano' and 'Gina'. 
These were examined and found to have an identical G1 
composition. 'Mecosta' was reported previously as a 'Con- 
tender' type (Ma 1977), but two-dimensional electro- 
phoresis showed it to be a 'Sanilac' type. The low fre- 
quency of appearance of 'Contender' types and the inter- 
mediate nature of their G1 composition suggests that 
these lines have arisen from lines with the other two band- 
ing types. As far as is known, only 'Romano' and 'Gina' 
are related lines so the 'Contender' types may have arisen 
by three separate events. The mechanism responsible for 
the production of these lines may have involved a trans- 
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location or an unequal cross-over event following a cross 
between two lines of  the major banding types. At present, 
such mechanisms are speculative since our only evidence 
for any evolutionary relationship between the bean lines is 
the electrophoretic banding patterns presented here. Elec- 
trophoresis of  storage proteins has been widely used in the 
study of  the evolution of  hexaploid wheat (Caldwell and 
Kasarda 1978; Johnson 1975) but has mainly added to 
more classical t'mdings involving cytological and morpho- 
logical observations. 

On the basis of  molecular weights and isoelectric points, 
the fourteen subunits of  G1 appear to be similar (Fig. 2a- 
c). They all lie in the molecular weight range o f  45,000 to 
51,000 daltons and in the pH range of  5.6 to 5.8. This 
variation, covering only small ranges in molecular weight 
and pH, is similar to that found for the storage proteins of  
other legumes, although the specific values of  the molecu- 
lar weight and pH ranges differ (Casey 1979a; Gatehouse 
et al. 1980). 

The subunits of  ot m-legumin occupy a similar pH range 
to G1 but their molecular weights lie between 40,000 and 
43,000 daltons (Casey 1979b). Two-dimensional analyses 
of  legumin from pea show small differences for molecular 
weight and isoelectric point within each of  the acidic and 
the basic groups of  subunits (Casey 1979a, b; Gatehouse 
et al. 1980). Similarly, legumin from broad bean exhibit- 
ed heterogeneity for molecular weight and charge (Wright 
and Boulter 1974; Croy et al. 1979). Differences in elec- 
trophoretic banding patterns between pea lines and be- 
tween broad bean lines have been observed with the main 
variation being in the ca. 40,000 dalton acidic subunits 
(Casey 1979a, b; Croy et al. 1979). The range of  variation 
found for G1 protein is considerably less than that of  the 
cereals where storage protein variation is used to identify 
individual cultivars (Autran and Bourdet 1975;Elton and 
Ewart 1962; Shewry et al. 1978; Soave et al. 1976). 

The present evidence suggests strongly that there is 
small variation in G 1 composition between bean varieties, 
with the differences falling into two major distinct groups: 
the 'Tendergreen' and 'Sanilac' types and one small group 
with intermediate composition: the 'Contender'  type. 
This raises the question o f  the origin and evolution of, 
firstly, the two very different major banding types, and 
secondly, the intermediate 'Contender'  types, and this 
may be studied by screening the seed proteins o f  primitive 
bean lines. Also, making use of  the finding in this paper 
that two-dimensional patterns from a single seed extrac- 
tion are identical to those of  purified G1, single seed anal- 
ysis can be used to provide a detailed study of  the heri- 
tability of  G1 polypeptides and thereby to increase our 
understanding of  the genetic control of  the production of  
G1 polypeptides. 

Acknowledgement 

This research was supported by Science and Education Adminis- 
tration of the U.S. Department of Agriculture under Grant Nos. 
5901.0410-8-0053-0 and 5901-0410-9-0357-0; the Herman Frasch 
Foundation; NSF Grant No. PCM 78-11803; and the College of 
Agricultural and Life Sciences, University of Wisconsin, Madison. 

Literature 

Autran, J.-C.; Bourdet, A. (1975): L'identification des vari6t6s de 
blC 6tablissement d'un tableau g6n~ral de d6termination fond6 
sur le diagramme 61ectrophor6tique des gliadines du grain. Ann. 
Amelior. Plantes 25, 277-301 

Brown, J.W.S.; Bliss, F.A.; Hall, T.C.: Microheterogeneity of G1 
storage protein from French bean with isoelectrofocusing. 
Plant Physiol. (in press) 

Caldwell, K.W.; Kasarda, D.D. (1978): Assessment of genomic and 
species relationships in Triticum and Aegilops by PAGE and by 
differential staining of seed albumins and globulins. Theor. 
Appl. Genet. 52, 273-280 

Casey, R. (1979a): Immunoaff'mity chromatography as a means of 
purifying legumin from Pisum (pea) seeds. Biochem. J. 177, 
509-520 

Casey, R. (1979b): Genetic variability in the structure of the a- 
subunits of legumin from Pisum - A two-dimensional gel elec- 
trophoresis study. Heredity 43,265-272 

Catsimpoolas, N.; Wang, J. (1971): Analytical scanning isoelectric- 
focusing: 5. Separation of glycinin subunits in urea-dithio- 
threitol media. Anal. Biochem. J. 44,436-444 

Croy, R.R.D.; Derbyshire, E.; Kfishna, T.G.; Boulter, D. (1979): 
Legumin of Pisum sativum and Vicia faba. New Phytol. 83, 29- 
35 

Elton, G.A.H.; Ewart, J.A.D. (1962): Starch gel electrophoresis of 
cereal proteins. J. Sci. Food Agr. 13, 62-72 

Gatehouse, J.A.; Croy, R.R.D.; Boulter, D. (1980): Isoelectric- 
focusing properties and carbohydrate content of pea (Pisum 
sativum) legumin. Biochem. J. 185,497-503 

Gianazza, E.; Righetti, P.G.; Pioli, F.; Galante, E.; Soave, C. (1976): 
Size and charge heterogeneity of zein in normal and opaque-2 
maize endosperms. Maydica 21, 1-17 

Goldstone, A.; Koenig, H. (1974): Autolysis of glycoproteins in 
rat kidney lysosomes in vitro. Biochem. J. 141, 527-535 

Hall, T.C.; McLeester, R.C.; Bliss, F.A. (1977): Equal expression 
of the maternal and paternal alleles for polypeptide subunits of 
the major storage protein of the bean Phaseolus vulgaris L. 
Plant Physiol. 59, 1122-1124 

Hall, T.C.; Sun, S.M.; Buchbinder, B.U.; Pyne, J.W.; Bliss, F.A.; 
Kemp, J.D. (1980): Bean Seed Globulin mRNA: translation, 
characterization, and its use as a probe towards genetic engi- 
neering of crop plants. In: Genome Organization and Expres- 
sion in Plants (ed.: Leaver, C.J.), pp. 259-272. New York-Lon- 
don: Plenum PubL 

Johnson, B.L. (1975): Identification of the apparent B-genome 
donor of wheat. Can. J. Genet. Cytol. 17, 21-39 

Laemmli, V.K. (1970): Cleavage of structural proteins during as- 
sembly of the head of bacteriophage T4. Nature 222, 680-685 

Ma, Y.; Bliss, F.A.; Hall, T.C.: Peptide mapping reveals consider- 
able sequence homology between the three polypeptide sub- 
units of G1 storage protein from French bean seed. Plant Phys- 
iol. (in press) 

Ma, Y. (1977): Improvement of nutritive value of dry bean seeds 



88 Theor. Appl. Genet. 59 (1981) 

(Phaseolus vulgaris). Ph.D. Thesis. University of Wisconsin- 
Madison 

Ma, Y.; Bliss, F.A. (1978): Seed proteins of common bean. Crop 
Sci. 17,431-437 

McLeester, R.C.; Hall, T.C.; Sun, S.M.; Bliss, F.A. (1973): Com- 
parison of globulin proteins from Phaseolus vulgaris with those 
from Vicia faba. Phytochemistry 12, 85-93 

O'Farrell, P.H. (1975): High resolution two-dimensional electro- 
phoresis of proteins. J. Biol. Chem. 250, 4007-4021 

Righetti, P.G.; Gianazza, E.; Viotti, A.; Soave, C. (1977): Hetero- 
geneity of storage proteins in maize. Planta 136, 115-123 

Romero, J.; Sun, S.M.; McLeester, R.C.; Bliss, F.A.; Hall, T.C. 
(1975): Heritable variation in a polypeptide subunit of the 
major storage protein of the bean (Phaseolus vulgaris L.). Plant 
Physiol. 56,776-779 

Shewry, P.R.; Faulks, A.J.; Pratt, H.M.; Miflin, B.J. (1978): The 
varietal identification of single seeds of wheat by SDS-polya- 
crylamide gel electrophoresis of gliadin. J. Sci. Food Agr. 29, 
847-849 

Shewry, P.R.; Pratt, H.M.; Miflin, B.J. (1978): Varietal identifica- 
tion of single seeds of barley by analysis of hordein polypeptides. 
J. Sci. Food Agr. 29,587-596 

Soave, C.; Righetti, P.G.; Lorenzoni, C.; Gentinetta, E.; Salamini, 
F. (1976): Expressivity of the opaque-2 gene at the level of 
zein molecular components. Maydica 21, 61-75 

Sun, S.M.; Hail, T.C. (1975): Solubility characteristics of globulins 
from Phaseolus vulgaris seeds in regard to their isolation and 
characterization. J. Agric. Food Chem. 23, 184-189 

Weber, K.; Osbom, M. (1969): The reliability of molecular weight 
determinations by dodecyl sulphate - polyaerylamide gel elee- 
trophoresis. J. Biol. Chem. 244, 4406-4412 

Wright, D.J.; Boulter, D. (1974): Purification and subunit structure 
of legumin of Vicia faba L. (broad bean). Biochem. J. 141, 
413-418 

Received July 2, 1980 
Accepted August 20, 1980 
Communicated by O.E. Nelson 

Dr. J.W.S. Brown 
Dr. Y. Ma 
Dr. F.A. Bliss 
Dr. T.C. Hall 
Department of Horticulture 
1575 Linden Drive 
University of Wisconsin-Madison 
Madison, Wis. 53706 (USA) 


