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Phaseolin seed variability in common bean (Phaseolus
vulgaris L.) by capillary gel electrophoresis

Bolestaw P. SALMANOWICZ

Institute of Plant Genetics, Polish Academy of Sciences, Poznan, Poland

Abstract. Phaseolin, the major seed storage protein of Phaseolus vulgaris from
forty-four wild and cultivated accessions, was studied using sodium dodecyl sul-
phate-capillary gel electrophoresis (SDS-CGE). In total, eleven phaseolin profiles, re-
vealing polypeptide subunit variation in the range from 45.6 kDa to 54.4 kDa, were
recorded. The number of polypeptide subunits recorded in particular profiles varied
from 3 to 6; in total, eight phaseolin subunits were distinguished in the examined mate-
nal. Ferguson plot analysis was used to correct non-ideal behaviour of phaseolin
polypeptide subunits in capillary gel electrophoresis in the presence of SDS. The ob-
tained results are compared to electrophoretic data received by slab polyacrylamide gel
electrophoresis. The SDS-CGE method appears to provide a powerful tool for disclo-

sure of phaseolin subunit variability.

Key words: capillary electrophoresis, common bean, CGE, genetic diversity, phascolin,
| storage proteins, SDS-PAGE.

Introduction

Seeds of common bean (Phaseolus vulgaris) are a major source of proteins for hu-
Man and animal consumption in many parts of the world (PICHICO 1989). They
Contain two major storage proteins: phaseolin (35-50% of total proteins) and the
bean lectin phytohemagglutinin (GEPTS et al. 1992). Phaseolin belongs to the 7S
or vicilin class of seed storage proteins. This protein is a trimeric glycoprotein,
which consists of three types of similar subunits with molecular masses ranging
from 43 kDa to 54 kDa (BROWN et al. 1981, GEPTS et al. 1992). Each subunit has
two potential sites of glycosylation completely or partially glycosylated (LiOI,
BoLLINg 1984). Phaseolin is encoded by six to ten tightly linked genes belonging

0 the o and B subfamilies of the multigene family that are clustered in a single
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complex locus (TALBOT et al. 1984, LLACA, GEPTS 1996). Members of the g
subfamily have tandem direct repeat sequences of 15 bp or 21bp and/or 27 by,
whereas members of the B subtamily do not have these repeats (KAMI, GEPTS
1994). The heterogeneity of the phaseolin polypeptides is a result of a series
of events both at the DNA molecular level and co- and posttranslational modifica-
tions (STURM et al. 1987, FRIGERIO et al. 1998).

Extensive polyacrylamide gel electrophoretic studies of phaseolin genetic
variation in seed have allowed researchers to identify patterns of multiple domes-
tication and a reduction in genetic diversity during domestication. Phaseolin di-
versity has provided evidence for a subdivision of Ph. vulgaris into two
geographic gene pools: Central American and Andean (GEPTS et al. 1986,
KOENIG et al. 1990, VELASQUEZ, GEPTS 1993, GEPTS 1998). Four phaseolin pro-
tein patterns have been identified among cultivars of common bean; the ‘S’, ‘T,
‘C” and ‘B’ patterns named after the cultivars ‘Sanilac’, ‘Tendergreen’, ‘Con-
tender’ and ‘Bonello’, respectively (BROWN et al. 1981, LI1O1, BOLLINI 1984,
GEPTS, BLISS 1988). On the other hand, a much wider range of variability in elec-
trophoretic patterns was observed among wild-growing common bean and eleven
other clectrophoretic variants have been additionally detected. The knowledge
of spread of phaseolin types also contributed to the characterization
of Ph. vulgaris gene resources.

In the last decade, capillary electrophoresis (CE) has been established as
amodern, powerful separation technique, which allows rapid and efficient separa-
tion of macromolecules, such as proteins. Capillary gel electrophoresis (CGE), as
one with CE modes, offers a high-resolution separation method for molecular
mass determination of SDS-protein mixtures and purity check. It requires only
small sample and buffer volumes, and allows detection of small differences in
the molecular mass of aggregated proteins (WERNER et al. 1993, GUTTMAN,
NOLAN 1994, GUTTMAN et al. 1994, SALMANOWICZ 2000).

This work presents an analysis of phaseolin polypeptide subunits from seeds
of Ph. vulgaris by capillary gel electrophoresis. The obtained CGE profiles
of the analysed samples are compared with the respective SDS-PAGE patterns
of phaseolin types. The observed anomalous migration of phaseolin polypeptides
in the used sieving matrix [mixture of poly(ethylene oxide) and poly(ethylene gly-
col)] with buffer in the presence of sodium dodecyl sulphate (SDS) by capillary
gel electrophoresis was studied. The used polymer network allowed the easy prep-
aration of the various sieving matrix concentrations required for the construction
of a modern-day Ferguson plot (logarithm of relative mobility versus sieving M4
trix gel concentration) (FERGUSON 1964). It has been shown previously that thlS
method enables rapid and exact estimation of the molecular masses of proteins
in the capillary format (WERNER et al. 1993, GUTTMAN et al. 1994).
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Material and methods

Plant material

The study covered 44 wild and cultivated accessions of Ph. vulgaris. The acces-
sions were obtained from the following sources: a = Centro International de
Agricultura Tropical (CIAT), Cali, Columbia; b = Western Regional Plant Intro-
duction Station, USDA-ARC, Pullman, USA: ¢ = International Institute of Tropi-
cal Agriculture, Ibadan, Nigeria; d = Institut fiir Pflanzenbau und Pflanzen-
zichtung, FAL, Brunswick, Germany; ¢ = Department of Seed Science and Tech-
nology, Agricultural University, Poznan, Poland; f = National Botanical Garden
of Belgium, Meise, Belgium. They were representative of the phaseolin diversity
distinguished by 1D-SDS-PAGE and 2D-IEF-SDS-PAGE in the literature (TORO
etal. 1990). The origin and identification of the seed samples are indicated in Ta-
ble 1.

Table 1. Information on geographic origin and status of the investigated bean accessions

Geographic origin Status Number of accessions Donors®
Europe cultivar 6 dye, f
South America wild 16 a,b

cultivar 4 a
Central America wild 12 a,b,d
cultivar g) b, f
‘Africa cultivar 2 c
_Unknown cultivar 2 a,d, f

a .
For key to the sced donors sce: Plant matcrial.

Chemicals

Chemicals and polypeptide markers used for slab gel electrophoresis were ob-
tained from Serva Electrophoresis (Germany). All other chemicals and thyroglob-
ulin were purchased from Sigma (St. Louis, MO, USA). All buffer solutions were
Prepared by using HPLC-grade water (Elgastat UHQ PS water purification sys-
tem, Elga, England). Cyanogen bromide activated Sepharose 4B was obtained
from Pharmacia.

Analytical techniques

Isolation ang purification of phaseolin from seeds

Common bean flour in the first place was extracted twice with 10 mM NaCl
(bH 2.4) to remove lectins and albumins. The extraction residue was extracted
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twice with 0.5 M NaCl (1:10 w/v) using magnetic stirring for 1 hour at room tem-
perature. The suspensions were centrifuged for 15 min at 10000 x g. The com-
bined supernatant (named G1 fraction) was purified by affinity chromatography
according to BONORDEN and SWANSON (1992). Briefly, porcine thyroglobulin
(3 g) was coupled to cyanogen bromide activated Sepharose 4B (15 g) in a cou-
pling buffer of 0.1 M sodium carbonate (pH 8.00) containing 0.5 M sodium chlo-
ride. The coupled resin was mixed with G1 fraction for 2 hours and transferred to
a column. The phaseolin isoforms were washed away with 5 mM potassium phos-

phate (pH 7.2) in 1.0 M NaCl. The lectins were removed from the column with
a 5 mM glycine-HCI buffer (pH 3.0).

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)

Samples were separated by SDS-PAGE in 15% (w/v) slab polyacrylamide gel
in a discontinuous buffer system according to LAEMMLI (1970). After electropho-
resis, proteins were stained with Coomassie Brillant Blue G 250. Relative molecu-
lar masses (M,s) of polypeptide bands were estimated by SDS-PAGE with
the following standard proteins: phosphorylase (M, 97.4 kDa), bovine albumin
(M, 66 kDa), egg albumin (M, 45 kDa) and carbonic anhydrase (M; 29 kDa).

Sodium dodecyl sulphate-capillary gel electrophoresis (SDS-CGE)

All capillary electrophoresis experiments were performed on a Beckman P/ACE
Model 2100 automated capillary electrophoresis system employing the “eCAP
SDS 14-200” kit from Beckman-Coulter (USA). The analyses were performed
in a coated eCAP SDS fused-silica capillary (37 cm x 100 pm) using
SDS-polymer solution (Beckman) as a sieving matrix. 0.2 M Tris-CHES buffer
(pH 8.8) was used for preparation of various concentrations of the sieving matrix.
Samples were injected into the capillary by applying low pressure (3.5 kPa) for 60
s. The apparatus was operated in the reversed polarity mode (cathode at the injec-
tion side) and capillary temperature was 20°C.

In general, 90 ul of phaseolin sample was combined with 100 pl of buffer
(012 M buffer TRIS-HCL, pH 6.6, containing 1% SDS), 5 M
of 2-mercaptoethanol and 5 pl of internal standard, orange G. The mixtures thus
prepared were boiled for 5 min and cooled on ice for 3 min. The capillary was first
washed with 0.1 M HCI, filled with separation gel buffer containing 0.1% SDS
and conditioned for 5 min. The separations were performed with an applied con-
stant voltage 300 V/cm. In all experiments the absorbance was monitored. at
214 nm. To generate Ferguson plots, the phaseolin samples and standard protelns
were analysed at four different concentrations of the separation gel buffer ( 100%,
75%, 67% and 50%). .

The molecular masses of the SDS-protein mixture were estimated using
the computer software MOLECULAR WEIGHT DETERMINATION, ver. 8.11 from
the SYSTEM GOLD software package (Beckman-Coulter). The standard mixwre
of SDS molecular masses consisted of a-lactoalbumin (14.2 kDa), soybeal
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trypsin inhibitor (20.1 kDa), carbonic anhydrase (29 kDa), ovalbumin (45 kDa),
bovine serum albumin (66 kDa) and phosphorylase b (97.4 kDa). The relative mi-
gration time (RMT) was calculated by dividing the migration time of the protein
by the migration time of internal standard, orange G. The Ferguson plots were
constructed by plotting the logarithm of 1/RTM of individual proteins in different
polymer solutions as a function of the polymer concentration. Linear regression
provides the slope, which is a negative value of the retardation coefficient (Kg).
The standard curve was constructed by plotting the logarithm of M,, for standard
proteins as a function of the square root of the retardation coefficients and then
used to determine the molecular masses of the particular phaseolin polypeptides.

Results and discussion

Phaseolin isolated by salt extraction from the seeds of common been and then pu-
rfied by affinity chromatography showed a high degree of purity.
SDS-electrophoretic analysis of purified phaseolin samples (data not shown) re-
vealed the existence of only polypeptide bands in the range from 42 kDa
to 52 kDa, which conform to M,s of phaseolin subunits (BROWN et al. 1981,
GEPTS et al. 1992). The detected SDS-PAGE patterns of phaseolin polypeptide
subunits from the analysed accessions were represented by eleven phaseolin types
(‘T",‘S’, “C’, ‘Sb’, ‘Sd’, ‘A’, ‘B’, ‘CH’, ‘H’, ‘J’, ‘M’) characterized in the litera-
ture (BROWN et al. 1981, GEPTS, BLISS 1988, GEPTS et al. 1986, KOENIG et al.
1990, ZEVEN et al. 1999). Only four out of 44 examined accessions proved to be
heterogeneous with respect to electrophoretic phaseolin patterns.

A typical SDS-CGE electrophoregram indicating separation of molecular
mass protein standards as well as the tracking dye of orange G in the coated fused
silica capillary filled with SDS-polymer solution, are shown in Figure 1. A linear
relationship (r2 = 0.996) existed when molecular mass of protein standards, rang-
ing from approximately 14 to 97 kDa, was plotted against their peak migration
times on a logarithm (log-log) scale. Precision of the protein peak migration times
Was determined by repeatedly injecting (n = 6) a standard protein solution at ap-
Proximately 1 mg protein per ml separation buffer. Relative standard deviations
(R.S.D.) for the peak migration times of subunits were in the range 0f 0.36-0.64%.

The separation of phaseolin polypeptide subunits by SDS-CGE revealed
f{good separation efficiency for all subunits and high repeatability in migration
imes (R.S.D. in the range of 0.48-1.16%). SDS-CGE profiles for most electro-
phoretic phaseolin types showed marked qualitative differences. Besides, signifi-
Gant quantitative differences were observed in polypeptide subunit composition.
In total, eight polypeptide subunit peaks of phaseolin in the analysed material
Were distinguished. Figure 2A-D presents four major SDS-CGE peak patterns of
Phaseolin distinguished in cultivated common bean. They showed from 3 to 6
Polypeptide subunits with similar molecular masses. This is in accordance with
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Figure 1. SDS-CGE pattern of the standard proteins. Peaks: 1 = a-lactoalbumin (14.2 kD?)§

2 = soybean trypsin inhibitor (20.1 kDa); 3 = carbonic anhydrase (29 kDa); 4 = ovalbumin

(45 kDa); 5 = bovine serum albumin (66 kDa); 6 = phosphorylase b (97.4 kDa). A tracking dye
orange-G (OG) was added to the sample as a marker.

electrophoretic data, where 1D-SDS-PAGE has also revealed from 3 to 6
polypeptide bands in particular phaseolin variants (BROWN et al. 1981, LIOLL
BOLLINI 1984). Besides, two subtypes differing by the presence or absence of
polypeptide peak with M, 49.1 kDa can be distinguished within ‘C’ phaseolin type
(Table 2). Wild-growing forms of common bean, as compared to cultivated mate-
rial, exhibit a greater variation in electrophoretic phaseolin patterns (GEPTS €t ?l'
1986, KOENIG et al. 1990). On the basis of SDS-CGE, six additional phaseolin
profiles were recorded among wild accessions (Table 2). It is also important {0
note that division of SDS-CGE phaseolin profiles in the wild accessions not a.I-
ways fully coincided with that of SDS-PAGE patterns; some electrophoretiC
phaseolin types showed similarity to other phaseolin types. For example, capillary
electrophoretic ‘Sb’ and ‘Sd’ phaseolin patterns resembled the ‘S’ phaseolin tyP©
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Figure 2 SDS-CGE patterns of phaseolin subunits from the cultivated common bean. A = ‘S’
Phaseolin type, B = ‘T phaseolin type, C = ‘C’ phaseolin type, and D = ‘B’ phaseolin type.

that occurred frequently in cultivated bean, as in the case of separation
% ID-SDS-PAGE (KOENIG et al. 1990, GEPTS et al. 1992). On the other hand,
Clectrophoretic ‘CH’ phaseolin pattern from two analysed accessions produced
“Specific SDS-CGE ‘CH’ pattern, while two other accessions showed similarity
the SDS-CGE *J’ pattern (Table 2). In total, eleven SDS-CGE phaseolin pro-
lles were revealed in the analysed material.
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Computer-estimated values of molecular masses of phaseolin polypeptide sub-
units by SDS-CGE in 100% SDS-polymer solution were in the range 48-59 kDa.
The values were higher than values determined by SDS-PAGE (BROWN et al.
1981, GEPTS, BLISS 1988, KOENIG et al. 1990) or nucleotide sequences (KAMI,
GEPTS 1994, KAMI et al. 1995). The difference varied from about 10% for smaller
phaseolin polypeptide subunits to about 15% for larger subunits. This unusual be-
haviour can be attributed to special groups on the polypeptide chains, such as
carbohydrate side chains (glycosylation) or lipids (lipoproteins) (WERNER et al.
1993, GUTTMAN, NOLAN 1994). These groups may cause an increase in the mi-
gration of proteins in the capillary filled with SDS-polymer solution, as a result
of an unusually large viscosity radius of macromolecules. However,
in SDS-PAGE analysis of phaseolin, this anomaly was not observed. The phe-
nomenon suggests that the mechanism of migration in SDS-CGE is slightly differ-
ent from that in SDS-PAGE. In these cases it has been recommended to use
an additional classical Ferguson plot to obtain molecular mass data with a higher
precision (WERNER et al. 1993, GUTTMAN, NOLAN 1994).

The Ferguson plot in Figure 3 shows a comparison of the phaseolin ‘J” type
to standard proteins. The relative migration times used for the construction

0,00 ~

log(1/RMT)

0,20 - \X .

‘0,30 ¥ - T v T T T T T T l
50 60 70 80 90 100

Gel Buffer Concentration

Figure 3, erguson plots for the standard proteins of Figure 1 and for the phaseolin subunits

of < phaseolin type. The logarithm of relative migrations for the standard proteins

(continuous lines) and phaseolin subunits (broken lines) determined at four different
concentrations of sieving matrix versus the relative concentration of the separation gel.
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of the Ferguson plot represent the average relative migration times derived from
three injections of each sample at four concentrations (100%, 80%, 67% and 50%)
of gel separation buffer. The analysis provides a parameter called retardation co-
efficient (Kgr), which is proportional to the square of the protein’s radius,
and shape, but not protein charge. It was interesting to note that on the F erguson
plot phaseolin subunits intersected the y-axis at values lower than those of the pro-
tein standards. This could indicate that the anomalous migration of the phaseolin
subunits in SDS-CGC separation gel is due to high-mannose and complex
oligosaccharide side chains of phaseolin subunits (STURM et al. 1987). Figure 4
shows a standard curve of the log of the molecular mass of each protein standard
against the square roots of the corresponding Ky value. On this plot, the square
root of the Kg’s for the phaseolin polypeptide subunits of ‘J’ type were superim-
posed. The other eleven SDS-CE phaseolin types were similarly analysed,
and the average molecular masses (derived from three separate Ferguson plots)
are listed in Table 2. The phaseolin subunits have molecular masses in the range
from 45.6 kDa to 54.4 kDa. This range is insignificantly higher than that typically
seen in the conventional SDS-PAGE method (44-52 kDa) (BROWN et al. 1981,
GEPTS et al. 1992) and derived from amino acid sequences (45-48 kDa) (KAM,

1
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(®)]
s
4,6 -
|
4,3 - 0
] O
4 ¥ ] T T T T T 1
0,028 0,035 0,042 0,049 0,056

Square Root of K,

Figure 4. Standard curve for molecular mass determination. The square root of rgtardatlf)Jrf
coefficients determined for the standard proteins (o) and for the phaseolin subunits of

phaseolin type (e) versus the logarithm of molecular masses of the standard proteins of Figure L
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GEPTS 1994). As observed by SINGH et al. (1991), the lager seed size of the ‘T’,
‘C’, ‘H’, and ‘A’ phaseolin types was correlated with the presence of higher mo-
lecular masses phaseolin of polypeptide subunits (M, 54.4 kDa, Table 2).

An earlier polyacrylamide gel electrophoretic study of genetic variation at
the phaseolin locus in the common bean has provided evidence for subdivision
of this species into two major gene pools according to the centres of origin: Cen-
tral American centre and Andean centre (GEPTS et al. 1986, KOENIG et al. 1990,
GEPTS 1998). Wild beans of the Central American centre show primarily the ‘S’
phaseolin type, whereas Andean wild beans show frequently the ‘T’ phaseolin
type or other types depending on the accession (GEPTS et al. 1986, VELASQUEZ,
GEPTS 1994). Like in SDS-PAGE, most accessions (ten of the twelve wild forms
and two cultivated bean variants) from Central America analysed by SDS-CGE
contained three major phaseolin subunits with M; 47.8, 52.1 and 53.8 kDa (Ta-
ble 2), which conform to major subunits revealed by SDS-PAGE in the ‘S’
phaseolin type. On the other hand, five wild accessions from South America have
the phaseolin profiles with characteristic major subunits with M; 51.6
and 54.4 kDa, which conform to the major subunits presented in SDS-PAGE “T”
phaseolin patterns. The occurrence of other SDS-CGE profiles, complying with
the electrophoretic C-type pattern with phaseolin subunit composition intermedi-
ate between ‘S’ and ‘T’ types and other phaseolin types conforming to electropho-
retic (1D-SDS-PAGE or 2D-IEF-SDS-PAGE) ‘A’, ‘B’, ‘J’, ‘H’, and ‘M’
phaseolin types, has also been found (Table 2). Most of European and African cul-
tivated bean variants exhibited two SDS-CGE phaseolin profiles with major sub-
units with 45.6, 51.6 and 54.4 kDa, conforming to electrophoretic ‘T” and ‘C’
types. This supports the Andean origin of most bean cultivars on these continents
and agrees with results obtained by traditional electrophoretic analysis (GEPTS,
BLISS 1988, LIMONGELLI et al. 1996, GEPTS 1998, ZEVEN et al. 1999).

Concluding remarks

The presented data indicate that capillary gel electrophoresis seed phaseolin pro-
files may be useful markers in studies of genetic diversity in Ph. vulgaris.
The used method affords a faster time of analysis (20 min) than slab-gel electro-
Phoresis and has a potential for analysing both qualitative and quantitative rela-
tlonShips. The use of Ferguson plots yields better molecular mass estimates
for the phaseolin subunits than does SDS-CGE at a single gel concentration. How-
tver, the SDS-CGE method, like 1D-SDS-PAGE, does not permit to distinguish
Phaseolin subunits slightly differing in their amino acid composition and to detect
dmounts of posttranslational modifications (carbohydrates). To reveal full
ghaseolin variability in common bean seeds it is necessary to perform an addi-
liona] analysis of this class of protein by capillary isoelectrofocusing.



280 B. P. Salmanowicz

Acknowledgements. The author is grateful to all the donors that supplied
seed samples. The skilful technical assistance of Mrs Ewa DOPIERA (Institute

of Plant Genetics, Polish Academy of Sciences, Poznan, Poland) is thankfully ac-
knowledged.

RERERENCES

BONORDEN W .R., SWANSON B.G. (1992). Isolation and partial characterisation of a por-
cine thyroglobulin-binding Phaseolus vulgaris L. lectin. Food Chem. 44: 227-233.

BROWN JW.S.,MA Y., BLISS F.A., HALL T.C. (1981). Genetic variation in the subunits
of globulin-1 storage protein of French bean. Theor. Appl. Genet. 59: 83-88.

FERGUSON K.A. (1964). Starch-gel electrophoresis: Application to the classification
of pituitary proteins and polypeptides. Metabolism 13: 985-1002.

FRIGERIO L., de VIRGILIO M., PRADA A., FAORO F., VITALE A. (1998). Sorting
of phaseolin to the vacuole 1s saturable and requires a short C-terminal peptide. Plant
Cell 10: 1031-1042.

GEPTS P. (1998). Origin and evolution of common bean: Past events and recent trends.
Hortscience 33: 1124-1130.
GEPTS P., BLISS F.A. (1988). Dissemination pathways of common bean (Phaseolus

vulgaris, Fabaceae) deduced from phaseolin electrophoretic variability. II. Europe
and Africa. Econ. Bot. 42: 86-104.

GEPTS P., OSBORN T.C., RASHKA K., BLISS F.A. (1986). Phaseolin-protein variabilit_y mn
wild forms and landraces of common bean (Phaseolus vulgaris): evidence for multiple
centers of domestication. Econ. Bot. 40; 451-468.

GEPTS P., LLACA V., NODARI R.O., PANELLA L. (1992). Analysis of seed proteins,

‘ 1sozymes and RFLPs for genetic and evolutionary studies in Phaseolus. In: Modern
Methods of Plant Analysis. Vol. 14, Seed Analysis (Linskens H.F., Jackson J.F., eds.),
Springer-Verlag, Berlin: 63-93.

GUTMAN A., NOLAN J. (1994). Comparison of the separation of proteins by sodium

dodecyl sulfate-slab gel electrophoresis and capillary sodium dodecyl sulfate-gel elec-
trophoresis. Anal. Biochem. 221: 285-289.

GUTTMAN A, SHIEH P., LINDAHL J., COOKE N. (1994). Capillary sodium dodecyl sulfate
gel electrophoresis of proteins. I1. On the Ferguson method in polyethylene oxide gels.
J. Chromatogr. 676: 227-231.

KAMI J.A., GEPTS P. (1994). Phaseolin nucleotide sequence diversity in Phaseolus.
I Intraspecific diversity in Phaseolus vulgaris. Genome 37: 751-757.

KAMIJ., VELASQUEZ V.B., DEBOUCK D.G., GEPTS P. (1995). Identification of presumefi
ancestral DNA sequences of phaseolin in Phaseolus vulgaris. Proc. Natl. Acad. S¢t
92:1101-1104.

KOENIG R., SINGH S.P., GEPTS P. (1990). Novel phaseolin types in wild and cultivated
common bean (Phaseolus vulgaris, Fabaceae). Econ. Bot. 44: 50-60.

LAEMMLI U.K. (1970). Cleavage of structural proteins during the assembly of the head
of bacteriophage T4. Nature 227: 680-685.



Phaseolin seed variability by CGE 281

LIMONGELLI G., LAGHETTI G., PERRINO P. (1996). Variation of seed storage proteins in

. landraces of common bean (Phaseolus vulgaris L.) from Basilicata, southern Italy.
Euphytica: 92: 393-399.

LIOLI L., BOLLINIR. (1984). Contribution of processing events to the molecular heteroge-
neity of four banding types of phaseolin, the major storage protein of Phaseolus
vulgaris L. Plant Mol. Biol. 3: 345-353.

LLACA V., GEPTS P. (1996). Pulsed-field gel electrophoresis analysis of the phaseolin lo-
cus region in Phaseolus vulgaris. Genome 39: 722-729. ,

PICHICO D. (1989). Trends in world common bean production. In: Bean Production Prob-
lems in the Tropics (Schwartz H.F., Pastor-Corrales M.A ., eds.), CIAT, Cali, Colum-
bia: 1-8.

SALMANOWICZ B.P. (2000). Capillary electrophoresis of seed 2S albumins from Lupinus
species. J. Chromatogr. 894: 297-310.

SINGH S., GEPTS P., DEBOUCK D.G. (1991). Races of common bean (Phaseolus vulgaris,
Fabaceae). Econ. Bot. 45: 379-396.

STURM A., Van KUIK J.A., VLIEGENTHART J.F.G., CHRISPEELS M.J. (1987). Structure,
position, and cDNA biosynthesis of the high-mannose and the complex
oligosaccharide side chains of the bean storage protein phaseolin. J. Biol. Chem. 262:
13392-13403.

TALBOT D.R., ADANG M.J., SLIGHTOM J.L., HALL T.C. (1984). Size and organization
of multigene family encoding phaseolin, the major seed storage protein of Phaseolus
vulgaris. Mol. Gen. Genet. 198: 42-49.

TORO 0., TOHME J., DEBOUCK D.G. (1990). Wild Bean (Phaseolus vulgaris L.): Descrip-
tion and Distribution. International Board for Plant Genetic Resources (IBPGR, Rome,
[taly) and Cento Internacional de Agricultura Topical (CIAT), Cali, Colombia: 1-106.

VELASQUEZ V.L.B., GEPTS P. (1993). RFLP diversity of common bean (Phaseolus
vulgaris L.) in its centres of origins. Genome 37: 256-263.

WERNER W.E., DEMOREST D.M., WIKTOROWICZ J.E. (1993). Automated Ferguson anal-
ysis of glycoproteins using a replaceable sieving matrix. Electrophoresis 14: 759-763.

ZEVEN A.C., WANINGE J., van HINTUM T., SINGH S.P. (1999). Phenotypic variation
in a core collection of common bean (Phaseolus vulgaris L.) in the Netherlands.
Euphytica 109: 93-106.



