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Summary. SDS-PAGE of  seed proteins from the seeds 
of  a nondomesticated bean of  Mexican origin (Phaseo- 
lus vulgaris L., PI 325690) revealed the presence of  a 
novel 38 kd protein which appeared to be neither an al- 
tered phaseolin nor a lectin fraction. The protein was 
named arcelin, after Arcelia, the town in the state of  
Guerrero near which PI 325690 had been collected. The 
pure line, UW 325, was derived by self fertilization of  
the plant from a single arcelin-containing seed of  PI 
325690. Despite a low percentage seed phaseolin 
(14.6%), seed phenotype, seed germination, plant 
growth, pollen fertility, and percentage seed protein of  
UW 325 were normal. Analyses of  F2 and F3 seeds from 
a single F1 plant o f  the cross 'Sanilac' • PI 325690-3 re- 
vealed that arcelin expression was inherited as a single 
gene and that presence was dominant  to absence o f  ar- 
celin. The mean percentage phaseolin in the seeds of  
homozygous dominant  Arc~Arc F3 families (14.0%) was 
significantly lower than that o f  the homozygous reces- 
sive arc~are seeds (44.7%). The distribution of  percent- 
age phaseolin values for seeds within segregating fami- 
lies was bimodal and nonoverlapping. Without excep- 
tion, seeds containing arcelin (Arc+phenotype)  con- 
tained a lower percentage phaseolin than seeds lacking 
arcelin (Arc-phenotype). Although arcelin presence was 
associated with low percentage phaseolin, the Arc/Arc 
and Arc~arc genotypes were similar for seed weight 
and percentage total seed protein. 
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Introduction 

Seeds of  most cultivars o f  common  bean (Phaseolus vul- 
garis L.) contain similar constituent proteins based on 
solubility properties: phaseolin (36-46%, by weight), 
globulin-2 (or G2/albumin)  (5-12%), albumin (12 to 
16%), prolamine (2-4%) and an alkali-soluble fraction 
(20-30%) (McLeester et al. 1973; Sun and Hall 1975; 
Ma and Bliss 1978). Lectins, defined by their ability to 
agglutinate blood cells, were detected in both the glob- 
ulin (G2) and albumin fractions o f  most cultivars (Os- 
born et al. 1985; Brown et al. 1981). When present, they 
make up 6-11% of  the total seed protein (Osborn et al. 
1984). 

The manipulation of structural and regulator genes to re- 
duce, enhance or change the constituent fractions offers a 
means of producing nutritionally improved seed protein while 
maintaining seed yield and total protein production. The "lec- 
tinless" character (Brucher 1968), is controlled by a single re- 
cessive gene which produces not only less lectin, but also a 
concomitant increase in phaseolin (Osborn and Bliss 1985). In- 
creased phaseolin levels were associated also with the 'T pha- 
seolin type of 'BBL 240' in 2 of 3 high-phaseolin inbred back- 
cross progeny fines (Sullivan and Bliss 1983 a). A similar asso- 
ciation between increased phaseolin and the T-type phaseolin 
was observed by Hartana (1983) who used the same parents, 
'Sanilac' and 'BBL 240', but employed more backcrosses to 
'Sanilac' to produce near-isogenic lines. The absence of detect- 
able phaseolin in seeds of the Phaseolus coccineus L. subsp. 
eoccineus cv 'Mexican Red Runner' was shown to be control- 
led by a single recessive gene in crosses with P. vulgar& (Gepts 
and Bliss 1984). 

In the present study, segregating populations of  
seeds were analyzed electrophoretically to determine 
the inheritance of  expression of  a novel protein band 
and the associated effects on other traits. The protein 
was named arcelin after Arcelia, the town in the state of  
Guerrero, Mexico near where PI 325690 had been col- 
lected (Gentry 1969). 
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Materials and methods 

Plants and seeds 

Electrophoretic screening of accessions of nondomesticated P. 
vulgar& for variability in phaseolin patterns revealed several 
seeds of PI 325690 which displayed a novel protein band. The 
plant resulting from one such seed (PI 325690-3) was allowed 
to self-fertilize and henceforth the progenies of this seed - ho- 
mozygous for the novel protein band - were referred to as UW 
325. 

The original plant, PI 325690-3, was used as the pollen 
parent in a cross to the cultivar 'Sanilac'. A small portion of 
the cotyledon from the resulting Fx seed was removed and 
analysed electrophoretically, and the remainder of the seed 
planted. 

The F2 seeds produced by self-pollination of the Fx plant 
were harvested and a small chip of cotyledon was removed 
from each of 88 F~ seeds for electrophoretic determination of 
protein phenotype. The shoot-root axes from 40 of these seeds 
were removed and planted, and the remainder of each seed 
split longitudinally to separate the two cotyledons. The seed 
coat which adhered to each cotyledon was retained in each 
analysis. F~ seeds were divided in a similar manner. One coty- 
ledon was used immediately for rocket immunoelectropho- 
resis to estimate phaseolin quantity, while the other was stored 
for subsequent estimation of  percentage total protein by mi- 
cro-Kjeldahl analysis. 

Thirty-seven F2 plants were grown from the 40 shoot-root 
axes planted. From among the F~ families having adequate 
seed numbers, 20 were chosen at random for analyses of indi- 
vidual F3 seeds for arcelin expression, seed weight, percentage 
total protein and percentage phaseolin. Sixteen seeds from 
each of the 20 F3 families were weighed and the arcelin 
phenotypes determined by electrophoresis of a chip of a coty- 
ledon. 

Protein fractionation 

Proteins were extracted from seeds of UW325 at room 
temperature using a solution containing 0.5 M NaC1 and 0.1% 
sodium azide at a ratio of 20 ml of  solution per gram of flour. 
After 20 h of continuous stirring, the solution was centrifuged 
and the clear supernatant saved. This procedure was repeated 
twice using a 5 h extraction time for a total of three extractions 
in 30 h. The supernatants were combined and the total volume 
measured. The solution was then added to 5 volumes of  cold 
(4C) distilled water to precipitate the phaseolin. This dilution 
resulted in a 0.08 M solution of NaC1 at pH 6A1. The solution 
was then acidified with HC1 to a pH of 4,62, and rechilled to 
4 ~ in a cold room. Previous experiments had shown that no 
more visually detectable precipitate formed below pH4.62. 
The chilled solution was centrifuged at 12k for 30 min at 4~  
in a Beckman J21 centrifuge. The supernatant was saved for 
dialysis, and the pellet lyophylized. 

The supernatant was dialyzed against distilled water for 
48 h in a 4 ~ cold room with five changes of water. Dialysis 
of the nonphaseolin fraction of cultivated beans normally 
precipitates the remaining globulins referred to collectively as 
G2, a fraction which is normally a small component of the 
total protein. Dialysis of  the nonphaseolin fraction of UW 325 
produced a dense, flocculent precipitate unlike the faint, finely 
divided precipitate characteristic of G2. The dialysate, which 
contained arcelin and G2 proteins, was centrifuged and the 
pellet and remaining supernatant lyophylized. 

Sodium-dode~Tl-sulfate polyacrylamide gel electrophoresis 
(SDS-PA GE) 

Protein extraction from a single cotyledonary chip and SDS- 
PAGE of the crude extract were done as described by Romero 
Andreas (1984). 

Rocket immunoelectrophoresis for estimation of phaseolin 

Individual F2 and F~ cotyledons were crushed between two 
pieces of paper, and the flour added to a preweighed centri- 
fuge tube. Acid salt buffer (0.5 M NaC1, 0.5 M glycine, 0.025% 
NaN3 , pH 2.4) was added to flour in a ratio of 50 : 1 (~tl buffer 
to mg flour) according to the procedure of Sun et al. (1978) for 
the quantitative extraction of phaseolin from bean flour. 
Phaseolin extracts were then immunoelectrophoresed using 
the procedure of Laurell (1965, 1967) which was modified as 
described previously (Sun etal. 1978; Mutschler and Bliss 
1981). 

Tandem crossed immunoelectrophoresis 

Tandem crossed immunoelectrophoresis was done according 
to Weeke (1973). The use of this method to identify immuno- 
logically identical phaseolins has been discussed previously 
(Mutschler 1979). 

Protein determination 

Percentage total protein, calculated as percentage N• 
was determined by the micro-Kjeldahl procedure (Association 
of Official Agricultural Chemists 1960). 

Statistical analyses 

Observed ratios for arcelin expression in segregating F3 
families were tested against an expected 3:1 ratio using the 
chi-square goodness-of-fit test. The calculations were adjusted 
using Yates' correction for tests having one degree of 
freedom. A chi-square test for heterogeneity of the data was 
performed also. 

Analyses of variance (ANOVA) for seed weight, per- 
centage total protein and phaseolin as a percentage of  protein 
in seeds of F2 and F3 populations were done using the General 
Linear Model (GLM) for an unbalanced design (SAS User's 
Guide; Statistics, 1982 edition). Arcelin phenotype was treated 
as a class variable with two alternatives Arc + and Arc-. Prior 
to the GLM analysis, percentage protein and percentage 
phaseolin values were transformed using the arcsin of the 
square root of 'p ' ,  where 'p' was the percentage value, in order 
to stabilize the variance. The values for protein and phaseolin 
which appear in the tables were converted back to percentages 
for clarity of presentation. The converted means are reported 
with asymmetrical confidence limits rather than standard 
errors because the standard errors calculated using transform- 
ed values cannot be meaningfully converted (Sokal and Rohlf 
1981). 

F3 families were divided into two groups: those segre- 
gating for arcelin and those homozygous for arcelin expres- 
sion. Each group was analyzed as a whole (interfamily 
analysis), followed by separate analysis for each family within 
a group (intrafamily analysis). 

Results 

Identification of the variant PI  325690-3 

Six seeds f rom P1 325690 con ta ined  an intensely  stain- 
ing prote in  band  (arcelin) with an appa ren t  m o l e c u l a r  



weight slightly heavier than the 31,000 dalton band 
characteristic of  G2/albumin or lectin polypeptides. 
This intensely staining protein has not been reported 
previously in seeds of  either domesticated or other wild 
beans. 

Electrophoresis of 40 seeds resulting from the self- 
pollination of one of the variant seeds, PI 325690-3, 
revealed identical seed protein profiles, with all seeds 
containing arcelin. The resulting seeds were considered 
to constitute a pure fine, named UW 325 to distinguish 
it from the original accession (PI 325690). 

Fractionation of seedproleins from UW 325 

The results of the physical extraction showed that the 
seed protein of UW 325 was composed of 12% phaseo- 
fin, 73% "G2" (shown to include arcefin) and 15% acid 
albumins. The phaseolin fraction showed no con- 
tamination with other proteins (Fig. 1), while the "G2" 
fraction contained G2/albumin (lectin), a small 
amount of  phaseolin and the protein producing the 
intensely staining band (arcelin). 

The immunological identity of phaseolin from 
UW 325 and that from 'Tendergreen' was demonstrated 
by tandem immunoelectrophoresis (not shown). There- 
fore, rocket immunoelectrophoresis using 'Tendergreen' 
phaseolin as a standard was a valid method for quan- 
tifying phaseolin from UW 325. Rocket immunoelectro- 
phoresis and the physical extraction of protein from 
seeds of UW 325 yielded similar phaseolin values of  
14.6% and 12.2%, respectively. 
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Inheritance of arcelin protein expression 

Using one-dimensional SDS-PAGE, each seed was 
classified phenotypically as either Arc + or Arc-. The 
observed F2 ratio of 67 Arc + seeds to 21 Arc-  seeds fit 
a 3 : 1 segregation ratio (Table 1), suggesting single gene 
inheritance, with presence of arcelin being dominant 
(Fig. 2a). The segregation ratios for each of 10 segre- 
gating F3 families and the combined ratios did not 
deviate significantly from an expected 3:1 ratio 
(Table 1). The homozygous dominant genotype re- 
suiting in the presence of arcelin (Arc+ phenotype) 
was designated Arc~Arc, while the homozygous reces- 
sive which showed no arcelin (Arc-) was designated 
arc~arc. 

Effects associated with arcelin expression 

A population of 40 1:2 seeds from the F1 of 'Sanilac 'x 
PI325690-3 was examined to determine whether 
differences in percentage phaseolin, percentage total 
protein and seed weight were associated with ex- 
pression of arcelin protein. Comparisons between 
Arc+ and Arc-  F2 seeds showed that those seeds 
containing arcelin had significantly less percentage 
phaseofin (15.9g versus 41.3g/100g protein) than 
seeds without arcelin (Table 2). The values for per- 
centage phaseolin (g/100g protein) of  the F2 seeds 
showed a bi-modal distribution with no overlap be- 
tween classes. Low percentage phaseolin was associated 
invariably with the presence of arcelin. However, no 
significant differences were found between Arc + and 
Arc-  phenotypes for either percentage total protein or 
mean seed weight. 

F3 seeds in 20 families (3 Arc~Arc, 7 arc~arc, 10 
segregating) were analyzed for the same traits. Allow- 
ing for the variability among families, there were 
differences between Arc+ and Arc-  seeds, taken from 
their respective homozygous families, in mean seed 
weight (P=0.049). As in the F~ seeds, differences in 
percentage phaseolin were much larger, whether com- 

Fig. 1. One-dimensional electrophoretic patterns of phaseolin 
and 'G2' fraction polypeptides from UW 325 and a 'total' seed 
protein extract from 'Sanilac' (S). A 40 gg and 60 ~tg of protein 
from the phaseolin (Pha) fraction; B 60 gg and 90 ~tg of 
protein from the 'G2' fraction, containing arcelin (Arc), 
G2/albumins (G2/alb) or lectin 

Table 1. Segregation for expression of arcelin protein in the 
F2 and F~ generations resulting from the cross 'Sanilac'• 
PI325690-3 

Parent or Observed no. of seeds Chi 
generation square 

Arc + Arc - 

P 

Sanilac • 24 
PI 325690-3 • 24 
F1 1 
F2 67 21 0.06 > 0.50 
F~ combined a 161 50 0.23 > 0.50 

Heterogeneity Chi square = 6.815; df= 9; P > 0.50 
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Fig. 2 a, b. Electrophoretic patterns of seed proteins from 'Sanilac', 'UW 325', and F1 and F3 seed from the cross 'Sanilac • UW325'; 
Pha-phaseolin; Arc-arcelin; G2/a lb  G2 /a lbumin  (lectin). a Pl 'Sanilac'; P2 'UW 325'; F1 'Sanilac • UW 325'; P1 + P2-mix ture  of 
equal amounts of  Sanilac and UW 325 seed protein; b Arc + and A r c -  seed phenotypes in F3 family 16. The seed protein profiles 
in lanes 7, 10, and 14 are Arc - ,  the remaining profiles are A r c +  

Table 2. Comparison on mean  seed weight, percentage total protein and percentage phaseolin be- 
tween Arc+  and A r c -  seeds in one F2 population, seven arc~arc and three Arc~Arc F3 families, and 
ten segregating F3 families, resulting from the cross 'Sanilac' x PI 325690-3 

Parent or Total Arc Seed Total protein Phaseolin 
generation seeds ( + / - )  weight (mg) (g/100 g flour) (g/100 g protein) 

F2 12 - 85.5_+ 8.8 a 21.5 (20.9, 22.1) b 41.3 (40.7, 42.0) 
28 + 81.9-t-5.7 21.4 (20.7, 22.0) 15.9 (15.7, 16.0) 

F3 Homoz. ~ 112 - 119.1 + 2.1 25.0 (24.8, 25.2) 44.7 (44.2, 45.3) 
48 + 111.3+ 3.2 25.7 (25.4, 26.0) 14.0 (13.4, 14.6) 

F3 Segreg. d 50 - 103.6+2.3 25.0 (24.7, 25.2) 45.4 (44.5, 46.3) 
161 + 99.9_+ 1.3 24.4 (24.2, 24.5) 19.1 (18.7, 19.5) 

'Sanilac' ~ - 223 26.4 46.7 

UW 325 + 42 25.5 14.6 

a Standard error of the mean  
b Asymmetrical 95 % confidence interval 
c 112 arc~arc seeds vs. 48 Arc~Arc seeds 
d 50 A r c - s e e d s  vs. 161 Arc+  seeds 
e Parental values are from analysis of bulk seed lots rather than from single seeds 
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Table3. Range of values for percentage phaseolin (g 
phaseolin/100 g protein) in Arc+ and Arc-  seeds sampled 
from either homozygous or heterozygous F3 families of the 
cross 'Sanilac' x P1325690-3 

Family Range of values (g phaseolin/100 g 
no. No. of seeds protein) 

~ c +  ~ c -  A ~ +  ~ c -  

Lowest Highest Lowest Highest 

7 16 0 3.9 16.0 
26 16 0 9.5 20.0 
35 16 0 12.1 22.8 
30 0 16 28.7 51.2 
14 0 16 32.2 58.3 
31 0 16 33.2 62.9 
40 0 16 36.2 57.6 
24 0 16 37.3 54.2 
11 0 16 38.2 58.3 
36 0 16 41.2 59.2 
25 13 7 4.7 27.6 38.2 50.3 
20 16 4 8.4 23.7 37.7 57.1 
19 15 5 9.1 34.8 49.1 58.7 
23 17 3 10.1 26.5 28.8 36.5 
22 17 3 11.6 26.1 31.4 48.1 
10 21 10 11.7 29.0 39.3 50.5 
16 17 3 11.9 30.9 40.3 47.7 
3 14 6 14.3 28.4 40.4 54.3 
4 17 3 14.3 30.0 43.0 52.6 

33 14 6 14.4 33.7 43.4 52.9 

parisons were made between Arc + and A r c -  pheno-  
types in homozygous families or in segregating families 
(Table 2). Regression of  percentage protein on percent- 
age phaseolin showed a slight relationship (P=0.038),  
which was unaffected by presence or absence o f  arcelin. 

Separate analyses were performed on each of  the F3 
families to investigate the relationships among per- 
centage phaseolin, percentage protein and mean seed 
weight as mediated by arcelin expression. Of  the 10 
homozygous families, three showed positive correla- 
tions between phaseolin and seed weight; one a nega- 
tive correlation. Three families showed a positive 
association between phaseolin and percentage protein, 
and three a slight negative association. Analyses of  the 
10 segregating families revealed no apparent  relation- 
ship between arcelin and either seed weight or per- 
centage total protein, though some differences overall 
were seen. 

Comparisons between the 10 homozygous families 
(either Arc~Arc or arc~arc) showed that the distribu- 
tions of  percentage phaseolin values did not overlap 
between the two phenotypic groups. Rankings o f  each 
seed within each segregating F3 family for percentage 
phaseolin showed that seeds containing arcelin had the 
lowest percentage phaseolin within that family without 
exception (Table 3). 

Discussion 

A novel seed protein was discovered in several seeds of  
PI 325690, an accession of  nondomesticated common 
bean collected near Arcelia, Guerrero, Mexico. Dif- 
ferential solubility studies showed that the protein co- 
isolated with the G2 fraction. The amount  extracted, as 
well as the appearance of  the protein on one-dimen- 
sional SDS-PAGE suggested that the protein occurred 
in the seeds in large quantities. Other studies suggest 
that arcelin is neither altered phaseolin nor lectin, but  a 
distinct protein unlike other bean seed storage proteins 
in amino acid composition, isoelectric point, and N- 
terminal amino acid sequence (Blake and Bliss 1983). 
Since the seeds o f  UW 325 contained 25.5% protein, a 
value typical for common beans, other proteins appa- 
rently comprised a major  part of  the seed protein. 

Seed weight, percentage total protein and percentage 
phaseolin are usually maternally influenced, quantitative traits 
(Kelly and Bliss 1975; Mutschler and Bliss 1981; Sullivan and 
Bliss 1983b). The distribution of percentage phaseolin values 
in the segregating populations was consistent with the ex- 
pected effect of a single dominant gene on a metric trait. Low 
percentage phaseolin was associated with arcelin presence 
regardless of seed weight, percentage total protein, genetic 
background, and gene dosage. The presence or absence of 
arcelin produced no consistent effects on either seed size or 
percentage total protein. The bimodal distribution of per- 
centage phaseolin values in segregating families demonstrated 
that arcelin presence and low percentage phaseolin were 
highly heritable and that maternal influence was much less 
than is usually observed. 

It is possible that the structural gene for arcelin is 
tightly linked to a trans-acting regulator gene for 
phaseolin, and the association between arcelin and 
phaseolin is not a cause and effect relationship. I f  
linkage is the case, then the regulator gene must be 
dominant  in order to explain the observed inheritance 
o f  the low percentage phaseolin trait. A dominant  
regulator gene might produce a gene product which 
somehow interferes with the initiation ofphaseol in  syn- 
thesis or the accumulation o f  phaseolin in a highly 
specific manner. Alternatively, the association between 
arcelin expression and low percentage phaseolin could 
be a competition effect, due to preferential synthesis of  
arcelin, earlier initiation of  synthesis, or preferential 
packaging. 

The dramatic change in the seed protein composi- 
tion of  A r c +  lines had no apparent  effect on seed 
germination, plant growth or reproductive fitness. 
Arc + seeds were visually indistinguishable from A r c -  
seeds. 
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