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Soybeans contain approximately 40% protein and 20% oil and represents an important source of
protein in animal rations and human diets. Attempts are being made to increase further the overall
protein content of soybeans by utilization of exotic germplasms. In this study, soybean cultivars from
Nepal have been characterized and their potential as a germplasm resource for improvement of the
protein content and quality of North American cultivars assessed. Soybean cultivars ‘Sathia’, ‘Seti’,
‘Kavre’, and ‘Soida Chiny’, indigenous to various regions of Nepal, contained 42—45% protein, which
is significantly higher in comparison to that of the North American cultivar ‘Williams 82’ (39%).
Fractionation of seed protein by high-resolution two-dimensional gel electrophoresis revealed
differences in the protein profiles of these cultivars. Various isoelectric forms of glycinin and
pB-conglycinin were identified by comparing the matrix-assisted laser desorption ionization time-of-
flight mass fingerprinting data against the National Center for Biotechnology Information nonredundant
database. Nepalese cultivar Sathia was distinct, lacking some isoelectric forms of acidic and basic
glycinin subunits while expressing other unique forms. The contribution of these unique protein spots
present in either Sathia or Williams 82 to the total protein content was quantified using scanning
laser densitometry. Distinct restriction fragment length polymorphisms (RFLP) for group 1 glycinin
genes were observed among the tested Nepalese genotypes, indicating sequence variation among
the cultivars. Conversely, evaluation of RFLP for the genes encoding group 2 glycinins, 3-conglycinin,
and Bowman—Birk proteinase inhibitors indicated a high degree of conservation in these genes.
Determination of amino acid composition, a reflection of protein quality, indicated that the arginine
content of the Nepalese soybeans ranged from 7.7 to 8.1%, which was 5—10% higher than the 7.4%
expressed in Williams 82. Additionally, Karve and Seti contained significantly more cysteine than
Williams 82. Nepalese high-protein soybeans having a desirable amino acid composition hold potential
to increase the protein quality and diversity of North American cultivars.
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INTRODUCTION human diets, animal rations, and feedstock for industrial
applications. The genetic base of North American cultivars is
narrow, being derived from a small number of introductions
primarily from the northern region of East Chind—4).

Crossing cultivars of elite lines, each exhibiting desirable
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Asia holds the largest variety of soybean cultivars (12). 2-mercaptoethanol (w/v) as describ@®). Precipitated proteins were
The immense geographical area of the continent with a variety recovered by centrifugation and washed three times in acetone
of growing conditions and selection based on various food type containing 0.07% 2-mercaptoethanol (w/v). The pellet was dried,
preferences has given rise to thousands of phenotypically diversg€suspended in 1 mL of lysis buffer composed of 9 M urea, 1% CHAPS
landraces (14). A study of over 20000 Chinese soybean (W) 1% ampholytes (w/v), pH 310, and 1% DTT (w/v), and then
accessions, excluding those bred in the past 50 years, ha sonicated. After centrifugation (2089020 min, 4°C), aliquots of the

. . . 2 Ssupernatamt were analyzed by 2-D PAGE.
provided evidence of marked germplasm diversig)( Similar Isoelectric focusing (IEF) was performed using 13 cm IPG strips

_evaluations of t_he genetic diversity among soybean germplasms(pH 3-10, 4-7, or 611) in the IPGphor System (Amersham

in other countries have also been performe817). Genetic  Bijosciences, Piscataway, NJ). A 109 sample of protein was loaded
diversity observed between germplasms found in the northernonto the strips by active rehydration in 260 of buffer containing 8

and southern growing regions of the United States has beenM urea, 2% CHAPS (w/v), 0.5% ampholytes, and 0.002% bromphenol
ascribed to their different ancestral backgrourid®(18—20). blue. Conditions for IEF were as described for 2-d PAGE. Electro-
In Japan, the diversity in the soybean germplasm has beenphoretic separation according to mass was performed on a 13.5% SDS-
attributed to continual introduction of domestic landraces and PQGE Ig(el/(\;,O). Jg%/gelhs were T'Xed.gvi\?'ght o a:.lf°(;“t'°rt' of 500(:’
plant introductions into the breeding progra®i,(22). Because ~ £11a"9" (V/v) and 5% phospnoric acid. /ATer & dISTiec water wash,
significant genetic diversity exists between Chinese, Japanese!'S 9¢'S Were prestained for 1 h in 34% methanol, 17% ammonium

: ; -~ ~Sulfate, and 3% phosphoric acid and then stained in 0.066% Coomassie
and Korean germplasms, each has the potential for improving e G250 (

. wiv). Until analysis, the gels were stored in 20% ammonium
U.S. cultivars (1117). sulfate.

At present 15000 accessions are available in the USDA  |mage Analysis.Scanning laser densitometry in conjunction with
soybean germplasm collection, most of which do not appear in analysis software (Personal Densitometer SI, ImageQuant software,
pedigrees of U.S. cultivar®28). Introduction of exotic germ-  Amersham Biosciences) was used to quantify the proteins resolved by
plasm holds promise for expanding the genetic diversity of North 2-D PAGE. Software algorithms were used to calculate spot volume,
American cultivars, facilitating the continued improvement in Pixel area, mean pixel intensity, standard deviation, and background
yield and enhancing the content of desired seed componentsvalues. _ o
(24). These accessions are being scrutinized to identify unique '"-Ge! Digestion of Protein Spots.After excision from the gel,
genes that hold potential for improving U.S. soybean yield and protein spots selected for mass spectrographic analysis were washed

L . . in distilled water and then destained in a 50% solution of acetonitrile
seed characteristics. Inc_orporatlon of these exotic gerr_nplasms,(wv) containing 25 mM ammonium bicarbonate. After a 100%
hOV\{ever, must be done |n. a Calculatgd manr?er to maxm,“.Z(':'_'[heacetonitrile wash, the proteins contained in the gel spots were subjected
introduction of deleterious traits (25—28). Several plant intro- mm ammonium bicarbonate (Promega, Madison, WI). The fragmented
duction lines (PI) from China have been shown to contain high proteins were sonicated in 50% acetonitrile/5% trifluoroacetic acid
levels (>50%) of protein2). These Pls are currently utilized (TFA) (v/v), dried, and then reconstituted in 50% acetonitrile/0.1% TFA
in the breeding programs to incorporate the high protein trait (V/v).
in North American commercial cultivars. To expand the genetic ~ Matrix-Assisted Laser Desorption lonization Time-of-Flight
diversity of North American cultivars, it would be desirable to Mass Spectrometry (MALDI-TOF-MS) Analysis of Trypsin-
utilize soybean germplasm from other regions of the world. Digested P.rotelnsPeptldes resulting from tryptic digestion of soybean
Toward this goal, we have examined the potential of some seed proteins were analyzed by mass spectroscopy (Voyager DE-STR

b It f N | | f MALDI-TOF, Applied Biosystems, Framingham, MA). The peptides
soybean cultivars from Nepal as a germplasm resource O were cocrystallized with the matrix materiatcyano-4-hydroxycin-

improvement of North American cultivars. As a first step in pnamic acid. A 337 nm nitrogen laser operating at 20 Hz was used in
this direction, we have carried out proteonomic and molecular sample ionization. Trypsin autolysis peaks of charge mass ratios 842.51
studies on the seed storage proteins of soybean cultivars fromand 2211.10 served as internal standards.

Nepal. Liquid Chromatography —Mass spectrometry (LC-MS) Analysis.
Peaks that were not identified by MALDI-TOF were analyzed using
MATERIALS AND METHODS an ion trap mass spectrometer (Finnigan LCQ Deca XP Plus, Thermo

Electron Corp., Waltham, MA). Prior to mass analysis, peptides were

Plant Materials. Soybean cultivars ‘Sathia’, ‘Seti’, ‘Kavre’, and  separated by liquid chromatography on a reverse phase column with a
‘Soida Chiny’ indigenous to various regions of Nepal (all belonging 5-60% gradient of acetonitrile/water containing 0.1% formic acid.
to maturity group V) and the North American cultivar ‘Williams 82" When two MS/MS spectra of an ion were acquired, dynamic exclusion
(maturity group Ill) were grown during the 2004 and 2005 seasons at circumvented continuous analysis. Initial processing of the data was
the University of Missouri Bradford Research Center near Columbia, done using Sequest (University of Washington, Seattle, WA). The
MO. multiple Sequest DTA files were then concatenated into a single Mascot

Amino Acid Analysis. Four replicates of dry seed powder from each file using merge pl. script (Matrix Science, Boston, MA).
cultivar representing both growing seasons were hydrolyzed under Data Interpretation. Using Mascot, the empirically determined
nitrogen at 155°C for 16 h in 6 N HCI. The content of the sulfur ~ mass-to-charge ratios of peptides were compared with those derived
amino acids was determined separately from samples, which had beerfrom peptides of known sequences listed in the National Center for
pretreated with performic acid prior to standard acid hydrolysis. Biotechnology Information nonredundant database. Mascot search
Tryptophan content was analyzed by enzymatic hydrolysis of seed parameters of MALDI-TOF and MS/MS generated data were set forth
protein followed by colorimetric determination. Amino acids were previously (29). At least two unique peptides with one or more having
separated on a high-performance cation-exchange resin column installech significant ion score were required for positive identification by
in the Beckman 6300 Amino Acid Analyzer (Beckman Instruments, tandem mass spectroscopy. Positive identification by MALDI-TOF
Fullerton, CA). Quantification was performed colormetrically using the required that the protein meet or exceed the minimum significant score.

postcolumn ninhydrin reaction detection system. Southern Hybridization. Total genomic DNA was isolated from
Modified Trichloroacetic Acid (TCA)/Acetone/Urea Extraction leaf tissue of the soybean cultivars using the cetyltrimethylammonium

and Solubilization of Seed Protein for Two-Dimensional (2-D) bromide (CTAB) method 31). Genomic DNA (8ug) was digested

Polyacrylamide Gel Electrophoresis (PAGE).One hundred mil- overnight at 37C with EcoRI. Restricted DNA was electrophoretically

ligrams of replicated samples from each cultivar and year of study was separated on an 0.8% agarose gel and then transferred to a nylon
extracted with 2 mL of 10% TCA in acetone (w/v) containing 0.07% membrane by capillary action using 0.04 M NaOH as the carrier. DNA
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Figure 1. Comparison of Nepalese soybean seed protein profiles by two-dimensional gel electrophoresis: (A) Sathia; (B) Seti; (C) Kavre; (D) Soida
Chiny. Proteins were first separated by isoelectric focusing on IPG strips (pH 3-10) and then by SDS-PAGE on a 13.5% gel. The gels were stained with
Coomassie blue. Numerical designations identify the abundant seed proteins: 1, 2, and 3 mark the o'-, a-, and 8-subunits, respectively, of 5-conglycinin;
4 and 5 are the acidic and basic subunits of glycinin, respectively.

fragments corrgs_ponding to the coding regions of the glyc@y@and was ascertained by the combustion method for nitrogen deter-
Gy4, -conglycinin, BBI, soy ClI, and KTl were used as probes for mination. The four Nepalese cultivars, Soida Chiny, Sathia,
Southern hybridization. The probe DNA was labeled with-dCTP Kavre, and Seti, and the North American cultivar Williams 82
using the Ladderman kit (Takara Bio Inc., Otsu, Shiga, Japan). At contained 45.1 0.1. 43.84+ 0.3. 43.0+ 0.4. 42.3+ 0.1. and

minimum a 10 h prehybridization and an overnight hybridization were 0 ] . :
both conducted at 65C using 6< SSPE buffer (k SSPE is 0.1 M 39.9+ 0.2% protein, respectively. To determine whether the

NaCl, 0.01 M NaPQ,, and 0.001M EDTA), 5 Denhardt's solution increased protein content is accompanied by preferential ac-
0.5% SDS, and 5@g/mL sheared and denatured salmon sperm. After cumulation of specific proteins, 2-D PAGE was performed. IEF
hybridization, the membranes were washed three times in a solution ON an immobilized pH gradient ¢310) gel followed by SDS-

of 2x SSPE and 0.5% SDS for 10 min at room temperature and then PAGE and Coomassie staining resolved the seed proteins into

twice in a solution of 0.X SSPE and 0.1% SDS at 8& for 30 min. more than 100 distinct spots (Figure 1). Comparison of 2-PAGE
Following washing the nylon membrane was exposed overnigh8at patterns revealed subtle variations among the protein profiles
°C to X-ray film. of Nepalese cultivars and between them and Williams 82

_Statistical Analysis.‘Data were analyzed u_sing SAS (8.2 version) (Figure 2A—D). Even though the number of protein spots
with PROC General Linear Model (SAS Institute, Inc., Cary, NC). representing thec'-, a-, and-subunits ofg-conglycinin were
similar among the cultivars, the abundance of fhasubunit
RESULTS varied, with Seti showing the least accumulation. The acidic

Protein Composition of Selected Nepalese Soybean Cul- and basic subunits of glycinins were resolved into several
tivars. The protein content of soybean cultivars that were different isoelectric forms Kigure 1). There were strong
obtained from Nepal along with the North American cultivar similarities in the number and distribution of these isoelectric
Williams 82 was determined by near-infrared reflectance forms among Seti, Kavre, and Soida Chiny. In contrast, Sathia
spectroscopy. Analysis indicated that the Nepalese cultivars hadwas distinct and lacked some isoelectric forms representing both
higher protein contents than Williams 82. To minimize the effect the acidic and basic subunits of glycinifsdure 1). In addition,
of environmental conditions and agronomic practices on protein several unidentified protein spots were clustered in the gel above
accumulation, the Nepalese cultivars and Williams 82 were the -subunit of3-conglycinin, being more abundant in Sathia
planted side by side at the Bradford Research Center duringthan in the other Nepalese cultivarSidure 1). Conversely,
the 2004 and 2005 growing seasons. The protein content of fourSathia lacked a low molecular weight protein spot, which was
replications of seed samples from these two growing seasonspresent in the remaining Nepalese cultivars.



5492 J. Agric. Food Chem., Vol. 54, No. 15, 2006

4 —> 7
A

e,

™
v3 “FrFT —
zi zéi”f #5 458 i
e 1?’.14 1 i - - Y
L 3

23 24

1 -

b

- “ -
. -
Sathia
.l kD
a5 36 —_ 43 —

a & Zi 31 32

. v

“ 2@ 5
Sathia

— 97 — |

Krishnan et al.

7

Williams 82

11

Williams 82

Figure 2. Comparison of seed protein profiles of Williams 82 and Sathia by 2-D PAGE: (A, C) Sathia; (B, D) Williams 82. Isoelectric focusing of proteins
was first performed using either pH 4-7 (A, B) or pH 6-11 (C, D) narrow-range IPG strips followed by SDS-PAGE on a 13.5% gel. The gels were
stained with Coomassie blue. Protein spots were excised digested with trypsin and the resulting peptides analyzed using MALDI-TOF-MS (Table 1).

Comparative Analysis and Identification of Williams 82
and Sathia Seed Protein Components by High-Resolution
2-D PAGE and MALDI-TOF-MS. To elucidate fully the

of these unique protein spots present in either Sathia or Williams
82 to the total protein content was quantified using scanning
laser densitometry in conjunction with software algorithms. The

differences between the Nepalese cultivar Sathia and the Northrelative concentration of the selected protein spots is shown in
American cultivar Williams 82, we performed comparative Table 2 This table clearly shows that the marked heterogeneity
analyses of seed proteins resolved by 2-D PAGE. Our initial in the seed storage protein profiles of the Nepalese cultivar

analysis was performed using immobilized pH gradient (3
10) (IPG) gel stripsKigure 1). IEF in this pH range gave limited
resolution of the various isoelectric forms of the glycinins and
f-conglycinin subunits. To improve separation of the protein
spots IEF was performed with IPG strips ranging from pH 4 to
7 (Figure 2A,B) and from pH 6 to 11Kigure 2C,D). Resolution

of B-conglycinin subunits and acidic glycinin subunits was

Sathia and the North American cultivar Williams 82.

Amino Acid Composition of Nepalese Soybean Cultivars.
The seed storage protein content of the Nepalese soybean
cultivars is significantly higher than that of the North American
cultivar Williams 82. To ascertain whether the increased protein
content is accompanied by enhanced protein quality, we
determined the amino acid composition of these cultiveable

significantly enhanced when the proteins were subjected to IEF 3). The arginine content of the Nepalese seed storage protein

using the pH 4—7 IPG strip (Figure 2A,B). Similarly, the use
of a pH 6-11 gradient enabled resolution of the acidic glycinin
polypeptides (Figure 2C,D). Several of the protein spots
identified by MALDI-TOF-MS are listed inTable 1. Thirty-

ranged from 7.7 to 8.1%, which was-30% higher P < 0.05)

than the 7.4% expressed in Williams 82. Seed storage proteins
in Karve and Seti contained more cysteine than Williams 82.
Cysteine accounted for 1.64% of the total amino acids in Seti

six protein spots representing the different isoelectric forms of and 1.66% in Karve, 6 and 7% more, respectivély<( 0.05),

the glycinins and3-conglycinin were identified in this study.

than found in Williams 82.

The Nepalese cultivar Sathia was either deficient in or contained Restriction Fragment Length Polymorphism (RFLP) in

low amounts of glycinin G4/A5A4B3 precursors (spots—25
28) and glycinin G1/AlaBx subunit (spot 9Figure 2). In

the Genes Encoding 11S Storage ProteinSouthern hybrid-
ization was used to determine the levels of variation in the DNA

contrast, Sathia accumulated higher amounts of glycinins G2/ sequences of the seed protein genes among the soybean
A2B1 precursor (spot 17) and glycinins subunit G3/Alabl1B accessions under investigation. Glycinin, an 11S globulin,
(spot 21). Interestingly, Sathia also contained several protein accounts for50% of the total soybean seed protein. Five major
spots that were identified as proglycinins (spots 23 and 24), genes, encoding the different subunits of the hexameric glycinin
which were not seen in Williams 8Figure 2). The contribution proteins, are classified into two groups based on DNA sequence



Nepalese Soybean Germplasm J. Agric. Food Chem., Vol. 54, No. 15, 2006 5493

Table 1. Proteins Identified in Sathia and Williams 82 by MALDI-TOF-MS and LC-MS/MS Analysis

spot peptides sequence MOWSE expected NCBI
ID theor pliM; protein identity matched coverage (%) score value accession no. method
1 4.92/63127 o subunit of B conglycinin 25 39 217 3.00E-17 il9967357 MALDI-TOF-MS
2 5.23/65160 o' subunit of 5 conglycinin 20 41 194 5.90E-15 0il9967361 MALDI-TOF-MS
3 5.32/72717 o subunit of 3 conglycinin 9 18 73 7.20E-03 0i|15425633 MALDI-TOF-MS
4 5.67/48358 S conglycinin 5 subunit 26 47 216 5.10E-17 0il63852207 MALDI-TOF-MS
5 5.67/48358 /3 conglycinin /3 subunit 18 40 176 5.10E-13 0il63852207 MALDI-TOF-MS
6 5.67/48358 S conglycinin 5 subunit 27 49 256 5.10E-21 0il63852207 MALDI-TOF-MS
7 5.67/48358 S conglycinin 5 subunit 11 28 85 6.40E-04 0il63852207 MALDI-TOF-MS
8 5.89/56299 glycinin G1/A1aBx subunit 7 15 145 0i|18635 LC-MS/MS
9 5.89/55672 glycinin G1/AlaBx subunit 5 10 157 018635 LC-MSIMS
10 6.15/56134 glycinin G1/AlaBx subunit 4 9 254 gi|72296 LC-MS/MS
11 5.46/54927 glycinin G2/A2B1 precursor 9 19 73 7.20E-03 0i|1212177 MALDI-TOF-MS
12 5.46/54927 glycinin G2/A2B1 precursor 8 15 71 1.30E-02 gi|1212177 MALDI-TOF-MS
13 5.46/54927 glycinin G2/A2B1 precursor 9 14 74 6.70E-03 i|1212177 MALDI-TOF-MS
14 5.46/54927 glycinin G2/A2B1 precursor 12 21 104 6.10E-06 0i|1212177 MALDI-TOF-MS
15 5.46/54927 glycinin G2/A2B1 precursor 9 19 91 1.20E-04 i|1212177 MALDI-TOF-MS
16 5.78/54047 glycinin G2/A2B1 precursor 6 37 67 3.20E-02 0i|169967 MALDI-TOF-MS
17 5.56/54903 glycinin G2/A2B1 precursor 9 14 313 gi|72295 LC-MS/MS
18 5.78/54047 glycinin subunit G3/Alab1B 8 18 70 1.40E-02 0i|15988117 MALDI-TOF-MS
19 5.78/54047 glycinin subunit G3/Alab1B 9 20 74 6.40E-03 0i|15988117 MALDI-TOF-MS
20 5.78/54047 glycinin subunit G3/Alab1B 8 18 72 9.40E-03 0i|15988117 MALDI-TOF-MS
21 5.78/54047 glycinin subunit G3/Alab1B 9 18 116 3.90E-07 0i|15988117 MALDI-TOF-MS
22 5.78/54047 Glycinin subunit G3/Alab1B 8 19 72 1.00E-02 0i|15988117 MALDI-TOF-MS
23 5.78/54047 proglycinin Alab1B 16 35 154 TE-10 0i|15988119 MALDI-TOF-MS
24 5.78/54047 proglycinin Alab1B 13 30 132 1.40E-08 0i|15988119 MALDI-TOF-MS
25 5.38/64097 glycinin G4/A5A4B3 precursor 13 16 76 4.20E-03 0i199910 MALDI-TOF-MS
26 6.47/31065 glycinin G4/A5A4B3 precursor 10 45 142 9.50E-10 0i|81785 MALDI-TOF-MS
27 6.47/31065 glycinin G4/A5A4B3 precursor 8 40 105 5.40E-06 0i|81785 MALDI-TOF-MS
28 5.38/64136 glycinin G4/A5A4B3 precursor 14 14 408 0i(99910 LC-MS/MS
29 5.46/55850 glycinin G5/A3B4 subunit 12 22 110 1.50E-06 0i|33357661 MALDI-TOF-MS
30 5.46/55850 glycinin G5/A3B4 subunit 10 21 86 3.70E-04 0i|33357661 MALDI-TOF-MS
31 5.69/26938 glycinin G5/A3B4 subunit 7 30 65 5.00E-02 0i[541941 MALDI-TOF-MS
32 5.69/26938 glycinin G5/A3B4 subunit 8 37 69 2.50E-02 0i|541941 MALDI-TOF-MS
33 9.64/21482 glycinin G5/A3B4 subunit 3 12 109 0i|625538 LC-MS/MS
34 4.46/24349 glycinin 10 38 84 0.00078 0i|6015515 MALDI-TOF-MS
35 5.46/54927 glycinin 13 32 82 0.0015 0ill295800 MALDI-TOF-MS
36 8.68/47036 7S seed globulin precursor 18 17 321 0i|l401240 LC-MS/MS
Table 2. Relative Concentration of Selected Soybean Seed Proteins Table 3. Relative Percentage of Individual Amino Acids As Related to
Resolved by Two-Dimensional Gel Electrophoresis Total Amino Acid Content
spot . . - Soida Williams
ID protein ID Sathia Williams 82 aminoacid ~ Chiny  Sathia  Kavre  Seti 82 LSD?
25 glycinin G4 precursor 0 1065.3 +932.1 ;
28 glycinin G4 precursor 0 3338.6 + 280.6 era?rg?rse ggg ;':;2 ggg [71% ;‘iz 823
36 7S seed globulin precursor 2486.7 + 1107.5 5270.4 + 454.0 g tic acid 11l81 11'79 11l67 11'74 11.46 0'21
26 glycinin ASA4B3 precursor 0 4968.2 + 802.7 aspartic aci : : : : : :
27 glycinin ASA4B3 precursor 0 3882.4 + 836.4 cysteine 146 152 165 164 1% 007
b unidentified 0 1651.6 + 244.9 glutgmlc acid 18.43 18.13 17.98 18.13 17.89 0.22
3 glycinin 1220.9+33.7 0 glycine 431 4.29 431 4.29 4.27 0.12
23 proglycinin Alablb homotrimer ~ 1037.0 + 76.3 0 isoleucine 475 473 41 471 4.67 0.15
24 proglycinin Alab1b homotrimer 1139.0+19.5 511.0+19.3 lysine 6.41 6.64 6.57 6.62 6.64 0.10
9 glycinin G1 subunit 1509.3 + 122.9 4683.4 +904.4 leucine 7.82 7.87 7.71 7.82 7.90 0.07
35 glycinin 2063.9 + 265.3 5387.4 +204.2 methionine 1.33 1.48 1.43 1.46 1.45 0.04
6 A conglycinin B homotrimer 3674.2+43.0 3953.6+184.5 phenylalanine  5.19 5.14 519 504 5.12 0.18
proline 5.26 5.07 5.26 5.25 5.23 0.17
serine 4.68 4.78 4.54 4.64 4.87 0.21
similarity (32). Group 1 glycinin genes inqlude three geri&p, gsg;ﬁzn f;ﬁ igg f;? i% ijg 8:(1)3
1, Gy 2, andGy 3, whereas group 2 consists of two gern@gy, tyrosine 3.34 3.36 3.67 3.44 3.74 0.27
4 andGy 5. To test the level of sequence variation in group 1 valine 499 487 492 497 497 023

glycinin genes, restriction digests of genomic DNA from the
Nepalese varieties and Williams 82 were hybridized with a probe  # Comparisons within rows are by LSD at the P < 0.05 level.

corresponding to exons 3 and 4 of {Bg 2 gene. On the basis

of DNA sequence similarity among the glycinin genes in this for group 1 glycinin genes. The cultivar Soida Chiny appeared
region, the probe is expected to hybridize to the three group 1to be unique in its hybridization pattern in boHEtoRI and
genes. The Southern hybridization profile of theoRI digest Hindlll restriction digests when compared with the other
(Figure 3A) showed strong hybridization to three fragments, genotypes. Each of the four Nepalese cultivars was different in
which should correspond to the three group 1 glycinin genes. their respective hybridization patterns when compared to that
Different hybridization patterns were observed among the testedof Williams 82 Figure 3A). To determine the level of sequence
genotypes, indicating sequence variation among these genotypesariation in group 2 glycinin genes, the same genomic restriction
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Figure 3. Southern blot analysis of soybean glycinin. Genomic DNA from leaf tissue of Williams 82 (lane 1), Kavre (lane 2), Sathia (lane 3), Soida Chiny
(lane 4), and Seti (lane 5) was individually digested with either EcoRI or Hindlll, fractionated on an 0.8% agarose gel, and then transferred to a nylon
membrane. The DNA fragments were hybridized with 32P-labeled Gy2 (A) and Gy4 (B) glycinin probes and then subjected to autoradiography. Molecular
weight markers in kb are shown on the left.

digests were hybridized to a probe corresponding to exon 3 of EcoR 1 Hind 111 Xba 1
theGy4 gene. This probe is expected to hybridizetobothgenes ki 1 5 3 45 1 2 3 45 1 2 34 5
of group 2 glycinin on the basis of their DNA sequence
similarity. The hybridization profile of th&ecdRl digest did 2313 - _-——he . ' -
show strong hybridization to two fragments, which correspond - - ' = - . ‘ “ - -
to the group 2 glycinin genesFigure 3B). Unlike group 1 D45 = ‘ ' - - r_-e ‘ e
glycinin genes, group 2 genes showed very similar hybridization 5 54 =
patterns among all of the cultivars except Sathia, which showed 6.50 - ® - ..
a difference in its hybridization pattern in thecoR| digest
(Figure 3B). Lo ee® . * . =B

RFLP in the Genes Encoding 7S Storage ProteinsThe 368 -
fB-conglycinin protein, a 7S globulin, is the second major seed .. e -
storage protein in soybean. Three major subunitse,, andg, -
that make up the trimerig-conglycinin are encoded by a 279 _
multigene family of at least 15 geng%.Conglycinin genes are p— L
highly homologous in their DNA sequences; some are found 1.93 -
clustered in tandem arrays, whereas others are dispersed a -
different locations in the genomaJ). A -conglycinin-specific 137- & = - -

probe, when hybridized to the restriction digests of genomic

DNA, revealed hybridization to#13 different fragments with ] ) o )

varying intensities Kigure 4). The majority of the hybridized Figure 4. $outhern bl'oF analysis of soybean S-conglycinin. Genomlc DNA

fragments were common among the tested genotypes, indicatind™m leaf tissue of Williams 82 (lane 1), Kavre (lane 2), Sathia (lane 3),

a high level of sequence similarity among tAeconglycinin S_0|da Chiny (Iant_a 4), and Seti (Iape 5) was individually digested with

genes. However, a few fragments showed polymorphism amonge'ther EcoRlI or Hindlll or Xbal, fractionated on an 0.8% agarose ge!, gnd

the genotypes, especially in tEedR| andXbal digests Figure th_en transferred to a nylon membrane. The DNA fragments were hybr_|d|zed

4). Because thEcoR| andXbal restriction enzymes are known with a 32P-labeled -subunit of the 3-conglycinin gene and then subjected

to exhibit sensitivity to methylation, these polymorphic frag- to autoradiography. Molecular weight markers in kb are shown on the

ments possibly result from different methylation patterns among '€

the tested genotypes. The hybridization pattern of Kavre was . = . o o o

nearly identical to that of Williams 82 in the three restriction 1Soinhibitors that differ in protease inhibition specificitied].

digests except for the 6.5- and 10.5-kb polymorphic fragments Two weII-characterlzeq |50|nh|b|tprs in the BBi gene family

in the Xbal digest. The hybridization patterns of the varieties include BBi A and BBi C-II (previously known as soy C-II).

Soida Chiny and Seti differed from each other and showed the To examine the level of DNA sequence similarity of these BBi

least similarity to that of Williams 82Rigure 4). genes among the investigated genotypes, probes corresponding
RFLP in the Genes Encoding Bowmaﬁ-Birk_Type Pro- to the BBi A and BBi C-II genes were hybrldlzed to restriction

teinase Inhibitors. The Bowman-Birk-type proteinase inhibitors ~ digests of genomic DNA. The Southern hybridization results

(BBi) are common constituents of plant seeds and have beenpresented ifrigure 5 showed very similar hybridization patterns

linked to a variety of functions, including regulation of among the tested genotypes, for both BBi A and BBi C-II. The

proteinase activity during germination and protection against only exception was in Soida Chiny, which showed relatively

insects and pathogen84, 35). BBi have received increased strong hybridization to one additionBcoRI fragment with the

interest recently as potential anticarcinoge$)( BBi are BBi C-Il probe not seen in the other genotyp&sglre 5B).

encoded by a multigene family, which produce at least seven Thus, the results obtained with the probe/enzyme combinations
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Figure 5. Southern blot analysis of soybean Bowman—Birk-type proteinase inhibitors. Genomic DNA from leaf tissue of Williams 82 (lane 1), Kavre (lane
2), Sathia (lane 3), Soida Chiny (lane 4), and Seti (lane 5) was individually digested with either EcoRI or Hindlll, fractionated on an 0.8% agarose gel,
and then transferred to a nylon membrane. The DNA fragments were hybridized with a 3?P-labeled BBi A (A) or BBi C-Il (B) and then subjected to
autoradiography. Molecular weight markers in kb are shown on the left.

used in the present study indicate very little or no sequence Seeds of the soybean cultivars, which were originally obtained

variation in the BBi genes among the tested genotypes. from Nepal, had significantly higher protein content than
Williams 82. The Nepalese cultivars are normally grown at
DISCUSSION altitudes ranging from 900 to 1500 m. The higher protein content

of these cultivars appears to be controlled by genetic rather than
derived primarily from a few plant introductions, is limited (L, environmental factors because they maintained higher protein

3, 19). Although continued yield increases through selective content gven vyhen grown near C;olumbla,_ MO. )
breeding over the past 60 years have been possible, there is Two-d|menS|on§1I electrophoretlc analysis of seed protein of
concern that sustained improvement may be limited as the the Nepalese cultivar Sathia reveals marked heterogeneity of
genetic base narrow3 (38—40). The narrow genetic base also 9lycinin and/-conglycinin subunits. The cultivar Sathia was
affects our ability to improve other traits such as protein content, Unique because it was devoid of the G4 glycinin ASA4B3
which depend on combinations of superior alleles through subunit. The absence of the G4 glycinin subunit in Sathia does
chromosome recombination or assortme) (Protein content, ~ NOt appear to be a trait that is shared by all of the Nepalese
a heritable trait, is ostensibly controlled by a minimal number cultivars. Mutations resulting in the absence of specific proteins
of genes42—44). Analysis of over 20000 accessions of soybean among soybean cultivars have been noted, and the molecular
collected in China shows protein content ranging from 30 to basis for their absence has been establist8#] 47—51).
53% (12) Because the average protein content of Soybean§reV|0US studies have established that the absence of the A4
produced in the United StatesA4s35% (http://www.soygrow- subunit results in the production of superior tofi2). Soybean
ers_COm/international/quality/US_OS_Qua"ty.pdf) there iS Opti_ Cu|tivarS SUCh as Ralden and Enre|, Wh|Ch |aCk the A4 Subunit,
mism for increasing this component through the use of are used in breeding programs to incorporate this trait. The
introduced germplasm. absence of the A4 subunit of glycinin in Raiden has been
Molecular genetic mapp|ng and assessment of quantitaﬂve attributed to point mutation in the initiator codon ATG @'8/4
and qualitative traits of Asian soybeans provide evidence of (47, 49). Currently, we do not know the molecular basis for
substantial heterogeneity among the multitude of accessions.the absence of the A4 subunit in the Nepalese cultivar Sathia.
Whereas accessions from China and Japan exhibit distinct Enhancing the protein quality to meet the demands of modern
genetic differences, those found in southeast and south centralivestock production and ostensibly to produce foods for direct
Asia appear to be more similar to Chinese accessibasld, human consumption is one facet of soybean seed improvement.
16, 17, 45, 46). Significant diversity exists among Asian Domestic swine and poultry consume’5% of the soybean
landraces, ostensibly due to selection for adaptability to the local protein meal produced in the United States. Although this meal
environment and for qualities amenable for the preparation of is an excellent source of protein, quantities of specific amino
native foods. In this study, we found RFLPs among group 1 acids in the prevalent corrsoybean meal rations are not optimal
glycinin genes of the Nepalese cultivars. RFLPs of these genesfor growing swine and poultry. Lysine and methionine are the
were distinct from those of the North American cultivar first limiting amino acids, whereas arginine, threonine, isoleu-
Williams 82. The genetic polymorphism is reflected in the cine, tryptophan, and valine are considered to be second-tier
differential accumulation of protein subunits and amino acid amino acids %3). Increased expression of several second-tier
composition among the cultivars. Thus, our work reiterates the amino acids, which include arginine, could obviate the use of
potential of diverse germplasm for improving the quality of the expensive synthetic amino acids in ration formulattes) (
North American soybean seed protein. The significantly higher concentrations of cysteine and arginine

Genetic diversity of the elite North American cultivars,
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in the Nepalese cultivars are desirable traits that could be
incorporated into U.S. cultivars.
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