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Summary. Nucleotide sequences of cDNAs encoding 
soybean glycinin B 4 polypeptide were compared for three 
soybean cultivars and two introductions of wild soybean, 
G. soja. For three G. max cultivars, only two nucleotide 
substitutions were found, while G. max and G. soja nude- 
otide sequences had four substitutions. These data give 
added proof that G. max originated from G. soja. On the 
other hand, the time required for the accumulation of 
four nucleotide substitutions (calculated from the 
parameters of 11S globulin molecular evolution) ap- 
peared to be longer than the duration of the soybean 
domestication period. 
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Introduction 

In modern systems of the Papilionaceae family, Glycine 
max and Glycine soja belong to the Soja subgenus (Her- 
mann 1962) and the latter is considered a wild progenitor 
of cultivated G. max (Hymowitz 1970). According to 
Vavilov (1926), China is the centre of origin of cultivated 
soybean G. max. Wild soybean may be found in 
Manchuria, adjoining regions of the USSR, Korea and 
Taiwan. Both species are cytologically and biochemically 
similar: they have 40 chromosomes in the diploid set, 
identical sets of polypeptides of glycinin seed storage 
protein and restriction-fragment pattern of rRNA genes 
(Hymowitz 1970; Aleksenko etal. 1985; Doyle and 
Beachy 1985; Doyle 1988). Nevertheless, all these data 
seem insufficient to solve the problem of the cultivated 
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soybean progenitor. We made an attempt to approach 
this problem by studying the nucleotide sequences of 
glycinin genes of the soybean species. Apart from unrav- 
elling the origin of one of the main species of cultivated 
plants, these data give us a unique possibility to compare 
the longevity of the plant domestication period with a 
calculated individual gene divergency time of the soy- 
bean species. 

Glycinin is a storage protein of soybean seed. It be- 
longs to the 11S globulin class. The molecules of this 
globulin include six subunits. Each subunit contains 
acidic (A) and basic (B) polypeptides, which are encoded 
by one gene and are translated as a high-molecular- 
weight precursor subjected to post-translational modifi- 
cation. Five genes forming a multigene family and encod- 
ing these subunits were identified. This family can be 
subdivided into two subfamilies by their nucleotide se- 
quence homology. Genes encoding subunits A2Bla, 
AlbBlb , AaaB 2 belong to the first subfamily, and genes 
A3B 4 and AsA4B 3 to the second (Nielsen 1984). cDNAs 
of these subunits were isolated and completely or partial- 
ly sequenced (Momma et al. 1985 a, b; Scallon et al. 1985; 
Fukazawa et al. 1985; Epishin et al. 1986; Zakharova 
et al. 1986). 

Storage 11 S seed globulins are a convenient model for 
studying the molecular evolution of plant proteins and 
their genes. It was shown recently that some 11S soybean 
globulin polypeptides have antigenic homology, with the 
11S globulins of taxonomically distant plants, gym- 
nosperms and cereals among them (Aleksenko et al. 
1988). Comparison of amino acid sequences of separate 
11 S globulin subunits from soybean, peas, rapeseed, cot- 
ton and pumpkin revealed homology with rice glutelin 
and 12S oat globulin (Walburg and Larkins 1986; Borro- 
to and Dure 1987; Hayashi et al. 1987; Higuchi and 
Fukazawa 1987). These and other data allowed us to 
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calculate the parameters  of  11S plant  globulin molecular  
evolut ion at the amino acid and nucleotide levels (Alek- 
senko et al. 1989). 

In the present study, c D N A s  encoding B4 polypep-  
tide of  the seed soybean storage protein  glycinin in three 
G. max cultivars and in two different p lant  introduct ions 
of  the presumed wild progeni tor  of  cult ivated soybean 
were isolated and sequenced. We discovered that  the 
three compared  cult ivar sequences differ in two nucle- 
otides. The sequences of  two different p lant  introduc- 
tions were absolutely similar and differed from G. max 
polypept ides  in four nucleotides only. This provides ad- 
di t ional  molecular  evidence for the origin of  G. max from 
G. soja. Nevertheless, the time required for the revealed 
number  of  substi tutions,  calculated from the parameters  
of  11S globulin molecular  evolution,  appeared  to be sig- 
nificantly longer than the dura t ion  of  the soybean do- 
mest icat ion period. This discrepancy allows us to suggest 
several hypotheses concerning the origin of  cultivated 
soybean. 

M a t e r i a l s  a n d  m e t h o d s  

Characterization of soybean cultivars and wild soybean introduc- 
tions. Soybean cultivars "Mandarin" and "Mukden" of Chinese 
provenance were used. They are among the six main maternal 
ancestors of all the USA north and south cultivars (frequencies 
of occurrence in the parentage are 51% and 4%, respectively), 
according to the Committee on Genetic Vulnerability on Major 
Crops (1972). The seeds of G. soja plant introductions L23 and 
L582 (VIR catalogue N8432 and N8427, respectively) were pro- 
vided by T.S. Sedova (Laboratory of Field Cultures of the VIR 
Far East Experimental Station). Phenotypically different plant 
introductions L23 and L582 were collected by A. Ala and T.S. 
Sedova in the Amur region. 

mRNA isolation. Maturating seeds of cultivated and wild soy- 
bean were kindly provided by V.I. Sychkar (Institute of Genetics 
and Selection, Odessa). The material was harvested 21-23 days 
after flowering. The harvested seeds were frozen in liquid nitro- 
gen and stored at -70 ~ Total RNA isolation by phenol meth- 
od and poly(A)-RNA isolation was performed as described by 
Maniatis et al. (1982). 

ds-cDNA synthesis and cloning, ds-cDNA (bouble-stranded 
complementary DNA) synthesis and cloning were performed 
according to Maniatis et al. (1982). ds-cDNA was cloned by 
using dG/dC connectors in vector plasmid pTZ 18 after cleavage 
with Smal restrictase. 

Transformation of E. coli TG 1: A (lac, pro), thi, str A, sup 
E, end A, sbc B, hsd R- ,  [F- tra D36, pro AB, lac xq, zAM15], 
was made according to Hanahan (1983). 

Recombinant clones selection. Recombinant clones were selected 
via hybridization of colonies on nitrocellulose filters, cDNA of 
glycinin A3B 4 subunit cloned in pSPG 204 plasmid was used as 
a probe (Epishin et al. 1986). Hybridization was made at 65~ 
in 5 x Denhardt's solution (I x is 0.02% bovine serum albumin, 
0.02% Ficoll 400, 0.02% polyvinylpyrrolidone), 0.2% SDS 
(sodium dodecyl sulfate), 5 • SSC (1 x SSC is 0.15 M sodium 

citrate, pH 7.0), 100 mg/ml denatured DNA. After hybridiza- 
tion, the filters were washed twice at 68 ~ each time for 60 min 
in a solution 2 x SSC, 0.2% SDS and once for 30 min in 0.2 x 
SSC, 0.2% SDS solution. Thus the clones with AaB 4 and 
AsA4B 3 glycinin subunit sequences that have nucleotide homol- 
ogy exceeding 90% were selected. Restriction analysis with 
HindlII and TaqI was carried out for clones with cDNA exceed- 
ing 700 bp. Clones, comprising AaB 4 subunit cDNA were select- 
ed by using the restriction map for cDNA (complementary 
DNA) of the glycinine subunits A3B 4 and AsA4B 3. 

Determination of nucelotide sequences. The method of Sanger 
et al. (1977) modified by Messing (1983) was employed. Upon 
subcloning of ds-cDNA fragments in vectors M13 tg130 and 
tg131, SmaI, BamHl, Alul, HaeIII and Sau 3a restrictases were 
used. All these revealed substitutions were tested by sequencing 
several independent M13-cloned fragments containing both 
DNA strands. 

R e s u l t s  

Comparison o f  cultivar nucleotide sequences. The length 
and posi t ion of  all cloned and sequenced ds -cDNAs are 
shown at Fig. 1. The four cloned sequences completely 
overlap the region encoding polypept ide B and only in 
the case of  G. soja pSPG L1 sequence, is a small par t  of  
B 4 polypept ide C-terminal  region d ropped  from analysis. 

Figure 2 gives the nucleotide sequences of  AaB 4 
glycinin c D N A  for the cultivars " M a n d a r i n  . . . .  Mukden"  
sequenced in this study and cultivar "Rannaya-10" ,  
cloned and sequenced by us earlier (Epishin et al. 1986). 
F o r  comparison,  the sequence o f  the " M a n d a r i n "  culti- 
var  was taken as s tandard.  In subunit  AaB 4 c D N A  of  
" M u k d e n "  and "Rannaya-10"  cultivars, only two nucle- 
otide substi tutions in the region encoding polypept ide B 4 
were found. One substi tut ion was in the c D N A  of  the 
" M u k d e n "  cultivar, where the second nucleotide of  
codon T T G  was changed to C, leading to the substi tut ion 

Glycinin A3B4 cDNA 
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Fig. l. Cloning and sequencing of ds-cDNA of A3B 4 glycinin 
subunit. Plasmids pSPG M1, pSPG 204, pSPG Yl t  comprised 
cloned cDNAs of A3B 4 glycinin subunit of "Mandarin", "Ran- 
naya-10" and "Mukden" cultivars, respectively. Plasmids pSPG 
D41 and pSPG L1 comprised cloned cDNA of wild soya G. soya 
introductions L582 and L23, respectively 



854 

G L S V I S P K W O E O E D E D E D E D 20 
pSPG M1 GACGAAGATGAAGAC &O 
pSP6 204 6GCCTCAGCGTTATCAGCCCCAAGTGGCAAGAACAAGAAGACGAA*************** 
pSPG Y11 ************************************************************ 

E E Y E Q T P S Y P P R R P S H r. K H E 40 
pSP6 MI GAAGAATATG~CAAACTCCCTCTTATCCTCCACGACGACCA~-~CCATSGA~GCATGAR 120 
pSPG 204 ************************************************************ 
pSPG YII ************************************************************ 

D D E g E O E E E D g P R P D H P P g R &O 
pSPG MI GATGACC~GGACGAGSACE~AABAA2ATCAACCTCGTCCTGATCACCCTCCACAGCGA 180 
pSPG 204 ************************************************************ 
pSPG Y11 ************************************************************ 

P S R P E g g E P R 6 R 8 C g T R N G V BO 
pSPG HI CCAAC~ASC~CCGAACAACAA6AACCACGT~AGGATBTCA6ACTAC~A~*~TG~6TT ~40 

pSPG V| I ************************************************************ 
B---> 

E E N I C T M K L H E N I A R P S R A D tO0 
pSPG MI ~6AAAATATTTC-CAC~T~A~'_.~CTTCACGA80ACATT~TC(~CCCTTCACGTC~CTEk~C 300 
pSPG 204 ************************************************************ 
pSPG YI I ************************************************************ 

F Y N P K A G R I S T L N S L T L P A L I~0 
pSPG MI TTCTAC~CCCAAAAGCTGGTCGCATTAC~ACCCTCAACAGTCTCACCCTCCC~CCCTC 3 ~  

pSPG Y11 ************************************************************ 

R g F G L S A g Y V V L Y R N G I Y S P 140 
pSPG M1 CGCCAATTCGGACTCAGTGCCCAATATGTTGTCCTCTACAGGAATB(~AATTTACTCTCCA 4~0 
pSPG ~04 ************************************************************ 
pSPG Y11 ************************************************************ 

H W N L N A N S V I Y V T R G K G R V R 160 
pSP8 MI CATTSGAACTTGAACGCC~ACAGTGTGATCTATGTC~CTCGAC'G~AA~cz(~GTTAGA 480 

pSPG Y11 ************************************************************ 

V V N C g G N A V F D G E L R R G g L L 180 
pSPG MI GTGGTGAACTGCCAAGGGAAT6CAGTGTTCflACGGTGASCTAABGAG6G6ACAATTGCTA 5~0 
pSPG ~04 ************************************************************ 
pSPG Y11 ***********************************************************  

V V P Q N F V V A E g 6 6 E Q 6 L E Y V 200 
pSP6 MI GTGGTGCCGCAGAACTTTGTGBTG~CT~CAAGGC~G~s 6OO 

pSPG Y11 ************************************************************ 

V F K T H H N A V S S Y I K D V F R A I 2~0 
pSP6 Ml GTGTTCAAGACACACCACAACGCCGTGAGCAGCTACATTC~E~-~TGTGTTTAGGGCAATC 6~0 
pSPG 204 ***********************************************************  
pSP6 Y11 ************************************************************ 

P S E V L S N S Y N L G Q S Q V R Q L K ~ 0  
pSP6 MI CCTTCGGAGGTTCTTTCCAATTCTTACAC~CCTTGGCCAGAGTCAAGT6CGTCA~TCAAG 7~0 
pSPG ~04 ************************************************************ 
pSP6 YI I ************************************************************ 

Y (3 G N S G P L V N P it 251 
TATCAAGGAAACTCCGC-CCCTTTGGTCAACCCATAAATAACAACAAGP_,ATATATGAAGGT ?80 
************************************************************ 
************************************************************ 

GTGGTGAGGCCATCT TATATGAATAATATCAAAATATATTTTGTGTAATAATAAAACTAT B40 
************************************************************ 
********* 

GGCCTATGTAT T TACCACCCTCCGACCCAGCCTATGTTAATATCTGAGT~GCBTTBTACC 900 
************************************************************ 

pSPG HI 
pSPG 204 
pSPG YII 

pSPG M1 
pSP6 ~0~ 
pSPG YII 

pSPG MI 
pSP6 204 
pSPG YI1 

pSPG MI 
pSP6 204 
pSPfi YII 

TTTGAATCGCCTTAATAAAATGTCAGTCTTCAAGTTTTGTCTTTpolyA 
******************************************** 

944 

Fig. 2. Comparison ofcDNA sequences encoding A3B 4 glycinin 
subunit of soybean cultivars "Mandarin", "Rannaya-10" and 
"Mukden". The limit of B~ polypeptide is underlined by dotted 
arrow 
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pSPG MI 
pSPG L I  
pSPG D~I 

6 L S V I S P K W Q E g E D E D E D E D 20 
~CC~A6ATGAA~C bO 

GGCCTCAGCGTTATCAGCCCCAAGTBE~AASAACAA~A6ACGAA* ** * ** ***** **** 

E E Y E Q T P S Y P P R R P S H G K H E 40 
GAAGAATATSARCAAACTCCCTCTTATCCTCCACGACGACCARGCCATGGAAAC-~ATGAA 120 
***********************************************************  

D D E D E D E E E D Q P R P D H P P Q R &O 
GATGAC~GAGGACGAAGAAGAAGATCAACCTCQTCCTGATCACCCTCCACAGCGA tBO 
************************************************************ 

P S R P E Q Q E P R G R G C Q T R N B V  
CCAA~__~6E~CC~ACAACAAC~ACCACGT~AAC~(380TG TCAC~CTAGAAA T~GGT T ~0  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
************************************************************ 

B---> 
E E N I C T M K L H E N I A R P S R A D I O 0  

GAGSAAAATATTT~TGAAC~T TC~GASAA~TT~T~CCCTTCACST~T6~ 300 
***********************************************************  
* * ********************************************************  

F Y N P K A B R I S T L N S L T L P A L I ~  
TTC~C~CCCAAAA6CT~TC~ATTAGCAC~TCA~A6TCTGAC~T~CA2CCCTC ~ 0  
************************************************************ 
***********************************************************  

R Q F S L S A Q Y V V L Y R N G I Y S P I ~ O  
CP_.~"CA~TC~ACTC~TBCCCAAT~BT~TCCTCT~A66AATG6AATTTACTCT~A 4 ~  
************************************************************ 
************************************************************ 

H W N L N A N S V I Y V T R G K 6 R V R I & O  
CATT~A~TT80~6A~AGTGT~TCTAT6TBACTCGA6GGAAAGG~TTAGA 480 
************************************************************ 
************************************************************ 

V V N C Q G N A V F D G E L R R 6 Q L L I 8 0  
6TGGT80~T~CAAGS80ATGC~TGTT~ACGGTGA6CTAAG~A~GGAC~TT~TA 540 
************************************************************ 
************************************************************ 

V V P Q N F V V A E Q G G E Q S L E Y V ~ O  
G T ~  T~CGCAGA~ TT T8 T~T~CTGA~.:AAGC-GSGAr~ACAA~T TC~.~AT~GTA 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
***********************************************************  

V F K T H H N A V S S Y I K D V F R A I 2 2 0  
6TGTTCAAC~CAC~CACAACGC~T~CT~ATT~GP~T6T6TTT~SC~ 6 ~  
***********************************************************  
***********************************************************  

P S E V L S N S Y N L G Q S Q V R Q L K 2 4 0  
CCTTC66~TTCTTTCC4~TTCTTAC~CCTT~CCAG~T~TGCGTCA~TCAAG 720 
*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Y Q G N S G P L V N P L  ~ I  
TATCAA(~CIAAACTCCC~GC~TTTGGTCA~CCAT~ATAACA~ATATATG~GT 9 ~  

************************************************************ 

6TG6TGA~CCATCTTATAT80ATAATATCAAAATATATTTTGTSTAATAATAAAACTAT 840 

************************************************************ 

GGCCTATGTATTT~CACCCTCCGACCCA~CTATBTTAATATCTS~T~CGTTGTA~ 900 

************************************************************ 

TTTGAATC~CTTAATAAAATGTC~TCTTCAAGTTT~TCTTTpolyA 944 

*****************************************-- -*****  

Fig. 3. Alignment of cDNA sequences encoding A3B 4 glycinin 
subunit of two wild soybean introductions with that of soybean 
cultivar "Mandarin". The limit of B 4 polypeptide is underlined 
by d o t t e d  a r r o w  

of leucine for serine. One more substitution was revealed 
in cultivar "Rannaya-10": the first nucleotide of the 
GAA codon was changed for A, leading to the substitu- 
tion of glutamic acid for lysine. 

Comparison of cDNA nucleotide sequences of  wild soy- 
bean and cultivar "Mandarin". The nucleotide sequences 
within the cDNA regions of two plant introductions of 

wild soybean studied were completely identical (3). At 
the same time, the comparison with cDNA of cultivar 
"Mandarin" revealed that the wild soybean introduc- 
tions differ in four nucleotides within the region encoding 
polypeptide B 4 and in one nucleotide encoding the C-ter- 
minal part of polypeptide A 3. The four substitutions 
were silent and one substitution in the second position of 
codon CGT led to the replacement of arginine for his- 
tidine. 
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Discussion 

Polymorphism level of glycine subunits. Glycinin subunits 
from different cultivars of soybean were cloned and se- 
quenced almost simultaneously in several laboratories 
(Momma et al. 1985a, b; Scallon et al. 1985; Fukazawa 
et al. 1985; Epishin et al. 1986; Zakharova et al. 1986). In 
these papers the sequences of cDNAs of four different 
soybean cultivars were published, including the cultivar 
"Rannaya-10". The comparison of the nucleotide se- 
quences of the A2BIa subunit cDNA from two different 
cultivars revealed several substitutions. Studies on anoth- 
er subunit of the same cultivars also revealed substitu- 
tions (nine in the first case and eight in the second). 
Taking into account these comparisons, Utsumi et al. 
(1987 a, b) came to the conclusion that polymorphism is 
a hereditary characteristic of the glycinin subunit genes. 

In our previous work the sequences of cDNA of 
glycinin A3B 4 and AsA4B 3 subunits and their counter- 
parts from other soybean cultivars were compared (Za- 
kharova et al. 1986). We found that the number of nucle- 
otide substitutions in the AaB 4 subunit cDNA is several 
times higher than in subunit AsA4B 3 . This fact has had 
no reasonable explanation up to now, since the 
nucelotide sequences of these subunits (within the re- 
gions compared encoding polypeptides B 3 and B4) have 
90% homology. We propose that the variations in the 
sequencing method employed in different laboratories 
may be the source of variation in the number of regis- 
tered substitutions. Thus, the conclusion of Utsumi et al. 
(1987a) concerning the polymorphism of the glycinin 
subunits' primary structure causes doubts. 

Therefore, we studied the A3B 4 cDNA sequences en- 
coding polypeptide B 4 of the glycinin A a B  4 subunit in 
two cultivars of Chinese origin, representative of the 
USA assortment. The comparison of these cultivars 
"Rannaya-10", selected in the USSR, showed that three 
cDNAs have only two nucleotide substitutions. These 
data do not support the conclusion on the expressed 
polymorphism of the cultured soybean glycinin subunits, 
at least not for the main B~ polypeptide. We cannot but 
notice that Fuchman (1985) investigated leghemoglobin 
from 69 G. max cultivars and 18 plant introductions of G. 
soja and came to the conclusion that the discrepancies 
between the amino acid sequences published can be due 
to sequencing errors rather than to the leghemoglobin 
structural polymorphism. 

Comparison of cDNA encoding polypeptide B 4 in G. max 
and G. soja. The nucleotide sequences of two indepen- 
dently collected wild soybean plant introductions were 
absolutely identical, although the material for this study 
was collected at different times in two regions of the 
Amur District of the USSR. However, it remains unclear 

to what extent these plant introductions reflect the popu- 
lational structure of G. soja. 

The cDNA sequences of wild and cultured soybeans 
differed in four nucleotides within the region encoding 
polypeptide B 4. Altogether, five substitutions were re- 
vealed in the investigation region of the A3B 4 subunit 
gene. According to the diffeences in the cDNA se- 
quneces, the polymorphism of polypeptide B4 gene re- 
vealed by comparing wild and cultured soybean roughly 
corresponds to that among the cultivars of cultured soy- 
bean. Thus, the results of nucleotide sequencing add fur- 
ther proof to the concept that G. soja is the ancestor of 
cultured soybeans. 

The time calculated from the rate of nucleotide diver- 
gence of the glycinin 0 4 polypeptides significantly exceeds 
the longevity of soybean domestication. The mean rates of 
nucleotide substitution fixation in the basic polypeptide 
genes of plant 11S globulins were estimated to be 3.0 x 
10-9 nucleotides/year, which corresponds to amino acid 
substitution fixation in the polypeptides of approximate- 
ly 3.4-3.6 • 10  - 9  site/year. Such estimates are close to 
those obtained for an "average" protein. Our data were 
obtained from analyses of homology of cDNA sequences 
and their amino acid derivatives (Aleksenko et al. 1989). 
On the basis of these molecular evolution parameters, the 
time period necessary for the accumulation of the esti- 
mated number of nucleotide substitutions is 0.9-2.4 x 
10 6 years. Let us compare these results with the historic- 
archeological record. 

During the early Chinese Yang-Shao culture (starting 
about 5000 B.C.) soybean was not among the cultivated 
plants, rice, hemp, mulberry and millet (Sertania italica) 
(Hymowitz 1970; Bellwood 1978); thus, the maximum 
period that passed after soybean domestication is no 
more than five to seven thousand years. This period is 
evidently shorter than the time required for the accumu- 
lation of the number of nucleotide substitutions revealed, 
if the calculation is based on the parameters of molecular 
evolution of plant 11S globulins. 

Thus, the nucleotide substitutions we observe in culti- 
vars could not have arisen during cultivation, but ap- 
peared beforehand. 

Another explanation may be that the rate of  molecu- 
lar evolution in the process of soybean domestication 
increased, which is manifested in the increase of the nu- 
cleotide substitution rate in B 4 polypeptide gene. If  we 
compare the calculated time of molecular evolution and 
the longevity of the cultivation period, this increase is 
100- to 200-fold, but this hypothesis seems unreasonable. 
We are inclined to think that there may be other explana- 
tions of the results obtained. It seems possible that both 
cultured and wild soybean had a common ancestor, 
which gave rise to several lines. Within these lines to 
genes of B 4 polypeptide accumulated substitutions for 
one to two million years, which seems reasonable by 
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molecular  evolution criteria. The lines of  cultivated soy- 
bean were obtained by simultaneous int roduct ion of  var- 
ious varieties of  wild soybean lines. The process of  selec- 
tion resulted in the natural  exhaust ion of  the gene pool.  
Therefore, the major i ty  of  present soybean cultivars have 
common progeni tory  with respect to the monogenic  
traits of  the B 4 polypept ide structure and differ only 
slightly from one another.  At  the same time the wild 
soybean, apar t  f rom the selection process, could main- 
tain a certain popula t ion  variabil i ty of  this polypept ide 
structure. 
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