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Summary. The soybean, Glycine max and its wild pro- 
genitor, Glycine soja, have been surveyed for repeat 
length variation for the nuclearly encoded 5S ribosomal 
RNA genes. There is little variation among the 33 ac- 
cessions assayed, with a common repeat length of 345 
bases being typical of both taxa. A 334 base size variant 
was encountered in individuals from two populations of 
G. soja from China. The low level of variability is in 
marked contrast to the variation observed within and 
between the species of the perennial subgenus Glycine. 
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Introduction 

The cultivated soybean, Glycine max (L.) Merr., is con- 
sidered a separate taxonomic species from its presumed 
wild progenitor, G. soja Sieb. and Zucc., based largely 
on morphological characters associated with domesti- 
cation (Hymowitz and Newell 1980). The two taxa seem 
to have few, if any, barriers to hybridization, and the 
morphological extremes are connected by populations 
sometimes recognized as a third species (G. gracilis 
Skvortz.), but perhaps merely representing the products 
of crosses between wild and cultivated forms (Broich 
and Palmer 1980). G. max has an extensive distribution 
worldwide in cultivation, while G. soja is native to 
northern and central China, Japan, Korea, Taiwan, 
and the western Soviet Union; G. gracilis is found only 
where the two other species come in contact (Hymowitz 
and Newell 1980; Hymowitz 1970). Geographic distri- 
bution and annual habit distinguish these taxa, which 
are recognized as subgenus Soja, from the dozen or so 

wild perennial species of Glycine subgenus Glycine that 
are native almost exclusively to Australia. 

The relationships among the taxa of subgenus Soja 
recently have been the focus of studies using variation 
at the DNA level. Shoemaker et al. (1986) have used 
variation in chloroplast DNA to demonstrate the exis- 
tence of several plastome types, some shared among 
taxa, while Sisson et al. (1978) found diversity among 
mitochondrial genomes in the subgenus. Our studies of 
the nuclearly-encoded 18S-25S ribosomal RNA multi- 
gene family in both subgenera of Glycine (Doyle and 
Beachy 1985; Doyle 1987) showed that while consider- 
able variation for repeat length and spacer sequence oc- 
curs within subgenus Glycine, G. max and G. soja ap- 
pear to be identical to one another. 

The 5S ribosomal RNA genes constitute a second 
large nuclearly-encoded multigene family unlinked to 
the 18S-25S genes. Like the 18S-25S gene family, the 5S 
genes exist as tandem copies, but are much more nu- 
merous (up to 50,000 copies in flax; Goldsbrough et al. 
1981), and considerably smaller, with short coding re- 
gions and total repeat lengths generally under 500 bp. 
Size and sequence variation of the intergenic spacer 
makes 5S genes potentially useful for assaying vari- 
ability over short evolutionary periods, while 5S rRNAs 
have been used in phylogenetic studies spanning long 
evolutionary divergences. In this paper we report 5S 
rDNA repeat length variation patterns within and 
between G. max and G. soja. 

Materials and methods 

Accessions used in this study are listed in Table 1. All plants 
were grown from seed obtained from a variety of sources. 
Voucher specimens are deposited at the Bailey Hortorium (BH). 
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Table 1. 5S ribosomal gene repeat sizes of accessions used in 
study. Abbreviations: Cv=cultivar; PI=Plant  introduction no.; 
MG-Matu r i t y  group; 18S-25S=repeat length of 18S-25S 
ribosomal RNA gene family, in kilobases; 5S = repeat length of 
5S ribosomal gene family, in bases 

Species Cv Plno.  Origin MG 18S 5S 
-25S 

max 
max 
max 
max 
max 
max 
max 
max 
max 

max 
max 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
soja 
s( a 

Bansei 81031 Japan II 7.8" 345 
Charlee 71663 China VII 7.8 a 345 
Fuji 81039 Japan III 7.8a 345 
Harbinsoy 54603-3 China IV 7.8 a 345 
Hidatsa 81038 Japan 00 7.8~ 345 
Hongkong 22406 Hongkong IV 7.8" 345 
Hoosier 30746 China I 7.8 a 345 
Pando - Korea 00 7.8 ~ 345 
Poland 128182 unknown 0 7.8 a 345 
Yellow 
Provar - China II 7.8" 345 
Virginia-S 19186D China V 7.8" 345 
- 326582B USSR II 7.8" 345 
- 339732 Korea IV 7.8" 345 
- 339871A Korea V 7.8 a 345 
- 342619A USSR 0 7.8 a 345 
- 342621A USSR 00 7.8" 345 
- 342622A USSR I 7.8" 345 
- 406684 Japan III 7.8" 345 
- 407290 China II 7.8" 345 
- 407294 China II 7.8 a 345 
- 407302 China V 7.8 345 
- 407303 China VI 7.8 345 
- 407304 China VI 7.8 345 
- 407305 China V 7.8 334 
- 407307 China VI 7.8 334 
- 424002 USSR 0 7.8 345 
- 440913B China II 7.8 345 
- 464936 China VI 7.8 345 
- 464935 China VI 7.8 345 
- 464936A China VI 7.8 345 
- 464937B China VI 7.8 345 
- 464938 China V 7.8 345 
- 464939B China V 7.8 345 

" Data from Doyle and Beachy 1985 

DNA isolation 

Total DNA was isolated from greenhouse-grown individual 
plants using one of two mini-prep procedures. In each case, 
0.1-1.3 g fresh weight of fresh leaf tissue was used for iso- 
lations. In earlier isolations, the phenol extraction method 
described previously for Glyeine (Doyle and Beachy 1985) was 
used, while in later isolations a more efficient procedure using 
hexadecyltrimethyl ammonium bromide (ctab) was followed, 
the details of which are given elsewhere (Doyle and Doyle 
1987). 

Digestion, electrophoresis, and transfer of DNA 

One to five microgram samples of DNA were digested with 
BamH-I (Bethesda Research Labs of New England Biolabs) ac- 
cording to the specifications of the manufacturer, subjected to 
gel electrophoresis on 25 cm long 1.5%-2% agarose gels con- 
taining 0.89 M tris-borate, 0.089 M boric acid, 0.05 M EDTA, 
pH 8.0. Following electrophoresis, gels were stained with 
ethidium bromide and photographed. DNA was transferred to 

either nitrocellulose or nylon (MSI Nylon 66) using standard 
procedures (Southern 1975). 

D NA hybridization 

The 5S ribosomal RNA genes were detected by hybridization 
to a 5S clone from Zea mays (courtesy of Elizabeth Zimmer, 
Louisiana State University). The total recombinant plasmid 
was in vitro nick translated (Maniatis et al. 1975) with ~2p and 
hybridized to filters containing Glycine DNA. Hybridizations 
were performed at 42~ in 5X SSC (IX SSC=0.15 M NaCI, 
0.015 M Na-citrate), IX Denhardt's solution (0.1% Ficoll, 0.1% 
polyvinylpyrrolidine 360, 0.1% bovine serum albumin), 0.02 M 
sodium dodecyl sulfate (SDS), 35% formamide. After overnight 
hybridization, filters were washed in 2X SSC, 0.4% SDS at 
65 ~ and exposed to Kodak XAR5 X-ray film with one in- 
tensifying screen (Dupont Cronex Lightning Plus) for 1-3 days 
a t -70  ~ 

18S-25S rDNA EcoRI profiles for new accessions of 
G. soja were ascertained as previously described (Doyle and 
Beachy 1985). 

Restriction fragment sizes were calculated by comparison 
of mobilities of known standards run on the same gel. For ad- 
ditional accuracy, some samples were re-run on gels in which 
Hinf-I digested pBR322 was also electrophoresed; fragments of 
this plasmid were detected by their homology to the vector 
bearing the 5S probe and therefore provided labelled stan- 
dards. 

R e s u l t s  a n d  d i s c u s s i o n  

Thirty-three accessions of  G. max and  G. soja, represent-  
ing a wide range of  geographic origins and  matur i ty  
groups,  were tested for var ia t ion in 5S repeat  length. 
Digest ion with BamH-I  followed by electrophoresis,  
transfer, and  detect ion of  5S r ibosomal  genes with a 
heterologous 5S probe yielded the expected ladder- l ike 
pat tern of  monomer ,  dimer,  and  mu l t imer  repeats 
(Fig. 1) based on a single repeat  size class. Glycine max 
and  G. soja are typical o f  diploid member s  of  the genus 
Glycine in having  chromosome n u m b e r s  o f 2 n  = 40. This 
n u m b e r  is considered polyploid wi th in  the legume tribe 
Phaseoleae, to which Glycine belongs,  as most  other  
genera of  this tribe are 2 n = 2 2  (Lackey 1981). This 
anc ien t  polyploid event, which is hypothesized to have 
been  responsible  for increased complexi ty  in  soybean  
mul t igene  families encoding  actin (Hightower  and  
Meagher  1985) and  leghemoglob in  (Lee and  Verma 
1984), is no t  observable  in either the 18S-25S r D N A  
family (Doyle and  Beachy 1985) nor  in the 5S r D N A  
family. There is no  evidence for more  than  a single ma-  
jo r  repeat  class of  5S r D N A  in the genomes  of  indiv id-  
ual plants  o f  G. max, G. soja, or any  other  diploid 
species of  the genus,  though such wi th in - ind iv idua l  het- 
erogeneity is indeed observed in more  recent ly-der ived 
allopolyploids in Glycine subgenus  Glycine (Fig. 2; 
Doyle and  Brown, in preparat ion) .  Assuming  that  the 
repeat  classes o f  the two progeni tor  genomes  were 
init ial ly dis t inguishable ,  the loss of  he terogenei ty  could  
be due to the physical loss of  one  locus du r ing  diploidi-  
zat ion or to concerted evolu t ion  opera t ing be tween  loci. 
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Fig. 1. 5S rDNA variation in Glycine soja and G. max. Ladder 
patterns are produced due to the inability of BamH-I to cleave 
all tandem repeats to completion. The size of the fastest-mi- 
grating (lowest) fragment in each lane gives the length of a 
single repeating unit. M= size markers, pBR322 digested with 
Hinfl, sizes of fragments given in base pairs; Lanes: (1) G. soja 
407303, (2) G. max cv Pando, (3) G. soja 407302, (4) G. soja 
407305, (5) G. soja 407307, (6) G. soja 464935, (7) G. soja 
464936B, (8) G. max cv Hidatsa, (9) G. soja 407304, (10) G. soja 
464937B 

Fig. 2. Within-individual heterogeneity of 5S repeats in poly- 
ploids of Glycine tomentella (subgenus Glycine). T1 is an ac- 
cession with 2n=78, hypothesized to have arisen by hybrid- 
ization between 2n= 38 plants such as the accession here lab- 
elled D1; T1 includes D1 sized repeats as well as a second re- 
peat size which it shares with T2, a 2n = 80 tetraploid, as well as 
with T4, also 2n = 80. T2 also contains a second, smaller repeat 
class. Diploids of this single species have repeat lengths from 
270 to 310 bp 

Within the two species of subgenus Soja very little 
variation in the size of the 5S repeat was encountered. 
With the exception of PIs 407305 and 407307 (Table 1), 
all G. soja accessions had repeat lengths of 345 bp, a size 
very similar to the 342 bp repeat length reported for an- 
other legume, Lupinus luteus (Rafalski et al. 1982). The 
two anomalous G. soja accessions were not in any other 
way unusual, and were found to have 18S-25S rDNA 
profile identical to other accessions of subgenus Soja in 
both repeat length and EcoRI restriction sites (Table 1). 
Both accessions are from Shanghai municipality, south 
of Shanghai City, but come from two different localities 
(R.L. Bernard, US Soybean Germplasm Collection). It 
is apparent that polymorphic populations occur in this 
region, since PI 470304, with a repeat length typical of 
other G. soja accessions, was collected at the same site 
as 470305. Glycine max accessions studied all had repeat 
lengths identical to the common repeat length found in 
G. soja (345 bp). 

The paucity of  repeat length variability for the 5S 
rDNA multigene family within Glycine subgenus Soja 
agrees with our findings for the unlinked 18S-25S 
rDNA family (Doyle and Beachy 1985). As in our pre- 
vious study, the lack of variability within the cultivated 
soybean and its wild progenitor is in marked contrast to 
the higher levels of variation found both between and 
within the wild perennial species of Glycine subgenus 
Glycine (Fig. 2; Doyle and Brown, in preparation). 
As an example of variation found within a single recog- 
nized species of this subgenus, the 5S BamH-I digestion 
patterns of  several G. tomentella accessions are shown in 
Fig. 2. The genomes of two of these plants, both pre- 
sumed to be allopolyploids, contain 5S repeats derived 
from three different diploid genome donors, one of 
which is shared between the two accessions. 5S repeats 
in this species range in size from 270 to 310 bp, and il- 
lustrate both the variability found in single species of 
the perennial subgenus as well as the additivity of  5S in 
single allopolyploid plants. 

Why there should be such a difference in the vari- 
ability patterns between the 2 subgenera is not clear. Hu 
et al. (1985), in their studies of wild G. soja populations 
in China, found no evidence of heterozygosity at a poly- 
morphic amylase isozyme locus in 1,300 plants exam- 
ined, and concluded that the species is an absolute in- 
breeder. The species of subgenus Glycine produce abun- 
dant cleistogamous flowers in addition to chasmogam- 
ous flowers, and it appears that much of their seed set 
could thus be due to selfing. In this respect, then, the 
two subgenera are quite similar. A potentially signifi- 
cant difference between the wild species of  both sub- 
genera could be the existence of the widely distributed 
cultivated species, G. max. The wild perennial taxa of 
subgenus Glycine exist in isolated, often small popula- 
tions between which gene flow would be predicted to be 
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low, a situation that could well lead to evolutionary 
divergence of  genes. In contrast, G. soja often occurs as 
a weed in soybean fields, where it is capable of  crossing 
with G. max. The cultivated soybean, therefore, could 
form a bridge through which even the low levels of  gene 
flow predicted for a predominantly inbreeding species 
could unite wild populations. The processes of  concert- 
ed evolution then could operate to maintain homogene- 
ity throughout subgenus Soja. 

The only 5S repeat length variation within subgenus 
Soja is found in the wild species, Glycine soja. It is per- 
haps not unexpected to find that a cultivated species 
shows a subset o f  the variability found in its wild pro- 
genitor, particularly given the narrow genetic base of  
cultivated soybean lines grown in the United States 
(Delannay et al. 1983). The G. max accessions studied 
here were chosen in an effort to sample the native 
diversity in that species, and were selected to include 
geographically and physiologically diverse accessions. 
Yet despite sampling what is presumably a broader ge- 
netic base than common U.S. cultived lines (Committee 
on Genetic Vulnerability of  Major Crops 1972), we 
found no variation within the soybean for 5S repeat 
length. It is possible, of  course, that detailed analysis of  
5S sequences would uncover variation; in lupines, 
Rafalski etal. (1982) report 5S repeats of  identical 
length with differences in base sequence. Nevertheless, 
it appears that variability in the soybean for this gene 
family, as for the 18S-25S rDNA, is likely to be low 
even among otherwise diverse cultivars. 

The finding of  variation within G. soja and uniform- 
ity in G. max is in contrast to the chloroplast DNA data 
of  Shoemaker et al. (1986), who found that all five 
G. soja accessions studied belonged to only one o f  five 
plastome groupings, while G. max accessions occurred 
in three groups. This contrast may, however, be due to 
the smaller sample size of  G. max in our study, and the 
small sample size of  G. soja in theirs. 

It has been suggested that G. max and G. soja are 
conspecific (Hymowitz and Newell 1980), based in large 
part on their interfertility. Similarities between the two 
taxa are seen at the protein level, in the products of  such 
multigene families as storage proteins (Staswick et al. 
1983) and leghemoglobins (Fuchsman and Palmer 
1985). Consistent with these findings and with our pre- 
vious studies of  18S-25S rDNA, our 5S data show little 
differentiation between the two taxa, and are certainly 
consistent with the existence of  a single species and a 
widely distributed cultigen. 
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