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ing studies. Isozyme analysis provides a very simple
and inexpensive method for these studies. Unfortunate-
ly, isozyme markers suffer the drawback of limited
number. The restriction fragment length polymor-
phism (RFLP), a type of DNA marker believed to be
sufficiently abundant to saturate the genome, was first
proposed by Bostein et al. (1980) for mapping the lin-
kages of the human genome. This stimulated the use of
RFLP markers in crop improvement studies (Soller
and Beckmann, 1983; Helentjaris ef al., 1985; Tanksley
et al., 1989).

RFLP markers in soybean were first reported by
Apuya et al. (1988), who used them to identify widely
distant cultivars of Glycine max. (L.) Merrill and wild
perennial relatives of soybean (Menancio et al., 1990).
Keim et al. (1989) surveyed fifty-eight soybean acces-
sions from the genus Glycine, subgenus soja with seven-
teen RFLP markers, but only low levels of molecular
diversity were noted. RFLP markers of mitochondria
DNA were used for the identification of cytoplasmic
background difference in a subclass of Mandarin soy-
bean (Grabau et al., 1989). Keim and Shoemaker (1988)
generated a random recombinant DNA library enri-
ched with single copy DNA. These probes have been
used to construct an RFLP genetic linkage map, to
map disease-resistance traits (Diers, 1992b), and in
near-isogenic line mapping studies (Muehlbaner ef al.,
1991). The association between RFLP marker loci and
quantitative traits in soybean was also addressed
(Keim et al., 1990a,b; Diers et al., 1992a). Recently, lin-
kage relationships between RFLP markers and Phyto-
phthora resistance loci of soybean was noted (Diers et
al., 1992b).

Soybean is a self-pollinated plant, grown from the
northern temperate zone to the tropics, with at least
thirteen photoperiod-response maturity groups
(Palmer and Kilen, 1987). The objective of this study
was to explore RFLP marker loci for genetic differen-
tiation, and to understand the genetic variation of culti-
vated soybean in Taiwan’s breeding resource. Soybean
DNA probes, obtained from Dr. Shoemaker at Iowa
State University, Ames, [owa in the USA, were used to
differentiate land varieties, improved cultivars,
isogenic lines, and plant introduction accessions. The
polymorphic structure, genetic similarity, and effi-
ciency of probe sources for differentiation are discus-
sed.
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Materials and Methods

Plant Materials

A total of twenty soybean lines, representing three
local land varieties from Taiwan, four improved culti-
vated varieties, two pairs of isogenic lines derived from
F5 selfed progeny, eight plant introduction or breeding
lines, and one soja accession (P1245331), were obtained
from the Taiwan Agricultural Research Institute.
Seeds of soybean were germinated and grown under
hydroponic culture in a growth chamber that
maintained a 28°C daytime temperature and a 24°C
nighttime temperature.

The nutrient components in the hydroponic cul-
tures were 2.5 mM KNO,; and Ca(NO;),, 0.5 mM KH,
PO,, 1.0 mM MgSO,, 20 ppm FeNaEDTA, and mi-
croelements (Barrentine et al, 1976). Trifoliolate
leaves at the V3 stage (Fehr and Caviness, 1977) were
sampled from at least four to five plants in each acces-
sion for DN A isolation.

DNA Extraction, Enzyme Digestion and Southern Blot-
ting

The procedure for DNA isolation was similar to
that of Murrary and Thompson (1980). In general,
about 3 g of fresh or frozen leaves were ground to a
fine powder in liquid N, with a chilled mortar and pes-
tle. Nine ml of preheated extraction buffer (50 mM
Tris-HCI (pH 8.0), 0.5% N-lauroylsarcosine, 1.29% SDS
(sodium dodecyl-sulfate) and 250 mM EDTA (pH 8.0))
was then added and the mixture incubated for 2 h at
60°C. Leaf residues were then discarded by centrifuging
at 15,000 rpm (17,600 x g) for 15 min. The supernatant
liquid was adjusted to contain 0.7 M NaCl and 1%
CTAB (cetyltrimethylammonium bromide) followed by
extraction with an equal volume of chloroform/
isoamylalcohol (24:1, v/v). DNA extraction in 1%
CTAB and 0.7 M NaCl with an equal volume of chloro-
form/isoamylalcohol was repeated at least three times.
DNA was precipitated by adding 0.6 volumes of iso-
propanol, washed two times with 809 ethanol contain-
ing 15 mM ammonium acetate, and dissolved in TE
buffer (10 mM Tris, 1 mM EDTA, pH 8.0). The DNA
was then treated with RNase (50 ug/ml), and
proteinase K (100 xg/ml), in 0.5% SDS at 37 °C, for 2 h
respectively. A phenol/chloroform (1:1, v/v) extraction
followed. One-tenth volume of 3M sodium acetate (pH
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6.1) was added, and then the DNA was precipitated
with two volumes of absolute ethanol. The DNA was
washed with 80% ethanol containing 15 mM ammo-
nium acetate, and then dissolved in TE buffer. The
DNA was digested with several restriction enzymes
(Table 1). In general, about 10 units of endonuclease per
ug of DNA were used for a 5 h digestion in 200 gl of
incubation buffer. The DNA fragments were electro-
phoresed in 0.8% agarose gel, with 8-10 ug of DNA per
lane. TBE (89 mM Tris base, 89 mM boric acid, and 2
mM EDTA) served as the running buffer. After electro-
phoresis, the DNA was transferred to Hybond-C extra
membrane or Hybond-N membrane (Amersham Inter-
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ent sources. For those probes showing polymorphism,
studies were then extended to other soybean acces-
sions. Plasmid DNA was isolated by the mini alkaline
lysis method (Maniatis et al., 1982), and then digested
with PstI in preparation for isolation of the inserts with
electrophoresis and NA45 membrane (Schleicher and
Schnell, NA45) interception. The inserts were labeled
with a-3*P-dCTP by the random primed method (Fein-
berg and Vogestein, 1983), and purified in a Sephadex G
-50 column.

Hybridization Analysis
Membranes were prehybridized in 10 - 20 ml of

JLIRR, PP P

Probes Preparation and Random Primed Labeling

A total of eighty-five soybean probes, which were
primarily single copy sequences from a PstI genomic
library (Keim and Shoemaker, 1988), were kindly sup-
plied by Dr. Randy C. Shoemaker of lowa State Univer-
sity, USA. From these, seventeen soybean probes: PA7,
PA36, PA65, PA73, PA85, PA86, PA109, PA110, PA11l,
PA117, PA122, PA129, PA136, PA170, PA233, PA256,
and PK3, were randomly selected and screened for
polymorphic loci with various endonuclease (Table 1)
on eight - nine selected soybean accessions from differ-

tion (Denhardt, 1976), 5X SSC (20X SSC is 3M NaCl,
0.3 M sodium citrate, adjusted to pH 7.0), 0.1% SDS,
and 200 xg/ml calf thymus DNA for 4 - 5 h at 65°C.
The labeled probes were then directly injected into the
hybridization bags, and hybridized overnight at 65°C.
The membranes were then washed twice in 2X SSC
and 0.1% SDS at room temperature, once for 30 min in
1X SSC and 0.19% SDS at 65°C, and once for 30 min in 0.
1X SSC and 0.19% SDS at 65°C. Autoradiography was
carried out at —70°C, with Kodak X-Omat AR film
and two sheets of DuPont Cronex Hi-Plus intensifying
screen (Chen et al., 1990).

Table 1. Summary of number of probes tested for polymorphisms on soybean accessions for each enzyme

With variation

Without variation

Enzyme
Probe® No.b Probe No. Total
HindlIll PA7, PA36, PA65, PA85, PA110, 8 PK3, PA73, PA109, PA256, PA122 5 13
PA111, PA117, PA136. (61.5%) (38.5%)
EcoRI PA36, PA85, PA109, PA110 4 PK3, PA7, PA65, PA1ll, PAI117, 8 12
(33.3%) PA170, PA233, PA256 (66.7%)
EcoRV PA136, PA256. 2 PK3, PA36, PA73, PA85, PA86, PA109, 9 11
(18.2%) PA117, PA122, PA129 (81.8%)
Dral PA233 1 'PA36, PA65, PAT73, PA85 PAI09, 7 8
(12.5%) PA117, PA170 (87.5%)
BamH]1 0 PA36, PA73, PA86, PA109, PA111 5 5
(100%)

(0%)

e h o et e e e~ A o~ T A w -

bgfan fadd £8) . Denhapdt’n coba .



Estimation of Genetic Parameters

Genetic similarity between sovbean accessions was
calculated according to Nei and Li (1979), i.e., Sixy) =
2Nxy/(Nx+ Ny), where Sixy) is the value of genetic
similarity between lines x and y, Nxy is the number of
bands common to lines x and v, and Nx + Ny is the sum
of the number of bands for lines x and y. A dendrogram
was derived by average linkage (UPGMA) cluster anal-
vsis with the coefficient of genetic similarity by SAS
(Statistical Analysis System, Cary, NC). The percent-
age of polymorphic loci lculated based on probe

enzyme combinations with polymorphism. The num-
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ived from the Pst1 digestion library. However, varia-
tions were noted at no more than two - three loci in a
single probe-enzyme combination (Fig. 1). The allelic
relationships between polymorphic bands were inferred
from their distribution among the soybean accessions.
Fragments which were seldom observed together in a
single accession, though every accession had one or the
other, were classified as codominant loci. Fragments
which were present or absent with no exclusory rela-
tionships with other fragments were classified as domi-
nant loci (Keim ef al., 1989). Tentative classifications
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for the locus types based on the allelic relationships
between polymorphic bands from this study are indicat-
ed in Table 2. About twenty-five loci were distinguish-
able from this classification. Both dominant and
codominant alleles were noted in this study (Table 2).
Rare alleles which were variety or accession specific
were noted in about 56% of loci. For example, the
1.5 kb band of PA117- HindIII in KS-10, the 1.5 kb of
PA136-EcoRV in HCWT, the 2.8 kb band of PA233-
Dral in SKT, the 8.0 kb band of PA36-EcoRI, the 2.4 kb
band of PA36-HindIll, the 23.1 kb band of PA109
-EcoRI, the 7.0 and 3.9 kb bands of PA110-HindIll, and
the 3.0 kb band of PA110-EcoRI were only found in
PI1245331, the soja accession. Polymorphisms with more
than one enzyme were noted in probes PA36, PAS85
(Fig. 2), PA110, and PA136. As indicated in Table 2,
some heterozygous band patterns were also observed in
accessions such as TA92785, L87Y, SKT, and FWCP in
loci of c4, c7, cl4, cl, and c12 respectively. It is indicat-
ed that 20% of polymorphic loci are the result of the
difference between G. max and G. soja. From the total
of forty-three fragment types observed, 79.196 were in
the form of codominant allele and 20.99% were in domi-
nant form. In terms of loci, 649 of the loci were
codominant types and 36% were dominant types.
Approximately 56% of loci were classified as uninfor-
mative, due to the presence of rare allele which were
sources of polymorphism among accessions.

Genetic Variation among Accessions and Cluster Anal-

SIS

Genetic similarity and average heterozygosity
were estimated for the study of genetic variation
among the selected accessions. The PI1245331 accession
had the lowest average genetic similarity to other
accessions. The number of bands in common varied
from eleven to nineteen among the Glycine max acces-
sions, and.the average similarity ranged from 67.0% to
81.6% (Table 3). Cluster analysis based on the coeffi-
cient of genetic similarity has subdivided the nineteen
Glycine max accessions into four groups (Fig. 3). Group
I includes the two pairs of isogenetic lines (L87Y, L87B,
L94Y, and L94B), and KS10, AGS129, TEKKYOKERO,
G2120, and FWCP; Group II includes TA93006, BPCL,
TA93235, and SKT; Group III includes HL-1, TN15,
TA92616, and HCWT; Group IV includes TA93005, and
TA92785. PI245331 is apparently distinct from the
others. The three local lines, FWCP, HCWT, and
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BPCL were distributed in three different main clusters.
The observed polymorphic alleles were not able to dis-

* tinguish between isogenic lines L94B and L94Y, nor

between lines L87Y and L87B (which were the F6 seeds
selected from F5 segregation families), except that
heterozygous alleles in locus c¢7 were observed in the
L87Y accession. Nevertheless, the L87 pair and the 1,94
pair can be distinguished by PA7- HindIIl and PA111-
HindIll. Among improved varieties, KS-10 is actually
the same variety as AGS-129; however, in the probe-
enzyme combination screening, a difference was noted
in a single band at the d7 locus. The average heter-
ozygosity estimated from this study is 0.236, and the
average allele per locus is 1.72.

Discussion

Source and Structure of Polymorphism

Probes for this study were derived from a random -
recombinant library constructed by ligating PstI -
digested soybean genomic DNA into plasmid vector
pBS+, and transforming into Escherichia coli strain
DH5 alpha, which is believed to consist primarily of
low-copy sequences (Keim and Shoemaker, 1988). In
this study, the hybridized bands detected by most
probes were multiple band types (two - eight bands),
though variations were generally found in only one or
two bands (Figs. 1 and 2). The results of this study in-
dicated that 28.3% of the probe-enzyme combinations
were capable of detecting polymorphism in the acces-
sions tested. Apuya et al. (1988) indicated that about
209% of the probes revealed a polymorphism. Keim et
al. (1990b) reported a 40% chance of detecting polymor-
phism between G. max and G. soja accessions in Pstl
digested clones. It was found that of a total of seven-
teen probes screened, ten (568%) probes could detect
polymorphism among the G. max accessions, and one
to two probes were specific only for the G. soja acces-
sion. For example, PA110 only distinguished P1245331 -
(soja accession) from others, with both HindIIl and
EcoRI digestions. The same results were found with
the PA36-HindIll combination, but the PA36-EcoRI
combination could also detect differences among G.
max accessions at the c2 locus (Table 2). This verified
that these probes, constructed by Keim and Shoemaker
(1988), are a very useful marker source for soybean
mapping (Keim et al., 1990b). Our study found that vari-
ous restriction enzymes had differing abilities to detect
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Fig. 2. Autoradiogram of restriction fragments from EcoRI and
Hindlll digestions of eight sovbean genomic DNAs
hvbridized with I’A85 probe. P1245331 is a (7. sofa acces
sion.

polymorphism. Probes hybridized with HindIII digest-
ed DN A had the highest frequency of detection. Graner
et al. (1990) indicated that efficiency in detecting
polymorphism in barley tended to vary with the restric-
tion enzyme. Landry ¢t al. (1987) reported that enzyvmes
recognizing four base pairs display fewer polymor-
phisms. In this study. most endonuclease were six bp
-recognizing enzvmes, and half of the polymuorphisms
were detected with HindlIll digestion. Polymorphisms
with more than one enzvme occurred in probes PA36,
PA8S (Fig. 2), and often in PAL10 and the soja acces
sion. Apuya ¢f al. (1988) suggested that changes in a
specific cleavage site will alter only the fragments
produced by that specific enzyvme, whereas rearrange-
ment of DNA will alter the size of fragments produced
by several different restriction enzymes. This provides
evidence that genomic difference between the ;. max
and (. soja might involve genomic rearrangement in
some linkage groups.

A total of forty-three alleles were observed at an
estimated twenty five loci, predominantly with two
alleles per locus. Alleles with a fragment present or
absent, which are considered dominant types, were ob-
served in nine loci. This number is high in comparison
with that reported by Keim ef al. (1990b), who found
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that only 10% of the RFLP markers in one cross popu-
lation were of dominant type. Our study indicated that
64% of loci were codominant, with the others being
dominant. Heterozygosity in RFLP band patterns was
also noted in some accessions, such as FWCP,
TA92785, SKT, and LTY. This is not surprising, since
heterozygosity in isozyme patterns was noted in some
cultivars during a previous study (Chen ef al., 1989).
McCouch ef al. (1988) indicated RFLP variations in in-
bred lines of rice. Roth e al. (1989) proposed that in-
bred soybean cultivars might have certain mechanisms
to generate genetic variation in a controlled manner.
Whether the observation of heterozygous alleles in self

pollinated cultivars corresponds to this phenomenon is
not known.

Genetic Classification among Accessions
Variety specific band patterns among (. max were
detected at the 1.5 kb band of probe PA117- HindI1l in
KS-10 and the 1.5 kb band of PA136- EcoRV in HCW'T,
while the 5.7 kb band of PAT- Hindlll in FWCP was
absent (Table 2). Most accessions could be distin-
guished from each other by one or two probes. How-
ever, the two pairs of isogenic lines were indistinguish-
able from each other, excepting that both heterozygous
alleles (17.1 kb and 11.8 kb bands of PA10Y- EcoRI)
were noted in the LETY accession. A one-allele differ-
ence was noted between accessions AGS-129 and KS
10, which by pedigree are the same of variety (Table
2). Our previous studies with isozyvmes indicated that
variety, under the same name, also had differences in
some isozyme patterns. As shown in Table 3, the aver-
age similarity between the accessions examined was
about 73.7%, ranging from 67.0% to 81.6% among the
(r. max accessions. PI1245331, the only soja accession,
had an average similarity to the other accessions of
41.1%. The twao pairs of isogenic lines derived from the
same cross, and differing in the color of the seed coat,
showed high similarity. The dendrogram (Fig. 3)
obtained from cluster analysis clearly subdivided the
nineteen G. #ex accessions into four groups. The eight
plant-introduction accessions were distributed among
all four groups. The local lines FWCP, BPCL. and
HCWT each belong to a different group. This is an
indication of genetic diversity among these lines. The
two isogenic lines and the four cultivars are clustered
as a group of two, as shown in Figure 3. Although
FWCT was classified as Group I, its looks are distinct
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Fig. 3. Dendrogram of 20 soybean accessions based on average
percent of genetic similarity from RFLP analysis. »: I-
isogenic line; C: cultivar; P: plant introduction or breed-
ing line; L- local line; S- G. soja accession.

from those of other members within the cluster. The G.
soja accession did not cluster with the others.
Exploration of genetic variations by molecular
markers shows differences between the cross-pollinat-
ed and inbreeding species that have been noted in sev-
eral studies (Paterson ef al., 1991; Helentjaris et al.,
1985). Relatively little variation in genetic markers
among cultivars was also noted (Paterson et al., 1991;
Keim et al., 1989; Helentjaris, 1985; Graner et al., 1990).
Most of the accessions used in this study were culti-
vated lines, and among G. max accessions an average
of 0.236 heterozygosity per locus was estimated with
these RFLP markers. Although 65% of the probes were
able to detect polymorphism, only 28.39% of the probe-
enzyme combinations revealed polymorphisms, with an
average of 1.72 alleles per locus. Our previous esti-
mates of genetic variations in Taiwan’s soybean acces-
sions indicate that in cultivated soybean, 30.4% of is-
ozyme loci exhibit polymorphisms, the average number
of alleles/locus is 1.348, and the average expected
heterozygosity is 0.115. It seems that the number of
polymorphic loci found using RFLP or isozyme
markers is similar (28.3% vs 30.4%), but the average
heterozygosity and number of allele per locus are
higher with RFLP markers than with isozyme
markers. Nevertheless, the REFLP method is more pro-
found, laborious, and time consuming than the isozyme
method. Wang and Tanksely (1989) used ten selected
probes to distinguish fifty -eight of seventy rice vari-
eties from one another, by combining all fifty probe-
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enzyme combinations. Genetic variation was found
with twenty - eight of the fifty (56%) probe - enzyme
combinations. This is about twice the percentage found
in our study, in which eighteen of twenty soybean
accessions could be distinguished from one another by
eleven probe-enzyme combinations. The difference in
relative frequency of occurrence of polymorphism may
be due to the breadth of the lines selected, and the
probe source. Landry et al. (1987) pointed out that
polymorphism was detected 2.5 times more frequently
with cDNA probes than with random genomic probes.
Presently, most RFLP mapping includes the parent of
G. max and G. soja accessions, due to a lack of marker
loci among G. max accessions. However, Griffin and
Palmer (1987) have pointed out that the recombination
distances between genetic markers are shorter in G.
max X G. max than in G. max X G. soja. Thus, where
one population produces a saturated map, another may
not (Keim et al, 1990b). The determination of more
marker loci is a prerequisite for the application of
RFLP to the improvement and selection of cultivated
species of G. maxis.

Although RFLP markers have been utilized for the
genetic mapping of several plant species, current proce-
dures are tedious, time consuming, laborious, and
expensive (Paterson ef al., 1991). If the relative ability
of RFLP to detect polymorphisms can not be increased,
its use will diminish. We have adopted the random am-
plified polymorphic DNA (RAPD) method (Pang et al.,
1992) which is derived from arbitrarily primed polymer-
ase chain reactions (Williams et al., 1991). It looks
more promising because of its speed and efficiency in
handling large volumes of samples.

Acknowledgements. This work was supported by research
grants NSC-80-0211-B001-22 and NSC-79-0211-B001-18 from
the National Science Council, Republic of China. The authors
thank Dr. Randy C. Shoemaker at lowa state University, USA,
for kindly providing soybean probes. The appreciation is also
extended to Dr. S. H. Cheng at the Council of Agriculture, Exec-
utive Yuan, Republic of China, for kindly offering PI245331
seeds, and Dr. Y. T. Kiang, Professor of Department of Plant
Biology, University of New Hampshire, Durham, N. H., USA,
for reading and correcting this manuscript. ’

Literature Cited

Apuya, N. R,, B. L. Frazier, P. Keim, E. J. Roth, and K. G. Lark.
1988. Restriction fragment length polymorphisms as genetic



258

markers in soybean, Glycine max (L.) Merrill. Theor. Appl.
Genet. 75: 889-901

Barrentine, W. L., C. J. Edwards Jr., and E. E. Hartwig. 1976.
Screen soybeans for tolerance to metribuzin. Agron. J. 68:
351-353.

Botstein, D., R. L. White, M. Skolnick, and R. W. Davis. 1980.
Construction of a genetic linkage map in man using restric-
tion fragment length polymorphisms. Am. J. Hum. Genet.
32: 314-331.

Chen, L. F. O, W. C. Hu, and S. C. G. Chen. 1989. Analysis of
zymogram variations on cultivated soybean (Glycine max L.

S P e - MECHEN | S ~ 9 LN SRS L LI © S £ ‘fﬁ_hﬁ

Botanical Bulletin of Academia Sinica, Vol. 34, 1993

loci and variation in quantitative traits. Genetics 126: 735
-742.

Keim, P. and R. C. Shoemaker. 1988. Construction of a recom-
binant DNA library that is primarily single copy sequences.
Soy. Genet. Newsl. 15: 147-152.

Lande, R. and R. Thompson. 1990. Efficiency of marker-assisted
selection in the improvement of quantitative traits. Genetics
124: 743-756.

Lander, E. S. and D. Botstein. 1989. Mapping Mendelian factors
underlying quantitative traits using RFLP linkage maps.
Genetics 21: 185-199.

Ut ol W T LA Pkl Wﬁ

1NQ,
i * —

Organization of the rice chloroplast psaA-psaB-7psl4 gene
and the presence of sequence heterogeneity in this gene clus-
ter. Plant Sci. 68: 213-221.

Denhardt, D. 1976. A membrane-filter technique for the detect-
ion of complementary DNA. Biochem. Biophys. Res. Com-
mun. 23: 641-646.

Diers, B. W., P. Keim, W. R. Fehr, and R. C. Shoemaker. 1992a.
RFLP analysis soybean seed protein and oil content. Theor.
Appl. Genet. 83: 608-612.

Diers, B. W., L. Mansur, J. Imsande, and R. C. Shoemaker. 1992b.
Mapping phytophthora resistance loci in soybean with
restriction fragment length polymorphism markers. Crop
Sci. 32: 377-383.

Fehr, W. R. and C. E. Caviness, 1977. Stages of soybean develop-
ment Towa Caon Fxt Serv Snec Ren R0 1-12 Towa Aoric

probes for their efficiency in detecting restriction fragment
length polymorphisms in lettuce (Lactucae sativa L.). Theor.
Appl. Genet. 74: 646-653. .
Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular
cloning: A laboratory manual, Cold Spring Harbor Labora-
tory, Cold Spring Harbor.
McCouch, S. R, G. Kochert, Z. H. Yu, Z. Y. Wang, G. S. Khush,
W.R. Coffman, and S. D. Tanksley. 1988. Molecular mapping
of rice chromosomes. Theor. Appl. Genet. 76: 815-829.
Menancio, D. 1., A. G. Hepburn, and T. Hymowitz. 1990. Restric-
tion fragment length polymorphism (RFLP) of wild peren-
nial relatives of soybean. Theor. Appl. Genet. 79: 235-240.
Muehlbauer, G. J., P. E. Staswick, J. E. Specht, G. L. Graef, R. C.
Shoemaker, and P. Keim. 1991. RFLP mapping using near-
tcaoenic lines in the sovbean [Ghveine max (L) Merr.) .



Chen et al.—Soybean RFLP markers

marker-facilitated investigations of quantitative trait loci
in Maize.ll. factors influencing yield and its component
traits. Crop Sci. 27: 639-648.

Tanksley, S. D. 1983. Molecular markers in plant breeding. Plant
Mol. Biol. Rep. 1: 3-8.

Tanksley, S. D., N. D. Young, A. H. Paterson, and M. W. Bonier-
bale. 1989. RFLP mapping in plant breeding: New tools for

259

Wang, Z. Y. and S. D. Tanksley. 1989. Restriction fragment
length polymorphism in Oryza sativa L. Genome 32: 1113
-1118.

Willams, J. G. K, A. R. Kubelik, K. J. Livak, J. A. Rafalaki, and
S.V. Tingey. 1990. DNA polymorphisms amplified by arbi-
trary primers are useful as genetic markers. Nucleic Acids
Res. 18: 6531-6535. )

an old science. Bio/Technology. 7: 257-264.

R G A% IR BBt 22 T 1 B (R
BREF B’

hR eI SRR
PSRBT KRB EYRIER
ERERBBRERKEEIE | REEHEMNIIRBEER

IR BRBRE!

FIRSBIARRAEREERE ~ BmEENRG R HIEE - AR5 IARR - KEEAM®R - ZEHERFER R—8E
RESEHEER (Glcine soja) #t 20 {EEEFRETHBIRGIRERE S0 2B M o IR A Z R R B mRHEIRYIE
Pst1 g1 K B Pt e BRI AT RS  B—REBMMEERIKBFI R o i1 17 [ERIER £ et ob » 11 [AERE—K
ARG R YIBHE A AT AR S oM o MR 53 (ERESH R BN CIBHE & W E P - 15 (AR EERIRERMZ LA -/
FIFZ RETEsEER S Hind Il RS M e RS o ML EERPAGHY 43 ES %A T2 & 25 [MHEFEHER 1K -
H R 20% % TR TR 2 BB ROR R < AR TR © B Rt R BT EEEAh 36% K 64% - MR TEE
1502 EEERERERRERERT » EBR S HERTFERNE S6%RATFEEERAET » AT AR KRR
TS AR Tk A4%E 4 o IE RO M M IME A 28T o AT S o 45— EE > BB M (.236 o Rl FBESS O ET

KERZ T NEHERERRES R REHEU SR EEUNRZ 2% c IESHEA 20 ERERT - 18 EaTF A 11 FEH
SHEARETEHE S PR o RTIE ZEEEVRR AT A LR et REE RS 2 o



