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Summary. Soybean RFLP markers have been primarily
developed and genetically mapped using wide crosses
hetween exotic and adapted genotypes. We have screened
3§ soybeun lines at 128 RFLP marker loci primarily to
characterize germ plasm structure but also to evaluate
the utility of RFLP markers identified in unadapted pop-
ulations. Of these DNA probes 70% detected RFLPs in
this set of soybean lines with an average polymorphism
index 0f'0.30. This means that only 1 out of 5 marker loci
wus informative between any particular pair of adapted
soybean lines. The variance associated with the estima-
tion of RFLP genetic distance (GDg) was determined.
and the value obtained suggested that the use of more
than 65 -90 marker loci for germ plasm surveys will add
litle precision. Cluster analysis and principal coordinate
analysis of the GDy matrix revealed the relative lack of
diversity in adapted germ plasm. Within the cultivated
lines, several lines adapted to Southern US maturity
wones also appeared as a separate group. GD, data was
compured to the genctic distance estimates obtained
from pedigree analysis (GD,). These two measures were
correlated with r=0.54 for all 38 lines, but the correla-
tion increased to r=0.73 when only adapted lines were
analyzed.

Key words: Glyeine max - DNA - Genetic distance -
Pedigree analysis

Introduction

Protocols for revealing restriction frugment length poly-
morphisms (RFLPs) have been developed for many
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crops in order to identify quantitative trait loci (QTLs),
to characterize genetic diversity in breeding populations,
and to discriminate between varieties for legal purposes.
Maize has been most intensively studied (Helentjaris
1987: Burr et al. 1988; Smith et al. 1990), but other crops
such as tomato. lettuce, Brassica, and soybean have well-
developed RFLP maps. and in many cases these markers
have been associated with QTLs (Patterson et al. 1988,
Landry etal. 1987; Neinhuis et al. 1987; Keim etal.
1990 4a. b). The genetic diversity present in breeding pop-
ulations can be characterized with RFLPs and, hence,
can be used to its maximum potential for crop improve-
ment. RFLPs have not been used in the judicial system
for legal purposes with respect to crops as yet, but their
use in human forensic work (Jefferys et al. 1983) illus-
trates their future value.

In several crops little RFLP diversity has been ob-
served within adapted germ plasm, prompting re-
searchers to use exotic accessions for the initial mapping
studies. In genceral, sell-fertilizing crops have shown less
diversity than out-crossing species. It would seem that
open-pollinated crops are more “tolerant™ of molecular
changes that create RFLPs. Hence, unadapted germ
plasm with greater genctic diversity has been used in
autogamous crops for RFLP mapping. In tomato and
soybean, this strategy has been successful for the con-
struction of RFLP genetic maps and for the identifica-
tion of QTLs (Neinhuis et al. 1987; Patterson et al. 1988;
Keim et al. 1990a). Most of the effort being put into
soybean breeding is concentrated on adapted germ
plasm. Because soybean RFLP markers have only been
developed using exotic populations, it is not known how
useful RFLP markers will be in evaluating adapted germ
plasm. Markers identified in very wide crosses will gener-
ally only be uselul if they are able to reveal variation in
adapted germ plasm.
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We have screened 132 public RFLP probes in a col-
lection of adapted and ancestral soybean lines. Our goal
was to estimate the usefulness of such markers in reveal-
ing variation with adapted germ plasm and to estimate
genetic diversity in soybean breeding populations.

MMaterials and methods

The 38 soybean [Glycine max (L.) Merr | lines surveyed in this
study were selected becuause they are currently used in North
American commercial soybean breeding programs or becuuse
they have contributed to the current breeding lines as ancestral
parental material (sce Table 1). Of these 38 lines 20 are consid-
ered to “adapted” germ plasm. Two of the adapted lines are
Pioneer be proprietary breeding lines and are coded P-1 and P-2.
Two unadapted plant introductions (Pl 88.788 and PI 437.654)
were included in this study because they have been used in
Pioncer’s breeding program for the introgression of specilic
agronomic traits. RFLP genotypes were determined from DNA
extracted from a sample of at least 25 individuals representing
euch line.

RFLP analysis of soybean lines involved the Southern
transfer technique and molecular hybridization with radioactive
DNA probes. Recombinant DNA probes used to detect RFLP
markers were derived from a random PsiI library (Keim and
Shoemaker 1988: Keim ctal. 1990a). These probes were ob-
tained from Drs. K. G. Lark (Department of Biology, Universi-
ty of Utah) and R. C. Shoemaker (USDA, Agronomy Hall,
lowa State University). All probes were used in combination
with a single restriction enzyme (EcoRI, EcoRV, HindlIl. Dral,
or Tagl), which in carlier studics detected polymorphisms
(Apuya ctal. 1988; Keim et al. 1990a). The probes obtained
from the University of Utah had previously detected variation
ina G. maxx G. max population, while the USDAISU probes
had previously detected variation in a G. max x G. soju Seib. and
Zucc. population. DNA from each line was isolated from leaves
according to Keim ct al. (1988). Radioactive DNA probes were
synthesized by random priming (Feinberg and Vogelstein 1983).

Table 1. Soybean lines surveyed with RFLP markers

Ancestral lines Adapted lines
1. Mukden 19. Northup-King S1346
2. Manchu 20. Grant
3. A.K. Harrow 21. Essex
4. Mandarin (Ott.) 22, Keller
5. Tokyo 23. Dare
6. Dunfield 24, Pioncer 5482
7. Ilini 25. Forrest
8. PI188.306 26. Bragg
9. PI 84.686 27. Lee
10. PI 200.593 23, P-1
L. PI 92567 29, p-2
12, PI248.398 30. Midwest Oilseeds 30421
13. Bavender Spccial 31, Pride B216
14. PI 88.788 32, Williams
15. PI437.654 33. N.A.P.B. HP2530
16. Richland 34, Asgrow 3127
17. Seneca 35. Pionecer 9271
18. Roanoke 36. Pioneer 2981

37. Corsoy
38. Asgrow 1564

DNA hybridization was in an agueous cocktail (0.6 A Na(l,
0.12. TRIS pH 8, 0.008 .3 EDTA, 0.1% saturated sodium
pyrophosphate, 0.1% SDS. 20 pg. mL denatured salmon sperm
DNAL 1 x Denhart’s solution, and 6% polyethyleneglycol) at
65 C. Membranes were wished 3 times at 65 Cin 0.2 288,
0.1% SDS and then subjected to fluorography with intensitier
screens (Muaniatis et al, 1982).

Multiple RFLP loci frequently are detected with a single
probe in soybean germ plasm. Distinguishing allelic from nonal-
lelic fragments cun be accomplished in soybean because mutual-
ly exclusive banding patterns are revealed among inbred lines
(Keim et al. 1989: Keim et al. 1990 a. b). In the present study. the
term “probe’ refers to the recombinant DNA clonce that detects
complementary restriction fragments. It is not synonymous with
the term “marker™ because a single probe may detect multiple
{ragments at different loci. Probes that hybridize with polymor-
phic fragments at ditferent loci are useful for revealing polymuor-
phisms at more than one genetic locus.

The utility ol a marker can be judged by its ability to distin-
guish among lines, i.c.. the number of informative compurisons
it will provide. The number of informative comparisons is a
function of the number of alleles detected with each probe und
their frequencies. The most informative markers are those that
have a large number of alleles at an equal freqiency. A meuasure
of this can be obtained by subtracting from unity the sum of the
squared allele frequencies. This measure has been referred 1o as
a polymorphism index (Murshall and Allard 1970) and as gene
diversity (Nei 1973; Weir 1990). On a marker busis. we have
calculated that the polymorphism index =1-Yp? for alleles
i=1,2.3,...n. On a probe basis, the polymorphic index =1
—¥ ¥ pf where dilferent polymorphic loci are summed as well.,

We estimated genetic distance between all pairs of inbreds
with both pedigree information (GD,) and RFLP information
(GDy). GD,, was calculated as 1 — (the coeflicient of parentagpe),
where the coefficient of parentage was estimated using availuble
pedigree information {Delannay et al. 1983). The proportion of
similar RFLP loci. Syy. between pairs of varieties was estimated
as 2 Nyy, (Ny + Ny), where Ny is the number of RFLP loci for
which varieties X and Y possess the sume allele. Ny is the
number ol alleles identified in variety X, and Ny is the number
of alleles identified in varicty Y. This is algebraically equivalent
Lo Neiand Li's (1979) estimate of the proportion of similar sized
fragments generated by restriction sites within a locus, however
we applied the caleulation to numerous marker loci. GIDy was
then calculated as | — Syy.

Relationships among varicetics based upon both pedigree
and RFLP information were investigated using principal coor-
dinate and cluster analyses. The principal coordinates were
found by centering the genetic distance matrices and conducting
an cigenvector analysis on the centered distance matrices (Chat-
field und Collins 1980). Cluster diagrams were constructed using
the average linkage clustering algorithm (Statistical Analysis
Systems. Cary N.C.)y on the distiance matrices.

Results

Probes and muarkers

We evaluated recombinant DNA probes that identified
polymorphisms (markers) in very diverse soybean germ
plasm originally lor their ability to distinguish among
cultivars and ancestral genetic lines. We found that 694
of the 132 probes detected variation among the 38 lines
(Table 2). The probe polymorphism frequency was af-
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Table 2. Information from markers identified in different popu-

jations
be Probes Number of Average

pru : screened  polymorphic po!qur-

SOUrEe marker® phism index
per marker

All lines

G.maxxG. soja

population® 104 72 (69%) 97 0.30

G. muxx G. max

population® 28 20(71%) 31 030

Total 132 92 (69%)¢ 128 0.30

Adapted lines only

G. max x G. soja

population® 104 55(53%)° 74 0.32

G. mayx G. max
population® 28
Total 132

18 (64%)° 28  0.30
73 (55%)¢ 102  0.32

s G.maxx G. soja (Keim et al. 1990 a, b)
" G.maxx G, max (Apuya et al. 1988)
¢ percentage of probes detecting RFLPs is enclosed by paren-

theses )
¢ Highly significant difference (Z=2.4; P<0.01)
¢ No significant difference (Z=1.1; P<0.15)

fected by both the source (original screening population)
of the probes and the type of soybean germ plasm being
eviluated. When only adapted germ plasm was consid-
ered. the polymorphism frequency per probe was 0.55

versus 0.69 when all of the genotypes were considered. .

This is a significant improvement in the probe polymor-
phism frequency (Z=2.4; P<0.01). While the source
population of the probes did not affect polymorphism
frequency when all of the lines were evaluated, the probe
polymorphism frequency was lower for the interspecific
(0.53) source than for the intraspecific (0.64) source when
only adapted germ plasm was considered. This difference
was not statistically significant (Z=1.1; P<0.15), possi-
bly due to the limited number of probes evaluated from
the G. max x G. max population (28). However, it would
not be surprising that RFLP variation found in very
diverse soybeans is not always present in adapted germ
plasm. These data suggest that the G. max x G. max
population would be a better source for identifying
RFLP probes with which to evaluate adapted germ-
plasm,

How well a probe distinguishes among soybean geno-
types is determined by the number of polymorphic loci as
well as the number and frequency of alleles per locus
detected. Random genomic probes frequently detect
multiple loci in soybean (Keim et al. 1990a). In previous
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Fig. 1. Frequency of RFLP markers per probe. The number of
probes detecting variation are categorized by the number of
polymorphic loci they detect

studies these multiple polymorphic fragments were ob-
served to segregate independently (Apuya et al. 1988:
Keim et al. 1990a). In the present study multiple RFLP
loci were also detected with individual probes, although
most of the probes (66% ) detected only a single polymor-
phic locus (Fig. 1). As previously reported (Keim et al.
1990a), probes revealing 1 RFLP marker usually detect-
ed additional monomorphic restriction fragments:
probes detecting 2 polymorphic loci were approximately
one-third less prevalent than single-locus probes; and
probes revealing 3 polymorphic loci were one-third again
less frequent than 2-loci probes. A similar one-third re-
duction in frequency was observed for probes revealing 3
and 4 polymorphic loci.

The polymorphic loci observed in the present study
were primarily represented by two alleles; only 3 loci had
three alleles. The polymorphism index (p-i) is based upon
the number and frequencies of alleles; this is equivalent
to the frequency of pair-wise comparisons among lines
that would be polymorphic for a particular genetic mark-
er. Theoretically. the most useful marker in this study (1
with three alleles) would have a maximum p-i=0.67,
while the maximum for most markers (those with 2 alle-
les) would be p-i=0.50. The average p-i value for all of
the markers in this study was 0.30 (Table ). This aver-
age value was not noticeably affected by either the probe
source or the type of germ plasm. The p-i distribution of
markers (Fig. 2). however, does not represent a normal
distribution around the mecan (Kolmogorov-Smirnov
test, P>0.001 for all lines), but rather a distribution
skewed toward the more polymorphic classes.

Estimates of the genetic distance (GDy) between all
pairs of the 38 lines used in this study were obtained using
128 polymorphic markers (Table 3). Of practical concern
is the relationship between the number of markers and
the precision of GDg. Because alleles can be identified
from their mutually exclusive banding patterns (Keim
etal. 1989), we assumed that the marker loci represent
independent samples of the genome. Thus, S,y is distrib-




Table 3. Genetic distance matrix determined by RFLP and pedigree analysis

: GDy (x100)

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 M 23 02025 26 27 2 2 3 31 32 33 3035 3 37 3w
FoA1S64 T3 20022 37 30 13 033 025 37 35 33 M 19 2% 27 35 M 37 W w0 23X 37 30 34 3% 33 033 023 35 23 3 3 3 33 33 au
2 A327 Y5 0** 19 26 30 2 30 35 18 20 24 21 2 200027 21029 3% 2 23 050 16 15 3032 3032 35 24 024 21 30 35 35 0% 33
3. AK Harr 91 94 ** 23 32 31 19 25 13 026 26 2 10 01 M 14 3 3017 22 51 16 15 43 2% 32 0 28 03 17 26 1o 35 33 33 2% 331 18
4. B216 85 BD B2 ** 32 32 23 26 23 31 32 32 19 32 I8 2% 0032 431 97 15 14 43 3o Mo 36 20 29 21 27 32 26 32 035 e
5. Bav. Sp. 100 100 100 100 ** 32 33 26 25 37 39 3 34 32 27 40 0% 36 28 3 43 33 334 39 35 17 2y 35 35 33 035 35 35 28 42 37 3
6. Bragg 98 91 100 97 100 ** 31 25 27 27 09 2% 25 22 o 3331025 3 47 28 27 40 36 3 1 280035 2% 21 3 42 24 37 33 M
7. Corsoy 79 98 63 SL M0 [0 ** 33 025 34 34 31 2 I8 28 37 32 2 3 1 4 2526 46 32 35 27 3 14 32 w35 0% 1 RY B
N Dare 97 Y3 100 99 100 K9 100 ** 20 24 26 27 M 23 0y 27 033 37 M 30 43 2R 27 w2 MO8 33 Mo 2% 3N 26 33 26
9. Duntichl 10094 100 100 100 100 100 88 ** 27 30 22 17 14 18 24 31 32 17 35 43 22240025 26 2% 23 360 M 26 22 3 26 K07 30 hal
10. Essex Y949 1000 96 100 83 100 89 100 ** 29 3 29 26 30 15 3 3 35 28 53 029 29 49 36 37 0 33 4y 33 027 M 3 33 w2y 31 1
11. Forrest Y9 RBROHO0 97 100 43 1000 80 94 7Y ** 32 35 25 35 20 36 37 27 O3S 46 36 25 400 3837 32 3 W 2 qe 35 44 27 37013 0w
12. Grant Y4 BR 100 K5 100 100 100 100 100 100 j00 s+ 2 91 2y 23300 327 24 052 23 022 43 02 312 3 27 200031 24 M 20 W14 3w o2
13, HP2530 TROTR 97 068 100 95 93 95 100 96 9S T8 ** (v M 16 3335 13025 50 18 17 48 032 34 35 1w P22V 13 33 31 32 27 35 >
14, Hhmi Y194 020 82 100 100 63 100 100 100 100 100 97 ** 23 13 32 35 16 2 S 1S 14 43027 03 0 27 3 17 2% 1S 33 27 3 17
15, Kelier 100100 100 100100 100 100 100 100 100 100 100 100 100 ** 31 34 32 23 26 41 30 29 41 3 30 32 2 38 3 2y 3% 31 27 27 3 33
16. Lee 10071 100 94 100 75 100 8K 100 48 63 100 94 100 100 ** 36 3 2 25 $2 20020 45 3 40 3 337 20 02 2 3 M W oy oy 23
17. Manchu 94 B8 100 BS 100 100 100 100 100 100 100 75 78 100 100 100 ** 29 30 34 47 827 45 24 32 M3 2 M 37 37 27 3 MW A
18, Manduarin 72100 100 B2 100 100 63 100 100 100 100 100 91 100 100 100 100+ 4o 347 38 35 41 31 33535 23 36 3332 33 3 30 40
MO 91 80 91 79 75 99 91 99 Yl 98 YR 68 79 91 100 97 86 91 ** 27 S0 17 16 47 33 28 32 33 3R (7 27 2029 31 ™ 32 313
20, Mukden 82100100 100 1000 100 100 100 100 100 100 100 94 100 100 100 100 100 {00 ** 47 27027 45 3 3 336 29 33 20 22 37 31 47 35 a7
21, PI437654 100100 106100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 ** S0 S0 32 52 47 43 49 47 53 45 s s1 33 47 57T sn sy
azp2 8D 1000 94 74 96 97 73 92 H6 73 BR 1000 82 K6 91 B3 10D 00 ** Of 41 3% 31 33 32032 22 29 19 33 3 35 29 36 1S
2P RS 41 100 94 74 96 97 73 92 K6 73 KR 100 82 KO 91 B3 100 100 03 s+ 42 27 32 32 32 3 21 3% g8 3238 35 2835 14
24, PISK. 78N 100100 100 106 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 106 ** 43 39 J6 42042 9 3O 37 4S5 W 4 45 41 46
25, PL200sY 100100 100 00 100100 100 100 100 100 100 100 100 100 100 100 100 100 100 [00 100 100 ** 3023 028 03 03 3 3 M o3 301 kD RS
26. PI2482Y o100 1001000 100 100 100100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 * 33 M3 O3 36 37 W 28 w3 3
27. PIR4GRO 10100100 100 100 100100 100 100 100100 100 100 100 100 100 100 100 100 100 100 100 100 100 ** 332 M 36 3 w28 17 o o
28 PIRS 06 10100 100100 100 100 100100 100 100100 100 100 100 100 100 100 100 100 100 100 100 (00 100 100 ** 3% 3 29 32 g0 2% 3 3 3 34
29, PI92567 100 H00 100 100100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 ** 37 3% 37 W 37 M 3 31 37
3 PHO2USE O1 75 1000 97 79 98 100 9% 9% KY 7S 91 10D 97 K9 72 RS 8K 100 K1 KD 100 100 O 100 100 100 ** 32 13 26 33 W M 3 e
3L PHOSSN? US 00 TO0 98 100 66 100 41 91 B4 41 100 95 100 100 7S 100 100 98 100 100 93 94 100 100 100 100 100 100 Y8 ** 27 42 29 315 31 3§ 0%
32, PIOY2Tt 87 74 X5 68 100 99 69 Y9 93 98 98 KRS 77 85 100 97 88 79 84 100 100 7L 7L 100 100 100 100 100 100 S0 YR ** 32 35 312 31 32 46
33, Richland 8294 100 94 100 100 100 100 100 100 100 100 88 100 100 100 100 100 97 100 100 93 9 100 100 100 100 100 100 85 100 94 ** 33 26 33 37 37
4. Roanoke 10094100 100 100 100 100 75 100 8R 100 100 100 100 100 100 100 100 100 100 1000 97 97 100 100 100 100 100 100 100 88 100 100 ** 28 2 21 34
15.81146 9298 HI0 Y9 100 100 100 94 100 97 100 100 98 100 100 100 100 100 100 K8 100 99 9y 100100 100 100 100 100 94 97 99 8K 75 ** 35 3 3
36, Senea 100 100 100 100 100 100 100 100 100 100 100 51 100 100 100 100 100 100 88 100 100 1000 100 100 100 100 100 100 100100 100 100 100 100 1oy ** 313 I
37. Tokyo 9499 100 100 100 B2 100 88 100 97 91 100 94 100 100 100 100 160 100 100 100 9y 99 100 100 100 100 100 100 97 &Y 100 100 100 100 100 ** 36
38 Williams Y049 B 65 00 97 95 97 B8 96 96 75 GO 8% 100 94 7S 100 T4 100 100 57 57 100 100 100 100 100 100 78 96 SO 88 100 9y o0 100 s

GD, (x 100)
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Fig. 3. Binomial estimation of the standard error associated
with GDy determination. The binomial proportion was used to
investigate the effect of increasing the number of marker loci in
estimating GDy. Because the variance is not constant (see text),
the modelling was done for the extreme cases where GDR =0.5
[var(GDg)=0.25 (e)) and GDR =0.1 or 0.9 {[var(GDg)=0.09
{a)]

uted as a binomial proportion with the variance =
S, (1=S,,)'n, where n is the number of marker loci. The
precision of the GDy estimate is not constant over the
range of values (0~1.0): it is minimized for pairs of vari-
cties that have half of their alleles in common
(GDg=0.5) and maximized between pairs of varieties
that have either all, or none, of their alleles in common
{GDy approaches 0 or 1). Figure 3 represents the effect
of adding marker loci to the GDy estimation using the
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variance associated with the least precise measure of
GDy [GD.R=0-5 and var(GDg)=0.25], as well as the
more precise measure when GD, approaches 1.0 or 0
[GDg=0.1 0r0.9: var(GD,) = 0.09]. We have used select-
ed subsets of varieties and the Jackknife procedure (Que-
nouille 1936: Weir 1990) to empirically confirm these
estimates of variance (data not presented). Very little
decrease in standurd error occurs with more than 90
marker loci for the higher var(GDg) or 65 marker loci for
the lower var(GDyg). We conclude that in soybean studies
cstimating GDy. a minimum of 65 marker loci should be
used. but more than 90 independent markers will provide
little improvement in precision. Our use of 128 marker
loci exceeded these lower limits.

Genetic structure of sovbean

Estimates of genetic distances among the lines as revealed
by RFLPs und pedigree information are given in Table 3.
The average GDg among these lines is 0.31, whereas the
average GDy is 0.95. This discrepancy may result from a
lack of detailed pedigree information among many of
these soybeans lines. Consequently, it is incorrectly as-
sumed in the calculation of GD, that lines showing no
pedigree relationship are not related (GDp=1.0). GDg,
on the other hand, is a direct measure of the proportion
of RFLP loci that are different, and these data are equal-
ly available for all varieties in this study. None-the-less,
there are several instances in which the pedigree distances
are in good agreement with the RFLP distances. ‘Illini" is
a cultivar that was selected out of the heterogenous col-
lection"A.K. Harrow". These two lines had near-identical
RFLP patterns (1 out of 129 loci differed). The breeding
lines P-1 and P-2 also had identical pedigrees and near-
identical RFLP patterns. Overall, however, GDy are
poorly correlated with GD, (r=0.54). The correlation
improved when only adapted line values were considered
(r=0.73). The more detailed pedigree information avail-
able for adapted lines is probably responsible for the
greater correlation. The two plant introductions (PI
88.788 and PI 437.654) included in this study proved to
be very different from all the other lines (Table 3). The
average GDg among *"Northern™ lines known to be
adapted to maturity zones 0, I, I1. and III was 0.22; the
average GDy among “Southern” lines adapted to zones
V. VI, VII, and VIII was 0.21. In contrast, the average
GDy between the North and South groups was higher,
0.33. Soybean breeders can maximize genetic diversity in
segregating populations by crossing between these matu-
rity groups.

The actual genetic distance values are useful indica-
tors of relationships but the identification of genetic rela-
tionships among lines was more easily accomplished fol-
lowing an analysis of principal coordinates (PCA, Fig. 4)
or clustering (Fig. 5). Both analyses revealed that these
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soybean lines are easily distinguished using RFLPs, but
neither technique alone fully revealed the multidimen-
sional genetic relationships that exist among these lines.
PCA (Fig. 4b) revealed five varieties (‘Lee’, ‘Essex’,
‘Bragg’, ‘Pio5482", and *Forrest’) that are disjunct from
the others. These represent ‘“‘Southern” germ plasm,
which may account for their separation from the other
varieties. This grouping is not as clearly revealed in the
cluster analysis (Fig. 5b). However, the cluster analysis
clearly showed the large GDjy that separates the plant
introductions PI 88,788 and PI 437,654 from each other
and from all other genotypes. While this separation is
observed with PCA, the magnitude of the separation is
more apparent with cluster analysis. Neither analysis is
incorrect, rather each is revealing different aspects of the
genetic relationships.

PCA and cluster analysis results using GD, values are
similar to the GDy results only when detailed pedigree

information exists. For example, Figs. 4a and 5a both
reveal an association among the 5 adapted Southern va-
rieties discussed above. However, overall many of the
relationships observed with GD, data are not seen with
GD, results. The association between PI 248.398 and
Bavender Special observed with RFLP data (Figs. 4b
and 5b) was not evident in the pedigree analysis. These
differences can largely be attributed to the lack of pedi-
gree information in the ancestral lines.

Discussion

The RFLP diversity observed in this study may be
greater than that present in soybean cultivars used by
producers. Soybean lines in this study were chosen to
represent the “breadth™ of genetic lines used for breeding
cultivated soybeans adapted to the US. Therefore, they




P192.567 A1564
S nu s m— ol
- P184.636 Mandarin
- Pl 248,398 An27
P1200.593 Duntfield
P188.788 ini
P1 437.654 A K. Harr,
Richland HP2530
51348 Leo
Roanoke Plo29s1
Mukden ] Piog271
L s, 8218
U Essox B Pt
oo P2
Bragg Mo30o421
Forrast Willlams
Plo5482 Grant
Tokyo Mukden
Dunfield L~ Kollor
r Hini Bragg
~ b AK Harr. Forrest
Plog271 Dare
Williams Plo5482
Ad127 Essox
P L [ Tokyo
P2 Roanok
B216 PI 200,593
Pi 84.6868 . .
oy pisasos  Fig. 5A, B. Cluster analysis. A Ge-
L A1564 Manchu netic  distances calculated from
z’;z"’sggg , ;’.'325557 pedigree relationships were ana-
Kollor . 2'«,2“9,' lyzed by average-linkage clustering;
Manchu Richland B RFLP marker data were used to
Moao421 S1348 caleulate GDy. This distance ma-
Grant PiBa.788 . N
Seneca { Pla37.654  rix was analyzed using average-
et b b0 1) 1 1 1 1 ] ) } linkage cluster analysis
0 08 0.6 0.4 0.2 0 0.6 0.4 0.2 0
GDP GD

are not representative of the elite commercial or public
lines used for the bulk of US soybean production. In a
previous study (Keim et al. 1989) it was observed that 7
adapted soybean lines were identical when examined
with 17 RFLP markers. The data from the study present-
ed here is consistent with that result, although the adapt-
ed germ plasm studied here was not identical, with two
exceptions (Fig. 5B). A comprehensive study of soybean
production germ plasm is needed to determine the actual
relatedness of currently used cultivars.

- The majority of the soybeans in our study can be
easily distinguished with RFLP markers. The exceptions
have identical pedigrees and, therefore, should have very
similar genotypes. In both cluster and principal compo-
nent analysis, there are only a few examples of “‘tight”
grouping or clustering, such as the Southern germ plasm
example discussed above. Many of the soybean lines used
in this study were equally distant to other lines. The
striking separation of plant introductions PI 88.788 and
PI 437.654 illustrates the relatively low diversity present
in adapted germ plasm when contrasted with unadapted

" germ plasm. Plant introductions can provide the genetic

diversity presently lacking in soybean breeding pro-
grams. For example, exotic germ plasm was used to con-
Struct Northrup-King var. ‘S1346', and our RELP data
indicate that this genotype is one of the more diverse
types of the adapted varieties observed in this study
(Fig. 5b).

The large GDyg values that we observed separating
soybean lines seem to contradict previous reports of low
diversity. Indeed, these values are comparable to those
observed in maize studies (Smith et al. 1990). Several
important differences exist in how diversity is measured
and in the type of genetic lines being examined. First,
GDgs in this study are calculated only from polymorphic
probes and polymorphic restriction fragments. Maize
studies typically have variation in all DNA fragments
with all probes. The soybean distances reported here do
not include 30% of the probes that were monomorphic
(Table 2), nor do they include mul'tiple loci detected with
each probe that were monomorphic. Our 128 RFLP
markers probably represent a survey of over 300 loci, but
only 128 were polymorphic. If monomorphic loci were
included. the GDy values could be reduced to as little as
one-third of the values reported here. Secondly, corn
studies (e.g.. Smith et al. 1990) generally examine germ
plasm involved in crop production and do not include all
of the land races used to construct the current elite lines,
Hence, the corn studies are only examining a fraction of
the breadth of the germ plasm. As mentioned above. this
soybean study has included plant introductions and not
concentrated on the elite production cultivars. In sum-
mary, the direct comparison of corn genetic distances
and soybean genetic distances can be misleading.

We have analyzed public recombinant DNA probes
in cultivated soybean in order to characterize their gener-
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al usefulness to soybean breeders. As the public RFLP
map develops it is essential that a database on cultivated
varieties be developed concurrently. Detailed informa-
tion such as DNA fragment sizes, DNA fragment al-
lelism, genetic locations, and discrimination power (j.e..
polymorphism index) associated with each RFLP probe
will make them more valuable to researchers. Of the 132
probes used in this study 70% detected variation with an
average polymorphism index of 0.3. these numbers trans-
late to approximately 1 in 5 probes (0.7 x 0.3=0.21) be-
ing useful between any particular pair of the lines. There-
fore, a map of 400 markers developed in unadapted germ
plasm will provide only approximately 80 markers to
researchers working with any one particular cultivated
soybean population. For many studies 80 markers may
be sufficient, but for precise identification of QTLs this
will not be adequate. If future RFLP markers are to be
developed in unadapted populations, researchers must
develop fairly saturated maps. Alternatively, markers
might best be developed in cultivated populations. The
higher polymorphism frequency observed in adapted
germ plasm for “intraspecific” probes supports this ap-
proach.
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