
Abstract The value of exotic germplasm in broadening
the genetic base of most crops has been demonstrated
many times. However, the difficulties involved in work-
ing with exotic germplasm have limited their utility in
plant breeding. Unwanted linkages often thwart the suc-
cessful incorporation of beneficial exotic genes into
commercial lines. Thus, the use of exotics in traditional
breeding makes the process of crop improvement a 
tedious, time-consuming and expensive endeavor. The
availability of molecular markers makes it possible to
isolate specific genomic regions and transfer them into
commercial varieties with minimal linkage drag. We
found a yield-enhancing quantitative trait locus (QTL)
from Glycine soja (Siebold and Zucc.) by evaluating a
population of 265 BC2 individuals from a cross between
HS-1 and PI 407305. The yield QTL was located on
linkage group B2(U26) of the soybean [Glycine max (L.)
Merrill] genetic linkage map. In a 2-year, multi-location
study, individuals carrying the PI 407305 haplotype at
the QTL locus demonstrated a 9.4% yield advantage
over individuals that did not contain the exotic haplo-
type. When tested in a more uniform “HS-1-like” back-
ground in two locations, we observed an 8% yield ad-
vantage for lines that carry the PI 407305 haplotype. We
further assessed the QTL effect in various elite soybean
genetic backgrounds. The yield effect was consistently
observed in only two of six genetic backgrounds. Indi-
viduals carrying the PI 407305 haplotype at the QTL lo-
cus had a 9% yield advantage in yield trials across loca-
tions. Despite the limited adaptability of this yield-QTL
across genetic backgrounds, this study demonstrates the
potential of exotic germplasm for yield enhancement in
soybean.
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Introduction

Soybean [Glycine max (L.) Merrill], like most economi-
cally important crops, has a narrow genetic base. In fact,
the North American soybean gene pool could be traced
back to only 50 plant introductions with more than 80%
of the northern and southern gene pool originating from
less than a dozen introductions (Delannay et al. 1983;
Gizlice et al. 1994). Like many other crops, the narrow-
ing of soybean’s genetic base has been brought about by
decades of domestication and plant breeding. Since it
was introduced in the U.S., soybean has achieved tre-
mendous gains in yield through conventional breeding,
largely due to hybridizations between elite soybean
strains (Thorne and Fehr 1970). Ironically, that same
process of plant breeding that accelerated genetic gain in
soybean also led to the erosion of its genetic base.

The use of exotic germplasm offers a vast genetic re-
source that can broaden soybean’s genetic base. In the
past, breeders have tried to tap into the exotic germplasm
to improve soybean and other crops with limited success,
except in the case of disease resistance genes, where 
exotic germplasm had a major impact. This is due to the
fact that beneficial genes, such as yield and seed quality
traits, are complex and often trapped in tight genetic link-
ages with deleterious traits like lodging, seed shattering
and susceptibility to pest and diseases. Furthermore, the
use of wild germplasm in a breeding program requires
several cycles of backcrossing to the adapted parent to re-
cover most of the desirable agronomic traits, which can
be costly, time-consuming, and is difficult to achieve
while retaining the targeted allele from the exotic donor.

The availability of molecular markers has facilitated
the identification, localization, and genetic dissection of
loci that control quantitatively inherited traits, such as
yield (Tanksley 1993). Molecular markers also offer a
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faster and more accurate approach to breeding, since 
selection can now be based on genotype rather than sole-
ly on phenotype. Finally, molecular markers provide a
way to successfully tap the genetic diversity available in
exotic germplasm for crop improvement. Molecular
markers now allow the isolation of beneficial genes that
are often tied up in unfavorable linkages in exotic germ-
plasm, and transfer into elite commercial germplasm
(Tanksley and McCouch 1997).

In tomato, the concept of mining genes in wild rela-
tives has been demonstrated successfully many times
(Grandillo and Tanksley 1996; Tanksley et al. 1996, 
Fulton et al. 1997; Bernacchi et al. 1998; Monforte and
Tanksley 2000). In rice, Xiao et al. (1998) found benefi-
cial QTLs underlying important agronomic traits origi-
nating from Oryza rufipogon, a wild relative of culti-
vated rice, Oryza sativa.

In soybean, many of the beneficial genes that have
been extracted from exotic or unadapted germplasm using
molecular markers are involved in pest and disease resis-
tance. Examples of QTLs for pest resistance from exot-
ic germplasm include soybean cyst nematode, SCN
(Concibido et al. 1994; Webb et al. 1995, Concibido et al.
1997), peanut root-knot nematode (Tamulonis et al. 1997),
and corn earworm (Rector et al. 2000; Terry et al. 2000).
For disease resistance, QTLs from exotic soybean relatives
have been reported for brown stem rot (Klos et al. 2000),
soybean mosaic virus (Hayes et al. 2000) and Phytoph-
thora root rot (Hegstad et al. 1998). Other studies resulted
in the discovery of QTLs for oil, protein and other seed
quality traits (Diers et al. 1992; Lark et al. 1994; Brummer
et al. 1997; Sebolt et al. 2000). The search for yield QTLs
originating from exotic germplasm is not a new concept in
soybean (Lark et al. 1995; Maughan et al. 1996; Mian et
al. 1996; Orf et al. 1999a, b). However, none of these
studies addressed the issue of adaptability of exotic yield
QTLs across genetic backgrounds.

Here, we report the identification, localization, and
validation in elite genetic backgrounds of a yield-
enhancing QTL in soybean that was derived from a wild
Glycine soja (Siebold & Zucc.) accession, PI 407305.

Materials and methods

Mapping populations

The development of the two mapping populations used in this
study is shown in Fig. 1. The first is a BC2F1 and the other is an
F2, both from the cross between soybean line HS-1 (Jacob Hartz
Seed, Stuttgart, Arkansas, USA) and G. soja accession PI 407305
(United States Department of Agriculture Soybean Germplasm
Collection, University of Illinois, Urbana-Champaign, USA). PI
407305 is a wild annual, procumbent, maturity group V, soybean
with tiny black seeds that originated from Southern China. HS-1 is
a high stearate soybean line developed by Jacob Hartz Seed from
the cross between A6, a high stearate soybean line, and Hartz vari-
ety H5668. First, a cross was made between HS-1 and PI 407305.
The resulting F1 progeny was backcrossed twice to the adapted
parent line, HS-1. There were 40 BC1F1 progenies used to gener-
ate 265 BC2F1 individuals. On average, the BC2F1 population con-
sisted of about seven BC2F1 progenies from each of the 40 BC1F1
progenitor lines. The most represented BC1F1 progenitor line con-

tributed 17 BC2F1 progenies and the least represented BC1F1 pro-
genitor line had one BC2F1 progeny. The BC2F1 individuals were
grown and leaf tissues were collected for DNA analysis. 

The F2 mapping population was developed to anchor our
BC2F1 linkage map with the public soybean genetic linkage map
(Cregan et al. 1999). Two F1 plants were selfed to generate 96 F2
individuals. The F2 progenies were grown and leaf tissues were
taken for DNA marker analysis.

Backcross-derived sibling line development

To test the QTL effect in a more uniform “HS-1-like” genetic back-
ground, a single BC2F3 plant derived from the HS-1 × PI 407305
BC2F1 population, heterozygous for all the markers spanning the
QTL region, was selfed (Fig. 1). The resulting progenies were then
space-planted and genotyped for selected markers around the yield
QTL region. Twenty five plants were identified from each of two
classes: those that were homozygous for the PI 407305 haplotype
and those that were homozygous for the HS-1 haplotype for the 
selected markers around the yield QTL region. Seeds of each of 
the homozygous classes were bulked and used in yield tests across
two locations in 1998. To test the QTL effect in other elite genetic
backgrounds, BC1-lines were developed using six Asgrow lines
(AG4501, AG2401, QR4459, QP4459, QR4544 and QP4604)
(Fig. 1). First, each of the elite Asgrow line was backcrossed to a
BC2F4 plant derived from the original HS-1 × PI 407305 BC2F1
mapping population that was homozygous for the PI 407305 haplo-
type markers spanning the putative yield QTL. Another cycle of
backcrossing was performed on AG4501 to generate BC2 near-iso-
genic lines (see Fig. 1). Again, molecular markers were used to
identify and bulk-harvest the plants that were homozygous for the
PI 407305 haplotype at the QTL locus and plants that were homo-
zygous for the non-PI 407305 haplotype at the QTL locus for each
of the six elite lines. On average, 25 plants each were bulked for
the contrasting isogenic pairs.

QTL mapping and validation strategy

The strategy that we used to identify and validate yield-enhancing
QTLs from exotic soybean was divided in three stages. The first
stage (QTL discovery) involves the identification of exotic ge-
nomic regions associated with increased yield in the BC2F1 popu-
lation. The second stage involves the validation of QTL effect in a
more uniform “HS-1-like” background. The third stage involves
the confirmation of the yield effect in six additional elite soybean
genetic backgrounds to assess the QTL’s commercial potential. We
also assessed the novelty and frequency of the putative exotic
yield QTL by comparing the haplotype of the exotic donor, PI
407305, at the QTL region with the haplotypes of various soybean
germplasm including commercial varieties and exotic plant intro-
ductions.

Experimental design

The BC2F1 QTL discovery (Stage 1) population was planted in
three locations in 1996 and seven locations in 1997 (Fig. 1). The
second stage QTL validation study, which was aimed at evaluating
the QTL effect in a more uniform “HS-1 like” background, was
planted in a randomized complete block design (RCBD) with four
replications in 1998 across two locations (Fig. 1). The third stage
QTL validation study on six elite soybean backgrounds was con-
ducted using RCBD in the summer of 2000 (Fig. 1). The AG4501
BC2-and AG2401 BC1-derived lines were tested in five locations
and two replications. While the QR4459, QP4459, QR4544 and
QP4604, BC1-derived lines, were tested in only one location with
two replications. Plots were harvested with a combine to measure
seed yield. At harvest, only the test rows were harvested and seed
yield was adjusted to 13% moisture content to derive the dry yield
for each line in kg ha–1.
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Agronomic practices

Cultural practices, such as herbicide applications and fertilization,
were carried out following the standard recommendations for soy-
bean. Plant height, maturity, shattering, and lodging were recorded
and used to determine the independence of the yield QTL from
any deleterious traits. Other agronomic traits were also measured
including growth habit, seed coat color and pod color.

DNA analysis and QTL mapping

AFLP genotyping was performed as described by Vos et al. (1995).
A BC2F1 genetic map was generated using Mapmaker (Lander et
al. 1987). Linkage between AFLP markers was inferred whenever
the LOD score was 2.0 or higher. To locate putative yield-enhanc-
ing QTLs, significant associations between marker loci and yield
were determined at P = 0.001 using QGene (Nelson 1997) and
SAS (SAS Institute 1987) in each of the test environments. A com-
bined analysis of the data from all ten environments was performed
using one-way analysis of variance (ANOVA) employing SAS
(SAS Institute 1987) with a marker genotype (classified as pres-
ence and absence of the exotic yield haplotype, QTL+/QTL–) as
treatment and the ten locations as replications in the model. We
also assessed the independence of the putative yield QTL effects
from deleterious traits such as lodging, maturity and shattering.

A second map was constructed using an F2 population of the
same cross, HS-1 × PI 407305, consisting of 96 individuals. Using

Mapmaker, we built a map with 600 SSR markers. SSR genotyp-
ing was performed as described by Cregan et al. (1999). Linkage
between SSR markers was inferred whenever the LOD score was
2.0 or higher.

Results

Map construction and linkage analysis

Initially, we tried to build a linkage map using the BC2F1
population consisting of 265 individuals with 212 
AFLPs and four morphological markers (seed coat color,
i; determinate stem, dt1; and pod color, l1, and l2). AFLP
technology was used since it was the genotyping plat-
form in Monsanto when the study was initiated.

As SSRs became available, it was imperative to incor-
porate SSR markers on our map to anchor it to the public
soybean genetic linkage map (Cregan et al. 1999). With
the inherent problems associated with map development
using the BC2F1 population, and the dominant nature of
AFLP markers, it became apparent that the BC2F1 map
was not informative enough and less useful due to the
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Fig. 1 Flow chart showing
the development of the test
populations used in the study



lack of ‘anchor’ markers (markers known to map on spe-
cific linkage groups on the soybean genetic linkage map)
that can link it to the public soybean genetic linkage map
(Cregan et al. 1999). In addition, the limited amount of
remnant DNA from our BC2F1 population made it im-
possible to place the more than 600 SSR markers that be-
came available later in the course of the study. For these
reasons, the HS-1 × PI 407305 F2 mapping population
was developed to anchor our AFLP map with the public
soybean genetic linkage map.

We localized our putative yield QTL on linkage group
B2(U26) of the soybean genetic linkage map (Cregan et
al. 1999) by placing AFLP markers spanning the yield
QTL onto the F2 SSR map. In the process, we were able
to identify several SSR markers that might be associated
with the yield QTL originating from the G. soja acces-
sion, PI 407305, by virtue of their linkage to AFLP mark-
ers spanning the yield QTL. We immediately performed
QTL analysis on the BC2F1 population using the newly
found SSR markers and confirmed that the yield QTL lies
on linkage group B2(U26), flanked by Satt560 and
Satt168 (Table 1). Interval-mapping analysis (Lander and
Botstein 1989) results showed that the most significant
marker, Satt066, has a peak LOD score of 3.67 (Table 1). 

Initially, AFLP marker U3944 was the most significant
marker in the region and was used to monitor the presence
or absence of the PI 407305 haplotype in our BC-derived
sibling lines for the subsequent QTL validation studies
(Stages 2–3). Since AFLP U3944 is a dominant marker, it
did not allow us to distinguish the homozygous from the
heterozygous lines. This required an additional progeny test
in developing our BC-derived sibling lines. We attempted,
but failed, to develop co-dominant PCR-based markers
from the AFLP band associated with the yield QTL locus.

The discovery of SSR markers tightly linked to the
yield QTL locus allowed us to monitor the positive intro-
gression of the yield QTL more easily and eliminated the
need for progeny testing. Currently, we have 12 SSRs
around the genomic region associated with the yield in-
crease contributed by PI 407305 (Table 1).

QTL discovery in HS-1 × PI 407305

Figure 2 shows bar graphs representing mean yield con-
trasts of heterozygous and homozygous BC2F1 lines for
the alleles at the ALFP marker U3944 locus across loca-
tions in 1996 and 1997. Six out of ten locations show
significant yield increases in BC2F1 lines carrying the PI
407305 alleles at the AFLP marker U3944 locus as com-
pared to BC2F1 lines homozygous for the HS-1 alleles at
the same locus (Fig. 2, Table 2). Heterozygous BC2F1
lines, containing the PI 407305 allele, had a significantly
higher seed yield (12% on average across locations)
compared to BC2F1 lines that were homozygous for the
HS-1 haplotype (Table 2). A combined analysis of data
across test environments showed a 9.3% (P < 0.0001)
yield increase of lines carrying the PI 407305 alleles for
the markers around the yield QTL locus over lines carry-
ing the alleles for HS-1 (Tables 2–3). 

To determine the presence of the PI 407305 haplotype
in other soybean germplasm, we surveyed over 70 lines
including wild and commercial soybean varieties with
SSR markers spanning the QTL region (Table 4). Our 
results showed that the G. soja haplotype is unique to 
PI 407305 (Fig. 3). We are aware that we have tested a
limited number of soybean lines, but the narrow genetic
base available in present commercial soybean varieties
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Fig. 2 Mean yields of BC2F1
lines carrying the G. soja, PI
407305, allele at the AFLP
marker U3944 locus compared
to BC2F1 lines homozygous
for the HS-1 allele at the AFLP
marker U3944 locus across
years and locations
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Table 1 Interval analysis of
linkage group B2(U26) spanning
the genomic region around
the yield-QTL derived from
G. soja accession, PI 4070305,
from the HS-1 × PI 407305
BC2F1 mapping population
across locations in 1996 and
1997

Marker Map position Number F-value P-value LODa

(cM) of lines

Satt560 0.0 244 3.69 0.0559 1.90
Satt534 8.1 246 7.83 0.0055 3.51
Satt066 12.6 240 15.34 0.0001 3.67
AFLPU3944 15.0 248 15.46 0.0001 2.85
Satt020 15.8 237 18.25 <0.0001 2.49
Satt272 15.8 250 16.58 0.0001 2.49
Sct_094 16.8 223 18.12 <0.0001 2.15
Satt556 17.3 240 13.97 0.0002 2.14
Satt122 17.3 253 13.76 0.0003 2.14
Satt474 17.3 256 14.01 0.0002 2.14
Sat_083 17.3 242 6.77 0.0098 2.14
Satt416 21.8 243 8.86 0.0032 1.66
Satt168 24.7 247 7.52 0.0066 1.16

a LOD-log10 of the odds ratio, 
a QTL is inferred whenever 
the LOD score exceeded the
threshold of 2.0

Table 2 Average percent yield
increases attributed to the yield
QTL from G. soja accession, 
PI 407305, across years and lo-
cations in contrasts between
heterozygous BC2F1 lines 
carrying the G. soja haplotype
at the QTL locus compared
to BC2F1 lines homozygous
for the HS-1 haplotype at the
QTL locus

Location Year Percent yield P-value
increase

Jerseyville, IL 1996 5.0 0.2085
Rolling Forks, MS 1996 10.3 0.0307
Stuttgart, AR 1996 26.1 <0.0001
Evansville, IN 1997 9.0 0.0012
Galena, MD 1997 14.6 0.0124
Jerseyville, IL (site 1) 1997 5.3 0.3774
Jerseyville, IL (site 2) 1997 8.6 0.1970
Marion, AR 1997 6.0 0.3145
Stonington, IL 1997 19.0 0.0474
Stuttgart, AR 1997 10.7 0.0145
Combined Years and Locations 9.4 <0.0001

Table 3 Analysis of variance for the combined data from all test
environments involving BC2F1 lines carrying the G. soja haplo-
type for the markers around the QTL locus compared to BC2F1

lines homozygous for the HS-1 haplotype for the markers around
the QTL locus with locations used as replications

Source df Sum of squares Mean square F-value P-value

Rep 9 9,011,298.812 1,001,255.424 209.38 <0.0001
Genotype 1 264,086.162 264,086.162 55.23 <0.0001
R-Square 0.995381
CV 2.962134

Fig. 3 Gel image of soybean
lines analyzed with Satt534
on linkage group B(U26) show-
ing the uniqueness of the yield-
QTL allele (147-bp fragment)
originating from G. soja, 
PI 407305, accession. Among
the 70 soybean lines evaluated
(28 lines shown), including
plant introductions and com-
mercial varieties, only a BC2F4
progeny line (lane 2) from the
HS-1 × PI 407305 BC2F1 map-
ping population, which was
used as a positive check in this
gel, shares the Satt534 allele
with PI 407305 (lane 16). lane 5
is a 25-bp DNA ladder and
lanes 10, 12 and 13 are missing



increases the likelihood that this particular haplotype
from PI 407305 is not present in the current soybean
germplasm base. 

QTL validation in a more uniform 
“HS-1-likes” background

To validate the QTL effects found in PI 407305 in a
more uniform “HS-1-like” background, we developed

BC2-derived siblings differing primarily in the presence
or absence of the PI 407305 haplotype based on SSR
markers spanning the QTL region. One out of two loca-
tions showed significant differences with lines homozy-
gous for the PI 407305 haplotype with more than a 18%
yield increase over lines homozygous for the HS-1 hap-
lotype (Table 5). Also, the yield effect contributed by the
G. soja parent appeared to be dominant (Table 5). 

Besides increased yield, other phenotypic differences
attributable to the presence of the PI 407305 haplotype
were observed. Lines that were homozygous for the PI
407305 haplotype at the QTL locus showed a significant
increase in plant height compared to lines that were 
homozygous for the HS-1 haplotype (Table 5). It can be
inferred that increased height can translate to increased
internode number and increased pod number per plant,
thus to increased yield. With this in mind, we also count-
ed the number of pods on the main stem. Five plants
each from lines homozygous for the PI 407305 haplo-
type, heterozygous or homozygous for the HS-1 haplo-
type at the yield QTL locus were used to assess differ-
ences in the number of pods on the main stem. However,
we did not see any significant differences (Table 5).

We also mapped other traits that might have contrib-
uted to the yield increase associated with the PI 407305
haplotype. Lodging, shattering and maturity were rated
during the QTL discovery and validation stages (data not
shown). None of these traits was linked to the yield QTL
contributed by the G. soja accession, PI 407305.

QTL validation in elite genetic background

To assess the adaptability of the G. soja yield-QTL across
genetic backgrounds, we developed sibling lines derived
from BC1 and BC2 populations in the following Asgrow
germplasm: AG4501, AG2401, QR4459, QP4459, QR4544
and QP4604. Table 6 shows that the efficacy of the yield
QTL was limited to AG4501 and QP4459. Lines that were
homozygous for the PI 407305 haplotype at the QTL 
locus demonstrated a 9% yield increase (P = 0.0006) over
lines that were homozygous for the AG4501 haplotype
(Table 6). In the QP4459 background, the presence of 
the PI 407305 haplotype showed a 5% yield increase 
(P = 0.0119) over lines that were homozygous for the
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Table 4 Lists of soybean lines evaluated for the presence of the PI
407305 haplotype associated with yield increase using SSR markers
flanking the QTL region

Entry
A0868 C83-75 HLL PI 323550
A1900 Cristallina HS-1 PI 326581
A2247 CX445 HS2 PI 339732
A2553 FPG2975 Jack PI 342621C
A2701 FT108 Minsoy PI 360843
A2702 H3090RR Noir-1 PI 366120
A2883 H4994RR PI 153292 PI 371610
A3002 H4998RR PI 153296 PI 371611
A3244 H5050 PI 159764 PI 398620
AG3302 H5181RR PI 165583 PI 407922
AG5401 H6255 PI 196504 PI 423871
AG5545 H632A PI 200508 PI 428692
Archer H632A PI 205090 PI 437088B
B2W H635B PI 208438 PI 468916
BPG4878 H635B PI 208439 PI 548399
C113 H638C PI 261469 PI 548608
C1944 H6397 PI 291281 PI 891549
C1945 H7152 PI 291309B PI 159926

Table 5 Mean yield, plant height (cm) and number of pods
at the main stem at maturity of near-isogenic populations derived
from HS-1 × PI 407305 BC2F1 mapping population differing pri-
marily due to the presence or absence of the G. soja alleles
for the markers around the QTL locus. Means followed by the
same letter are not significantly different from each other at
P ≤ 0.05 (Duncan Multiple Range Test)

Haplotype at the Yield Plant Pods at
yield-QTL locus (kg ha–1) height main

(cm) stem

Homozygous for PI 407305 2997.1A 65.4A 41.9A

Heterozygous 2909.8A 64.9AB 40.5A

Homozygous for HS-1 2526.7B 58.9B 30.5A

Table 6 Efficacy of the yield-QTL derived from G. soja accession, PI 4070305, across genetic backgrounds based on bulk isogenic
lines differing primarily due to the presence or absence of the G. soja haplotype for the markers around the QTL locus at the QTL locus

Genetic Year Total QTL positive QTL negative Percent CV P-value
background tested locations (kg ha–1) (kg ha–1) yield (%)

increase

HS-1 1998 2 2,808.9 2,607.4 7.7 17.8 0.0054
AG4501 2000 5 1,559.0 1,431.4 8.9 6.3 0.0006
AG2401 2000 5 2,016.0 1,888.3 6.7 30.0 0.1057
QP4459 2000 1 2,002.6 1,908.5 4.9 6.2 0.0119
QR4459 2000 1 2,116.8 2,157.1 –1.9 6.7 0.7148
QR4544 2000 1 2,089.9 2,136.9 –2.2 10.2 0.6541
QR4604 2000 1 2,029.4 2,076.5 –2.3 10.1 0.5210



QP4459 haplotype (Table 6). None of the other genetic
backgrounds showed any significant differences between
lines carrying the PI 407305 haplotype and lines carrying
the elite haplotype for the QTL locus. 

Discussion

Despite soybean’s narrow genetic base, the use of exotic
germplasm has not been fully exploited in conventional
soybean breeding programs largely due to the success of
breeders in crossing elite × elite strains to generate supe-
rior cultivars (Thorne and Fehr 1970). Thorne and Fehr
(1970) further stated that two- and three-way crosses 
involving at least one unadapted parent have a low 
frequency of superior segregates in their progeny. The 
limited opportunity for genetic recombination in two- or
three-way crosses and the paucity of adequate evaluation
of the yield potential of the unadapted parent germplasm
further contributed to the lack of success in breeding with
exotic germplasm in the past (Schoener and Fehr 1979).

With the availability of molecular markers and the ex-
istence of programs like SAGE (Soybean Asian Germ-
plasm Evaluation), the use of exotic germplasm is more
attractive than before. Molecular markers allow the deliv-
ery of beneficial genes from the wild into commercial va-
rieties with a tolerable amount of linkage drag. Further-
more, the judicious selection of exotic parents, as a result
of collaborative efforts among soybean researchers in as-
sessing the utility of soybean plant introductions through
the SAGE program, can improve the likelihood of finding
beneficial genes in the wild or unadapted germplasm.

Despite the limited adaptability across genetic back-
grounds of the yield-QTL found in this study, our results
clearly demonstrate the potential of using exotic germ-
plasm to improve soybean yield. We only evaluated the
QTL extensively in two genetic backgrounds (AG4501
and AG2401), thus it is still possible that this QTL might
be useful in other genetic backgrounds similar to that of
AG4501.

The availability of a number of SSR markers around
the QTL region makes it a good candidate for marker-
assisted breeding and can serve as good starting points
for map-based cloning.
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