
ABSTRACT: An altered FA profile with decreased linolenic
(18:3) acid in soybean germplasm was developed by crossing
N97-3708-13, a soybean line with reduced 18:3 (<5.4%) and
‘Anand,’ a normal soybean cultivar (9.7% 18:3). The resulting
recombinant inbred lines are promising because they may pro-
mote healthier oil with improved oxidative stability and flavor.
The objective of this study was to utilize the population N97-
3708-13 × Anand to identify simple sequence repeat (SSR)
markers associated with 18:3 content. Two markers, Satt534
and Satt560, which are located approximately 10 cM apart from
each other, near the Fan locus on linkage group B2, were iden-
tified as quantitative trait loci significantly associated with 18:3
content (P = 0.001, R2 = 0.59, individually). The SSR markers
identified in this study should be useful for implementation of
marker-assisted selection for low-18:3 genotypes in soybean
breeding programs. 
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Soybean [Glycine max (L.) Merr.] is a major source of veg-
etable oil in the world. Soybean oil typically contains 11, 4,
23, 54, and 8% palmitic (16:0), stearic (18:0), oleic (18:0),
linoleic (18:2), and linolenic (18:3) acid, respectively (1,2).
Linolenic acid is considered an unstable component because
it is easily oxidized and is responsible for the development of
an off-flavor and odor of the oil. At present, nutritionists con-
sider that the ideal edible oil should contain about 3% 18:3.
In the oil industry, the nutritional quality of edible oil is im-
proved by reducing the 18:3 levels in favor of 18:2. Partial
hydrogenation of soybean oil is the process used commer-
cially to lower the amount of 18:3. However, this process also
results in the production of trans-FA that are considered of
concern to human health. The low-18:3 trait in soybean may
be incorporated into high-yielding lines through plant breed-
ing (3). Genetic changes that influence soybean FA composi-
tion also have been made through chemical or X-ray mutage-
nesis techniques (4). Conventional breeding techniques have
then transferred those traits to more agronomically adapted
genetic backgrounds. 

The genetic control of 18:3 content in soybean appears
somewhat complex. Some studies have reported that the trait
is regulated by a single recessive allele designated fan (5,6),

and other studies have suggested that this trait might be gov-
erned by one major gene and several minor ones (7,8). The
chemical pathway involved in FA biosynthesis is also com-
plex. The biosynthesis of 18:3 is the result of a desaturation
reaction catalyzed by a membrane-associated ω-3 desaturase.
Moreover, the pathway in leaf tissue is different from that in
reproductive tissues. Byrum et al. (9) suggested that the low-
18:3 phenotype obtained with the Fan locus in soybean (A5)
was the result of a mutation in the microsomal ω-3 linoleate
desaturase gene, which mapped to linkage group B2, and in
the plastid desaturase ω-3 linoleate, which mapped to linkage
group G. From the literature, it appears that the heritability of
18:3 can be low: h2 = 0.10 to 0.47 (10), to moderately high:
h2 = 0.73 (11), depending on the lines used as parents in the
cross. Expression of this phenotype may also be influenced
by environmental factors (12). Therefore, identification of
molecular markers closely associated with 18:3 should be of
interest to facilitate gene transfer to high-yielding genotypes.
Although restriction fragment length polymorphism (RFLP)
markers associated with 18:3 in soybean have been described
(6,13), the verification of more easily used simple sequence
repeat (SSR) markers associated with 18:3 would provide
tools for enhancing genetic gain for 18:3 in soybean breed-
ing. Quantitative trait loci (QTL) are regions of the genome
that govern a particular trait, such as 18:3 content. The objec-
tive of this study was to identify specific SSR markers reveal-
ing QTL that influence the level of 18:3 content in soybean
oil. 

MATERIALS AND METHODS

Field experiment. A soybean population was initiated in 1998
from a cross between N97-3708-13, a low-18:3 germplasm,
and the cultivar ‘Anand,’ which has normal oil composition
and is high yielding. N97-3708-13 was selected from the
cross ‘Soyola’ × [‘Brim’ (2) × N88-431 (2) × (N90-2013 ×
C1726)]. Soyola contributed the low-18:3 trait. A recombi-
nant inbred line (RIL) population was developed to the F5 sin-
gle-plant generation, derived via single-seed descent from
different F2 individuals. This RIL population was screened
for molecular markers associated with seed 18:3 content.

Chemical analysis. Soybean seeds from single F5 plants
were sampled from the RIL population for FA analyses. Each
crushed seed was transferred to a test tube with 1.0 mL of
chloroform/hexane/methanol (8:5:2, by vol). After 4 h, 100
µL of the oil sample was transferred to a 1.5-mL autosampler
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vial. Then 75 µL of methylating reagent (a mixture of 50 mL
sodium methoxide, 20 mL petroleum ether, 10 mL ethyl ether,
and 1 mL hexane) was added to the vial before capping.
FAME were analyzed using a Hewlett-Packard 6890 series gas
chromatograph equipped with a model 7683 auto sampler,
FID, and a 30 m × 0.53 mm i.d. J&W (Folsom, CA) 125-2332
capillary column with 0.5 µm fused stationary phase. Opera-
tion conditions were as follows: carrier, helium (20 mL/min);
20:1 (vol/vol) split injection; injection temperature, 250°C;
detector temperature, 275°C; and column temperature, 230°C.
The RM-1 standard (Supelco Co., Bellefonte, PA) was used to
calculate the relative FA concentrations of the experimental
samples. 

Bulk segregant analysis. Single F5:6 seeds from 90 RIL
were grown in the greenhouse along with the two parents
(N97-3708-13 and Anand). DNA was isolated from fresh
leaves after 3 wk of growth. The Qiagen Plant Easy DNA Ex-
traction Kit (Qiagen, Hilden, Germany) was used to obtain
purified DNA. DNA isolated from the 12 plants with the high-
est 18:3 content (averaging 11.4%) was then pooled together
to form the normal 18:3 content bulk, and DNA from 12
plants with the lowest 18:3 content (averaging 4.2%) was
pooled to form the low 18:3 content bulk, according to tech-
niques described by Michelmore et al. (14) and Giovannoni
et al. (15). The two bulks were screened with our current
primer collection (780 SSR markers) distributed throughout
the 20 molecular linkage groups (MLG). Particular attention
was paid to SSR mapped to MLG B2 (16). Polymerase chain
reactions (PCR) were carried out in a Hybaid multiblock ther-
mocycler (CLP, San Diego, CA) with the following profile:
(i) 94°C for 3 min × 1 cycle; (ii) 94°C for 25 s, 47°C for 25 s,
and 72°C for 1 min × 35 cycles; and finally (iii) 72°C for 5
min × 1 cycle. Primers were purchased from SIGMA Genosys

(The Woodlands, TX). PCR products were then separated by
electrophoresis using a 6% nondenaturing polyacrylamide gel
containing ethidium bromide and visualized via an UV trans-
illuminator (AlphaImager, Alpha Innotech Corp., San Lean-
dro, CA). Markers showing polymorphisms between the
bulks were later used to screen the parents for matching poly-
morphisms. Markers consistently polymorphic were then se-
lected to score parental alleles among DNA from 90 RIL in
the F5:6 population, following a procedure similar to that em-
ployed by Spencer et al. (17).

Data analysis. Only the SSR markers that exhibited band-
ing patterns that were reproducible and consistent between
the two parents as well as among the 90 F5:6 RIL were con-
sidered for statistical analyses. QTL analyses for SSR mark-
ers associated with the 18:3 trait were analyzed using SAS
v6.0 (18). 

RESULTS AND DISCUSSION

This research was designed to identify molecular markers as-
sociated with loci controlling 18:3 content in a population of
soybean lines with high-yield potential that was segregating
for 18:3 content. Soybean germplasms with low 18:3 were de-
veloped from chemical or X-ray mutagenesis treatments, and
further hybridizations of these mutants were made by several
researchers. The fan allele was found in the three mutants:
C1640, A5, and M-5, and in the introductions: PI 361088B
and PI 123440 (19). Later, fan2 was found in A-23 (20), fanx
in IL-8 (19), and finally fanxa in M-24 (7). Evidence of two
loci also have been described by several authors (7,8,20).

In our study we worked with the RIL from the cross Anand
× N97-3708-13. The distribution of 18:3 in the inbred lines
varied continuously from 4.1 to 13.4% of total lipid and ap-
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FIG. 1. Frequency distribution of 18:3 concentration of 90 recombinant inbred lines of N97-
3708-13 × Anand soybean population. N97-3708-13, 5.4 ± 1.0% 18:3; Anand, 9.7 ± 1.8% 18:3.



peared indicative of a major gene as well as modifier gene ef-
fects (Fig. 1). 

Seventy-four markers were polymorphic between the two
bulks from a total of 780 SSR markers screened, covering all
20 linkage groups of soybean. Polymorphisms were detected
at various genomic regions, but only three markers showed
consistent polymorphisms between the bulks and the parents
(data not shown). Satt512 (non-mapped), Satt534 (LGB2), and
Satt560 (LGB2) were identified as putative genomic regions
governing 18:3 content (see Fig. 2 as an example for Satt534). 

The three putative 18:3 QTL were further tested against
the population of 90 RIL segregating for 18:3 content. One of
the markers, Satt512, which is not currently mapped on any
linkage group, was eliminated because it showed a nonsignif-
icant association with 18:3 (P > 0.05) over the population of
90 RIL. Therefore, only two markers, Satt534 and Satt560 on
linkage group B2, were identified as QTL, each significant at
P ≤ 0.001. They individually explain about 60% of the varia-
tion for 18:3 content (Table 1). Satt534 and Satt560 are both
located at the bottom of linkage group B (Fig. 3), where they
map approximately 10 cM apart from each other and close to
RFLP markers previously identified in the region of the Fan
locus (6,16).

Recent advances in molecular biology have begun to elu-
cidate the underlying biochemical mechanisms and the genes
controlling 18:3 in soybean (8). The development of an inte-
grated molecular map is a major contribution that will en-
hance genetic gains (16). RFLP markers associated with 18:3
already have been placed on the soybean linkage map (6,12),
but modern soybean breeders now utilize SSR markers to ex-
pedite selections because of the high level of polymorphism
and general ease of use and interpretation of SSR markers.
The two SSR markers identified here flank a 10-cM interval
containing a major gene governing 18:3 content (Fig. 3).

This knowledge provides breeders with information on in-
corporating marker-assisted selection to accelerate the devel-
opment of soybeans that exhibit lower 18:3 concentration.
Further studies in other populations will be useful to detect
the minor genes that influence 18:3 content in soybean. Addi-
tionally, breeders can test over a range of environments and
over a range of soybean populations to strengthen the applic-
ability of these results over different genetic backgrounds.
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TABLE 1
Markers Significantly Associated with Variation in 18:3 Content in an F5:6 Recombinant 
Inbred Line Population from the Cross N97-3708-13 × Anand

Mean 18:3 (%) ± SE

SSR marker Linkage group R2 P N97/N97 classa Anand/Anand classb

Satt534 B2 0.59 0.0001 5.8 ± 1.5 9.8 ± 1.5
Satt560 B2 0.59 0.0001 6.4 ± 1.6 10.1 ± 1.6
aN97/N97 = the class of recombinant inbred line (RIL) progeny exhibiting the homozygous N97-
3708-13 allele at the simple sequence repeat (SSR) marker locus.
bAnand/Anand = the class of RIL progeny exhibiting the homozygous Anand allele at the SSR marker
locus.

FIG. 2. DNA polymorphisms between soybean parental lines (N97-
3708-13 and Anand) and normal-18:3 and low-18:3 DNA bulks with
simple sequence repeat (SSR) molecular marker Satt534. Lane 1, Anand;
lane 2, normal-18:3 DNA bulk; lane 3, N97-3708-13; lane 4, low-18:3
DNA bulk.



ACKNOWLEDGMENTS

The support of the Tennessee Agricultural Experiment Station in
conducting this research is greatly appreciated. Funding from the
United Soybean Board, project 9321/9208 and from the Tennessee
Soybean Promotion Board is greatly appreciated.

REFERENCES

1. Lurhs, W., and W. Friedt, The Major Oil Crops, in Oil Crops
Breeding, Processing and Biotechnology, edited by D.J. Mur-
phy, Designer VCH, New York, 1993, pp. 5–71.

2. Wilson, R.F., Seed Composition, in Soybean: Improvement,
Production and Uses, 3rd edn., edited by H.R. Boerma and J.E.
Specht, ASA, CSSA, SSSA, Madison, WI, 2004, pp. 621–677.

3. Wilson, R.F., J.W. Burton, and C.A. Brim, Progress in the Se-
lection for Altered Fatty Acid Composition in Soybeans, Crop
Sci. 21:788–791 (1981).

4. Rahman, S.M., T. Kinoshita, T. Anai, S. Arima, and Y. Takagi,
Genetic Relationships of Soybean Mutants for Different
Linolenic Acid Contents, Crop Sci. 38:702–706 (1998).

5. Wilson, R.F., J.W. Burton, V.R. Pantalone, and R.E. Dewey,
New Gene Combination Governing Saturated and Unsaturated
Fatty Acid Composition in Soybean, in Lipid Biotechnology,
edited by T.M. Kuo and H.W. Gardner, Marcel Dekker, New
York, 2002, pp. 95–113.

6. Brummer, E.C., A.D. Nickell, J.R. Wilcox, and R.C. Shoe-

maker, Mapping the Fan Locus Controlling Linolenic Acid
Content in Soybean Oil, J. Hered. 86:245–247 (1995).

7. Rahman, S.M., T. Kinoshita, T. Anai, and Y. Takagi, Combin-
ing Ability in Loci for High Oleic and Low Linolenic Acids in
Soybean, Crop Sci. 41:26–29 (2001).

8. Bilyeu, K.D., L. Palavalli, D.A. Sleper, and P.B. Beuselinck,
Three Microsomal Omega-3 Fatty-Acid Desaturase Genes Con-
tribute to Soybean Linolenic Acid Levels, Ibid. 43:1833–1838
(2003).

9. Byrum, J.R., A.J. Kinney, R.C. Shoemaker, and B.W. Diers,
Mapping of the Microsomal and Plastid Omega-3 Fatty Acid
Desaturases in Soybean [Glycine max (L.) Merr], Soyb. Genet.
Newsl. (ARS, USDA, Ames, IA) 22:181–184 (1995).

10. Rebetzke, G.J., V.R. Pantalone, J.W. Burton, T.E. Carter, Jr.,
and R.F. Wilson, Genotypic Variation for Fatty Acid Content in
Selected Glycine max × Glycine soja Populations, Crop Sci.
37:1636–1640 (1997).

11. Cherrak, C.M., V.R. Pantalone, E.J. Meyer, D.L. Ellis, S.L.
Melton, D.R. West, and J.R. Mount, Low-Palmitic, Low-
Linolenic Soybean Development, J. Am. Oil Chem. Soc.
80:539–543 (2003).

12. Streit, L.G., W.R. Fehr, G.A. Welke, E.G. Hammond, and S.R.
Cianzio, Family and Line Selection for Reduced Palmitate, Sat-
urates, and Linolenate of Soybean, Crop Sci. 41:63–67 (2001).

13. Diers, B.W., and R.C. Shoemaker, Restriction Fragment Length
Polymorphism Analysis of Soybean Fatty Acid Content, J. Am.
Oil Chem. Soc. 69:1242–1244 (1992).

14. Michelmore, R.W., I. Paran, and R.V. Kesseli, Identification of
Markers Linked to Disease-Resistance Genes by Bulked Segre-
gant Analysis: A Rapid Method to Detect Markers in Specific
Genomic Regions by Using Segregating Populations, Proc.
Natl. Acad. Sci. USA 88:9828–9832 (1991).

15. Giovannoni, J.J., R.A. Wing, M.W. Ganal, and S.D. Tanksley,
Isolation of Molecular Markers from Specific Chromosomal In-
tervals Using DNA Pools from Existing Mapping Population,
Nucleic Acids Res. 19:6553–6558 (1991).

16. Cregan, P.B., An Integrated Genetic Linkage Map of the Soybean,
http://bldg6.arsusda.gov/~pooley/soy/cregan/soy_map1.html
(verified May 24, 2004).

17. Spencer, M.M., V.R. Pantalone, E.J. Meyer, D. Landau-Ellis,
and D.L. Hyten, Jr., Mapping the Fas Locus Controlling Stearic
Acid Content in Soybean, Theor. Appl. Genet. 106:615–619
(2003).

18. SAS Institute, SAS Users’ Guide, Release 6.0, SAS Institute
Inc., Cary, NC, 1988.

19. Rennie, B.D., and J.W. Tanner, New Allele at the Fan Locus in
Soybean Line A5, Crop Sci. 31:297–301 (1991).

20. Fehr, W.R., G.A. Welke, E.G. Hammond, D.N. Duvick, and
S.R. Cianzio, Inheritance of Reduced Linolenic Acid Content in
Soybean Genotypes A16 and A17, Ibid. 32:903–906 (1992).

[Received June 30, 2003; accepted April 22, 2004]

562 M.M. SPENCER ET AL.

JAOCS, Vol. 81, no. 6 (2004)

FIG. 3. Likely map position of the Fan locus and two SSR markers
(Satt534 and Satt560) compared to other markers on linkage group B2.
Distances are reported in centiMorgan units. RFLP, restriction fragment
length polymorphism; for other abbreviations see Figure 2.


