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RESEARCH

Soybean [Glycine max (L.) Merr.] oil with an increased concentra-
tion of saturated fatty esters has greater oxidative stability than 

conventional soybean oil and may be useful for some food and indus-
trial applications (Shen et al., 1997). One method used to increase 
saturated fatty esters has been the development of mutant alleles 
that elevate the palmitate (16:0) concentration (Fehr, 2007). The 
fi rst mutant allele to be identifi ed was fap2(C1727) (Erickson et al., 
1988). Subsequently, the fap2(A21) allele was reported by Fehr et al. 
(1991), the fap4(A24) allele by Schnebly et al. (1994), the fap5(A27) 
allele by Stoltzfus et al. (2000a), the fap6(A25) allele by Narvel et al. 
(2000), and the fap7(A30) allele by Stoltzfus et al. (2000b).

The allelic relationships among the fap alleles for elevated pal-
mitate were evaluated in a series of classical genetic studies in 
which seed of F

2
 individuals and their progenies were evaluated by 

gas chromatography. The fap2(C1727), fap2(A21), and fap5(A27) 
alleles were considered to be at the same locus or tightly linked 
(Fehr et al., 1991; Stoltzfus et al., 2000a). These alleles were found 
to be independent of the fap4(A24), fap6(A25), and fap7(A30) 
alleles (Narvel et al., 2000; Stoltzfus et al., 2000a; Stoltzfus et 
al., 2000b). The fap4(A24) allele was found to be independent of 
the fap6(A25) and fap7(A30) alleles (Narvel et al., 2000; Stoltzfus 
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ABSTRACT

Soybean [Glycine max (L.) Merr.] oil with increased 

palmitate concentration may be useful for some 

food and industrial applications. Chemical muta-

genesis was used to develop mutant alleles 

for elevated palmitate concentration that were 

designated as fap2(A21), fap4(A24), fap5(A27), 

fap6(A25), and fap7(A30) based on classical 

genetic analysis. The objective of our study was 

to determine whether the elevated palmitate 

phenotypes in any of these lines were associ-

ated with mutations in either of the two known 

3-ketoacyl-ACP synthase II (KAS II) genes of 

soybean, GmKAS IIA and GmKAS IIB. Deoxyri-

bonucleic acid sequence analysis revealed single 

nucleotide polymorphisms (SNPs) that differenti-

ated mutant and wild-type alleles in one of the 

GmKAS genes in lines A21, A25, A27, and A30 

but not in A24. The identifi ed SNPs resulted in 

nonconservative amino acid substitutions that 

were predicted to impair enzyme function. The 

fap2(A21) allele was associated with two consec-

utive SNPs within the GmKAS IIA gene, confi rm-

ing its allelic relationship to fap2(C1727) that was 

known to have a mutant SNP within the same 

gene. The allele designated fap5(A27) also had a 

SNP within the GmKAS IIA gene, indicating that 

its designation should be changed to fap2(A27). 

The fap6(A25) and fap7(A30) alleles each con-

tained a single SNP at different locations within 

the GmKAS IIB gene. We propose that the 

designation of the mutant allele in A25 remain 

fap6(A25) and that the allele in A30 be changed 

from fap7(A30) to fap6(A30).
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et al.., 2000b). The fap6(A25) and fap7(A30) alleles were 
considered to be tightly linked (Stoltzfus et al., 2000b).

The only mutant allele for elevated palmitate character-
ized at the molecular level has been fap2(C1727) (Aghoram 
et al., 2006). The allele contained a single nucleotide poly-
morphism (SNP) within the GmKAS IIA (Glycine max 
3-ketoacyl-ACP synthase II isoform A) gene. The nucleo-
tide present at the polymorphic location in C1727 created 
a premature stop codon and was predicted to result in a 
nonfunctional enzyme. The objective of this study was to 
determine whether mutations in GmKAS II genes also may 
be associated with the elevated palmitate phenotypes char-
acteristic of lines A21, A24, A25, A27, and A30 and, if so, to 
establish the allelic relationships among the various fap loci.

MATERIALS AND METHODS

Plant Material
The soybean cultivar Archer that lacked any of the mutant 

alleles for elevated palmitate concentration was crossed to a line 

homozygous for each of the mutant alleles. A21 was the source 

for fap2(A21), A27 for fap5(A27), A25 for fap6(A25), and A30 

for fap7(A30). The crosses were made at the Agricultural and 

Agronomy Research Center near Ames, IA, and F
1
 seeds were 

planted at the Iowa State University–University of Puerto Rico 

soybean breeding nursery at Isabela, PR. Individual F
1
 plants 

from each cross were harvested and fi ve individual seeds from 

each plant were evaluated by gas chromatography, as described 

by Hammond (1991), to confi rm hybrid plants by segregation 

for palmitate concentration. There were 220 F
2
 seeds of each 

cross and seeds of the parents planted at Isabela. The F
2
 and par-

ent plants were harvested individually.

Separate experiments were planted for each cross that 

included the two parents and the F
3
 progeny of 102 random F

2
 

plants. The entries for each experiment were grown in a ran-

domized complete block design with one replication at the 

Agronomy Farm and one replication at the Burkey Farm of Iowa 

State University near Ames, IA. The soil type at both locations 

is a Nicollet loam (fi ne-loamy, mixed, superactive, mesic Aquic 

Hapludolls). For each plot, 20 seeds were planted in rows 0.76 m 

long with a spacing of 1.02 m between rows and a 1.07-m alley 

between the ends of plots. For each plot, single pods harvested 

from the individual plants were threshed in bulk.

To identify F
2:4

 lines homozygous for a mutant or wild-

type allele, 10 individual seeds from each plot of the lines and 

20 individual seeds of the parents were evaluated for palmitate 

concentration by gas chromatography. For the Archer × A21 

cross, the range in palmitate concentration among seeds of A21 

was 173 to 196 g kg–1 and for Archer was 94 to 115 g kg–1. 

Fourteen F
2:4

 lines with all seeds containing >150 g kg–1 palmi-

tate were considered homozygous for the fap2(A21) allele and 

18 lines with all seeds <125 g kg–1 palmitate were classifi ed as 

homozygous for the Fap2 allele. For the Archer × A27 cross, the 

range in palmitate concentration among seeds of A27 was 139 to 

201 g kg–1 and for Archer was 86 to 105 g kg–1. Eleven F
2:4

 lines 

with all seeds containing >135 g kg–1 palmitate were considered 

homozygous for the fap5(A27) allele and 10 lines with all seeds 

<120 g kg–1 palmitate were scored as homozygous for the Fap5 

allele. Within the cross of Archer × A25, the range in palmitate 

concentration among seeds of A25 was 147 to 171 g kg–1 and for 

Archer was 91 to 127 g kg–1. Seventeen F
2:4

 lines with all seeds 

containing >132 g kg–1 palmitate were considered homozygous 

for the fap6(A25) allele and 15 lines with all seeds <125 g kg–1 

palmitate were classifi ed as homozygous for the Fap6 allele. 

For the Archer × A30 cross, the range in palmitate concentra-

tion among seeds of A30 was 132 to 158 g kg–1 and for Archer 

was 91 to 108 g kg–1. Seven F
2:4

 lines with all seeds contain-

ing >130 g kg–1 palmitate were considered homozygous for 

the fap7(A30) allele and 25 F
2:4

 lines with all seeds <118 g kg–1 

palmitate were considered homozygous for the Fap7 allele. The 

number of selected homozygous and homogeneous lines in each 

cross was less than expected based on 1:2:1 single-gene model 

because of the stringent standards used for phenotypic classifi ca-

tion to avoid heterozygous genotypes.

Amplifi cation and Sequence 
Analysis of GmKAS IIA 
and GmKAS IIB Complementary DNAs
Cellular RNA was isolated from A21, A24, A25, A27, and A30 

from 1 g of young leaf tissue about 14 d after germination using 

the TRIzol reagent according to the manufacturer’s protocol 

(Invitrogen, Carlsbad, CA). Poly (A)+ RNA was recovered 

from 5 μg RNA using the Messagemaker system (Invitrogen, 

Carlsbad, CA). First-strand complementary DNA (cDNA) was 

synthesized from poly (A)+ RNA using an oligo-dT primer 

and SuperScript II reverse transcriptase (Invitrogen, Carlsbad, 

CA). A full-length cDNA was amplifi ed from 20 ng of fi rst-

strand A21, A24, A25, A27, and A30 cDNA template using the 

GmKAS IIA-specifi c polymerase chain reaction (PCR) prim-

ers and the GmKAS IIB-specifi c PCR primers described by 

Aghoram et al. (2006). The amplifi cation product was cloned 

into the TA vector pCR2.1 (Invitrogen, Carlsbad, CA) and 

sequenced at the North Carolina State University Genome Sci-

ences Laboratory (Raleigh. NC) using an Applied Biosystems 

3730 (Applied Biosystems, Carlsbad, CA) capillary sequencer.

Molecular Genotyping of F
2
–Derived Lines

Single leaf disks 1 cm in diameter were harvested from plants 

of Archer, A21, A25, A27, and A30 and an individual F
4
 plant 

of each of the F
2
–derived lines that were homozygous for the 

wild-type or mutant allele. Analysis of a single F
4
 plant was 

considered suffi  cient because the homogeneity of each line was 

known based on the palmitate concentration of the individ-

ual seeds evaluated by gas chromatography. In all cases, tissue 

was harvested about 14 d after germination. Leaf disks were 

ground with liquid N in 1.5-mL microfuge tubes using plastic 

pestles. Genomic DNA was isolated from the ground material 

by adding 325 μL extraction buff er (200 mmol Tris HCl pH 

7.5, 250 mmol NaCl, 25 mmol ethylenediaminetetraacetic acid 

[EDTA], and 0.5% sodium dodecyl sulfate [SDS]) and vortexing 

for 20 sec. After a 10 min incubation at 65°C, 60 μL of protein 

precipitation solution (Qiagen, Germantown, MD) was added 

and the samples were vortexed briefl y before being placed on 

ice for 5 min. The samples were centrifuged at 16,000 × g for 

4.5 min and the supernatants transferred to fresh tubes. Deoxy-

ribonucleic acid precipitation was mediated by the addition of 
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phenotypes (Dewey and Zhang, 2010). In a previous study, 
it was shown that the soybean genome encodes two dis-
tinct KAS II genes, designated GmKAS IIA and GmKAS 
IIB, and that a debilitating point mutation in the GmKAS 
IIA isoform defi nes the fap2 allele responsible for the ele-
vated palmitate phenotype originating from line C1727 
(Aghoram et al., 2006). To determine whether mutations 
in GmKAS II genes also could be associated with the fap 
loci found in elevated palmitate germplasm lines A21, A24, 
A25, A27, and A30, full-length cDNAs of GmKAS IIA and 
GmKAS IIB were isolated from each of these backgrounds. 
Deoxyribonucleic acid sequence analysis revealed unique 
nucleotide polymorphisms in one of the two GmKAS II 
isoforms for all of the mutant lines except A24.

The DNA sequences of A21 and A27 were identical 
to the wild-type sequence at the GmKAS IIB locus but 
diff ered in their GmKAS IIA genes. The GmKAS IIA 
allele from A21 had two SNPs within a three nucleotide 
region in exon 8 (Fig. 1). The fi rst polymorphic site repre-
sents an A  T substitution that changes an aspartic acid 
codon to a valine codon. The second polymorphism, 2 bp 
downstream, changes a glycine codon to an arginine codon 
through the substitution of an A nucleotide for a G. In A27, 
a G  A polymorphism was observed within exon 4 of 
GmKAS IIA that converts an alanine codon to a threonine 
codon.

For the elevated palmitate lines A25 and A30, the 
cDNA sequences of GmKAS IIA were identical to wild 
type but diff erences were observed within GmKAS IIB 
(Fig. 2). In exon 10 of GmKAS IIB, a G  A substitu-
tion was found in A25 that changes an alanine codon to a 
threonine codon. The polymorphism found in A30 occurs 
in exon 9, where a C nucleotide has been replaced by a T, 
converting a proline codon into a codon specifying leucine.

In all cases, the polymorphisms observed in the GmKAS 
II genes of the mutant germplasm lines result in nonconser-
vative amino acid substitutions of residues that are highly 
conserved across a diversity of plant species. Figure 3 shows 
regional alignments in the vicinity of the various mutations 
of the predicted GmKAS II proteins, with KAS II proteins 
from a representative cross-section of plants species, plus 
the unicellular photosynthetic algal species Chlamydomonas 
reinhardtii. The high degree of conservation of these residues 
among evolutionarily diverse species suggests that they are 
important in maintaining KAS II function. The SIFT algo-
rithm is a powerful prediction tool that is used for estimat-
ing the eff ects of amino acid variations on protein function, 
based on evolutionary conservation with protein families 
(Kumar et al., 2009). SIFT analysis of the mutant GmKAS 
II variants observed in A21, A25, A27, and A30 predicted 
that each of the unique amino acid substitutions that were 
found in these lines would impair enzyme function (data 
not shown). Although ultimate proof of enzyme dysfunc-
tion only can be concluded by direct experimentation, the 

250 μL isopropanol followed by a 10 min incubation at room 

temperature and centrifugation at 16,000 × g for 7.5 min. After 

being washed with 70% ethanol, the pellets were dried and 

resuspended in 50 μL Tris EDTA (TE) buff er.

Polymerase chain reaction assays were conducted in 96-well 

plates using a MyCyler Thermal Cycler System (BioRad, Her-

cules, CA). Individual reactions contained 1 μL genomic DNA 

(typically about 20 ng), 1.5 μL of 10x Taq buff er (New England 

Biolabs, Ipswich, MA), 6 pmol of each primer, 200 μmol deoxy-

ribonucleotide triphosphates (dNTPs) (Roche Applied Science, 

Indianapolis, IN), and 1.5 U of Taq DNA polymerase (New Eng-

land Biolabs, Ipswich, MA) in a total volume of 15 μL. The PCR 

primers were developed to specifi cally amplify a short GmKAS 

IIA or B segment that spanned each SNP of interest. Amplifi ca-

tion of a fragment surrounding the mutated region of GmKAS IIA 

in A21 was conducted using primers 5´-GTGGTTCTTAGCT-

CAGCAAATGG-3´ (forward) and 5´-GAACAAGCCTAA-

CAGGCTGACAT-3´ (reverse). Amplifi cation of a fragment 

surrounding the mutant SNP of GmKAS IIA in A27 was con-

ducted using primers 5´-GCAATCAGAAAGGAGCCAGA-3´ 

(forward) and 5´-AAAAATCACTGTGCCCCAAG-3´ (reverse). 

Amplifi cation of a fragment surrounding the mutated region of 

GmKAS IIB in A25 was conducted using primers 5´-TTATCAT-

GACAATTCCGGTATAGTG-3´ (forward) and 5´-CAATTG-

GCTAGTAAGAGAACACTAGC-3´ (reverse). Amplifi cation of 

a fragment surrounding the mutated region of GmKAS IIB in 

A30 was conducted using the primers 5´-GATTCATCTCTTC-

TATCTTGTGTTAGGC-3´ (forward) and 5´-CACACATGT-

GCGAACATGTC-3´ (reverse). The thermal cycling profi le 

consisted of denaturation at 94°C for 5 min followed by 30 cycles 

of 94°C for 30 sec, 52°C for 30 sec, and 72°C for 45 sec with a 

fi nal extension at 72°C for 7 min. Excess dNTPs and primers 

were removed by adding 1 U of Shrimp alkaline phosphatase 

(Promega, Madison, WI) and 2 U Exonuclease I (New England 

Biolabs, Ipswich, MA) to 7 μL of the PCR product in a total 

volume of 10 μL. The tubes were incubated at 37°C for 45 min 

followed by heat inactivation of the enzymes at 80°C for 15 min. 

Samples were stored at –20°C until used for sequence analysis.

The PCR products were directly sequenced using either 

the forward or reverse PCR primers as the sequencing primer 

in a cycle sequence labeling reaction using BigDye Terminator 

version 3.1 (Applied Biosystems, Carlsbad, CA). Each sequenc-

ing reaction contained 5 μL PCR DNA, 0.7 μL BigDye, 

1.6 μL of 5x buff er, and 3.2 pmol of primer in fi nal volume of 

10 μL. Cycling conditions were 95°C for 30 sec followed by 25 

cycles of 96°C for 10 sec, 50°C for 5 sec, and 60°C for 4 min. 

Removal of the dye terminator was accomplished using Per-

forma DTR Ultra 96-well plates following the manufacturer’s 

protocol (EdgeBio, Gaithersburg, MD). Samples were loaded 

on an ABI 3730 DNA analyzer (Applied Biosystems, Carlsbad, 

CA) for sequence determination at the North Carolina State 

University Genome Sciences Laboratory.

RESULTS AND DISCUSSION
Genes encoding the 3-ketoacyl-ACP synthase II (KAS 
II) reaction responsible for converting palmitate to stea-
rate within the plastid are considered the prime targets for 
mutagenesis strategies that would lead to elevated palmitate 
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Figure 1. Alignment of genomic sequences of the GmKAS IIA gene from Archer, Williams 82 (W82), A21, A27, and C1727 (Aghoram et al., 

2006). Exon regions are indicated in plain type and intron sequences are italicized. Numbering is in relation to the start codon of the genomic 

sequence of GmKAS IIA from Williams 82 (Glyma17 g05200 at the USDOE Joint Genome Institute and Center for Integrative Genomics 

[2010]). Dotted lines represent portions of the genomic sequences outside the specifi c regions of interest. Shaded text corresponds to 

annealing sites of the polymerase chain reaction (PCR) primers that were used to amplify regions encompassing the polymorphisms in A21 

and A27. The arrows indicate the sequence polymorphisms that differentiate the GmKAS IIA alleles of A21, A27, and C1727 from the wild-

type alleles. Nomenclature of the indicated fap loci is in accordance with the new designations proposed in this study.
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substitution of nonconservative amino acid residues at posi-
tions of high evolutionary sequence conservation strongly 
suggests that the GmKAS II enzymes encoded by the vari-
ous mutant alleles are functionally impaired.

If the respective mutations observed in the GmKAS II 
genes are in fact responsible for the fatty acid phenotypes 

characteristic of A21, A25, A27, and A30, a perfect corre-
lation between the inheritance of these mutations and the 
elevated palmitate phenotypes in segregating populations 
would be expected. To test this relationship, molecular 
genotyping was conducted on F

2:4
 lines generated from 

crosses between each of the elevated palmitate lines and 

Figure 2. Alignment of genomic sequences of the GmKAS IIB gene from Archer, Williams 82 (W82), A25, and A30. Exon regions are 

indicated in plain type and intron sequences are italicized. Numbering is in relation to the start codon of the genomic sequence of 

GmKAS IIB from Williams 82 (Glyma13 g17290 at the USDOE Joint Genome Institute and Center for Integrative Genomics [2010]). Dotted 

lines represent portions of the genomic sequences outside the specifi c regions of interest. Shaded text corresponds to annealing sites of 

the polymerase chain reaction (PCR) primers that were used to amplify regions encompassing polymorphisms in A25 and A30. Arrows 

indicate the sequence polymorphisms that differentiate the GmKAS IIB alleles of A25 and A30 from the wild-type alleles. Nomenclature 

of the indicated fap loci is in accordance with the new designations proposed in this study.
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the normal cultivar Archer. Gas chromatography was 
used to determine the palmitate content of several indi-
vidual seeds of each F

2:4
 line to identify those that were 

either homozygous wild type or homozygous mutant at 
the respective fap loci. Fourteen F

2:4
 lines were classi-

fi ed as homozygous for fap2(A21), 11 for fap5(A27), 17 for 
fap6(A25), and 7 for fap7(A30). The corresponding num-
bers of homozygous wild-type F

2:4
 lines from each segre-

gating population were 18 for Fap2Fap2, 10 for Fap5Fap5, 
15 for Fap6Fap6, and 25 for Fap7Fap7.

Molecular genotyping was conducted using young leaf 
material from individual plants representing each of the 
selected F

2:4
 lines. Because the GmKAS IIA and GmKAS IIB 

cDNA sequences share 97.6% nucleotide sequence identity 
(Aghoram et al., 2006), it was diffi  cult to design PCR prim-
ers that would exclusively amplify only one isoform without 
simultaneously amplifying the other. However, examina-
tion of the genomic sequences from the ‘Williams 82’ ref-
erence genome of the GmKAS IIA locus Glyma17 g05200 
and the GmKAS IIB locus Glyma13 g17290 at the USDOE 
Joint Genome Institute and Center for Integrative Genomics 
(2010) revealed a much higher percentage of polymorphisms 
between intron regions that made these sequences suitable for 
creating isoform-specifi c primers. By utilizing primers corre-
sponding to sequences within introns 7 and 8 of GmKAS IIA, 
a 512 bp DNA fragment could be amplifi ed that contained 
the sequence polymorphisms that distinguish the wild-type 
version of this gene from that mutant originating from A21 
(Fig. 1). Deoxyribonucleic acid sequence analysis of this 512 

bp fragment from the 14 F
2:4

 lines homozygous for fap2(A21) 
and the 18 F

2:4
 lines homozygous for the Fap2 wild-type 

allele originating from the Archer × A21 cross was used to 
establish the association been the A21-derived GmKAS IIA 
mutation and the fap2(A21) locus. Likewise, intron-specifi c 
primers fl anking the GmKAS II mutants identifi ed in lines 
A25, A27, and A30 were used to amplify and sequence the 
polymorphic regions in their cognate F

2:4
 lines (Fig. 1 and 2). 

For each F
2:4

 line, a perfect correlation was observed between 
the phenotypically established fap loci and the respective 
GmKAS II mutations identifi ed in the mutant parents. All 
F

2:4
 lines with normal palmitate content were homozygous 

for the wild-type versions of the GmKAS II genes inherited 
from Archer, and all F

2:4
 lines displaying an elevated palmitate 

phenotype possessed the mutant GmKAS II alleles derived 
from the respective A21, A25, A27, or A30 parent.

The molecular genetic results elucidated in this study 
are consistent with previously published observations con-
cerning the allelic relationships among the various fap loci 
based on classical genetic analysis. Fehr et al. (1991) con-
cluded that the fap mutation found in A21 was allelic to 
the fap2 locus originally identifi ed in C1727 by Wilcox and 
Cavins (1990). This conclusion is further supported by our 
observation that both lines possess potentially debilitat-
ing mutations within the same GmKAS IIA gene (Fig. 1). 
Allelism tests conducted by Stoltzfus et al. (2000a) demon-
strated that the fap locus from A27 was very closely linked 
to the fap2 locus from A21, but because a small number of 
transgressive segregates were observed in the progeny of the 

Figure 3. Localized alignments of predicted amino acid sequences from a diversity of 3-ketoacyl-ACP synthase (KAS II) sequences in 

regions corresponding to mutations identifi ed in soybean germplasm with elevated palmitate. (A) Regional alignment of the predicted 

soybean KAS IIA protein (GenBank accession number AY90723) with KAS II sequences from cotton (Gossypium hirsutum L.) (ADK23940), 

castor bean (Ricinus communis L.) (AAA33872), Arabidopsis thaliana (L.) Heynh. (AAK69603), maize (Zea mays L.) (ACG25173), and 

Chlamydomonas reinhardtii (EDO98446). (B) Regional alignment of the predicted soybean KAS IIB protein (AY90722) with the same KAS 

II sequences described in (A). Amino acids sequences that are identical to the soybean KAS II sequences are box shaded. Numbering 

is with respect to the predicted start methionine residues of the respective proteins. Arrows indicate amino acids that are altered 

in the various elevated palmitate soybean lines with the specifi c amino acid substitution indicated at the bottom of each alignment. 

Nomenclature of the indicated fap loci is in accordance with the new designations proposed in this study.
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A21 × A27 cross, this locus was given the unique designa-
tion fap5. Our molecular data showing the presence of a 
potentially debilitating mutation within the same GmKAS 
IIA gene suggests that the transgressive segregation previ-
ously observed was due to environment variation or the 
segregation of modifying genes (Hartmann et al., 1996) 
and not the result of segregation of the mutant alleles. We 
propose that the designation of the allele in A27 should be 
changed from fap5(A27) to fap2(A27).

A similar situation occurs with the fap loci originating 
in A25 and A30. Classical genetic analysis indicated that the 
fap6(A25) and fap7(A30) alleles were inherited independently 
of fap2(A21) and fap5(A27) but closely linked to each other 
(Narvel et al., 2000; Stoltzfus et al., 2000b). Sequence analy-
sis of the GmKAS IIB cDNAs from A25 and A30 revealed 
independent mutations within the same gene (Fig. 2). This 
indicated that environmental factors or modifying genes 
were responsible for the rare transgressive segregates previ-
ously reported for progeny from the A25 × A30 population 
(Stoltzfus et al., 2000b). Because the two mutant alleles are 
at the same locus, we propose that the gene designation for 
the fap allele in A25 remain fap6(A25) and that the allele in 
A30 be changed from fap7(A30) to fap6(A30). The fap4 locus 
designation that was assigned to the mutant allele for elevated 
palmitate in A24 would remain the same. Inheritance studies 
have shown that fap4 is independent of the other mutant fap 
alleles (Fehr et al., 1991; Narvel et al., 2000; Stoltzfus et al., 
2000a, 2000b), which is consistent with our inability to fi nd 
mutations within GmKAS IIA or GmKAS IIB in this back-
ground. Additional research will be needed to determine the 
molecular basis of the fap4(A24) allele.

In summary, polymorphisms leading to amino acid 
substitutions predicted to be detrimental to enzyme func-
tion were found within the GmKAS IIA gene in lines A21 
and A27. This is the same gene in which Aghoram et al. 
(2006) described a truncation mutation associated with the 
fap2 allele from C1727. This suggests that the alleles for ele-
vated palmitate in the three lines should have the same locus 
designation of fap2 and that the previous designation for the 
allele in A27 should be changed from fap5(A27) to fap2(A27). 
The polymorphisms found in the GmKAS IIB cDNAs of 
A25 and A30 indicated that the mutations in the two lines 
were allelic. We propose that the allele originating from A30 
be changed from fap7(A30) to fap6(A30). The sequence data 
provided herein can be used to design molecular markers for 
each of the mutant alleles to serve as tools for selection in 
breeding programs. Such markers would make it possible to 
select for alleles at the fap2 and fap6 loci in the development 
of soybean cultivars with elevated palmitate concentration.
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