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“A rising demand for palm oil has resulted in the clearing of huge tracts of rain forest in
Borneo, putting wildlife habitats at risk. Left, access roads and terraced fields in
Sarawak.”
Nytimes.com Photo: Mattias Klum



Objective:  Create more functional soybean oil
Containing high stearic acid content 
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Stearoyl-Acyl Carrier Protein-Desaturase

• The high stearic acid trait is controlled largely by
mutations in a Δ9-Stearoyl-Acyl Carrier Protein-
Desaturase gene (SACPD)

• Selectively inserts the first double bond at the ninth
carbon of C18:0-ACP

• Homologous to SACPD genes in Arabidopsis (SSI2),
rapeseed, and castor



SACPD - Multiple genes encode one enzyme step
• Soybean has four SACPD isoforms
• SACPD-A, B, C, D

• Plastid-localized, soluble enzymes
• SACPD-A and B are 391 aa long

with 98% identity
• SACPD-C 386 aa long, 63%

sequence identity to A or B
• SACPD-C expressed specifically

during seed development
• SACPD-D is a pseudogene

Zhang et al (2008)
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Many Sources of Elevated Stearic Acid
were identified by Project participants

• Many sources of the
elevated stearic acid
trait have been
discovered through
mutagenesis methods

• To date, there exists
only one naturally
occurring elevated
stearic mutant
(FAM94-41)

 

Line Method % Stearic Acid

FA41545 EMS 15.5

A81-606085 EMS 18.7

A6 Sodium azide* 28.1

A9 Sodium azide 16.3

A10 Sodium azide 14.6

KK-24 X-ray 13.0

M25 X-ray 13.0

MM106 X-ray 13.1

FAM94-41 Natural 9.0

Others…   



Deletion or loss of function mutations in SACPD-C
only raise stearic acid to 10-15% of seed oil

Gillman, J. D., M. G. Stacey, Y. Cui, H. R. Berg and G.
Stacey (2014). " BMC Plant Biology 14(1): 143

Carrero-Colón, M., Abshire, N., Sweeney,D.,
Gaskin,E., Hudson,K. PLoS One. 2014; 9(5): e97891



Stearic project overview• Gillman (largely completed)
• QTL mapping project A6 x 194D
• comprehensive NIR fatty acid calibrations

• Bilyeu (Ongoing/Completed)
• Remutagenesis of two moderate stearic lines (~11-13%) screening for elevated stearic

acid (Ongoing/completed)
• Combination of High Oleic and Moderate Stearic (Completed)

• Hudson (Ongoing/Completed)
• Mutagenesis screening and QTL mapping (ongoing)
• Combination of moderate stearic with other fatty acid traits (18:3↓, 18:1↑)

(Completed)
• Mian/Taliercio (Ongoing)

• Population containing 1) 2 FAD2 mutants (>80% oleic ); 2) two sacpd-c  mutants; 3) a
new minor stearic QTL (in progress) Some preliminary lines have ~18% stearic and
62-70% oleic

• Remutagenesis of a moderate stearic line (LLL05-14, 13-15% stearic)
• Shannon (Completed)

• Germplasm screen and intercrossing of elevated stearic lines – not successful
• yield selection of populations derived from crossing of two ~13% stearic lines

(Miranda/Cardinal/Burton)
• All: Stability study of most promising preliminary lines in 2016 (Completed)
 



Development of a QTL mapping population 
(A6 x 194D, ~23% x ~11% stearic)

 

 

 

Heim and Gillman, G3 January 2017 7:299-308
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A major effect QTL and 3 minor effect QTL
were identified which control seed stearic acid

Heim and Gillman, G3 January 2017 7:299-308

Gillman
lead



By stacking three QTL, it is possible to
achieve 20% seed stearic acid in three

environments

Substantial residual variation means values are shrunk
towards to grand mean in LSM/BLUP analysis

Heim and Gillman, G3 January 2017 7:299-308
Gillman
lead



soybean
seed

Gas chromatography analysis
destructive assay

slow/non-automatable

NIRS model accurately predicts
oil composition from spectral

data

wavelength (nm)

Near Infrared Reflectance
non-destructive

rapid/automatable

Samples

A Karn, C. Heim, S. Flint-Garcia, K. Bilyeu, K.; J. Gillman, J., JAOCS (2017) 94, 69-76.



NIR calibration (FOSS 6500) is able to accurately predict

Table 2 Calibration statistics for PLS-1 regression models for individual fatty acids
Number of samples (n); Standard error of cross-validation (SECV); Root mean square error for cross
validation (RMSECV); coefficient of correlation (r)
 

Fatty

Acids n Spectral range

NIR

Pretreatment

PLS

Factors SEC SECV
RMSECV

r

C16:0 583 900 - 2500 nm MSC; 1 Der 7 0.64 0.67 0.67 0.82

C18:0 588 900 - 2500 nm MSC; 1 Der 12 1.78 2.17 2.17 0.95

C18:1 596 900 - 2500 nm MSC; 1 Der 7 5.81 6.14 6.14 0.97

C18:2 591 900 - 2500 nm MSC; 1 Der 6 3.61 3.73 3.73 0.98

C18:3 584 900 - 2500 nm MSC; 1 Der 6 0.64 0.66 0.66 0.92

A Karn, C. Heim, S. Flint-Garcia, K. Bilyeu, K.; J. Gillman, J., JAOCS (2017) 94, 69-76.



SACPD-C also has a role in proper defense signaling and
maintenance of nodules– yet mutants do not have a yield

cost

Krishnan, H. B., A. A. Alaswad, N. W. Oehrle and J. D. Gillman (2016). MPMI 29(11): 862-877.

Gillman
lead



Characterization of two re-mutagenized populations
identified several putative lines which could meet the goal

Unpublished data, 2015

Bilyeu
lead



Unfortunately, none proved to be consistently above
16% threshold in subsequent years
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But in
subsequent
studies, none
are >16%
C18:0

Bilyeu
lead



Mutagenesis and combination of SACPD-C with
high oleic and low linolenic genes

Hudson
lead

Genetic
Enhancer?
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Stearic project overview• Gillman (largely completed)
• QTL mapping project A6 x 194D
• comprehensive NIR fatty acid calibrations

• Bilyeu (Ongoing/Completed)
• Remutagenesis of two moderate stearic lines (~11-13%) screening for elevated stearic

acid (Ongoing/completed)
• Combination of High Oleic and Moderate Stearic (Completed)

• Hudson (Ongoing/Completed)
• Mutagenesis screening and QTL mapping (ongoing)
• Combination of moderate stearic with other fatty acid traits (18:3↓, 18:0↑)

(Completed)
• Mian/Taliercio (Ongoing)

• Population containing 1) mid-oleic  acid ; 2) two sacpd-c  mutants; 3) a new minor
stearic QTL (in progress) Some preliminary lines have ~18% stearic and 62-70% oleic

• Remutagenesis of a moderate stearic line (LLL05-14, 13-15% stearic)
• Shannon (Completed)

• Germplasm screen and intercrossing of elevated stearic lines – not successful
• yield selection of populations derived from crossing of two ~13% stearic lines

(Miranda/Cardinal/Burton)

• All: Stability study of most promising preliminary lines in 2015 (Completed)
 



7 locations
2 planting dates in Columbia, MO
3 plot replicates RCBD

6/8/16

6/30/16

5/24/16

5/22/16

5/20/16

6/13/2016

 

5/31/16

Gillman lead/cooperative

9 experimental lines
   (3 Gillman, 3 Bilyeu, 1 Shannon, 1 Hudson, 1 Mian/Taliercio)

plus three control lines
   (A6, W82, M25; ~23%, ~4% and ~12.5% seed stearic acid respectively)



Both G, E and GxE affect fatty acid composition
G has an overwhelming role over other factors
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*

* NC-1 only in three environments due to maturity

*

 
  

resequenced



Certain genotypes showed variation between locations
Reasons unclear, but looking at environmental maturity data further
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Report on seed yield in moderate stearic line
S14-18433 in 2013 and 2014

MG-VI Southern Regional Prelim tests in 2013 and 2014

2013- it yielded about 93% of the average of the checks (48.0 bu/ac)

2014- it yielded about 88% of the average of the checks (57.7 bu/ac)

Shannon
lead

S14-18433 =
LLL-05-1 (FAM94-41-3 X N98-4445A)

x
TCJWB03-806-7-19 (B)

elevated stearic acid from holladay gamma irradiated (deletion)
 

FAM94-41-3  pantalone selection from ~9% stearic acid (snp 229)
 

N98-4445A Burton mid oleic line 



Yield of MO high stearic line S14-18433 vs RR2 checks,
2015

Line BU/A Maturity Palmitic Stearic
S14-18433* 56.5 60 10.4 17.7
AG4632R2 60.7 64 - -
AG5335R2 58.9 70 - -
AG4835R2 56.1 68 - -

S14-18433 is from LL05-14 X TCJWB03-806-7-19

 

fap2 allele from C1727 and two sacpd-c mutations (and an enhancer mutation?) was in the background of this cross

Grover Shannon report on yield study with a elevated
palmitic/elevated stearic acid line

high stearic high oleic

18:0high palmitic

Shannon
lead



High Stearic project original
projected timeline

Year 1:    Assessment, discovery, initial characterization
Year 2:    Phenotype confirmation, characterization, population development
(discovery continues)
Year 3:    Gene characterization, genetic mapping,  deployment, germplasm initiation
Year 4:    Marker assisted selection (MAS), yield impact, environmental stability
Year 5:    Select best germplasm, pre-breeding
Year 6:    Population development with MAS
Year 7:    Broad Yield testing

 



 
 


