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Abstract The aim of this study was to investigate whether
fourier transform infrared (FT-IR) spectroscopy can be
applied to simultaneous determination of fatty acids contents
in different soybean cultivars. Total 153 lines of soybean
(Glycine max Merrill) were examined by FT-IR spectroscopy.
Quantification of fatty acids from the soybean lines was
confirmed by quantitative gas chromatography (GC) analysis.
The quantitative spectral variation among different soybean
lines was observed in the amide bond region (1,700 ~ 1,500
cm’"), phosphodiester groups (1,500 ~ 1,300 cm™) and sugar
region (1,200 ~ 1,000 cm’') of FT-IR spectra. The quantitative
prediction modeling of 5 individual fatty acids contents
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(palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic
acid) from soybean lines were established using partial least
square regression algorithm from FT-IR spectra. In cross
validation, there were high correlations (R*>0.97) between
predicted content of 5 individual fatty acids by PLS regression
modeling from FT-IR spectra and measured content by GC.
In external validation, palmitic acid (R*=0.8002), oleic acid
(R™=0.8909) and linoleic acid (R*=0.815) were predicted
with good accuracy, while prediction for stearic acid (R*=
0.4598), linolenic acid (R*=0.6868) had relatively lower
accuracy. These results clearly show that FT-IR spectra
combined with multivariate analysis can be used to accurately
predict fatty acids contents in soybean lines. Therefore, we
suggest that the PLS prediction system for fatty acid contents
using FT-IR analysis could be applied as a rapid and high
throughput screening tool for the breeding for modified Fatty
acid composition in soybean and contribute to accelerating
the conventional breeding.

Keywords FT-IR (Fourier transform infrared spectroscopy),
GC (Gas-chromatography), PCA (principal component analysis),
PLS-DA (partial least square - discriminant analysis), RMSEP
(root mean square error of prediction), R® (correlation
coefficient)
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Fig. 1 Plant materials used for this study. A: GB1; B: GB48;
C: GB106; D: GK4. Scale bars represent 1 cm
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FT-IR (Fourier transform infrared) A2® E & X A}= Tensor
27 (Bruker Optics GmbH, Ettlingen, Germany)2 AR8-3} 3L

DTGS (deuterated triglycine sulfate) A&7]= 4 O}Oﬂl’/}
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GmbH) D& 255 42 o] gsto] AMEYS A}
shact. 7+ /\]E_J AHEY % Z 4,000-400 cm™ ¥ 9]
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Fig. 2 Multivariate analysis of FT-IR spectral data from 20% methanol extract from seeds of soybean lines. A: Representative FT-IR
spectra of soybean lines. Each line represents a soybean line and arrows represent FT-IR spectral range, which shows significant
variation between samples. B: Two-dimensional PCA score plot of FT-IR spectral data from 153 soybean lines. The first two principal
components are displayed, accounting for 39.5% and 16.4% of the total variation (55.9% of total variation). C: PC loading plot based
on PCA data of soybean lines. Arrows represent significant FT-IR spectral ranges for determining PC 1 and PC 2 of the PCA score
plot (B). D: PLS-DA score plot based on PCA data of 153 soybean lines
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o Ao HpAdEY doleo) PCA B4 Ay R
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Fig. 3 Representative GC chromatograms of fatty acids from soybean seed. Numbers represent identified individual fatty acids for
qualitative and quantitative analysis. 1: C14:0 (myristic acid); 2: C16:0 (palmitic acid); 3: C16:1 (palmitoleic acid); 4: C18:0 (stearic
acid); 5: C18:1n9c¢ (oleic acid); 6: C18:2n6¢ (linoleic acid); 7: C18:3n3; 8: U8 (a-linolenic acid); 9: C20:1n9 (cis-11 eicosenoic acid);

10: C23:0 (tricosanoic acid)
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w4 ARUEIHS Fig 3o AASFAoH EZE 297)
A= AFE AR At A7 4 2345 =% 19
Al A3 th(Table 1). & 29%2] diF ASE AR25H
At e AR 23 F AAY d e xR Al
F 0.1 g 9 185.57 ugoll Al 325.9 ugo 2 AE7ko|| o)z}
AASS & = olon HF FFekS 244.48 pgol gl
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S AH20%), Tu|ElAK13%), 2% YAiK8%) 18]t
g o} AH4%) 0.2 EA 3ttt H 3 (Pham et al. 2010)2}
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Table 1 Summary of fatty acid contents from 29 soybean lines using GC

Soybean Contents of fatty acids (ug/0.1 g of dry weight)
line Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Total fatty acids
GBIl 32.98+3.30° 4.76+0.30 59.50+3.88 133.18+16.8 18.41+2.73 248.84
GB4 29.49+1.27 4.57+0.74 73.62+6.43 128.17+2.34 17.77+0.34 253.62
GB7 30.58+4.95 6.24+0.19 61.25+6.28 124.89+22.46 18.88+3.45 241.85
GB15 23.2143.74 3.67+0.25 40.30+4.15 106.39+14.68 16.55+1.99 190.12
GB20 31.47+0.79 5.31+0.35 75.54+3.84 124.40+4.15 19.13+0.8 255.85
GB27 29.26+0.67 5.01+0.52 64.32+0.8 132.37+4.07 20.03+1.32 251.0
GB32 31.08+4.08 5.25+0.03 51.2+12.94 117.88+19.67 15.76+2.34 221.16
GB38 27.40+3.95 4.03+0.64 39.18+6.35 120.38+16.6 22.95+3.27 213.94
GB39 25.1941.93 3.29+0.61 67.47£10.81 93.97+2.36 15.4340.82 205.35
GB44 28.40+8.64 4.33£1.43 34.00+9.78 123.42434.21 22.1945.77 212.34
GB45 22.60+0.88 3.26+0.06 35.11£0.23 107.15+6.45 17.43+£1.99 185.57
GB48 25.71£6.54 4.79+1.24 46.49+12.14 119.00+27.34 15.81£3.13 211.8
GB49 30.44+2.63 5.46+1.34 55.11+8.87 130.47+7.45 17.18+0.05 238.65
GBSS5 24.86+3.28 4.08+0.79 40.70+4.78 111.76+14.46 14.40+1.35 195.81
GB70 24.32+6.76 4.32+1.84 43.13+£3.39 101.13+28.14 16.26+3.53 189.16
GB75 33.41+0.55 5.78+0.69 57.67+12.31 140.09+6.64 19.9844.12 256.92
GBS0 31.09+£1.43 5.2840.26 66.91£6.42 132.04+4.17 18.39+0.56 253.7
GBS1 37.78+1.43 5.7840.90 81.5248.14 155.26+1.3 22.82+1.24 303.15
GB86 32.23+9.8 5.17+£2.10 54.07+15.9 150.67+35.84 23.0945.07 265.23
GB&88 33.18+6.17 5.08+1.45 67.46+22.55 141.94+11.95 19.55+2.98 267.2
GBI1 39.324+5.33 5.74+1.52 71.87+2.17 155.26+16.93 23.66+3.44 295.85
GB%4 34.04+1.25 4.58+0.72 67.22+20.81 123.74+6.13 19.9242.82 249.51
GB106 38.95+1.88 5.82+1.26 85.6+10.17 155.74+2.22 20.96+0.74 307.07
GB107 35.32+1.91 5.20+0.87 55.45+7.16 150.04+6.52 23.64+0.07 269.65
GK9 35.52£1.6 6.25+0.49 41.7142.42 175.37+3.48 30.7440.27 289.6
GK11 27.4146.97 3.80+1.41 33.5349.64 140.64+29.88 25.65+3.59 231.04
GK15 41.46+3.8 6.80+1.19 63.13+8.81 193.11+13.73 21.40+0.08 3259
GK27 25.8943.44 3.38+0.82 22.5+4.25 111.20+10.85 29.36+0.72 192.33
GK38 40.37+4.19 4.57+0.64 61.56+7.59 134.40+11.05 26.92+1.71 267.82
Average 31.14 4.88 55.76 132.21 20.49 244.48
SD 6.23 1.15 17.06 25.50 4.60 45.05

‘Data are the means + standard deviation
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Fig. 4 Scatter plots showing relationship between predicted values of fatty acids contents by PLS regression modeling and measured
values by GC. A: palmitic acid; B: oleic acid; C: linoleic acid; D: linolenic acid
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Fig. 5 Linear regression plots for external validation of fatty acid predictions. Plots are shown for A: palmitic acid; B: oleic acid;
C: linoleic acid; D: linolenic acid. Predicted values from FT-IR spectral data by PLS regression and measured values for fatty acids
from averages of GC analysis were used in linear regression analysis
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Table 2 Prediction of 5 individual fatty acid contents from soybean lines using PLS regression

Soybean Predicted values of fatty acid contents (ug/0.1 g of dry weight)
line Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
GB30 39.49 5.09 57.87 127.17 21.82
GB69 38.09 6.38 62.16 155.69 22.48
GBg4 43.39 7.95 72.04 185.17 23.56
GB87 36.37 7.84 63.56 165.65 19.53
GB99 42.23 5.73 75.72 140.16 17.62
GB101 45.33 6.05 79.59 140.37 19.10
GB104 42.54 6.11 83.74 149.58 19.38
GK4 30.99 5.69 60.65 157.66 24.90
GK35 46.02 7.53 39.94 178.51 29.05
GK45 43.18 6.53 72.26 177.07 22.64
Average 40.8 6.5 66.8 157.7 22.0
SD 4.60 0.97 12.73 18.96 3.36
Ratio * 1.05 1.03 1.14 1.09 1.22
R*" 0.8002 0.4598 0.8909 0.8150 0.6868
P value® 0.0003 0.0186 0.0000 0.0002 0.0019
“Ratio represent the value of measured / predicted contents
*R% correlation coefficient of linear regression
P value was evaluated by ANOVA
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