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Metabolic Discrimination of Rice Cultivars and Relative Quantification
of Major Sugar Compounds Using 'H NMR Spectroscopy Combined by
Multivariate Statistical Analysis
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ABSTRACT Discrimination of 5 rice cultivars (Sangjubyeo <SJ>, Dongjinbyeo <DJ>, Simbaekbyeo <SB>,
Hwamanbyeo <HM>, and Simbaek-hetero <SH>) using metabolic profiling was carried out. Whole cell extracts

from each cultivar were subjected to 'H NMR spectroscopy. When spectral data were analyzed by principal
)

component analysis, 5 cultivars were clustered into 3 groups: SJ, DJ + SB, and HM + SH. Thecultivars showed

great difference in carbohydrate region of 'H NMR spectra, suggesting that qualitative and quantitative

differences in carbohydrate compounds play a major role in discrimination of the cultivars. In addition, it was

readily possible to determine relative quantification of major carbohydrates including sucrose, glucose, maltose

from spectral data of the cultivars. SJ showed 2 to 4 times higher content of maltose than the other rice

cultivars. Overall results indicate that metabolic discrimination of rice cultivars using 'H NMR spectroscopy

combined by multivariate statistical analysis can be used for rapid discrimination of numerous rice cultivars and

simple quantitative analysis system of major carbohydrate compounds in rice grains.
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overlapped signals HejE2 FgEo] tist HHE AF3ct
(Gavaghan et al. 2000). o]} Z+-& B3t 3184 AR thy
F FAEAN 7IHES E8go=H overlapping multiple
signal profiles =5 {-&3F &M HRE 75 € a4
2= 9)t} 'H NMR spectroscopy= 424~ 0] £ X3t BE
SPEo] thet steta J R E Alagic) wleka] 52 whole
cell extractsi= THAMZS] o4 2 2Q1 Wigto] thgt g5l
ARE AT} whole cell extracts®] 'H NMR ABEF 2
AV 5319 Arabidopsis (Ward et al. 2003) 2 2Jl% (Kim
et al. 2006) SolA FFO o] Hal H uf Yok

B o] EFLH O 27)ofl = isozyme &l (Glaszmann 1987,
Eun et al. 1990)0] 85| 01} #Lojl= RAPD (Fukuoka et
al. 1992, Yu and Nguyen, 1994, Mackill 1995), RLGS (Kawase
1994), RFLP (Ghareyazie et al. 1995), microsatellite DNA
polymorphism (Yang et al. 1994), AFLP (Subudhi et al. 1998)
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Figure 1. Representitive 1H NMR spectrum and peaks assignment from rice grains of 5 cultivars.
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Figure 2. PCA score plots from total region of 'H NMR
spectral data. Each symbol on the PCA plot represents three
replicates.

086
04
-~ Maltose
\‘mi,
0.2 | R s
-~ 3y oo
R o ¢+ Glucose
s s
¢ 00 — Glutamate -
g Fatty acids ® d,
: crose
& 02} i
R}
s
s s
_os i 1 . i i 5 1
0.4 0.2 0.0 02 04
PC 1(69.9%)

Figure 3. PC score loading plot from total region of 'H NMR
spectral data. Chemical compounds represent important vari-
ables for discrimination of 5 rice cultivars.
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Figure 4. Calibration curve of sucrose (A), glucose (B), and maltose (C) from 'H NMR spectrum. Regression analysis of sucrose
was performed using linear fit tool of Origin software (version 6.0).
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Figure 5. Comparison of cellular carbon metabolites contents.
Each metabolite was quantified by integration of peak area
using reference chemicals subjected to 'H NMR spectro-
scopy. Each treatment consisted of three replicates. Vertical
bars represent SD.
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