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Abstract

Metabolomics is the analytical study for measuring metabolite changes and their function during
growth or under stress conditions, i.e., salt stress. This research aimed to analyze changes in metabolites
of Thai rice varieties under salt stress treatment. The experiment was conducted in Pokkali (salt-tolerant rice
variety) and IR29 (salt-sensitive rice variety) compared to Khao Dawk Mali 105, Pathum Thani 1 and RD85
under salt stress treatment for 0 1 2 3 4 and 7 days. The analysis of metabolites was conducted by
comprehensive two-dimensional gas chromatography with a time-of-flight mass spectrometer (GCxGC-
TOFMS). The results showed significant differences in metabolites, i.e. sugar, organic acid, amino acids,
alcohol, fatty acids, organic compounds and amine in each rice variety. The principal component analysis
(PCA) displayed a clear distinction between salt tolerant and susceptible rice varieties, which are Pokkali
and IR29, respectively, during the salt stress treatment. The difference was found in Pathum Thani 1 and
Khao Dawk Mali 105 after 1 and 4 days after salinity treatment which was similar to Pokkali. A significant
increase in proline was found in Pokkali and Khao Dawk Mali 105 which proline is an important index for the
response of plants to salt stress and relates to osmotic stress tolerance. In addition, hydroxynorvaline was
also found in Pokkali which plays a significant role in responses to abiotic stress in plants. Most rice varieties
could tolerate in salinity treatment for more than 7 days while IR29 showed senescence and brown leaves
after 4 days of salt stress treatment. The influenced metabolic pathways related to salt tolerance were
aminoacyl-tRNA biosynthesis, phenylalanine, tyrosine, and tryptophan biosynthesis, and alanine, aspartate,
and glutamate metabolism. Our findings will lead to a further understanding of the salt tolerance mechanisms
in rice and functional analysis of the genes related to the biosynthesis of the metabolites in rice.

Keywords: rice, Khao Dawk Mali 105, Pathum Thani 1, RD85, metabolomics, salt tolerance
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Table 1 Scale of salt tolerance in rice (standard evaluation system for rice, IRRI (2002))

Score Observation

Tolerant level

1 Normal growth

Nearly normal growth; leaf tips or few leaves whitish and rolled
Growth severely retarded; most leaves rolled; only a few are elongating

3
5
7 Complete cessation of growth;most leaves dry; some plants dying
9

Almost all plant dead or dying

Highly tolerant (HT)
Tolerant (T)

Moderately tolerant (MT)
Susceptible (S)

Highly susceptible (HS)
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Fig. 1 Metabolites found in leaves of Pokkali, IR29, Khao Dawk Mali 105 (KDML105), Pathum Thani 1 (PTT1)

and RD85 after salinity treatment for 0 1 2 3 4 and 7 days
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Fig. 2 Principal component analysis (PCA) of metabolites found in leaves of Pokkali and IR29 after salinity

treatment for0 1 2 3 4 and 7 days
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Fig. 4 Heatmap of metabolites found in leaves of Pokkali, IR29, Khao Dawk Mali 105 (KDML105), Pathum Thani 1
(PTT1) and RD85 after salinity treatment for 1 day
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Table 2 Salt tolerant scale of Pokkali, IR29, Khao Dawk Mali 105, Pathum Thani 1 and RD85 after

salinity treatment

Score - tolerant level

Variety
0DAS"” 1 DAS 2 DAS 3 DAS 4 DAS 7 DAS
Pokkali (tolerant var.) 1-HT 1-HT 1-HT 1-HT 3-T 3-T
IR29 (salt-sensitive var.) 1-HT 1-HT 1-HT 3-T 3-T 7-S
Khao Dawk Mali 105 1-HT 1-HT 1-HT 3-T 3-T 5-MT
Pathum Thani 1 1-HT 1-HT 1-HT 3-T 3-T 5-MT
RD85 1-HT 1-HT 1-HT 3-T 3-T 5-MT

"DAS = Days after salinity treatment
HT = highly tolerant, T = tolerant, MT = moderately tolerant, S = susceptible

D7
_-___--_ --— --—— B;.I'oxyperltofl.lranase 2

| I [ 7 ] roxyp c acid
------ |_______ B Malic
[ I I N R 1 1 I I — A.IS"I gnr ne
—— 1 1 1 171 1 F o D-Xylopyranose 1
1| g r ot 1 1 1 1 [ 1] Pro a{l triol
o r r 1t  r r r ° T ] FI h y1-4—|:|h -3-cy: pyridi
uorophen en ano| ine
1 r r r rr r r t ° " r ° 1 1 au‘tanaqmm v
N I I S S ___ I I I
Iado:granosme

Isocitric acid lactone
Trimeth Isil)daxyheptanoic acid -1

Recmalucose

Xylopyranose

ragin
q‘Q‘I'?ll:'a ag e yitrimethylsilane -2

mefth hexomrran osiduronate
Methyl ge nterioic acid

anic al

ichloropropyne

etamine

drohexitol

ro—F'enlonlc acid
oxy-4-methoxyphenyl)ethylene glycol
ennlc acid

|u?an'|ine

Abinopyranose
|.I|laneir‘=y|i

O2ED=T

32

| IIIIII [ A N

9205
a5 %333

:’%

IIIII! ) IIIIIIIIIIIIIIII

M

%Ic acid

Putrh amnn se

I Asmmlanobénanolc acid
ne

I Gluconnlad

L—Glu‘lamlc acid
Eﬂ_lnn -2-amin

i argxyace ne
I II:-Pro!lne

=
o
]
=
0
3

PI'I emrla amn B

3

1 RD85

Pokkali IR29 KDML105 P
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(PTT1) and RD85 after salinity treatment for 7 days
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Fig. 8 Pathway analysis of salt-tolerant rice varieties (Plots depicted computed metabolomics pathway as
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varieties)
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