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Study on Effect of Producing Region on the M etabolome Composition of Rice
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SUN Jing-han, YANG Shui-yan, NIE Xu-hengP<

(Yunnan Grain and Oil Science Research Institute, Kunming, Yunnan 650033, China)

Abstract: Yunhui 290 is one of the characteristic indica rice varieties in Yunnan Plateau. Due to its unique
flavor, Yunhui 290 is widely loved by consumers. In this study, the Yunhui 290 rice metabolome from 3
different producing areas was andyzed using a widely targeted metabolomics approach, and 1003 metabolites
were identified. By principal component analysis (PCA) and partial least square discriminant analysis
(OPLS-DA), the results showed that the numbers of differential metabolites between the comparison groups
(GJYH290 vs MLYH290, MZYH290 vs GJYH290, MZYH290 vs MLYH290) were 130, 180, and 192,

respectively, only 6 different metabolites were common to all three comparison groups, with the main
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metabolic pathways involving amino acid metabolism and flavonoid metabolism. The top 10 most

significantly upregulated and downregulated metabolites with the largest fold changes in the 3 comparison

groups were mainly flavonoids, phenolic acids, nucleotides and their derivatives. This study provides

valuable insights into the metabolic composition and differences of rice from different producing regions.

Key words: rice; producing region; metabolome; differential metabolite; pathway
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Note: In A, each sample is represented by a column, while each metabolite is represented by a row. The colors green and red are used to
indicate low and high abundance, respectively. In B, PC1 and 2 demonstrate strong cohesion within groups and effective separation among
the rice accessions.
E1 #mAE (A) MELSBESE (B)
Fig.1 Heatmap (A) and PCA plot (B) illustrating the distribution of metabolites across different treatmentsin rice examples
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Note: The red dots indicate that the VIP value of these metabolites is greater than or equal to 1, and the green dots indicate that the VIP

value of these metabolites is less than 1.

B 2 OPLS-DA #ZIEF1 S-plot
Fig.2 OPLS-DA model diagram and S-plot
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Table2 Metabolitessignificantly changed in different treatments
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A 0 1 0 | 0 0 0
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i 18 4 7 s 0 0 0
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EA . EN’ N
i 3 0 1 i 35 30 16
B Valine, leucine and isoleucine degradation |
Valine, leucine and isoleucine biosynthesis [ i .
A MZYH290_Vs_GJYH290 Tropane, piperidine and pyrid ne alkaloid biosynthesis |- . P-Value
Purine metabolism | . 1.00
Porphyin and chlorophyll metabolism - i 0.75
Plant hormone signal transduction |- .
Phenylalanine metabolism - i 0.50
Pentose phosphate pathway L 0.25
Metabolic pathways X J
Lysine degradation - L 0
Lysine biosynthesis - .
G and dicart bolism - . Count
Glucosinolate biosynthesis - . e 10
Cyanoamino acid metabolism [ . ®20
Cutin, suberine and wax biosynthesis .
Carotenoid biosynthesis [ ®30
Biosynthesis of amino acids [~ ® ® 40
MZYH290 Vs MLYH290 Aminoacyl-tRNA biosynthesis |- L4 .50
ABC transporters - ®
2-Oxocarboxylic acid metabolism | o N N N
0.2 0.4 0.6 0.8 1.0
Rich factor
C Ubiquinone and other quinone biosynthesis [ P-Value D valine. leucine and isoleucine degradation °
Tryptophan metabolism | o) 1.00 Valine, leucine and isoleucine biosynthesis - [ ]
Tropane, piperidine and pyridine alkaloid biosynthesis |- i ‘Tropane, piperidine and pyridine alkaloid biosynthesis |- o P-Value
Sphingolipid metabolism |- 0.75 Starch and sucrose metabolism |- ° 1.00
e mesolon | o 050 ropanoue meabliom | ' 075
Phenylpropanold blosynthesis - 0.25 Polyketide sugar unit biosynthesis - 0.50
Phenylalanine metabolism |- 0 Plant hormone signal transduction ° I :
and nicotinami ism |- Nitrogen metabolism [ 0.25
Lysine degradation @ .1 Inositol phosphate metabolism | 0
Lysine biosynthesis « Glycolysis / Gluconeogenesis -
Isoflavonoid biosynthesi |- ) 2 Glycerophospholipid metabolism o C t
sHistidine metabolism e3 Galactose metabolism - @ oun
Glycolysis/Gluconeogenesis | 04 Flavonoid biosynthesis |- [ J -1
Glycerophospholipid metabolism |- o o5 Flavone and flavonol biosynthesis [- o e3
Flavonold bliosynthesis | [ ] ° o6 Catfeine metabolism | . o5
Flavone and flavonol biosynthesis - Aminoacyl-IRNA biosynthesis [ @
Cutin, suberine and wax biosynthesis - o . 7 Amino sugar and nucleotide sugar metabolism - ® @7
Arginine and proline metabolism Acridone alkaloid biosynthesis . 9
Acridone alkaloid biosynthesis |- ) X X . 2-Oxocarboxylic acid metabolism |- @ X N N X
0.25 0.50 0.75 1.00 0.2 0.4 0.6 0.8 1.0
Rich factor Rich factor

e WA FRILERAMEREEY ., B B~D ER&H(GIYH290 vs MLYH290, MZYH290 vs_GJYH290, MZYH290 vs_

MLYH290)H1 22 53 FR P KEGG w40, BT &AM BT — Mg RAREHETE

EAER RO LU E BN R R

T ETERRE A PR IR UMK, FOREmEAC . AN, EBIER R T BRI P, BEMIRRR

AR

Note: Figure A shows the common and unique metabolites. Figure B-D shows KEGG enrichment analysis of differentially expressed
metabolites in each group (GJYH290 vs MLYH290, MZYH290 vs GJYH290, MZYH290 vs MLYH290). Each bubble in the figure
corresponds to a specific metabolic pathway. Its position on the axis and its size together indicate the extent of its influence in a particular
path. The larger the bubble, the greater the impact. In addition, the change of bubble color reflects the P-value obtained from the enrichment
analysis, the deeper the color, the higher the enrichment degree.
B3 =R{EMHEREMNSEE

Fig. 3 Venn diagrams and bubble diagrams of differential metabolite
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C

Eriodictyol (5,7,3',4'-Tetrahydroxyflavanone)
1-Naphthol
2-Naphthol

p-Coumaroylputrescine

Nepetin (5,7,3'4'-Tetrahydroxy-6-methoxyflavone)
Gallacetophenone

Vanillic acid-4-O-glucoside

Aromadendrin (Dihydrokaempferol)

Dhurrin

Quercetin-7-O-rutinoside

2'-O-Methyladenosine
Tricin-4'-O-[B-guaiacyl-(9”-O-acetyl)glycerol]ether
2'-Deoxyadenosine

N6-(2-Hydroxyethy)adenosine

2'-Deoxyinosine

Phenylethanolamine

2-Acetyl-2- Hydroxybutanoic Acid
Cyclo(D-Leu-L-Pro)

Phloretin-4'-O-glucoside (Trilobatin)
N-benzoyl-2-aminoethyl-B-D-glucopyranoside

Phloretin-4'-O-glucoside (Trilobatin)
Cyclo(D-Leu-L-Pro)

N7-Methylguanosine

Thymine

2'-Deoxyinosine

5-Hydroxymethyluracil

2'-Deoxyadenosine

2'-O-Methyladenosine

Anthranilic Acid
Tricin-4'-O-[B-guaiacyl-(9"-O-acetyl)glycerol]ether
Quercetin-3-O-robinobioside

Vanillic acid-4-O-glucoside
Hexadecanedioic acid
p-Coumaroylputrescine
Cis-5,8,11,14,17-Eicosapentaenoic Acid

Uric acid

Eriodictyol (5,7,3',4'-Tetrahydroxyflavanone)
Protocatechuic Acid Methyl Ester
Nicotinuric acid

Vnilloyltartaric acid

2-(2'-hydroxypropy1)-5-methyl-7-hydroxychromone
1-Naphthol

2-Naphthol

p-Coumaric acid methyl ester*
Dehydrodiisoeugenol

Anthranilic Acid

Nepetin (5, 7, 3', 4'-Tetrahydroxy-6-methoxyflavone)
N7-Methylguanosine

4-Methoxycinnamic acid*

3,4-methylenedioxy cinnamyl alcohol
2-Acetyl-2-Hydroxybutanoic Acid
p-Coumaroyltyramine

P-Hydroxycinnamic acid p-hydroxyphenethylamine
Hexadecanedioic acid
Uric acid

Vnilloyltartaric acid

Protocatechuic Acid Methyl Ester
N-benzoyl-2-aminoethyl-B-D-glucopyranoside
Cis-5,8,11,14,17-Eicosapentaenoic Acid

Nicotinuric acid
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. A F8 GIYH290 vs MLYH290, B 78 MZYH290 vs GJYH290, C /8 MZYH290 vs MLYH290, £ (aHIR &R i
R, @R R R T R .
Note: A is GJYH290 vs MLYH290, Bis MZYH290 vs_GJYH290, Cis MZYH290 vs MLYH290. The up-regulated metabolites are
represented by red bar charts while the down-regulated metabolites are represented by green bar charts.
4 FHBRAPEHTURAHE 10 F EER G TER Y
Fig. 4 Thehighest fold change was observed in the top 10 metabolites that were up-regulated
and down-regulated in each comparison group
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