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Analysis on the Difference of Daohuaxiang Rice Metabolites in
Different Producing Areas

FENG Yuchao', YANG Hongzhi'?, AN Yu'?, ZHANG Shu', SHENG Yanan', WANG Changyuan"*"

(1.College of Food, Heilongjiang Bayi Agricultural University, Daqing 163319, China;
2.Chinese National Engineering Research Center, Daqing 163319, China)

Abstract: Based on the metabolomic technique of GC-MS, the metabolites and metabolic differential mechanism of rice
from Ning'an and Wuchang city were studied. SIMCA and R software were used for multivariate statistical analysis of the
data. The results showed that the place of production had an influence on the quantity, content, type and proportion of the
metabolites of Daohuaxiang rice. A total of 127 metabolites were identified in rice samples from the two regions. A total of
22 different metabolites were screened out through the analysis of the differences between the samples from the two
regions. And it was found that the origin had the most significant influence on the contents of fatty acids and their
derivatives. The results of metabolic pathway analysis showed that the main mechanism of rice metabolism difference
in different producing areas was the metabolism of fatty acids. Linoleic acid, palmitic acid and fumaric acid were the
three key metabolites. And the difference of metabolites type and content was related to rice quality. The research analyzes
the different mechanisms of rice metabolism in different producing areas from the aspect of metabolite composition, which
can provide theoretical support for the regional differentiation of rice production and the traceability of agricultural
products.

Key words: origin; metabonomics; rice; gas chromatography-mass spectrometry (GC-MS); difference mechanism
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(ZEFE 98.5%) . M A EREERIRER (S 98%) . N,O-%
(= k) =8 Wbk (& = 3L mE kL) 99%
BSTFA+1%TMCS ¥l H 22 se MGl A R A F] .

7890A/5975C GC-MS & [# Agilent 2\ 7l ; {4,
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(V14.1, Sartorius Stedim Data Analytics AB, Umea,
Sweden), 47 F ST 53HT( PCA) FIEAE AR/ —
Fe-FU543HT( OPLS-DA) S eG4, Z e R
24 ¢ K 56 (student’s #-test) Y P {H ( P-value) /DT
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Table 1  Qualitative results of metabolites
Jrs A8 st 1] (min) JFA% ARALE YLLK L&A wC NA

1 5.36 119 780 hydroxylamine P + +
2 6.53 119 769 o-toluic acid AR R + +
3 7.17 128 818 cyclohexylamine Wk + +
4 7.70 120 653 phenylalanine minor HINEIR/IME + +
5 8.53 147 880 glycerol Hrh + +
6 8.89 141 863 cyanoalanine FNAER + +
7 9.10 142 410 proline IR + +
8 9.50 117 726 digitoxose T + +
9 9.77 148 777 benzylalcohol B + +
10 10.40 158 721 trans-4-hydroxy-L-proline R -A-FIE-LIHER + +
11 10.73 85 481 tetracosane ZA ke + +
12 12.32 103 763 2-monoolein 2-BAJh R H i g + +
13 12.55 143 599 phytol HEE + +
14 12.69 131 644 capric acid iR + +
15 12.96 184 535 citrulline minor JNE R R + +
16 13.61 145 628 diglycerol —im + +
17 13.84 170 663 1-methyladenosine minor 1-FHEERR T /MA + +
18 13.97 217 759 deoxypentitol TR + +
19 14.24 355 731 epicatechin 1 FILRR1EITHED) + +
20 1435 129 715 2-monopalmitin 2-BARRNRER H e + +
21 14.45 129 822 cholesterol i e + +
22 14.47 143 679 dehydroascorbic acid 2 M EBTIA M AR2 (S ) + +
23 14.59 245 564 fumaric acid = 5B + +
24 14.60 147 882 pentonic acid SRR + +
25 14.62 217 916 UDP-glucuronic acid PRAT R A WETE TR + +
26 14.91 97 950 myristyl myristate TR S5 P ) W S R T + +
27 15.21 204 940 levoglucosan LETER R A + +
28 15.23 365 713 1-monoolein 1- AR H g + +
29 16.01 217 705 xylonolactone PG + +
30 16.09 217 891 glucose-1-phosphate HIHE-1-BEIR + +
31 16.23 145 575 fructose Sb + +
32 16.29 217 588 UDP-N-acetylglucosamine Wil + +
33 16.59 116 680 gluconic acid lactone HIBER M g + +
34 16.60 85 805 1,5-anhydroglucitol 1,550 7K A 2 A + +
35 16.94 204 817 methylhexose nist A RLCUBENIST + +
36 17.00 217 873 ribose 3 + +
37 17.25 117 743 myristic acid A 5 R + +
38 17.42 161 593 aspartate minor RIA&HRE: + +
39 17.54 103 914 tagatose PR + +
40 17.60 117 647 glucose overload AR + +
41 17.76 319 967 glucose AT + +
42 18.18 217 868 galactitol L e + +
43 18.89 217 765 Unknown KEY + +
44 19.63 117 965 palmitic acid AR + +
45 19.93 355 684 epigallocatechin RRETILER + +
46 19.95 204 875 N-acetylgalactosamine N-Z Bt 2L b + +
47 20.11 305 897 conduritol-beta-expoxide AR BT AT G + +
48 20.29 97 596 hypoxanthine IR IEES + +
49 20.71 97 770 d6 cholesterol D6JH [ + +
50 20.75 237 664 alpha-tocopherol o BB + +
51 21.51 138 857 linoleic acid WAL + +
52 21.58 117 891 oleic acid bl + +
53 21.86 117 835 stearic acid TR + +
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P REEE (min) B ARRUE JELAR L&A WC  NA
54 2236 89 714 linolenic acid MV IRRIR + +
55 2491 89 478 2-ketoisovaleric acid 2 5 R + +
56 25.34 371 786 1-monopalmitin 1-FpL AR SR + +
57 25.75 361 942 sucrose TERE + +
58 26.32 361 878 1-kestose 1 JRRAH + +
59 27.11 399 775 1-monostearin 1- AR R TR H- IR + +
60 27.45 95 904 squalene s + +
61 27.51 204 698 cellobiose minor LFLE BN + +
62 27.62 117 492 lignoceric acid Zhpudemz + +
63 29.73 89 775 N-acetylmannosamine LT H R + +
64 30.09 165 784 tocopherol acetate AR AE & T + +
65 30.11 237 720 alpha-tocopherol o' EH W + +
66 30.17 204 867 maltotriose EE i + +
67 30.22 117 366 1-deoxyerythritol 1M AU el + +
68 30.40 151 317 phenol gl + +
69 31.24 129 853 stigmasterol GR: ] + +
70 31.65 495 489 triacontanol RS + +
71 31.70 129 807 beta-sitosterol BAr I + +
72 31.96 361 900 inulotriose Sk =k + +
73 32.30 95 691 lanosterol FEAm + +
74 32.82 95 653 lithocholic acid JHATR + +
75 33.03 136 606 chenodeoxycholic acid FEHIR + +
76 34.23 217 819 melezitose FA = + +
77 525 126 974 N-acetylglutamate N-CEA IR + -
78 6.48 117 800 pentadecanoic acid +HbERR + -
79 6.89 241 930 methanolphosphate FH R MR I + -
80 8.46 299 874 phosphate iR E: + -
81 8.57 136 727 catechol R + -
82 8.83 116 652 adrenaline B ERRE + -
83 12.20 129 713 elaidic acid SR + -
84 12.38 205 577 cinnamic acid PRIEER + -
85 13.32 243 769 dodecanol + + -
86 14.70 129 516 2-monostearin 2-FRAGE TR H IR + -
87 15.54 145 466 2-hydroxypentanoic acid 2-FREL IR + -
88 16.09 271 649 2,4-hexadienedioic acid LA-CL TR + -
89 17.06 119 439 glycerol-3-galactoside Ham-3-2R 2 + -
90 17.77 117 767 galactose Ekii + -
91 21.22 105 585 hippuric acid HIRR + -
92 22.03 93 639 linoleic acid methyl ester SV R R i + -
93 2233 204 729 piceatannol HIRAR + -
94 23.16 116 759 n-acetyl-5-hydroxytryptamine N- 2 t-5-F2 1% + -
95 23.42 129 575 monomyristin AR + -
96 24.46 299 544 ethanolamine LR + -
97 25.56 217 583 4'5-dihydroxy-7-glucosyloxyflavanone 4, 5- TR B e + -
98 27.43 89 634 3,6-anhydro-d-hexose 3, 6-JitK-D-C A + -
99 29.97 204 931 galactinol 5 LFLHEES + -
100 8.84 116 511 alanine AR - +
101 10.26 355 435 succinic acid BRIRR - +
102 12.18 129 653 palmitoleic acid R - +
103 12.25 129 742 zymosterol major T B S - +
104 12.37 185 531 2-piperidinobenzonitrile 2-WRIE 2 F I - +
105 12.49 103 652 xylose Ak - +
106 14.03 145 515 butyraldehyde T - +
107 14.28 173 718 dehydroascorbic acid TR - +
108 14.47 143 629 N-acetylaspartic acid N-CERAH R - +
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75 - B3 15 ] (min) A% AL PR AR wC NA
109 14.95 143 723 inosine ilINES - +
110 15.84 157 638 3-deoxyhexitol 3B O - +
111 16.09 271 711 sucrose-6-phosphate TR -6- B AR - +
112 17.23 147 599 isohexonic acid SO - +
113 17.60 117 673 6-deoxyglucose 6t S A b - +
114 17.62 263 732 arabinose [TEDR(SE - +
115 17.73 318 667 conduritol-beta-epoxide minor W R B- TR A b - +
116 17.77 204 709 beta-gentiobiose Yiny) 4 s - +
117 21.07 204 638 digalacturonic acid T LT - +
118 21.22 105 588 arachidonic acid AL DR - +
119 2231 221 564 dihydrocholesterol AU - +
120 23.16 116 669 2-deoxyerythritol 2-Jlt e AR A - +
121 25.96 131 564 glucosamine ERR ki - +
122 26.65 169 749 sophorose LS - +
123 2723 217 739 glucose 4 HIkIHE4 - +
124 27.26 217 644 6-deoxygalactofuranose 6150 S FLAH TR MR Al - +
125 27.33 85 426 cis-gondoic acid I T — 7 - +
126 29.07 204 625 lactobionic acid FLpm - +
127 29.69 117 576 cerotinic aci ffEFIACI - +

T AR R, - AR ENERNZ Y .

JURA | BERMAN | SRR HA WA AR Y

BN E A B ZELH 45, AV EAE 5 HARrm =
FEUTED, 17 H X FEK PO RS AR i i HL
FER =2 e v A R e B e Y i i e o
2R AR BT KRS SR . ARPE P 7= Hb RS AR
FES A = IS L, R ERE]— SR R KA EANF]
7 A AR AN LA AS R, 18R = Hi Xt
FERACUHT W) RIS B B SRMe), AS [ b A A oK
HARE A CEHH
2.3 ERSSH (PCA)

F 535387 (principal component analysis, PCA)

SR — UL A AT BEAE OGS &, i3 IE RS AR %460y
L MEAAESAE = (BN 55T i SETHIi3s, nT LR 7%
&/ AR PN R S v M S B3 i D3 g v 8 0 o 3 S 2 T S
A FERFAK . B 3 NP HBRRIE R LM Y PCA 15945
&, A3 Hrh R?X=0.515, Q*=0.182, %5— F i1 vt
HREE N 36.4%, 45— Mo oTHREE N 29.7%. HEl 3
TR, BRI EAREARSN, AL T 95% BEfFIX

20 o

10 A

{ \',

0 f = I
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PC[1]
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Fig.3 Score scatter plot of PCA model for group NA vs WC

PC[2]

[4] (Hotelling’s T-squared ellipse) PN, PR =M B FEGAE T
PEARFEEAT X T, IAAEEES IS, " REEH T4
[ i, AR AE I 9 R R 1 A, PCA S AEE
A& S WREAS A L, BT LA X 43 AS B S, {H [RIARE AT LA
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Table 2 Differential metabolite qualitative results

5 YL PR ARUE AR (min) BB PfH vIP R e log, (L
1 salicylaldehyde TR 793 6.52 119 0.030139  1.556 0.6787 -0.5591
2 2-aminophenol 2-F AR 719 9.28 150 0.036889  1.026  0.6022 -0.7317
3 digitoxose eSiiiy 774 9.50 117 3.23E-07 2912 1.3760 0.4605
4 benzylalcohol IR 778 9.77 148 0.00012  2.353 0.3068 ~1.7044
5 2-monoolein 2-BATHRG 789 12.32 103 0.000632  2.590 1.4640 0.5499
6 2-piperidinobenzonitrile 2-WRIE TR 531 12.37 185 3.36E-06  2.027 1.4551 0.5411
7 capric acid R 644 12.68 131 0.035737 1514 1.3851 0.4700
8 1,5-anhydroglucitol 1,5- B /K A A A 741 13.15 129 0.031234  1.723 1.5358 0.6190
9 1-monoolein 1-FRLy R T i g 719 13.31 129 0.00043  2.163 1.7684 0.8225
10 2-monopalmitin 2-FAER NG E H i g 711 14.35 129 0.005343  1.793 1.3399 0.4221
11 fumaric acid R 628 14.59 245 0.005112  1.695 15117 0.5962
12 2-monostearin 2- PTG AR Hh R 516 147 129 1.23B-06  2.752 1.7978 0.8463
13 glucose A A 664 15.26 145 9.54E-06  2.891 1.8075 0.8540
14 gluconic acid lactone AR P e 630 16.58 116 0.001695  1.671 1.5022 0.5871
15 Unknown217 KE217 765 18.89 217 0.03449  1.509  0.8068 —0.3097
16 palmitic acid AR 969 19.63 117 0.045499 1380 1.2690 0.3437
17 conduritol-beta-expoxide  FEMABRA- P AP bE 901 20.11 305 0.004145  2.098 0.7493 -0.4165
18 linoleic acid DAL 852 21.52 138 0.000632  1.453 0.2910 -1.7810
19 oleic acid AR 889 21.58 117 0.012901  1.417 1.3369 0.4189

20 2-deoxyerythritol 2-JBE ARl 617 28.07 117 0.013363  1.630  0.7535 —0.4083
21 piceatannol IR 679 29.69 117 0.016967  1.453 0.7055 —0.5033
22 phenol A 317 30.39 151 0.036358  1.143 0.5944 -0.7506
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Fig.6 Heatmap of hierarchical clustering analysis for group NA vs WC
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Table 3 Metabolic pathways of the differential metabolites

Pathway Total Hits Raw p ~In(p) Holm adjust FDR Impact Hits Cpd
SRR A 5 1 0.013146  4.3316 1 0.9037 1 Linoleic acid cpd:C01595
LR AR TR A S K 13 1 0.03394 3.3832 1 0.9037 0 Palmitic acid cpd:C00249
ik 2 A gt 18 1 0.046786 3.0622 1 0.9037 0 Fumaric acid cpd:C00122
FIEIR G (TCATEER) 20 1 0.051893 2.9586 1 0.9037 0.034 Fumaric acid cpd:C00122
AR . R A 21 1 0.054439 29107 1 0.9037 0.007 Fumaric acid cpd:C00122
iAW) 37 1 0.094563 2.3585 1 1 0 Palmitic acid cpd:C00249
e P RN AW i) 37 1 0.094563 2.3585 1 1 0 Fumaric acid cpd:C00122
RITR A 6 47 1 0.11906 2.1282 1 1 0 Palmitic acid cpd:C00249

14 Pathway R IHHE FE 44 Fk; Total i AR Ha B b AR i 4t ; Hits Ay 25 A dr Pzl B 09456 Raw pfRZRIE I & A2 0 MY P —In(p) S PIEHRX
Phe I st 8 (6 H SRS X 450 ; Holm adjust A%t Holm-Bonferroni /i i #E 47 £ T X K 56 42 1F )5 (4 PIE; FDROW 245 15 & #L% (false discovery
rate, FDR ) J5 i #EA7 22 B BSR4 1E 5 A9 PAE; Tmpacth {UIAHE B34 MM Y Impact{i; Hits Cpd by iy % i 9 22 5 AR 44 Bk L KEGG 1D

Y S— S— S— SRS——

—In P-value

—In P-value

253.03540

ey i + - =
0.00 0.25 0.50 0.75 1.00
Impact

K7 NA 5 WC 2R FCsEm i A &
Fig.7 Pathway analysis for group NA vs WC



43 % 1

R S8 N N N 17 7 o A /P =22 S T -~ 19 -

3 g
H T GC-MS AR ZH 2EH AR XA [A] 77 H K FE AR
W S ZE AL B T B AT, ST
LE IR 7 H A A A /KR A ) B AN 1 1Y
HAem, HACRIASE 585 a0 225 ] BE SRR A
JEARSG . PP HUANIR], XK AR IESE) BTS2 ey .
2%, HASR ™ Hual KRS A 22 S L] 22 T AR IR
YA o SEIMPR, BRI AN S IR A
AR FRA RIS iy =Rl SCEEA RIS o 7 M X RE K1
RIS EAT I R A9 52 00
Sk

[1] WANGN N, FENG X, SUNG Y P, et al. Gas chromato-
graphy combined with stoichiometry to distinguish rice storage time
and origin[J]. Analysis and Testing Journal, 2013, 32: 1227-1231.
[2] LIUC T, XIE Y H, LI J, et al. The eating quality of rice has
different regions and the comparative study of chemical composi-
tion[J]. J Food Sci, 2013, 34: 165-169.
[3] CHEN T, ZHAO Y, ZHANG W, et al. Variation of the light
stable isotopes in the superior and inferior grains of rice(Oryza
sativa L.) with different geographical origins[J]. Food Chemistry,
2016, 209: 95-98.
[4] CHUNGIM, KIM JK, LEE K J, et al. Geographic authentica-
tion of Asian rice (Oryza sativa L.) using multi-elemental and stable
isotopic data combined with multivariate analysis[J]. Food Chem-
istry, 2018, 240: 840—849.
[5] PASQUINI, CELIO. Near infrared spectroscopy: A mature
analytical technique with new perspectives-a review[J]. Analytica
Chimica Acta, 2018, 1026: 8—36.
[6] ARIYAMA K, SHINOZAKI M, KAWASAKI A. Determina-
tion of the geographic origin of rice by chemometrics with stronti-
um and lead isotope ratios and multielement concentrations[J].
Journal & Food Chemistry, 2012, 60(7):
1628—-1634.
[ 7] KUKUSAMUDE C, KONGSRI S. Elemental and isotopic pro-
filing of Thai jasmine rice(Khao Dawk Mali 105) for discri-
mination of geographical origins in Thung Kula Rong Hai area,
Thailand [J]. Food Control, 2018, 91: 357—364.
[8] Zir, migtk, 2| sk, . A0 &3-S BT LN AR >
Wk R P g [T, Ak $ 4R, 2011, 30(10): 1179-1182.
[LI H, TIAN F L, LIU C Y, et al. Determination of squalene in

rices from different areas by gas chromatography-tandem mass spec-

of  Agricultural

trometry[J]. Journal of Instrumental Analysis, 2011,30(10):
1179-1182. ]

[9] PANKIN D, KOLESNIKOV I, VASILEVA A, et al. Raman
fingerprints for unambiguous identification of organotin com-
pounds[J]. Spectrochimica Acta Part A Molecular & Biomolecular
Spectroscopy, 2018, 204: 158.

[10] ZHU L, SUN J, WU G, et al. Identification of rice varieties
and determination of their geographical origin in China using Ra-
man spectroscopy [J]. Journal of Cereal Science, 2018, 82: 175-182.
[ 11 ] BRYANTR J, MCCLUNG A M. Volatile profiles of aromat-

ic and non-aromatic rice cultivars using SPME/GC-MS[J]. Food
Chemistry, 2010, 124(2): 501-513.

[12] KYU D, PHUOC N, WON S. Non-destructive profiling of
volatile organic compounds using HS-SPME/GC-MS and its applic-
ation for the geographical discrimination of white rice[J]. Journal of
Food & Drug Analysis, 2018, 26(1): 260.

[13] CALINGACION M N, BOUALAPHANH C, DAYGON V
D, et al. A genomics and multi-platform metabolomics approach to
identify new traits of rice quality in traditional and improved variet-
ies[J]. Metabolomics, 2012, 8(5): 771-783.

[ 14] CHEN W, GONG L, GUO Z, et al. A novel integrated meth-
od for large-scale detection, identification, and quantification of
widely-targeted metabolites: Application in the study of rice meta-
bolomics[J]. Molecular plant, 2013, 6(6): 1769—1780.

[ 15] JUNG ES, LEE S, LIM SH, et al. Metabolite profiling of the
short-term responses of rice leaves(Oryza sativa cv. 1lmi) cultivated
under different LED lights and its correlations with antioxidant
activities [J]. Plant Science, 2013, 210: 61—69.

[16] FENGY C,FUT X, ZHANG L Y, et al. Research on differ-
ential metabolites in distinction of rice(Oryza sativa L.) origin based
on GC-MS[J]. Journal of Chemistry, 2019, 7: 1-7.

[17] 23 #ARKBARBAFLHE D). L5 L FRALIK
%, 2013. [ WANG L. Metabonomics research of genetically
modifed rice[D]. Beijing: Beijing University of Chemical Techno-
logy, 2013. ]

(18] A2z, R xu, Fif#, F. AT GC-TOF/MS H Ry 4%
Bt A B R R AR M4 B 5T [T]. 447 il 3K 42 4Rk, 2016, 35(10):
1217-1224. [ CHENGJ H, SANG Z H, LI H J, et al. Metabolom-
ics analysis of Bt-transgenic and parental rice based on gas chormato-
graphy-mass spectrometry [J]. Journal of Istrumental Analysis,
2016,35(10): 1217-1224. ]

[19] ZHOU J, WANG S Y, CHANG Y W, et al. Development of
a gas chromatography-mass spectrometry method for the meta-
bolomic study of rice(Oryza sativa L.) grain[J]. Chinese Journal of
Chromatography, 2012, 30(10): 1037—-1042.

[20] KANEHISA M. KEGG for representation and analysis of
molecular networks involving diseases and drugs[J]. Nucleic Acids
Research, 2010, 38(1): 355-360.

[21] CHENGJ,SUNY Y, SHI Y H, et al. Branched-chain amino
acids regulate plant growth by affecting the homeostasis of mineral
elements in rice[J]. Science China Life Sciences, 2019, 62:
1107-1110.

[22] LIYL,LID D, GUO Z L, et al. Os ACOS12, an orthologue
of Arabidopsis acyl-CoA synthetase5, plays an important role in pol-
len exine formation and anther development in rice[J]. BMC Plant
Biology, 2016, 16(1): 256.

[23] YANG X J, LIANG W Q, CHEN M J, et al. Rice fatty acyl-
CoA synthetase Os ACOSI12 is required for tapetum programmed
cell death and male fertility [J]. Planta, 2017, 246(1): 1-18.

[24] ZHANGD S, LIANG W Q, YUAN Z, et al. Tapetum degen-

eration retardation is critical for aliphatic metabolism and gene regu-


https://doi.org/10.1016/j.foodchem.2016.04.029
https://doi.org/10.1016/j.foodchem.2017.08.023
https://doi.org/10.1016/j.foodchem.2017.08.023
https://doi.org/10.1016/j.foodchem.2017.08.023
https://doi.org/10.1016/j.aca.2018.04.004
https://doi.org/10.1016/j.aca.2018.04.004
https://doi.org/10.1016/j.foodcont.2018.04.018
https://doi.org/10.3969/j.issn.1004-4957.2011.10.020
https://doi.org/10.3969/j.issn.1004-4957.2011.10.020
https://doi.org/10.1016/j.jcs.2018.06.010
https://doi.org/10.1007/s11306-011-0374-4
https://doi.org/10.1093/mp/sst080
https://doi.org/10.1016/j.plantsci.2013.05.004
https://doi.org/10.3969/j.issn.1004-4957.2016.10.001
https://doi.org/10.3969/j.issn.1004-4957.2016.10.001
https://doi.org/10.1007/s11427-019-9552-8
https://doi.org/10.1186/s12870-016-0943-9
https://doi.org/10.1186/s12870-016-0943-9
https://doi.org/10.1007/s00425-017-2706-8
https://doi.org/10.1016/j.foodchem.2016.04.029
https://doi.org/10.1016/j.foodchem.2017.08.023
https://doi.org/10.1016/j.foodchem.2017.08.023
https://doi.org/10.1016/j.foodchem.2017.08.023
https://doi.org/10.1016/j.aca.2018.04.004
https://doi.org/10.1016/j.aca.2018.04.004
https://doi.org/10.1016/j.foodcont.2018.04.018
https://doi.org/10.3969/j.issn.1004-4957.2011.10.020
https://doi.org/10.3969/j.issn.1004-4957.2011.10.020
https://doi.org/10.1016/j.jcs.2018.06.010
https://doi.org/10.1007/s11306-011-0374-4
https://doi.org/10.1093/mp/sst080
https://doi.org/10.1016/j.plantsci.2013.05.004
https://doi.org/10.3969/j.issn.1004-4957.2016.10.001
https://doi.org/10.3969/j.issn.1004-4957.2016.10.001
https://doi.org/10.1007/s11427-019-9552-8
https://doi.org/10.1186/s12870-016-0943-9
https://doi.org/10.1186/s12870-016-0943-9
https://doi.org/10.1007/s00425-017-2706-8

- 20 - £ Tl B4

20224 1 A

lation during rice pollen development[J]. Molecular Plant, 2008,
1(4): 599-610.

[25] KIMN H, KWAK J, JI Y B, et al. Changes in lipid sub-
stances in rice during grain development[J]. Phytochemistry, 2015,
116: 170—179.

[26 ] TUFVESSON F, WAHLGREN M, ELIASSON A C. Forma-
tion of amylose-lipid complexes and effects of temperature treat-
ment: Part 2: Fatty acids[J]. Starch Starke, 2003, 55(3/4): 138—149.
[27] i, Bk, AT, F. BRERB AP AR EH LR
(J]. 5t MR L A+5,2013,41(6): 85-89. [ LIU H, ZHAO H, HE J
F, et al. Advances in the influencing factors of rice nutritional qual-
ity [J]. Guizhou Agricultural Sciences, 2013, 41(6): 85-89. ]

(28] E ok, vafs o M6 By B AL M 2 ) B & 247 (0], LR A

& ,2017(13): 74. [ WANG H T. Analysis of the factors affecting
the determination of fatty acids in rice [J]. Modern Food, 2017(13):
74. ]

(29 ] Ab—-F. 465 Bs by BARM 52 04 % v B 0 47 L] AR AL
5 2% ,2017, 42(4): 52-53. [ ZHONG Y P. Analysis of factors
the determination of fatty acid in rice[J]. Grain Science and Techno-
logy and Economy, 2017, 42(4): 52-53. ]

[30] A, 48K Mg a5 R 69 % vm RIS R AR Z iR 55 k09
vy 2 [D]. HeZ: va )il Kk X 52, 2017. [ XU G L. Studies on effect
of lipid on rice quality and lipid metabolism in response to high tem-
perature and weak light stresses[D]. Yaan: Sichuan Agricultural Uni-

versity, 2017. ]


https://doi.org/10.1093/mp/ssn028
https://doi.org/10.1016/j.phytochem.2015.05.004
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.1093/mp/ssn028
https://doi.org/10.1016/j.phytochem.2015.05.004
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.1093/mp/ssn028
https://doi.org/10.1016/j.phytochem.2015.05.004
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.1093/mp/ssn028
https://doi.org/10.1016/j.phytochem.2015.05.004
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025
https://doi.org/10.3969/j.issn.1001-3601.2013.06.025

