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W, ZEE DIKFE M 4 N R A R ZRAK d17 S L8P A= RIVPAE 11(Oryza Sativa L. ssp. japonica cv. zhonghua
11, ZH11) Rk}, A7 s AT o0 AT, B 78 & S008I X K A0 2B TR A= A 3l R A9 52
SRk — LA 5 M 4 PN R TR AR KRR AR AR A R AR AR SR KR B IR IS

1 S

1.1 REMBRERER  ATL LKA M 4 R A stk RARR d17 B LY Az 3 55 5
ZH11 MRS R T AR K — 3 Se o phobl, B 5 T s 72 00 07 206 EaR bRk & s, Bl
JEHEATRE o TR K d17 0 ZH11 FhBise, IOAHEIEHF, IILA 50 mL ©=0.15% KT+, 37 C
FERHFESEKTE 15 min, R, SeHICHEZEE/KIETE 2 WK, Ik ZE 5 mL AT E Y, JFHICEZE
TRAKIEE 5 o W K BKFERD FHERE R 1/2 MS [BARRE FRIE 5 5E 14 do KR K 14 d BKFE RS
ZKIEERE D, ] Hoagland’s & FR AT 97, 48 3 RIEH# 1 B R HBUEK 30 d /K FE 4 | 19 4l
ML, ST RV A R A R, BEFS 6 FE T-80 °C vk H o
1.2 FHRENFMEPEEFSHT H Trizol i1 £ (Trans Gen Biotech) #2HURE i 1.5 RNA, I 2
DUR SR A YR 2 w7 Bk, APRAIE BT A A i B 2R 445 = B it (195, RNA . I Nlumina HiSeq X
Ten U /5 F &5 (1llumina Inc, CA, USA) #E47 [A] b UK 14 % S5 2 2 JE 0 e K A B o AR I R . (1) A A
Oligo(dT) FUREER & % mRNA, Z:F% rRNA; (2)%F RNA FEHLFTWr, LG 19 % 5%, K& = 37, 55N
A BB, ERNF 3k (3)Y 177 4 DNA RRAE By (4) R Tlumina PP, #E4 T3R8 ¥ (5) &
R Pa . Adkin gy, 158 m B rF 51 (6)FHF 455 CASAVA A A TR LR, e fb ok Ji
S 55 (7) F fastp 8R4 22 B3k 75 Y4 ) Reads, £ BRAKE AY Reads, 2553 N KT 5% By
Reads; (8) FJ Tophat 3R FFEAT HLXE, FEXTEF I8 %44 Bwtie 2, F5-H Integrative Genomics Viewer ¥ L X 3C
AmT R4k (9) F HTseq-count 3R iH88 454~ FE K Y reads £ Bl count &, FH count {f £/ Fe R K ik,
1.3 ERREEREDH 1B Deseq 2 #E47 A A FE i 18] 22 7 K38 H K € 11 79 o >R ] Benjamini-
Hochberg J7 X152 /) P EUEATREE, #1E 5 P {H, Bl FDR (false discovery rate), 1 b 25 53 £ IA LK
i 1 B R b o A5 21 FDR<0.01, H. 2255655 FC(foldchange) =2 1 Jy 25 57 iR KL K I T e A
1.4 BRENGEEEST LS80 2 53 H PANTHER 784 T H (http://www.pantherdb.org/) %
£ FILKHHEAT Gene Ontology (GO) & 34T, HAFFE ) GO terms 425 5 Fk8 FE K B9 b B X3 R, 4
53 FIIRE(MF) | AEWpid F2(BP) | 4liif4H 43 (CC) . ] Kobas FIl Mapman {44 22 5 K #E1T KEGG &
ST, RSO R 2 F https://Mapman.gabipd.org/Mapmanstore
1.5 REHERMNS S 0508 0.1 g (8 d17 F1 ZH11 KFEFh 78 % 118, BT 158 5 O RE S I iy
A, BT 2mL BOE, mESFIA 1 mL y=70% B, 4 C 504 F T RIEAI, £:0% 0.5 h iR
JE 1 IR, e 3 WG T 4 °C 5 Tl B A= BUAAEL T 12 000 g, 4 °C 2544 B 2520 10 min, SR
JE(SCAA-104, 0.22 pm, 2238 ) ARSI, AU ARE i _EAES] LC-MS (ABI 4000Q-TRAP)
HEATRIN, BAR S0 S 25 S0k 23] SASAREI Y IR a8 5, 15 50K LC-MS H iy MIM i A1 MRM %k
PEEAT L EEE, 1SRRI HE S U, BN B 5 5 LC-MS g T S Em A, 2R
WPECE I o R, AR R 2 P o £ B S TR) R R S R e S AR I T E X, B P R 2R S
451, i3T5 Metlin, Massbank, HMDB 2523 1 i At ZE#EAT HOXT, B 5 B5ai 2 vh oK 8 e W) o iy A2
TGS o S5 S MA L LR B S T RSP R 1, AT AR S B Bt A T TS, P o A

2 BRSO

2.1 JHEIE Al 17 RTE R EEF AR ZH11 ARFOAHAVAE RENF 24
211 #HFARNF N T oNrKFERE S NS B AR d17 F B A R R ZH 1 H LA
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TR 2T, AR 30 d 19 d17 28780 P A R ZH 11 /KRG AR A SEA T T %6 AL, B BE ik 2 Ik
HEYFER . AR BRI A R (R DR, BT AR Q30 YIRT 94%, 2= BN 74k i 1t ]
HE . TERIERUICT & reads Ji, FI RN FEAR LT 47.87 M reads o B FEANAY clean reads 5 H A
(MSU 7.0) 2% JL N AT AR B, 95% DA E /Y reads 2R VCACE| S H RN | Fost 4 o0 st 1
SR, N d17 F0 ZH11 AR A o A 0 1) 44 432 SRS, o ER P R IAA N E 41 694
(93.84%)1~, TEM i RIAAYFENAT 38 692 (87.08% )1~

F1 8 MHEMEERAENFRIGFS IR IR

Tab.1 Raw and clean reads of 8 samples used for transcriptome sequencing

Name Q20/% Q30/% Raw reads/M Clean reads/M Mapped reads/M Reads mapped/% Expressed gene/NO.
dl17 leaf repl 98.31 94.94 52.41 52.14 48.70 97.64 34 446
d17 leaf rep2 98.15 94.58 50.52 50.21 46.66 97.55 34244
ZH11 leaf repl 97.98 94.36 45.00 44.75 41.58 97.43 33784
ZH11 leaf rep2 97.98 94.15 47.45 47.11 43.83 97.52 34 190
Gene expressed in leaf 38 692
d17 root repl 98.16 94.6 43.87 43.58 40.05 96.03 36983
d17 root rep2 98.03 94.28 51.47 51.12 46.34 94.98 37 463
ZH11 root repl 98.08 94.43 47.40 47.10 43.26 96.08 37475
ZH11 root rep2 98.14 94.58 47.21 46.92 42.56 94.98 37 096
Gene expressed in root 41 694

212 EFRZABRGTRLE TR a17 F1 ZHI FARFI 22 3R 3L, LUlog, (fold change)| =
1, FDR < 0.01 R 46042, A d17 /K FERAR AR rhHgRAs 248 il 441 422 FRBHH (K] 1-A), KE)5
3815 610 DL FIE . SEER ZH1 AL, d17 B 102 IR F IRk, 146 D EEH T E %
K R 127 AFER R, 314 NEEE T IERIR(E 1-A) . WNEFFRIRER R ORE, R
TR R IR 25 S S RV R R Y 2,15 4%, T R R IA LR S i . IEAh, X RRER
FEPRILE AR R (4 53 A0 ARG ST, AR R 14 22 S 3R R AT 38 /1N (1] 1-B), d W R4 P TR 45 7K
FEAR AN B B AN
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Fig. 1 Number and distribution of differential expressed genes in d/7 mutant

A: The number of differentially expressed genes in the root and leaf of ¢/7 mutant; B: Distribution of differentially expressed
genes in d17.
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213 RS ABYAKSOEE. BRAFRRERS N T THMHENER dI7 582 RR A h 225
FEDR R A AR, XA 1Y 610 22 S REN BEFT GO TERANE 42007 . 455 R, 354 303 P22 H AL
PR, JF B R ER 18 4 GO Wi (B 2) . FEA W2t 72 (BP) axX — iy, 22 5 5L DR 3 28 A 41 o)
(cellular process) FIf i3 72 (metabolic process) T E % . 7E53FUIRE(MF) i, 22 7 3L RN K 2 5 SE 7tk
i M (catalytic activity) H1. FEARMIZALST(CC) Hh, 22 5 35 R 3= 2 AR 4 Y (cell) FN4H AR (organelle) T s
FE(E 2-A) . T REHERAEAR AT PR R R 2GR0, B AR FE AR A v () 22 5 R b g 4 7
T GO 4 Wr. BT ZE A, MR rf 2z S BE DR B AR5 SR, B AR T A fi Ak A Qi 72
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Fig.2 GO and KEGG enrichment analysis with differential expressed genes in roots and leaves of d/7

A: GO enrichment analysis with differential expressed genes in d17; B: KEGG pathway enrichment analysis of differentially
expressed genes in d17 (P < 0.05).
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o GO T AYSE L ULIA, AR KRR AR A v it 22 53 3 DURS [], (T REAR B
R T HE— 2 T 4 PN TR K R AR R A R, X 3RAR Y 610 422 73X IE1T T KEGG
pathway FIFERERIE F 00T, R BIR 610 25 53 AT 337 MG R0, IF & £ 5] 89 MUk iE
o, Horp, B EEMIRAA 13 4N(P<0.05), EEAFETER MR gtk A (& 2-B) .
W A RE AR A v B 2 G 203 H1 153 A4 25 55 5L K 73 5l 4T KEGG pathway & 525317, 2554 43 il i 2L 5
8 FI 18 ARl A% o Forp, S L IR R AR AE A AR AR At v 3 B 25 s 4R, IRTP I R B 57 5
oW RRIRACII A K A= T & 45, Mt b M ZE MR il & 28 T 4655 . 28 BTIR, A 4 R I B SR
I KRG A IR B AT AR A A, X KRG P R AR AR Rt A 5
2.2 S ANEEXKIERRAE I
221 A ABY R KRGS mEFRERBS TR S MBS KRS AR, X dl7
ZH11 (7K R EAT A LA I 43 B o B AS RIREAS (g AQ i 5 s, LA il 2] 781 MR . #%
781 AR R 43k 20 A28 51, Foh o e 2 LY R AR T (178 1>, 22.79%) . B (74 4,
9.48%) L) Ko G HE R TN & LR 17 A= W (85 1>, 10.88%) (1K 3-A) . Hivb, 78 d17 F1 ZH11 w43 5 K6 1) 3]
765 Fi1 768 XY, WIE A R4 762 A& 3-B) o i T A Al I 4 I BR XK R A R 9 52
M, LA P < 0.05, [log,(fold change)| > 0.75 A BE SR, X A kil 21 (A A QI b4 7 e I BE J , 25 S
d17 RASA PR3] 52 A4S 22 AR, AUFE R T (20 4, 38%) . EEHA(5 4N, 10%) . B2 (3 4N, 6%) %%, 2%
SR & i I AT R R, TE d17 7T IR S i R Z TR, AE s iR (FA) . HilBERE
P £ B e (GPE) | ¥ I 8% A 9% AE A8 ( LPC) . %5 I 8% A I £ 15 % ( LysoPE) 1 % iR i ( Phosphate) 55
(& 4), BEAb, B (Astragalin) . C-IH TR R -O-C M 2(C-pentosyl-apigenin-O-hexoside 2) ., —¥%
FH R H & R —O—FF 1 3 & B (tricin O-sinapoylhexoside) FI N i fif 5—O—C B (tricetin 5-O-hexosyl-O-
hexoside ) %58 W) 1 5 0 AR A B . (1 4) .
89 ® Acylsugar
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13 @ g;"ltd
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71393 Others dl7 ZH11

F3 a4 g 17 28R R
A MG NG d17 FASRREF AR ZHLL AP GRS 455 781 MR8 D 21 28, T EAENE T, BEILL &
B ERRATEY o B: MG NG d17 SR RANEF AR ZH11 AR 2 BLIE

Fig. 3 The metabolites in the strigolactone d/7 mutant

A: Distribution of metabolite species in strigolactone d/7 mutant and wild-type ZH11; The 781 metabolites were divided into
21 categories, mainly including lipids, flavones, and amino acids and amino acid derivatives. B: Venn diagram of strigolactone
d17 mutant and wild-type ZH11.
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Fig.4 Heatmap showed the contents of 52 metabolites were significantly different in strigolactone d/7 mutants

All of 52 metabolites were divided into 14 categories, mainly including lipids, flavonoids and nucleotide. Blue indicates the
decreased metabolites in 477 mutant compared with ZH11, and yellow represents increased metabolites.
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RIEEA S 1, I LA |log,(fold change)| > 4 N S F AT 16, FA B 13 D2 S BN (3R 2) o 5 vl e it
AL A 5 A, Horb 5 8RS B G 4 ASJER BRI IR, 1| NN IRRGE . S5 RI, LR RE
PR Ak, 5 T R T B P 1 F AR LA G, DRIk, B 2 DR D 45 R T 198 8552 55 v 7 g v 4 R 0 T s )
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Fig. 5 Heat map analysis of the contents of lipids significantly changed in strigolactone d/7 mutants
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Blue indicates the decreased metabolites in the d77 mutant, and yellow represents increased metabolites.
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Fig. 6 Enrichment of metabolic pathways of differentially expressed genes in strigolactone d/7 mutants

Blue means genes down-regulated and red means up-regulated.
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Fig. 7 Contents of flavonoid metabolites in the strigolactone /7 mutant
The average of two biological replicates was merged together as the content of metabolites.
F2 MEEREE d17 REGPRECHBXEENERL
Tab. 2 The changes of flavonoid metabolism-related genes in d17
MSU Locus Gene name or annotation log, (fold change)
LOC 0s03g18030.2 flavonol synthase/flavanone —8.61
LOC 0s04g57160.1 FLS SOLTU flavonol synthase -5.25
LOC _0s06g07923.2 flavonol synthase 4.3
LOC _0s01g25010.1 flavonol synthase 5.06
LOC 0s01g27490.1 flavonol synthase 4.79
LOC _0s02g52840.1 flavonol synthase 4.62
LOC 0s04g23940.1 naringenin-chalcone synthase 4.78
LOC_0s06g08060.1 leucocyanidin oxygenase —4.22
LOC Os12g16410.3 isoflavone reductase 26.43
LOC _0s04g56700.1 flavonone-3-hydroxylase —4.41
LOC_0s02g28220.1 forward transferase protein 6.87
LOC 0s06g05284.1 reverse transferase protein —4.22
LOC _0Os11g03510.1 1-aminocyclopropane-1-carboxylate oxidase 1 —4.22
LOC_0s02g28410.1 S-aromatic acyltransferase 5.37
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Transcriptome and Metabolome Reveal that Loss of Strigolactone

Affects Lipid and Flavonoid Metabolism in Rice Roots and Leaves

ZHANG Yaoyuan, LIU Ling, ZHOU Xiujuan, FANG Chuanying,

WANG Shouchuang, DING Yuanhao, LUO Jie
(College of Tropical Crops, Hainan University, Haikou, Hainan 570228 )

Abstract: Transcriptome-based analysis of the strigolactone-deficient mutant d/7 of rice (Oryza sativa L ssp.
japonica) and its wild-type ZH11 (O. sativa L. ssp. japonica cv. Zhonghuall) were performed. A total of 248
and 441 differentially expressed genes were found in the roots and leaves of d/7, which were enriched on the
lipid metabolism pathway. Metabolomics analysis revealed that lipid and flavonoid contents were significantly
different between the d/7 mutant and ZH11. Further research found that the contents of lysophospholipid and
flavonoids in the d17 was decreased significantly, and that the expression levels of related genes were
decreased. Our results revealed that strigolactone was involved in regulating of flavonoids and lipid metabolism
in rice, which provides references for further research on strigolactone in regulating of secondary metabolism
and growth in rice.
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