Supplementary materials: 
Chemical synthesis of the deuterated biosynthetic intermediates 


[bookmark: _Hlk129272277]The synthesis of phenylacetaldehyde (PAH-d6) was achieved according to the literature [1]. To be more specific, PhI(OAc)2 (966 mg, 3 mmol), NaHSO4 (414 mg, 3 mmol), styrene-d8 (340 mg, 3 mmol), and 0.2 mL H2O were mixed in a mortar, and the mixture was intensively ground for 1-2 min. The mixture was then quenched with water and extracted with ethyl acetate. The combined organic layers were concentrated in a vacuum and purified by column chromatography (silica gel, EtOAc : hexanes = 1 : 8) to give PAH-d6.
HR-GC-MS (ESI+) calculated for C8H2D6O [M]+ 126.0952, found 126.0946.



Cinnamic acid-d6 (CA-d6) was synthesized according to the literature [2]. Styrene-d8 (140 mg, 1.25 mmol), acrylic acid (36 mg, 0.5 mmol), and Grubbs II catalyst (21 mg, 0.025 mmol) were added to a microwave tube containing 2 mL CH2Cl2 at Argon atmosphere. The reaction was performed under microwave irradiation (120W, ACTIVENT®, USA) at 40 oC for 4 h. After the reaction, the resulting mixture was quenched with water, extracted with ethyl acetate, and finally purified by column chromatography (silica gel, EtOAc : hexanes = 1 : 5) to give cinnamic acid-d6 in 71.8% yield (55 mg). 
HRMS (ESI-) calculated for C9HD6O2 [M-H]- 153.0828, found 153.0828.



The synthesis of 4-iodophenol-d4 was achieved according to the literature [3]. Specifically, a mixture of phenol-d5 (20 mg, 0.202 mmol), NIS (49.5 mg, 0.22 mmol), and In(OTf)3 (11.2 mg, 0.020 mmol) was added to 2 mL ACN. The resulting mixture was stirred in the dark for 10 h and then quenched with water. After extraction and concentration in a vacuum, the resulting mixture was purified by column chromatography (silica gel, EtOAc : hexanes = 1 : 4) to give 4-iodophenol-d4 in 68% yield (30.6 mg).
HR-GC-MS (ESI+) calculated for C6HD4IO [M]+ 223.9636, found 223.9627.



The synthesis of para-hydroxy-cinnamic acid (p-HCA-d4) was achieved according to the literature [4]. Specifically, to the mixture of 4-iodophenol-d4 (48 mg, 0.214 mmol), acrylic acid (22 L, 0.321 mmol) and K2CO3 (44.0 mg, 0.321 mmol) in water (2 mL) was added Pd(OAc)2. The resulting mixture was heated at 80 oC for 2 h and then quenched with 2 N HCl solution (2 mL). After extraction and concentration in a vacuum, the resulting mixture was purified by column chromatography (silica gel, EtOAc : hexanes = 1 : 1) to give p-HCA-d4 in 19% yield (7.0 mg) with the recovery of the starting material p-HCA-d4 (15.9 mg).
HRMS (ESI-) calculated for C9H3D4O3 [M-H]- 167.0652, found 167.0652.



The synthesis of 4-vinylphenol-d4(4VP-d4) was achieved according to the literature [5]. Specifically, the mixture of 4-iodophenol-d4 (30.6 mg, 0.137 mmol), potassium vinyltrifluoroborate (27.5 mg, 0.205 mmol), and K3PO4•3H2O (109.1 mg, 0.410 mmol) in NMP (1 mL) was bubbled with Argon for 30 min. Then 10% Pd/C (5.0 mg) was added at the argon atmosphere. The resulting mixture was stirred at 100 oC for 24 h and then quenched with water. After extraction and concentration in a vacuum, the resulting mixture was purified by column chromatography (silica gel, EtOAc : hexanes = 1 : 4) to give 4-vinylphenol-d4 in 24% yield (4.1 mg).
HR-GC-MS (ESI+) calculated for C8H4D4O [M]+ 124.0826, found 124.0820.
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Supplementary Fig. 1. Validation of antibodies and the original photographs of the Western plot. (a and b) Validation of 4VPMT1 (a) and 4VPMT2 (b) protein levels through RNAi knockdown of 4VPMT1 and 4VPMT2. (c–f) The original photographs of the Western plot are related to Figures 4E and 4F. The graphs labeled in blue frame are shown in Figures 4E and 4F.

[bookmark: _Hlk175235549]Supplementary Table 1. Differentially expressed genes annotated methyltransferases in hind legs of gregarious and solitary locusts

	Gene ID
	logFC (G/S)
	P-Value
	Function Description

	LOCMI16699
	7.38423
	5.56E-117
	Juvenile hormone acid methyltransferase-like

	LOCMI02868
	7.09188
	1.02E-99
	Juvenile hormone acid methyltransferase-like

	LOCMI17143
	8.02857
	5.86E-66
	juvenile hormone acid methyltransferase-like

	LOCMI17606
	5.89134
	2.34E-22
	juvenile hormone acid methyltransferase-like

	LOCMI16705
	2.71243
	7.10E-15
	Pre-miRNA 5'-monophosphate methyltransferase

	LOCMI03758
	1.93546
	0.0022853
	Histone-lysine N-methyltransferase trr

	LOCMI17593
	2.569
	0.0022098
	juvenile hormone acid methyltransferase-like

	LOCMI03665
	1.46894
	0.0102591
	tRNA (uracil-5-)-methyltransferase homolog A

	LOCMI09590
	6.11396
	0.0115226
	Hexaprenyldihydroxybenzoate methyltransferase, mitochondrial



[bookmark: _Hlk175235600]Supplementary Table 2. Components of locust artificial diet
	Ingredient
	Dosage

	Ultrapure water
	400 mL 

	Powdered agar 
	10.0 g 

	Casein 
	8.0 g 

	Glucose
	14.0 g

	Sucrose
	10.0 g

	 Starch
	28.0 g 

	Cellulose
	24.0 g 

	Methylparaben 
	1.0 g 

	Pentadiene carboxylic acid
	0.5 g 

	Wesson salt
	1.5 g 

	Vitamin C
	2.0 g 

	Vitamin B1
	0.3 g

	Glycine
	0.3 g 

	Glusate
	0.2 g 

	Lysine
	0.2 g 

	Total
	500 g 



[bookmark: _Hlk175235693]Supplementary Table 3. Components of Wesson salt
	Ingredient
	V/V%

	CaCO3
	21.0

	FeSO4.7H2O
	1.56

	MgSO4
	9.0

	KCl
	12.0

	KH2PO4
	31.0

	NaCl
	10.5

	Ca3(PO4)2
	14.9

	CuSO4.5H2O
	0.039




[bookmark: _Hlk175235729]Supplementary Table 4. Primer sequences for quantitative PCR
	Genes
	Forward primer (5’-3’)
	Reverse primer (5’-3’)

	LOCMI16699
	CATCTCGCTCCAGGTTGTGA
	GCGGTACACCTCCTGCTTT

	LOCMI02868
	CACTACTGCTACGACACTCAT
	ACACTCTGTTACCGATACTCTC

	LOCMI17143
	CGCATTCCAGACGAAGACAA
	TTCCTCGCCACAGCTATCATA

	LOCMI17606
	TAGACGACGTACTCCAAATCCT
	AACAAATACAGCCTCTCCTCCT

	LOCMI16705
	ATCACGCACGAGGTGTTC
	CCAGTGGAGTAGCATCAGAC

	LOCMI03758
	GGAGACGGTCGAAGTGGAGA
	GGTATCTTGTGCTGGTCATCTT

	LOCMI17593
	AGTACCTCGTATTGGACAGTGT
	CGGGTTTATCGCAGTTATCGTA

	LOCMI03665
	GCGTGGCATAAGAGGAGGAA
	GCGAGGGTGGTCTAACAGTC

	LOCMI09590
	CCAACGGCAAGATGAAGGT
	ACGTCCAACAGCGTCAGA




[bookmark: _Hlk175235760]Supplementary Table 5. Primer sequences for RNAi
	Genes
	Forward primer (5’-3’)
	Reverse primer (5’-3’)

	LOCMI16699
	CATCTCGCTCCAGGTTGTG
	GCAGAAGTCCAGCATCTCC

	LOCMI02868
	CTACTGCTACGACACTCAT
	CATGGAGGTCGTGATGTT

	LOCMI17143
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]TGGTGAAGCGGTGTTTAC
	CTCGCCACAGCTATCATAG

	LOCMI17606
	AGGAGGAGAGGCTGTATT
	CGATGCTTCTAGGTTCTGA

	LOCMI16705
	CCTGAAGGCACGAAGATAG
	CTGCATGTAGGGCTTCCA

	LOCMI03758
	CGCTCGCTACATCAATCA
	TCGTATGCCAACTCTTCAC



[bookmark: _Hlk175235808]Supplementary Table 6. Primer sequences for clone and mutagenesis
	primer
	sequence

	pET-28a-4VPMT1-F
	AATGGGTCGCGGATCCATGGACAAGCAGAACGGGCA

	pET-28a-4VPMT1-R
	GGTGGTGGTGCTCGAGTCAGAGTTTTCTCGCCAAGG

	pET-28a-4VPMT2-F
	AATGGGTCGCGGATCCATGGAGAAGCAGGACACACA

	pET-28a-4VPMT2-R
	GGTGGTGGTGCTCGAGTCAGAATTTTCTGGCCAAGG

	pQLinkH-4VPMT2-F
	TGTATTTTCAGGGATCCATGGAGAAGCAGGACACACAC

	pQLinkH-4VPMT2-R
	GGTCCTAGGCGGCCGCTCAGAATTTTCTGGCCAAGGCG

	4VPMT1-Y61F-F
	AAGCCGCACCTGTTCACCCTCGGC

	4VPMT1-Y61F-R
	GCCGAGGGTGAACAGGTGCGGCTT

	4VPMT1-I200A-F
	GTCTTCACCGTAGCTGCCAACATG

	4VPMT1-I200A-R
	CATGTTGGCAGCTACGGTGAAGAC

	4VPMT1-M203A-F
	GTAATAGCCAACGCTGCTCTCTGCG

	4VPMT1-M203A-R
	CGCAGAGAGCAGCGTTGGCTATTAC

	4VPMT1-S277A-F
	GAGTTCTTGAAAGCTGTATGTGC

	4VPMT1-S277A-R
	GCACATACAGCTTTCAAGAACTC

	4VPMT1-V278A-F
	TTCTTGAAATCAGCTTGTGCATTCC

	4VPMT1-V278A-R
	GGAATGCACAAGCTGATTTCAAGAA

	4VPMT2-Y25F-F
	GCCGCACCTGTTCACCCTCGG

	4VPMT2-Y25F-R
	CCGAGGGTGAACAGGTGCGGC

	4VPMT2-H137A-F
	ATGCTGATGCTGGCTTTGGTGCCCG

	4VPMT2-H137A-R
	CGGGCACCAAAGCCAGCATCAGCAT

	4VPMT2-F192A-F
	GACGTGGAGAAGGCTGTCTCCCCG

	4VPMT2-F192A-R
	CGGGGAGACAGCCTTCTCCACGTC

	4VPMT2-I164A-F
	TTCAGCGTAGCGGCAAACATGGC

	4VPMT2-I164A-R
	GCCATGTTTGCCGCTACGCTGAA










Supplementary Table S7. Detailed statistic results throughout the study
	Statistic methods
	Results
	Refer to Figures

	One-way ANOVA
	F = 19.11, P < 0.001
	Fig. 1a

	One-way ANOVA
	F = 0.9207, P = 0.4419
	Fig. 1c

	Two-tailed unpaired t-test
	P > 0.05 for 12 h, 24 h, and 48 h
	Fig. 1d

	Two-tailed unpaired t-test
	P > 0.05 for 12 h, 24 h, and 48 h
	Fig. 1e

	Two-tailed unpaired t-test
	P > 0.05 for 12 h, 24 h, and 48 h
	Fig. 1f

	Two-tailed unpaired t-test
	P > 0.05 for 12 h, 24 h, and 48 h
	Fig. 1g

	Two-tailed unpaired t-test
	P > 0.05 for 12 h, 24 h, and 48 h
	Fig. 1h

	Two-tailed unpaired t-test
	t = 4.018, P = 0.002 for 12 h; t = 2.570, P = 0.027 for 24 h; t = 8.112, P < 0.001 for 48 h
	Fig. 1i

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 2b

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 2c

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 2d

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 2e

	Two-tailed unpaired t-test
	t = 3.084, P = 0.015
	Fig. 2f

	Two-tailed unpaired t-test
	t = 5.211, P = 0.001
	Fig. 2g

	Two-tailed unpaired t-test
	t = 5.067, P < 0.001
	Fig. 2h

	Two-tailed unpaired t-test
	t = 12.21, P < 0.001
	Fig. 2i

	Two-tailed unpaired t-test
	t = 8.133, P < 0.001
	Fig. 2j

	Two-tailed unpaired t-test
	t = 10.16, P < 0.001
	Fig. 2k

	Two-tailed unpaired t-test
	t = 7.98, P < 0.001 for Phe-d5; t = 8.17, P < 0.001 for CA-d5; t = 12.18, P < 0.001 for p-HCA-d4; P > 0.05 for 4VP
	Fig. 2l

	Two-tailed unpaired t-test
	Phe: t = 3.00, P = 0.012 for gut; t = 27.50, P < 0.001 for hemolymph; t = 1.99, P =0.069 for leg.
CA: t = 2.28, P = 0.041 for gut; t = 0.82, P = 0.425 for hemolymph; t = 1.98, P = 0.070 for leg.
p-HCA: t = 5.02, P < 0.001 for gut; t = 7.35, P < 0.001 for hemolymph; t = 2.21, P = 0.047 for leg.
4VP: t = 2.43, P = 0.031 for gut; t = 4.74, P < 0.001 for hemolymph; t = 1.64, P = 0.124 for leg.
	Fig. 3a

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 3b

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 3c

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 3d

	Two-tailed unpaired t-test
	P > 0.05
	Fig. 3e

	Two-tailed unpaired t-test
	[bookmark: OLE_LINK18]t = 5.03, P < 0.001 for LOCMI16699; t = 4.87, P < 0.001 for LOCMI02868; t = 3.84, P = 0.001 for LOCMI17143; t = 2.93, P = 0.011 for LOCMI17606; t = 4.47, P < 0.001 for LOCMI16705; 
t = 4.41, P < 0.001 for LOCMI03758;
t = 3.68, P = 0.002 for LOCMI17593; t = 0.86, P = 0.403 for LOCMI03665; t = 1.42, P = 0.175 for LOCMI09590;
	Fig. 3g

	Two-tailed unpaired t-test
	t = 4.364, P = 0.001 for 24 h; t = 3.329, P = 0.007 for 48 h; t = 5.502, P = 0.002 for 72 h
	Fig. 3h

	Two-tailed unpaired t-test
	t = 2.911, P = 0.019 for 24 h; t = 2.397, P = 0.040 for 48 h; t = 4.520, P = 0.001 for 72 h in LOCMI02868
	Fig. 3i

	One-way ANOVA
	F = 29.66, P < 0.001 for 4VPMT1;
F = 38.27, P < 0.001 for 4VPMT2
	Fig. 4a

	One-way ANOVA
	[bookmark: OLE_LINK19]F = 8.74, P < 0.001
	Fig. 4c

	One-way ANOVA
	F = 16.30, P < 0.001
	Fig. 4d

	One-way ANOVA
	F = 65.83, P < 0.001
	Fig. 4e

	One-way ANOVA
	F = 12.42, P < 0.001
	Fig. 4f

	Two-tailed unpaired t-test
	t = 3.32, P = 0.008 for 24 h; t = 3.64, P = 0.005 for 48 h; t = 2.53, P = 0.03 for 72 h
	Fig. 4g

	Mann–Whitney U (MWU) test
	median P-greg = 0.77 for GFP; median P-greg = 0.18 for 4VPMT1&2; U = 25, P < 0.001
	Fig. 4h

	Two-tailed unpaired t-test
	t = 21.60, P < 0.001 for L138W; t =3.779, P = 0.019 for L138A; t = 4.309, P = 0.012 for F192A; t = 8.284, P = 0.001 for I164A ; t = 7.660, P = 0.001 for Y173A; t = 13.64, P < 0.001 for Y25F; t =20.78, P < 0.001 for F238A; t =19.90, P < 0.001 for V242A; t =20.75, P < 0.001 for H137A
	Fig. 5b

	Two-tailed unpaired t-test
	t = 49.16, P < 0.001 for S277A; t =27.69, P < 0.001 for I200A; t = 28.05,  P < 0.001 for M203A; t =28.03, P < 0.001 for V278A; t =23.36, P < 0.001 for Y61F; t = 8.242, P = 0.001 for  F228A; t = 8.244, P = 0.001 for  H173A; t =17.05, P < 0.001 for W174A 
	Fig. 5d

	Two-tailed unpaired t-test
	t = 6.199, P = 0.0034 for 2; t = 4.497, P = 0.0108 for 3; t = 3.015, P = 0.0394 for 4; t = 5.015, P = 0.0074 for 5
	Fig. 5e

	Two-tailed unpaired t-test
	t = 1.965, P = 0.120 for 6; t = 1.899, P = 0.130 for 7; t = 2.485, P = 0.067 for 8; t = 5.344, P = 0.005 for 9; t = 5.374, P = 0.005 for 10; t = 5.391, P = 0.005 for 11; t = 5.477, P = 0.005 for 12; t = 5.188, P = 0.013 for 13; t = 5.572, P = 0.005 for 14; t = 7.659, P = 0.001 for 15; t = 8.498, P = 0.001 for 16; t = 10.35, P < 0.001 for 17; t = 10.40, P < 0.001 for 18; t = 11.07, P < 0.001 for 19; t = 11.08, P < 0.001 for 20; t = 11.10, P < 0.001 for 21; t = 11.10, P < 0.001 for 22;
	Fig. 5f

	Two-tailed unpaired t-test
	t = 60.35, P < 0.001 
	Fig. 5j

	Two-tailed unpaired t-test
	t = 5.721, P = 0.004 
	Fig. 5k

	Two-tailed unpaired t-test
	t = 4.279, P = 0.012
	Fig. 5l

	Two-tailed unpaired t-test
	t = 1.516, P = 0.163 for 0.01 nmol; t = 2.847, P = 0.019 for 0.1 nmol; t = 3.487, P = 0.005 for 1 nmol; t = 3.752, P = 0.003 for 10 nmol; t = 3.747, P = 0.003 for 100 nmol
	Fig. 6a

	Two-tailed unpaired t-test
	P = 0.124 for 24 h; t = 3.544, P = 0.004 for 48 h; t = 3.325, P = 0.0068 for 72 h
	Fig. 6b

	Wilcoxon signed rank test
	Z = -2.409, P = 0.016
	Fig. 6c

	MWU test
	median P-greg = 0.83 for Control; median P-greg = 0.46 for 4NP; U = 264, P = 0.01
	Fig. 6d

	Two-tailed unpaired t-test
	t = 2.875, P = 0.020 for 24 h; t = 2.368, P = 0.045 for 48 h; t = 4.863, P < 0.001 for 72 h
	Fig. 6e

	MWU test
	median P-greg = 0.75 for Control; median P-greg = 0.16 for 4NP; U = 56, P < 0.001
	Fig. 6f

	Two-tailed unpaired t-test
	t = 5.656, P < 0.001  for  LOCMI16699; t = 4.055, P = 0.001  for  LOCMI02868; t = 9.628, P < 0.001  for  LOCMI17143;  t = 3.950, P = 0.001 for  LOCMI17606; t = 4.797, P = 0.0006 for  LOCMI16705; t = 2.788, P = 0.016 for  LOCMI03758
	Extended Data Fig. 2a

	Two-tailed unpaired t-test
	t = 2.263, P = 0.047 for 24 h; t = 1.260, P = 0.239 for 48 h; t = 0.117, P = 0.909 for 72 h
	Extended Data Fig. 2b

	Two-tailed unpaired t-test
	t = 1.714, P = 0.117 for 24 h; t = 1.503, P = 0.163 for 48 h; t = 1.365, P = 0.202 for 72 h
	Extended Data Fig. 2c

	Two-tailed unpaired t-test
	t = 0.541, P = 0.601 for 24 h; t = 0.918, P = 0.379 for 48 h; t = 1.934, P = 0.081 for 72 h
	Extended Data Fig. 2d

	Two-tailed unpaired t-test
	t = 2.044, P = 0.068 for 24 h; t = 0.423, P = 0.681 for 48 h; t = 0.689, P = 0.506 for 72 h
	Extended Data Fig. 2e

	Two-tailed unpaired t-test
	t = 1.792, P = 0.116 for 1; t = 1.789, P = 0.103 for 2; t = 0.8577, P = 0.411 for 3; t = 0.713, P = 0.491 for 4; t = 0.9521, P = 0.363 for 5; t = 1.480, P = 0.169 for 6; t = 2.223, P = 0.059 for 7; t = 1.809, P = 0.100 for 8; t = 1.927, P = 0.082 for 9; t = 0.3844, P = 0.708 for 10; t = 0.9805, P = 0.349 for 11; t = 0.8786, P = 0.400 for 12; t = 0.7690, P = 0.459 for 13; t = 1.478, P = 0.170 for 14; t = 1.058, P = 0.314 for 15; t = 0.1852, P = 0.856 for 16; t = 2.124, P = 0.059 for 17; t = 10.62, P < 0.001 for 18; t = 6.026, P < 0.001 for 19; t = 2.006, P = 0.072 for 20; t = 0.8429, P = 0.419 for 21; t = 5.339, P < 0.001 for 22; t = 2.084, P = 0.063 for 23; t = 1.669, P = 0.126 for 24; t = 0.6952, P = 0.502 for 25; t = 0.2449, P = 0.811 for 26; t = 0.5990, P = 0.562 for 27; t = 0.02497, P = 0.980 for 28; t = 0.4320, P = 0.674 for 29; t = 1.617, P = 0.140 for 30; t = 1.557, P = 0.150 for 31; t = 1.288, P = 0.226 for 32; t = 1.481, P = 0.169 for 33; t = 1.868, P = 0.091 for 34; t = 0.1626, P = 0.874 for 35; t = 1.556, P = 0.150 for 36; t = 1.372, P = 0.199 for 37; t = 4.157, P = 0.001 for 38; t = 1.100, P = 0.297 for 39; t = 1.400, P = 0.191 for 40; t = 0.2461, P = 0.810 for 41
	Extended Data Fig. 3c

	Two-tailed unpaired t-test
	t = 1.169, P = 0.269 for 10; t = 0.6714, P = 0.517 for 11; t = 2.023, P = 0.070 for 12; t = 0.9578, P = 0.360 for 13; t = 0.5296, P = 0.608 for 14; t = 2.148, P = 0.057 for 15; t = 1.769, P = 0.107 for 16; t = 0.5313, P = 0.606 for 17; t = 2.474, P = 0.032 for 18; t = 2.448, P = 0.034 for 19; t = 1.137, P = 0.282 for 20; t = 0.05157, P = 0.989 for 21; t = 2.053, P = 0.067 for 22; t = 0.08397, P = 0.934 for 23; t = 0.2477, P = 0.809 for 24; t = 1.372, P = 0.199 for 25; t = 0.09733, P = 0.924 for 26; t = 0.2256, P = 0.826 for 27; t = 0.3478, P = 0.735 for 28; t = 0.04647, P = 0.963 for 29; t = 1.109, P = 0.293 for 30; t = 1.431, P = 0.182 for 31; t = 1.534, P = 0.156 for 32; t = 1.231, P = 0.246 for 33; t = 1.058, P = 0.315 for 34; t = 1.543, P = 0.153 for 35; t = 1.047, P = 0.319 for 36; t = 1.533, P = 0.156 for 37; t = 0.8774, P = 0.400 for 38; t = 1.180, P = 0.265 for 39; t = 1.587, P = 0.143 for 40; t = 0.1443, P = 0.888 for 41
	Extended Data Fig. 3e

	Wilcoxon signed rank test
	Z = -0.928, P = 0.353
	Extended Data Fig. 4a

	Wilcoxon signed rank test
	Z = -1.532, P = 0.126
	Extended Data Fig. 4b

	Wilcoxon signed rank test
	Z = -0.041, P = 0.967
	Extended Data Fig. 4c

	Wilcoxon signed rank test
	Z = -0.325, P = 0.745
	Extended Data Fig. 4d

	Two-tailed unpaired t-test
	t = 43.15, P < 0.001 
	Extended Data Fig. 6d

	Two-tailed unpaired t-test
	t = 3.997, P = 0.016 
	Extended Data Fig. 6e

	Two-tailed unpaired t-test
	t = 2.967, P = 0.041
	Extended Data Fig. 6f

	Two-tailed unpaired t-test
	t = 3.487, P = 0.005 for 2 h; t = 2.247, P = 0.048 for 4 h; t = 0.6738, P = 0.515 for 8 h; t = 2.016, P = 0.078 for 12 h
	Extended Data Fig. 7a

	Wilcoxon signed rank test
	Z = -0.598, P = 0.550
	Extended Data Fig. 7b

	Two-tailed unpaired t-test
	t = 0.09176, P = 0.927 for oil; t = 0.6689, P = 0.510 for 4VA (0.5 ng/µl); t = 0.7951, P = 0.435 for 4VA (5 ng/µl); t = 0.5104, P = 0.614 for 4VA (50 ng/µl); t = 0.5841, P = 0.565 for 4VA (500 ng/µl); t = 0.3465, P = 0.732 for 4VA (5000 ng/µl)
	Extended Data Fig. 7c

	Two-tailed unpaired t-test
	t = 0.157, P = 0.311 for pranoprofen; t = 0.947, P = 0.397 for 4'-Isopropylflavone;
t = 0.232, P = 0.827 for Dihydromyricetin;
t = 0.100, P = 0.924 for Flunixin meglumine;
t = 0.928, P = 0.405 for Tug-770;
t = 1.239, P = 0.282 for GS967;
t = 4.571, P = 0.010 for Tolcapone;
	Extended Data Fig. 8b

	Two-tailed unpaired t-test
	t = 0.970, P = 0.348 for 1 nmol; t = 1.682, P = 0.114 for 10 nmol; t = 5.647, P < 0.001 for 100 nmol;
	Extended Data Fig. 8d

	Two-tailed unpaired t-test
	[bookmark: OLE_LINK5]t = 3.213, P = 0.006 for 24 h; t = 5.714, P < 0.001 for 48 h; t = 2.323, P = 0.042 for 72 h
	Extended Data Fig. 8e

	Two-tailed unpaired t-test
	t = 0.107, P = 0.916 for 24 h; t = 3.100, P = 0.007 for 48 h; t = 2.769, P = 0.015 for 72 h
	[bookmark: _GoBack]Extended Data Fig. 8f



Supplementary sequences for RNAi constructs

> LOCMI16699 (4VPMT1)
CCTCAGCATCTCGCTCCAGGTTGTGAGGGGCACATAGCCTTCTCGCCGTCATGGACAAGCAGAACGGGCACGTGAACATGGAAAAGCAGGAGGTGTACCGCAGCATGGACAAGCAGAACGGGCACGTGAACATGGAAAAGCAGGAGATGTACCGCAGCATGGACAAGCAGAACGGGCACGTGAACATGGAAAAGCAGGAGGCGTACCGCAGCATGGACAAGCCGCACCTGTACACCCTCGGCTGCAGTCCGCTGACCGCGATGGCCGAAGCGCAGTTGGACGCCCTGTGGTCGCAGCTCTCGTGGCCACAGACACCTCTGCCGGTGCTCGACATTGGCTGCGGGCCCGGAGACGTCGCCAGGAAGGTGTTGGTCCCGCGGCTGCCCGCTGGCACGCGTCTGGTGGCCTGTGACATCAGCCCGGAGATGCTGGACTTCTGCAGGCAGCACAACGCGCTGCTCGGCACCATCACGTACGAGCTGCTGGACGTGGTCGAGCCCCGCCTCGAGGACACCGCCGTGTGGCGGCTCGCGCCCTTCGGCAAGGTCTTCTGCCTGCTGCTGCTGCACTGGGTGCCCGACAACAGACTTGCTGTCAAGAATATTCACAAACTACTGGTGCCTGGCGGAGAAGCCGTCTTCACCGTAATAGCCAACATGGCTCTCTGCGCTGCGTACGAAGAAATTGCCAAGGTGCCACGCTGGACGCAGTACACGCAGGACGTGGAGAAGTTCGTCTCCCCGTACCAGCACAGTGAGGACCCAGTGGGCGAATTCAGCCGCCTGCTGGAGAGTGAAGGCTTCCAGGTGCTGCACTGCGACCTCAGCCCACAGAAGGTGTTCTTCCCGACCGCGGAAAAGCGCAGAGAGTTCTTGAAATCAGTATGTGCATTCCTAAACCGCATTCCAGAAGAGCAAAAGGATGATTTTTTGAACGACTGGTTGCAACTTACGGAGAAACTGAAGGGGTTCTCGCAGGGTGTCGGGAGGAATGGAGAACCAGAGTACTACAATCATATCATATTAATGACTGCCTTGGCGAGAAAACTCTGAAATCGAATTCCCGCGGCCGCCATGGCGG

> LOCMI02868 (4VPMT2)
CTTGGTCTGGTCACTGAGCACAGTACTTCAGGCCTCAGCACCTCTTTCCTGGTGTGAGGTGCACATAGCCTTCTGGCCTTCATGGAGAAGCAGGACACACACGTGAACACGGAGAAGCAGGAGGCGTACCGCGGCATTGACAAGCCGCACCTGTACACCCTCGGCTGCTGCTCCTTGACCGCGATGGCCTCAGCCCAGCTGGACGCTCTGTGGTCGCAGCTCTCGTGGCCACAGACACCTCTGCCGGTGCTCGACATTGGCTGTGGGCCCGGAGACATCGCCAGGAAGGTGTTGGCCCCGCGACTGCCCGCTGGCACGCGTCTGGTGGCCTGCGACATCAGCCCGGAGATGGTGGACTTCTGCAGGCAGCACAACGCGCTGCCCGGCACCATCACGTACGAGCTGCTGGACGTGGTCGAGCCCCGCCTTGAGGACACCGTCGTGTGGCGGAATGGGCCCTTCGGCAAAGTCTTCTGCATGCTGATGCTGCACTTGGTGCCCGACAACAGACTTGCTGTCAAGAATATTCACAAACTGCTGGTACCTGGTGGAGAAGCCGTCTTCAGCGTAATAGCAAACATGGCTCTCTGCGATGCGTACGAAGAAATGGCCAAGGAGCCACGCTGGGCGCTATACATGCAGGACGTGGAGAAGTTCGTCTCCCCGTACCAGCACAGTGAGGACCCGGTGGGCGAGTTCAGGCTTCTTCTGGAGAGTGAAGGCTTCCAGGTGCTGCGCTGCGACCTCGGCCCACAGAAGGTGTTCTTCCCGACCGCGGAAACTCACAGAGAGTTCTTGAAATCAGTATGTGCATTCCTATACCGCATTCCTGAAGAGCAAAAGGATGATTTTTTCGACGACTGGTTGCAACGTTTGGAGAAACTGAAGGGgACATCGCAgGGTGTCGGGAGGAATGGAGAGGCAGAGTACTACATCCATTTGAGCGTAATAACCGCCTTGGCCAGAAAATTCTGACTGGACGTTTCACACTACTGCTACGACACTCATCGACAGCATTTAATATTAGAAACATTAATGTACGCACATCACATACATAATTCTTCAGAGAGAGTATCGGTAACAGAGTGTTAACAATCAATATTTATATGTAGTGATCTTCCTGTAAACTATCAGTTTTCTGATATTAATAAAAGCCTCCCATACGTGAGTTACTCTGCATAAGATTGGCTCTCTGCATAGTTTTATCTCAACTCCTGTCAAAGATACTACAACTGAGCTAGTGTTGCTTCATTAATGACCAATGTGGAAATTTTTTCAGCAATCAGTCGTAAAAATATTTATTTATTTGCAGATCTACATTTTGACAACTTTGTGGTCATGATCAGTGCTAGAATAAATACAAAAGAACCAGTTAGAATAACACACATGTCACGTTATAAGCCAATTGTATAAGTTTTGCTTGAAGCCAATGATAAAAAAACATACCTTAAAACCAATTAAAATACTTAAAACATCACGACCTCCATG

>LOCMI17143
ATGGAGGACCCCCAGCTGTTCAGCGAGTACGGCGGCGCCTACCGGCGATGGCGGAGCTTCACCTGGCCAGACCCAAAGCTGCCCGTGCTCGACGTGGGCTGCGGACCGGGCATCCTCACCAAGGAGGTACTGGTTCCGCGGCTGCCGCCGTCGGCCAGCGTGGTGGCGAGCGACGTGAGCGCGGCCATGGTGCAGTACGCCCGGGAGCAGCACGCGGTGCCGGCGGTCAAGGCGTACCACGTGCTCGACCTGATGGACGCCGACGTCACCAGGTCCCCCGTGTGGCGGCACGCGCCCTACGGCAAGGTGTTCGGCGTCATGGTGCTGCACTGGGTGCCCGACAACAGGCGCGCACTCCAAAATATATACAAACTTTTGGCACCCGGTGGTGAAGCGGTGTTTACTTTGAAGGCTTACTGCACATTGTTCGATGTTTACCAATACATGGCAAAGGAGTCCCGTTGGAGTAAGTACATGAAGGACTACGACAAGTACATAACTCCGTATCAGAACTCGAAGGACCCTGCCTCTGATCTGCGTAACATCCTGGTTGAAGTAGGATTCGAACCGGTGATAGTCAAGGCGGAGCCTGGGACATACGTATTTCATTCGGATTCAGAAACCAGAGGTGCAGTGAAATCTGTTAATGCGTTCATTAGTCGCATTCCAGACGAAGACAAGGAAGCATATATTGACGATTTTTTGGAGGCGTGCTACAAACAGAAGATGCTTACCAAAGAAACCGATGAAAATTCGGGAAAAGAAAGAGTCTTGTACCATTACATTTCTATGATAGCTGTGGCGAGGAAACAAGAGCGT

>LOCMI17606 
ATGGAGGAGCCCGGGCTGTATGCGCGCCACGGCACCAGGGTGTTCGAGACGGCGGCCCGCTGGCTGGACGAGCTGTGGCCGCACGCGCACGTCACCTGGCCGCAGCCGCCGCTGCCCGCGCTCGACATCGGGTGCGGCACCGGCCAGGGCTCCGAGCAGGGTGTCTCAAGAAAGACGCCTGCCAGGCGTGACCAGCTGGTGGCCACGGACGTGAGCGCGCCCATGCTGGAGTACGCAGAGCGGCACAACTCCCTGCCCGACGTCGTCACGTACCAGCTGCTGGACGCGGCGTGCGCCCGCGATGAGATAGACGACGTACTCCAAATCCTCAGAATTGTTTTAAGTTTTAATTACTTCAAGTTTGCAATTCTGTATTCTTTCAGGCAAGTGATACAGAACATGTACAAACTGCTGGCACCAGGAGGAGAGGCTGTATTTGTTATGATGGCAACAAGCCCCTTCCTCGCCCACGACATCGTGGGAAAAGATCCCCGGTGGAGTAAATACATGGAAGATGTCGAGCGCTTCCTGTCGCCGTACCATTACTCCAAGGACCCAACTGCTGACTTCCTCCATCTGTTGAACGAGGCGGGCTTCCAAGTCATTTACCACTTTTCAGAACCTAGAAGCATCGATTACAGCACTAAAGAAGACTGTAAAGGT

>LOCMI16705 
ATGGACAAGCCTGGCCCGTTCAGCGACAGCACGTGGCACACGTTCACCGCGGTCACCGTCCGCCAGCTGCAGCAGCTGTGGCCGTCTCTGACGTGGCCGCACCCGCCGCTGCCCGTGCTGGACGTGGGCTGCGGCCCGGGCGACATCGCCGCCAAGTTTCTAGCGCCCAGCGTCCCTGAAGGCACGAAGATAGTGGCCTGTGACGTGTGCCCAGAAATGGTGGAATACGCGAAGCAACACAACCCGGTGCCCGGAGTGATCACGCACGAGGTGTTCGACGTGATGGACCCAGAGCTGGAGCGAACGGCCGTCTGGAGGCACGGGCCCTACTCCAAGGTGTTCGGTCTGATGCTACTCCACTGGCTGCCGGACAACAGAGGCGCCATTCGGAACATCCACAAGCTGCTGTCTGCGGGCGGTGAGGCCGTCTTCGTGGTGATACCGAAGGTTGCCATATGGGGCGCCTATGAAGCCATGGCCGAGGATCCGCGCTGGAAGCCCTACATGCAG

>LOCMI03758  
ATGTTCCGCCTGGAGGAAGACCGTGTGGTGGATGCTACACTGTCGGGTGGCCTCGCTCGCTACATCAATCACTCGTGTAACCCCAACTGTGTGGCGGAGACGGTCGAAGTGGAGAGGGACCTCCGCATTATCATTTTTGCCAAGCGACGGATATCACGCGGTGAAGAGTTGGCATACGACTACAAGTTCGACATCGAAGATGACCAGCACAAGATACCGTGCAACTGCGGGGCCCCCAACTGCCGCAAGTGGATGAACTGA
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