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Supplementary Table S1. Genetic instruments for plasma level of alanine in Europeans.
	[bookmark: _Hlk225617766]SNP
	CHR
	EA
	OA
	EAF
	BETA
	SE
	P-value
	F-statistic b
	Variance explained by the genetic variants (r2) a 

	rs1047891
	2
	A
	C
	0.32
	-0.0282 
	0.0044 
	1.60E-10
	40.90 
	3.43E-04

	rs11183581
	12
	A
	C
	0.21
	0.0585 
	0.0050 
	1.30E-31
	136.81 
	1.15E-03

	rs11558471
	8
	G
	A
	0.31
	-0.0308 
	0.0044 
	3.10E-12
	48.60 
	4.08E-04

	rs11715633
	3
	A
	G
	0.27
	-0.0290 
	0.0046 
	3.30E-10
	39.49 
	3.31E-04

	rs117307872
	12
	A
	C
	0.02
	-0.0763 
	0.0136 
	2.20E-08
	31.33 
	2.62E-04

	rs11866219
	16
	C
	A
	0.58
	-0.0285 
	0.0042 
	1.30E-11
	45.87 
	3.94E-04

	rs12379111
	9
	G
	C
	0.09
	-0.0422 
	0.0071 
	2.50E-09
	35.51 
	3.06E-04

	rs1260326
	2
	C
	T
	0.60
	-0.0557 
	0.0042 
	1.90E-40
	177.32 
	1.49E-03

	rs13277542
	8
	G
	T
	0.49
	-0.0326 
	0.0042 
	4.90E-15
	61.29 
	5.31E-04

	rs138373837
	5
	T
	C
	0.02
	-0.0957 
	0.0135 
	1.30E-12
	50.30 
	4.23E-04

	rs144262262
	7
	C
	T
	0.00
	-0.1942 
	0.0346 
	2.10E-08
	31.43 
	2.64E-04

	rs17122673
	12
	C
	T
	0.11
	0.0561 
	0.0067 
	4.10E-17
	70.71 
	6.00E-04

	rs1858714
	8
	T
	G
	0.76
	0.0356 
	0.0048 
	7.90E-14
	55.84 
	4.68E-04

	rs2069389
	12
	G
	A
	0.05
	0.0544 
	0.0095 
	9.20E-09
	33.00 
	2.76E-04

	rs2160387
	2
	C
	T
	0.43
	-0.0452 
	0.0041 
	5.90E-28
	120.14 
	9.98E-04

	rs2168101
	11
	A
	C
	0.31
	-0.0528 
	0.0046 
	9.00E-31
	133.01 
	1.19E-03

	rs2385127
	8
	A
	G
	0.62
	-0.0283 
	0.0042 
	1.80E-11
	45.20 
	3.79E-04

	rs2629665
	1
	A
	C
	0.41
	-0.0448 
	0.0042 
	7.60E-27
	115.07 
	9.68E-04

	rs2933243
	12
	A
	G
	0.18
	0.0835 
	0.0053 
	3.30E-56
	249.52 
	2.09E-03

	rs339969
	15
	A
	C
	0.62
	0.0244 
	0.0042 
	7.30E-09
	33.46 
	2.81E-04

	rs4237150
	9
	C
	G
	0.40
	0.0285 
	0.0042 
	9.10E-12
	46.51 
	3.90E-04

	rs4693210
	4
	G
	A
	0.44
	-0.0329 
	0.0041 
	1.80E-15
	63.22 
	5.33E-04

	rs4766214
	12
	G
	A
	0.46
	-0.0254 
	0.0041 
	8.30E-10
	37.68 
	3.21E-04

	rs4903264
	14
	T
	A
	0.56
	0.0235 
	0.0042 
	2.60E-08
	30.98 
	2.71E-04

	rs4985413
	16
	C
	T
	0.37
	-0.0394 
	0.0042 
	2.00E-20
	85.83 
	7.18E-04

	rs5023078
	12
	C
	T
	0.53
	-0.0244 
	0.0041 
	2.80E-09
	35.30 
	2.97E-04

	rs560124875
	16
	T
	C
	0.01
	0.1487 
	0.0190 
	5.60E-15
	61.03 
	5.62E-04

	rs56335308
	8
	A
	G
	0.03
	0.0950 
	0.0125 
	3.70E-14
	57.34 
	4.80E-04

	rs56375022
	16
	T
	C
	0.03
	0.0858 
	0.0140 
	8.30E-10
	37.69 
	4.25E-04

	rs58116791
	14
	C
	T
	0.23
	0.0266 
	0.0048 
	4.20E-08
	30.05 
	2.54E-04

	rs6752053
	2
	C
	T
	0.41
	-0.0258 
	0.0042 
	5.70E-10
	38.42 
	3.22E-04

	rs6931514
	6
	G
	A
	0.26
	0.0373 
	0.0047 
	1.40E-15
	63.84 
	5.37E-04

	rs73201506
	21
	G
	A
	0.05
	0.0565 
	0.0098 
	8.60E-09
	33.13 
	2.80E-04

	rs74359215
	12
	G
	C
	0.03
	0.0797 
	0.0131 
	1.30E-09
	36.81 
	3.20E-04

	rs7503139
	17
	T
	C
	0.17
	-0.0407 
	0.0055 
	1.30E-13
	54.86 
	4.61E-04

	rs7624902
	3
	G
	A
	0.54
	-0.0388 
	0.0041 
	4.10E-21
	88.92 
	7.47E-04

	rs7925445
	11
	G
	A
	0.56
	0.0298 
	0.0041 
	5.60E-13
	51.98 
	4.39E-04

	rs7967842
	12
	T
	G
	0.63
	-0.0485 
	0.0043 
	5.80E-30
	129.32 
	1.10E-03

	rs79687284
	1
	C
	G
	0.03
	0.1343 
	0.0112 
	4.70E-33
	143.43 
	1.21E-03

	rs7978353
	12
	G
	A
	0.40
	0.0279 
	0.0042 
	2.00E-11
	44.96 
	3.75E-04

	rs8056893
	16
	A
	C
	0.73
	-0.0258 
	0.0046 
	2.80E-08
	30.86 
	2.61E-04

	rs8061221
	16
	A
	G
	0.75
	0.0582 
	0.0047 
	4.00E-35
	152.89 
	1.29E-03

	rs807672
	22
	G
	C
	0.53
	0.0256 
	0.0041 
	3.90E-10
	39.17 
	3.28E-04


SNP, single-nucleotide polymorphisms; CHR, chromosome; EA, effect allele; OA, other allele EAF, effect allele frequency; SE, standard error. 
a The r2 for alanine was calculated based on 2×effect allele frequency (EAF)× (1-EAF) ×beta2/SD2. These genetic variants explain 2.51% of the variance of alanine. 
b F-statistics were calculated using the square of the ratio of genetic association with alanine (beta) divided by the standard error (se). 



















[bookmark: _Toc134125132]Supplementary Table S2. Associations of genetic predictors for plasma alanine with potential confounders in the UK Biobank.
	SNP
	EA
	Townsend index
	Education
	Smoking status
	Alcohol drinking
	Physical activity
	BMI

	
	
	BETA
	P value
	BETA
	P value
	BETA
	P value
	BETA
	P value
	BETA
	P value
	BETA
	P value

	rs1047891 b
	A
	-0.0007
	7.50E-01
	-0.0013
	5.60E-01
	-0.0004
	7.10E-01
	0.0015
	6.50E-01
	-0.0045 
	4.00E-01
	0.0141 
	3.10E-11

	rs11183581
	A
	-0.0058
	2.00E-02
	-0.0041
	1.10E-01
	-0.0022
	1.20E-01
	0.0058
	1.20E-01
	-0.0138 
	2.40E-02
	0.0032 
	1.80E-01

	rs11558471
	G
	-0.0002
	9.30E-01
	-0.0015
	5.00E-01
	-0.0022
	7.50E-02
	-0.0088
	6.70E-03
	0.0112 
	3.60E-02
	0.0048 
	2.40E-02

	rs11715633
	A
	0.0022
	3.40E-01
	-0.0042
	7.10E-02
	-0.0011
	3.80E-01
	0.0057
	9.60E-02
	-0.0015 
	7.90E-01
	0.0063 
	4.30E-03

	rs117307872
	A
	0.0193
	4.40E-03
	-0.0099
	1.50E-01
	0.0075
	4.90E-02
	-0.0195
	5.30E-02
	0.0201 
	2.30E-01
	-0.0118 
	7.40E-02

	rs11866219 b
	C
	-0.0038
	6.50E-02
	0.0021
	3.20E-01
	-0.0025
	3.30E-02
	-0.0097
	1.90E-03
	0.0162 
	1.50E-03
	-0.0211 
	2.40E-25

	rs12379111
	G
	0.0058
	9.70E-02
	-0.0044
	2.20E-01
	0.0015
	4.50E-01
	-0.0101
	5.50E-02
	0.0019 
	8.20E-01
	0.0100 
	3.50E-03

	rs1260326 a
	C
	0.0023
	2.70E-01
	0.0029
	1.70E-01
	-0.0016
	1.60E-01
	-0.0506
	3.30E-60
	0.0006 
	9.00E-01
	0.0094 
	3.30E-06

	rs13277542
	G
	0.0007
	7.30E-01
	-0.0082
	7.30E-05
	0.0020
	8.40E-02
	0.0005
	8.80E-01
	0.0045 
	3.70E-01
	0.0027 
	1.70E-01

	rs138373837
	T
	0.0090
	1.80E-01
	0.0014
	8.40E-01
	-0.0047
	2.10E-01
	-0.0095
	3.40E-01
	-0.0086 
	6.00E-01
	0.0059 
	3.60E-01

	rs144262262
	C
	-0.0169
	3.20E-01
	-0.0179
	3.20E-01
	0.0030
	7.60E-01
	-0.0217
	4.00E-01
	-0.0026 
	9.50E-01
	-0.0146 
	3.80E-01

	rs17122673
	C
	0.0029
	3.80E-01
	-0.0024
	4.70E-01
	-0.0002
	9.00E-01
	0.0014
	7.70E-01
	0.0167 
	3.90E-02
	-0.0064 
	4.50E-02

	rs1858714
	T
	0.0016
	4.90E-01
	-0.0005
	8.30E-01
	-0.0026
	5.20E-02
	0.0017
	6.30E-01
	0.0030 
	6.00E-01
	-0.0016 
	4.80E-01

	rs2069389
	G
	0.0074
	1.20E-01
	-0.0088
	6.70E-02
	-0.0010
	7.10E-01
	0.0011
	8.80E-01
	0.0185 
	1.10E-01
	-0.0008 
	8.60E-01

	rs2160387
	C
	-0.0011
	5.80E-01
	-0.0021
	3.10E-01
	0.0004
	7.50E-01
	-0.0054
	7.60E-02
	0.0083 
	9.80E-02
	0.0003 
	8.70E-01

	rs2168101
	A
	-0.0014
	5.40E-01
	-0.0010
	6.70E-01
	-0.0030
	1.80E-02
	-0.0057
	9.30E-02
	-0.0024 
	6.60E-01
	-0.0060 
	6.40E-03

	rs2385127
	A
	-0.0018
	3.90E-01
	0.0017
	4.10E-01
	0.0010
	4.20E-01
	-0.0013
	6.90E-01
	0.0005 
	9.20E-01
	0.0000 
	9.90E-01

	rs2629665
	A
	0.0061
	3.00E-03
	-0.0038
	7.30E-02
	0.0023
	4.40E-02
	-0.0022
	4.70E-01
	0.0060 
	2.30E-01
	-0.0056 
	5.10E-03

	rs2933243
	A
	0.0032
	2.20E-01
	-0.0033
	2.20E-01
	0.0015
	3.20E-01
	0.0088
	2.40E-02
	-0.0082 
	2.00E-01
	-0.0133 
	1.80E-07

	rs339969
	A
	-0.0014
	5.00E-01
	0.0033
	1.20E-01
	-0.0035
	2.40E-03
	-0.0036
	2.50E-01
	-0.0080 
	1.20E-01
	0.0103 
	4.40E-07

	rs4237150
	C
	-0.0009
	6.70E-01
	0.0052
	1.30E-02
	-0.0003
	7.90E-01
	-0.0012
	7.00E-01
	0.0028 
	5.80E-01
	0.0011 
	6.00E-01

	rs4693210
	G
	-0.0022
	2.90E-01
	-0.0035
	9.60E-02
	0.0002
	8.30E-01
	-0.0007
	8.30E-01
	-0.0088 
	8.00E-02
	0.0105 
	1.50E-07

	rs4766214
	G
	-0.0046
	2.50E-02
	-0.0019
	3.50E-01
	0.0002
	8.80E-01
	-0.0063
	4.00E-02
	-0.0005 
	9.20E-01
	0.0051 
	1.10E-02

	rs4903264
	T
	-0.0057
	5.00E-03
	0.0047
	2.40E-02
	-0.0010
	3.70E-01
	-0.0071
	1.90E-02
	0.0030 
	5.50E-01
	-0.0042 
	3.50E-02

	rs4985413
	C
	0.0024
	2.50E-01
	-0.0025
	2.40E-01
	0.0027
	2.50E-02
	-0.0011
	7.20E-01
	0.0052 
	3.10E-01
	-0.0004 
	8.50E-01

	rs56335308
	A
	0.0141
	2.40E-02
	-0.0019
	7.60E-01
	-0.0028
	4.20E-01
	-0.0037
	6.90E-01
	0.0070 
	6.50E-01
	0.0017 
	7.80E-01

	rs56375022
	T
	-0.0004
	9.50E-01
	0.0025
	7.30E-01
	0.0076
	5.20E-02
	-0.0006
	9.50E-01
	-0.0103 
	5.50E-01
	0.0043 
	5.20E-01

	rs58116791
	C
	-0.0014
	5.60E-01
	0.0032
	1.90E-01
	0.0000
	9.90E-01
	0.0094
	8.80E-03
	-0.0193 
	1.00E-03
	0.0059 
	1.20E-02

	rs6752053
	C
	0.0022
	2.90E-01
	-0.0028
	1.90E-01
	-0.0015
	2.00E-01
	0.0007
	8.30E-01
	0.0004 
	9.40E-01
	-0.0050 
	1.20E-02

	rs6931514
	G
	-0.0013
	5.80E-01
	-0.0008
	7.40E-01
	-0.0010
	4.40E-01
	-0.0042
	2.20E-01
	0.0018 
	7.50E-01
	-0.0084 
	1.90E-04

	rs73201506
	G
	-0.0050
	3.00E-01
	0.0049
	3.30E-01
	-0.0027
	3.30E-01
	-0.0093
	2.00E-01
	0.0045 
	7.00E-01
	-0.0057 
	2.30E-01

	rs74359215
	G
	-0.0102
	1.10E-01
	0.0020
	7.70E-01
	-0.0033
	3.70E-01
	0.0066
	5.00E-01
	-0.0177 
	2.60E-01
	-0.0041 
	5.20E-01

	rs7503139
	T
	0.0031
	2.60E-01
	-0.0013
	6.40E-01
	0.0004
	8.10E-01
	-0.0031
	4.50E-01
	0.0128 
	5.50E-02
	0.0060 
	2.30E-02

	rs7624902
	G
	-0.0042
	3.70E-02
	0.0058
	5.20E-03
	-0.0016
	1.60E-01
	-0.0091
	2.60E-03
	0.0006 
	9.10E-01
	0.0019 
	3.50E-01

	rs7925445
	G
	-0.0006
	7.70E-01
	0.0023
	2.70E-01
	-0.0016
	1.60E-01
	0.0056
	6.90E-02
	0.0071 
	1.60E-01
	0.0019 
	3.40E-01

	rs7967842
	T
	-0.0010
	6.30E-01
	0.0042
	5.00E-02
	-0.0013
	2.70E-01
	-0.0053
	9.30E-02
	-0.0051 
	3.30E-01
	0.0020 
	3.30E-01

	rs79687284
	C
	0.0112
	4.30E-02
	0.0033
	5.60E-01
	-0.0042
	1.70E-01
	0.0068
	4.10E-01
	-0.0034 
	8.00E-01
	0.0013 
	8.10E-01

	rs7978353
	G
	-0.0021
	3.00E-01
	-0.0004
	8.50E-01
	0.0001
	9.70E-01
	-0.0002
	9.50E-01
	0.0142 
	5.10E-03
	-0.0088 
	1.20E-05

	rs8056893
	A
	0.0021
	3.50E-01
	-0.0061
	9.30E-03
	-0.0003
	8.10E-01
	-0.0037
	2.80E-01
	0.0075 
	1.80E-01
	-0.0109 
	1.30E-06

	rs8061221 b
	A
	0.0075
	2.10E-03
	-0.0018
	4.60E-01
	0.0030
	2.70E-02
	0.0082
	2.50E-02
	-0.0078 
	1.90E-01
	0.0165 
	4.70E-12

	rs807672
	G
	-0.0003
	9.00E-01
	0.0017
	4.10E-01
	-0.0001
	9.60E-01
	0.0015
	6.30E-01
	-0.0029 
	5.60E-01
	-0.0013 
	5.20E-01


a rs1260326 was excluded from the IVs in the sensitivity analysis as it was related to alcohol consumption in the UK Biobank at genome-wide significance.
b rs1047891, rs11866219 and rs8061221 were excluded from the IVs in the sensitivity analysis as they were related to BMI in the UK Biobank at genome-wide significance.














Supplementary Table S3. Power calculation of MR analyses, at 80% power and 5% statistical significance.
	Outcomes
	Sample size
	Effect size a

	Depression 
	715,843 (194,180 cases, 521,663 controls)
	1.048 

	Bipolar disorder 
	610,187 (46,418 cases, 563,769 controls)
	1.089

	Schizophrenia
	127,906 (52,017 cases, 75,889 controls)
	0.904

	Anxiety disorder
	232,384 (19,529 cases, 212,855 controls)
	1.141

	ADHD
	[bookmark: OLE_LINK4]449,024 (46,418 cases, 402,606 controls)
	1.090


a Power calculation for binary outcomes was based on the ratio of cases to controls and the variance explained by the genetic variants of exposure (r2).(1) The r2 for alanine was 0.0251 and was calculated based on 2×effect allele frequency (EAF)× (1-EAF) ×beta2/SD2. The effect size was detected at 80% power and 5% significance level.









Supplementary Table S4. Associations of genetically predicted plasma alanine with mental disorders using other MR methods.
	Outcome
	Data source
	Method
	OR (95%CI)
	P-value of MR-Egger intercept test
	P-value of global test
	Outliers

	Overall 
	
	
	
	
	
	

	Depression
	PGC
	Weighted median
	1.03 (0.97, 1,10) 
	
	
	

	
	
	MR-Egger
	1.02 (0.88, 1.17) 
	0.858
	
	

	
	
	MR-PRESSO
	1.00 (0.95, 1.06)
	
	0.014
	None

	
	
	MR-RAPS
	1.01 (0.95, 1.06)
	
	
	

	
	FinnGen Biobank
	Weighted median
	1.02 (0.89, 1.19) 
	
	
	

	
	
	MR-Egger
	1.15 (0.88, 1.49)
	0.323
	
	

	
	
	MR-PRESSO
	1.01 (0.92, 1.11) 
	
	0.740
	None

	
	
	MR-RAPS
	1.00 (0.90, 1.12) 
	
	
	

	Bipolar disorder
	PGC
	Weighted median
	1.06 (0.91, 1.24)
	
	
	

	
	
	MR-Egger
	1.06 (0.73, 1.56) 
	0.903
	
	

	
	
	MR-PRESSO
	1.07 (0.93,1.22) 
	
	<0.001
	rs1047891

	
	
	MR-RAPS
	1.07 (0.92, 1.23) 
	
	
	

	
	FinnGen Biobank
	Weighted median
	1.22 (0.86, 1.73) 
	
	
	

	
	
	MR-Egger
	0.99 (0.46, 2.12) 
	0.481
	
	

	
	
	MR-PRESSO
	1.20 (0.92, 1.55)
	
	0.01
	rs73201506

	
	
	MR-RAPS
	1.23 (0.93, 1.62)
	
	
	

	Schizophrenia
	PGC
	Weighted median
	0.93 (0.82, 1.06)
	
	
	

	
	
	MR-Egger
	0.86 (0.63, 1.17) 
	0.840
	
	

	
	
	MR-PRESSO
	0.92 (0.82, 1.02)
	
	<0.001
	rs2629665

	
	
	MR-RAPS
	0.89 (0.79,1.00)
	
	
	

	Anxiety disorder
	PGC
	Weighted median
	1.29 (0.84, 1.96) 
	
	
	

	
	
	MR-Egger
	0.73 (0.28, 1.93) 
	0.270
	
	

	
	
	MR-PRESSO
	1.24 (0.90, 1.70)
	
	0.198
	None

	
	
	MR-RAPS
	1.31 (0.94, 1.83) 
	
	
	

	
	FinnGen Biobank
	Weighted median
	1.11 (0.91, 1.35)
	
	
	

	
	
	MR-Egger
	0.94 (0.66, 1.33) 
	0.472
	
	

	
	
	MR-PRESSO
	1.06 (0.93, 1.20) 
	
	0.601
	None

	
	
	MR-RAPS
	1.08 (0.94, 1.23)
	
	
	

	ADHD
	PGC
	Weighted median
	1.05 (0.92, 1.21)
	
	
	

	
	
	MR-Egger
	1.21 (0.88, 1.66)
	0.371
	
	

	
	
	MR-PRESSO
	1.05 (0.95, 1.18)
	
	0.068
	None

	
	
	MR-RAPS
	1.05 (0.95, 1.16) 
	
	
	

	
	FinnGen Biobank
	Weighted median
	1.27 (0.62, 2.62)
	
	
	

	
	
	MR-Egger
	1.09 (0.30, 3.96)
	0.733
	
	

	
	
	MR-PRESSO
	1.35 (0.83, 2.18) 
	
	0.390
	None

	
	
	MR-RAPS
	1.36 (0.81, 2.30)
	
	
	

	Sex-specific
	
	
	
	
	
	

	Schizophrenia
	
	
	
	
	
	

	Male
	PGC
	Weighted median
	0.92 (0.77, 1.08)
	
	
	

	
	
	MR-Egger
	0.78 (0.55, 1.11)
	0.490
	
	

	
	
	MR-PRESSO
	0.88 (0.77, 0.99)
	
	0.098
	None

	
	
	MR-RAPS
	0.89 (0.79, 1.01)
	
	
	

	Female
	PGC
	Weighted median
	0.96 (0.79, 1.17)
	
	
	

	
	
	MR-Egger
	0.88 (0.60, 1.29)
	0.824
	
	

	
	
	MR-PRESSO
	0.92 (0.80, 1.05)
	
	0.346
	None

	
	
	MR-RAPS
	0.93 (0.81, 1.08)
	
	
	

	ADHD
	
	
	
	
	
	

	Male
	PGC
	Weighted median
	1.08 (0.84, 1.39)
	
	
	

	
	
	MR-Egger
	1.02 (0.53, 1.96)
	0.692
	
	

	
	
	MR-PRESSO
	1.20 (0.96, 1.49)
	
	0.005
	rs6752053

	
	
	MR-RAPS
	1.16 (0.92, 1.47)
	
	
	

	Female
	PGC
	Weighted median
	1.02 (0.70, 1.50)
	
	
	

	
	
	MR-Egger
	0.96 (0.43, 2.13)
	0.934
	
	

	
	
	MR-PRESSO
	0.99 (0.75, 1.31)
	
	0.221
	None

	
	
	MR-RAPS
	1.00 (0.75, 1.33)
	
	
	


OR, odds ratio; CI, confidence interval  
Estimates from MR-PRESSO were presented if there were outliers detected; otherwise, the IVW estimates were presented. 
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	Outcome
	Data source
	OR (95%CI)
	P value

	Overall
	Depression
	PGC
	1.00 (0.94, 1.05)
	0.842 

	
	
	FinnGen Biobank
	1.01 (0.91, 1.12)
	0.899 

	
	Bipolar disorder
	PGC
	1.01 (0.88, 1.15)
	0.893 

	
	
	FinnGen Biobank
	1.25 (0.91, 1.73)
	0.174 

	
	Schizophrenia
	PGC
	0.86 (0.76 0.98)
	0.020 

	
	Anxiety disorder
	PGC
	1.28 (0.90, 1.82)
	0.173 

	
	
	FinnGen Biobank
	1.05 (0.91, 1.21)
	0.468 

	
	ADHD
	PGC
	1.06 (0.94, 1.20)
	0.331 

	
	
	FinnGen Biobank
	1.20 (0.73, 1.97)
	0.473 

	
	
	
	
	

	Sex-specific
	Schizophrenia
	
	
	

	
	Male
	PGC
	0.84 (0.74, 0.96)
	0.012

	
	Female
	PGC
	0.91 (0.78, 1.06)
	0.230

	
	ADHD
	
	
	

	
	Male
	PGC
	1.20 (0.92, 1.57)
	0.174

	
	Female
	PGC
	1.05 (0.77, 1.43)
	0.754


OR, odds ratio; CI, confidence interval. Results are based on the inverse-variance weighted method.
[bookmark: OLE_LINK390]Supplementary Table S6 Genetic instruments for plasma level of alanine in the replication analysis.
	SNP
	CHR
	EA
	OA
	EAF
	BETA
	SE
	P-value
	F-statistic 
	Variance explained by the genetic variants (r2) 

	Lotta et al.

	rs2638314
	12
	A
	T
	0.1809
	0.0806
	0.0072
	2.85E-29
	125.32
	0.0019

	rs1780638
	22
	G
	A
	0.6418
	0.0322
	0.0057
	2.13E-08
	31.91
	0.0005

	rs1440581
	4
	T
	C
	0.4766
	0.0332
	0.0056
	2.81E-09
	35.15
	0.0005

	rs1260326
	2
	T
	C
	0.3881
	0.0523
	0.0057
	2.22E-20
	84.19
	0.0013

	rs7412
	19
	T
	C
	0.0755
	0.0645
	0.0101
	1.93E-10
	40.78
	0.0006

	rs10211524
	2
	G
	A
	0.5771
	0.0416
	0.0057
	3.82E-13
	53.26
	0.0008

	rs4554975
	12
	A
	G
	0.4142
	0.0573
	0.0057
	1.65E-23
	101.06
	0.0016

	rs8061221
	16
	A
	G
	0.7514
	0.0621
	0.0064
	1.71E-22
	94.15
	0.0014

	rs964184
	11
	C
	G
	0.8658
	0.0477
	0.0082
	4.81E-09
	33.84
	0.0005

	rs2016939
	1
	A
	G
	0.5913
	0.053
	0.0056
	5.51E-21
	89.57
	0.0014

	rs17122585
	12
	G
	A
	0.1134
	0.0574
	0.0088
	5.45E-11
	42.55
	0.0007

	rs13232120
	7
	T
	A
	0.1229
	0.0511
	0.0085
	1.76E-09
	36.14
	0.0006

	rs17712208
	1
	A
	T
	0.0305
	0.1183
	0.0155
	2.53E-14
	58.25
	0.0008

	rs2168101
	11
	C
	A
	0.6829
	0.0353
	0.0064
	3.49E-08
	30.42
	0.0005

	rs4237150
	9
	C
	G
	0.4106
	0.0316
	0.0057
	2.60E-08
	30.73
	0.0005

	rs2306386
	8
	T
	C
	0.496
	0.0322
	0.0055
	6.63E-09
	34.28
	0.0005
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	rs3121569
	1
	A
	C
	0.8041
	0.0412
	0.0057
	5.33E-13
	0.0005 
	52.24 

	rs150136696
	1
	T
	C
	0.0329
	0.1263
	0.0204
	5.76E-10
	0.0010 
	38.33 

	rs2883211
	1
	T
	G
	0.5089
	-0.0389
	0.0039
	4.12E-23
	0.0008 
	99.49 

	rs17712208
	1
	A
	T
	0.0314
	0.1244
	0.0134
	1.76E-20
	0.0009 
	86.18 

	rs6800284
	3
	T
	C
	0.4658
	-0.0251
	0.004
	5.29E-10
	0.0003 
	39.38 

	rs17236473
	3
	T
	G
	0.4681
	-0.0368
	0.0041
	1.37E-19
	0.0007 
	80.56 

	rs146767775
	5
	T
	G
	0.0117
	0.1312
	0.0212
	6.41E-10
	0.0004 
	38.30 

	rs4710941
	6
	T
	C
	0.1946
	0.036
	0.005
	6.89E-13
	0.0004 
	51.84 

	rs11991148
	8
	A
	T
	0.9752
	-0.1064
	0.0142
	7.97E-14
	0.0006 
	56.14 

	rs13270448
	8
	A
	G
	0.4404
	0.0257
	0.0042
	7.65E-10
	0.0003 
	37.44 

	rs7078003
	10
	T
	C
	0.1822
	-0.032
	0.0053
	1.46E-09
	0.0003 
	36.45 

	rs2168101
	11
	A
	C
	0.3283
	-0.0377
	0.0046
	2.42E-16
	0.0006 
	67.17 

	rs7938942
	11
	T
	C
	0.6062
	0.0258
	0.0041
	2.73E-10
	0.0003 
	39.60 

	rs11539202
	11
	A
	G
	0.6971
	0.0302
	0.0045
	2.90E-11
	0.0004 
	45.04 

	rs78431863
	11
	T
	C
	0.0407
	0.0691
	0.0106
	8.50E-11
	0.0004 
	42.50 

	rs10830963
	11
	C
	G
	0.6904
	-0.0283
	0.0043
	6.24E-11
	0.0003 
	43.31 

	rs10774205
	12
	A
	T
	0.5833
	-0.0248
	0.004
	5.66E-10
	0.0003 
	38.44 

	rs12311710
	12
	T
	C
	0.1985
	0.0649
	0.0049
	1.78E-39
	0.0013 
	175.43 

	rs4903265
	14
	T
	C
	0.331
	0.0308
	0.0042
	2.31E-13
	0.0004 
	53.78 

	rs3746259
	19
	A
	G
	0.5833
	-0.025
	0.0041
	8.10E-10
	0.0003 
	37.18 


[bookmark: _Toc134125139]SNP, single-nucleotide polymorphisms; CHR, chromosome; EA, effect allele; OA, other allele EAF, effect allele frequency; SE, standard error.
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Supplementary Figure S1. Associations of genetically predicted plasma alanine with mental disorders in the replication analysis using genetic instruments for alanine from Lotta et al. (2) Results are based on the inverse-variance weighted method. The estimates are presented as odds ratios (OR) or beta with 95% confidence intervals (CI). The combined estimates were derived from random-effect meta-analysis. 
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Supplementary Figure S2. Associations of genetically predicted plasma alanine with mental disorders in the replication analysis using genetic instruments for alanine from Karjalainen et al. (3) Results are based on the inverse-variance weighted method. The estimates are presented as odds ratios (OR) or beta with 95% confidence intervals (CI). The combined estimates were derived from random-effect meta-analysis.
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