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Fig. S1 Pearson correlation plot for 17 glucosinolate compounds across 42 Brassica juncea accessions. Red and blue indicate positive and negative correlations. Asterisks indicate statistical significance, where *, **, *** represents P-value < 0.05, < 0.01, <0.001, respectively. 
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[bookmark: _GoBack]Fig. S2  (A) PLS-DA score plot and (B) Variable importance projection score across Brassica juncea crop-use types. The red dashed line in figure B indicates VIP =1.
Table S1. Accession information and leaf glucosinolate content of Brassica juncea germplasm.
	Crop-use form/mustard types
	Accession no.
	Taxon
	Origin
	Category
	TGSL
	ALGSL
	ARGSL
	INGSL

	
	
	
	
	
	Total Glucosinolate
	Aliphatic
	Aromatic
	Indolic

	Leaf
	IT135405
	B. juncea ssp. integrifolia
	China
	landrace
	12851.98
	12757.74
	48.51
	45.73

	
	IT135414
	B. juncea ssp. integrifolia
	Japan
	landrace
	11699.78
	11503.11
	139.37
	57.31

	
	IT182542
	B. juncea ssp. integrifolia
	Bhutan
	landrace
	12401.48
	12182.27
	184.57
	34.64

	
	IT183127
	B. juncea ssp. integrifolia
	Nepal
	landrace
	14814.23
	14488.08
	201.18
	124.97

	
	IT186725
	B. juncea ssp. integrifolia
	Japan
	landrace
	12787.34
	12563.77
	160.83
	62.74

	
	IT283410
	B. juncea ssp. integrifolia
	Costa Rica
	landrace
	11748.55
	11616.53
	81.03
	51.00

	
	IT194580
	B. juncea var. integrifolia
	South Korea
	landrace
	13888.32
	13559.51
	290.35
	38.46

	
	IT209126
	B. juncea var. integrifolia
	South Korea
	landrace
	12419.21
	12098.85
	286.82
	33.54

	
	IT216325
	B. juncea var. integrifolia
	China
	landrace
	11662.53
	11582.86
	30.42
	49.25

	
	IT277982
	B. juncea var. integrifolia
	South Korea
	landrace
	18082.99
	17597.27
	422.14
	63.58

	
	IT277991
	B. juncea var. integrifolia
	South Korea
	landrace
	12470.81
	11964.99
	464.44
	41.38

	
	IT135461
	B. juncea ssp. integrifolia var. rugosa
	Mauritius
	landrace
	12445.15
	12393.10
	24.12
	27.93

	
	IT194518
	B. juncea ssp. integrifolia var. rugosa
	South Korea
	landrace
	12009.00
	11965.78
	22.47
	20.76

	
	IT109464
	B. juncea var. foliosa
	Nepal
	landrace
	11522.08
	11450.84
	39.49
	31.75

	
	IT109465
	B. juncea var. foliosa
	Nepal
	landrace
	14408.01
	14126.89
	244.67
	36.46

	
	IT109466
	B. juncea var. foliosa
	Nepal
	landrace
	13359.66
	13154.72
	151.75
	53.18

	
	IT109467
	B. juncea var. foliosa
	Nepal
	landrace
	14228.05
	14044.53
	104.92
	78.59

	
	IT109468
	B. juncea var. foliosa
	Nepal
	landrace
	13124.00
	12914.83
	110.40
	98.77

	
	IT109469
	B. juncea var. foliosa
	Nepal
	landrace
	9810.91
	9708.29
	45.08
	57.54

	
	IT109470
	B. juncea var. foliosa
	Nepal
	landrace
	13544.16
	13381.32
	121.03
	41.81

	
	IT109471
	B. juncea var. foliosa
	Nepal
	landrace
	13229.18
	12992.52
	180.46
	56.19

	
	IT109472
	B. juncea var. foliosa
	Nepal
	landrace
	12361.96
	12250.91
	65.68
	45.37

	
	IT250128
	B.juncea var. japonica
	United States
	cultivar
	11971.62
	11784.63
	168.59
	18.41

	
	IT293099
	B.juncea var. japonica
	Mongolia
	cultivar
	12835.62
	12610.04
	196.88
	28.70

	
	IT297448
	B.juncea var. japonica
	India
	landrace
	15682.22
	15582.45
	90.86
	8.91

	
	IT297449
	B.juncea var. japonica
	India
	landrace
	13266.98
	13187.77
	72.90
	6.31

	
	IT297458
	B.juncea var. japonica
	Thailand
	landrace
	10346.37
	10212.95
	109.96
	23.46

	
	IT218056
	B. juncea var. longidens
	Hungary
	cultivar
	14736.04
	14303.41
	406.31
	26.32

	
	IT178261
	B. juncea var. tumida
	China
	landrace
	10223.46
	10133.10
	71.41
	18.95

	Seed
	IT218381
	B. juncea ssp. juncea
	South Korea
	wild relative
	14196.67
	13629.63
	529.46
	37.59

	
	IT305294
	B. juncea ssp. juncea
	South Korea
	wild relative
	15140.29
	14817.57
	286.45
	36.27

	
	IT227851
	B. juncea ssp. juncea
	South Korea
	landrace
	15411.87
	15207.85
	173.97
	30.05

	
	IT228214
	B. juncea ssp. juncea
	South Korea
	landrace
	11103.60
	11017.26
	61.03
	25.31

	
	IT228215
	B. juncea ssp. juncea
	South Korea
	landrace
	13230.22
	13129.11
	84.39
	16.72

	
	IT228216
	B. juncea ssp. juncea
	South Korea
	landrace
	14387.23
	14140.47
	225.44
	21.32

	
	IT228217
	B. juncea ssp. juncea
	South Korea
	landrace
	13995.40
	13637.96
	337.58
	19.87

	Root
	IT247887
	B. juncea var. napiformis
	Unknown
	landrace
	7464.03
	7362.36
	35.95
	65.72

	
	IT267607
	B. juncea var. napiformis
	South Korea
	landrace
	7037.61
	6984.50
	36.06
	17.05

	
	IT286172
	B. juncea var. napiformis
	Japan
	landrace
	8078.53
	7976.61
	62.09
	39.83

	
	IT293745
	B. juncea var. napiformis
	South Korea
	landrace
	10627.62
	10529.34
	67.27
	31.01

	
	IT327466
	B. juncea var. napiformis
	China
	landrace
	10318.72
	10197.29
	62.17
	59.26

	
	IT344688
	B. juncea var. napiformis
	China
	landrace
	7024.65
	6990.07
	22.50
	12.08


* Glucosinolate contents are expressed in μmol kg⁻¹ dry weight (DW). ssp., subspecies; var., variety.




Table S2. MRM transitions, retention times, and calibration characteristics of glucosinolates analyzed by UPLC-MS/MS
	GSL compound
	Abbreviation
	MRM transition (m/z)
	Retention Time (min)
	Calibration equation
	R2

	Progoitrin
	PRO
	387.77 → 194.85
	6.41
	y = 4.71937x + 9.91246
	0.997

	Glucoiberin
	GIB
	421.62 → 357.73
	6.49
	y = 13.1633x + 7.69632
	0.998

	Epiprogoitrin
	EPI
	387.70 → 258.74
	6.58
	y = 2.71881x − 3.63916
	0.999

	Glucoraphanin
	GRA
	435.59 → 177.78
	7.05
	y = 3.06817x − 19.9887
	0.997

	Sinigrin
	SIN
	357.75 → 161.84
	7.07
	y = 3.82698x + 0.652475
	0.999

	Glucocheirolin
	GCH
	437.71 → 258.74
	7.08
	y = 2.76397x − 26.1180
	1.000

	Glucoraphenin
	GRE
	433.66 → 258.81
	7.13
	y = 2.87606x − 4.02891
	0.998

	Gluconapin
	GNA
	371.74 → 258.74
	8.2
	y = 6.68368x + 0.546011
	1.000

	Sinalbin
	SNB
	423.62 → 258.74
	8.5
	y = 3.29539x − 1.48517
	1.000

	Glucobrassicanapin
	GBN
	385.71 → 258.87
	8.89
	y = 6.94952x − 6.49038
	0.999

	Glucobarbarin
	GBB
	437.71 → 274.75
	8.96
	y = 3.63938x + 8.45324
	0.988

	Glucoraphasatin
	GRH
	417.63 → 258.81
	9.2
	y = 5.04370x − 2.38790
	0.999

	Glucotropaeolin
	GTL
	407.72 → 258.87
	9.2
	y = 14.6720x − 8.28998
	0.999

	4-Hydroxyglucobrassicin
	4HGBS
	462.71 → 266.90
	9.29
	y = 2.23331x − 7.03823
	1.000

	Gluconasturtiin
	GNS
	421.69 → 274.87
	9.67
	y = 4.69691x + 31.6014
	0.981

	4-Methoxyglucobrassicin
	4MGBS
	476.76 → 258.77
	9.92
	y = 2.58732x + 5.36090
	0.997

	Neoglucobrassicin
	NGBS
	476.70 → 445.89
	10.13
	y = 33.5541x + 20.6489
	0.995


*  GSL, glucosinolate; MRM, multiple reaction monitoring.


Table S3. Comparison of glucosinolate SHAP importance rankings between root mustard-associated classification models.
	GSL compounds
	        VM vs RM
	         RM vs SM
	Top ten shared feature

	
	Mean absolute SHAP
	LSVM rank
	 Mean absolute SHAP
	RF rank
	

	Sinigrin
	0.046 
	2
	0.058 
	3 
	Yes

	Glucocheirolin
	0.041 
	4
	0.068 
	1 
	Yes

	4-Hydroxyglucobrassicin
	0.060 
	1
	0.039 
	5 
	Yes

	4-Methoxyglucobrassicin
	0.042 
	3
	0.036 
	6 
	Yes

	Glucobarbarin
	0.021 
	8
	0.060 
	2 
	Yes

	Gluconasturtiin
	0.023 
	7
	0.035 
	7 
	Yes

	Neoglucobrassicin
	0.031 
	6
	0.016 
	10 
	Yes

	Glucoiberin
	0.005 
	13
	0.044 
	4 
	No

	Gluconapin
	0.035 
	5
	0.005 
	14 
	No

	Sinalbin
	0.010 
	10
	0.017 
	9 
	Yes

	Glucobrassicanapin
	0.005 
	14
	0.019 
	8 
	No

	Glucotropaeolin
	0.009 
	11
	0.008 
	12 
	No

	Glucoraphasatin
	0.021 
	9
	0.004 
	16 
	No

	Progoitrin
	0.009 
	12
	0.006 
	13 
	No

	Glucoraphenin
	0.004 
	15
	0.013 
	11 
	No

	Glucoraphanin
	0.001 
	17
	0.005 
	15 
	No

	Epiprogoitrin
	0.003 
	16
	0.003 
	17 
	No

	
	
	
	
	
	


* Mean absolute SHAP values summarize contribution magnitude and do not indicate contribution direction. VM, vegetative mustard; RM, root mustard; SM, seed mustard; LSVM, linear support vector machine; RF, random forest.
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