Supplementary Information

Table S1 DNA barcodes sequence information
	Species
	ITS2
	matK
	rbcL

	Eutrema wasabi
	GenBank: JN387782.1; JN387781.1; AF531562.1; KX931689.1
Lab code: shankui1(Baoshan,Yunan); shankui2(Baoshan,Yunan); shankui3(Baoshan,Yunan)
	GenBank: LC064399.1; KX931591.1; KX931590.1
Lab code: shankui4(Baoshan,Yunan); shankui5(Baoshan,Yunan); shankui6(Baoshan,Yunan)
	GenBank: KX931492.1; KX931491.1; KR303786.1
Lab code: shankui7(Baoshan,Yunan); shankui8(Baoshan,Yunan); shankui9(Baoshan,Yunan)

	Eutrema heterophyllum
	GenBank: DQ165352.1; KX931714.1; KX244382.1; KR303757.1
	GenBank: KX931650.1; KX931649.1; KX931648.1; KX931647.1
	GenBank: KR303784.1; KR303785.1; KX931518.1

	Eutrema yunnanense
	[bookmark: _GoBack]GenBank: DQ165356.1; KX931687.1; KX931686.1
	GenBank: LC064397.1; LC064396.1; KY969607.1
	GenBank: KX931490.1; KX931487.1; NC028727.1

	Armoracia rusticana
	GenBank: MG237473.1; MG236690.1; MG235336.1
Lab code: lagen1(Linyi,Shandong); lagen2(Linyi,Shandong); lagen3(Linyi,Shandong)
	GenBank: MG220631.1; FN597648.1; MG886823.1; LC064385.1; JN894749.1; JN894591.1
Lab code: lagen4(Linyi,Shandong); lagen5(Linyi,Shandong); lagen6(Linyi,Shandong)
	GenBank: MK525233.1; MG249502.1; MG246126.1; KM360651.1
Lab code: lagen7(Linyi,Shandong); lagen8(Linyi,Shandong); lagen9(Linyi,Shandong)

	Brassica juncea
	GenBank: KM892662.1; FJ980406.1; KM892657.1
Lab code: jiecai1(Sanmenxia,Henan); jiecai2(Sanmenxia,Henan); jiecai3(Sanmenxia,Henan)
	GenBank: AB354274.1; MK519719.1; KM892771.1; MG923997.1; LC064390.1
Lab code: jiecai4(Sanmenxia,Henan); jiecai5(Sanmenxia,Henan); jiecai6(Sanmenxia,Henan)
	GenBank: AY167979.1; MK525321.1; MG249207.1; GQ436653.1; JN114789.1
Lab code: jiecai7(Sanmenxia,Henan); jiecai8(Sanmenxia,Henan); jiecai9(Sanmenxia,Henan)

	Brassica nigra
	GenBank: MG923980.1; GQ268059.1; AY722422.1; EF601911.1
	GenBank: AB354272.1; MK578176.1; MG924003.1; HM850744.1; JN584951.1
	GenBank: MT747636.1; MG249611.1; KX298995.1; JX520949.1

	Sinapis alba
	GenBank: AY722486.1; MG237768.1; MG923992.1; FJ609733.1; AF128106.1
	GenBank: AB354277.1; JF926674.1; MT747667.1; MT239312.1; MN167190.1
	GenBank: MT930914.1; MT747650.1; MT239301.1; MN167231.1; MG249874.1
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Figure S1. SSR polymorphism as species-discriminative genomic features in seven Brassicaceae chloroplast genomes. The horizontal bars represent the relative abundance and composition of simple sequence repeats (SSRs), categorized by repeat motif type: mononucleotide A/T (blue), mononucleotide C/G (orange), dinucleotide (gray), trinucleotide (yellow), and tetra- or longer repeats (light blue). The x-axis indicates specific repeat motifs. 
[image: ]
Figure S2. Neighbor-joining phylogenetic tree of seven Brassicaceae species based on complete chloroplast genome sequences. The tree was constructed using the NJ method with bootstrap values indicated at each node (all nodes received 100% support). 

Table S2. Codon base composition and preference-related parameters of chloroplast protein-coding genes in seven Brassicaceae species. 
	species
	GC1
	GC2
	GC3
	GC12
	Gcall
	GC3s
	ENC
	CAI
	CBI
	Fop

	
	
	
	
	
	
	
	
	
	
	

	E. wasabi
	44.95%
	37.42%
	29.04%
	42.85%
	37.14%
	29.10%
	47.55
	0.1661
	-0.099
	0.352

	E. heterophyllum
	44.99%
	37.43%
	28.96%
	42.86%
	37.13%
	29.00%
	47.45
	0.1667
	-0.098
	0.3529

	E. yunnanense
	44.98%
	37.44%
	29.07%
	42.87%
	37.17%
	29.20%
	47.54
	0.1662
	-0.099
	0.3522

	A. rusticana
	44.95%
	37.33%
	28.99%
	42.64%
	37.09%
	29.10%
	47.42
	0.1662
	-0.101
	0.3511

	B. juncea
	44.74%
	37.35%
	29.02%
	42.74%
	37.04%
	29.10%
	47.52
	0.1677
	-0.094
	0.3554

	S. alba
	45.07%
	37.54%
	28.81%
	43.09%
	37.14%
	28.90%
	47.42
	0.1679
	-0.096
	0.3546

	B. nigra
	44.85%
	37.44%
	28.93%
	42.86%
	37.08%
	29.00%
	47.48
	0.1673
	-0.097
	0.354


Note: GC1, GC2, and GC3 represent the GC content at the first, second, and third codon positions, respectively; GC12 is the average of GC1 and GC2; GC3s denotes the GC content at the third position of synonymous codons; ENC, effective number of codons; CAI, codon adaptation index; CBI, codon bias index; Fop, frequency of optimal codons.
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Figure S3. Correlation matrices of codon usage indices across seven Brassicaceae chloroplast genomes. Pearson correlation coefficients among nine indices (GC1, GC2, GC12, GC3, GC_all, CAI, CBI, Fop, Nc, GC3s, GC) are visualized as heatmaps for each species. Red and blue colors indicate positive and negative correlations, respectively, with intensity proportional to correlation strength (see color scale). Asterisks denote significance levels: *P < 0.05, **P < 0.01, ***P < 0.001. Strong positive correlations are observed between GC_all and position-specific GC contents (GC1, GC2, GC3), between CAI and CBI/Fop, and between GC3s and Nc. Weak or non-significant GC_all-Nc correlations suggest that total GC content alone is insufficient to explain codon usage bias variation. 

[image: ]
Figure S4. Neutrality plot analysis of chloroplast protein-coding genes across seven Brassicaceae species. GC12 represents the average GC content at the first and second codon positions; GC3 denotes the GC content at the third synonymous codon position. Each blue dot represents a single protein-coding gene. The orange line indicates the linear regression fit. Shallow regression slopes (0.15–0.35) across all species suggest that both mutation pressure and natural selection influence codon usage, with natural selection predominating at the first two positions. Eutrema wasabi clusters with its analogues (E. heterophyllum, E. yunnanense), whereas Armoracia rusticana and Brassica species show more dispersed GC3 distributions, reflecting distinct selective or mutational regimes.


[image: ]
Figure S5. ENC-plot analysis of chloroplast protein-coding genes across seven Brassicaceae species. The effective number of codons (ENC) is plotted against GC3s (GC content at the third synonymous codon position). Each blue dot represents a single protein-coding gene. The orange curve indicates the expected ENC values under the null hypothesis of mutation pressure alone. Genes falling below the curve suggest additional influence from natural selection. The majority of genes in all seven species deviate below the expected curve, indicating significant selective constraints on codon usage.
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Figure S6. PR2-plot analysis of chloroplast protein-coding genes across seven Brassicaceae species. The x-axis represents G3/(G3+C3) and the y-axis represents A3/(A3+T3) at the third synonymous codon position. Each blue dot represents a single protein-coding gene. The orange horizontal and vertical lines mark the null expectation (0.5) under parity rule 2. Deviation from the center indicates combined effects of mutation pressure and natural selection. All species show predominant clustering in the lower-left quadrant, reflecting the characteristic A/U-ending preference of chloroplast genomes.
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Figure S7. Correspondence analysis (COA) of relative synonymous codon usage (RSCU) in chloroplast protein-coding genes across seven Brassicaceae species. Each orange triangle represents a single protein-coding gene plotted along Axis1 and Axis2, which capture the primary directions of RSCU variation. Proximity to the origin indicates codon usage patterns close to the species mean. 

Table S3 Locus information for three DNA barcodes
	DNA barcodes
	Number of sequences
	Aligned length/bp
	GC content/%
	Conserved sites
	Variable sites
	Singleton sites
	Parsimony-
informative sites

	ITS2
	35
	255
	58.15
	215
	40
	5
	35

	rbcl
	36
	555
	44.38
	534
	21
	0
	21

	matK
	40
	736
	30.83
	668
	68
	1
	67



Table S4. Genetic distance statistics of three DNA barcodes based on K2P model. Intraspecific and interspecific K2P distances, together with distances between Eutrema wasabi and other species, are shown for ITS2, matK, and rbcL.
	Barcode
	K2P (intra)
	K2P (inter)
	K2P (vs E. wasabi) 

	ITS2
	0.0000~0.0102
	0.0154~0.0906
	0.0154~0.0906

	matK
	0.0000~0.0008
	0.0061~0.0616
	0.0061~0.0531

	rbcL
	0.0000~0.0013
	0.0000~0.0275
	0.0008~0.0265
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