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Supplementary Figure S1. Phylum-level taxonomic composition and Firmicutes/Bacteroidota ratio. (a) Stacked bar chart showing the mean relative abundance of six major phyla, Pseudomonadota, Bacillota I, Bacillota A, Actinomycetota, Bacteroidota and Bacillota C, across the E-BS, E-US, F-BS and F-US groups; the remaining phyla were grouped as “Others”. (b) Boxplot showing the Firmicutes/Bacteroidota (F/B) ratio across the four groups, displayed on a log10-scaled y-axis. The F/B ratio differed significantly among groups according to the Kruskal-Wallis test (p = 0.002). E-BS, burn scar samples from patients with electrical burns; E-US, unburned skin samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns; F-US, unburned skin samples from patients with flame burns. 
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Supplementary Figure S2. Differentially abundant taxa between electrical and flame unburned skin. Bar chart showing taxa with nominally significant differences between unburned skin samples from patients with electrical burns (E-US) and those with flame burns (F-US), based on the Wilcoxon rank-sum test (p < 0.05). Effect size is expressed as directional Wilcoxon r. Red bars indicate taxa enriched in E-US, and blue bars indicate taxa enriched in F-US. Six taxa reached nominal significance; however, no taxa remained significant after false discovery rate (FDR) correction. E-US, unburned skin samples from patients with electrical burns; F-US, unburned skin samples from patients with flame burns.
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Supplementary Figure S3. PCoA and VIP analysis of unburned skin microbial communities. (a) Principal coordinates analysis (PCoA) plot based on Bray-Curtis dissimilarity for unburned skin samples from patients with electrical burns (E-US) and those with flame burns (F-US), with 95% confidence ellipses. (b) Variable importance in projection (VIP) scores from partial least squares discriminant analysis (PLS-DA) of unburned skin samples (E-US vs F-US). The top 20 taxa with VIP scores > 1.0 are shown. The dashed line indicates the VIP = 1.0 threshold. E-US, unburned skin samples from patients with electrical burns; F-US, unburned skin samples from patients with flame burns; PCoA, principal coordinates analysis; PLS-DA, partial least squares discriminant analysis; VIP, variable importance in projection.



[image: ] Supplementary Figure S4. Core microbiome analysis of burn scars and unburned skin. (a) Heatmap of core taxa detected in ≥90% of burn scar samples from the E-BS and F-BS groups. (b) Heatmap of core taxa detected in ≥90% of unburned skin samples from the E-US and F-US groups. Colour intensity represents prevalence (%). (c) Bar chart showing the number of shared and group-specific core taxa at the ≥50% detection threshold in burn scar samples, including 37 shared, six electrical-specific and 13 flame-specific taxa. (d) Bar chart showing the number of shared and group-specific core taxa at the ≥50% detection threshold in unburned skin samples, including 30 shared, 12 electrical-specific and three flame-specific taxa. E-BS, burn scar samples from patients with electrical burns; E-US, unburned skin samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns; F-US, unburned skin samples from patients with flame burns.
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Supplementary Figure S5. Differential correlation analysis between microbial taxa and clinical indicators. Heatmaps showing Spearman’s correlation coefficients (ρ) between bacterial taxa and clinical variables, calculated separately for the electrical and flame burn groups. (a) Burn scar samples. Only taxon-clinical variable pairs with Fisher’s z-transformation test p < 0.05 are displayed. Two pairs, Finegoldia-VSS total score and Anaerococcus-VSS total score, remained significant after false discovery rate (FDR) correction (q = 0.043). (b) Unburned skin samples. No pairs remained significant after FDR correction. The colour scale represents the strength and direction of correlations, with red indicating positive correlations and blue indicating negative correlations. E-BS, burn scar samples from patients with electrical burns; E-US, unburned skin samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns; F-US, unburned skin samples from patients with flame burns; VSS, Vancouver Scar Scale; TEWL, transepidermal water loss; ESR, erythrocyte sedimentation rate; NRS, Numeric Rating Scale; FDR, false discovery rate.


Supplementary Table S1. Alpha diversity comparison of burn scar samples between electrical and flame burn groups
	Metric
	Electrical burn (n = 30)
	Flame burn (n = 30)
	U statistic
	p-value

	Shannon index
	6.32 ± 0.76
	6.54 ± 0.61
	357.00
	0.169

	Observed features
	152.73 ± 52.45
	169.20 ± 64.26
	396.50
	0.429

	Faith’s PD
	20.94 ± 5.16
	21.95 ± 7.18
	431.00
	0.779

	Pielou’s evenness
	0.88 ± 0.06
	0.90 ± 0.05
	385.00
	0.337


Values are presented as mean ± standard deviation. Comparisons were performed using the Wilcoxon rank-sum test. No significant differences were observed.
Faith’s PD, Faith’s phylogenetic diversity.


Supplementary Table S2. Summary of beta diversity statistical analyses
	Comparison
	Distance metric
	Test
	Statistic
	R²
	p-value

	Burn scar (E-BS vs F-BS)
	Aitchison
	PERMANOVA
	1.11
	0.019
	0.032a

	
	
	ANOSIM
	0.002
	NA
	0.305

	
	
	PERMDISP
	0.82
	NA
	0.369

	Unburned skin (E-US vs F-US)
	Aitchison
	PERMANOVA
	1.24
	0.021
	0.004b

	
	
	ANOSIM
	0.006
	NA
	0.152

	
	
	PERMDISP
	6.08
	NA
	0.018a

	Burn scar (E-BS vs F-BS)
	Bray–Curtis
	PERMANOVA
	1.17
	0.020
	0.122

	
	
	ANOSIM
	0.034
	NA
	0.032a

	
	
	PERMDISP
	0.20
	NA
	0.646

	Unburned skin (E-US vs F-US)
	Bray–Curtis
	PERMANOVA
	1.55
	0.026
	0.004b

	
	
	ANOSIM
	0.079
	NA
	0.003b

	
	
	PERMDISP
	1.75
	NA
	0.129

	Burn scar (E-BS vs F-BS)
	Weighted UniFrac
	PERMANOVA
	1.52
	0.026
	0.115

	
	
	ANOSIM
	0.025
	NA
	0.102

	
	
	PERMDISP
	1.04
	NA
	0.189

	Unburned skin (E-US vs F-US)
	Weighted UniFrac
	PERMANOVA
	2.35
	0.039
	0.009b

	
	
	ANOSIM
	0.049
	NA
	0.012a

	
	
	PERMDISP
	1.68
	NA
	0.195

	Burn scar (E-BS vs F-BS)
	Unweighted UniFrac
	PERMANOVA
	1.08
	0.018
	0.286

	
	
	ANOSIM
	0.006
	NA
	0.320

	
	
	PERMDISP
	1.04
	NA
	0.289

	Unburned skin (E-US vs F-US)
	Unweighted UniFrac
	PERMANOVA
	1.66
	0.028
	0.012a

	
	
	ANOSIM
	0.072
	NA
	0.009b

	
	
	PERMDISP
	3.84
	NA
	0.035a


PERMANOVA was performed with 9,999 permutations. The statistic column indicates pseudo-F for PERMANOVA, R for ANOSIM and F for PERMDISP. R² values are shown for PERMANOVA only. ap < 0.05; bp < 0.01.
E-BS, burn scar samples from patients with electrical burns; E-US, unburned skin samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns; F-US, unburned skin samples from patients with flame burns; PERMANOVA, permutational multivariate analysis of variance; ANOSIM, analysis of similarities; PERMDISP, permutational analysis of multivariate dispersion; NA, not applicable. 


Supplementary Table S3. Candidate differentially abundant taxa identified by multi-method screening between electrical and flame burn scar samples
	Taxon
	Enriched group
	No. of significant methods
	No. of nominally significant methods
	ALDEx2 effect
	LEfSe LDA score
	Wilcoxon log2FC

	Unclassified Bacilli A
	Flame
	1
	4
	−1.958
	4.454
	−2.126

	JC017
	Flame
	1
	3
	−1.540
	4.399
	−1.461

	Pseudomonas E
	Flame
	1
	3
	−1.486
	3.820
	−2.251

	Unclassified Bacteroidaceae
	Flame
	1
	4
	−1.591
	3.373
	−1.844

	GWC2-73-18
	Flame
	1
	3
	−0.992
	3.076
	−6.909

	Unclassified Bacteria
	Flame
	1
	2
	−0.622
	3.055
	−1.352

	Eisenbergiella
	Flame
	1
	3
	−0.913
	3.010
	−2.474

	Fusicatenibacter
	Flame
	1
	3
	−0.797
	2.885
	−2.678

	Chroococcidiopsis
	Flame
	1
	3
	−0.811
	2.843
	−6.141

	UBA7173
	Flame
	1
	3
	−0.776
	2.674
	−4.880

	Lachnospira
	Flame
	1
	2
	−0.565
	2.526
	−3.385

	SCTI01
	Electrical
	1
	3
	0.738
	2.338
	4.503

	Saccharimonadales
	Electrical
	1
	3
	0.757
	2.374
	2.890

	Parviterribacter
	Electrical
	1
	3
	0.959
	2.585
	3.855

	Ga0074137
	Electrical
	1
	3
	0.860
	2.624
	3.506

	Aquirickettsiella
	Electrical
	1
	3
	0.780
	2.666
	1.479

	Romboutsia C
	Electrical
	1
	3
	1.078
	3.003
	4.295

	Aliidiomarina
	Electrical
	1
	4
	1.433
	3.269
	1.542

	Nesterenkonia
	Electrical
	2
	4
	1.700
	3.347
	2.121


Taxa are ordered by LEfSe LDA score to match Figure 3a, with flame-enriched taxa listed first, followed by electrical-enriched taxa. Differentially abundant taxa were identified using a multi-method screening approach based on ANCOM-BC, ALDEx2, LEfSe and the Wilcoxon rank-sum test. Nominal significance was defined as an unadjusted p < 0.05, whereas significant methods indicate methods meeting the predefined method-specific significance criteria. Positive ALDEx2 effect and Wilcoxon log2FC values indicate enrichment in electrical burn scars, whereas negative values indicate enrichment in flame burn scars.
LDA, linear discriminant analysis; FC, fold change; LEfSe, linear discriminant analysis effect size.


Supplementary Table S4. PLS-DA model performance according to VIP threshold
	VIP threshold
	No. of features
	CV accuracy
	Q²
	Interpretation

	0.5
	198
	73.3%
	−1.042
	Poor predictive relevance despite broad feature inclusion

	0.8
	137
	90.0%
	0.317
	Good classification accuracy

	1.0
	104
	88.3%
	0.374
	Selected model with the highest Q² and balanced feature set

	1.2
	63
	80.0%
	0.338
	Acceptable predictive performance with fewer features

	1.5
	27
	78.3%
	−0.018
	Low predictive relevance with a restricted feature set


Model performance was evaluated using stratified 5-fold cross-validation. VIP, variable importance in projection; CV, cross-validation; PLS-DA, partial least squares discriminant analysis; Q², predictive relevance statistic.


Supplementary Table S5. Core microbiome of burn scar samples at the ≥90% detection threshold
	Taxon
	Phylum
	Group
	Threshold
	Mean RA % (E-BS)
	Mean RA % (F-BS)

	Bacteria (unclassified)
	–
	Shared
	≥90%
	3.46
	3.69

	Corynebacterium
	Actinomycetota
	Shared
	≥90%
	11.91
	8.51

	Collinsella
	Actinomycetota
	Flame-specific
	≥90%
	0.85
	0.60

	Staphylococcus
	Bacillota I
	Shared
	≥90%
	18.78
	15.16

	Phocaeicola A
	Bacteroidota
	Flame-specific
	≥90%
	1.75
	1.45

	Acinetobacter
	Pseudomonadota
	Shared
	≥90%
	3.60
	4.30


Taxa detected in ≥90% of samples in either the E-BS or F-BS group are shown. RA, relative abundance; E-BS, burn scar samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns; NA, not applicable.




Supplementary Table S6. Core microbiome of unburned skin samples at the ≥90% detection threshold
	Taxon
	Phylum
	Group
	Threshold
	Mean RA % (E-US)
	Mean RA % (F-US)

	Acinetobacter
	Pseudomonadota
	Shared
	≥90%
	3.74
	6.16

	Corynebacterium
	Actinomycetota
	Shared
	≥90%
	6.33
	9.28

	Clostridium T
	Bacillota A
	E-US-specific
	≥90%
	1.18
	0.86

	Cutibacterium
	Actinomycetota
	E-US-specific
	≥90%
	1.74
	1.27

	Moraxella A
	Pseudomonadota
	Shared
	≥90%
	1.76
	2.10

	Staphylococcus
	Bacillota I
	Shared
	≥90%
	7.53
	7.25

	Streptococcus
	Bacillota I
	E-US-specific
	≥90%
	2.42
	2.02

	Unclassified
	–
	Shared
	≥90%
	26.74
	22.02


Taxa detected in ≥90% of samples in either the E-US or F-US group are shown. Group-specific taxa indicate taxa that met the ≥90% detection threshold in only one group, not taxa exclusively present in that group. RA, relative abundance; E-US, unburned skin samples from patients with electrical burns; F-US, unburned skin samples from patients with flame burns; NA, not applicable.


Supplementary Table S7. Topological properties of microbial co-occurrence networks across the four skin sample groups
	Metric
	E-BS
	E-US
	F-BS
	F-US

	Nodes
	130
	47
	127
	42

	Edges
	767
	117
	470
	47

	Positive edges
	742
	113
	444
	42

	Negative edges
	25
	4
	26
	5

	Density
	0.09
	0.11
	0.06
	0.05

	Average clustering coefficient
	0.42
	0.41
	0.38
	0.24

	Average path length
	4.05
	3.73
	3.71
	4.15

	Connected components
	3
	4
	1
	6

	Modularity
	0.29
	0.57
	0.52
	0.81

	Number of modules
	27
	9
	15
	11


Networks were constructed using Spearman’s correlation analysis. Correlations satisfying |ρ| ≥ 0.5 and p < 0.05 were included as edges. Average path length refers to the largest connected component.
E-BS, burn scar samples from patients with electrical burns; E-US, unburned skin samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns; F-US, unburned skin samples from patients with flame burns.




Supplementary Table S8. Hub taxa in microbial co-occurrence networks of burn scar samples
	Group
	Taxon
	Degree
	Betweenness centrality
	Hub score

	E-BS
	Nesterenkonia
	41
	0.195
	0.96

	
	Aliidiomarina
	45
	0.143
	0.87

	
	Collinsella
	23
	0.115
	0.55

	
	Aquirickettsiella
	30
	0.080
	0.54

	
	Peptacetobacter
	38
	0.041
	0.53

	
	Haloferula 776480
	34
	0.047
	0.50

	
	Unclassified Rhodobacteraceae
	35
	0.029
	0.46

	
	Deinococcus B
	27
	0.063
	0.46

	
	Microvirga
	23
	0.025
	0.32

	F-BS
	Truepera
	26
	0.054
	0.68

	
	Ligilactobacillus
	20
	0.079
	0.64

	
	Unclassified Halomonadaceae
	22
	0.054
	0.60

	
	Unclassified Pyrinomonadaceae
	18
	0.077
	0.60

	
	Unclassified Caulobacteraceae
	25
	0.033
	0.59

	
	JC017
	11
	0.115
	0.59

	
	Lepagella
	18
	0.064
	0.56

	
	Unclassified Thermomicrobiales
	22
	0.038
	0.55

	
	Dietzia
	11
	0.099
	0.54

	
	Holdemanella
	12
	0.079
	0.49

	
	Limosilactobacillus
	16
	0.053
	0.48

	
	UBA7173
	16
	0.048
	0.46

	
	Sarcina 201130
	18
	0.034
	0.46

	
	Unclassified Enterococcaceae
	15
	0.049
	0.45

	
	Faecalibaculum
	16
	0.034
	0.42

	
	Anaerobutyricum
	14
	0.041
	0.40


Hub taxa were identified based on degree, betweenness centrality and hub score in the burn scar microbial co-occurrence networks. Genus names are italicized where taxonomic classification was resolved to the genus level. E-BS, burn scar samples from patients with electrical burns; F-BS, burn scar samples from patients with flame burns.


Supplementary Table S9. Differential correlation analysis between microbial taxa and clinical indicators in burn scar samples
	Taxon
	Clinical variable
	ρ in electrical burns
	ρ in flame burns
	Δρ
	Fisher’s z
	p-value
	FDR
q -value

	Finegoldia
	VSS total
	−0.326
	0.582
	−0.908
	−3.690
	<0.001
	0.043

	Anaerococcus
	VSS total
	−0.384
	0.535
	−0.920
	−3.684
	<0.001
	0.043

	Moraxella A
	Melanin
	−0.447
	0.366
	−0.813
	−3.178
	0.001
	0.186

	JC017
	NRS pruritus
	0.422
	−0.314
	0.736
	2.847
	0.004
	0.413

	Peptacetobacter
	TEWL
	−0.412
	0.279
	−0.691
	−2.662
	0.008
	0.582

	Bacteroides H 857956
	VSS total
	0.301
	−0.366
	0.668
	2.554
	0.011
	0.665

	Collinsella
	ESR
	0.367
	−0.282
	0.650
	2.482
	0.013
	0.701

	Collinsella
	VSS total
	−0.388
	0.233
	−0.621
	−2.377
	0.017
	0.736

	Lachnospiraceae (unclassified genus)
	SC hydration
	0.451
	−0.145
	0.596
	2.323
	0.020
	0.736

	Ruminococcus B
	Surface pH
	−0.097
	0.484
	−0.580
	−2.296
	0.022
	0.736

	Acinetobacter
	Melanin
	−0.292
	0.310
	−0.601
	−2.281
	0.023
	0.736

	Finegoldia
	Surface pH
	0.318
	−0.279
	0.597
	2.264
	0.024
	0.736

	Anaerococcus
	Erythema
	−0.109
	0.449
	−0.558
	−2.180
	0.029
	0.845

	Levilactobacillus
	ESR
	−0.427
	0.122
	−0.549
	−2.127
	0.033
	0.847

	Phocaeicola A
	TBSA
	0.403
	−0.149
	0.552
	2.122
	0.034
	0.847

	Bacteroides H 857956
	Thickness
	0.513
	−0.003
	0.516
	2.092
	0.036
	0.850

	JC017
	TBSA
	0.324
	−0.206
	0.530
	2.004
	0.045
	0.850

	Peptacetobacter
	TBSA
	0.084
	0.554
	−0.470
	−1.985
	0.047
	0.850


Spearman’s correlation coefficients (ρ) were calculated separately for the electrical and flame burn groups. Fisher’s z-transformation test was used to compare correlation coefficients between groups. Δρ was calculated as ρ in electrical burns minus ρ in flame burns. Only pairs with nominal differential correlations and FDR q-values < 0.90 are shown.
FDR, false discovery rate; VSS, Vancouver Scar Scale; NRS, Numeric Rating Scale; TEWL, transepidermal water loss; ESR, erythrocyte sedimentation rate; TBSA, total body surface area burned; SC hydration, stratum corneum hydration.
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