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Supplementary Table 1. PAGODA FUT2 genotype clinical characteristics 
 

Characteristic 
Homozygous G/G, N = 

411 
Homozygous A/A, N = 

391 
Heterozygous G/A, N = 

841 
p-

value2 

Group    >0.9 

Control 14 (34%) 14 (36%) 32 (38%)  

Progressor 27 (66%) 25 (64%) 52 (62%)  

Sex    0.6 

Female 22 (54%) 25 (64%) 52 (62%)  

Male 19 (46%) 14 (36%) 32 (38%)  

FDR 13 (32%) 12 (31%) 29 (35%) >0.9 

Draw_Age 39 (23, 45) 41 (21, 48) 32 (16, 44) 0.13 

HLA_risk    0.9 

H 10 (26%) 8 (23%) 20 (27%)  

L 28 (74%) 27 (77%) 53 (73%)  

Unknown 3 4 11  

1 n (%); Median (IQR) 
2 Pearson's Chi-squared test; Kruskal-Wallis rank sum test 
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Supplementary Figure 1: Dynamic range of the glycan array determined by assaying 3-fold serum 
dilution series (100-,300-,900-,2700-,8100-,24300-fold). Serum samples (n=5) were selected based on 
their highest median fluorescent intensities observed for gentamicin. Gly#96: Tobramicin, Gly#97: 
Amikacin, Gly#98: Gentamicin Sulfate, Gly#99: Kanamycin sulfate, Gly#100: Geneticin Disulfate salt 
(G418), Gly#101: Neomycin trisulfate, Gly#102: Sisomicin. Background corrected median fluorescent 
intensity (MFI, y-axis) is plotted against dilution factor for serum (x-axis). The dynamic range of the 
assay was evaluated by modeling MFI values from 100-, 300-, 900- and 2700-fold diluted serum. The 
dilution series were converted into percentage of serum to perform the linear regression. R-squared (R2) 
was taken as measure of linearity from the linear regression. For all the seven-aminoglycosides, the R2 

values obtained for all the samples and aminoglycosides were averaged and the range was determined. 
In this regression analysis, the average R2 was 0.96 (0.83-0.99).  



 

5 
 

 
Supplementary Figure 2: Pairs plots showing the comparison of single-plex vs multiplex for 
measurement of anti-aminoglycoside antibodies in the serum of human subjects (n=5). Three-fold 
dilution series (100-, 300-, and 900-fold) were analyzed for comparison. Correlation coefficient (r ) was 
used as a measure to evaluate the differences in binding of anti-carbohydrate IgG in a single-plex and 
multiplex assay. The average correlation coefficient was 0.89, the r values ranged from 0.831-0.931. 
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Supplementary Figure 3: Assessment of signal-to-noise ratio (SNR) for analysis of anti-carbohydrate 
antibodies present in serum. Signal-to-noise ratio analysis was perform using serum samples (n=48) on a 
45-plex array consisting of mono-, di-, tri- and other complex glycans. Serum samples were diluted 500-
fold with phosphate buffer pH7.4, containing 1% human serum albumin and 250mM sodium chloride. 
Signal to noise ratio was determined by dividing the median fluorescence intensity (MFI) of the glycan 
bead by the average MFI of the three no glycan conjugation (NGC) control beads. Frequency of the 
SNR values (y-axis) for each glycan is plotted against the interval of SNR (x-axis). Representative plots 
are presented. 
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Supplementary Figure 4: Comparison human serum albumin (HSA) and bovine serum albumin (BSA) 
as blocker for beads and for dilution of serum for analysis of anti-carbohydrate immunoglobulin M 
(IgM). Selected glycans representing mono-, di, tri-saccharides and other branched glycans were 
evaluated for the binding of anti-carbohydrate IgM to test the blockers for conjugated beads. 
Conjugation of the glycans was performed as reported in the methods sections. The conjugated beads 
were blocked with 1% HSA  (wt/v) or with 1% BSA (wt/v) in phosphate buffer containing 250mM 
sodium chloride (pH7.4). Serum samples (n=32) were diluted 500-fold and then analyzed on the blocked 
beads. Based on the signals for selected glycans, HSA was chosen over BSA for blocking beads and 
diluent for measuring IgG/M type of anti-carbohydrate antibodies in human serum samples.  
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a)  

b)  

 
Supplementary Figure 5: Plots showing intra- (a) and inter-day (b) reproducibility of the anti-
aminoglycoside antibodies present in human serum (n=5). A three-fold dilution curve was run on two 
separate days for aminoglycoside beads to evaluate the reproducibility. Prior to any analysis median 
fluorescence intensities were log2 transformed.  Intra-day reproducibility was assessed by determining 
coefficient of variation (CV) and correlation coefficient between two replicate wells on each day. Inter-
day reproducibility was assessed by determining the CV and r values between two different days.  
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Supplementary Figure 6: Dynamic range and specificity of amino-glycoside beads in glycan array 
determined by assaying 3 fold dilution of anti-kanamycin antibody (5ug/ml).A: Background corrected 
median fluorescence intensity (MFI, y-axis) is plotted against 3-fold dilution of anti-kanamycin antibody 
(x-axis). The antibody binding was tested on beads conjugated with 3 different concentration of 
kanamycin viz., 2.5µg/106 beads (blue line), 10 µg/106 beads (orange line) and 40 µg/106 beads (gray 
line). B: Specificity of beads was tested by inhibiting the binding of anti-kanamycin antibody to 
kanamycin conjugated beads in presence of 3-fold dilution of 100µM kanamycin. Log2 transformed 
background corrected MFI (y-axis) is plotted against log2 concentration of kanamycin as inhibitor. Blue 
line represents binding of anti-kanamycin (2ug/ml) antibody in presence of increasing concentration of 
kanamycin. Orange line represents binding of anti-kanamycin (2ug/ml) antibody to the kanamycin beads 
in presence of 2-Deoxystreptamine (2DS). Gray line represents kanamycin binding of anti-kanamycin 
(2ug/ml) antibody to beads. 
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Supplementary Figure 7: Representative line plots for aminoglycosides evaluating stability of anti-
carbohydrate IgG in serum samples from DAISY subjects (n=112). We selected data for seven 
aminoglycosides data to represent here. Background corrected MFI (y-axis) were plotted against age of 
sample collection (x-axis) to show the stability of the glycan array. Serum samples (n=57) from DAISY 
subjects were collected at multiple time points (2-4) and analyzed to evaluate the stability of the 
measurement of anti-carbohydrate IgG in serum. Serum from type 1 diabetes patients (red circles and 
line) and controls (blue circles and line) were analyzed on the glycan array. 
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Supplementary Figure 8. Correlation heatmap of ACA clusters   
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Supplementary Figure 9. Radar Chart of Mono-, di-, and trisaccharides associated with islet 
autoimmunity and T1D progression 
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Supplementary Figure 10: Density distribution of MFI of ACAs against gentamicin in DAISY cohort 
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Information on R-session used for running the analysis for generation of figures in the paper 
> sessionInfo() 
R version 4.1.2 (2021-11-01) 
Platform: x86_64-apple-darwin17.0 (64-bit) 
Running under: macOS Big Sur 11.6 
 
Matrix products: default 
LAPACK: /Library/Frameworks/R.framework/Versions/4.1/Resources/lib/libRlapack.dylib 
 
locale: 
[1] en_US.UTF-8/en_US.UTF-8/en_US.UTF-8/C/en_US.UTF-8/en_US.UTF-8 
 
attached base packages: 
[1] grid      stats     graphics  grDevices 
[5] utils     datasets  methods   base      
 
other attached packages: 
 [1] corrplot_0.92         glmnet_4.1-3          
 [3] Matrix_1.3-4          fmsb_0.7.2            
 [5] pROC_1.18.0           BiocManager_1.30.16   
 [7] Ryacas_1.1.3.1        circlize_0.4.14       
 [9] dendextend_1.15.2     gtsummary_1.5.2       
[11] gmodels_2.18.1        dplyr_1.0.8           
[13] fastDummies_1.6.3     Hmisc_4.6-0           
[15] Formula_1.2-4         survival_3.2-13       
[17] lattice_0.20-45       alluvial_0.1-2        
[19] igraph_1.2.11         umap_0.2.7.0          
[21] xlsx_0.6.5            ComplexHeatmap_2.11.1 
[23] PCAtools_2.6.0        ggrepel_0.9.1         
[25] ggplot2_3.3.5         pacman_0.5.1          
 
loaded via a namespace (and not attached): 
  [1] colorspace_2.0-3          
  [2] rjson_0.2.21              
  [3] ellipsis_0.3.2            
  [4] rprojroot_2.0.2           
  [5] htmlTable_2.4.0           
  [6] GlobalOptions_0.1.2       
  [7] base64enc_0.1-3           
  [8] clue_0.3-60               
  [9] rstudioapi_0.13           
 [10] RSpectra_0.16-0           
 [11] fansi_1.0.2               
 [12] codetools_0.2-18          
 [13] splines_4.1.2             
 [14] sparseMatrixStats_1.6.0   
 [15] doParallel_1.0.17         
 [16] knitr_1.37                
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 [17] pkgload_1.2.4             
 [18] jsonlite_1.8.0            
 [19] gt_0.4.0                  
 [20] broom_0.7.12              
 [21] rJava_1.0-6               
 [22] cluster_2.1.2             
 [23] png_0.1-7                 
 [24] compiler_4.1.2            
 [25] dqrng_0.3.0               
 [26] backports_1.4.1           
 [27] assertthat_0.2.1          
 [28] fastmap_1.1.0             
 [29] cli_3.2.0                 
 [30] BiocSingular_1.10.0       
 [31] htmltools_0.5.2           
 [32] tools_4.1.2               
 [33] rsvd_1.0.5                
 [34] gtable_0.3.0              
 [35] glue_1.6.1                
 [36] reshape2_1.4.4            
 [37] Rcpp_1.0.8                
 [38] vctrs_0.3.8               
 [39] gdata_2.18.0              
 [40] broom.helpers_1.6.0       
 [41] iterators_1.0.14          
 [42] DelayedMatrixStats_1.16.0 
 [43] lmtest_0.9-39             
 [44] xfun_0.29                 
 [45] stringr_1.4.0             
 [46] brio_1.1.3                
 [47] xlsxjars_0.6.1            
 [48] testthat_3.1.2            
 [49] beachmat_2.10.0           
 [50] lifecycle_1.0.1           
 [51] irlba_2.3.5               
 [52] gtools_3.9.2              
 [53] MASS_7.3-54               
 [54] zoo_1.8-9                 
 [55] scales_1.1.1              
 [56] MatrixGenerics_1.6.0      
 [57] parallel_4.1.2            
 [58] RColorBrewer_1.1-2        
 [59] reticulate_1.24           
 [60] gridExtra_2.3             
 [61] sass_0.4.0                
 [62] rpart_4.1-15              
 [63] latticeExtra_0.6-29       
 [64] stringi_1.7.6             
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 [65] desc_1.4.0                
 [66] S4Vectors_0.32.3          
 [67] foreach_1.5.2             
 [68] ScaledMatrix_1.2.0        
 [69] checkmate_2.0.0           
 [70] BiocGenerics_0.40.0       
 [71] BiocParallel_1.28.3       
 [72] shape_1.4.6               
 [73] commonmark_1.7            
 [74] rlang_1.0.1               
 [75] pkgconfig_2.0.3           
 [76] matrixStats_0.61.0        
 [77] purrr_0.3.4               
 [78] htmlwidgets_1.5.4         
 [79] cowplot_1.1.1             
 [80] tidyselect_1.1.2          
 [81] plyr_1.8.6                
 [82] magrittr_2.0.2            
 [83] R6_2.5.1                  
 [84] IRanges_2.28.0            
 [85] generics_0.1.2            
 [86] DelayedArray_0.20.0       
 [87] DBI_1.1.2                 
 [88] pillar_1.7.0              
 [89] foreign_0.8-81            
 [90] withr_2.4.3               
 [91] nnet_7.3-16               
 [92] tibble_3.1.6              
 [93] crayon_1.5.0              
 [94] utf8_1.2.2                
 [95] viridis_0.6.2             
 [96] jpeg_0.1-9                
 [97] GetoptLong_1.0.5          
 [98] data.table_1.14.2         
 [99] forcats_0.5.1             
[100] digest_0.6.29             
[101] tidyr_1.2.0               
[102] openssl_1.4.6             
[103] stats4_4.1.2              
[104] munsell_0.5.0             
[105] viridisLite_0.4.0         
[106] askpass_1.1         
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