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Supplementary material 1:  Antigen intensity evaluation

The distribution of positive cells was graded as follows: none (not stained) = 0, focal (less than
one-third of cells of the same type) = 1, multifocal (less than two-thirds of cells of the same type)
= 2, and diffuse (more than two-thirds of cells of the same kind) = 3. The intensity of staining was
graded as none (not stained) = 0, slight (light yellow) = 1, mild (brown) = 2, and strong (dark
brown) = 3. The final score was the sum of the distribution and intensity scores. Donor grafts were
grouped according to A/B antigen expression level based on the final score. Moreover, this
assessment of ABO antigen expression was verified by using image analysis software ImagelJ
(https://imagej.nih.gov/ij/) and  Immunohistochemistry Image  Analysis Toolbox
(https://imagej.nih.gov/ij/plugins/ihc-toolbox/index.html).



Supplementary material 2: Transcriptome sequencing

1. Number of samples per subgroup and selection basis

From the 28 donor-recipient pairs, zero-hour graft biopsies were selected for RNA-seq based on
immunohistochemical (IHC) staining intensity of A or B antigens, as described in the main Results.

Specifically:

A antigen (16 donors): strong (n=8), medium (n=4), weak (n=4).

B antigen (13 donors): strong (n=8), weak (n=5).

All available samples within each subgroup were sequenced. A total of 23 samples were included
in the transcriptome sequencing analysis, including 19 from the original 28 donor-recipient pairs
and 4 additional renal tissues from tumor patients to explore the regulatory mechanisms of blood
group antigens in the kidney. The remaining samples did not pass quality control and were
therefore excluded from further analysis. Number of samples per subgroup subjected to
sequencing were shown in Supplementary table 3 (A antigen strong n=6, medium n=3, weak n=4;
B antigen strong n=5, weak n=1);.

2. Library preparation protocol

Total RNA was quality-controlled using an Agilent 5400 fragment analyzer and Nanodrop
spectrophotometer. mRNA was enriched using Oligo(dT) magnetic beads, fragmented in
fragmentation buffer, and reverse-transcribed into first-strand cDNA with random hexamers and
M-MuLV reverse transcriptase. Second-strand cDNA was synthesised with RNase H and DNA
polymerase 1. After end-repair, A-tailing, and adapter ligation, cDNA fragments of 370-420 bp
were size-selected using AMPure XP beads. The library was then amplified by PCR and purified
again. Library quality was assessed by Qubit 2.0 (initial quantification), Agilent 5400 (insert size),
and qRT-PCR (effective concentration >1.5nM). This detailed protocol is now in the revised
Methods.

3. Normalisation procedures

Raw read counts were normalised using the median-of-ratios method implemented in DESeq2
(v1.20.0), which accounts for library size and RNA composition. For descriptive purposes, we also
calculated FPKM (Fragments Per Kilobase per Million mapped reads) using featureCounts
(v1.5.0-p3). The normalisation steps have been clarified.

4. Sequencing depth

Paired-end sequencing (150 bp x 2) was performed on an Illumina NovaSeq 6000 platform. The
average raw read count per sample was 43.6 million (range: 40.9-47.1 million), and the average
clean read count after filtering was 42.1 million (range: 39.6—45.7 million). The average clean data
output was 6.5 Gb per sample. Detailed per-sample values are provided in Supplementary Table 2.

5. Quality control metrics

Raw reads were filtered to remove adapter-containing reads, reads with ambiguous bases (N), and
low-quality reads (where >50% of bases had a Phred score <5). For the clean data, Q20 averaged
97.1% (range 96.0-98.0%), Q30 averaged 92.7% (range 90.2-94.4%), and GC content averaged



48.5% (range 46.3-50.3%). The average unique mapping rate to the reference genome was 92.4%
(range 88.1-94.5%). All values exceed standard thresholds for high-quality RNA-seq data.



Supplementary material 3: IHC staining intensity quantitated by image analysis software.

ID Intensity Intensity group Blood group A/B
1 12121.7 Strong A
4 8768.7 Strong A
9 13675.2 Strong A
15 16426.4 Strong A
20 17779.2 Strong A
25 19065.7 Strong A
26 11139.3 Strong A
28 10558.4 Strong A
5 7732.2 Medium A
13 4521.0 Medium A
17 4705.4 Medium A
27 7446.0 Medium A
6 926.4 Weak A
16 3380.8 Weak A
21 716.2 Weak A
22 2271.5 Weak A
4970.9 Strong B
3366.0 Strong B
10 1890.0 Strong B
12 4745.8 Strong B
14 5485.3 Strong B
18 2734.2 Strong B
23 3383.5 Strong B
24 2548.8 Strong B
2 1107.8 Weak B
7 233.8 Weak B
11 797.1 Weak B
17 668.4 Weak B
19 704.3 Weak B




Supplementary material 4: Perioperative renal function, graft dysfunction, and rejection. Line
chart of perioperative fluctuation of Scr (A) and eGFR (B) level in strong antigen donor group vs.
medium or weak antigen donor group. Perioperative fluctuation of Scr (C) and eGFR (D) are
compared between the strong or medium antigen donor group and the weak antigen donor group
as line charts.
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Supplementary material 5: Density plot of logzFC distribution of the 349 common DEGs

Gene log2FC Gene log2FC Gene log2FC Gene log2FC Gene log2FC
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Supplementary material 6: Spearman’s rank correlation between the expression levels of
B3GALTS, B3GNT3, FUT9 and the immunohistochemical (IHC) intensity of blood group A/B
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Supplementary material 7: B3GALTS expression was significantly increased at protein levels in

the overexpression group in HK2 cells
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Supplementary Table 1. Quality control results of mRNA transcriptome sequencing samples

Sample Clean reads Clean bases Error rate Q20 Q30 GC pct
Samplel 47134456 7.07G 0.03 96.97 92.07 49.2
Sample2 44572998 6.69G 0.03 97.22 92.57 49.66
Sample5 40968016 6.15G 0.03 97.38 92.96 49.20
Sample102 41700400 6.26G 0.03 97.36 92.88 49.59
Samplel101 43997386 6.60G 0.03 97.21 92.60 49.34
Sample7 45673864 6.85G 0.03 97.14 92.45 49.37
Sample6 42353992 6.35G 0.03 97.36 9291 49.72
Sample4 41788112 6.27G 0.03 97.17 92.47 47.80
Samplel10 44016822 6.60G 0.03 97.96 94.15 49.54
Sample103 45356280 6.80G 0.02 98.00 94.23 50.30
Sample9 41460358 6.22G 0.02 98.00 94.20 49.34
Samplel 1 43873658 6.58G 0.03 97.96 94.17 49.37
Sample104 43227870 6.48G 0.03 97.88 93.95 49.80
Samplel2 43924962 6.59G 0.02 98.02 94.44 49.74
Samplel4 42271620 6.34G 0.02 97.97 94.30 49.54
Samplel7 45050120 6.76G 0.03 97.01 91.96 48.12
Sample22 43597216 6.54G 0.03 96.2 90.55 47.02
Sample21 42167172 6.33G 0.03 96.06 90.41 47.19
Sample20 40945036 6.14G 0.03 96.00 90.21 47.95
Sample26 43700076 6.56G 0.03 97.20 92.47 46.67
Sample28 43518134 6.53G 0.03 97.00 92.05 48.82
Sample27 44453024 6.67G 0.03 97.23 92.58 49.36
Sample25 45454536 6.82G 0.03 97.27 92.55 46.25




Supplementary Table 2. Quality statistics of reads after filtration

Sample Total reads Total mapping Unique mapping

Samplel 47134456 44970193(95.41%) 42658225(90.50%)
Sample2 44572998 42777700(95.97%) 41091955(92.19%)
Sample5 40968016 39725914(96.97%) 38701822(94.47%)
Sample102 41700400 40328406(96.71%) 39220647(94.05%)
Samplel01 43997386 42559862(96.73%) 41453977(94.22%)
Sample7 45673864 44080098(96.51%) 42915853(93.96%)
Sample6 42353992 40940916(96.66%) 39913645(94.24%)
Sample4 41788112 40399877(96.68%) 39231010(93.88%)
Samplel0 44016822 42577094(96.73%) 41386901(94.03%)
Sample103 45356280 43897319(96.78%) 42474422(93.65%)
Sample9 41460358 40119950(96.77%) 38947502(93.94%)
Samplel 1 43873658 42341038(96.51%) 41145693(93.78%)
Sample104 43227870 41733635(96.54%) 40426338(93.52%)
Samplel2 43924962 42481034(96.71%) 40842658(92.98%)
Samplel4 42271620 39210542(92.76%) 37249230(88.12%)
Samplel7 45050120 42996302(95.44%) 41367505(91.83%)
Sample22 43597216 41528728(95.26%) 38821648(89.05%)
Sample21 42167172 39926373(94.69%) 37207217(88.24%)
Sample20 40945036 38876109(94.95%) 36562251(89.30%)
Sample26 43700076 42094595(96.33%) 40895741(93.58%)
Sample28 43518134 41514679(95.40%) 39654196(91.12%)
Sample27 44453024 42578962(95.78%) 41133423(92.53%)
Sample25 45454536 44019920(96.84%) 42820572(94.21%)




Supplementary Table 3. number of samples per subgroup subjected to sequencing

Sample Blood group antigen type Intensity IHC mRNé
sequencing
ABOi-1 A Strong \ d
ABOI-2 B Weak \ \
ABOI-3 B Strong \ NA
ABOi-4 A Strong \ d
ABOI-5 A Medium \ \
ABOI-6 A Weak \ \
ABOi-7 B Weak \ \
ABOI-8 B Strong \ NA
ABOi-9 A Strong \ \/
ABOI-10 B Strong \ d
ABOi-11 B Weak \ \
ABOI-12 B Strong \ d
ABOI-13 A Medium \ NA
ABOI-14 B Strong \ d
ABOI-15 A Strong \ NA
ABOI-16 A Weak \ NA
ABOI-17 A Medium \ \
ABOI-17 B Weak \ \
ABOi-18 B Strong \ NA
ABOI-19 B Weak \ NA
ABOi-20 A Strong \ d
ABOi-21 A Weak \ \
ABOI-22 A Weak \ \
ABOi-23 B Strong \ NA
ABOi-24 B Strong \ NA
ABOi-25 A Strong \ \/
ABOi-26 A Strong \ d
ABOI-27 A Medium \ \
ABOi-28 A Strong \ d
ABOI-101 A Medium \ \
ABOi-102 A Strong \ \/
ABOi-103 A Medium \ \
ABOI-104 A Weak \ \




Supplementary Table 4. Genomic DNA Removal Reaction Mix

Reagent Volume (ul)
5xgDNA Eraser Buffer 2
gDNA Eraser 1
Total RNA 2
RNase Free dH,O 5
Total 10

Supplementary Table 5. Reverse Transcription Reaction Mix

Reagent Volume (ul)
5xPrimeScript Buffer 2 4
PrimeScript RT Enzyme Mix [ 1
RT Primer Mix 1
RNA 10
RNase Free dH,O 4
Total 20

Supplementary Table 6. Primer Sequences Used for Detection

Primer Name Forward (5'—3") Reverse (5'—3") Tm (°C)
GAPDH tgacttcaacagcgacaccca caccctgttgetgtagecaaa 60
B3GALTS cagcaagtggtttgtcagtaaa ctcttggagacattgtacacct 58

Supplementary Table 7. Real-Time PCR Reaction Mix

Reagent Volume (pl)
2xReal PCR Easy™ Mix-SYBR 10.0
Forward Primer (10uM) 0.8
Reverse Primer (10puM) 0.8
cDNA template (1:5 dilution) 2.0
ddH:0 6.4
Total 20.0

Supplementary Table 8. Real-Time PCR Thermal Cycling Conditions

Temperature Time Notes
95°C 30s Initial denaturation
95°C Ss Denaturation
55°C 30s Annealing

72°C 30s Extension and fluorescence acquisition




Supplementary Table 9. GO/KEGG terms

Gene Adjust P

Description . Gene ID Count
Ratio value

ion channel complex 10/138 0.0077 GABRAS/KCNJS/KCNS2/GLRA3/CLICS/KCNQS5/ 10
CACNG6/OLFM2/LRRC38/LRRCS55

transmembrane transporter 10/138 0.0077 GABRAS/KCNJS5/KCNS2/GLRA3/CLIC5/KCNQS/ 10

complex CACNG6/OLFM2/LRRC38/LRRC55

transporter complex 10/138 0.0077 GABRAS/KCNJS5/KCNS2/GLRA3/CLIC5/KCNQS/ 10
CACNG6/OLFM2/LRRC38/LRRCSS5

voltage-gated potassium  5/138 0.0178 KCNIJS/KCNS2/KCNQS/LRRC38/LRRC55 5

channel complex

potassium channel complex 5/138 0.0225 KCNIJ5/KCNS2/KCNQS/LRRC38/LRRCS55 5

cation channel complex 7/138 0.0301 KCNIJS5/KCNS2/KCNQS/CACNG6/OLFM2/LRRC38 7
/LRRCS5

collagen trimer 4/138 0.0914 COL9A3/COL17A1/COL22A1/C1QL4 4

G protein-coupled peptide 7/118 0.0081 GALRI1/GIPR/UTS2R/SSTR3/SSTR5/CCRY/CYSLT 7

receptor activity R2

peptide receptor activity 7/118 0.0081 GALRI1/GIPR/UTS2R/SSTR3/SSTR5/CCRY/CYSLT 7
R2

ion gated channel activity 10/118 0.0081 GABRAS/KCNJS5/KCNS2/GLRA3/P2RX2/CLICS5/K 10
CNQ5/CACNG6/LRRC38/LRRCS55

gated channel activity 10/118 0.0081 GABRAS/KCNJS5/KCNS2/GLRA3/P2RX2/CLICS5/K 10
CNQS/CACNG6/LRRC38/LRRCSS

channel activity 11/118 0.0112 GABRAS5/GIB3/KCNJS/KCNS2/GLRA3/P2RX2/CL 11
IC5/KCNQS/CACNG6/LRRC38/LRRC55

passive transmembrane 11/118 0.0112 GABRAS5/GJB3/KCNJ5/KCNS2/GLRA3/P2RX2/CL 11

transporter activity ICS5/KCNQS5/CACNG6/LRRC38/LRRCS5

voltage-gated potassium  5/118 0.0112 KCNIJ5/KCNS2/KCNQS/LRRC38/LRRC55 5

channel activity

neuropeptide receptor  4/118 0.0112 GALR1/SSTR3/SSTRS5/CYSLTR2 4

activity

voltage-gated ion channel 7/118 0.0112 KCNIJS5/KCNS2/CLIC5/KCNQS5/CACNG6/LRRC38/ 7

activity LRRCS55

voltage-gated channel 7/118 0.0112 KCNIJ5/KCNS2/CLIC5/KCNQS/CACNG6/LRRC38/ 7

activity LRRCS55

voltage-gated cation channel ~ 6/118 0.0112 KCNIJ5/KCNS2/KCNQ5/CACNG6/LRRC38/LRRCS 6

activity 5

ion channel activity 10/118 0.0128 GABRAS5/KCNJS/KCNS2/GLRA3/P2RX2/CLICS/K 10
CNQS/CACNG6/LRRC38/LRRCSS

neuropeptide binding 3/118 0.0132 GALR1/SSTR3/SSTRS 3

substrate-specific channel 10/118 0.0136 GABRAS5/KCNJS/KCNS2/GLRA3/P2RX2/CLICS/K 10

activity CNQS/CACNG6/LRRC38/LRRCSS

potassium channel activity 5/118 0.0294 KCNIJS/KCNS2/KCNQS/LRRC38/LRRC55 5

receptor ligand activity 10/118 0.0294 EPO/IGF2/IL5/IL11/NTS/PF4V1/SAA1/WNT7B/CX 10
CL13/WNT10A

galanin receptor activity 2/118 0.0366 GALRI1/CYSLTR2 2

frizzled binding 3/118 0.0399 WNT7B/WNTI11/WNT10A 3

estradiol 2/118 0.0399 HSD17B2/RDHS 2

17-beta-dehydrogenase




Description Ger.le Adjust P Gene ID Count
Ratio value
activity
potassium ion 5/118 0.0650 KCNIJ5/KCNS2/KCNQS/LRRC38/LRRC55 5
transmembrane transporter
activity
omega peptidase activity 2/118 0.0650 GGTLC2/GGT2 2
chloride transmembrane 4/118 0.0650 GABRAS/SLC6A3/GLRA3/CLICS 4
transporter activity
inhibitory extracellular 2/118 0.0650 GABRAS5/GLRA3 2
ligand-gated ion channel
activity
HMG box domain binding 2/118 0.0650 MEOX1/ALX4 2
metalloendopeptidase 4/118 0.0650 FAP/ADAMTS6/ADAMDEC1/MMP21 4
activity
cation channel activity 7/118 0.0694 KCNIJS5/KCNS2/P2RX2/KCNQS/CACNG6/LRRC38/ 7
LRRCS55
ligand-gated anion channel 2/118 0.0932 GABRAS5/GLRA3 2
activity
Neuroactive ligand-receptor 10/ 57 0.0126 GABRAS/GALR1/GIPR/UTS2R/NTS/SSTR3/SSTR 10
interaction 5/GLRA3/P2RX2/CYSLTR2
Glycosphingolipid 3/57 0.0471 B3GALTS/B3GNT3/FUT9 3

biosynthesis - lacto and
neolacto series




Supplementary Table 10. Benjamini-Hochberg correction (FDR = 0.10) to all primary analyses
listed in the manuscript (including IgM/IgG titers at multiple time points, eGFR, Scr, rejection,
and GEE results).

P value BH-adjusted q (FDR=0.1)

Strong vs. median or weak

IgM elevation 0.2192 0.584533333
IgM reduction 0.04694 0.481485714
IgG elevation 0.6243 0.838011429
IgG reduction 0.4533 0.828503704
Strong or median vs. weak
IgM elevation 0.06363 0.481485714
IgM reduction 0.06363 0.481485714
IgG elevation 0.6423 0.838011429
IgG reduction 0.6338 0.838011429
IgM, Strong vs. median or weak
Initial 0.6543 0.838011429
pre 0.1866 0.570012903
1d 0.2664 0.669805714
3d 0.7076 0.864844444
7d 0.6666 0.838011429
14d 0.6636 0.838011429
30d 0.9688 0.9869
90d 0.8465 0.93445
180d 0.9869 0.9869
IgG, Strong vs. median or weak
Initial 0.3603 0.773326829
pre 0.6295 0.838011429
1d 0.7879 0.931671795
3d 0.8213 0.931671795
7d 0.1149 0.50556
14d 0.3748 0.785295238
30d 0.5006 0.828503704
90d 0.3846 0.787088372
180d 0.9837 0.9869
IgM, Strong or median vs. weak
Initial 0.0471 0.481485714
pre 0.6575 0.838011429
1d 0.9011 0.955383133
3d 0.7997 0.931671795
7d 0.1122 0.50556
14d 0.1447 0.530566667
30d 0.5084 0.828503704

90d 0.9708 0.9869




180d 0.3244 0.731979487

IgG, Strong or median vs. weak

Initial 0.045 0.481485714
pre 0.0724 0.481485714
1d 0.1931 0.570012903
3d 0.2123 0.583825
7d 0.0011 0.0968
14d 0.0188 0.481485714
30d 0.0766 0.481485714
90d 0.1998 0.570012903
180d 0.4378 0.828503704
GEE analysis of 1 month eGFR 0.047 0.481485714
Rejection 0.0088 0.3872
Scr, Strong vs. median or weak
pre 0.0854 0.496423529
1d 0.2473 0.640070588
3d 0.5249 0.835057143
7d 0.4551 0.828503704
14d 0.2008 0.570012903
30d 0.0938 0.496423529
60d 0.4635 0.828503704
90d 0.5921 0.838011429
120d 0.3122 0.722989474
150d 0.5933 0.838011429
180d 0.4954 0.828503704
eGFR, Strong vs. median or weak
pre 0.1953 0.570012903
1d 0.0474 0.481485714
3d 0.2805 0.685666667
7d 0.1039 0.50556
14d 0.0757 0.481485714
30d 0.0762 0.481485714
60d 0.3586 0.773326829
90d 0.4639 0.828503704
120d 0.5004 0.828503704
150d 0.8495 0.93445
180d 0.8071 0.931671795
Scr, Strong or median vs. weak
pre 0.1256 0.5112
1d 0.6945 0.860788732
3d 0.5456 0.838011429
7d 0.7714 0.929906849
14d 0.6513 0.838011429

30d 0.4613 0.828503704




60d
90d
120d
150d
eGFR, Strong or median vs. weak
pre
1d
3d
7d
14d
30d
60d
90d
120d
150d

0.938
0.8758
0.8956
0.5314

0.1406
0.0959
0.2987
0.1278
0.1829
0.1808
0.4716
0.6438
0.8258
0.6202

0.982666667
0.95148642
0.955383133
0.835057143

0.530566667
0.496423529
0.710421622
0.5112
0.570012903
0.570012903
0.828503704
0.838011429
0.931671795
0.838011429




