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Figure 4. Genome-wide characterization of A-to-I editing in mouse kidneys  

(A) Immunoblotting of dsRNA under the indicated conditions. RNaseA incubation was done with 
high salt to specifically digest single-stranded RNA. The negative control consisted of RnaseIII 
digestion, which digests dsRNA. The positive control consisted of poly(I:C) without RNase 
digestion. (B) Schematic representation of dsRNA immunoprecipitation and sequencing. (C) 
Overlay of density plots displaying A-to-I edit percentages under the indicated conditions. (D) 
Left: Total counts and distribution of A-to-I editing sites per sample (nuclear fraction; editing rate 
> 10% and reads count > 5 in at least 3 samples; refer to Methods for further preprocessing 
criteria). Middle: Distribution of A-to-I editing sites, normalized to genomic region lengths. Right: 
Distribution of A-to-I editing sites per repeat class. (E) Summary of A-to-I editing sites that 
exhibit differential expression compared to the 0-hour baseline. The bottom track represents 
hyper-editing sites. (F) Single-cell UMAP displaying the distribution of Adar expression in the 
mouse kidney (Reanalysis of published data GEO GSE151658). (G-I) Quantitation of total RNA-
seq read counts (in counts per million) at the specified time points. (J) Scheme depicting the 
sequence of events observed in the kidney. (K) Read coverage comparison for March2 near the 
transcription termination site between dsRNA enrichment (top 6 tracks) and without dsRNA 
enrichment (bottom 2 tracks, 0 and 28 hours post LPS; regular total RNA sequencing).  

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 9, 2023. ; https://doi.org/10.1101/2023.11.09.566426doi: bioRxiv preprint 

https://doi.org/10.1101/2023.11.09.566426
http://creativecommons.org/licenses/by-nc-nd/4.0/


.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 9, 2023. ; https://doi.org/10.1101/2023.11.09.566426doi: bioRxiv preprint 

https://doi.org/10.1101/2023.11.09.566426
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 5. Genome-wide characterization of A-to-I editing in mouse kidneys 

(A) Pathway enrichment analysis based on genes that exhibit differential editing rates 
between baseline and 28 hours (cytoplasmic compartment). (B) Heatmap displaying the 
top 500 differentially expressed A-to-I editing sites between 0-hour baseline and 28 
hours after endotoxin in the kidney. The differentially expressed sites are categorized 
based on repeat classes. (C) List of genes exhibiting non-synonymous A-to-I coding 
sequence mutation in response to an endotoxin challenge in the kidney. (D) Cdk13 reads 
distribution and A-to-I editing under the indicated conditions. (E) Comparison of motif 
enrichment between non-hyper-editing (top) and hyper-editing sites (bottom) within ±50 
nucleotides centered around A-to-I editing sites. Predicted RNA secondary structure around the 
3’UTR hyper-editing site is shown at the bottom (arrow). (F) Ribo-seq and Nanopore read 
coverage graphs for Adar, clarifying Adar transcript isoform switches during endotoxemia.  
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Supplemental Figure 1 

(A) Depiction of key molecules involved in the polyamine pathway. (B) Distribution of AZIN1 A-
to-I editing rates (% of edited reads over total reads) for combined male and female individuals. 
(C) Distribution of AZIN1 A-to-I editing rates based on parasite density and clinical category for 
male children after malaria infection. The early fever group exhibited high parasite density, 
except for one child who had the highest AZIN1 editing rate and low parasite density. The 
delayed fever group had low parasite density, except for one child who had the lowest AZIN1 
editing rate and high parasite density. All immune children had low parasite density. (D) Line 
plot of indicated conditions sorted by estimated glomerular filtration rate (eGFR). Detailed 
clinical data are not available, and the timing of kidney biopsy and the eGFR measurement is 
unclear. 
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Supplemental Figure 2 

(A) Single-cell UMAP displaying the diffuse distribution of Azin1 expression in all cell types in 
the kidney (Reanalysis of published data GEO GSE151658). (B) Combined Ribo-seq and RNA-
seq read coverage graphs for Azin1, showing the absence of significant changes in transcription 
and translation after endotoxin challenge in the kidney. Reads are mapped to ENSEMBL 
transcript Azin1-201. The gray-colored reads represent RNA-seq, whereas red/green/blue-
colored reads represent codon frames for ribosome-protected fragments in Ribo-seq. The inset 
in the top right confirms the translation of A-to-I edited Azin1 (Reanalysis of published data GEO 
GSE120877). (C) Single-cell UMAP displaying gene expression levels and the distribution of 
indicated transcripts in the kidney. Select cell types are highlighted with red circles. (Smox and 
Oat are from 4 hours after LPS, and Arg2 is from 36 hours after LPS, the rest at from 0-hour 
baseline). (D) Interpretation of the single-cell RNA-seq data. S1 proximal tubules may 
preferentially utilize proline as a precursor for polyamines, whereas S3 proximal tubules rely 
more on arginine. (E) Combined Ribo-seq and RNA-seq read coverage graphs for the indicated 
genes (ENSEMBL Odc1-201, Amd1-201, Arg2-201, Sat1-201). Odc1 and Amd1 genes are 
polyamine anabolic enzymes, whereas Sat1 is a polyamine catabolic enzyme. (F) Annotation of 
distinct post-translational mechanisms in the polyamine pathway captured by Ribo-seq. uORF, 
upstream open reading frame; CDS, coding sequence.  
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Supplemental Figure 3 

(A) CRISPR knock-in design used for generating the Azin1 A-to-I locked and uneditable cell 
lines. The single guide RNA is shown in brown, and single-stranded oligonucleotides are shown 
in blue. Key mutations introduced are annotated. (B) Comparison of cell growth between low-
density and high-density seeding for AZIN1 A-to-I locked, uneditable, and wild-type cells 
(IncuCyte, 10x objective lens, imaged every 2 hours for 5 days. For clarity, high-density seeding 
data shown in the Main Figure 2B are presented again). (C, D) Representative time-lapse 
images under the indicated conditions. A-to-I uneditable cells exhibit delayed adherent cell 
morphology (compared at 4 hours post cell seeding). (E) KEGG pathway enrichment analysis 
comparing AZIN1 A-to-I locked and uneditable cell lines (RNA-seq data, n=3 technical 
replicates for each cell type). Approximately 300 KEGG metabolic pathway terms are aligned in 
the order of statistical significance. (F) Seahorse cell energy phenotype test. The x-axis denotes 
extracellular acidification rates, and y-axis denotes oxygen consumption rates. (G) Oxygen 
consumption rates corresponding to the Main Figure 2H Seahorse glycolysis stress test, 
confirming the effect of oligomycin in both cell lines. n=3 independent experiments with n=3 
technical replicates for each experiment. (H) Western blotting for AZIN1 and histone, showing 
the expected shift of AZIN1 due to FLAGx3 as well as differential expression of histone between 
cytoplasmic and nuclear fractions. *denotes a plasmid construct not used in this manuscript. 
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Supplemental Figure 4 

(A) CRISPR knock-in design used for generating the Azin1 A-to-I locked and uneditable mice. 
The single guide RNA is shown in brown, and single-stranded oligonucleotides are shown in 
blue. Key mutations introduced are annotated. (B) Select examples of metabolite levels under 
the indicated conditions. (C) Serum creatinine levels 24 hours after 4 mg/kg LPS intravenously 
for homozygous Azin1 A-to-I locked and uneditable mice. (D) Measurements of NAD+ levels in 
the kidney (C57BL/6J wild-type mice, not Azin1 mutant) by HPLC under the indicated 
conditions. For clarify, HPLC chromatograms are slightly shifted on the x-axis (elution time). 
Tissues were harvested 24 hours after 4 mg/kg LPS injection. Supplementation of nicotinamide 
(NAM, 400 mg/kg intraperitoneally) was performed 1 hour prior to LPS injection. (E) Serum 
creatinine levels under the indicated conditions (C57BL/6J wild-type mice, not Azin1 mutants).  
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Supplemental Figure 5 

(A) PCR gel electrophoresis of select retrotransposons in the kidney under the indicated 
conditions. Endogenous retroviral elements: Murine endogenous retrovirus-L (MuERV-L), 
MusD, and Intracisternal A particle (IAP). Long-interspersed nucleotide elements (LINEs): 
Line1. (B) Hyper-editing site alignment strategy, adopted from Porath et al (PMID: 25158696), 
is shown. Hyper-editing sites were identified by converting all As to Gs in both the genome 
reference and initially unmapped RNA reads. For clarity, stranded paired-end reads mapped to 
the minus strand reference is shown as T-to-C mismatches. (C) Distribution of dsRNA-seq 
samples in the UMAP space. (D) Representative reads length distribution after J2 dsRNA 
immunoprecipitation and control IgG2a kappa isotype incubation (Agilent bioanalyzer). (E) 
Distribution of sequence reads mapped to the indicated genome features. (F) Distribution of 
sequence reads mapped to the gene body. The skewed distribution of reads toward the end of 
gene body in total RNAseq is due to the following: 1. the average length of the last exon is 
longer than that of the others and 2. there are minimal intronic reads. (G) Heatmap displaying 
transcription and translation levels of mitochondrially-encoded mitochondrial genes over the 
course of endotoxemia in the kidney. (Reanalysis of published data GEO GSE120877) (H) 
Distribution of sequence reads mapped to the gene coding regions and within ±10 kb from 
transcription start and end sites. (I) Histogram summarizing the frequency of mouse genes 
harboring complementary repeat regions, dissected based on the lengths of palindromic 
sequences. This computational search was performed on the reference genome, not on our 
sequenced files. The x-axis denotes the number of complementary repeat regions within a given 
gene. The y-axis denotes the number of genes harboring complementary repeat regions.  

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 9, 2023. ; https://doi.org/10.1101/2023.11.09.566426doi: bioRxiv preprint 

https://doi.org/10.1101/2023.11.09.566426
http://creativecommons.org/licenses/by-nc-nd/4.0/


Supplemental Figure 8 

(A) Azin1 reads distribution and A-to-I editing under the indicated conditions (dsRNA-seq data). 
(B) Percentage of Azin1 A-to-I editing. (C) Sashimi plot displaying reads connectivity for Azin1 
under the indicated conditions (Nanopore long-read cDNA sequencing). Approximately 20% of 
reads near the Azin1 A-to-I editing site exhibit alternative splicing, irrespective of endotoxin time 
points. (D) Magnified view of read coverage near the Azin1 A-to-I editing site and alternative 
splice site. 
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