
 

 

Figure EV4. Function prediction of KCNQ1R397W.  

A. Amino acid sequence around the mutation (red) is conserved in KCNQ1.  
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B. Polyphen2 prediction for the destructive potential of the R397W mutation in KCNQ1.  

C. 3D structure prediction of KCNQ1WT and KCNQ1R397W. The figures are generated using the 

PyMOL viewer. Left panel, KCNQ1WT with the mutation locus (highlighted in red) is located in 

an α helix. Right panel, KCNQ1R397W, the mutation disrupts the helical structure. Instead of an 

α helix, a random coil is predicted (The mutation is highlighted in red).  

D. Immunostaining for KCNQ1WT and KCNQ1R397W expressed in KCNQ1-null Chinese hamster 

ovary (CHO) cells (red).  

E. Immunostaining of insulin (red) and KCNQ1 (green) in human β-like cells (day 31) shown by 

3D confocal scanning. Scale bar=20 μm.  

F. The dynamic Ca2+ flux of human β-cells by Fluo-4 AM staining. Human islets were cultured 

with or without Chromanol 293B (293B). Data are presented as mean. p values are calculated 

by two-way ANOVA. n.s indicates a non-significant difference, *p < 0.05, **p < 0.01, ***p < 

0.001, and ****p < 0.0001.
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Figure 5. The KCNQ1R397W mutation results in a reduced glucose transport of β-like cells at 

their late stage.  

A. Heat map showing the differentially expressed genes (DEGs) revealed by RNAseq 

analysis. The DEGs belong to the GO categories of MODY, oxidative phosphorylation and 

MAPK signaling.  

B, C. Expression qRT-PCR analyses of GLUT2 (B) and GLUT1 (C) in stage-specific 

pancreatic organoids of WT, UC, and KCNQ1R397W. Data are normalized to TBP.  
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D. Immunoassaying of GLUT1 (green) and insulin (INS, red) positive cells in late mature β-like 

cells (day 40), cultured in normal S7 media (control) or S7 media supplemented with 

chromanol 293B (+293B) for 12 days (from day 28 to day 40). The INS+/GLUT1+ cells were 

quantified. Scale bar=20 μm.  

Data information: The data are presented as mean ± SD. Two-way ANOVA (B and C) or 

Student's t-test (D). n.s indicates a non-significant difference, *p < 0.05, **p < 0.01, ***p < 

0.001, and ****p < 0.0001. 
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Figure EV5. The analysis of differentially expressed genes, and the assay of chronic exposure 

to high glucose.  

A. GO analysis of differentially expressed genes (DEGs). The most significant categories are 

marked.  

B. qRT-PCR analysis of FGFRL1, FGFR1, HNF4α and PDX1 expression in WT, UC, and 

KCNQ1R397W β-like cells at their late stage (day 40). Data are normalized to TBP.  

C. Late-stage β-like cells were immunoassayed for PDX1 (green) and insulin (INS, red), and 

quantified.  

D. Late stage β-like cells were cultured in normal media (controls) or in media supplemented 

with 20 mM glucose (high glucose, HG), immunoassayed for glucagon (GCG, green) and 

insulin (INS, red), and quantified.  

Data information: Scale bar=20 μm (C and D). In (B-D), the data are presented as mean ± SD; 

n.s indicates a non-significant difference, *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 

0.0001 (Student's t-test). 

.CC-BY-NC-ND 4.0 International licensemade available 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 

The copyright holder for this preprintthis version posted August 26, 2021. ; https://doi.org/10.1101/2021.08.24.457485doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.24.457485
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

Figure 6. Late-stage KCNQ1R397W β-like cultures harbor pro-apoptotic cells.  

A. Flow cytometry analysis and quantification of insulin expressing β-like cells. Matured β-like 

cells were cultured in normal S7 media (controls) or in S7 media supplemented with 20 mM 

glucose (high glucose, HG) for 9 days (from day 32 to day 40), and subjected to flow 

cytometry. B. Flow cytometry analysis and quantification of the pro-apoptotic (Annexin 

V+/7AAD-) cells in late mature β-like cultures.  

Data information: The data are presented as mean ± SD; n.s indicates a non-significant 

difference, *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 (Student's t-test). 
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Table S1: KCNQ1 primers for mutation confirmation, mutagenesis, and construct 

screening 

 S: screening 

 

 

Name Forward primer(5’to3’) Reverser primer (5’to3’) Product 

(bps) 

Exon9 CCTTCCTGGGCACATACA AGCCAACCACGTCCACT 682 

R397W CCACCTGGAAGATCTACA

TCTGGAAGGCCCCCCGGA

GCCACA 

TGTGGCTCCGGGGGGCCT

TCCAGATGTAGATCTTCCA

GGTGG 

 

Kcnq1_S1 ACATCAATGGGCGTGGAT

AG 

GAAGACGGCGAAGTGGTA

AA 

580 

Kcnq1_S2 GGCCTGGCCAAGAAGTG GGTACACAAAGTACGAGG

AGAAG 

760 

Kcnq1_S3 CCGCCAGGAGCTGATAAC TTCTTTACCACCACAGACT

TCTT 

486 

Kcnq1_S4 TGCTATGCTGCCGAGAAC CCTTGTCTTCTACTCGGTT

CAG 

655 

Kcnq1_S5 GAAGCCCTCACTGTTCAT

CT 

TCAGGACCCCTCATCGGG 328 
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Table S2: The sequence of gRNA and ssDNA for gene editing. 

 

Name Usage Sequence (5’-3’) 

KCNQ1g-1 sgRNA+Bpil 

sticky end 

Forward: CACCGCCCGACCTCAGACCGCATGG 

Reverse: AAACCCATGCGGTCTGAGGTCGGGC 

KCNQ1g-2 sgRNA+Bpil 

sticky end 

Forward: CACCGCCACCTGGAAGATCTACATC 

Reverse: AAACGATGTAGATCTTCCAGGTGGC 

KCNQ1t-1 ssDNA CTGGGTGACAGCAGAGTGTGGCTCCGGGGGGCC

TTCCGGATGTAGATCTTCCAGGTGGAGGAGTCGG

GGTTCTCGGCAGCATAGCATCTCCATGCGGTCTG

AGGTCGGGCAGGGGGACAGGCTGTCAC 

KCNQ1t-2 ssDNA GCCCTGGTGGCAGGTGGGCTACTCACCACCACA

GACTTCTTGGGTTTGGGGCTGGGTGACAGCAGAG

TGTGGCTCCGGGGGGCCTTTCGGATGTAGATCTT

CCAGGTGGAGGAGTCGGGGTTCTCGGC 
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Table 3: PCR and qPCR primers  

 

Name Usage Sequence (5’-3’) 

KCNQ1 PCR Forward: CTGGCTCAGGGCTGGTAAAG 

Reverse: GGAACCTAGCATCGGGTGTA 

Bis-KCNQ1 Bisufite 

sequencing 

PCR 

Forward: GGAGTTGGGATTATGTTAAGTTTGT 

Reverse: AAAACCCTCTAAAAAACCTTCTTTC 

KCNQ1 Real-Time PCR Forward: CATCACCCACATCTCACAGC 

Reverse: GTCCCGCACATCGTAAGG 

KCNQ1ot1 Real-Time PCR Forward: CTTTGCAGCAACCTCCTTGT 

Reverse: TGGGGTGAGGGATCTGAA 

SLC22A18 Real-Time PCR Forward: CATCTTGCTTACCTACGTGCTG 

Reverse: CCCAGTTTCCGAGACAGGTA 

PHLDA2 Real-Time PCR Forward: TCCAGCTATGGAAGAAGAAGC 

Reverse: GTGGTGACGATGGTGAAGTACA 

CDKN1C Real-Time PCR Forward: AGATCAGCGCCTGAGAAGTCGT 

Reverse: TCGGGGCTCTTTGGGCTCTAAA 

NANOG Real-Time PCR Forward: CCAAAGGCAAACAACCCACTT 

Reverse: CGGGACCTTGTCTTCCTTTTT 

OCT4 Real-Time PCR Forward: CGACCATCTGCCGCTTTG 

Reverse: GCCGCAGCTTACACATGTTCT 

Sox2 Real-Time PCR Forward: ACAGCAAATGACAGCTGCAAA 

Reverse: TCGGCATCGCGGTTTTT 

Insulin Real-Time PCR Forward: AGCCTTTGTGAACCACACC 

Reverse: GCTGGTAGAGGGAGCAGATG 

FGFRL1 Real-Time PCR Forward: CCTGAGCGTCAACTACACC 
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Reverse: CTCATCTTGGAGGGCTGTG 

FGFR1 Real-Time PCR Forward: AACCTGACCACAGAATTGGAGGCT 

Reverse: ATGCTGCCGTACTCATTCTCCACA 

FGFR3 Real-Time PCR Forward: AGGTGAATGGCAGCAAGGT 

Reverse: CTAGCTCCTTGTCGGTGGTG 

PDX1 Real-Time PCR Forward: AAGTCTACCAAAGCTCACGCG 

Reverse: GTAGGCGCCGCCTGC 

GLUT1 Real-Time PCR Forward: TCCCTGCAGTTTGGCTACA 

Reverse: GTGGACCCATGTCTGGTTGT 

GLUT2 Real-Time PCR Forward: CACCAATTCCAGCTACCGAC 

Reverse: CCGTCTGAAAAATGCTGGTT 

Glucagon Real-Time PCR Forward: GAGGAAGGCGAGATTTCCCAG 

Reverse: GAACCATCAGCATGTCTGCG 

HNF4α Real-Time PCR Forward: CAAACACTACGGTGCCTCG 

Reverse: GTCTTTGTCCACCACGCACT 
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Table S4: Antibodies for flow cytometry and immunofluorescence analysis 

 

PE Mouse anti-Human Sox17 BD Biosciences 

Alexa Fluor® 488 Mouse anti-PDX-1 BD Biosciences 

PE Mouse Anti-Nkx6.1  BD Biosciences 

Alexa Fluor® 647 Mouse Anti-Nkx6.1 BD Biosciences 

Insulin (C27C9) Rabbit mAb (Alexa Fluor® 488 

Conjugate) 

Cell Signaling Technology 

APC anti-Human CD26 Biolegend 

PE Mouse Anti-Human CD49a BD Biosciences 

Anti-Tra-1-60-PE, human MACS Miltenyi Biotec 

Alexa Fluor® 647 Mouse IgG1 κ Isotype Control BD Biosciences 

FITC Mouse IgG2a, κ Isotype Control BD Biosciences 

PE Mouse IgG1, κ Isotype Control  BD Biosciences 

APC Mouse lgG2a, κ Isotype Control Biolegend 

Rabbit IgG Isotype Control (Alexa Fluor® 488 

Conjugate) 

Cell Signaling Technology 

FITC Annexin V BD Biosciences 

PDX1 Mouse Monoclonal Antibody Origene 

Homeobox protein Nkx-6.1 Developmental Studies 

Purified Mouse Anti-Ki-67 BD Biosciences 
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Anti-KCNQ1 antibody ATLAS ANTIBODIES 

FLEX Polyclonal Guinea Pig Anti-Insulin Ready-to-use Agilent 

Insulin (C27C9) Rabbit mAb Cell signaling Technology  

Monoclonal Anti-Glucagon antibody  Sigma 

C-Peptide Antibody Cell signaling Technology 

Sox2 (L1D6A2) Mouse mAb  Cell signaling Technology 

Oct-4 Antibody  Cell signaling Technology 

Actin, pan Ab-5 Dianova 

Alexa Fluor™ 488 Goat Anti-Mouse Invitroge  

Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed 

Secondary Antibody, Alexa Fluor 555 

ThermoFisher 

Goat anti-Guinea Pig lgG (H+L) Highly 

Cross-Adsorbed Secondary antibody, Alexa Fluor 647 

ThermoFisher 

HPR-Anti Rabbit lgG (H+L) Thermo Scientific 

HPR-Anti Mouse lgG (H+L) Thermo Scientific 
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