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Supplementary materials and methods 

Cell culture and transfection 

HCC cell lines, HLE and Huh7, were kindly provided by Professor Nam-Ho Huh (Department of 
Cell Biology, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama 
University, Okayama, Japan) and cultured in Dulbecco’s Modified Eagle Medium (DMEM) 
containing 10% FCS, 2mM L-glutamine and 100 U/mL penicillin/streptomycin. Human 
umbilical vein endothelial cells (HUVECs, pooled donors) were obtained from Lonza and 
cultured in Endothelial Basal Medium-2 (EBM-2) with supplements (Lonza, Basel, Switzerland). 
Human embryonic kidney cells (HEK293T) were cultured in DMEM containing 10% FCS, 100 

U/mL penicillin/streptomycin, 3,7 g/l sodium hydrogen carbonate, 3,7 g/l D-Glucose und 1 
mM sodium pyruvate.  All cell lines were cultured at 37°C and 5 % CO2 in a humidified 
incubator. Cells were transfected with 50 nM miR-449a-5p mimics (Qiagen) or 3 nM siPOOLs 
(siTOOLs Biotech) against PEA15, PPP1CA or TUFT1 using HiPerFect Transfection Reagent 
(Qiagen). Allstars Negative Control (Qiagen) was used as non-targeting miR-control or siRNA-
control. SiPOOLs against PEA15, PPP1CA or TUFT1 were either single transfected (3 nM) or co-
transfected in equimolar amounts. The medium was changed 24 h after transfection. For 
analysis of sorafenib-induced apoptosis, cells were treated with 10 µM sorafenib [1] or DMSO 
vehicle control 24h after transfection.  

 

MiRNA mimics and siRNA Pools for transfection. 

Oligonucleotide Order no./ ID Manufacturer 

Allstars Negative Control SI03650318 Qiagen, Hilden, Germany 

Syn-hsa-miR-449a MSY0001541 Qiagen, Hilden, Germany 

siPOOL Negative Control siPOOL Negative Control siTOOLs Biotech, 
Martinsried, Germany 

siPOOL PEA15 siPOOL 8682 PEA15 human siTOOLs Biotech, 
Martinsried, Germany 

siPOOL PPP1CA  siPOOL 5499 PPP1CA human siTOOLs Biotech, 
Martinsried, Germany 

siPOOL TUFT1  siPOOL 7286 TUFT1 human siTOOLs Biotech, 
Martinsried, Germany 

 

Ago2 RNA immunoprecipitation (Ago2-IP) 

For Ago2-IP, miR-449a-5p or microRNA negative control transfected HLE cells (1 x 107) were 
lysed in 3x NP40 lysis buffer, incubated for 20 min on ice and centrifuged (15 min, 13.000 x g, 
4 °C). 20 µl of the supernatant were stored for the input control. Dynabeads Protein G 
(Invitrogen, Carlsbad, USA) were prepared by 3 x washing with citrate buffer. Afterwards, 
10 µg Ago2 antibody (Chromotek, Planegg-Martinsried, Germany) or 10 µg IgG isotype control 
(Chromotek) were coupled to the beads for 1 h at 4 °C. IP of the lysates was performed for 1 
h rotating at 4 °C followed by three washing steps with IP wash buffer and high salt buffer and 
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two washing steps with phosphatase wash buffer and PNK buffer. RNA was isolated using 350 
µl TRI Reagent (Zymo Research, Freiburg, Germany) followed by the Direct-zol RNA MiniPrep 
Kit (Zymo Research). As quality controls, microRNA levels were measured in the total lysate, 
supernatant, and pulldown fractions by quantitative real‐time PCR. Ago-IPs were performed 
in three independent biological replicates 

 

Library generation, sequencing, and raw data processing 

Library generation, quality control, and quantification:  

Purified RNAs of the Ago, IgG and Input fractions were quantified using a Qubit fluorometer 
and the quality was assessed by an Agilent Bioanalyzer 2100 using RNA picoChips. 10 ng of 
RNA were treated with DNaseI (Qiagen, Hilden, Germany). 8µl of Ago2-IP sample or 100pg of 
total RNA input material were utilized for cDNA library generation using ‘NEBNext® Single Cell 
/ Low Input RNA Library Prep Kit for Illumina®’ (E6420S; New England Biolabs). All steps were 
performed as recommended in user manual E6420 (Version 1.0_04-2018; NEB) except that 
just half of the RT reaction products were used and accordingly all reactions were downscaled 
to 1/2 of initial volumes starting from cDNA amplification (point 2.4. of the manual). cDNA 
amplification was performed with 15 pcr cycles for input material and 17 cycles for RIP 
samples. 

250pg of each amplified cDNA were used for fragmentation / end prep and adaptor ligation. 
After cleanup, processed cDNA samples were barcoded by single indexing approach, using 
‘NEBNext Multiplex Oligos for Illumina’ (Index Primer A001-A013; A015-A021), applying 9 
cycles of final pcr.  

Fragment length distribution of amplified cDNA samples and individual libraries was 
monitored using ‘Bioanalyzer High Sensitivity DNA Assay’ (5067-4626; Agilent Technologies). 
Quantification of libraries was performed by use of the ‘Qubit® dsDNA HS Assay Kit’ (Q32854; 
ThermoFisher Scientific).  

 

Library denaturation and Sequencing run:  

Equal molar amounts of nineteen individually barcoded libraries were pooled. Accordingly, 
each analyzed library constitutes 5.3% of overall flowcell capacity. The library pool was 
denatured with NaOH and was finally diluted to 1.8pM according to the Denature and Dilute 
Libraries Guide (Document # 15048776 v02; Illumina). 1.3 ml of denatured pool was loaded 
on an Illumina NextSeq 550 sequencer using a High Output Flowcell for single reads 
(20024906; Illumina). Sequencing was performed with the following settings: Sequence read 
1 with 76 bases; Index read 1 with 6 bases. 

 

BCL to FASTQ conversion:  

BCL files were converted to FASTQ files using bcl2fastq Conversion Software version 
v2.20.0.422 (Illumina). 
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Raw data processing and quality control: 

Raw data processing was conducted by use of nfcore/rnaseq (version 1.3) which is a 
bioinformatics best-practice analysis pipeline used for RNA sequencing data at the National 
Genomics Infrastructure at SciLifeLab Stockholm, Sweden. The pipeline uses Nextflow, a 
bioinformatics workflow tool. It pre-processes raw data from FastQ inputs, aligns the reads 
and performs extensive quality-control on the results. The genome reference and annotation 
data were taken from GENCODE.org (Homo sapiens; GRCh38; release 29). 

 

Normalization and relative RNA enrichment analysis: 

Normalization was performed with DESeq2 (Galaxy Tool Version 2.11.40.2) with default 
settings except for “Output normalized counts table” which was set to “Yes”. Relative RNA 
enrichment analysis and Wald statistics regarding the contrast C1 were also conducted using 
Deseq2. Resulting p-values were adjusted according to the approach recommended by 
Benjamini and Hochberg and used as an additional filter criterion (Fig. 1B). 

 

Statistical modeling and analysis of Ago-RIP sequencing (Ago-RIP-Seq)   

The identification of direct miR-449a-5p targets was achieved by using the concept of linear 
contrasts [12]. Following miR-449a-5p overexpression, the fraction of miR-449a-5p and its 
target genes is increased in the Ago complex. To reduce the noise due to unspecific RNA 
binding to the Protein G beads in the Ago-RIP-Seq experiment, the Ago-IP fractions were 
adjusted to IgG-IP [Contrast 1, C1] before comparing the Ago-IP fractions of miR-449a-5p with 
the Ago-IP of miR-control as follows: 

[Contrast 1] = (AgomiR-449a – IgGmiR-449a) – (AgomiR-Ctrl – IgGmiR-Ctrl)  

Since miR-449a-5p overexpression leads to widespread secondary changes within the gene 
expression profiles that might impact the profiles of immunoprecipitation [12], it was 
necessary to adjust the levels of RNAs detected in the Ago-IP fractions to their expression 
levels measured in the total lysates (=Input) [Contrast 2, C2] as follows: 

[Contrast 2] = (AgomiR-449a – InputmiR-449a) – (AgomiR-Ctrl – InputmiR-Ctrl) 

As microRNA targets are decreased after miR-449a-5p expression, the comparison [Contrast 
3, C3] for identifying whole transcriptional changes was defined as follows: 

[Contrast 3] = (InputmiR-449a – InputmiR-Ctrl) 

The contrasts C1, C2 and C3 define the type of comparison between factor levels. Wald-tests 
were applied for testing against zero.  

 

Luciferase reporter assay 

Potential miR-449a-5p binding sites in the 3’UTR of PEA15, PPP1CA and TUFT1 were identified 
by TargetScan [2] or IntaRNA [3]. GBlocksTM Gene Fragments (Integrated DNA Technologies) 
of 1916 bp (PEA15), 377 bp (PPP1CA) or 1902 bp (TUFT1) length were purchased containing 
wildtype or mutated miR-449a-5p binding sites, respectively. All gBlocks DNA fragments were 
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digested with XbaI and FseI and cloned downstream of firefly luciferase into the pGL3-
Promoter vector (Promega). For transfection, 8,000 HEK293T cells were seeded in white 96-
well plates. After 24 hours combinations of 20 nM miRNA mimics (miR-Control or miR-449a-
5p) and 25 ng luciferase reporter vectors (pGL3-Promoter, pGL3-wt, pGL3-mut) were 
transfected in triplicate using Lipofectamine 2000 (Life Technologies). For normalization, 
pGL4.70 (Promega) inserted with an EF1α promoter at the XhoI restriction site upstream of 
renilla luciferase, was co-transfected in all conditions. Luciferase activities were measured 
with the DualGlo Luciferase Assay System (Promega) 24 hours after transfection. 

 

Tube formation assay 

24-well plates were coated with 0.250 µL Matrigel Basement Membrane Matrix (BD 
Biosciences, Franklin Lakes, USA) and incubated at 37 °C. After 1 h, 5 x 104 HUVECs were 
seeded on Matrigel and co-cultured with an equivalent number of HLE cells in 500 µl EBM-2 
medium. Co-cultured HLE cells were seeded in Transwell Permeable Supports (Corning, New 
York, USA) with a 0.4 µm polycarbonate membrane and incubated in the same well with 
HUVECs. The tube formation ability of HUVECs was imaged after 6 h of co-culture using an 
inverted light microscope. The number of tubes, segment length, junctions and nodes of the 
tubular structures was quantified by Angiogenesis Analyzer (ImageJ, [22]). 

 

Taqman Assays for quantitative real-time PCR 

Target gene Assay ID Manufacturer 

CFL1 Hs00830568_g1 Life Technologies, Carlsbad, 
CA, USA 

FOSL1 Hs00759776_s1 Life Technologies, Carlsbad, 
CA, USA 

NDC1 Hs00917927_m1 Life Technologies, Carlsbad, 
CA, USA 

PEA15 Hs00269428_m1 Life Technologies, Carlsbad, 
CA, USA 

PPP1CA Hs00267568_m1 Life Technologies, Carlsbad, 
CA, USA 

TBP Hs00920494_m1 Life Technologies, Carlsbad, 
CA, USA 

TSPAN14 Hs01012920_m1 Life Technologies, Carlsbad, 
CA, USA 

TUFT1 Hs01064705_m1 Life Technologies, Carlsbad, 
CA, USA 
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Antibodies for western blotting 

Antigen Dilution Order no. Manufacturer 

α-actinin 1:3000 3134 Cell Signaling 
Technology, 
Danvers, USA 

β-actin 1:2000 3700 Cell Signaling 
Technology, 
Danvers, USA 

AKT 1:1000 9272 Cell Signaling 
Technology, 
Danvers, USA 

ERK 1/2 1:1000 4695 Cell Signaling 
Technology, 
Danvers, USA 

GAPDH 1:7500 Sc25778 Santa Cruz 
Biotechnology, 
Dallas, USA 

PEA-15 1:1000 2780 Cell Signaling 
Technology, 
Danvers, USA 

Phospho-AKT 1:1000 4060S Cell Signaling 
Technology, 
Danvers, USA 

Phospho-ERK 1/2 1:2000 4370 Cell Signaling 
Technology, 
Danvers, USA 

PP1CA 1:1000 2582 Cell Signaling 
Technology, 
Danvers, USA 

TUFT1 1:500 HPA028112 Sigma-Aldrich, St. 
Louis, USA  
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Antibodies for Ago2 RNA immunoprecipitation. 

Antigen Order no. Manufacturer 

Ago 2 11A9-100 Chromotek, Planegg-Martinsried, 
Germany 

HA-tag (IgG) 7c9-100 Chromotek, Planegg-Martinsried, 
Germany 

 

 

Buffer for Ago2 RNA immunoprecipitation: 

1 x NP40 lysis buffer  
50 mM Hepes-KOH (pH 7.5)  
150 mM KCl    
2 mM EDTA    
1 mM NaF    
0.05% Igepal     
0.5 mM DTT    
1 x EDTA-free Complete Protease Inhibitor Cocktail   
 
Citrat phosphate buffer (pH 5)  
25 mM citric acid    
65 mM Na2HPO4    
 
IP wash buffer (pH 7.5) 
50 mM Hepes-KOH (pH 7.5)  
300 mM KCl    
0.05% Igepal     
0.5 mM DTT    
1 x EDTA-free Complete Protease Inhibitor Cocktail  

 

High salt wash buffer (pH 7.5) 

50 mM Hepes-KOH (pH 7.5)  
500 mM KCl    
0.05% Igepal     
0.5 mM DTT    
1 x EDTA-free Complete Protease Inhibitor Cocktail 

 

Phosphatase wash buffer  

50 mM Tris-HCl (pH 7.5)  

20 mM EGTA  

0.5% Igepal  

PNK buffer 
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50 mM Tris-HCl (pH 7.5) 

50 mM NaCl 

10 mM MgCl2 

 

gblocks for cloning luciferase reporter vectors 

(Overhang sequences to generate XbaI and FseI restriction sites are indicated in italics. 
Predicted miR-449a-5p binding sites are underlined, mutated binding sites are indicated in 
bold. The gBlocksTM were purchased from Integrated DNA Technologies (IDT). 

 

gBlocksTM 
Gene 
Fragment 

Sequence 

PEA15-3’UTR 
WT 

(1890 bp) 

ATGATCTCTAGA 

GCAAGGGGGAGGAAGAGGAGGAAGGTTGGACCTTCATCAGACCACTCCCTTCCCC 

CATCCTCCAGGAGAGGGGGCAAGGGCAACCCACCATCTACCCACTTACTAACCTGGTCCT 

AACCCCCTTACTGTGCGCGTGTGTGTGCGTGTGCGCACGCTCTGGCTGTTTGTCTATATG 

TCTAGCTCATCTAGTTCCTCTTCTTAAGGGGATGGGGGTCAGGGGCTAGGGGAGGGGGCT 

GAGTTTCCCCACTTTAGGAGGAGGTGGGGGCTATTTCTATGCAAATAGAAATCAGCACAT 

TCCTCCTACTTCCCTTTCCTCCACTCCCCCCATATCTTTAAAGTGTGGAAGCAGAAAGGA 

CCTGCATTTTCCTACATTGAGGAGCTGACATAGGGGTAAGGTATGGGAGAGGTAGGTGGA 

TCCAGGGAAAAGCAGTGGGGACGGAAGGCAAAGAGACCACTCAACCCCCACCTGGAAGGG 

GCAAAGAAAAGCCAGAGTTCCATGTTTGTACTCCTGTGCTGGACTGTTTCCTGAGTACCA 

GCAGGTCCCTTTTTGTCTCTCATGGGCCTAGCATAGGTATGAGCCAGGGATCCTTTCCTG 

GTCCCTAAGATCAAACCCCATGGAGCAGCCAGCGTTAGATGCCCCCACCCACCTGTACTC 

TGGAGAGACTGTGCTGGGAACATGTACCACTGAGCCTGAGATGGGGATGAGGGCAGAGAG 

AGGGGAGCCCCCTCTTCCACTCAGTTGTTCCTACTCAGACTGTTGCACTCTAAACCTAGG 

GAGGTTGAAGAATGAGACCCTTAGGTTTTAACACGAATCCTGACACCACCATCTATAGGG 

TCCCAACTTGGTTATTGTAGGCAACCTTCCCTCTCTCCTTGGTGAAGAACATCCCAAGCC 

AGAAAGAAGTTAACTACAGTGTTTTCCTTTGCACCGATCCCCACCCCAATTCAATCCCGG 

AAGGGACTTACTTAGGAAACCCTTCTTTACTAGATATCCTGGCCCCCTGGGCTTGTGAAC 

ACCTCCTAGCCACATCACTACAGTACAGTGAGTGACCCCAGCCTCCTGCCTACCCCAAGA 

TGCCCCTCCCCACCCTGACCGTGCTAACTGTGTGTACATATATATTCTACATATATGTAT 

ATTAAAACTGCACTGCCATGTCTGCCCTTTTTTGTGGTGTCTAGCATTAACTTATTGTCT 

AGGCCAGAGCGGGGGTGGGAGGGGAATGCCACAGTGAAGGGAGTGGCAGAATCAAATTGC 

TACATAGTCCAAACAAAAAAGAAGGCTTTTTCAAAAAACATTAAATTCACATGCAGTCTC 

AGAGACTATTTAGACAAAGTTCAAGTTAGGAGCTTTTAGGATGTGGGAGTAAAACTTTAA 

https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1314251123;vf=116885874
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1314251123;v=rs112058684;vf=116885874;vf=13312379
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1314251123;vf=116885874
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1314251123;v=rs11552717;vf=116885874;vf=25494171
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1314251123;v=rs569561993;vf=116885874;vf=45384358
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1276446970;vf=107938707
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs748009727;vf=19907575
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1464078974;v=rs1268419253;vf=130334796;vf=108388997
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1464078974;vf=130334796
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs371465689;vf=607016
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs373598990;vf=1830684
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs769825245;vf=20409316
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1242858153;vf=100298778
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1242858153;v=rs548605601;vf=100298778;vf=23300765
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1242858153;vf=100298778
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1242858153;v=rs772589067;vf=100298778;vf=22078401
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs368061272;vf=6397024
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1184069914;vf=170565689
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1390954270;vf=135153967
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs772908449;vf=22253807
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs979267092;vf=59209043
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs999141188;vf=66491331
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1159953712;vf=80952704
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1400680663;vf=138595837
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs11552712;vf=25494126
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs551941744;vf=25460998
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1332498743;vf=119157055
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1174741440;vf=83350348
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1234876722;vf=97358637
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1273792509;vf=106951419
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1246425512;vf=101597640
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1191381161;vf=173635599
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1191381161;v=rs1465941217;vf=173635599;vf=130853518
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1191381161;vf=173635599
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1191381161;v=rs11552714;vf=173635599;vf=25494148
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1191381161;v=rs1248148306;vf=173635599;vf=98369012
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1191381161;vf=173635599
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs924022448;vf=44964900
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs935434746;vf=51769162
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TGGGAGGGGAGGGCTGGCTGCTGGAAGAAGGAAGAAGCCAGACTGGTTAGACAGTACTCT 

TAACTCCTAGCCCAGCCTAGCGTGCCCTGCCCCTCTGGCCACTGCTGCAGACACCTGCCT 

TAACACACACACCTCTAGGACTCCACAGTTTTGCCTTAAAGGACCTTCCCAAGTCTCCCT 

TTCCCTGTCTGGCTTCTCCCTTAAGAAGAGAGAGATACTTGTAGAATTGGGTGGGGGGAA 

TGAGCATGAACTGTCCTTCCATTTGGGATATGTTACATTAGAGTGAGAGAGAGAATAAGG 

AGCCTTTCTTATGGAAGAAATGGGAGAAGAGAGACAGGGTTCTTTTCAGCAGAGTCTAGT 

AGTTTCTCTGTAAGGCAAAATAATCTAAAAAGACTAACCTGCCCACCCACTCCTTATATT 

GCTGTGAGATTGCCCCTATCTTGTGCTCTTCTGTCTGCAGTGTGCACGGCCTTGTTCTAA 

CCCGGAATAAAGGTGATTGATTGTATTGCAACTAA GGCCGGCCATGATC   

PEA15-3’UTR 
MUT 

(1890 bp) 

ATGATCTCTAGA 

GCAAGGGGGAGGAAGAGGAGGAAGGTTGGACCTTCATCAGACCACTCCCTTCCCC 

CATCCTCCAGGAGAGGGGGCAAGGGCAACCCACCATCTACCCACTTACTAACCTGGTCCT 

AACCCCCTTACTGTGCGCGTGTGTGTGCGTGTGCGCACGCTCTGGCTGTTTGTCTATATG 

TCTAGCTCATCTAGTTCCTCTTCTTAAGGGGATGGGGGTCAGGGGCTAGGGGAGGGGGCT 

GAGTTTCCCCACTTTAGGAGGAGGTGGGGGCTATTTCTATGCAAATAGAAATCAGCACAT 

TCCTCCTACTTCCCTTTCCTCCACTCCCCCCATATCTTTAAAGTGTGGAAGCAGAAAGGA 

CCTGCATTTTCCTACATTGAGGAGCTGACATAGGGGTAAGGTATGGGAGAGGTAGGTGGA 

TCCAGGGAAAAGCAGTGGGGACGGAAGGCAAAGAGACCACTCAACCCCCACCTGGAAGGG 

GCAAAGAAAAGCCAGAGTTCCATGTTTGTACTCCTGTGCTGGACTGTTTCCTGAGTACCA 

GCAGGTCCCTTTTTGTCTCTCATGGGCCTAGCATAGGTATGAGCCAGGGATCCTTTCCTG 

GTCCCTAAGATCAAACCCCATGGAGCAGCCAGCGTTAGATGCCCCCACCCACCTGTACTC 

TGGAGAGACTGTGCTGGGAACATGTACCACTGAGCCTGAGATGGGGATGAGGGCAGAGAG 

AGGGGAGCCCCCTCTTCCACTCAGTTGTTCCTACTCAGACTGTTGCACTCTAAACCTAGG 

GAGGTTGAAGAATGAGACCCTTAGGTTTTAACACGAATCCTGACACCACCATCTATAGGG 

TCCCAACTTGGTTATTGTAGGCAACCTTCCCTCTCTCCTTGGTGAAGAACATCCCAAGCC 

AGAAAGACTGGCCATCACTGTGGTTCCTTTGCACCGATCCCCACCCCAATTCAATCCCGG 

AAGGGACTTACTTAGGAAACCCTTCTTTACTAGATATCCTGGCCCCCTGGGCTTGTGAAC 

ACCTCCTAGCCACATCACTACAGTACAGTGAGTGACCCCAGCCTCCTGCCTACCCCAAGA 

TGCCCCTCCCCACCCTGACCGTGCTAACTGTGTGTACATATATATTCTACATATATGTAT 

ATTAAAACGTCAAGTAACTGTCTGCCCTTTTTTGTGGTGTCTAGCATTAACTTATTGTCT 

AGGCCAGAGCGGGGGTGGGAGGGGAATGCCACAGTGAAGGGAGTGGCAGAATCAAATTGC 

TACATAGTCCAAACAAAAAAGAAGGCTTTTTCAAAAAACATTAAATTCACATGCAGTCTC 

AGAGACTATTTAGACAAAGTTCAAGTTAGGAGCTTTTAGGATGTGGGAGTAAAACTTTAA 

TGGGAGGGGAGGGCTGGCTGCTGGAAGAAGGAAGAAGCCAGACTGGTTAGACAGTACTCT 

TAACTCCTAGCCCAGCCTAGCGTGCCCTGCCAAGAGTTGACTGTAGGCAGACACCTGCCT 

TAACACACACACCTCTAGGACTCCACAGTTTTGCCTTAAAGGACCTTCCCAAGTCTCCCT 
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https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1178596206;vf=85616192
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs915024514;vf=39407241
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1289717164;vf=113716927
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs946583484;vf=50508832
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1204341415;vf=93037338
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1204341415;v=rs768867620;vf=93037338;vf=19806152
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1204341415;vf=93037338
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs774301959;vf=23119657
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs993057792;vf=65866524
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1023649353;vf=90853022
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1291606930;vf=114287100
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs970193944;vf=52875438
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs978941429;vf=58970430
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs925016789;vf=45560049
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs938986429;vf=53798617
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs184078808;vf=13777461
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1396555238;vf=137127530
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1326530948;vf=116570307
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1460420000;vf=129404807
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1336138656;vf=120813394
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs988308657;vf=62856227
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1419294636;vf=132739594
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1406860268;vf=136317820
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs897577377;vf=29578453
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs913545585;vf=38521558
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs993208339;vf=65970686
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1282731901;vf=109915498
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs746079707;vf=18779922
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1255392434;vf=104127663
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1214879149;vf=149054468
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs575186308;vf=15849374
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1271346399;vf=109203282
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1306608162;vf=115250965
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1263468368;vf=107056605
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1221818168;vf=93905637
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1372935517;vf=126322135
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs899783291;vf=30689235
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs550370260;vf=24303850
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs753501863;vf=16950669
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs753501863;v=rs1392278739;vf=16950669;vf=135645355
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs753501863;vf=16950669
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs932470007;vf=50108151
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1005740270;vf=70348988
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1185565461;vf=170897077
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TTCCCTGTCTGGCTTCTCCCTTAAGAAGAGAGAGATACTTGTAGAATTGGGTGGGGGGAA 

TGAGCATGAACTGTCCTTCCATTTGGGATATGTTACATTAGAGTGAGAGAGAGAATAAGG 

AGCCTTTCTTATGGAAGAAATGGGAGAAGAGAGACAGGGTTCTTTTCAGCAGAGTCTAGT 

AGTTTCTCTGTAAGGCAAAATAATCTAAAAAGACTAACCTGCCCACCCACTCCTTATATT 

GCTGTGAGATTGCCCCTATCTTGTGCTCTTCTGTCTGCAGTGTGCACGGCCTTGTTCTAA 

CCCGGAATAAAGGTGATTGATTGTATTGCAACTAA GGCCGGCCATGATC   

PPP1CA-3’UTR 
WT 

(352 bp) 

GATATATCTAGA 

CCCCCGCACACCACCCTGTGCCCCAGATGATGGATTGATTGTACAGAAATCATGCTGCCA 

TGCTGGGGGGGGGTCACCCCGACCCCTCAGGCCCACCTGTCACGGGGAACATGGAGCCTT 

GGTGTATTTTTCTTTTCTTTTTTTAATGAATCAATAGCAGCGTCCAGTCCCCCAGGGCTG 

CTTCCTGCCTGCACCTGCGGTGACTGTGAGCAGGATCCTGGGGCCGAGGCTGCAGCTCAG 

GGCAACGGCAGGCCAGGTCGTGGGTCTCCAGCCGTGCTTGGCCTCAGGGCTGGCAGCCGG 

ATCCTGGGGCAACCCATCTGGTCTCTTGAATAAAGGTCAAAGCTGGATTCTC  

GGCCGGCCGATAGT   

PPP1CA-3’UTR 

MUT 

(352 bp) 

ATGATCTCTAGA 

CCCCCGCACACCACCCTGTGCCCCAGATGATGGATTGATTGTACAGAAATCCTTCGGACC 

TGCTGGGGGGGGGTCACCCCGACCCCTCAGGCCCACCTGTCACGGGGAACATGGAGCCTT 

GGTGTATTTTTCTTTTCTTTTTTTAATGAATCAATAGCAGCGTCCAGTCCCCCAGGGCTG 

CTTCCTGCCTGCACCTGCGGTGACTGTGAGCAGGATCCTGGGGCCGAGGCTGCAGCTCAG 

GGCAACGGCAGGCCAGGTCGTGGGTCTCCAGCCGTGCTTGGCCTCAGGTCGGTCCGCCGG 

ATCCTGGGGCAACCCATCTGGTCTCTTGAATAAAGGTCAAAGCTGGATTCTC  

GGCCGGCCATGATC   

TUFT1-3’UTR 
WT 

(1876 bp) 

ATGATCTCTAGA 

GCTGCCTGGAGATGGTTGCTGCCATTGCTGCTGCCTCTGCCTCGGAGAAGCCCACT 

GCCCCTGTTGGCTGTTAACACTGCCTTTGACTTCCTGACTGTCCCCTGGCTGCACCCAGG 

ACTTCGGGCTCCTGTGTCTCACCATTCCCAAGCCCCTGGCCACTCTAAGCTGGGCAGACG 

GAGCACGAGCACCTATTCAAGGCACTGCAGCCCTTTGGAAGACATTGTCCTGCAAGCAGG 

AGCCAGGGCAATATCTATATTCCTACAGTGACTATTTTTCTCTGTAGAGAGCCTCCCTTC 

TGTTGTAGACTGGACTCTGGCTGTGCCATAAGCCAGGCCTTCATCAGATTGGGAGAGGTG 

ACAAGATTTGCCTCAGCCCTAAAAGCTGGAGACACAGATGTCCAGAGTGATTGGAGAATG 

TCCTGGGGGAATGAAGTTCCTTCCACAAACACAGCTCAGTTCTTAGCAACAAACTGTTTG 

TTTTTCTACTTGCTCCATCTGCAGCCTACGCTGCCCTGGCCTCCTGCAGACAGATAGTGG 

GGTTACCTGGCAAGGCCTGGTGAGAGCCAGTGAACCTAAGCTTTGACTGGGTGGCCTTGT 

CTTTCTGGGGAGGAGGGAATGTACATTCAGGGAGTAGCCTTTTGCGGAAAAATTCTCTAG 

GGCTACAGACAGTCATGTGTGACTTCTCTCTGCTGTGAAAACTCCCAGAGTCTCTTTAGG 

GATTTTCCCTAAGGTGTACCACCAGGCACACCTCAGTCTTCTTGACCCAGAGCCTGAAAA 

https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1018926635;vf=72535538
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs13904;vf=19197830
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs964294119;vf=60856036
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1344201739;vf=120504715
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs151110634;vf=11768748
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs151110634;v=rs1259417814;vf=11768748;vf=112601336
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs151110634;vf=11768748
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs151110634;v=rs1397279818;vf=11768748;vf=137386546
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs151110634;v=rs998137177;vf=11768748;vf=65919931
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs151110634;vf=11768748
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs888517806;vf=31906153
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs888517806;v=rs1454210164;vf=31906153;vf=127316018
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs888517806;vf=31906153
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs143973747;vf=8262632
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1206940317;vf=94592056
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs760587164;vf=21050568
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs956712089;vf=56481472
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs988602077;vf=63027352
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs535986418;vf=1492256
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs189247699;vf=2261965
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1402541039;vf=132082606
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs980659211;vf=57923005
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1368663943;vf=125230776
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs148610120;vf=10513263
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;vf=126627935
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1014707704;vf=126627935;vf=69997822
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;vf=126627935
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1382252502;vf=126627935;vf=139921643
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;vf=126627935
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs753628791;vf=126627935;vf=17021926
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs926520266;vf=126627935;vf=46423908
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;vf=126627935
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1286691224;vf=126627935;vf=112200855
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1314979534;v=rs868385352;vf=126627935;vf=117919506;vf=29326507
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1314979534;v=rs1434531255;v=rs751646911;vf=126627935;vf=117919506;vf=127876797;vf=22125124
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1314979534;vf=126627935;vf=117919506
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;vf=126627935
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;vf=126627935
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1376386701;vf=126627935;vf=137496477
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1195980529;v=rs11552715;vf=126627935;vf=175838728;vf=25494160
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1375103050;v=rs1195980529;vf=126627935;vf=175838728
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1261132010;vf=106336659
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs970309876;vf=52961450
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1441925479;v=rs1486767102;v=rs1056398573;vf=128687881;vf=131515908;vf=88098587
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1441925479;v=rs1486767102;v=rs1342643632;vf=128687881;vf=131515908;vf=119468716
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1441925479;v=rs1252944865;vf=128687881;vf=102231670
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1441925479;vf=128687881
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1228073050;vf=100376458
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1228073050;v=rs1306916315;vf=100376458;vf=115379316
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1228073050;vf=100376458
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1228073050;v=rs1275742992;vf=100376458;vf=107694509
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1275742992;v=rs879484178;vf=107694509;vf=30143874
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1275742992;vf=107694509
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs929002656;vf=48017831
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1311925865;v=rs1033112626;vf=115153984;vf=73366547
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1311925865;v=rs1330158377;vf=115153984;vf=118566992
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1311925865;vf=115153984
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1311925865;v=rs759264455;vf=115153984;vf=20209381
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs887561170;vf=31324146
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs550180095;vf=24193011
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1373064221;vf=126333589
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs965064704;vf=61289530
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs976862513;vf=57470630
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs921162468;vf=43220682
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs932583120;vf=50164695
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1187518550;vf=171509268
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1048353232;vf=82394729
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1282022050;vf=109779922
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs752168406;vf=16096582
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs138812017;vf=16724260
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1037113633;v=rs1256126788;vf=75564077;vf=104453639
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1037113633;vf=75564077
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1180756363;vf=86821280
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs3189630;vf=21732534
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs142061277;vf=7337469
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs781585009;vf=26382766
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1179363802;vf=86030895
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1337228428;vf=121326038
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1331271115;vf=118825770
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1392381138;vf=135677755
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs578251439;vf=17543704
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1329940531;vf=118512154
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1014240119;vf=69721374
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1432909067;vf=127417963
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1418676130;vf=128422056
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1164389086;vf=83671465
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs998357607;vf=66049285
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1182221904;vf=87669915
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1182221904;v=rs113143073;vf=87669915;vf=13949729
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1182221904;v=rs1437047454;vf=87669915;vf=128764415
https://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000162734;r=1:160205337-160215376;t=ENST00000360472;v=rs1182221904;vf=87669915
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CTGTTTTCACTGGGTTCCACCAGTCCCAGCAAAATCCTCTTTGTATTTATTTTGCTAAGT 

TATTGGTGGTTTTGCTTACATCTCATGATTGATATAATACCAAAGTTCTATAGCCTTCTC 

TTGCAGTATTTGGATTTGCTTGAAACCGGGAAAACTGTTCCCATTAGGCTTGTTAATGTC 

AGAGTGACACTATTATGAATCTTTCTCTCCCTTTCCTCTGCCTGTTTCTTCTCTCTTTCT 

CCTTCAAACTTGCTCTGCAGCTAAGGAAGGTGAGTCTACTTTCCCTGAGGCTTTGGGGTC 

AGAGTATATGTTGTTTGGAGAAAGAGGGCAATCAGGACTCTTCTGGGACCCAGATGAGTT 

CTTCACTAGCCCTTCTGAACCCCTTGCTCCATAATTGGTCTTTTATCCTGGCTCTGAATG 

ACCCTGCAGGTCATCATGGTTTTCTTTTTTTATTGTTTTTTTTCTTTTCTGAGACAGAGT 

CTCACTCTGTCACCCAGGCTGGAGTGCAGTGGCGCGATCTCAGCTCACTGCAACCTCTGC 

CTCCCGGATTTAAGCGATTCTTCTGCCTCAGCCTCCCGAGTAGCTGGGACTACAGGTGTG 

CCACCACGCCTGGCTGATTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATACTGGCTA 

GGCTGGTCTCGAATTCCTGACCTCAGGTGATCCACCCACCTCGGCTTCCCAAAGTGCTAG 

GATTATAGGCTTGAGCTACTGCGCCCGGCCCATGGTGTTTTTCTTTAGGGCTCTTCCTAC 

AACCTTGAGAAGTAGATAGGCATCAGAGTATGGTACTATAGGAATCAGAAAAATTCAAAA 

CAAATGTGGATTAAGTGTTTAGGCTCTATGTGGCTCACGCAGCCAGAATCCTTAAGTCTG 

TGTGTTTCTGTGTCTCAAGACTGGGCTCACATTCTGGCTTTGTCCATAACAATGCTCTGG 

GATTTCAGGGAGTTCCCTCATTTGTAAAATGAGGGGGTCAGAGCAGGTGATATCCATGTT 

TCTTCCCTTTCTGATATTGTTGTCTGTGGCATATTCTTTGTATGGCGAATTTAATAAATT 

ATATTAATGTGTCTCTTTGA 

GGCCGGCCATGATC   

TUFT1-3’UTR 
MUT 

(1876 bp) 

ATGATCTCTAGA 

GCTGCCTGGAGATGGTTGCTGCCATTGCTGCTGCCTCTGCCTCGGAGAAGCCAAAT 

TCAACGGGTTGATGTTACCTCGGACTTTGACTTCCTGACTGTCCCCTGGCTGCACCCAGG 

ACTTCGGGCTCCTGTGTCTCACCATTCCCAAGCCCCTGGCCACTCTAAGCTGGGCAGACG 

GAGCACGAGCACCTATTCAAGGCACTGCAGCCCTTTGGAAGACATTGTCCTGCAAGCAGG 

AGCCAGGGCAATATCTATATTCCTACAGTGACTATTTTTCTCTGTAGAGAGCCTCCCTTC 

TGTTGTAGACTGGACTCTGGCTGTGCCATAAGCCAGGCCTTCATCAGATTGGGAGAGGTG 

ACAAGATTTGCCTCAGCCCTAAAAGCTGGAGACACAGATGTCCAGAGTGATTGGAGAATG 

TCCTGGGGGAATGAAGTTCCTTCCACAAACACAGCTCAGTTCTTAGCAACAAACTGTTTG 

TTTTTCTACTTGCTCCATCTGCAGCCGAAGATTCACTGGCCTCCTGCAGACAGATAGTGG 

GGTTACCTGGCAAGGCCTGGTGAGAGCCAGTGAACCTAAGCTTTGACTGGGTGGCCTTGT 

CTTTCTGGGGAGGAGGGAATGTACATTCAGGGAGTAGCCTTTTGCGGAAAAATTCTCTAG 

GGCTACAGACAGTCATGTGTGACTTCTCTCTGCTGTGAAAACTCCCAGAGTCTCTTTAGG 

GATTTTCCCTAAGGTGTACCACCAGGCACACCTCAGTCTTCTTGACCCAGAGCCTGAAAA 

CTGTTTTCACTGGGTTCCACCAGTCCCAGCAAAATCCTCTTTGTATTTATTTTGCTAAGT 

TATTGGTGGTTTTGCTTACATCTCATGATTGATATAATACCAAAGTTCTATAGCCTTCTC 
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TTGCAGTATTTGGATTTGCTTGAAACCGGGAAAACTGTTCCCATTAGGCTTGTTAATGTC 

AGAGTGACACTATTATGAATCTTTCTCTCCCTTTCCTCTGCCTGTTTCTTCTCTCTTTCT 

CCTTCAAACTTGCTCTGCAGCTAAGGAAGGTGAGTCTACTTTCCCTGAGGCTTTGGGGTC 

AGAGTATATGTTGTTTGGAGAAAGAGGGCAATCAGGACTCTTCTGGGACCCAGATGAGTT 

CTTCACTAGCCCTTCTGAACCCCTTGCTCCATAATTGGTCTTTTATCCTGGCTCTGAATG 

ACCCTGCAGGTCATCATGGTTTTCTTTTTTTATTGTTTTTTTTTTTTTCTGAGACAGAGT 

CTCACTCTGTCACCCAGGCTGGAGTGCAGTGGCGCGATCTCAGCTCACTGCAACCTCTGC 

CTCCCGGATTTAAGCGATTCTTCTGCCTCAGCCTCCCGAGTAGCTGGGACTACAGGTGTG 

CCACCACGCCTGGCTGATTTTTGTATTTTTAGTAGAGATGGGGTTTCACCATCCGGTCGA 

GGCTGGTCTCGAATTCCTGACCTCAGGTGATCCACCCACCTCGGCTTCCCAAAGTGCTAG 

GATTATAGGCTTGAGCTACTGCGCCCGGCCCATGGTGTTTTTCTTTAGGGCTCTTCCTAC 

AACCTTGAGAAGTAGATAGGCATCAGAGTATGGTACTATAGGAATCAGAAAAATTCAAAA 

CAAATGTGGATTAAGTGTTTAGGCTCTATGTGGCTCACGCAGCCAGAATCCTTAAGTCTG 

TGTGTTTCTGTGTCTCAAGACTGGGCTCACATTCTGGCTTTGTCCATAACAATGCTCTGG 

GATTTCAGGGAGTTCCCTCATTTGTAAAATGAGGGGGTCAGAGCAGGTGATATCCATGTT 

TCTTCCCTTTCTGATATTGTTGTCTGTGGCATATTCTTTGTATGGCGAATTTAATAAATT 

ATATTAATGTGTCTCTTTGA 

GGCCGGCCATGATC   
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Supplementary Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suppl. Fig. 1. siPOOL establishment of siPEA15, siPPP1CA and siTUFT1 

Different siPOOL (siTOOLs Biotech) concentrations were used and siPOOLs were transfected 

with either 3 µl or 6 µl HiPerFect Transfection Reagent to establish the best condition for 

RNA knockdown. 

 

 

 

Suppl. Fig. 1. siPOOL establishment of siPEA15, siPPP1CA and siTUFT1 
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Suppl. Fig. 2. MiR‐449a and knockdown of PEA15, PPP1CA and TUFT1 increase sorafenib 
efficacy in HCC 

A 

B 

HLE Huh7 

HLE 

Huh7 
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Suppl. Fig. 2. MiR-449a-5p and knockdown of PEA15, PPP1CA and TUFT1 increase sorafenib 

efficacy in HCC 

 (A) HLE and Huh7 cells were transfected with miR-449a-5p mimic/ miR-control and treated 
with 10 µM sorafenib or DMSO vehicle control. 24 h, 48 h and 72 h after sorafenib treatment 
cell viability was measured; two-way ANOVA with Tukey’s multiple comparisons test (square 
brackets). (B) HLE and Huh7 cells were transfected with siRNA pools, either alone or in 
combination (siCombi) and treated with 10 µM sorafenib or DMSO vehicle control. 24 h, 48 h 
and 72 h after sorafenib treatment cell viability was measured; *p<0.05, **p<0.01, 
***p<0.001, ****p<0.0001; two-way ANOVA with Dunnett’s multiple comparisons test 
(square brackets). 
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Supplementary Tables  

Supplementary Table 1. Potential miR-449a-5p target genes identified by Ago-RIP-Seq 

Nr. Gene name 

1 EIF3H 43 ZC3H15 85 CAV1 

2 PPARG 44 PEA15 86 HMGN2P5 

3 CDC26 45 CCND1 87 TGFBI 

4 IRF2BPL 46 KAT2A 88 HMGN2P3 

5 SOX4 47 IDH3B 89 AL139095.2 

6 RDH11 48 TK1 90 TUT1 

7 HMMR 49 TPD52 91 STRAP 

8 FTO 50 SCAMP3 92 DMAC1 

9 VAMP2 51 MDH2 93 C2orf74 

10 MDM4 52 GAPDH 94 SNX19 

11 CYREN 53 PHB 95 C3orf52 

12 FAM76A 54 LDHA 96 ARSJ 

13 LMAN2L 55 HSPA1A 97 BEX1 

14 TPM2 56 HIF1A 98 CCDC85B 

15 TUFT1 57 TUFM 99 TMA7 

16 LGR4 58 GLB1 100 RCC2 

17 PEX11B 59 BCKDK 101 NR3C1 

18 LINC00667 60 USP11 102 HMGN2P17 

19 SHMT2 61 KIAA1191 103 STIM1 

20 SEC23A 62 MRTO4 104 MRPL11 

21 TSPAN14 63 RALBP1 105 FAM204A 

22 LPIN3 64 FOSL1 106 E2F3 

23 RNF182 65 HGS 107 MPST 

24 AP1S1 66 PGP 108 ASNA1 

25 PANK2 67 AL031729.1 109 BOD1L1 

26 RPS3 68 SOCS7 110 PAFAH2 

27 ARL6IP1 69 PRMT1 111 KRT18P28 

28 CHMP1B 70 AC027309.2 112 SPRYD4 

29 NCSTN 71 NOL8 113 TBCB 

30 DBN1 72 EFNA1 114 RBBP4P1 

31 LRRC40 73 HMGCS1 115 RBM23 

32 PPP1CA 74 Z82206.1 116 CLASP2 

33 SLC25A39 75 RPL3 117 AL356000.1 

34 PNO1 76 PPP4R2 118 ARMC8 

35 MCM5 77 NBL1 119 PMF1 

36 PPIA 78 RPL3P4 120 PPIAP22 

37 GTF3C6 79 GLTP 121 DTYMK 

38 CSNK2A1 80 ECPAS 122 AXL 

39 TROAP 81 DRAP1 123 RPN2 

40 CFL1 82 FDFT1 124 MTFR1L 

41 NDC1 83 RPLP0 125 MPLKIP 

42 UBE2I 84 HMGN2 126 HK1 
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127 ERLIN1 164 CORO1B 

128 HS2ST1 165 FANCG 

129 PMS2P1 166 TAGLN 

130 ZNF706 167 LRR1 

131 MCM3 168 PRR14 

132 PRPF39 169 HMBS 

133 AC011481.1 170 LDHAP4 

134 MAIP1 171 CKAP2L 

135 BRD4 172 PAPOLG 

136 EPB41L4A-AS1 173 CLPB 

137 SIRT1 174 LYRM4 

138 MYOCD 175 PRKAR1B 

139 LDHAP2 176 KRT8P3 

140 IFRD2 177 TPRKB 

141 MMAA 178 CHCHD2 

142 MRPL19 179 DDX10 

143 TRIM28 180 SEMA3E 

144 DSN1 181 PPIAP29 

145 SNHG5 182 ARHGDIA 

146 FKBPL 

147 CIZ1 

148 SLC12A2 

149 LDHAP5 

150 ARL6IP5 

151 TM7SF3 

152 EDIL3 

153 PHF6 

154 GRIPAP1 

155 B3GNTL1 

156 ASNSD1 

157 KRI1 

158 TUBB 

159 AP2A2 

160 C19orf24 

161 LASP1 

162 VPS52 

163 CDCA5 

 

MiR-449a-5p target genes were defined by positive log2FC values in contrast 1 and contrast2 
and negative log2FC values in lysate (contrast 3). Therefore, Ago-RIP-Sequencing yielded 182 
potential direct miR-449a-5p target genes that fulfilled those conditions in all three 
replicates. 
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