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SUPPLEMENTAL FIGURE LEGENDS 

 

Figure S1. TARDBP knock-in donor plasmids. The sequences of left and right homology arm 

of TARDBP (A), TARDBP puro-DD knock-in cassette (B), and TARDBP bla-DD knock-in 

cassette (C). 

 

Figure S2. Over-expression of TARDBP in NTCP-HepG2/TARDBP knock-out (Tar KO) 

cells. (A) Western blotting was performed on NTCP parent cells and NTCP Tar KO cells treated 

with or without Shield1 (500nM and 1000nM). (B) The pcDNA-FLAG TARDBP plasmid was 

transfected into NTCP-Tar KO cells for exogenous expression. The cells were harvested at days 

0, 3, 6, and 9 after transfection for western blotting analysis. The amount of protein expressed at 

each time point was detected using anti-TARDBP antibody. GAPDH was used as a loading 

control. 

 

Figure S3. The EMSA probes from the HBV core promoter region. The sequences of the 12 

probes (6-sense and 6-antisense) constructed from the entire core promoter region of nt1613-1849 

of the HBV genome. The probes were labeled as sense (S) probes 1-6 and anti-sense (AS) probes 

1-6 in a consecutive manner, starting from the C-terminal region backwards to the N-terminus.  

 

Figure S4. TARDBP binds to a sequence within the HBV core promoter (A) The 12 probes 

were subjected to EMSA with 2μg of a GST tagged TARDBP as follows: S probe 1 alone (lane 

1), S probes 1-6 with TARDBP protein (lanes 2-7), AS probes 1-6 with protein (lanes 8-13), and 

a re-probe of S probe 3 (lanes 14-15). (B) The two probes that showed possible binding to 

TARDBP in (A) based on the presence of a shifted band (S probe 3 and AS probe 1) were re-

subjected to EMSA in the presence or absence of protein together with the corresponding 

unlabeled probe as a specific competitor and detected by short exposure (left panel) and a long 

exposure (right panel). (C) Four short fragments of about 24-28 bp labeled s1-s4 were constructed 

from AS probe 1 (WT). The nucleotide sequence and position of each fragment in the HBV 

genome is shown. (D) Each of the probes in C was subjected to EMSA in the presence or absence 

A 



of the TARDBP protein as follows: WT alone (lane 1), WT plus protein (lane 2), s1 alone (lane 

3), s1 plus protein (lane 4), s2 alone (lane 5), s2 plus protein (lane 6), s3 alone (lane 7), s3 plus 

protein (lane 8), s4 alone (lane 9), and s4 plus protein (lane 10). The location of the free probe, 

the TARDBP-DNA complex (shifted probe), and the putative secondary structure is indicated by 

an arrow. 

 

Figure S5. TARDBP failed to precipitate HBV cccDNA. Immunoprecipitation was performed 

on nuclear protein derived from chimeric mice frozen tissue using the anti-rabbit (negative 

control), anti-TARDBP and anti-HBc (positive control) antibodies. The amount of cccDNA 

captured by the beads (antibody) was quantified. Prior to quantification, the DNA was pretreated 

with T5 exonuclease to digest all DNA other than cccDNA. The values are presented as a ratio 

(%) of DNA quantified in the pellet versus that detected in the supernatant of the 

immunoprecipitated samples. 

 

Figure S6. Prediction of TARDBP RNA-binding domains in the HBV transcriptome. (A) 

Because TARDBP is well known to bind preferentially to UG-rich regions of RNA, we tried to 

identify potential TARDBP HBV RNA binding sites by examining the HBV genome for 

conserved TG-repeats. To identify potential TARDBP HBV RNA binding sites, HBV genotype 

C genome alignments were downloaded from HBVdb (https://hbvdb.ibcp.fr/HBVdb/; accessed 

on 2016/12/20). In this Jalview genome alignment, thymine was colored in green and guanine 

was colored in orange, indicating that the HBV genome contains a number of clusters of T or G 

nucleotides. However, when we performed a regular expression search for (TG)+ repeats, we 

found few conserved TG stretches with more than two repeats, e.g., the short pattern outlined in 

red, suggesting that it would be difficult to determine the TARDBP RNA binding site using only 

a regular expression search. (B) However, published TARDBP RNA binding site motifs suggest 

that while most patterns contain a core pattern of about 6 TG repeats, the nucleotide profile at 

each position is somewhat flexible. Therefore, we downloaded the 11 experimentally 

determined TARDBP RNA-binding motifs from the RBPDB database of RNA-binding protein 

specificities (http://rbpdb.ccbr.utoronto.ca/index.php; accessed on 2018/11/01) and performed a 

fuzzy search (http://www.bioinformatics.org/sms2/fuzzy_search_dna.html; reference sequence = 

KR819180.1, match = 5, mismatch = -1, and gap = -5) to find the highest scoring matches for 

each pattern without over-penalizing for mismatches. (C) Fuzzy matches were exported in BED 

format and uploaded to the NCBI Graphics panel for HBV reference sequence KR819180.1. We 

observed a number of matches within the X transcript overlapping the core promoter/enhancer 

II region (yellow) and found other clusters within the S and core transcripts, as well as a match 

is downstream of the polyadenylation site (blue). These results suggest that TARDBP might 



interact with HBV transcripts within the 3’ non-coding regions shared by all transcripts and 

might interact with HBV RNA in the same region as the DNA binding site in the core 

promoter/enhancer II region. 

 

Figure S7-S14. Full length blots used to generate main figures.  



SUPPLEMENTAL TABLES AND FIGURES    

 

Table S1. PCR primer sequences. 

PCR primer 

Name Sequence (5’ to 3’) 

LHA1F GTTCTTTACACCTGGTTCACTGCCC 

RHA2R GAGGCAGAGAGAAGGATAAGACCAG 

LHA2F GAGGAACAGAGGGAAACTTTTCTCCTG 

RHA3R CAGATCGACTACTAACAGCACACTACTTC 

DDF GAAGATGGAAAGAAAGTCGATTCCTC 

DDR GGCACCATAGGCATAATCTGGAG 

puroF2 ACCACCAGGGCAAGGGTCTG 

puroR1 AAGCCGAGCCGCTCGTAGAAG 

blaF1 GCTGGCAACCTGACTTGTATCGTC 

blaR1 CACTGTCCTTCACTATGGCTTTG 

 

 

Table S2. PCR primer sets and product sizes. 

PCR analysis of knock-in clones Genomic DNA 

Forward primer Reverse primer product size (bp) 

LHA2F RHA3R 2389 + 2188 

LHA2F DDR 1444 + 1243 

LHA2F puroR1 1053 

LHA2F blaR1 860 

DDF RHA3R 1106 

puroF2 RHA3R 1466 

blaF1 RHA3R 1453 

 

 

 

 

 

 

 

 



Table S3. List of candidate proteins co-immunoprecipitated with TARDBP and identified 

by mass spectrometry analysis. 

 



 

 



 

  



 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1 A. TARDBP left and right arms (1220 bp). 

(Black: Left arm of TARDBP, Black: Right arm of TARDBP, Black: gRNA, White: PAM) 

GTTCTTTACACCTGGTTCACTGCCCATATTCAGTCTTCAGGTTCAGCTGATGGATCGC

TTGCTTAGGAAAATCGACTGGGACCTATCACGCCCATGCCTCAGCCAGTTAGGCTCC

TCCTCTGCCTTCAGGATTACTTAACGACTAACCCGATTGTCATAAAATAGCTACTGTTT

ATTGTTCCCTTGCATACCCTAGCTTGTAACCAGCAAGCCACGTTGGACTCACAGTTAC

AGTTTCAGTACCTGACGCATCATAAGCCTTCAGGGAAAGTTTTTTGAATGAATGAAC

TGGCGAGGCATCACATTTTGATAGGAAATCACTACCCTTACCTTCACCTCGTCATTTT

TCAGGGATAACCAATGCATATACGAATCCAGACAAGCATTTTTCTGGAAGTCAGAAC

TCTGACATGGTTTGGGTATTATCATTATAAGGAAACAGTTATTCTGACATGAATGTTGT

TCATTCATATCTCTTTTCTCTTTAGGAAAAGTAAAAGATGTCTGAATATATTCGGGTAA

CCGAAGATGAGAACGATGAGCCCATTGAAATACCATCGGAAGACGATGGGACGGTG

CTGCTCTCCACGGTTACAGCCCAGTTTCCAGGGGCGTGTGGGCTTCGCTACAGGAAT

CCAGTGTCTCAGTGTATGAGAGGTGTCCGGCTGGTAGAAGGAATTCTGCATGCCCCA

GATGCTGGCTGGGGAAATCTGGTGTATGTTGTCAACTATCCAAAAGGTTTGTTACCAT

TTGGTTTTTGTAATCATGCTGAAGTGTGTTCAGGTGTGTGTCTCATCCATGGATCTTA

GCCTCTTTTGGTGGCAGAATGTCTCCTGAAACTTAAGTATTTCCTTGAACTTCAGTGT

TAGACAAGTTTGGAAGACCACGAGTCTAAATTTATGGAAACTGGGGATTGTAGATCA

TTTTAAAAGAGAAAACAATGTATTTAAAAAATATCTGAATAAACTTTGCCAAGTTGAT

GATAAATTTCAGGAATCACTAAGAATGTTTTGTACATAAATCATTGTTGTAAATAGATT

CTTCTGAAGTGCTTCAGTGTTTGGATTTGATCATTGTCCTTTTGGTGTTACATCATTCA

TTCAGCAAATCTGAGTTCATTTTTTCCCTTAAATGAGCAAACAGTTGGAGTAGCCAA

ATCTTGAATTAGTGCAGTTCCAATTACAATTTCGAGGTTCTGGTCTTATCCTTCTCTCT

GCCTC 

 

  

guide 1 

guide 3 



Figure S1 B.TARDBP puro-DD knock-in cassette (2252 bp). 

(Black: Left arm of TARDBP, Blue: Puro, Orange: P2A, Red: DD-tag, Sky blue: 3xGGGGS, 

Black: Right arm of TARDBP, Black: point mutation site of PAM sequences) 

GTTCTTTACACCTGGTTCACTGCCCATATTCAGTCTTCAGGTTCAGCTGATGGATCGC

TTGCTTAGGAAAATCGACTGGGACCTATCACGCCCATGCCTCAGCCAGTTAGGCTCC

TCCTCTGCCTTCAGGATTACTTAACGACTAACCCGATTGTCATAAAATAGCTACTGTTT

ATTGTTCCCTTGCATACCCTAGCTTGTAACCAGCAAGCCACGTTGGACTCACAGTTAC

AGTTTCAGTACCTGACGCATCATAAGCCTTCAGGGAAAGTTTTTTGAATGAATGAAC

TGGCGAGGCATCACATTTTGATAGGAAATCACTACCCTTACCTTCACCTCGTCATTTT

TCAGGGATAACCAATGCATATACGAATCCAGACAAGCATTTTTCTGGAAGTCAGAAC

TCTGACATGGTTTGGGTATTATCATTATAAGGAAACAGTTATTCTGACATGAATGTTGT

TCATTCATATCTCTTTTCTCTTTAGGAAAAGTAAAAGATGACCGAGTACAAGCCCACG

GTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGCCGC

GTTCGCCGACTACCCCGCCACGCGCCACACCGTCGATCCGGACCGCCACATCGAGC

GGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACATCGGCAAG

GTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGACCACGCCGGAGAGCG

TCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCGGT

TCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAA

GGAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTCTCGCCCGACCACCAGGGCAAGG

GTCTGGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGGGGT

GCCCGCCTTCCTGGAGACCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGG

CTTCACCGTCACCGCCGACGTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGA

CCCGCAAGCCCGGTGCCGGATCCGGAGCCACGAACTTCTCTCTGTTAAAGCAAGCA

GGAGACGTGGAAGAAAACCCCGGTCCCATGGGAGTGCAGGTGGAAACCATCTCCCC

AGGAGACGGGCGCACCTTCCCCAAGCGCGGCCAGACCTGTGTGGTGCACTACACCG

GGATGCTTGAAGATGGAAAGAAAGTCGATTCCTCCCGGGACAGAAACAAGCCCTTT

AAGTTTATGCTAGGCAAGCAGGAGGTGATCCGAGGCTGGGAAGAAGGGGTTGCCCA

GATGAGTGTGGGTCAGAGAGCCAAACTGACTATATCTCCAGATTATGCCTATGGTGCC

ACTGGGCACCCAGGCATCATCCCACCACATGCCACTCTCGTCTTCGATGTGGAGCTT

CTAAAACCGGAAGGTGGAGGTGGATCTGGTGGAGGTGGATCTGGTGGCGGCGGTTC

AATGTCTGAATATATTCGGGTAACCGAAGATGAGAACGATGAGCCCATTGAAATACC

ATCGGAAGACGATGGGACGGTGCTGCTCTCCACAGTTACAGCCCAGTTTCCAGGGG

CGTGTGGGCTTCGCTACAGAAATCCAGTGTCTCAGTGTATGAGAGGTGTCCGGCTGG

TAGAAGGAATTCTGCATGCCCCAGATGCTGGCTGGGGAAATCTGGTGTATGTTGTCA

ACTATCCAAAAGGTTTGTTACCATTTGGTTTTTGTAATCATGCTGAAGTGTGTTCAGG

TGTGTGTCTCATCCATGGATCTTAGCCTCTTTTGGTGGCAGAATGTCTCCTGAAACTT



AAGTATTTCCTTGAACTTCAGTGTTAGACAAGTTTGGAAGACCACGAGTCTAAATTT

ATGGAAACTGGGGATTGTAGATCATTTTAAAAGAGAAAACAATGTATTTAAAAAATAT

CTGAATAAACTTTGCCAAGTTGATGATAAATTTCAGGAATCACTAAGAATGTTTTGTA

CATAAATCATTGTTGTAAATAGATTCTTCTGAAGTGCTTCAGTGTTTGGATTTGATCAT

TGTCCTTTTGGTGTTACATCATTCATTCAGCAAATCTGAGTTCATTTTTTCCCTTAAAT

GAGCAAACAGTTGGAGTAGCCAAATCTTGAATTAGTGCAGTTCCAATTACAATTTCG

AGGTTCTGGTCTTATCCTTCTCTCTGCCTC 

 

  



Figure S1 C.TARDBP bla-DD knock-in cassette (2051 bp). 

(Black: Left arm of TARDBP, Blue: bla, Orange: P2A, Red: DD-tag, Sky blue: 3xGGGGS, Black: 

Right arm of TARDBP, Black: point mutation site of PAM sequences) 

GTTCTTTACACCTGGTTCACTGCCCATATTCAGTCTTCAGGTTCAGCTGATGGATCGC

TTGCTTAGGAAAATCGACTGGGACCTATCACGCCCATGCCTCAGCCAGTTAGGCTCC

TCCTCTGCCTTCAGGATTACTTAACGACTAACCCGATTGTCATAAAATAGCTACTGTTT

ATTGTTCCCTTGCATACCCTAGCTTGTAACCAGCAAGCCACGTTGGACTCACAGTTAC

AGTTTCAGTACCTGACGCATCATAAGCCTTCAGGGAAAGTTTTTTGAATGAATGAAC

TGGCGAGGCATCACATTTTGATAGGAAATCACTACCCTTACCTTCACCTCGTCATTTT

TCAGGGATAACCAATGCATATACGAATCCAGACAAGCATTTTTCTGGAAGTCAGAAC

TCTGACATGGTTTGGGTATTATCATTATAAGGAAACAGTTATTCTGACATGAATGTTGT

TCATTCATATCTCTTTTCTCTTTAGGAAAAGTAAAAGATGGCCAAGCCTTTGTCTCAA

GAAGAATCCACCCTCATTGAAAGAGCAACGGCTACAATCAACAGCATCCCCATCTCT

GAAGACTACAGCGTCGCCAGCGCAGCTCTCTCTAGCGACGGCCGCATCTTCACTGGT

GTCAATGTATATCATTTTACTGGGGGACCTTGTGCAGAACTCGTGGTGCTGGGCACTG

CTGCTGCTGCGGCAGCTGGCAACCTGACTTGTATCGTCGCGATCGGAAATGAGAACA

GGGGCATCTTGAGCCCCTGCGGACGGTGCCGACAGGTGCTTCTCGATCTGCATCCTG

GGATCAAAGCCATAGTGAAGGACAGTGATGGACAGCCGACGGCAGTTGGGATTCGT

GAATTGCTGCCCTCTGGTTATGTGTGGGAGGGCGGATCCGGAGCCACGAACTTCTCT

CTGTTAAAGCAAGCAGGAGACGTGGAAGAAAACCCCGGTCCCATGGGAGTGCAGG

TGGAAACCATCTCCCCAGGAGACGGGCGCACCTTCCCCAAGCGCGGCCAGACCTGT

GTGGTGCACTACACCGGGATGCTTGAAGATGGAAAGAAAGTCGATTCCTCCCGGGA

CAGAAACAAGCCCTTTAAGTTTATGCTAGGCAAGCAGGAGGTGATCCGAGGCTGGG

AAGAAGGGGTTGCCCAGATGAGTGTGGGTCAGAGAGCCAAACTGACTATATCTCCA

GATTATGCCTATGGTGCCACTGGGCACCCAGGCATCATCCCACCACATGCCACTCTCG

TCTTCGATGTGGAGCTTCTAAAACCGGAAGGTGGAGGTGGATCTGGTGGAGGTGGA

TCTGGTGGCGGCGGTTCAATGTCTGAATATATTCGGGTAACCGAAGATGAGAACGAT

GAGCCCATTGAAATACCATCGGAAGACGATGGGACGGTGCTGCTCTCCACAGTTACA

GCCCAGTTTCCAGGGGCGTGTGGGCTTCGCTACAGAAATCCAGTGTCTCAGTGTATG

AGAGGTGTCCGGCTGGTAGAAGGAATTCTGCATGCCCCAGATGCTGGCTGGGGAAA

TCTGGTGTATGTTGTCAACTATCCAAAAGGTTTGTTACCATTTGGTTTTTGTAATCATG

CTGAAGTGTGTTCAGGTGTGTGTCTCATCCATGGATCTTAGCCTCTTTTGGTGGCAGA

ATGTCTCCTGAAACTTAAGTATTTCCTTGAACTTCAGTGTTAGACAAGTTTGGAAGAC

CACGAGTCTAAATTTATGGAAACTGGGGATTGTAGATCATTTTAAAAGAGAAAACAA

TGTATTTAAAAAATATCTGAATAAACTTTGCCAAGTTGATGATAAATTTCAGGAATCA

CTAAGAATGTTTTGTACATAAATCATTGTTGTAAATAGATTCTTCTGAAGTGCTTCAGT



GTTTGGATTTGATCATTGTCCTTTTGGTGTTACATCATTCATTCAGCAAATCTGAGTTC

ATTTTTTCCCTTAAATGAGCAAACAGTTGGAGTAGCCAAATCTTGAATTAGTGCAGTT

CCAATTACAATTTCGAGGTTCTGGTCTTATCCTTCTCTCTGCCTC  



Figure S2. 

 

A)                                        B) 

  

 

 

  

 

 

  



Figure S3. 

 

Probe 1 (1804-1849) 

S TTCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCAT 

AS ATGAGATGATTAGGCAGAGGTGAAAAAGTTGCATGGTGCTGGTGAA 

 

Probe 2 (1765-1810) 

S GTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGTTCACCAG 

AS CTGGTGAACAGACCAATTTATGCCTACAGCCTCCTAGTACAAAGAC 

 

Probe 3 (1728-1773)  

S AAGACTGGGAGGAGTTGGGGGAGGAGATTAGGTTAAAGGTCTTTGT 

AS ACAAAGACCTTTAACCTAATCTCCTCCCCCAACTCCTCCCAGTCTT 

 

Probe 4 (1690-1735) 

S GACCGACCTTGAGGCATACTTCAAAGACTGTGTGTTTAAAGACTGG 

AS CCAGTCTTTAAACACACAGTCTTTGAAGTATGCCTCAAGGTCGGTC 

 

Probe 5(1655-1700) 

S CATAAGAGGACTCTTGGACTCTCAGCAATGTCAACGACCGACCTTG 

AS CAAGGTCGGTCGTTGACATTGCTGAGAGTCCAAGAGTCCTCTTATG 

 

Probe 6 (1611-1657)  

S TGGAGACCACCGTGAACGCCCGCCAGGTCTTGCCCAAGGTCTTACAT 

AS ATGTAAGACCTTGGGCAAGACCTGGCGGGCGTTCACGGTGGTCTCCA 

 

  



Figure S4. 

 

A)                                        B)  

                                             

  

 

 

 

 

 

 

C)                                         D)                                  

 

 

 

 

                                           

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

A 



Figure S5. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S6. 
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Figure S7. 

 

Full length blots for Fig. 1a 

 

 

 

 

 

 

 

 

 

 

Full length blots for Fig. 1d 

 

 

 

 

 

 

 

 

 

 

 

Full length blot for Fig. 1e 
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Supplementary data: Full length 

blots.  

The red rectangles indicate the 

cropped portion of the images used 

in the figures of the manuscript. 
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Figure S8. 

 

Full length blots for Fig. 2a 

 

 

 

 

 

 

 

 

 

 

 

 

 

Full length blot for Fig. 2c 
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Figure S9. 

 

Full length blots for Fig.3c 

 

 

 

 

 

 

 

 

 

 

Full length blots for Fig. 3e 
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Figure S10. 

 

Full length blots for Fig. 4b 

 

 

 

 

 

 

 

 

 

 

 

Full length blots for Fig. 4c 
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Figure S11. 

 

Full length blots for Fig. 5b 
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Figure S12. 

 

Full length blots for Fig. 6a 

 

 

 

 

 

 

 

 

 

 

 

 

 

Full length blot for Fig. 6c  
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Full length blot Fig. 6d 

 

 

 

 

 

 

 

 

 

 

Full length blots Fig. 6e 

 

 

 

 

 

 

 

 

 

 

 

 

 

Full length blot Fig. 6f 

 

 

 

 

 

 

 

 

 

 



Figure S13. 

 

Full length blots for Fig. 7c 
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Figure S14. 

 

Full length blots for Fig. S2a 

 

 

 

 

Full length blots for Fig. S2b 
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