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Appendix Figure S1 

 

 
 

Appendix Figure S1. Pictures showing coarse hairs (a) and nail dystrophy (b) in individual P1.  
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Appendix Figure S2 

 

 

 
Appendix Figure S2. The active site of human PARN in complex with RNA (purple) (upper panel, pdb 

2A1R (Wu et al, 2005)) is compared to the active site of S. pombe POP2 (lower panel, pdb 2P51 

(Jonstrup et al, 2007)). Mg++: green balls; water: red balls. Three aspartate (Hs PARN D28, D292, D382; 

Sp POP2 D50, D171, D240) and one glutamate (Hs PARN E30; Sp POP2 E52) residues play crucial 

roles for the hydrolytic reaction mechanism of the DEDDh subfamily of nucleases as the four acidic 

residues, by coordinating two divalent metal ions, ensure both the substrate binding and the interaction 

with a molecule of water essential for hydrolysis. The Ne2 atom of the conserved glutamine (Hs PARN 

Q68; Sp POP2 Q86) makes an H-bond with the oxygen atom of an amino acid of the neighbour b-strand 

(Hs PARN Y91 OH; Sp POP2 N108 Od1), whereas the Oe1 atom of the same glutamine residue is H-

bonded to the N atom of the a-helix N-cap (Hs PARN A379; Sp POP2 A237), located between the 

catalytic histidine (Hs PARN H377; Sp POP2 H235) and the last aspartic acid (Hs PARN D382; Sp 

POP2 D240). This last H-bond is likely to play a crucial role in the configuration of the active site, and 

the p.Gln68His mutation is thus predicted to disturb catalytic activity. Figure made using Chimera 

(Pettersen et al, 2004).  
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Appendix Figure S3 

 

 
Appendix Figure S3. (a) Splicing aberrations in PARN transcripts identified in P2’s cells. PARN cDNA 

in patient’s cells was PCR amplified, cloned and sequenced. The main splicing events and their 

frequencies are indicated. 32 independent clones were analyzed. (b) Coverage analysis performed by 

high throughput sequencing of the whole PARN gene sequence (promoter, introns, exons) revealed a 

two-fold reduction of a genomic region encompassing the PARN exons 6 and 7 in P2 and her mother. 

(c) Sanger sequencing of the boundaries of the deleted region in P2.     
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Appendix Figure S4 

 
Appendix Figure S4. (a) Design of the gRNA used to create CRISPR/Cas9 mutations in the PARN 

coding sequence. (b) The HT1080PARNKO clone 2-H harbors a 1-bp deletion and a substitution resulting 

in a frameshift on one allele and 1bp –insertion, also resulting in a frameshift, on the other allele. The 

blue sequence represents the locus targeted by the gRNA. The pink sequence represents the PAM. (c) 

Premature stop codon generated by both mutations are indicated by red boxes. (d) Western   

 Blot analysis confirming the PARN loss of function in HT1080PARNKO clone 2-H. 
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Appendix Figure S5 

 
Appendix Figure S5. Ribosomal RNA processing in human cells. Three of the four rRNAs forming the 

backbones of the small and large ribosomal subunits arise from a long primary transcript (47S pre-

rRNA), in which 18S, 5.8S and 28S rRNA sequences are flanked by external (5’ETS, 3’ETS) and 

internal transcribed spacers (ITS1, ITS2). These rRNAs are progressively released owing to endo- and 

exoribonucleases. Arrows displayed along the rRNA precursor sequences point out the positions of 

endonucleolytic cleavage sites. The sequential order of these cleavages defines major and minor, 

alternative pathways, giving rise to abundant precursors (depicted in grey) or rarer pre-rRNA species 

(depicted in white). When identified, endoribonucleases are labelled in black, and 5’-3’ or 3’-5’ 

exoribonucleases in grey. Question marks refer to putative enzymatic activities deduced from 3’RACE 

data (Montellese et al, 2017; O’Donohue et al, 2010), or to an RNAse described in mouse whose human 

ortholog could fulfill similar functions (Ansel et al, 2008). 
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Appendix Figure S6 

 
Appendix Figure S6. (a) Design of the gRNA used to create CRISPR/Cas9 mutations in the mouse 

Parn gene. The blue sequence represents the locus targeted by the gRNA. The pink sequence represents 

the PAM. (b) The Parn#25+/- and Parn#29+/- animal cell lines harbor, respectively, a 2-bp and a 1-bp 

deletion on one allele, resulting in frameshifts and premature stop codons indicated by red boxes. 
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Appendix Table S1. List of predicted off-target loci sequenced and found in Parn#25+/- and Parn#29+/- 

animals. 

 
 

  

  PAM + gRNA sequence
cca gcattccatggactttttgc 

gene name position number of mismatches off-target sequence Sanger sequence
Gm17441/Tcte1 chr17:45,679,275-45,679,297 3 cct gcactccagggactctttgc WT

Abca1 chr4:53,043,874-53,043,896 4 ccc tcattccaagcactttatgc WT
Efcab5 chr11:76,916,908-76,916,930 4 cct cgattccatggactttgtgt WT
Olfr506 chr7:115,755,996-115,756,018 4 cca tcatcccatgtacttttttc WT
Olfr487 chr7:115,355,846-115,355,868 4 cca tcatcccatgtacttttttc WT
Olfr478 chr7:115,175,660-115,175,682 4 cca tcatcccatgtactttttcc WT
Garnl3 chr2:32,878,191-32,878,213 4 cca ggaattcagggactttttgc WT
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Appendix Table S2.  Primers used in this study. 

Primer name Sequence Reference 

ACTB-F TGTACGCCAACACAGTGCTG Boros et al., 2014 

ACTB-R GCTGGAAGGTGGACAGCGA Tilman et al, 2009 

hTR-F TTTGTCTAACCCTAACTAACTGAGAAG Tilman et al, 2009 

hTR-R TTGCTCTAGAATGAACGGTGGA Tilman et al, 2009 

POT1-F TCAGTCTGTTAAACTTCATTGCCC Zaffaroni et al, 2005 

POT1-R TGCACCATCCTGAAAAATTATATCC Zaffaroni et al, 2005 

TPP1-F CCCGCAGAGTTCTATCTCCA Poncet et al, 2008 

TPP1-R GGACAGTGATAGGCCTGCAT Poncet et al, 2008 

TRF2-F GACCTTCCAGCAGAAGATGC Escoffier et al, 2005 

TRF2-R GTTGGAGGATTCCGTAGCTG Escoffier et al, 2005 

TRF1-F CCACATGATGGAGAAAATTAAGAGTTAT Lin et al, 2006 

TRF1-R TGCCGCTGCCTTCATTAGA Lin et al, 2006 

RAP1-F CGGGGAACCACAGAATAAGA Poncet et al, 2008 

RAP1-R CTCAGGTGTGGGTGGATCAT Poncet et al, 2008 

TIN2-F GTCAGAGGCTCCTGTGGATT Abreu et al, 2010 

TIN2-R CAGTGCTTTCTCCAGCTGAC Abreu et al, 2010 

RTEL1-F TCCCAAAGATTATTTACGCC Tummala et al, 2015 

RTEL1-R TCTGTAGATGGTTACTCTCTTG Tummala et al, 2015 

DKC1-F CTGGAGTCATGAGTGAAAAG Tummala et al, 2015 

DKC1-R CTCATCCTTGTGGTTATCATAC Tummala et al, 2015 

p53-F GAGGTTGGCTCTGACTGTACC Liu et al, 2015 

p53-R TCCGTCCCAGTAGATTACCAC Liu et al, 2015 

p21-F GCAGACCAGCATGACAGATTT Liu et al, 2013 

p21-R GGATTAGGGCTTCCTCTTGGA Liu et al, 2013 

Xp-Yp-F GCAAAGAGTGAAAGAACGAAGCTT Porro et al, 2010 

Xp-Yp-R CCCTCTGAAAGTGGACCAATCA Porro et al, 2010 

16p-F TGTGTTTCAACGCTGCAACTG Diman et al, 2016 

16p-R AGTTAGAACGGTTCAGTGTG Diman et al, 2016 

5p-F GAGTGCATTAGCATACAGGTG Diman et al, 2016 

5p-R TCCTAATGCACACGTAACAC Diman et al, 2016 

15q-F CAGCGAGATTCTCCCAAGCTAAG Porro et al, 2010 

15q-R AACCCTAACCACATGAGCAACG Porro et al, 2010 
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