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Supplementary Figure S1 

Supplementary Figure S1. A. Sequence Alignment. The T-Coffee multiple sequence alignment program 

was used to compare the mouse miR-15 family members. Right Panel: miR-497a displays high homology 

with miR-497b. MiR-497b is encoded by the antisense strand of the miR-497a~195 cluster and does not 

harbour the same seed sequence. B. Schematic representation of sg195 m2. The DNA sequence 

corresponding to the transcript annotated in miRBase v21 as stem loop miRNA was used as input sequence 

to the CRISPR Design  tool. PAM sequence is highlighted in blue. The mature miRNA sequence is 

highlighted in purple and arrow indicated the site of mutations induced by random indels following editing of 

the genomic locus in mutant cells. C. Minimum free energy structure of the miR-195a stem loop loop 

following sg195m2 editing as assessed by the structure prediction software RNAfold. The base-

pairing probability, as indication of structural remodelling or dynamics, was used for color-coding.  
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Supplementary Figure S2. Clustal alignment of Sanger sequencing of the miR-497a stem loop 

locus following sg195m2 editing in VSMCs. Wt: unedited cells, 1-10 randomly picked individual 

colonies harboring genomic PCR amplicons from sg195m2 edited VSMCs. P3, P4: Genomic PCR 

primers. 

Supplementary Figure S2 



Supplementary Figure S3. Sg195 m2 OFFTARGETS. T7EI assessment of gene editing in the loci of 

putative OFFTARGET sites for sg195 m2 as predicted by the CRISPR design tool (Zhang Lab, MIT) and 

CRISPR Finder (Welcome Trust Sanger Institute). OFT; OFFTARGET, ND: Non Detectable, NS: Non 

Specific. 
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Supplementary Figure S4. Gene editing of the miR-195a locus using sgRNA195 m3. A. The genomic 

locus of the miR-497~195 cluster. B. Schematic representation of sg195 m3. The DNA sequence 

corresponding to the transcript annotated in miRBase v21 as stem loop miRNA was used as input 

sequence to the CRISPR Design  tool. PAM sequence is highlighted in blue. The mature miRNA sequence 

is highlighted in purple and arrow indicated the site of mutations induced by random indels following editing 

of the genomic locus in mutant cells. C. T7EI assay for the miR-195a locus following editing with 

sg195m3. ND: Non detectable. P1, P2: Genomic PCR primers. D. Gene editing of the miR-195a locus 

resulted in the down-regulation of both miR-195a and miR-497a without affecting the expression of 

other members of the miR-15 family as assessed by qPCR. U6 was used as a normalization control. 

n=4, * p<0.05. E. Sanger sequencing of the sg195 m3 edited miR-195a genomic locus. The presence 

of random indels, mainly deletions was detected and represented as dashes. The PAM sequence is 

highlighted in grey. Insertions are shown in bold small case fonts. N/A: Not Applicable.  



Supplementary Figure S5 

Supplementary Figure S5. Gene editing of the miR-195a locus using sgRNA195 m3. A. Minimum 

free energy structure of the miR-195a stem loop following sg195m3 editing as assessed by the 

structure prediction software RNAfold. The base-pairing probability, as indication of structural 

remodelling or dynamics, was used for color-coding. B. Clustal alignment of Sanger sequencing of the 

miR-497a stem loop locus following sg195m3 editing in VSMCs. Wt: unedited cells, 1-10 randomly 

picked individual colonies harboring genomic PCR amplicons from sg195m2 edited VSMCs. P3, P4: 

Genomic PCR primers. C. Sg195 m3 OFFTARGETS. T7EI assessment of gene editing in the loci of 

putative OFFTARGET sites for sg195 m3 as predicted by the CRISPR design tool (Zhang Lab, MIT) and 

CRISPR Finder (Welcome Trust Sanger Institute). OFT; OFFTARGET, ND: Non Detectable.      
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Supplementary Figure S6 
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Supplementary Figure S6. QPCR quantification of miRNA expression following miR-195 inhibition. 

U6 was used as a normalization control. LNA-CON: control LNA oligonucleotide, LNA-195a: LNA anti-miR 

targeting miR-195a. N=3, * p<0.05 
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Supplementary Figure S7. Secondary structures with pseudoknots. Generated by vsfold5 (Chiba 

Institute of Technology, Japan): http://www.rna.it-chiba.ac.jp/~vsfold/vsfold5/ (Settings: 37°C temperature; 

Kuhn length 6; Jacobson-Stockmayer gamma = 1.75; contiguous stems = 6). WT: unedited cells, MUT1: 

mutated cells harbouring a 1 nt deletion in miR-195a stem loop, MUT5: mutated cells harbouring a 18nt 

deletion in the miR-195a stem loop. Red rectangulars in MUT1 highlight differences from WT.  
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WT, L=449 
SS without pseudoknots: 
..(((((.(((...((((....(((((.(((...((((.((((.(((((((((.(((((......)))..)).))))))))).)))).))))...))).)))))))))((((........))))((((......))))((((((((..................
................................)))))))).((((((........)))))).(((((...(((((((((((..((((...))))((((((....))))))......)))))(((( (((...)))))))....((((((......)))))).......
.))))))....))))).....((((((((((....((((((((((.((((((((((.((.........))))))))))))..))))))))))))))).)))))))))))))....... 
SS with pseudoknots: 
[[[..................(((((...((((..((((....)))).((((.((((....))))(((((((.........)).)))))....))))..)))).(((.((((........))))((((..[[[.))))(((((((....[[[[..............
..............................)))))))..(((((....[[[[))))).((((]]]]......))))....(((.....))).(((((]]].))))).......((((.((((((.....))))))..((((((((......)))).(((((......
)))))]]]].........))))..)))).....(((((((((.((((((((((.((]]]......))))))))))))..))))))))).))))))))((((((....)))))).. 
 
>miR-497           nt pos: 21 – 104     atom pos:  627-3318  
>miR-195a-WT nt pos: 346 – 439   atom pos: 11068-14088 

MUT1, L=448 
SS without pseudoknots: 
..(((((.(((...((((....(((((.(((...((((.((((.(((((((((.(((((......)))..)).))))))))).)))).))))...))).)))))))))((((........))))((((......))))((((((((..................
................................)))))))).((((((........)))))).(((((...(((((((((((..((((...))))((((((....))))))......)))))(((( (((...)))))))....((((((......)))))).......
.))))))....))))).....((((((((((....((((((((((....(((((((.((.........)))))))))....))))))))))))))).)))))))))))))....... 
SS with pseudoknots: 
[[[.................((((((...((((..((((....)))).((((.((((....))))(((((((.........)).)))))....))))..)))).(((.((((........))))((((..[[[.))))(((((((....[[[[..............
..............................)))))))..(((((....[[[[))))).((((]]]]......))))....(((.....))).(((((]]].))))).......((((.((((((.....))))))..((((((((......)))).(((((......
)))))]]]].........))))..)))).....(((((((((....(((((((.((]]]......)))))))))....))))))))).)))))))))(((((....)))))... 
 
>miR-497               nt pos:  21 – 104   atom pos:  627-3318  
>miR-195-MUT1   nt pos: 346 – 438  atom pos: 11068-14055 

MUT5, L= 431 
SS without pseudoknots: 
..((((((..((((((...((((((((.(((...((((.((((.(((((((((.(((((......)))..)).))))))))).)))).))))...))).))))).)))((((........))))((((......))))..(((((((.((((.(((......
.......................((((((.(((......)))..)))).))..((((((....((((..........))))...))))))..((((((.....(((((...(((((((.....)))))))...)))))......((((((......))))))...)))
)))......((.((((...((((.....((((((.....))).))).....))))..)))).))))).)))).)))))))..))))))))))))....... 
SS with pseudoknots: 
.............(((((....(((((((((((..((((....)))).((((.((((....))))(((((((.........)).)))))....))))..))))..))).)))).....(((((.( (((..[[[.)))).((((((....[[[[[[...........
...............................))))))...(((((....[[[[))))).((((]]]]......))))....(((.....)))..((((]]].)))).((((......((((((((.....))))))))..((((((......))))))....)))).
....]]]]]].................))))).[[[[[[[[.............))))).....]]]]]]]]........((((((....)))))).. 
 
>miR-497              nt pos:    21 - 104     atom pos:  627 - 3318  
>miR-195-MUT5  nt pos: 346 – 421     atom pos:  11068 -  13516 

Supplementary Figure S8. The optimal secondary structure in dot-bracket notation. Data were 

generated by vsfold5 (Chiba Institute of Technology, Japan): http://www.rna.it-chiba.ac.jp/~vsfold/vsfold5/ 

(Settings: 37°C temperature; Kuhn length 6; Jacobson-Stockmayer gamma = 1.75; contiguous stems = 

6). WT: unedited cells, MUT1: mutated cells harbouring a 1 nt deletion in miR-195a stem loop, MUT5: 

mutated cells harbouring a 18nt deletion in the miR-195a stem loop. L: length, atom pos: atomic position.  

A base pair between base i and j is represented by a '(' at position i and a ')' at position j, unpaired bases 

are represented by dots (Vienna RNA package). Grouping of base positions are represented as [   ].  
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Supplementary Figure S9 

Supplementary Figure S9. Reconstruction movie of the tertiary structure of the primiR-

497~195. WT: unedited cluster, MUT1: mutated cluster harbouring a 1 nt deletion in miR-195a 

stem loop, MUT5: mutated cells harbouring a 18nt deletion in the miR-195a stem loop.  
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Supplementary Figure S10 

Supplementary Figure S10. A. Sequence Alignment. The T-Coffee multiple sequence alignment 

program was used to compare the miRNAs located in the mouse miR-143~145 cluster. B. Schematic 

representation of sg145 m1 and sg145 m2. The DNA sequence corresponding to the transcript 

annotated in miRBase v21 as stem loop miRNA and upstream sequences were used as input to the 

CRISPR Design  tool. PAM sequence is highlighted in blue. The mature miRNA sequence is highlighted 

in purple and the arrow indicates the site of mutations C. Minimum free energy structure of the miR-

145a stem loop as assessed by the structure prediction software RNAfold. The base-pairing 

probability, as indication of structural remodelling or dynamics, was used for color-coding.  
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Supplementary Figure S11. Clustal alignment of Sanger sequencing of the miR-143 stem loop 

locus following sg145m1 and sg145m2 editing in VSMCs. Wt: unedited cells, 1-10 randomly picked 

individual colonies harboring genomic PCR amplicons from edited VSMCs. P5, P6: Genomic PCR 

primers.  

Supplementary Figure S11 



Supplementary Figure S12. Genomic organization of the Carmn locus. Snapshot obtained from 

NCBI database (https://www.ncbi.nlm.nih.gov/gene/328968) depicting the genomic locus of Carmn 

(cardiac mesoderm enhancer-associated non-coding RNA) and miR-143~145 cluster.  
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Supplementary Figure S13 
 

Supplementary Figure S13. A. Sequence Alignment. The T-Coffee multiple sequence alignment 

program was used to compare the miRNAs residing in the mouse miR-17~92 cluster. B. Schematic 

representation of sg18. The DNA sequence corresponding to the transcript annotated in miRBase v21 as 

stem loop miRNA was used as input sequence to the CRISPR Design  tool. PAM sequence is highlighted 

in blue. The mature miRNA sequence is highlighted in purple and arrow indicated the site of mutations 

induced by random indels following editing of the genomic locus in mutant cells. C. Minimum free energy 

structure of the miR-18a stem loop as assessed by the structure prediction software RNAfold. The 

base-pairing probability, as indication of structural remodelling or dynamics, was used for color-coding.  
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Supplementary Figure S14. Clustal alignment of Sanger sequencing of miR-17, miR-19a and miR-

20a stem loop loci following sg18 editing in VSMCs. Wt: unedited cells, 1-10 randomly picked 

individual colonies harboring genomic PCR amplicons from edited VSMCs. P9, P10: Genomic PCR 

primers. 

Supplementary Figure S14 
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Supplementary Figure S15 

Supplementary Figure S15. A. Sequence Alignment. The T-Coffee multiple sequence alignment 

program was used to compare the miRNAs residing in the mouse miR-106b~25 cluster. B. Schematic 

representation of sg25. The DNA sequence corresponding to the transcript annotated in miRBase v21 as 

stem loop miRNA was used as input sequence to the CRISPR Design  tool. PAM sequence is highlighted 

in blue. The mature miRNA sequence is highlighted in purple and the arrow indicates the site of mutations 

induced by random indels following editing of the genomic locus in mutant cells. C. Minimum free energy 

structure of the miR-25 stem loop as assessed by the structure prediction software RNAfold. The 

base-pairing probability, as an indication of structural remodelling or dynamics, was used for color-coding.  
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Supplementary Figure S16. Clustal alignment of Sanger sequencing of miR-93 and miR-106b stem 

loop loci following sg25 editing in VSMCs. Wt: unedited cells, 1-10 randomly picked individual 

colonies harboring genomic PCR amplicons from edited VSMCs. P11, P12: Genomic PCR primers. 

Supplementary Figure S16 



Supplementary Table 1. Details of miRNA clusters and miRNA families. Data on miRNA clusters were 

obtained from the MiRBase database. Data on miRNA families were obtained from the Targetscan  

programme.  

Supplementary Table 1.  



Supplementary Table 2. Primer sequences. Genomic primers were labelled P1-P12, as depicted on the 

genomic loci schematics. IVT: in vitro transcription. 

Supplementary Table 2.  



Supplementary Table 3. OFFTARGET Primer sequences. Genomic primers for putative OFFTARGET 

sites of editing for sg195 m2 and sg195 m3 as predicted by the CRISPR Design tool (Zhang lab, MIT) or 

the CRISPR Finder (Welcome Trust Sanger Institute- highlighted in blue). The mismatches are shown in 

red. OFT: OFFTARGET.  

Supplementary Table 3.  
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