	Name
	Sequence
	Notes

	CPEB3 template 
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGAACAGCAGAATTCGCAGATTCACCAGAATCTGACAGGGGCTGCGACGTGAACGCTTCTGCTGTGGCCCCCGAATGGTCCTTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate) 

	HDV template 
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGATGGGTCCCATTCGCCATTACCGAGGGGACGGTCCCCTCGGAATGTTGCCCAGCCGGCGCCAGCGAGGAGGCTGGGACCATGCCGGCCATCAGGCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	Twister template
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGACCGCCCCCTCCACTTTTATCCGGGCTTGGGACCGGCATTGGCAGTGTTAGGCGGCCCTTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	Hairpin template
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGATACCAGGTAATATACCACAACGTGTGTTTCTCTGGTTCACTTCTCTCTTTCACGCGCACGTGAAAGAGGACTGTCATTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	HH template
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGACTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGTTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	T7 top strand
	CGGCTAATACGACTCACTATAG
	PCR primer

	RT primer
	GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGAACCGGACCGAAGCCCG
	PCR/RT primer

	TSO1
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG GCATGCATGCATGCATGC rGrGrG
	Phased template switching oligo 1

	TSO2
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG TGCATGCATGCATGC rGrGrG
	Phased template switching oligo2

	TSO3
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG ATGCATGCATGC rGrGrG
	Phased template switching oligo 3

	TSO4
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG CATGCATGC rGrGrG
	Phased template switching oligo 4
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[image: ]Supplementary Figure 1: Histogram of the distributions of read counts (read depth) for the single and double mutants matching to each ribozyme analyzed in this study (HDV, CPEB3, hammerhead, hairpin, twister).



 
 
 
[image: ]Supplementary Figure 2: Distributions for epistasis values seen on and off anti-diagonal in the epistasis heatmaps. The distributions of epistasis values along the anti-diagonal corresponding to double mutations between nucleotides involved in a Watson-Crick base-pair are shown in blue, and the epistasis values seen off diagonal are shown in gray.



Supplementary Figure 3: Relationship between the Gibbs free energy (ΔG) of each base paired region belonging to the hairpin, hammerhead, CPEB3, HDV, and twister ribozymes, and the median relative activity of all single mutants within each base paired region (Pearson Correlation = -0.53, p = 0.029).
















	
[image: ]Supplementary Figure 4: Distributions of relative self-cleavage activityepistasis observed for sequences containing mutations to the catalytic nucleotides in the CPEB3, HDV, twister, hairpin, and hammerhead ribozymes.  


Supplementary Figure 65: Distribution of pairwise epistasis observed between the loops of P1 and P2 in the hammerhead ribozyme.  




	

 









	Name
	Sequence
	Notes

	HDV template 
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGATGGGTCCCATTCGCCATTACCGAGGGGACGGTCCCCTCGGAATGTTGCCCAGCCGGCGCCAGCGAGGAGGCTGGGACCATGCCGGCCATCAGGCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate) 

	CPEB3 template 
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGAACAGCAGAATTCGCAGATTCACCAGAATCTGACAGGGGCTGCGACGTGAACGCTTCTGCTGTGGCCCCCGAATGGTCCTTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	Twister template
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGACCGCCCCCTCCACTTTTATCCGGGCTTGGGACCGGCATTGGCAGTGTTAGGCGGCCCTTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	Hairpin template
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGATACCAGGTAATATACCACAACGTGTGTTTCTCTGGTTCACTTCTCTCTTTCACGCGCACGTGAAAGAGGACTGTCATTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	HH template
	GAACCGGACCGAAGCCCGATTTGGATCCGGCGAACCGGATCGACTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGTTTTCCTATAGTGAGTCGTATTAGCCG
	DNA template for in-vitro transcriptions. Bolded nucleotides indicate positions synthesized using doped phosphoramidites (3% mutation rate)

	T7 top strand
	CGGCTAATACGACTCACTATAG
	PCR primer

	RT primer
	GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGAACCGGACCGAAGCCCG
	PCR/RT primer

	TSO1
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG GCATGCATGCATGCATGC rGrGrG
	Phased template switching oligo 1

	TSO2
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG TGCATGCATGCATGC rGrGrG
	Phased template switching oligo2

	TSO3
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG ATGCATGCATGC rGrGrG
	Phased template switching oligo 3

	TSO4
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG CATGCATGC rGrGrG
	Phased template switching oligo 4



Supplementary Table 1: Oligonucleotides used in this study. 
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