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Figure S1. (a) The numbering system used for nucleosides, in which the sugars use primed numbers 

1’-5’ in order to distinguish them from the bases. (b) A section of an oligonucleotide strand; RNA 

when X=OH and R=H; DNA when X=H and R=CH3. The sequences shown here are GUCA (RNA) 

or GTCA (DNA). 
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Figure S2. the structure of peptide nucleic acid (PNA) compared to DNA. 

 

Figure S3. 3’-1’-glycerol nucleic acids (GNA) are flexible linker analogs of DNA. 

 

Figure S4. nucleic acids containing D-allose, D-altrose, D-mannose and D-glucose cannot form 

Watson-Crick base-paired duplexes because of severe intra-strand steric clashes, arising from 

interactions between the 2’-OHs and the edges of the bases (right arrows) and the 3’-OHs and the 

backbone (left arrows). 
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Figure S5. 4’-2’-Pyranosyl RNA forms very stable duplexes with exclusively Watson-Crick base-

pairings. 

 

Figure S6. D-2’-3-Dideoxyallose nucleic acid (homo-DNA) duplexes display distinct Hoogsteen 

type base pairing rules very different to those occurring in DNA and RNA, with A-A and G-G base 

pairs that are more stable than A-T; pairing rules in order of stability G-C > A-A~G-G > A-T; 6’-

(A)3(G)3-4’ duplexes have a melting temperature of 34°C. 
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Figure S7. XNAs like HNA form complementary Watson-Crick base paired duplexes; with 

themselves and complementary DNA and RNA sequences. 

 

Figure S8. comparison of melting temperatures (Tm) of 12-mer duplexes containing a non-standard 

base pair X-Y. 

 

Figure S9. oligonucleotides containing the non-standard base pair isoC-isoG are used in a Bayer 

bDNA diagnostic system and greatly improve the detection limits for viral mRNA and other 

disease-related nucleic acid analytes. 
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Figure S10. isoG has a minor tautomer that pairs with T, resulting in a replacement of the isoG-isoC 

pair with T-A following PCR amplification. 

 

Figure S11. PCR amplification of a 6-letter template containing two adjacent non-standard bases (P-

P) (Benner 2011). 

 

Figure S12. pyrimidine-pyrimidine pairs obey Watson-Crick hydrogen-bonding complementarity, 

via S-Z, T-K and C-V pairs to generate ‘skinny’ DNA-like duplexes; purine-purine pairs do likewise, 

via D-X and B-P pairs to generate ‘fat’ DNA-like duplexes. 
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Figure S13. melting temperatures of complementary ‘fat’ and ‘skinny’ and standard DNA duplexes. 

 

Figure S14. difluorotoluene is a very good shape mimic for thymine, even though it is much less 

polar and cannot engage in hydrogen bonding. 

 

Figure S15. replacement of thymine (T) with difluorotoluene (F) in an otherwise complementary 

12-mer duplex lowers the melting temperature (Tm) significantly. 
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Figure S16. The first reported hydrophobic base pair, difluorotoluene (F)-4-methylbenzimidazole (Z’). 

 

Figure S17. The hydrophobic base pairs Ds-Pa and Ds-Px, developed by the Hirao group. 

 

Figure S18. The hydrophobic base pairs d5SICS-dNaM and dTPT3-dNaM, developed by the 

Romesberg group. 
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