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Figure S1. Replicate SPR sensorgrams for repetitive AC and non-repetitive sequences. Raw 
sensorgrams (red) with mono-exponential fits for association and dissociation (dashed black) are 
shown for sequences associated with Figure 1 in main text. Curves are serial dilutions from 100 nM to 
1.5625 nM (A,B) 50 nM to 0.78125 nM (C-E) and 800 nM to 12.5 nM (F). 

  



 

Figure S2. Replicate SPR sensorgrams for all non-repetitive 14 base AC sequences. Raw sensorgrams 
are shown in red with mono-exponential fits overlayed in dashed black). Concentrations are serial 
dilutions from 50 nM to 0.78125 nM. 



 

Figure S3. Replicate SPR sensorgrams for all non-repetitive 10 base AC sequences. Raw sensorgrams 
are shown in red with mono-exponential fits for association and dissociation overlayed in dashed 
black). Concentrations are serial dilutions from 50 nM to 0.78125 nM. 

  



 

Figure S4. Model vs experimentally measured hybridisation rates without repetitive 10AC and 14AC 
sequences. (A) shows fits from combinatorics alone and (B) from the full model, which includes 
stability. Errors are standard deviations from at least three independent measurements.  

  



 

Figure S5. Distribution of binding energies at different nucleation lengths for all unique nucleation 
states in this study. 

  



Supplementary Table 1: Comparison of equilibrium dissociation constants determined from kinetic 
rate constants and from steady state measurements for all 10 base DNA sequences in this study.  

 
Number Name Sequence 5’ > 3’ KD (nM) kinetics KD (nM) steady state  

4 10NR GTTCGGTCTA 7.7 ± 0.2 6.7 ± 0.1 

5 10AC ACACACACAC 1.6 ± 0.1 1.3 ± 0.2 

6 10AG TCTCTCTCTC NA 212 ± 15 

50 % GC content 

20  CAACCAACCA 1.4 ± 0.1 1.4 ± 0.2 

21  ACAACACCAC 0.9 ± 0.02 0.6 ± 0.06 

22  ACACCAAACC 3.7 ± 0.3 3.9 ± 0.4   0.32 ± 0.01 
23  CCACCAACAA 5.1 ± 0.9 6.3 ± 1.8 

24  CAACACCCAA 7.0 ± 0.4 7.8 ± 3.2 

25  ACCAAACCAC 1.5 ± 0.2 1.4 ± 0.4 

26  CAAAACCCCA 6.8 ± 0.6 7.1 ± 2.3 

27  ACCAACACCA 3.2 ± 0.5 3.1 ± 1.1 

28  AACCACCACA 2.0 ± 0.2 1.9 ± 0.3 

29  ACACACACCA 1.7 ± 0.1 1.5 ± 0.1 

30  CAACACAACC 1.5 ± 0.2 1.4 ± 0.05 

31  AAACCCACCA 6.6 ± 0.8 5.8 ± 0.7 

32  AACCAACACC 1.6 ± 0.1 1.4 ± 0.5 

57 % GC content 

36  ACACCACCAC 0.2 ± 0.03 NA 

37  CCCCACACAA 1.3 ± 0.2 1.4 ± 0.4 

42 % GC content 

41  CCAAAACCAA 24.9 ± 6.3 28.1 ± 5.1 

42  AAAAACCCAC 8.9 ± 0.6 8.4 ± 1.8 

43  AAACCACACA 18.8 ± 3.8 16.0 ± 4.8 

 

  



 

Supplementary Table 2: Statistics of the correlation coe�cient, ⇢, between experimental data and model predic-

tions, for the null distribution sampled by random permutations, and resultant statistics of p-value estimates.
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†
Yes (Y)/No (N) indicates exclusion/inclusion of sequences ‘ACACACACAC’ and ‘CACACACACACACA’,

respectively.



 

Supplementary Table 3: Statistics of optimised parameters for various applications of the model on experimental

data.

Model n
Outliers  (⇥10

6 s-1) ↵ �
excluded

†
mean (std-dev) 95% CI mean (std-dev) 95% CI mean (std-dev) 95% CI

Combinatorics 1 N 6.12 (0.103) [5.92, 6.32] -2
‡
(-) - -1‡

(-) -

Comb. + length 1 N 5.12 (1.29) [3.06, 8.07] -1.92 (0.0997) [-2.11, -1.72] -1‡
(-) -

Stability 1 N 28.4 (5.35) [20.6, 41.3] -2
‡
(-) - 6.56 (0.320) [5.96, 7.22]

Stab. + length 1 N 33.2 (9.18) [18.8, 54.4] -2.06 (0.105) [-2.26, -1.85] 6.55 (0.325) [5.95, 7.22]

Combinatorics 2 N 10.3 (0.178) [10.0, 10.7] -2
‡
(-) - -1‡

(-) -

Comb. + length 2 N 6.63 (1.49) [4.19, 10.0] -1.80 (0.0936) [-1.99, -1.62] -1‡
(-) -

Stability 2 N 26.2 (5.38) [13.0, 35.0] -2
‡
(-) - 7.50 (0.753) [5.15, 8.29]

Stab. + length 2 N 25.1 (11.2) [7.68, 50.2] -1.96 (0.117) [-2.18, -1.73] 7.40 (0.867) [5.08, 8.32]

Combinatorics 3 N 13.6 (0.243) [13.1, 14.1] -2
‡
(-) - -1‡

(-) -

Comb. + length 3 N 8.01 (1.60) [5.34, 11.6] -1.76 (0.0876) [-1.93, -1.59] -1‡
(-) -

Stability 3 N 19.4 (0.653) [18.1, 20.7] -2
‡
(-) - 8.17 (0.143) [7.87, 8.44]

Stab. + length 3 N 16.3 (3.49) [10.5, 24.1] -1.92 (0.0895) [-2.09, -1.74] 8.17 (0.146) [7.86, 8.43]

Combinatorics 4 N 14.7 (0.271) [14.2, 15.2] -2
‡
(-) - -1‡

(-) -

Comb. + length 4 N 6.73 (1.19) [4.70, 9.34] -1.63 (0.0821) [-1.79, -1.47] -1‡
(-) -

Stability 4 N 46.4 (5.33) [36.6, 56.7] -2
‡
(-) - 13.2 (0.499) [12.7, 13.6]

Stab. + length 4 N 27.6 (6.77) [16.1, 42.0] -1.74 (0.0881) [-1.91, -1.56] 13.2 (1.10) [12.7, 13.8]

Combinatorics 1 Y 5.99 (0.104) [5.79,6.19] -2
‡
(-) - -1‡

(-) -

Comb. + length 1 Y 5.57 (1.45) [3.25,8.90] -1.96 (0.103) [-2.16, -1.76] -1‡
(-) -

Stability 1 Y 23.0 (3.41) [17.8,31.1] -2
‡
(-) - 6.18 (0.283) [5.65, 6.77]

Stab. + length 1 Y 30.7 (9.07) [16.8,51.9] -2.11 (0.106) [-2.31, -1.90] 6.16 (0.282) [5.65, 6.75]

Combinatorics 2 Y 10.6 (0.186) [10.3,11.0] -2
‡
(-) - -1‡

(-) -

Comb. + length 2 Y 7.79 (1.79) [4.85, 11.8] -1.86 (0.0948) [-2.04, -1.67] -1‡
(-) -

Stability 2 Y 20.4 (2.92) [15.5, 26.7] -2
‡
(-) - 6.76 (0.449) [5.85, 7.57]

Stab. + length 2 Y 19.6 (6.09) [5.83, 7.58] -1.97 (0.0988) [-2.16, -1.78] 6.75 (0.456) [5.83, 7.58]

Combinatorics 3 Y 15.2 (0.263) [14.7, 15.7] -2
‡
(-) - -1‡

(-) -

Comb. + length 3 Y 9.55 (1.89) [6.36, 13.8] -1.79 (0.0852) [-1.96,-1.62] -1‡
(-) -

Stability 3 Y 20.1 (0.795) [18.6, 21.8] -2
‡
(-) - 7.75 (0.211) [7.32, 8.15]

Stab. + length 3 Y 16.9 (3.61) [10.9, 24.9] -1.91 (0.0872) [-2.08, -1.74] 7.74 (0.217) [7.29, 8.15]

Combinatorics 4 Y 17.4 (0.303) [16.8, 18.0] -2
‡
(-) - -1‡

(-) -

Comb. + length 4 Y 6.92 (1.18) [4.88, 9.51] -1.57 (0.0767) [-1.72, -1.42] -1‡
(-) -

Stability 4 Y 22.2 (2.72) [18.4, 29.3] -2
‡
(-) - 9.96 (0.772) [8.32, 11.4]

Stab. + length 4 Y 10.4 (2.62) [6.15, 16.2] -1.62 (0.0826) [-1.78, -1.46] 9.95 (1.35) [7.28, 12.0]

†
Yes (Y)/No (N) indicates exclusion/inclusion of sequences ‘ACACACACAC’ and ‘CACACACACACACA’,

respectively.
‡
These coe�cients are fixed and are not allowed to freely vary. In the case of �, the value should be considered in

the appropriate limit such that all complementary binding states possess a probability of hybridisation of 1 and all

mis-matched sites possess a probability of 0.



 

Supplementary Table 4: Point estimates for ⇢, R2
, and model parameters using mean experimental rates as point

estimates.

Model n
Outliers

excluded
† ⇢ R2  (⇥10

6 s-1) ↵ �

Combinatorics 1 N 0.381 0.122 6.12 -2
‡

-1‡

Comb. + length 1 N 0.383 0.124 4.97 -1.92 -1‡

Stability 1 N 0.712 0.502 27.5 -2
‡

6.55

Stab. + length 1 N 0.712 0.503 31.5 -2.06 6.54

Combinatorics 2 N 0.514 0.249 10.3 -2
‡

-1‡

Comb. + length 2 N 0.521 0.259 6.46 -1.80 -1‡

Stability 2 N 0.622 0.340 26.9 -2
‡

7.70

Stab. + length 2 N 0.622 0.340 25.0 -1.97 7.68

Combinatorics 3 N 0.580 0.163 13.6 -2
‡

-1‡

Comb. + length 3 N 0.589 0.180 7.85 -1.76 -1‡

Stability 3 N 0.679 0.309 19.4 -2
‡

8.18

Stab. + length 3 N 0.681 0.312 15.9 -1.91 8.18

Combinatorics 4 N 0.564 -0.0878 14.7 -2
‡

-1‡

Comb. + length 4 N 0.583 -0.0397 6.63 -1.63 -1‡

Stability 4 N 0.638 -0.153 46.3 -2
‡

13.2

Stab. + length 4 N 0.644 -0.130 27.3 -1.74 13.3

Combinatorics 1 Y 0.389 0.127 59.9 -2
‡

-1‡

Comb. + length 1 Y 0.390 0.128 5.40 -1.96 -1‡

Stability 1 Y 0.699 0.478 22.4 -2
‡

6.16

Stab. + length 1 Y 0.701 0.481 29.2 -2.11 6.15

Combinatorics 2 Y 0.484 0.234 10.6 -2
‡

-1‡

Comb. + length 2 Y 0.489 0.239 7.60 -1.86 -1‡

Stability 2 Y 0.623 0.384 20.1 -2
‡

6.78

Stab. + length 2 Y 0.622 0.384 18.6 -1.97 6.76

Combinatorics 3 Y 0.655 0.429 15.2 -2
‡

-1‡

Comb. + length 3 Y 0.665 0.443 9.36 -1.79 -1‡

Stability 3 Y 0.758 0.574 20.1 -2
‡

7.76

Stab. + length 3 Y 0.759 0.576 16.5 -1.91 7.75

Combinatorics 4 Y 0.647 0.400 17.4 -2
‡

-1‡

Comb. + length 4 Y 0.689 0.470 68.3 -1.57 -1‡

Stability 4 Y 0.717 0.458 21.6 -2
‡

9.98

Stab. + length 4 Y 0.738 0.507 9.95 -1.64 9.99

†
Yes (Y)/No (N) indicates exclusion/inclusion of sequences ‘ACACACACAC’ and ‘CACACACACACACA’,

respectively.
‡
These coe�cients are fixed and are not allowed to freely vary. In the case of �, the value should be considered in

the appropriate limit such that all complementary binding states possess a probability of hybridisation of 1 and all

mis-matched sites possess a probability of 0.


