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What Are Conserved Base Pairs?

• They are pairs of nucleotides that will always pair across different species

• Instead of exact nucleotide conservation we consider covariation
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1/3 G

1/3 C
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Covariation Family 
For SAM-Aptamer 
RF00162



What Are Conserved Disruptive Base Pairs (DBPs)?

• They are pairs of nucleotides that are never allowed to form pairs during evolution
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What Are Conserved Disruptive Base Pairs (DBPs)?

• If they were to be changed to form pairs, they can change the secondary structure 
significantly

1/3 C
2/3 A
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3/3 U 1/3 C
2/3 A



What Are Conserved Disruptive Base Pairs (DBPs)?

• There can be many different interactions between DBPs that contribute to the 
structure



Disruptive Base Pairs In RNAPOND



Disruptive Base Pair (DBP) Detection Tool

• Input: MSA (seed or full alignment)

• Output: A list of ranked disruptive base pairs.

• Method:

• Find covarying pairs of columns

➢Mutual Information (MI)

• Differentiate between disruptive and conserved base pairs

➢Log-Scoring function

Important: This is just one method to find DBPs



Mutual Information

Example calculation:

Column 1: [4/6 G; 2/6 U]
Column 2: [2/6 G; 4/6 C]
Column 3: [2/6 G; 2/6 C; 2/6 U]

Column 1 x 2: [4/6 G-C; 2/6 G-U]
Column 2 x 3: [2/6 C-C; 2/6 G-G; 2/6 C-U]
Column 1 x 3: [2/6 G-C; 4/6 G-U]

Marginal Probabilities

Joint Probabilities

𝐻 = − ෍

𝑖=1

𝑝𝑖 ∗ log2 𝑝𝑖

I 𝑋, 𝑌 = 𝐻 𝑋 + 𝐻 𝑌 − 𝐻(𝑋, 𝑌)

𝑰 𝟏, 𝟐 = 𝑯 𝟏 + 𝑯 𝟐 − 𝑯 𝟏, 𝟐 ≈ 𝟎. 𝟗𝟐

𝑰 𝟐, 𝟑 ≈ 𝟎. 𝟗𝟐

𝑰 𝟏, 𝟑 ≈ 𝟏. 𝟓𝟖



Log-Score

Column 1 x 2: [6 WC] 

L 1, 2 = log2
6

3

8
∗6

≈ 1.42

Column 2 x 3: [0 WC, 6 NWC]* 

*We add a small pseudocount of 0.9 (We don’t do this in production))

L 2,  3 = log2
0.9
3

8
∗6

≈ −1.32

𝐿(𝑋, 𝑌) = 𝑙𝑜𝑔2

σ𝑖,𝑗=1
𝑊𝐶 𝑃𝑎𝑖𝑟𝑠 𝑥𝑦𝑖𝑗

3
8

∗ σ𝑖𝑗=1
𝑃𝑎𝑖𝑟𝑠 𝑥𝑦𝑖𝑗

Column 1 x 3: [6 WC] 

L(1 , 3) = log2
6

3

8
∗6

≈ 1.42

Overall Score:
𝑆𝑐𝑜𝑟𝑒 = 𝐼 𝑋, 𝑌 ∗ 𝐿(𝑋, 𝑌)

𝑳 1, 2 ∗ 𝑰 𝟏, 𝟐 ≈ 𝟏. 𝟑𝟏

𝑳 2,  3  * 𝑰 𝟐, 𝟑 ≈ −𝟏, 𝟐𝟏

𝑳 1 , 3 ∗ 𝑰 𝟏, 𝟑 ≈ 𝟐, 𝟐𝟒



Example: Test-Set
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Example: SAM-Riboswitch Aptamer RF00162
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Example: SAM-Riboswitch Aptamer RF00162

• Blue = Conserved

• Red = Conserved and disruptive

Conserved 
covariance 
family structure

Our covariance 
family structure



• Blue = Conserved

• Red = Conserved and disruptive

Example:
tmRNA 
RF00023
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• Blue = Conserved

• Red = Conserved and disruptive

Example:
tmRNA 
RF00023

Conserved 
covariance 
family structure

Our covariance 
family structure

Conserved 
covariance 
family structure

p = 1.20276e-17



• Blue = Conserved

• Red = Conserved and disruptive

Example:
tmRNA 
RF00023

Conserved 
covariance 
family structure

Our covariance 
family structure

Conserved 
covariance 
family structure

p = 7.52268e-21



Perspective

⚫ Integration of structural inhibitiory constraints from a nature-
learned perspective in RNA design

⚫ Contributions to RNA stability

⚫ Deeper understanding of selective pressure in RNA evolution



Thank you for your 
Attention!

Questions?
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