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What Are Conserved Base Pairs?

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

* |nstead of exact nucleotide conservation we consider covariation
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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
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I What Are Conserved Disruptive Base Pairs (DBPs)?

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

structure
>Organism_1 (Gad) >Organism 1 @6 >Organism 1 )
GCACCACAALGC ¢4y cdGhcdAccACaC = dckaccacdicGe N
>Organism_2 G >Organism_2 \ >Organism 2 X
CGAANACAATECG » AT AATAACGCG » (G CAACAATECG »
>0Organism_3 >Organism_3 >Organism_3
GCdAccACdACGC GAGACAAICCACGC ddsaccacdAkac
>Organism_1 € >Organism 1 T Q >Organism_ 1
GCGAGCACCATSC ((ms cdGhcdAlccAcaC 5 GCGACCACEACHT) s
>Organism_2 >Organism 2 \ >Organism_2 7€
CGCAAACAACGEG » AT AATAACGCG » CGCCAAGRACGCE]
>Organism_3 >Organism_3 >Organism 3
GCGAQCACCATSC GdGhcdALcACGC GCGACCAGCACA]




Disruptive Base Pairs In RNAPOND
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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 (Ml)

» Differentiate between disruptive and conserved base pairs
» Log-Scoring function

Important: This is just one method to find DBPs



. H=-— ) p;=*log,(p;)
Mutual Information Z 2
I(X,Y) =HX)+H(Y)—-H(X,Y)

Example calculation:
>Organism 1 Marginal Probabilities

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

>0rganism 2 Column 7: [2/6 G; 4/6 C]

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

>Organism 3

AAAAGRAAACAAALURAAA Joint Probabilities

>0rganism 4 Column 1 x 7+ [4/6 G-C: 2/6 G-U]
i Column  x 3: [2/6 C-C; 2/6 G-G; 2/6 C-U]

| 1x3:12/6 G-C; 4/6 G-U
AAAAUMAAAGAAAAGRAAA Column 1 x 3:[2/6 G-C; 4/ ]
>0rganism 6 I1(1,2)) =H(1) + H(2) —H(1,2) ~ 0.92
‘c; 1(2.3) ~ 0.92

1(1,3) ~ 1.58



Log-Score LY — loa,

Column 1 x : [6 WC(C] Column ~ x 3: [0 WC, 6 NWC]*
L(1,2) = log, (%) ~142  L(7, 3) = log, (%) ~ —1.32
8" 8

Overall Score:

L(1,2)«1(1,2) ~ 1.31
L(”, 3)*I1(2,3) =—-1,21
L(1,3)+I(1,3) ~ 2,24

WC Pairs
ij=1 XYij

3 Pairs
g * Lij=1 XVij

Column 1 x 3: [6 W(]

6

L(1,3) = log, (3—) ~ 1.42
g0

Score =1(X,Y) * L(X,Y)

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



Example: Test-Set
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Positions of most conserved BPs
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Example: SAM-Riboswitch Aptamer RF00162

Mutual Information
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A-CCUUAUUUUGAG -AAG-C-UG- =~ — - = oo o -

>A71600974.1/281-386
A-ACUUAUCAAGAG-CGG-C-UG- - == ---— ===
GAA-GCC - ~-CGGCAACT -U-GCA-UAG- == === === ===
------------------------ UUU- - - -GUA-A---G

>AL596164.1/95936-95817
C-UCUUAUCGAGAG-CGG-C -AG-- == - = === == ===
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Example: SAM-Riboswitch Aptamer RF00162

* Blue = Conserve d
* Red = Conserved and disruptive




Example:
tmMRNA

+“Rfam

Conserved
covariance
family structure

Our covariance
family structure

e Blue = Conserved
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Perspective

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

o Contributions to RNA stability

o Deeper understanding of selective pressure in RNA evolution



Thank you for your
Attention!

Questions?
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