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Introduction to Flavivirus xrRNA

* XrRNA stops exoribonuclease XRN1
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Introduction to Flavivirus xrRNA

* XrRNA stops exoribonuclease XRN1




Introduction to Flavivirus xrRNA

* XrRNA stops exoribonuclease XRN1

* Conserved secondary structure features: P2 ~C
e Central 3-way junction with helices P1-P3 AAlIJ
* Two pseudoknots PK1 and PK2 AGAC
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* Conserved secondary structure features: @ End Ay

e Central 3-way junction with helices P1-P3
* Two pseudoknots PK1 and PK2

* Conserved tertiary structure feature:
* Ringlike structure around the 5’ end




Introduction to Flavivirus xrR

* XrRNA stops exoribonuclease XRN1

e Conserved secondary structure features:

e Central 3-way junction with helices P1-P3
* Two pseudoknots PK1 and PK2

* Conserved tertiary structure feature:
* Ringlike structure around the 5’ end

* Mechanical block against XRN1
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Design Pipeline — Analyzing Nature

* Extract information from biological sequences into a design model



Design Pipeline — Analyzing Nature

* Extract information from biological sequences into a design model
* Find biological xrRNAs using a covariance model and align results

# Incompatible Pairs

CCC--CU 99

CCC--CU 99 0 1 2
ccc--CC 98
CCC--CC 98 1

LGTV xrRNAL
OHFV xrRNAL
TBEV xrRNAL
LIV XrRNAL
NEGV xrRNAl

CACGAG---G
CACGAG---A
CGCGAG---A
CGCAGC-—--A
A
A

UG-AAGCAAUAC-UU
UG-AGGCAACAA-UU

CGCAGC--- UG-AGGCAGCAA-UU

SGEV_xrRNA1 CGCGAU--- CCC--CC 98
GGV XrRNAl = -CUGAAGUU-UGGEU--CUCGUGHBGGCABBGCACGAC-——-G—- CCC--CG 100
POWV xrRNAL -CCCUAACACAGG CACAAC---GACAUCGUG UCUUGGGAAAAAUUUU CUC--AC 104
DTV XrRNAlL —-ACCCACUACAGG CACCAC---GACAUCGUG CUCUAGGG--CAUUUU CUC--AU 102
ALKV xrRNAl -GCCCC-—--AACG CGUAA--GAAC---UU 94 2
KFDV_ xrRNA1 AGCCCC---AACG CGUAA--GAAC---UU 95

POWV_xrRNAZ AAGGCC---CUGG UAAAAACGAAC---UU

DTV XrRNAZ -AGGCC---CCG UCAGAGAAAAU---UU 94
LGTV xrRNAZ CAAGCC-CCAGGG CCUUGUGAAAC---UU

LIV XrRNAZ —-ACGCCCCCAGAG CUCUGCAAAA----UU 10
SGEV xrRNAZ2 -ACACCCCUAGAG CUCUGUAGAA----UU 10
TBEV xrRNAZ GAUGCCCCCAGAG] CGCCAG-UGAGAGUGGCG CUCUGAAAAAU---UU 10
OHFV_ xrRNAZ C-CCCCAACAGGG CGCCAG-UGAGAGUGGCG CUCUAUCCAAU---UU 10
KSIV xrRNAZ 10
KSIV xrRNA1l  CCACAGUUGAGGGECA----UGCMGGCABBACACCA--——-——-— 98 4
GGV XrRNAZ CCACCGUUAAUAAAUU 10
SREV xrRNAl  GCAAGCCAUGCACEBCG---UGUCEBGGCABBAGAAA--———————————— A GGCGAAARAA----UU 89
TYUV_xrRNA1 85
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Design Pipeline — Analyzing Nature

* Extract information from biological sequences into a design model
* Find biological xrRNAs using a covariance model and align results
* Analyze sequence conservation and structure lengths "
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Design Pipeline — 2D Structure = .

Yao, Hua-Ting, et al (2024)

* Design sequences with those features using Infrared
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Design Pipeline — 2D Structure = .
Yao, Hua-Ting, et a (2024)
* Design sequences with those features using Infrared 131 (\
* Constraints to describe the desigh model o )32
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Design Pipeline — 2D Structure = .

Yao, Hua-Ting, et al (2024)
* Design sequences with those features using Infrared 3. (\
* Constraints to describe the desigh model )ng

* Basepair complementarity 15 nt
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Design Pipeline — 2D Structure = .
Yao, Hua-Ting, et al (2024)
* Design sequences with those features using Infrared 3.1 (\
0-7 nt
* Constraints to describe the desigh model )32
* Basepair complementarity 15 nt
* Sequence conservation - Q
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Design Pipeline — 2D Structure = .
Yao, Hua-Ting, et al (2024)
* Design sequences with those features using Infrared 131 (\
0-7 nt
* Constraints to describe the design model )
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* Sequence conservation ~
* Feature length and total length CTs
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Yao, Hua-Ting, et al (2024)
* Design sequences with those features using Infrared (3.1
0-7 nt
* Constraints to describe the desigh model f R )
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* Basepair complementarity ~ 15 nt
* Sequence conservation o
* Feature length and total length Cis -
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Design Pipeline — 2D Structure = .
Yao, Hua-Ting, et al (2024)
* Design sequences with those features using Infrared (3.1
0-7 nt
* Constraints to describe the desigh model f R )32
* Basepair complementarity ~ 15 nt
* Sequence conservation o

Feature length and total length Cos
: = B C
Length correlation 3.7 nt W)_

Design sequences can vary in length
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Design Pipeline — 2D Structure = .
Yao, Hua-Ting, et al (2024)
* Design sequences with those features using Infrared (3.1 r\
* Constraints to describe the desigh model )32
e Sample sequences that fulfill the design model e
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Design Pipeline — 2D Structure = .

Yao, Hua-Ting, et al (2024)

* Design sequences with those features using Infrared 3. (\
0-7 nt
* Constraints to describe the design model )
L3.2
* Sample sequences that fulfill the design model s
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Design Pipeline — 2D Structure = .

Yao, Hua-Ting, et al (2024)

* Design sequences with those features using Infrared

* Constraints to describe the desigh model

e Sample sequences that fulfill the design model

e Optimize the target frequence using a Monte-Carlo Strategy

Initial Sequence

}

Accept or reject

R I f th
based on target frequency esample part of the sequence
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Design Pipeline — 3D Structure / Mechanism

e Validate 3D structure



Design Pipeline — 3D Structure / Mechanism

e Validate 3D structure

e Structure prediction using SimRNA S i m RNA

Boniecki, Michal J. et. al (2016)
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Design Pipeline — 3D Structure / Mechanism

e Validate 3D structure

e Structure prediction using SImMRNA S i m RNA

* Check for a ring and compare to wild-type Boniecki, Michal J. et. al (2016)
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Design Pipeline — In Silico Function Validation

e Test function



Design Pipeline — In Silico Function Validation

 Test function
e Determine unfolding force using MD
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Design Pipeline — In Silico Function Validation

* Test function
e Determine unfolding force using MD
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Design Pipeline — In Silico Function Validation

* Test function
e Determine unfolding force using MD
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Design Pipeline — In Silico Function Validation

* Test function
e Determine unfolding force using MD
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Design Pipeline — In Vitro Function Validation

e Test function

e Determine unfolding force using MD

* Experimental characterization
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Rational xrRNA Designs

* First Design
* High sequence similarity
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Rational xrRNA Designs
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Rational xrRNA Designs
A

* First Design

* High sequence similarity
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Rational xrRNA Designs
A

* First Design

* High sequence similarity
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Rational xrRNA Designs

* First Design
* High sequence similarity
* Second Design:
* Mainly structure similarity
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Rational xrRNA Designs
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Novelty of XrRNA Designs
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Conclusion

e Rational and novel design of RNA is possible
* Function can be decoupled from evolutionary sequence ancestry

e Potential improvements through more details such as 2.5D motifs
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