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Ground truth: RNA and complex and fun

2
Ganser, et. al., 2019

Ensemble representation of RNA



Riboswitches exploit RNA dynamics to regulate 
gene expression

3Kavita and Breaker (2023) Trends in Biochemical Sciences



Riboswitches exploit RNA dynamics to regulate 
gene expression

4Kavita and Breaker (2023) Trends in Biochemical Sciences Adapted for Berman, Steans, Hertz, Lucks (2023) RNA

Fluoride 
exporter

gene



2020 | Riboswitches + Rfam = Problem?
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Aptamer != Riboswitch



So what? Any methods using Rfam to train for 
riboswitches, are operating under an incorrect 
assumption
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Why? Lack of uniformed function

7Kavita and Breaker (2023) Trends in Biochemical Sciences

This function variation interrupts the sequence-
structure-function relationship that covariation detects



Sequence > Structure > Function
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Sequence < Structure < Function
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Roberts (2019) JMB

Riboswitch 
covariation solution: 
Restrict riboswitch 
variants to those that 
undergo intrinsic 
termination.

Kavita and Breaker (2023) Trends in Biochemical Sciences



Pipeline: The Shelley Alignment

10Hertz, et. al. doi.org/10.1101/2025.11.18.689055 

Naville, M., et. al (2011) RNA biology

Prof. Elena Rivas



Pipeline: The Shelley Alignment

11Hertz, et. al. doi.org/10.1101/2025.11.18.689055 

Dynamics!

Prof. Elena Rivas



Additional successful approaches:
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Ritz, et. al., (2013) PLOS Comp Bio

Zhu & Meyer (2015) RNA Biology
Specific representation provided by 
Prof. Elena Rivas

Y-R motif in terminator atop polyU
Not observed with general terminators

Fluoride
High-throughput 
prediction

Purine
Curated based 
on crystal structure

SAM
Curated



Iteration of the method

13Hertz, et. al. doi.org/10.1101/2025.11.18.689055 

Prof. Elena Rivas



What Did Not work:
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Prof. Elena Rivas

Hertz, et. al. doi.org/10.1101/2025.11.18.689055 

+

+

ZTP aptamer Fluoride terminator

RM00022 or RM00023

=

=



2024 | Riboswitches + Rfam = Solved?
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2020 | Previously

Now
Dr. Blake Sweeney



Supplying terminator alignments to Rfam
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2020 | Previously

Now

Generated transcriptional motifs for 20/49 Rfam aptamer entries 

Nancy currently working on
[current feedback is to update the genomic coordinates]

Nancy Ontiveros



What about a translational riboswitch?

17

Case study: E. coli ribB FMN riboswitch

Arce*, Hertz*, et. al. In prep

RBS sequestering 
stem

Dr. Anibal Arce



Adapting the Shelley Method for translation
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Case study: E. coli ribB FMN riboswitch

Arce*, Hertz*, et. al. In prep*Aptamer motif simplified for manuscript style



Translational motif less informative of 
dynamics
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Case study: E. coli ribB FMN riboswitch

Arce*, Hertz*, et. al. In prep

1) No covariation information 
regarding switching mechanism

2) Conserved “U” budge in the 
start codon

3) Intermediate helix between 
aptamer and translational 
sequestering stem

4) Hairpin covariation of the first 
two codons



Transition Time
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Riboswitches Gene editing
therapeutics



PRINT: Precise RNA-mediated INsertion of 
Transgenes
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MSA of 3′ UTR RNA Structure? 

22

Thawani, et al. (2025) Science Advances



Many cmsearch in various genomes iterations

23Unsure if this analysis will be relevant to our publication

+ more genomes
cacofold with -s (structure) optionPseudoknot not found



Principles with RNA Engineering

24
Edmonds, et. al. (2025) Nature Comms



Future looking:
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In (hopefully) 15-18 months…

I should have a dataset of >1000 RNAs purified with a specific 
function and predominately interaction with two specific proteins.

I expect 50-90% mRNA.

Likely some frog mitochondriaRNA.

If this dataset sounds interesting to you, please talk to me. Let’s 
exchange contacts and keep in touch!
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Contact email: LAURA.HERTZ@NUS.EDU.SG
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Thank you for your attention
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Similar motif with NGS data

29Hertz, et. al. doi.org/10.1101/2025.11.18.689055 
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