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INTRODUCTION RESEARCH METHODOLOGIES

Folded RNA has myriad applications, especially in the medical field. For example, the use of RNA1, or RNA interference, involves the use of folded siRNA—small interfering An experimental methodology was used to collect both quantitative and qualitative data regarding the formation of certain RNA shapes through the simulation Multistrand. The data
ribonucleic acids, a type of double stranded RNA—to target and destroy messenger RNA before it can be translated. shRNA, or short-hairpin RNA, is the most common was specifically drawn through the Hairpin trajectories tutorial, which modeled the secondary structure energy landscape of a certain ShRNA sequence based on a Metropolis-biased
secondary structure predicted, and it 1s named for its structure, which includes a double-stranded RNA stem with mismatches and unpaired sequences and a loop at the terminal random walk. (multistrand.org) A Metropolis-biased random walk is an algorithm based on Bayes’ Theorem and Markov chains. Through this method, the probability for the
end with unpaired RNA bases (Svoboda et. al, 2000). transition from the 1nitial, fully unpaired state to each other possible state is calculated, then simulated. From this second state, the probabilities to the next possible states are
The ShRNA analyzed included the TRCN0000323374 and TRCN0000323375 sequences, which code for a protein subunit of the coatomer complex, helping the Golgi and calculated and simulated until a user-set time limit 1s reached. Due to the project being conducted through the simulation, the assumptions made for the simulation are also present in

associated vesicles move protein and lipids to the endoplasmic reticulum (Sigma Aldrich), ShRNA is commonly used for long-term knockdown of a target gene through the data; for example, it 1s assumed that the sequence of RNA is transcribed and does not make any pairing initially. The sequences used came from Sigma Aldrich and are used

RNA1—RNA interference—a process where the RNA binds to Argonaute proteins which in turn cleave mRNA for a certain gene, reducing the gene’s expression (Moore et. al, SHEEE @D B FE0E AieH GRMes foir UM eSS profeiis.

2010) (University of Massachusetts, n.d.). These two sequences specifically target both the mouse and human. They were analyzed for their function in human research and for

et il s for (e mlERNA srmnds Summed [y cndh s, (e 5 ol 37 s 2 e sms lensih, it e 57 s e Som b 5 - 25 e 37 beins fom b The data provided by Multistrand highlights the structure and stability—in Gibbs free energy—of a ShARNA sequence at a certain point in time after transcription. This data is based

32 - 52 (NCBI Probe). on state-change probabilities, and therefore, each run of the simulation may provide a new structure at each point in time. An example of the data at a certain point in time follows:
Multistrand 1s a simulation that models the folding of RNA under different conditions. Specifically, it deals with cotranscriptional RNA, which is RNA that folds as it 1s being ((((((C-----))))), t=0.000000052 seconds, dG=-8.58 kcal/mol The parentheses represent paired bases while the periods represent
transcribed. It 1s hypothesized that this folding 1s the basis for what forms the RNA functional structures in the completed transcript (Lai et al., 2013). This RNA can later be unpaired ones. The time represents the time after transcription, and
expressed, but scientists have found use for various structures that can the stability 1s expressed in change in Gibbs free energy, where a
be formed through its cotranscriptional folding. Cotranscriptional lower free energy correlates with higher thermodynamic stability.
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the same sequences could be analyzed for different types of results,

That being said, TRCN0000323374’s average Gibbs free energy was
much lower than that of TRCN0000323375—almost twice as
low—showing that TRCN0000323374 is much more stable.

TRCNO0000323374, however, also had a higher standard deviation and range, suggesting that it has much more AC KN OWL E D G E M E N TS l RE F E RE N C ES _e-0. . - | with a dozen different tests—though some are not applicable to the

such as how long it takes for it to reach a stable form without

changing. This test 1s also present in the Multistrand simulation along

. o : analyzed sequences. Testing for this other data could draw a more
variation in terms of stability than TRCN0000323375. Finally, the most frequent structure for TRCN0000323374

, : comprehensive picture of the sequences and would give researchers
was much more common but only slightly more stable than that of TRCN0000323375—by around 2 kj/mol.
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Figure 5: Hairpin loop folding towards outside =~ RNA would become much easier and more efficient.
Figure 3: Demonstration of different structure states




