Evolution of Flavivirus sfRNA
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1. Introduction

Arthropod-borne flaviviruses (FVs), including
human pathogens such as Yellow fever virus
(YFW), Japanese encephalitis virus (JEV) and
Dengue virus (DENV) are a growing global health
treat. The current outbreak of Zika virus (ZIKV)
iIn Central and South America is supposedly
linked to an increasing number of congenital
microcephaly and Guillain-Barré syndromes. FV
are small, single stranded positive-sense RNA
viruses of 10-12kb length with highly structured
untranslated regions (UTRs). The latter are
associated with regulation of the viral life cycle,
iInducing processes such as genome Cir-
cularization, viral replication, packaging, and
modulating pathogenicity [1].

Here, we present a computational approach for
identification and characterization of conserved
structural elements in the UTRs of mosquito-
borne flaviviruses (MBFV).

2. STRNA | XxrRNA

Upon FV infection, accumula-
tion of stable long non-coding
viral RNAs, termed subgeno-
mic flaviviral RNAs (sfRNAs),
which dysregulate cellular
function with the aim of pro-
moting viral infections is ob-
served. Many MBFV produce
sfRNAs by efficiently hi-
jacking the host cell's mRNA
degradation pathway. Mecha-
nistically, sfRNAs are gene-
rated by stalling the 5'-3’
exoribonuclease Xrnl at cer-
tain structural elements in the
3'UTR of MBFV, termed xrRNA
(Xrnl-resistant RNA ele-
ments). These RNA structures
stall Xrnl, thereby providing
quantitative  protection of
downstream RNA against de-
gradation.

MBFV typically have more
than one xrRNA element, each
with different capacity of stalling Xrnl,
thus enabling production of sfRNAs of
different lengths. Conserved RNA structu-

ral elements in viral 3’'UTRs have been identified
In our group [4], some of which have later been
attributed to XxrRNA functionality, specifically
stem-loop (SL) and dumbbell (DB) elements.
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Fig. 1 Architecture of MBFV 3'UTRs. RNA elements attri-
buted to halting Xrnl are shown in red and blue. SL1 and
SL2 correspond to previously described SLII and SLIV in
West nile virus (WNV).

3. MBFV SL element classes

We have analysed the SL elements of MBFV with co-
variance models (CM) [6] and identified five unique
families of SL structures. Initial structural alignments
of SL elements gave strong evidence for hetero-
geneity even within single virus families. Conse-
quently we built initial CMs for distinct SL1 and SL2
sequences and iteratively refined and extended the
models by searching against MBFV 3'UTRs. Our CM
classification revealed independent evolutionary
conservation of SL hairpins YFVG, JEVG and DENVG.
To confirm our findings, we measured sequence
similarity between these SL elements using a z-score
approach [2], which has previously been applied in
evolutionary studies of miIRNAs. The resulting gene
tree confirmed our CM analysis, and supported our
hypothesis of independent deletion and duplication
events in the evolution of MBFV SL elements.
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Fig. 3 Reduced folding kinetics based on numerical in-
tegration of a Markov process on the coarse grained
energy landscapes [3] of african and asian lineage ZIKV
SL1. Simulations are run from the open chain confor-
mation to thermodynamic equilibrium. Each line cor-
responds to the temporal population of a macrostate,
characterized by its minimum structure. The compen-
satory U to C mutation is highlighted in green.
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5. Methods

ldentification and cha-
racterization of SL ele-
ments was performed
by two fundamentally
iIndependent methods:

The identification step
utilized CMs of known
SL elements. Exten-
ding classic Markov
models, CMs can be un-
derstood as a variant of

SPOVG
NTAVG

stochastic contetxt free
grammars that allow for
simultaneous identifi-
cation of sequence and
structure given a known
element. The CM, as
provided in the infernal
toolsuite [6], also gives
P-values, thus quant-

Fig. 2 Top: Assignment of SL ele-
ments from different MBFV families to
SL variants characterized by our CMs.
The structures represent the consen-
sus [5] of the groups. Color coding
Indicates basepair conservation. ZIKV,
part of SPOVG shows rearrangement
of SL elements relative to DENVG.

Left: Schematic drawing of a SL hair-
pin, showing characteristic features.
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4. Case Study - Zika virus SL1

ZIKV, member of the Spondveni virus family is closely
related to DENVG. We found strong evidence that SL
elements Iin ZIKV were subject to a genomic reor-
ganization, compared to other DENV viruses. Our
analysis relates ZIKV SL1 to the DSL2 group, whereas
ZIKV SL2 is more similar to DSL1.

A single compensatory U to C mutation in asian
lineages of ZIKV critically influences the capacity of
the RNA to fold into functional conformations. The
less stable african lineage folds into an unfavourable
stem-loop structure (Fig. 3). Contrary, the asian
lineage folds predominantly into structures that are
capable of building the three-way helix junction. The
mutation results in thermodynamic stabilization of
the functional form, thus allowing for efficient stalling
of Xrnl and possibly increased virulence.

Ifying the credibility of a
match.

Alternatively, we recon-
structed the phylogenic
history of SL elements
via a z-scoring ap-
proach [2]. To identify
similarities between SL
elements of different fa-
milies, we computed the significance of the
alignment score as follows

Z(I, J) _ S(I,:;)E—m

Where s(I,J) is the identity score of 2 se-
quences in the alignment, M and /v are
mean and variance of identity scores, after
repeated shuffling of both sequences.
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