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Are there other emerging FV that have a similar neurotropic potential
in the developing fetus?



Flavivirus genome characteristics

• Single-stranded, positive-strand RNA viruses
• Enters cell through receptor-mediated endocytosis
• Capped, non-polyadenylated genome (gRNA) of 10-12kb length
• Encodes a single ORF, flanked by structured 5’-UTR and 3’-UTR
• Translation of FV ORF yields a single polyprotein

5' 3'

ΨDBSL1 SL2 DB 3'-SL



Flaviviruses hijack the host mRNA degradation machinery

5' 3'

3'

5' 3'CDS

SL1 SL2 DB1 DB2 3'-SLSLA SLB

• Accumulation of short flavivirus RNA (sfRNA) upon infection
• Stable decay intermediates produced by partial Xrn1 degradation
• Xrn1 is efficiently stalled at conserved xrRNA structures
• sfRNA modulates pathogenicity
• Many host proteins bind sfRNA



Musashi interacts with 3’UTR
Musashi (Msi) is a highly conserved family of proteins in vertebrates
and invertrebrates that act as a translational regulator of target
mRNA.

• Involved in cell proliferation and differentiation
• Two paralogs in mammals, Msi-1 and Msi-2
• Expressed in stem cells and overexpressed in tumors
• Two RNA-regulation domains (RRM)
• Binds single-stranded UAG core motif in the 3’UTR of mRNA
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Musashi (Msi) is a highly conserved family of proteins in vertebrates
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• Expressed in stem cells and overexpressed in tumors
• Two RNA-regulation domains (RRM)
• Binds single-stranded UAG core motif in the 3’UTR of mRNA

Does Msi interact with flavivirus 3’UTR?



Musashi is involved in ZIKV neurotropism
A recent study has shown that Msi-1 promotes ZIKV replication in
glioblastoma, neuroblastoma and neuronal stem cells



Musashi is involved in ZIKV neurotropism
A recent study has shown that Msi-1 promotes ZIKV replication in
glioblastoma, neuroblastoma and neuronal stem cells

Another study addressed the qeustion whether related arboviruses
could cause transplacental infection and fetal demise
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ZIKV 3’UTR revisited

5' 3'

ΨDBSL1 SL2 DB 3'-SL

Z =
∑

s

e−E(s)/RT

∆Gopen = −RT ln P(unpaired)

We use RNAplfold to compute the opening energy of trinucleotide x
in a genomic (±100 nt) as well as a shuffled sequence context and
compute a z score statistics.



Trinucleotide opening energies in ZIKV
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MBE opening energies in related viruses
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MBEs opening energies by xrRNA
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MBEs accumulate within dumbbell (DB) elements in MBFV and NKV



MBE in MBFV and NKV DB elements
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((((((((...((((((((..............))))))))....))......((((......))))))))))
WNV.01 GCGCAGCCAUAACCUUGGUGA--AGGUGUUA--GCCAAGGAGAAGGGACUAGAGGUUAGCAGAGAUCCUGCGC 69
KUNV.02 ACGCGGCCCUAGCUCUGGCAA--UGGUGUUA--ACCAGAGUGAAAGGACUAGAGGUUAGAGGAGACCCCGCGU 69
APCV.03 CCGCGGCCCAACCAGUUCAGACU-GAUGCUA--UGAACUGGGUAAGGACUAGAGGUUAGAGGAGACCCCGCGG 70
JEV.04 CCACGGCCCAAGCUUCGUCUA-G-GAUGCAAUAGACGAGGUGUAAGGACUAGAGGUUAGAGGAGACCCCGUGG 71
JEV.05 CCACGGCCCAAGUCUCGUCCA-G-GAUGCAAUGGACGAGAUGUAAGGACUAGAGGUUAGAGGAGACCCCGUGG 71
JEV.06 CCACGGCCCAAACCUCAUCUA-G-GAUGCAAUAGAUGAGGCGUAAGGACUAGAGGUUAGAGGAGACCCCGUGG 71
WNV.07 ACGCGGCCCAAAUCCUGGUGA-U-GGUGUUA-UGCCAGGGUGGAAGGACUAGAGGUUAGAGGAGACCCCGCGU 70
MVEV.08 CCGCAGCCCGGGCCGGGAGGAGGUGAUGCGA-AC-CCCGGC-GAAGGACUAGAGGUUAGAGGAGACCCUGCGG 70
ALFV.09 CCACGGCCCGGGCCAUGAGU-GAUGAUGUUA-ACUCAUGGC-GAAGGACUAGAGGUUAGAGGAGACCCCGUGG 70
USUV.10 CCACGGCUCAAGCGAACAGACGGUGAUGCGA-ACUGUUCGUGGAAGGACUAGAGGUUAGAGGAGACCCCGUGG 72
USUV.12 UCACGGCCCAAGCGAACAGACGGUGAUGCGA-ACUGUUCGUGGAAGGACUAGAGGUUAGAGGAGACCCCGUGG 72
SLEV.13 CGGCGGCCCAAACCAUGGAG----UGCGUGA---CCAUGGCGUAAGGACUAGAGGUUAGAGGAGACCCCGCUG 66
SLEV.14 CAGCGGCCCAAACCAUGGAG----UGCGUGA---CCAUGGCGUAAGGACUAGAGGUUAGAGGAGACCCCGCUG 66
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Structure and sequence conservation in DB elements

((((((((....(...(((((((................)))))..))).......)).......((((......))))))))))
YOKV_NC_005039.1|DB.1|211-292| GGGAGCCUCCGCC---AAUGGUGGCUUUACAUAUUGAGCUACUGCAUUGGUCGAUGGGGACUAGCGGUUAGAGGAGACCCUCUCC 82
DONV_NC_016997.1|DB.1|140-216| AGGGGGCCAGAUG---UCAUGUCUCUCA--AGCCUAGGAGACACUAGACACUC---UGGACUAUCGGUUAGAGGAAACCCCCCCA 77
CHAOV_NC_017086.1|DB.1|130-201| AGGGGGACACAUG---C-ACCCAGC-----AGCCCGAGCUGGACAAGGCA-UG---UGUACUAGCGGUUAGAGGAGACCCCCCCA 72
SEPV_NC_008719.1|DB.1|262-333| AGGGAGCCUCCGC---CUGCUGC--------GUCCGCGCGCAGC--AGGAAAGAAGGGGUCUAGAGGUUAGAGGAGACCCUCCCG 72
WESSV_NC_012735.1|DB.1|274-345| UGGGAGCCUCCAC---CCACCGU--------UACCGCGCACGGU--GGGAAAGAUGGGGUCUAGAGGUUAGAGGAGACCCAUUCC 72
YFV17D_NC_002031.1|DB.1|307-379| ACGGAGCCUCCGC---UACCACCC-------UCCCACGUGGUGG--UAGAAAGACGGGGUCUAGAGGUUAGAGGAGACCCUCCAG 73
USUV_NC_006551.1|DB.1|386-457| CCACGGCCCAAGC---GAACAGACG-----GUGAUGCGAACUGU--UCG--UGGAAGG-ACUAGAGGUUAGAGGAGACCCCGUGG 72
MVEV_NC_000943.1|DB.1|340-409| CCGCAGCCCGGGC---CGGGAGGAG-----GUGAUGCAAAC-CC--CGG--C-GAAGG-ACUAGAGGUUAGAGGAGACCCUGCGG 70
JEV_NC_001437.1|DB.1|310-380| CCACGGCCCAAGC---CUCGUCUAG-----GAUGCAAU-AGACG--AGG--UGUAAGG-ACUAGAGGUUAGAGGAGACCCCGUGG 71
AROAV_NC_009026.2|DB.1|141-211| GGGCCGCCCAGGC---CUGGGAUUG-----AACCGUUG-AUCCC--AGG--CGAAGGG-ACUAGAGGUUAGAGGAGACCCAGCCU 71
TMUV_NC_015843.2|DB.1|348-416| CCACGGCCUGAAA---UGAUGGAGC-----U--GGUGUGACCAU--CAU---GGAGGG-ACUAGAGGUUAGAGGAGACCCCGUGG 69
ZIKV-BR_NC_035889.1|DB.1|238-307| CUGGGGCCUGAAC---UGGAGAUCA-----G--CUGUGGAUCUC--CAG--AAGAGGG-ACUAGUGGUUAGAGGAGACCCCCCGG 70
ZIKV-UG_NC_012532.1|DB.1|238-307| CUGGGGCCUGAAC---UGGAGACUA-----G--CUGUGAAUCUC--CAG--CAGAGGG-ACUAGUGGUUAGAGGAGACCCCCCGG 70
SPONV_SA-Ar|DB.1|206-274| GUGGGGCCUGAAG---GCAGGAGGA-----G--CUGUGACUCCU--GCU---GGAGGG-ACUAGCGGUUAGAGGAGACCCCCCAC 69
NMV_NC_032088.1|DB.2|364-428| UGUGGGCCC-AAG---CGAG-U--G-----AAGCUGU-AAA-CU--CGU---GGAAGG-ACUAGAGGUUAGAGGAGACCCCCACA 65
NTAV_NC_018705.3|DB.2|441-505| GCAAGGCCC-AAC---CUGG-C--A-----AAGCUGU-AAA-CC--AGG---GGAAGG-ACUAGAGGUUAGAGGAGACCCCUUGC 65
WNV1_NC_009942.1|DB.2|438-503| GCACGGCCC-AGC---CUGG-CU-G-----AAGCUGU-AGG-UC--AGG---GGAAGG-ACUAGAGGUUAGUGGAGACCCCGUGC 66
WNV2_NC_001563.2|DB.2|382-447| GCACGGCCC-AAC---UUGG-CU-G-----AAGCUGU-AAG-CC--AAG---GGAAGG-ACUAGAGGUUAGAGGAGACCCCGUGC 66
MVEV_NC_000943.1|DB.2|417-483| GAGUGGCCC-AAG---CUCG-CC-G-----AAGCUGUAAGG-CG--GGU---GGACGG-ACUAGAGGUUAGAGGAGACCCCACUC 67
SLEV_NC_007580.2|DB.2|359-426| GCAAGGCCCAAAC---CCG--CUCA-----AAGCUGUAGAG-AC--GGG---GGAAGG-ACUAGAGGUUAGAGGAGACCCCUUGC 68
DENV4_NC_002640.1|DB.2|201-269| AGGGGGCCCGAAG---CCAG-GAGG-----AAGCUGUACUC-CU--GGU---GGAAGG-ACUAGAGGUUAGAGGAGACCCCCCCA 69
DENV2_NC_001474.2|DB.2|268-335| UGGGGGCCC-AAG---GCGA-GAUG-----AAGCUGUAGUC-UC--GCU---GGAAGG-ACUAGAGGUUAGAGGAGACCCCCCCG 68
THOV_NC_034151.1|DB.2|359-426| CCAAGGCCC-AAC---UCUG-GUUG-----AAGCUGUAGAC-CA--GAG---GGAAGG-ACUAGAGGUUAGAGGAGACCCCUUGG 68
DENV1_NC_001477.1|DB.2|278-345| GCGGGGCCC-AAC---ACCA-GGGG-----AAGCUGUACCC-UG--GUG---GUAAGG-ACUAGAGGUUAGAGGAGACCCCCCGC 68
JEV_NC_001437.1|DB.2|391-458| AUGCGGCCC-AAG---CCCC-CUCG-----AAGCUGUAGAG-GA--GGU---GGAAGG-ACUAGAGGUUAGAGGAGACCCCGCAU 68
TMUV_NC_015843.2|DB.2|424-491| GCAAGGCCC-AAC---CUAG-AGUC-----AAGCUGUAACU-CU--AGG---GGAAGG-ACUAGAGGUUAGAGGAGACCCCUUGC 68
USUV_NC_006551.1|DB.2|465-533| GUGCGGCCC-AAG---CCGUUUCCG-----AAGCUGUAGGA-AC--GGU---GGAAGG-ACUAGAGGUUAGAGGAGACCCCGCAU 69
ILHV_NC_009028.2|DB.2|195-262| CUGAGGCCC-AAA---CCAG-CCCG-----AAGCUGUAGGA-CU--GGU---GGAAGG-ACUAGAGGUUAGUGGAGACCCCUCAG 68
DENV3_NC_001475.2|DB.2|257-325| GCGGGGCCCGAGC---ACUG-AGGG-----AAGCUGUACCU-CC--UUG---CAAAGG-ACUAGAGGUUAGAGGAGACCCCCCGC 69
WNV1_NC_009942.1|DB.1|361-429| ACGCGGCCCUAGC---CCC-GGUA------AUGGUGUUAACC-A--GGG--CGAAAGG-ACUAGAGGUUAGAGGAGACCCCGCGG 69
WNV2_NC_001563.2DB.1|305-373| ACGCGGCCAUAAC---CCU-GGCU------AUGGUGUUAACC-A--GGG--AGAAGGG-ACUAGAGGUUAGAGGAGACCCCGCGU 69
NMV_NC_032088.1|DB.1|288-358| CCACGGCUGCAGC---ACU-UCUC------UUGCGGGAGAGAUA--GUG--UCACGCGGACUAGAGGUUAGAGGAGACCCCGUGG 71
SLEV_NC_007580.2|DB.1|286-351| CAGCGGCCC--AA---ACCAUGG-------AGUGCGUGACCAUG--GC----GUAAGG-ACUAGAGGUUAGAGGAGACCCCGCUG 66
THOV_NC_034151.1|DB.1|283-348| CCACGGCCC--AA---UCUUGGG-------AGGGCGUGGCCCAA--GA----GUAAGG-ACUAGAGGUUAGAGGAGACCCCGUGG 66
NTAV_NC_018705.3|DB.1|366-432| CCGCGGCCC--AA---GCAAGGG-A-----AUGGUGUGCCCCUU--GU----GGAAGG-UCUAGAGGUUAGAGGAGACCCCGCGG 67
BAGV_NC_012534.1|DB.1|372-438| CCGUGGCCC--AA---GCAAGGG-A-----AUGGUGUGACCCUU--GU----GUAAGG-ACUAGAGGUUAGAGGAGACCCCUUGC 67
KOKV_NC_009029.2|DB.1|290-355| UCACGGCCC--GA---GGGGGAGAA-----GAACGCGAACUCCC--CC-----AAAGG-ACUAGAGGUUAGAGGAGACC-CGUGA 66
ILHV_NC_009028.2|DB.1|121-187| CCACGGCCC--AU---UUCAGGAGA-----CAGCGCGACUCCUG--GAG----GAAGG-ACUAGAGGUUAGAGGAGACC-CGUGG 67
DENV4_NC_002640.1|DB.1|111-178| GGGAGGCCAUGCG---CCACGG--------AAGCUGU-ACGCGU--GGC---AUAUUGGACUAGCGGUUAGAGGAGACCCCUCCC 68
DENV1_NC_001477.1|DB.1|194-261| GGGAGGCUGCAAA---CCAUGG--------AAGCUGU-ACGCAU--GGG---GUAGCAGACUAGUGGUUAGAGGAGACCCCUCCC 68
DENV3_NC_001475.2|DB.1|173-240| GGGAGGCUGCAAA---CUGUGG--------AAGCUGU-ACGCAC--GGU---GUAGCAGACUAGCGGUUAGAGGAGACCCCUCCC 68
DENV2_NC_001474.2|DB.1|181-248| GGGAGGCCACAAA---CCAUGG--------AAGCUGU-ACGCAU--GGC---GUAGUGGACUAGCGGUUAGAGGAGACCCCUCCC 68
KEDV_NC_012533.1|DB.2|197-261| GCGGGGCCCAAGC---CGGCUA---------AGCUG----UAAC--CGG--UGGAAGGACUAGGAGGUUAGAGGAGACCCCCCGC 65
KOKV_NC_009029.2|DB.2|368-432| GGGAGCCC---AU---CUCAGGG-A-----AAGCUGUAACCCUG--GGG----GAAGG-ACUAGAGGUUAGAGGAGACC-CUCCC 65
AROAV_NC_009026.2|DB.2|223-288| CCAAGGCCCAACC---UUGCUG--------AACCUUUAGG---C--AGG--UAAAAGG-ACUAGAGGUUAGAGGAGACCCCUUGG 66
NOUV_NC_033715.1|DB.1|282-352| AGCCGGCAAAAGCCCAUCGCACUG------AAGCUAUAAGGUGC--GGG-----AAGG-ACUAGAGGUUAGAGGAGACCC----- 66
ENTV_NC_008718.1|DB.1|42-99| CGGAGCCUC--------CGCUGG------------GAAACCAGU-------CGACGGGGACUAGAGGUUAGAGGAGACCCCCCGC 58
MMLV_NC_004119.1|DB.1|200-251| GGGAGGC-C--------CGAAGC-------------AAAGCUGA-----------AAGGACUAGCGGUUAGAGGAGACCCCUUCC 52
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• Highly conserved MBE pair in DB elements
• Central multiloop and distal hairpin loop



• Our biophysical model corroborates experimental findings of Msi
involvement in ZIKV replication

• MBEs in flavivirus DB elements show primary sequence
conservation

• ZIKV might not be alone in its capacity to cause severe
neuropathology in the developing fetus

• A possible role of Msi in the replication cycle of some FV?
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MBE opening energies in related viruses
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