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Supplementary Table S1. Summary of ticks captured in Zambia

Location Date Tick species Sex Number of ticks
Isoka November, 2017 Amblyomma variegatum Male 35
Female 25
Argas walkarea NI 20
Rhipicephalus (Boophilus) microplus Male 5
Female 41
Rhipicephalus (Boophilus) sp. Female
Haemaphysalis leachi Female
Rhipicephalus lunulatus Male 39
Female 94
Rhipicephalus sanguennius Male 6
Female 6
Rhipicephalus zambeziensis Male 26
Female 21
Rhipicephalus sp. Male 1
Female 1
Mpulungu  November, 2017 Amblyomma variegatum Male 23
Female 19
Amblyomma pomposum Male 3
Female 2
Rhipicephalus (Boophilus) microplus Female 5
Rhipicephalus (Boophilus) sp. Female 7
Haemaphysalis leachi Male 6
Female 3
Rhipicephalus appendiculatus Male 9
Female 3
Rhipicephalus camicasi Male 1
Rhipicephalus compositus Female 1
Rhipicephalus evertsi evertsi Female 1
Rhipicephalus guilhoni Male 2
Rhipicephalus lunulatus Male 2
Female 8
Rhipicephalus muhsamae Male 2
Rhipicephalus sanguennius Male 26
Female 10
Rhipicephalus simpsoni Male 1
Rhipicephalus sulcatus Male 4
Female 2
Rhipicephalus zambeziensis Male 5
Female 2
Rhipicephalus sp. Male 14
Female 19
Samfya January, 2018 Amblyomma variegatum Male 13
Female 23



Rhipicephalus (Boophilus) microplus Male 4

Female 30
Rhipicephalus appendiculatus Female 1
Total 573

NI; Not identified

Supplementary Table S2. Primers used in this study

Primer Sequence (5'-3) Reference
Flavi all S TACAACATgATggggAARAgAgARAA

DEN4 TACAACATgATgggRAAACGTgAGAA !

Flavi all AS2 gTgTCCCAgCCNgCKgTgTCATCWgC

MPFV-5RACE-R gattacgccaagcttGAACACATGTGCTCCGAGGGCTAG
MPFV-5RACE-nested-R2 gattacgccaagcttCTGGCCTGTATTTGCTCTCCGTCTC
MPFV-3RACE-F gattacgccaagcttCAAAGCGCAATCCACTAGGGGAGTG  This study

5’FAM-xrRNA1-R-
5’FAM-xrRNA2-R

[FAM]-AGACGGTCAGCTCTTCCTGC
[FAM]-AGTTCTTTCTGCTATACAGG




Supplementary Table S3. Putative polyprotein cleavage sites of Mpulungu flavivirus and other representative flaviviruses

Cleavage site (protease)

Virus C/CTHD AnchC/prM Er/M M/E E/NS1 NS1/NS2A
(VSP) (Signalase) (Furin) (Signalase) (Signalase) (Unknown)

Mpulungu flavivirus AGRRR / ANTGQ SLALG / AHVFM RIAER / SLSVT APAYG / TQCLG LGVGA / DVACG GFVYA / WALEV
Ngoye virus - - - - - -

Louping ill virus RGKRR / SVTNW GMTLA / ATVRK SRTRR / SVLIP  APVYA / SRCTH LGVGA / DVGCA  SMVVA / DNGEL
Tick borne encephalitis virus RGKRR / SATDW GMTLA / ATVRK SRTRR / SVLIP  APVYA / SRCTH LGVGA / DVGCA  SMVVA / DNGEL
Omsk hemorrhagic fever virus RGKRR / STTDW SIALA / ATVRK TRSRR / SVLIP  APAYA / SRCTH LGVGA / DVGCA  SMVVA / DNGEL
Langat virus RGSRR / TTIDW GMCLT / ATVRR SRSRR / SVLIP  APAYA / SRCTH LGVGA / DVGCA  SMVVA / DNGAL
Alkhurma virus RGKRR / STTGL TLVIS / ATIRR GRSRR / SVSIP  APTYA / TRCTH LGVGA / DMGCA  SMVLA / DNGAM
Kyasanur forest disease virus RGKRR / STTGL TLVFS /7 ATVRR GRNRR / SVSIP APTYA / TRCTH LGVGA / DMGCA SMVLA / DNGAM
Powassan virus RGRRR / SGVDW TMAMA / TTIHR SRGKR / SVVIP GPVYA / TRCTH MGVGA / DYGCA  SMVVA / DNGAL
Deer tick virus RGRRR / SGVDW AMAMA / TSIHR FRGRR / SVVIP GPVYA / TRCTH MGVGA / DYGCA  SMVMA / DNGAM
Kadam virus NGKRK / SAGGG SVAGA / AVWQ RRQTR / SVHIT APAYA / SRCVH LGVGA / DIGCA  SQVLA / FNDGL
Meaban virus GRNRR / GGGSF AIlIAG / AVLME KRHRR / ELSIS VPAYA / SRCVH LGVGA / DYGCA  STVLA / MTDGF
Saumarez Reef virus GRNRR / GPGGM GGCMG / ALVMT SRARR / SISIT VPAYA / SKCVH LGVGA /7 DYGCA  STVLA / MTDGL
Apoi virus KGGRR / GGKSV PIALS /7 AVWMN TRTRR / DVTIQ APAYA / STCVS  TGVVG / EIGCM GLVMA / FDEEP
Rio Bravo virus KKQRR / GGTES TGLMA / MQVSQ HRLKR / SLSIT APSYS / TQCVN  TGVMG / DHGCA  GLVYA / GSMTA
Zika virus ERKRR / GADTS TTAMA / AEITR RRSRR / AVTLP APAYS / IRCIG  TAVSA / DVGCS  SMVTA / GSTDH
West Nile virus KQKKR / GGKTG ASVGA / VTLSN RRSRR / SLTVQ APAYS / FNCLG  VNVHA / DTGCA  SQVNA / YNADM
Yellow fever virus SRKRR / SHDVL LMTGG / VTLVR RRSRR / AIDLP GPAYS / AHCIG LGVGA /7 DQGCA  SWVTA / GEIHA
Yokose virus KRKRR / SSVSC VTVGA / LQIGR RRNRR / SVALT APAYS / THCTN  TGVGA / EQACA  SWVSA / GEGRM
Cell fusing agent virus LESRR / TTGDP VLCGC / VVIDM KREKR / SREPP TTVKG / EFVEP  YYVRA / DLGCG GKANA / QSDFR
Kamiti River virus LEKQR /7 SGPNL GLCYG / EMLRY VRRRR / APQPQ NVVKA / SSIEP RSVSA / DVGCG GKAHA / CSDFR
Tamana bat virus QKRQK / SSGGY MVIFC / GYQSG HRTRR / SVTET [ILVIA / QFYLAD EVVAA / DKYVL NVVKA / SKMNK




Cleavage sites (protease)

Virus NS2A/NS2B NS2B/NS3 NS3/NS4A NS4A/2K 2K/NS4B NS4B/NS5
(VSP) (VSP) (VSP) (VSP) (Signalase) (VSP)

Mpulungu flavivirus RAQRR /7 AALGD PGNRR /7 ADLVG QALRR / SAGDI PGGQR / GVLDN GLVYC /7 NEMGL RDGRR 7/ GAGHM
Ngoye virus - - HALRR /7 SAGDI  PGGQR / GVLDN GMVYC / NEMGL RDGRR / GAGHM
Louping ill virus HRGRR / SFSEP RSSRR / SDLVY ASGRR / SFGDV  TGKQR / SSDDN GLVAA / NEMGF SGGRR / GGSDG
Tick borne encephalitis virus ~ HRGRR / SFSEP  RSSRR / SDLVF  ASGRR / SFGDV ~ AGKQR / SSDDN  GLVAA / NEMGF  SGGRR / GGSEG
Omsk hemorrhagic fever virus RRDRR / SFSEP RSARR / SDLVF ASGRR / SLGDM  AGKQR / SSDDN GLVAA / NEMGF SGTRR / GGSEG
Langat virus SRGRR / SFNEP GSPRR / TDLVF ASGRR / SVGDV  TGKQR / SSDDN GMVAA / NEMGL TGTRR / GGSEG
Alkhurma virus RRNRR / SFSEP SSGRR / SELVF ASGRR / SVGDV  PGKQR / SSDDN GLVTA / NEMGM TGTRR / GGADG
Kyasanur forest disease virus ~ RRNRR / SFSEP  GSGRR / SELVF ASGRR / SVGDV  PGKQR / SSDDN GLVTA / NEMGM TGTRR / GGAEG
Powassan Virus GRGRR / SLSEP SSTRR / TDLVF ASGRR / SAVDI PGKQR / SGEDN GLVAA / NELGY QGARR / GGAEG
Deer tick virus GRGRR / SLSEP SSARR / TDLVF ASGRR / SAMDI  PGKQR / SGEDN GLLAA / NELGY QGARR / GGAEG
Kadam virus FGKQR / SLEEP SRNRR / SDLIF AESRK / SASLV PGTQR / SGEDT GAVAA / NELGW GPTRR / GLTGG
Meaban virus HGNKR / SVSDA GSERR / SDLVW AEGRR / GVGRG PGTQR / SFEDN GLVAA / NEMGW ARDRR / GPGST
Saumarez Reef virus RSGRR 7/ SVADA NDTRR / GDLVW AEGRR / SIGGG PGTQR / SFEDN GIVAA /7 NEMGW QRDRR / GPGSA
Apoi virus RSGQR 7/ SVDPI RSIQK / SNTSF AKGKR / SGMTI EGMQR / TQVDS AAVVA / NEMGF SENRR / GVSSS
Rio Bravo virus HRGQR / ATDYT DATQR / SIIVE AQMRR / SGVLL EGMQR / TQIDS VTVVA / NEMRL RSDRR / GIVTS
Zika virus RSGKR / SWPPS KTGKR / SGALW AAGKR / GAALG PEKQR / SPQDN GLITA / NELGW LVKRR / GGGTG
West Nile virus PNRKR 7/ GWPAT QYTKR / GGVLW ASGKR / SQIGL PEKQR / SQTDN SAVAA / NEMGW PGLKR 7/ GGAKG
Yellow fever virus IFGRR /7 SIPVN RGARR / SGDVL AEGRR / GAAEV PGQQR / SIQDN SAVAA / NELGM KTGRR 7/ GSANG
Yokose virus NGKVR / SIDWT  YTKQR / SNILW ATTTR 7/ SITAV TGMQR / SIQDN ALIVA /7 NENGY QANRR / GGTGS
Cell fusing agent virus N1 TANNR 7/ SDDLL WETRK / VSIDF SIGNR /7 SYMDS CGVLA / WEMRM NQFRA / LEKST
Kamiti River virus N1 SEQNR / SDDLL WDTRK / LSIEF AIGNR / SYMDS CGVLA / WEMRL NQFRA / LEKST
Tamana bat virus N1 NLRDK / SKGLI PLVQR / VFSGI GITQR / EKSTG YYILA / DGEIL KTTQR / FRSSI

NI: Not identified, VSP: viral serine protease



Supplementary Table S4. Flavivirus reference sequences used for compositional analyses in this study

Group Accession Flavivirus Seq. length  Reference
ISFV AB488408 Aedes flavivirus 11064 2
ISFV KX148546 Anopheles flavivirus variant 1 10588 3
ISFV KX148547 Anopheles flavivirus variant 2 10529 3
ISFV KX669689 Calbertado virus 10733 4
ISFV AB377213 Culex flavivirus 10837 2
ISFV HES74574 Culex theileri flavivirus RP 2011 10538 2
ISFV KT599442 Culiseta flavivirus 10864 °
ISFV M91671 Flavivirus sp. 10695 2
ISFV JQ268258 Hanko virus 10158 2
ISFV AY 149905 Kamiti River virus 11375 2
ISFV KY 320649 La Tina virus 10050 4
ISFV KX907452 Menghai flavivirus 10897 6
ISFV KP688058 Mercadeo virus 10938 2
ISFV KC464457 Mosquito flavivirus 10865 2
ISFV AB981186 Mosquito flavivirus 10863 2
ISFV JQ957875 Nienokoue virus 10878 7
ISFV KY345399 Ochlerotatus caspius flavivirus 10370 8
ISFV KC505248 Palm Creek virus 10095 2
ISFV KT192549 Parramatta River virus 10893 2
ISFV FJ644291 Quang Binh virus 10865 2
ISFV MH899446 Sabethes flavivirus 10585 °
ISFV KU201526 Xishuangbanna aedes flavivirus 10884 10
ISFV GQ165809 Nakiwogo virus 10122 2
ISFV KX245154 Cuacua virus 9747 un
MBFV AY 898809 Alfuy virus 10960 2
MBFV KF917535 Aroa virus 10248 2
MBFV HQ644143 Bagaza virus 10794 2
MBFV KM225264 Bainyik virus 10648 2
MBFV JF312912 Baiyangdian virus 10278 2
MBFV KU308380 Bamaga virus 10203 12
MBFV DQ859056 Banzi virus 10182 2
MBFV DQ859057 Bouboui virus 10173 2
MBFV AY632536 Bussuquara virus 10815 2
MBFV KF917536 Cacipacore virus 10284 2
MBFV JQ308185 Chaoyang virus 10733 2
MBFV KC692512 Dengue virus 1 10735 2
MBFV KC294208 Dengue virus 2 10723 2
MBFV KF973479 Dengue virus 3 10569 2
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Marine MK473877 Gammarus chevreuxi flavivirus 11231 16

Marine MK473881 Gammarus pulex flavivirus 11883 16
Marine MK473875 Southern pygmy squid flavivirus 12567 16
Marine MG599986 Wenzhou shark flavivirus 10670 18

Abbreviations: TBFV, tick-borne flavivirus; MBFV, mosquito-borne flavivirus; ISFV, insect-specific flavivirus; NKV,

non-known vector flavivirus.

Supplementary Table S5. Synthesized RNA used in this study

RNA Sequence (5'-3") Length (mer)

(+31)-xrRNA1 uauagauauuaaauaaugauaccacaacaaaCCUCGUGGGGUGAGCC
CAAAAGCAGGAAGAGCUGACCGUCUUCCACCCCAACG 117
CUCUAGGGAAGGUCAACAACGGCUGAGGCCGUU

(+31)-xrRNA2 CuaacgcgcagaacaaaacagaaacauaaaaAGGGUGAGCCUGUAUA
GCAGAAAGAACUAACCGUCUUCCACCCUAAAGUACAG 114
GAAGGUUAAUCAAAGGGUGAGCCUGAGUAC

5'-PO4 31-mer control RNA UAUAGAUAUUAAAUAAUGAUACCACAACAAA 31

Small letters indicate the 31-mer additional leader sequences for Xrnl resistance assay
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Fig. S1
Comparison analyses of hydropathy profile. Amino acid hydropathy values of NS3 (a) and NS5 (b) were determined by
Kyte and Doolittle scale. Those of Mpulungu flavivirus (MPFV) were compared with tick-borne encephalitis virus

(TBEV). Negative scores mean a hydrophilic domain. A sliding window size of nine amino acids.
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Fig. S2
Characterization of xrRNAL and xrRNA2 derived from Mpulungu flavivirus (MPFV). Secondary structures of relevant
parts of the 3'-UTR of MPFV. The mapped Xrnl halt sites is indicated with black arrows. Green and orange arrows

indicate potential pseudoknot interactions between complementary regions in xrRNAL and xrRNAZ2, respectively.
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Fig. S3
Images of original full-length gels partly represented in Fig. 6 (c), 6 (d) and 6 (e). Images of full-length gels are

represented in both short and long exposure conditions (b, c).



