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Monoclonal mouse-antibodies against VHS virus” proteins
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ig. 3. Immunofluorescence micrographs illustrating the cellular staining patterns seen in Eqgtved virus-infected EPC
p. 1. and examined with protein-specific MAbs as primary antibodies. (a} G-specific MADb, reticular type, x 370, (b) Same, x 880
(c) G-specific MAb, Golgi type, x 370. (d) N-specific MAb, x 370. (e) M;-specific MAb, x 370. (f) M,-specific MAb, x 370
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Table 2. ELISA and IFAT results of mAbs against various genotypes of VHSV

Values are shown as ELISA/IFAT. ELISA: + + + +, absorbance value of sample was >150% of the value with IP5B11 for each virus isolate;
+ + +, 150 %>>absorbance value of sample>75%; + +, 75 %>absorbance value of sample 235 %; +, 35 %>absorbance value of sample > 15 %;

—, negative, absorbance value of sample <15%. IFAT: +, positive; —, negative.
Isolate Genotype mAb
P
Qﬁill) VHS-1.24  VHS-9.23 VHS-3.80 VHS-7.57 VHS-5.18 VHS-3.75  VHS-10  VHS-
1.88
DK-F1 I e B S e L = o —- e o —/- -/
DK-Hededam 1 +H+H+ I+ F I+ —/= —I- —i- —i- —/- —I-
DK-3592B L+ A A —/= —/= —/= —I- —I-
DK-3971 la ++++ I+ ~I= ~I= ~/= —I= ~/-
DK-3946 la T e B —/- —/- —i- —/- —/= —/-
DK-5151 Rt T e S e o ¥ A e -1 -/= -/ -I- —I=
DK-6137 L +++H+ A A —/= —/= —/= —I- —I-
DK-7974 L +++H+ A A —/= —/= —/= —I- —I-
DK-9695377 L ++++ A+t ~1- -I- -/- —I= -I-
DK-200149 la e T e e e —I- —i- e —I- -
DK-200051 Ia T T —/— —/— —i— —i— —-I= -/-
FR-07-71 L +++H+ A A —/= —/= —/= —I- —I-
FR-23-75 la ++++ I+ ~I= ~I= ~/= —I= —/-
FR-02-84 L ++++ A+t ~1- -I- -/- —I= -/
CZ-RS la e T e e e —I- —i- e —I- -t=
CZ2-2077 L +++H+ A A —/= —/= —/= —I- —I-
DK-5927 la e T e B —/- —I- —I- —/- —/- —/-
AU-8/95 la e T e B —/- —I- —I- —/- —/- —I=
CH-FI262BFH  Ia +H+H+ I+ F I+ —/= —/- —i- —i- —/- —I-
PL-202473 o ++++ I+ A+ —I= —/= —/= -I= -/
M Rhabdo S T ok o - S S S RaEy s —1- ++++ - —I- -/
1p8 b ++ 4+ A+ A —/- + 4+ + —I- —/- —I-
1p40 b ++ 4+ I+ A I+ —/- + 4+ + —I- —/- —I-
1p85 L T o & S e e e B = YA e —I= -/-
1p86 b +4++ I+ A+ —I- ++++ —/- —/= —/-
1p93 b e o A S S e o S Sy —1- +++/+ —/- —/= —I-
Ipli6 b ++ 4+ I+ A I+ —/- + 4+ + —I- —/- —I-
1p120 b ++ 4+ A+ A —/- + 4+ + —I- —/- —I-
1p12l S T ok o - S S S RaEy s -1 ++++ - —I- -/
5p276 L +/+ e Bk I e e B e —I- -/
SE-SVA-14 b +++/+ +/+ ++ i+ —/- —I- ++++ —/- —/- —I=
SE-SVA-1033 Ib R e —I- + 4+ —i- —/- —f—
UK-96-43 L A T o & SN S S RaEy S —I—- ++++ == —I= -/-
4p37 L +/+ e Bk I e e B e —I- -/
DK-2835 Ic b e e S —I- —I- —/- —/- —/-
DK-5123 Ic e e e e = B —- e o —/- -/
DK-5131 Ie R T B —I- —i- —i- —/- —I-
FiA012.00 d 4+ + +/+ A Y B -1 o o —I— —1-
FiP02b.00 Id +++/+ +/+ +++/+ +/+ —/= —/= —/= —I/= ==
NO-A163-68 d +++/+ +++/+ +++H+ —/- —I- —I- —/- —/= —I=
EG46
GE-1.2 Ie +++/+ —/—= ++/+ —I— —/= —/= —/= —/= ==
TR206239-1 le o+ —/— ++/+ -/ —I- o o —I— —1-
1p49 1 ++ 4+ A+ A+ A+ +/+ —/- —/- —/= —I-
1p52 1l e o S oy B & T = o N N Sty S —i- —I- —/- —I-
1p53 1l R S S B o A I R S S -/ -/ —I= -/-
1p54 1l R S A A +/+ —/- —/- —I- -/
2p51 111 +4++/+ +++/+ —I—= —I— —/= —/= +++/+ —I/= ==
4pl101 111 + 4+ +/+ +++/+ == —/—= e —/- +++/+ —I= -/
4ples 111 + 4+ +/+ +++/+ == —/—= e —/- +++/+ —I= -/
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INTRODUCTION

According to Melotto & Oppi (1987), carpione Saimo
frutta carpio 15 a salmonid species with an uncertain
taxonomic classification. Apparently, carpione are
present only in Garda Lake, ltaly, where they have
become highly adapted, spawning twice a year in
reproduction areas at depths of 70 to 300 m. The
species 15 mainly planklophagous. In spring 1988,
attempts ware initiated by the Ente Sviluppo Agricolo
del Veneto (ESAV) to propagate carpione artiticially
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with the aim of increasing the population, which in
recent yvears has suffered a sigmificant reduction |[Me-
lotto & Oppi 1987). Fertilized eggs, oblammed (rom
captured wild spawners, were transferred to the ESAV
experimental lake stahon in Bardolino, Naly, and
hatched at 10 to 12°C. Fry were fed with phytoplank-
ton. After 2 wk, the fry were transferred to a trout farm
supplied with nver water. At the end of June, 3 mo
after hatching, high mortahty occurred in the fry. This
paper describes the isolation of a novel virus from the
diseased fish



Bovo et al.; Rhabdovirus from carpione 119

Fig. 3. SDS-PAGE gel
stained with silver to

reveal the 5 structural Fig. 4. Western blotting with {a) K59 (rabbit Ig to VHSV) and (b) a
proteins (L, G, N, M, pool of MAbs to VHSV, on the structural proteins of: (1) VHSV,
and M,) of: (1) VHSV, {2} IHNV, and (3) carpione virus. Note reactions between K59 and
(2) IHNV, and (3) car- carpione virus G protein (arrow, a) and between the MAb pecol and

plone virus carpione N protein (arrow, b)
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Alignment of N-protein amino acid seguences

Genotype Genotype T244-1230
or strain or strain -

; . _ i 198 MSDPATQQNA RAMGAMRING TGMIMIGLFT QAAKSLGATP ADLIADLCMK 247
carpione 1 MS--MRDTFE GLKDVKVDTN GGDALDFDPS KVELVVYLG- DAPERLDIVV 47 carplone MSDrA MR I AL DLLA K
DK-Hededam (1) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELVVYVGG FGEEDRKVIV 50 DK-Hededam (I) 201 TIADPTTQSRA RAMGALRING TGMTMIGLFT| OQAANNLGIAP AKLLEDLCME 250
DK-35998 (1a) 1 MEGGIRAAFS GINDVRIDPT GGEGRVIVEG DVELIVYVGG FGEEDRKVIV 50 DK-3592B (Ia) 201 IADPTTQSRA RAMGALRING TGMIMIGLFT OAANNLGIAP AKLLEDLCME 250
FR-07-71 (Ta) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGE FGEEDRKVIV 50 Fk’fjk’);l (Ig) ggi IADPTTQSRV PSMGALRING TGMTMIGLET) QAANNLGIAP AKLLEDLCME %gg
b Enando (3§ e oiovioer oowiv A rambary s | At (B 00 Doemo M ricim ohwons Momier 0
SE-SVA-1033_3F (Ib) 1 MEGGIRAAFS ~GLNDVRIDPT ~GGEGRVLVEG EVELIVYVGG FGEEDRKVIV 50 NO-A163-68 EG46 (Id) 501 IADDTTQSRA RAMGALAING TGMIMIGLET OAANNLGIAD AKLLEDLCME 220
NO-A163-68 EG46  (Id) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGG FGEEDRKVIV 50 Horhess G (I\) 201 MDPTTQSRA L e = NNLGTAD ATLEDLCME 250
GE 1.2 (Ie) 1 MDGGFRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGG FGEDDGKMIV 50 L (I? 200 IADPTTQSRA A I T QAPNNL'(;IAP ARLLEDLOME 220
1p%2 (1) 1 MDGGIRRAFS ~GLNDVRIDPT ~GGEGRVLVEG EVELIVYVGG FGEDDGKVIV 50 45168 (1(11; 201 IADPTTQSRT RAMGALRING TGMTMIGLET QA}NNLGIAP AKLLEDLCME 250
4p168 (III) 1 MDGGLRAAFS GLNDIRIDPT GGEGRVLVPG EVELIVYVGG FSADDGKVIV 50 OSRT Q

NO-2007-50-385  (III) 201 IADPTTQSRA RAMGALRING TGMTMIGLFT OAANNLGIAP AKLLEDLCME 250
NO-2007-50-385  (III) 1 MDGGLRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGG FSADDGKVIV 50
USA Makah (IVa) 201 IADPTTQSRV QSMGALRING TGMTMIGLFT QAANNLGIPP AKLLEDLCME 250
USA Makah (1va) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYAGP FGTDDGKVIV 50 X
Je0Bns o6 o SORG ; = -Ione JFOOEhil (IVa) 201 IADPTTQSRA RAMGALRING TGMTMIGLFT QAANNLGIAP AKLLEDLCME 250
il (IVa) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYAGP FGTDDGKVIV 50 ‘ ; o ;
MIO3GL (IVb) 201 IADPTTQSRA RAMGALRING TGMIMIGLET QAANNLGIAP AKLLEDLCME 250
MIO3GL (Ivb) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGG FGEDDGTVIV 50 ; :
G Gobyl-5 (IVb) 201 IADPTTQSRA RAMGALRING TGMIMIGLFT QAANNLGIAP AKLLEDLCME 250
obyl-5 (IVb) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGG FGEDDGIVIV 50 byloo
ca¥Boo-o01 CA-NB00-01 (IVc) 201 IADPTTQSRA RAMGALRING TGMIMIGLET OAANNLGIAP AKLLEDLCME 250
-NBOO- (Ivc) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVEG EVELIVYVGG FGADDGKVIV 50 Bty N
3 CA-NS04-01 (Ive) 201 IADPTTQSRA RAMGALRING TGMIMIGLFT QAANNLGIAP KLLEDLCME 250
CA-NS04-01 (IVc) 1 MEGGIRAAFS GLNDVRIDPT GGEGRVLVPG EVELIVYVGG FGADDGKVIV 50
SHRY 198 MARPETOQGA RALAAMRING TGMIMVGLFT QAAKNLGATP SDLLEDLCMR 247
SHRV 1 --MAFQKEFF GLRDVKVDLS AGEGLDFDPS EVELTVYR-T GADTDGNTII 47 )
HIRRV (CA 9703) 199 LMDPATAARA KALCAMRLSG TGMTMVGLFN QASKNLGAPP ADLLEDLCMK 248
HIRRV (Ca 9703) 1 -MANLREEFA GLRGVKGGAL EDSGTEYDPT KINLTLYGTD KLYT-LAIIK 48 THNV (WRAC) 200 LSDPAIAARA _KALCAMRLSG TGMIMVGLEN OAAKNLGALP ADLLEDLCMK 249
THNV (WRAC) 1 WNTSALRETFT GLRDIKGGVL EDPETEYRPS TITLPLFFSK TDLD-LEMIK 49 $251A256" = 271-M280 = 7
carpione 48 KAVSAIGGAK TREALAILMA FLTIGEEDKE YRERIQVIAD IGFKVERTMY 97 carpione TV "RIMVOVSKAA [SIQERYAIMY CRMLNENYFK AYGLTDNSRI — 297
ELTL YKERIQ DK-Hededam (1) QLMRQVSEAK [STQERYAIMM SRMLGESYYK SYGLNDNSKI 300
DK-Hededam (I) 51 DALSALGGPQ TVQALSVLLS YVLOGNTQED LETKCKVLTD MGFKVTQAAR 100 DK-35058 (Ta) OIMROVSEAK [STOERYATMM SRMIGESYYK SYGINDNSKT 300
DK-3592B (Ia) 51 DALSALGGPQ TVOALSVLLS YVLQGNTQED LETKCKVLTD MGEKVIQAVR 100 FR_07-71 (12 OIMROVSEAK [STOERYAIMM SRMLGESYYK SYGINDNSKI 300
FR-07-71 (Ia) 51 DALSALGGPQ TVQALSVLLS YVLQGNTQED LETKCKVLTD MGFKVTQAVR 100 M Rhabdo (1b) QLMRQVSEAK [SIQERYAIMM SRMLGESYYK SYGLNDNSKI 300
M Rhabdo (Ib) 51 DALSALGGPQ TVQALSVLLS YVLQGNTQED LGMKCKVLTD MGEKVIQAAR 100 SE-SVAC1033-3F (1) QLMROVSEAK [SIOERYAIMM SRMLGESYYK SYGLNDNSKI 300
SE-SVA-1033-3F (Ib) 51 DALSALGGPQ TVORLSVLLS YVLOGNTQED LGMKCKVLTD MGFKVTQAAR 100 NO-A163-68 EG46  (Id) QLMRQVSEAK [SIQERYAIMM SRMLGESYYK SYGLNDNSKI ~ 300
NO-A163-68 EG46  (Id) 51 DALSALGGPQ TVQALSVLLS YVLQGNTQED LETKCKVLTD MGFKVIQAAR 100 CE 1.2 Te) OIMROVSFAK |STORRYATMM SRMIGESYYK AYGINDNSKI 300
Tosa’ (11 31 DALSAIGRO TVOALSVILS IVIQGNAGED IDTKCRVITD MGEKVIGRBR 100 122 an QLURQVSEAK SIQERYATMA SRMIGESYYK SYGLNDNSKI 300
5 DIKCE 2l 4p168 (I1I) QLMRQVSEAK [SIQERYAIMM SRMLGESYYK SYGLNDNSKI 300
4ples (II1) 51 DALSALGGPQ TVOALSVLLS YVLQGNTQED LEAKCKVLTD MGFRVIQSIR 100 NO-2007-50-385  (III) QLMRQVSEAK [SIQERYAIMM SRMLGESYYK SYGLNDNSKI 300
NO-2007-50-385  (ITI) 51 DALSALGGPQ TVOALSVLLS YVLQGNKQED LEAKCKVLTD MGFRVTQSTR 100 USA Makah (Iva) OLMROVSEAR |STOERYAIMM SRMLGESYYK SYGLNDNSKI 300
USA Makah (IVa) 51 DALAALGGPQ TVQALSVLLS YVLOGSAQGD LEAKCKILTD MGFKVTQSPR 100 JFOOERLL (Iva) QIMROVSFAR |[STOFRYATMM SRMLGESYYK SYGINDNSKT 300
JFOOEhil (IVa) 51 DALAALGGPQ TVQALSVLLS YVLQGIAQGD LEAKCKILTD MGFKVTQSPR 100 MT03GL (Tvb) OIMROVSFAR |[STOERYATMM SRMIGESYYK SYGINDNSKT 300
MIO3GL (IVb) 51 EALAALGGPQ TVQALSVLLS YVLOGSAQED LEAKCKILTD MGFKVTQSPR 100 Gobyl-5 (Tvb) QIMROVSEAR |[STOERYATMM SRMIGESYYK SYGINDNSKI 300
Gobyl-5 (IVb) 51 EALAALGGPQ TVQALSVLLS YVLOGSAQED LEAKCKILTD MGFKVTQSPR 100 CA-NB00-01 (1ve) QLMRQVSEAR [SIQERYAIMM SRMLGESYYK SYGLNDNSKI 300
CA-NB00-01 (Ivc) 51 EALAALGGPQ TVQALSVLLS YVLQGSAQED LEAKCKILTD MGFKVTQSPR 100 CA-Ns04-01 (Ivc) QLMRQVSEAR [SIQERYAIMM SRMLGESYYK SYGLNDNSKI 300
CA-NS04-01 (IVc) 51 EALAALGGPQ TVQALSVLLS YVLOGSAQED LEAKCKILTD MGFKVIQSPR 100 SHRV 218 'STUDSARRIV RIMVOVSQAE TIOARYAVMM SRMINENYFK AYGLNDNSRI 297
SHRV 49 KALAAVGGPK TNEALSVLLA FVTLGTDODE YETRIKILKE IGFSVKEVPM 97 HIRRV (CA 9703) 249 SIIDSARRIV KLMRIVADVE DMTAKYATIMM SRMLGDGYFK SYGINENSRI 298
HIRRV (CA 9703) 49 RAVSQVGGSQ TNKALGILCA FVTSENNPDM TDAAVKLLVD MRFKVDVVPV 98 THNV (WRAC) 250 SVVESARRIV RIMRIVAEAP GVAAKYGVMM SRMLGEGYFK AYGINENART 299
THNV (WRAC) 50 RAVSQVGGEG TRKALSLLCA FVIAETVPSE AGTVAELLEA LGFVLESLDT 99
carpione 98 EKDIDPGMDI PLEKVAAQIT EENVREVVRA VLYTCALFVK YNVDKMAKYI 147 carpione 298 SCILAAVNSK FNSDTVDNLE GIHVSPAFQL LADEIASALV EKYDGSGGDE 347
DK-Hededam (I) 101 ATSIEAGIMM PMRELALTVN DDNLMEIVKG TLMTCSLLTK YSVDKMIKYI 150 DK-Hededam (I) 301 SYILSQISGK YAVDSLEGLE GIKVIEKFRE EAELVAEVLV DKYERIGEDS 350
DK-3592B (Ia) 101 ATSIEAGIMM PMRELALTVN DDNLMEIVKG TLMTCSLLTK YSVDKMIKYI 150 DK-3592B (Ia) 301 SYILSQISGK YAVDSLEGLE GIKVIEKFRE EAELVAEVLV DKYERIGEDS 350
FR-07-71 (Ia) 101 ATSIEAGIMM PMRELALTVN DDNLMEIVKG TLMTCSLLTK YSVDKMIKYI 150 FR-07-71 (Ia) 301 SYILSQISGK YAVDSLEGLE GIKVIEKFRE EAELVAEVLV DKYERIGEDS 350
M Rhabdo (Ib) 101 ATSIEAGIMM PMRELALTVN DDNLMEIVKG TLMICSLLTK YSVDKMIKYI 150 M Rhabdo (Ib) 301 SYILSQISGK YAVDSLEGLE GIKVIEKFRE EAELVAEVLV DKYERIGEDS 350
SE-SVA-1033-3F (Ib) 101 ATSIEAGIMM PMRELALTVN DDNLMEIVKG TLMTCSLLTK YSVDKMIKYI 150 SE-SVA-1033-3F (Ib) 301 SYILSQISGK YAVDSLEGLE GIKVIEKFRE FAELVAEVLV DKYERIGEDS 350
NO-A163-68 EG46  (Id) 101 ATSIEAGIMM PMRELALTVN DDNLMEIVKG TLMTCSLLTK YSVDKMIKYI 150 NO-A168-68 EG46  (Id) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE FAELVAEVLV DKYERIGEDS 350
GE 1.2 (Ie) 101 ATSIEAGIMM PMRELALTVT DDNRMEIVKG TLMTCSLLTK YSVEKMIKYI 150 GE 1.2 (Ie) 301 SYILSQISGK YAADSLEGLE GIRVIEKFRE FAELVAEVLV DKYERIGEDS 350
1p52 (II) 101 ATGIEAGILM PMRELAQTVS NDNIMDIVKG TLMTCSLLTK YSVDKMIKYI 150 1p52 (II) 301 SYILSQISGK YAVDSLEGLE GIKVIEKFRE FAELVAEVLV DKYERIGEDS 350
4p168 (III) 101 ATGIDAGIQM PMRELALTVN DDNLMDIVKG TLMTCSLLTK YSVDKMIKYI 150 4p168 (III) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRD FAELVAEVLV DKYEKIGEDS 350
NO-2007-50-385  (III) 101 ATGIDAGILM PMRELALAVN NDSLMDIVKG TLMTCSLLTK YSVDKMIKYI 150 NO-2007-50-385  (III) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE FAELVAEVLV DKYEKIGEDS 350
USA Makah (IVa) 101 ATGIEAGILM PMRELAQTVN NDNLMDIVKG ALMTCSLLDK YSVDKMIKYI 150 USA Makah (IVva) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE ETELVAEVLV DKYERIGEDS 350
JFOOEhil (IVa) 101 ATGIEAGILM PMRELAQTVN NDNLMDIVKG ALMTCSLLTK YSVDKMIKYI 150 JFOOEhil (Iva) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE EAELVAEVLV DKYERIGEDS 350
MIO3GL (Ivb) 101 ATGIEAGILM PMKELAQTVN ADNLMDIVKG ALMTCSLLTK YSVDKMIKYI 150 MI03GL (IVb) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE FAELVAEVLV DKYERIGEDS 350
Gobyl-5 (Ivb) 101 ATGIEAGILM PMKELAQTVN ADNLMDIVKG ALMTCSLLTK YSVDKMIKYI 150 Gobyl-5 (IVb) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE FAELVAEVLV DKYERIGEDS 350
CA-NB00-01 (Ivc) 101 ATGIEAGILM PMKELAQTVN DDNLMDIVKG VLMTCSLLTK YSVDKMIKYI 150 CA-NB0O-01 (IVe) 301 SYILSQISGK YAVDSLEGLE GIKVTEKFRE FAELVAEVLV DKYERIGEDS 350
CA-NS04-01 (IVc) 101 ATGIEAGILM PMKELAQTVN DDNLMDIVKG VLMTCSLLTK YSVDKMIKYI 150 (S?ﬁ;{\b;SMfOL (Ive) %gé gﬁi&g&;gg %Iézg%EGLE g%ggggﬁg EAEL\IIQ};E\I/ Eggﬁgggg %?13
SHRV 98 AKDASSGIEA PLENVAALVK PETVYQVIRG VLYTCALFVK YNVEKMOKYI 147 AILVAVNGH FSEDTIEAL SAEFAD LARRIAIALI EKYDNASDGG
HIRRV (CA 9703) 99 DDRLGDNLDD PNSKLAEVLT EENMVDLVKG LLFTCALMVK YDVDKMATYC 148 HIRRV (CA 9703) 299 TCILMNINEQ YDEGTTGGLA GVRVSPPFRK LATEIARLLV KKYDGNGSAG 348
THNV (WRAC) 100 GAPPDATFAD PNNKLAETIV KENVLEVVTG LLFTCALLTK YDVDKMATYC 149 THNV (WRAC) 300 TCILMNINDR YDDGTSRGLT GIKVSDPFRK LAREIARLLV LKYDGDGSTG 349
. 148 QNKIQNIAVQ OGVPELTEFP TDKGTLRKIA SFIRPGORTT NALYAFLVIE 197 carpione 348 EEVSDIVRAA ARHLKGVESR RPAG-ANSGG RCTPEEDDOE DDSKDSSDFSSFED 400
DK-Hededam (I) 151 TKKLGELADT QGVGELQHFT ADKAAIRKLA GCVRPGQKIT KALYAFILTE 200 DK-Hededam (I) 351 TEVSDVIREA ARQHARRTSA KPEPRARNFR SETGRGKEQE KGGSDDDDYPEDSD 404
DK-3592B (TIa) 151 TKKLGELADT OGVGELQHFT ADKAAIRKLA GCVRPGOKIT KALYAFILTE 200 DK-3592B (Ia) 351 TEVSDVIKEA ARQHARRTSA KPEPKARNFR SSTGRGKEQE TGESDDDDYPEDSD 404
FR-07-71 (Ta) 151 TKKLGELADT OGVGELQHFT ADKAAIRKLA GCVRPGOKIT KALYAFILTE 200 FR-07-71 (Ia) 351 TEVSDVIREA ARQHARRTSA KPEPKARNFR SSTGRGREQE TGESDDDDYPEDSD 404
M Rhabdo (Ib) 151 TKKLGELADT QGVGELQHFT ADKAAIRKLA GCVRPGQKIT KALYAFILTE 200 M Rhabdo (Ib) 351 TEVSDVIREA AROHARRTSA RPEPKARNFR SSTGRGKEQE TEGSDDDDYPEDSD 404
SR 0B 1 WOGMS oo oA CRer i 8 | oo (8 ol mupie o smeane Sreces s o
NO-A163-68 EG46  (Id) 151 TKKLGELADT QGVGELQHFT ADKAAIRKLA GCVRPGQKIT KALYAFILTE 200 - ~68 E S 2 sS MEG GDS
GE 1.2 (Te) 151 TKKLGELADT QGVGELQHFT ADKAAIRKLA GCVRPGQKIT ~KALYAFILTE 200 (13;}35%'2 g?; %g% TEVEDVIRER ggﬁiggg KPEDKARNER Sgggﬁgggg IEESDDENYEEDSD 383
1p52 (1) 151 TRKLGELADT = QGVGELQHFT = ADKAAIRKLA GCVRPGOKIT ~KALYAFILTE = 200 4ple8 (III) 351 TEVSDVIREA ARQHARRTSA KPEPKARNFR SPTGRGKEQD TEESDDEDYPEDSD 404
4p168 (III) 151 TKKLGDLADT QGIGELQHFT ADKAAIRKLA GCVRPGQKIT KALYAFILTE 200 . R >
NO-2007-50-385 (ITII) 151 TKKLGDLADT QGIGELOHFT ADKAAIRKLA GCVRPGQKIT KALYAFILTE 200 NG-2007-50-385 (III) 351 TEVSDVIREA ARQHARRTSA KPEPKARNFR SPTGRGKEQD TEESDDEDYPEDSD 404
USA Makah (1Va) 151 TKKLGEIGST QGVGELOHLS ADKAATRKTA GOVRPGOKIT KALYAFILTE 200 USA Makah (IVa) 351 TEVSDVIREA ARQHARKASD KPEPKARNFR SSTGRGKEQE KEESDDDDYPGDSD 404
: : : : JFOOEhil (IVa) 351 TEVSDVIREA ARQHARKASD KPETKARNFR SSTGRGKEQE KEESDDDDYPGDSD 404
JFOOEhil (IVa) 151 TKKLGELADT QGVGELQHFT ADKAAIRKLA GCVRPGQKIT KALYAFILTE 200 ]
MI036L (Tvh) 151 TKKLGEIADT OGVGELQHFT ADKVATRKIA GCVRPGOKIT KALYAFIITE 200 MIO3GL (IVb) 351 TEVSDVIREA ARQHARKZ KSDPKARNFR SSTGRGKEQE KEESDDDDYPEDSD 404
o . Gobyl-5 (Ivb) 351 TEVSDVIREA ARQHAR KSDPKARNFR SSTGRGKEQE KEESDDDDYPEDSD 404
Gobyl-5 (Ivb) 151 TKKLGELADT QGVGELQHFT ADKVAIRKLA GCVRPGQKIT KALYAFILTE 200 s s SD: <
CA-NB0O-01 (IVe) 351 TEVSDVIREA ARQHARKZ KPDPKARNFR SSTGRGKEQE KEESDDDDYPEDSD 404
CA-NB00-01 (Ive) 151 TKKLGELADT QGVGELQHFT ADKVAIRKLA GCVRPGQKIT KALYAFILTE 200
: CA-NS04-01 (IVc) 351 TEVSDVIREA ARQHARKASA KPDPKARNFR SSTGRGKEQE KEESDDDDYPEDSD 404
CA-NS04-01 (IVc) 151 TRKLGELADT QGVGELQHFT ADKVAIRKLA GCVRPGQKIT KALYAFILTE 200
o ; SHRV 348 EGASEIIKSA VRGSS-GAFK GSRGKPQGRR QEASGEGDLD SEDDDDQDYSKYA 399
SHRV 148 KNKLPALATS YGVPELEEFP TESSALKKLA SCIRPGORIT NALYAFLLVE 197 Hrnny .
(CA 9703) 349 PGASDLVRQA EQAAQETEG- - DDKY DEEGEEDGGE GEGGEDEEYY 392
HIRRY (Ch 9703) 145 QQKLERLANS QGLNELTLIS TSRAVIARIG AAVRPGOKLT KAIYGIILIN 158 THNV (WRAC) 350 EGASELIRRA EMASRGPDM- ----—GEE—- EEEDEEDDDS SEPGDSDSFH 391
THNV (WRAC) 150 ONKLERLATS OGIGELVNFN ANRGVLAKIG AVLRPGOKLT KAIYGIILIN 199 4 SEACRLIRRA RHASREEOR Shhmm RRIDRIDOLS SRESDELSER

Figure 2 Amino acid sequence alignment of the N-proteins of CARRV, VHSV, SHRV, HIRRV and IHNV. Amino acid sequences shaded yellow (aa N219- A233
of the N-protein of VHSV), green (aa T224-T230 of the N-protein of VHSV), red (aa S251-A256 of the N-protein of VHSV) or blue (aa $271-M280 of the N-
protein of VHSV) correspond to the synthetic oligopeptides used in epitope mapping of mAb IP5B11. Amino acid substitutions compared to the VHSV
consensus sequence are marked in bold and underlined.



Epitope identification using synthetic peptides

: Purified VHSV isolate (JFOOEhil)

: Purified CARRV isolate

: Purified HIRRYV isolate (8401H )

: N219 (NH2-NGTGMTMIGLFTQAA-COOH)
: N224 (NH2-TMIGLFT-COOH)

: N251 (NH2-SLVESA-COOH)

: N271 (NH2-SIQERYAIMM-COOH)

1
2
3
4
5
6
7

The small black dots are the markings made with a pencil to show the dots.

Figure 3 Epitope mapping of IPSB11 using synthetic oligopeptides in dot-blot analysis. Purified
VHSYV isolate (JFOOEhil) and the CARRYV isolate were used as positive controls. Purified HIRRV
isolate (8401H) was used as negative control. The purified viruses and synthetic oligopeptides were
blotted onto a PVDF membrane. The membrane was incubated with mAb IP5B11 and subsequently
immunostained with HRP conjugated secondary antibodies. Dot 1, JFOOEhil; 2, CARRV; 3, HIRRV; 4,
N219-A233 (NH2-NGTGMTMIGLFTQAA-COOH); 5, T224-T230 (NH2-TMIGLFT-COOH); 6,
S251-A256 (NH2-SLVESA-COOH); 7, S271-M280 (NH2-SIQERYAIMM-COOH).



N219-A233

Alignment of N-protein amino acid sequences

carpione

Genotype
or strain

DK-Hededam (I)
DK-3592B (Ia)
FR-07-71 (Ia)
M Rhabdo (Ib)
SE-SVA-1033-3F (Ib)
NO-A163-68 EG46 (1d)
GE 1.2 (Ie)
1p52 (II)
dpl68 (III)
NO-2007-50-385 (II1)
USA Makah (IVa)
JFO0Ehil (IVa)
MIO3GL (IVb)
Goby1-5 (IVb)
CA-NBOO-01 (IVc)
CA-NS04-01 (IVc)
SHRV

HIRRV (CA 9703)
THNV (WRAC)
carpione

DK-Hededam (I)
DK-3592B (Ia)
FR-07-71 (Ia)
M Rhabdo (Ib)
SE-SVA-1033-3F (Ib)
NO-A163-68 EG46 (1d)
GE 1.2 (Ie)
1p52 (II)
dpl68 (III)
NO-2007-50-385 (II1)
USA Makah (IVa)
JFO0Ehil (IVa)
MIO3GL (IVb)
Goby1-5 (IVb)
CA-NBOO-01 (IVc)
CA-NS04-01 (IVc)
SHRV

HIRRV (CA 9703)
THNV (WRAC)
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201
201
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201
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P |

MSDPATQONA
IADPTTQSRA
IADPTTQSRA
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IADPTTQSRA
TIADPTTQSRA
IADPTTQSRA
IADPTTQSRT
IADPTTQSRA
IADPTTQSRV
IADPTTQSRA
IADPTTQSRA
TIADPTTQSRA
IADPTTQSRA
IADPTTQSRA
MARPETQQGA
IMDPATAARA

A

v

<

T244-T230

LSDPAIARARA2S6 KALCAMRLSG

SLVDSARRIV
SIIDSARRIV
SVVESARRIV

SCILAAVNSK

—>

RAMGAMRING TGMIMIGLET QAAKSLGATP
RAMGALRI|NG TGMTMIGLEFT QAANNLGIAP
RAMGALRI[NG TGMTMIGLFT QAANNLGIAP
PSMGALRING TGMTMIGLET| QAANNLGIAP
RAMGALRI|NG TGMTMIGLEFT QAANNLGIAP
RAMGALRI[NG TGMTMIGLEFT QAANNLGIAP
RAMGALRI[NG TGMTMIGLEFT QAANNLGIAP
RAMGALRI[NG TGMTMIGLFT QAANNLGIAP
RAMGALRI|NG TGMTMIGLET QAANNLGIAP
RAMGALRIING TGMTMIGLFT QAANNLGIAP
RAMGALRI|NG TGMTMIGLET QAANNLGIAP
OSMGALRING TGMTMIGLFT| QAANNLGIPP
RAMGALRI|NG TGMTMIGLFT QAANNLGIAP
RAMGALRI[NG TGMTMIGLEFT QAANNLGIAP
RAMGALRI[NG TGMTMIGLFT QAANNLGIAP
RAMGALRI|NG TGMTMIGLEFT QAANNLGIAP
RAMGALRIING _TGMIMIGLET QAANNLGIAP
RALAAMRING TGMTMVGLET QAAKNLGATP
KALCAMRLSG TGMTMVGLEN QASKNLGAPP

TGMTMVGLENS27GM2RNLGALP

—>
RIMVQVSKAA [STQERYAIMM CRMLNENYFK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYATIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAK [SIQERYAIMM SRMLGESYYK
QLMRQVSEAR [SIQERYAIMM SRMLGESYYK
QLMRQVSEAR [SIQERYAIMM SRMLGESYYK
QLMRQVSEAR [SIQERYAIMM SRMLGESYYK
QLMRQVSEAR [SIQERYATIMM SRMLGESYYK
QLMRQVSEAR [SIQERYAIMM SRMLGESYYK
QLMRQVSEAR [SIQERYAIMM SRMLGESYYK
RLMVQVSQAE TIQARYAVMM SRMLNENYFK
KLMRIVADVE DMTAKYAIMM SRMLGDGYFK
RLMRIVAEAP GVAAKYGVMM SRMLGEGYFK
FNSDTVDNLE GIHVSPAFQL LADEIASALV

T T T Ty e T T

T T TT 4 T T T

Ly T T T T T T T T

— o T T T T TT TT T T

ADLTLADLCMK
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AKLLEDLCME
AKLLEDLCME
AKLLEDLCME
AKLLEDLCME
AKLLEDLCME
AKLLEDLCME
AKLLEDLCME
AKLLEDLCME
SDLLEDLCMR
ADLLEDLCMEK
ADLLEDLCMK

AYGLTDNSRT
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
AYGLNDNSKT
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKI
SYGLNDNSKT
SYGLNDNSKI
SYGLNDNSKI
AYGLNDNSRI
SYGINENSRI
AYGINENART

EKYDGSGGDE
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Carpione rhabdovirus carries the NV-gene
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(A) G protein

Viral phylogeny based on

amino acid sequences

Figure 1 Phylogenetic tree based on analysis of G and N protein amino acid sequences of piscine
Novirhabdovirus by the neighbour joining method. Sixteen VHSV isolates, representatives of
HIRRV, IHNV and SHRYV isolates as well as the CarRV isolate 584 were included in the analysis. The
accession numbers of the gene sequences used in the analysis are specified next to the names of

M Rhabdo, 293414
| se-svA-1033-3F, ABS39748
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Conclusions

Amino acid sequence alignment of carpione rhabdovirus N-protein with other fish
rhabdovirus N-proteins allowed identification MAb IP5B11 epitope candidates.

Dot blotting with synthetic peptides determined the exact epitope.

The high specificity of IP5B11 for VHSV depends on very few conserved amino
acids.

Unexpected identification/lack of identification of VHSV using MAb IP5B11 should
be followed up by gene sequencing or other confirmatory examination.

The carpione rhabdovirus belongs to "novirhabdoviridae” with SHRV and VHSV as
the closest relatives.






Table 1 Identity ratio of amino acid of glycol(G)- and nucleocapsid(N)-proteins :
CarRV and sixteen VHSV isolates, SHRV, HIRRV and IHNV isolates.

Virus isolates, genotype Identity ratio between CarRV 583 (LC630942) (
(accession number) G-protein N-protein
VHSV DK-Hededam, | (Z93412) 456 47.8
VHSV DK-3592B, la (KC778774) 46.2 47.3
VHSV FR-07-7, la (AJ233396) 46.2 46.8
VHSV M rhabdo, Ib (293414) 46.2 47.8
VHSV SE-SVA-1033-3F, Ib (AB839748) 46.0 47.8
VHSV NO-A163-68 EG46, Ic (MN038331) 46.2
(AB672619) 47.5
VHSV GE-1.2, le (AY546619) 456
(ABB72617) 47.3
VHSV 1p52, II(AY546576) 454
(AB672621) 46.8
VHSV 4p168, 11l (AB672616) 46.4 46.0
VHSV NO-2007-50-385, 1ll (EU547740) 46.4
(AB675945) 46.3
VHSV US Makah, IVa (U28747) 47.2
(X59241) 44.8
VHSV JFOOEhI1, IVa (AB490792) 46.8 46.5
VHSV MI03GL, Vb (DQ401193) 46.8
(DQ427105) 46.3
VHSV Goby 1-5 (AB672615) 46.6 46.3
VHSV CA-NB00-01, IVc (EFO79896) 46.2
(HQ168409) 46.8
VHSV CA-NS04-01, IVc (EF079899) 46.4
(EFQ079895) 46.8
SHRV (NC_000903) 55.0 57.4
HIRRV CA 9703 (NC_005093) 39.9 42.6
IHNV WRAC, M(L40883) 39.3 44.0

a Gap-excluded identity



Lake Garda's Carpione (Salmo carpio)

Salmo carpio is an endemic trout of Northern Italy, inhabiting exclusively Lake Garda
as the primary lacustrine watershed in Italy (surface area= 368 km?). The history of
Lake Garda is relatively recent, dating back to the retreat of Southern Alpine glaciers at
the end of the Pleistocene some 15,000 to 18,000 years BP. The carpione is thought to
have originated within Lake Garda from an ancestral ‘peninsular’ brown trout and rap-

5.
Present river
LGM river
# "/ Present coastline S. obtusirostns
+7~ <~ LGM coastline
LGM glaciers s
LGM coastine from WarldClim 14 amarans
databasa (wawwardsim org) Southern linaage
@ S-mammorstus
Northem linsage:
® Scapio
b 5. cenerinus
®  Sfiben
§. cettil
Salmospp. .
® Saimosp.

Figure 3.1 A plausible overview upon colonisation scenarios of major evolutionary lineages of the genus Saimo into the Italian
peninsula, by taking into account inferred phylogenetic relationships and relative time of separation between them: @ split between
‘marble’and ‘brown trout’ lineages; @ split between ‘peninsular’ and Atlantic lineages; @ split between Adriatic and Thyrrenian
lineages; @ split between 5. cenerinus and 5. carpio; ® split between 5. cettii and 5. fibreni. Albeit the general pattern of east to west
dispersal from the supposed origin of the genus in Ponto-Caspian refuge, Sicilian brown trout populations are likely to originate from
Pleistocene west to east colonisation events from the North African Atlantic brown trout lineage, expanding back into the Central-

Eastern Medit . . - .
sstemedienansn Genetics of the Genus Salmo in Italy: Evolutionary

Figure 3.4 Map of sampling locations for individuals included in the Bayesian clustering analysis (see History, Population Structure, Molecular Ecology
Figure 3.5: Lake Garda's carpione (WSC, 5. carpio from the western lake bank and ESC, 5. carpio from and Conservation

the eastern bank, Gratton et al., 2014), stream resident brown trout (ALE, Albola River, Meraner et al.,
2013a), lake dwelling trout (GAL, lacustrine trout from Lake Garda and SAL, lacustrine trout from River Andreas Meraner' and Andrea Gandolf?
Sarca, Gratton et al, 2014), and reference populations (MAR, marble trout, SVE, Tyrthenian brown trout
and HAT, hatchery brown trout of Atlantic origin; Meraner et al, 2013a).

Brown Trout: Biology. Ecology and Management, First Edition. Edited by Javier Lobon-Cervid and Nuria Sanz.
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd.
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Figure 3. Identification of host proteins that co-precipitated with VHSV and IHNV NV proteins.

(A} Co-immunoprecipitation of cellular proteins assoclated with NV proteins. Lysates from rVHSV
{(background control; lane 1), r'vHSV-3xfNVihnv (N/P) (lane 2} and rVHSV-3xfNVvhsy (N/P) (lane 3) infected
cells were Immunoprecipitated using antl-Flag mAb. Allquot of each eluate was analyzed by electrophoresis on
a polyacrylamide gel followed by Coomassie blue staining (left panel) or western-blotting using the anti-Flag
mAb {right panel). (B} NV-assoclated host protein network. The proteln-protein Interaction network iInvolving
the 35 host proteins assoclated with NV were shown in the confidence view produced by STRING v10 analysis.
Stronger assoclations are represented by thicker lines. (C) Gene ontology (GO blological processes) enrichment
analysls of host protelns co-lmmunoprecipitating with NV protelns.
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