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MODULE 2: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family. Wherever possible, provide sequence
accession number(s) for one isolate of each new species proposed.

Code |2016.0106aP (assigned by ICTV officers)

To create 1 new species within:
Fill in all that apply.

Genus EmaraV|rus e [f the hlgher taxon has yet to be
T created (in a later module, below) write
SUbfam!Iy: “(new)” after its proposed name.
Family: « If no genus is specified, enter
Order: “unassigned” in the genus box.
Name of new species: Representative isolate: GenBank sequence accession
(only 1 per species please) number(s)
Actinidia chlorotic ringspot- Actinidia chlorotic KT861481 to KT861485
associated emaravirus ringspot associated virus
HN-6

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Further material in support of this proposal may be presented in the Appendix, Module 9
Species demarcation criteria for the genus Emaravirus are:
1. Differences in relevant gene product sequences of more than 25%
2. Differences in host ranges
3. Differences in vector specificities

The molecular investigation conducted on a kiwifruit plant HN-6 affected by leaf chlorotic
ringspot symptoms showed the presence of a novel virus, named actinidia chlorotic ringspot-
associated virus (AcCRaV), with typical features of emaraviruses [i.e. fig mosaic virus (FMV,
Elbeaino et al., 2009a, 2009b, 2012); rose rosette virus (RRV,Laney et al., 2011); raspberry leaf
blotch virus (RLBV, McGavin et al., 2012); pigeonpea sterility mosaic virus (PPSMV,
Elbeaino et al., 2014; Kumar et al., 2003), High Plains wheat mosaic virus (HPWMoV),
(Tatineni et al., 2014; Skare et al., 2006); and European mountain ash ringspot-associated virus
(EMARaV,Mielke-Ehret & Muhlbach, 2007). Other tentative emaraviruses are: redbud yellow
ringspot-associated virus (RYRSaV,Laney et al., 2010; Di Bello et al., 2016), pigeonpea
sterility mosaic virus 2 (PPSMV-2, Elbeaino et al., 2015) and woolly burdock yellow vein virus
(WBYVV,(Bi et al., 2012)].

Characterization of AcCRaV showed that: (i) it is mechanically transmissible to N.
benthamiana plants; (ii) shape of the virus particle (Double-Membraned Bodies, DMB) is
similar to that of all emaraviruses; (iii) five RNA segments compose its genome; (iv) each of
the five RNAs encodes a single protein on the negative-sense strand; (v) the first 13 nucleotides
at both 5" and 3' termini of all RNA segments are almost complementary to each other and and
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identical to those reported in all known emaraviruses (Elbeaino et al., 2009b, 2014; Laney et
al., 2011; Mielke & Mihlbach, 2007); (vi) all RNA-encoded proteins of AcCRaV, i.e. RNA-
dependent RNA polymerase (RdRp, RNA-1), putative glycoprotein precursor (GP, RNA-2),
putative nucleocapsid (NC, RNA-3), putative movement protein (MP, RNA-4), P5 (unknown
function, RNA-5), share high sequence identity with orthologs of emaraviruses and in particular
with those of RYRSaV and EMARaV (Table 1).

All the above-listed properties and similarities with emaraviruses, support the classification of
AcCRaV-HNG as a representative of a new species in the genus Emaravirus (Mielke-Ehret N.
& Mihlbach H.P., 2012).

Virus properties

- Double-membrane virus-like particles from 95 to 110 nm in diameter observed at EM
(Fig. 1) (Zheng et al., 2016)

- Genome composed of five segments of negative sense-ssSRNA: RNA-1, 7061 nt; RNA-
2, 2267 nt; RNA-3, 1678 nt; RNA-4, 1664 nt; RNA-5, 1476 nt (Fig. 2) (in order from
RNA-1 to RNA-5, the accession numbers are KT861481 to KT861485).

- Virus-encoded proteins: RdRp (pl), 226.9 kDa; GP (p2), 75 kDa; NC (p3), 34.6 kDa;
MP (p4), 43.6 kDa; and p5, 26.5 kDa (Fig. 2).

- Consistent clustering of AcCRaV with other emaraviruses, in particular with RYRSaV
and EMARaV, in a separate clade, in phylogenetic trees constructed with p1, p2 and p3
amino acid sequences (Fig. 3).

- High amino acids sequence identity with emaraviruses (Table 1).

- Mechanically transmissible to N. benthamiana plants.

- Unknown vector.
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Annex:

Include as much information as necessary to support the proposal, including diagrams comparing the
old and new taxonomic orders. The use of Figures and Tables is strongly recommended but direct
pasting of content from publications will require permission from the copyright holder together with
appropriate acknowledgement as this proposal will be placed on a public web site. For phylogenetic
analysis, try to provide a tree where branch length is related to genetic distance.

Page 4 of 9



Figure 1. Ultrastructure of kiwifruit leaves infected with AcCRaV. (A) Virions with surrounding
double membrane in the cytoplasm of a mesophyll cell. (B) Close up of what presented in panel
A. (C) and (D) Virions near endoplasmic reticulum in the cytoplasm of AcCRaV-infected cells.
V, virion; Vc¢, vacuole; ER, endoplasmic reticulum; M, mitochondria; N, nucleus; Ch, chloroplast;

Cw, cell wall.
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Figure 2 Schematic representation of the organization of the AcCRaV genome. The terminal 13
nucleotides conserved at the 5’ and 3’ termini are indicated as black boxes on each segment.
Expression product of each of the five genomic RNAs is shown as a grey box containing
information on aa length, estimated molecular weight (kDa) and putative functions of the

predicted proteins.
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Figure 3. Phylogenetic trees constructed on multiple alignments of amino acid sequences of
AcCRaV P1, P2 and P3 proteins with emaraviruses and the selected bunyaviruses. Trees were
constructed in MEGA 5.1 (Tamura et al., 2011) by the neighbor-joining method with 1,000 bootstrap
replicates. GenBank accession numbers of proteins used for phylogenetic analyses are reported
alongside virus acronyms: Bunyamwera virus (BUNV); Dugbe virus (DUGV); Puumala virus
(PUUV); Rift Valley fever virus (RVFV); tomato spotted wilt virus (TSWV); and a tenuivirus,
rice grassy stunt virus (RGSV). Sonchus yellow net virus (SYNV), a member of the genus
Nucleorabdovirus, was used as an outgroup species in all trees. Note that AcCRaV formed a
separate clade with RYRSaV and EMARaV from other members of the genus Emaravirus. The
bar represents the number of amino acid replacements per site.
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Table 1. Nucleotide and amino acid sequence identities (%) between AcCRaV and other
emaraviruses.

RNA Virus Virus ID Genome 5° UTR ORF 3'UTR
LengthE1 %2 LengthEl %2 LengthEl %2 %b Lengtha %2
RNA-1 AcCRaV KT861481 7061 : 111 - 6912 - - 38 -
(RdRe) RYRSaV JF795479 7049 66.1 109 5.4 6900 662 646 40 65.8
EMARaV NC_013105 7040 605 114 56.8 6882 604  54.8 44 763
RRV NC_015208 7026 58.0 107 57.1 6831 579 476 88 737
PPSMV-1 HF568801 7022 58.3 88 50.1 6885 582 483 49 68.4
PPSMV-2 HF912243 7009 55.7 45 64.4 6885 560  47.1 79 750
FMV AM941711 7039 58.3 106 58.5 6804 582 485 39 65.8
RLBV FR823209 7062 553 126 50.5 6888 550 355 48 789
WMoV KJ939623 6981 541 94 53.2 6819 537 334 68 76.3
RNA-2 AcCRaV KT861482 2267 ; 251 ; 192 - ; 54 ;
(GP) RYRSaV JF795480 2220 595 241 67.8 1929 583 483 50 755
EMARaV NC 013106 2335 57.0 336 60.0 1941 554 423 58 704
RRV NC_ 015299 2245 54.6 257 479 1938 538 396 50 735
PPSMV-1 HF568802 2223 548 235 526 1947 539 419 4 80.5
PPSMV-2 HFO12244 2229 510 47 489 1950 522 39.0 20 623
FMV AB6O7829 2252 53.6 274 50.6 1926 540 418 52 76.9
RLBV FR823300 2135 49.3 133 52.6 1953 501 243 49 70.2
WMoV KJ939624 2211 509 128 480 2004 512 280 79 66.7
RNA-3 AcCRaV KT861483 1678 ; 645 ; 933 ; ; 100 ;
(NC) RYRSaV JF795481 1414 58.9 383 50.2 942 624 556 89 625
EMARaV NC_013107 1559 54.2 495 480 945 566 405 19 620
RRV HQ891893 1544 53.3 494 53.8 951 510 339 99 67.7
PPSMV-1 HF568803 1442 522 413 53.0 927 520 360 102 520
PPSMV-2 HFO12245 1335 50.7 101 495 939 516 353 205 567
FMV AB6O7849 1491 56.6 444 50.0 948 556 383 99 56.8
RLBV FR823301 1365 51.9 433 57.7 879 491 199 53 67.3
WMoV KJ939626 1441 503 352 52.4 870 483 195 29 620
RNA-4 AcCRaV KT861484 1664 ; 426 . 1140 - ; 98 ;
(MP) RYRSaV JF795482 1513 61.2 283 62.1 1131 626 519 99 59.2
EMARaV NC_013108 1348 516 504 53.8 699 475 138 145 547
RRV HQ891882 1541 55.2 372 56.1 1086 527 313 83 5.4
PPSMV-1 HF568804 1563 53.2 400 514 1086 510 296 7 613
PPSMV-2 HF912246 1491 473 82 54.9 1086 498 276 323 53
FMV HQ703346 1472 57.4 305 54.9 1086 517 301 81 728
RLBV FR823302 1675 489 472 50.0 1122 488 204 81 617
WMoV K1939627 1682 511 475 51.7 1005 492 222 12 592
RNA-5 AcCRaV KT861485 1476 ; 699 ; 681 ; ; 9 ;
PPSMV-1 HFo45448 1801 515 205 495 1422 514 223 84 63.1
PPSMV-2 HG30489 1833 387 105 39.7 1422 394 92 306 519
PPSMV-2C HG30490 1104 404 68 5.9 717 405 153 409 547
FMV CCH27326 1752 49.2 186 516 1500 504 204 57 50.6
EMARaYY NC_013108 1348 513 504 54.4 699 513 187 145 504
RRVE KMO07082 1402 412 523 430 700 418 96 67 55.9
RLBV FR823303 1718 517 220 54.1 1431 50 223 67 62.7
WMoV KJ939628 1715 50.4 158 57.4 1437 504 217 120 646
WMoV! KJ939631 1339 488 715 50.1 531 495 167 93 50.8
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¢ PPSMV-2 RNA-6
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