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	Annex: 

Holmes Jungle virus (HOJV) was isolated from mosquitoes (Culex annulirostris) collected near Darwin in the Northern Territory, Australia, in 1987 (1). There is evidence that antibodies to HOJV occur in cattle in Australia (1). 

The complete genome sequence (13,168 nt) has been determined (1). In a well-supported Maximum Likelihood tree inferred from complete L protein sequences of currently classified and recently proposed animal rhabdoviruses, HOJV falls with the hapaviruses in a unique monophyletic clade; it is most closely related to Wongabel virus (WONV; Wongabel hapavirus), Ord River virus (ORV; Ord River hapavirus) and Parry Creek virus (PCV; Parry Creek hapavirus) (Figure 1).

The HOJV genome organization is complex and similar to those of WONV, ORV and PCV (Figure 2). In addition to the five canonical rhabdovirus structural protein genes (N, P, M, G, and L) The HOJV genome includes: i) multiple genes between the P gene and M gene encoding proteins that share low levels of sequence identity (P-M intergenic proteins; PMIPs; and ii) a gene between the G and L genes encoding a small class 1a viroporin-like protein (Figure 3). These genome elements are common characteristics of hapaviruses (2). The HOJV genome differs from those of WONV, ORV and PCV in that it contains an alternative ORF in the G gene that encodes a potential protein of 114 amino acids (estimated size 13.3 kDa) with a predicted central transmembrane domain and possible N-terminal signal sequence (Figure 4). It is not known if this protein is expressed.

Amino acid sequence identities indicate that HOJV is most closely related to WONV (96.2 % in the N protein; 84.8% in the G protein; and 88.6% in the L protein) (Tables 1–3).

Two other hapaviruses (ORV and PCV) have also been isolated from Culex annulirostris mosquitoes collected in the northern region of Western Australia but their vertebrate hosts are not known (2). Joinjakaka virus (JOIV; Joinjakaka hapavirus), isolated from unidentified culicine mosquitoes in Papua New Guinea, and Ngaingan virus (NGAV; Ngaingan hapavirus), isolated from biting midges (Culicoides spp.) in northern Australia, also appear to infect cattle (2, 3). WONV, which is most closely related to HOJV, was isolated from biting midges (Culicoides austropalpalis) in northern Australia and appears to infect birds (4, 5).




Species demarcation criteria

Viruses assigned to different species within the genus Hapavirus display several of the following characteristics: A) minimum amino acid sequence divergence of 5% in N; B) minimum sequence divergence of 10% in L; C) minimum amino acid sequence divergence of 15% G; D) significant differences in genome organisation as evidenced by numbers and locations of ORFs; E) can be distinguished in virus neutralisation tests; and F) occupy different ecological niches as evidenced by differences in hosts and/or arthropod vectors.

HOJV meets demarcation criteria B, C, D and F. Although amino acid sequence divergence in the N protein between HOJV and WONV (3.8%) does not demarcation criterion A, it does exceed the level of divergence (1%) between the N proteins of Kamese virus (KAMV; Kamese hapavirus) and Mossuril virus (MOSV; Mossuril hapavirus) (Table 1). No data are yet available on cross-neutralisation tests between HOJV and other hapaviruses.

Additional comments:
Here in detail is the reasoning behind the conclusion that HOJV should be assigned to a new species:
1. Sequence divergence between HOJV and WONV G proteins is 15.2%. That meets demarcation criterion C and exceeds that between two other viruses that are already assigned to separate species (HPV and FLAV - 14.4%).
2. Sequence divergence between HOJV and WONV L proteins is 11.4%. That meets demarcation criterion B and exceeds that between KAMV and MOSV (8.5%) and between HPV and FLAV (9.5%), all of which are already assigned to separate species.
3. Sequence divergence between HOJV and WONV N proteins is 3.8%. That falls below the 5% level set in demarcation criterion A but is much higher than between KAMV and MOSV (0.8%) which are already assigned to separate species.
4. On what basis were KAMV and MOSV approved as separate species? The following is extracted from the approved taxonomic proposal (2016) to establish the genus Hapavirus: KAMV and MOSV cross-react only weakly in neutralisation tests. Although amino acid sequence identity between KAMV and MOSV is very high in the N protein (99.2%), it is relatively low in the G protein (80.4%), possibly explaining the neutralisation test data. They have similar genome organisations, differing only in small ORFs in the G and L genes that may not be expressed. They appear to have similar ecology (transmitted by culicine mosquitoes and infecting humans) and each occurs in sub-Saharan Africa.  Based on neutralisation test data and relatively low identity of G protein sequences, we propose that MOSV and KAMV should be assigned to different species.
5. Neutralisation tests are traditionally used to distinguish viruses as neutralising antibody will cause interference between circulating viruses, drive evolution and often has practical implications for vaccination. KAMV and MOSV cross-react only weakly in neutralisation tests and have relatively high sequence identity in the G proteins (19.6%). Yet their N proteins are almost identical. This shows that (quite unexpectedly), hapaviruses that are relatively divergent in L and G proteins and are distinguishable in neutralisation tests can indeed have very low sequence divergence in the N proteins. The reason is not known. There may be severe structural constraints on N or perhaps it may be due to rare recombination events.
6. For HOJV and WONV, we do not have neutralisation test data (and we are unlikely to get the data because it would require the production of antisera which no-one is likely to do for lack of funding). However, the divergence in the G protein sequences exceeds that between HPV and FLAV (see above) which can also be distinguished in neutralisation tests.
7. The overlapping long ORF in the HOJV G protein is predicted to encode a protein of significant size (114 aa; 13.3 kDa) and with a strong structural prediction as a transmembrane protein. Although we don't know if it is expressed, it is very unusual to find an alternative ORF with such a strong structural prediction. The initiation codon is also in moderately strong Kozak context (AAGATGT..). Significantly, this long ORF does not occur in WONV, reflecting the extent of sequence divergence.
8. Ecologically, HOJV was isolated from mosquitoes near Darwin in the Northern Territory. WONV was isolated from biting midges near Atherton in Queensland (over 1600 km to the south-east). The ecology of these two environments is very different, subtropical tableland and tropical savannah, respectively. WONV infects birds (antibodies detected) and the biting midge from which it was isolated has a feeding preference for birds. HOJV infects cattle (antibodies detected) and was isolated from mosquitoes in the vicinity of cattle. These are obviously not mutually exclusive.
9. Overall, HJOV clearly meets two of the six demarcation criteria (B and C) and arguably meets two more (D and F) as well as many other viruses that have already been classified. It does not meet one (A) and there are no data for another (E).
10. If the SG decided not to recommend HOJV assignment to a new species, it would be de facto a decision to assign it to the same species as WONV (Wongabel hapavirus). However, the only clear piece of evidence to support that position is the limited sequence divergence of N proteins. However, this runs in the face of evidence that divergence of N protein sequences of other hapaviruses can be extremely low, even when the viruses can be distinguished in neutralisation tests and have already been assigned to separate species. The accumulated evidence in favor of new species assignment far outweighs the evidence against. We could say we need more data to decide but regrettably that is unlikely to happen.
[image: ]
Figure 1. The evolutionary history was inferred from a Clustal W alignment of complete L protein sequences of Holmes Jungle virus and 112 other animal rhabdoviruses currently assigned or recently proposed for assignment to species. Phylogenetically informative sites were selected from the alignment using Gblocks resulting in 1072 positions in the final dataset. The tree was inferred in MEGA7 by using the Maximum Likelihood method based on the Whelan and Goldman + Freq. model. The tree with the highest log likelihood (-104695.9075) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using a JTT model, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. Bootstrap values (100 iterations) are shown for each node. 
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Figure 2. Genome organisations of hapaviruses, including HOJV.  N, P, M, G and L represent ORFs encoding the structural proteins. ORFs are indicated as block arrows. P-M intergenic region protein (PMIP) ORFs are coloured in red; class 1a viroporin-like protein ORFs are coloured in yellow; other colours indicate ORFs encoding homologous proteins. Other alternative ORFs occur in some genes; only ORFs (≥180 nt) that appear likely to be expressed are shown.

HOJV  MGFSINFDPIIDKFREFQNNINHNVNEQLDKLKMIWINFGSQIKYWFLVIISILIMLFIVFVLIKVTRLILNCKKIFSCCCKFCCRNKNRNRDKREDKIKVFSITP
WONV  MGFSINFDPIINKFREFQTNINHNINEQLDKLKMVWINLGSHIKYWFIIIISILTILFILFLLIKITKLILNCKKIFSCCCNVCCKKRPKVDIRSKEKVKVFSILP
ORV   MGFSINFDPIIDGFREFQQNINGDIDDQLDKIKIIWTNLGTHIKYWFILIISILIVLAILFLLIKITRLILNCKKIFSCCCDLCCKEKTSKQRREDKIKVFSILP
PCV   MGFSINFDPIINKFREFQTNINNNINEQLDKIKIIWANLGTHIKYWFILIISILIILAVLFLLIKITRLILNCKKIFSCCCSWCCKKQKTQRRKDDKVKIFSITP
HPV   MGFDIGGDIGKPLKDAFDKFGADIKMTFLTVLNWMKWISIGILIVISVILICKIIKVLFQCGKCLLSCFGFCKKCVKGNHSHMNKTRKKHQFRGKVKKMTVPVIRKKVKIRKDPSLVELV
FLAV  MGFDIGKDIGKPLKEAFDKFGSDIKITFLTVLNWMKWISIGILIVISIILICKIIKVLFQFGKCLWSGFKCCKKCFKSSKTRAKSSKEKIKLKRATKIIHNPLRRNNSRIKKVPSVIKLI
MOSV  MGFNFDVDVAKPIQNAFKNLWNDITRFFEPFLSWMSYIGKWALIILLIIVSIKVIIIIYKIGKCVWRSGLCLKNCIKRVKKTRIKKKVVMKLRHKRPRKQRIP
KAMV  MGFNFDVDVAKPIQGAFKNLWNDITRFFEPFLTWISDIGKWALIILLVIVSIKILIVIYKIGKCLWKSGLCLKRCFRRIKKTKIRKKVSLKLRSKRIKKKRIL
MQOV  MVLKDIEKFGNNIKNAIVGAFHETKNVFNVIGNYLKLGGYVIIIILSMIVIIKVVKTLIAIGKCVKSCFCSTRKLIKKVKKAPRKAKILKRISGHTNRHRFK
LJAV  MKLDLDFDFKGKIIDPLGKALVDGINKGLSFDFKGKIFDPITKWFTNTFNNIKDAGEPILYYLKVVGIVFLSILAIIIIIKFFKLFELLGKTFKFIGKGLIIFLKKLKRIPLKDCCKRRPKPKRQKPQISTISEQTGEDFRTVKLNPIFSNLP
LJV   MVFPGLDLGNFKNDISGFFDKLGKDFKSGFVSLGQNINNMGDGIVNKIDKVGTDVKDFWAGFSSVFVYYGKLISLIILVLIVFTVAMKIMSKIFSCIAGCRACWIGFTQTRTKKLKEEPPIHSIQID
GLOV  MGIDLKINWTELWNSITRGLREGLDFLRVWFENFYNDARKWGIIVFIIIITIIIVMIIMKILKCVLLIKKLCKSCDKTSPTRGKPVRKIRKWWRKKVPKRIQKLK
MANV  MKWNFDNKIVEPLANSIKRAIEKGLDIKYDFNKNIFQPISNSIRMIWMDIQEQWMKIIKGLEIIGIIFLIVLFCIIAFKIVKVLAISFKSCKQCIEYIKIKKRCNKPLTTINT
NGAV  MVAWWTIIILLSFKIMDFPGVIATPTLFRSMINETDLDITSRIMNYNIGPFLEKFKKFQEDLKSIWSKIKDKIEIIKSYIIILIIIAVIVVITLVTLKCFSRMITCYKSLTS
JOIV  MGMLTGVSLEMFDIRDRFDQLINIFKEFKEKLEVYVNMLSSIFKQILFYILVIVAVMVILKLIIIVFKTAILVIKCYRVCKCKKNKSVHVKRKKTSIISRIRQARLQRKTRLKTKLDL

Figure 3.  Hapavirus class 1a viroporin-like proteins. Predicted transmembrane domains (grey shade) and clusters of basic residues in the C-terminal domain (shaded black) are shown.





# HOJV_Gx 	Length: 114
# HOJV_Gx 	Number of predicted TMHs:  1
# HOJV_Gx 	Exp number of AAs in TMHs: 26.27752
# HOJV_Gx 	Exp number, first 60 AAs:  21.87224
# HOJV_Gx 	Total prob of N-in:        0.72039
# HOJV_Gx 	POSSIBLE N-term signal sequence
HOJV_Gx		TMHMM2.0	inside	     1    12
HOJV_Gx		TMHMM2.0	TMhelix	    13    35
HOJV_Gx		TMHMM2.0	outside	    36   114

Figure 4.  TMHMM prediction of the membrane topology of the HOJV Gx protein.

Table 1. Percentage amino acid sequence identities (p-distance) of a CLUSTAL W alignment of hapavirus N proteins. 

	
	HOJV
	ORV
	PCV
	WONV
	LJV
	JOIV
	NGAV
	MCOV
	GLOV
	LJAV
	MANV
	MQOV
	FLAV
	HPV
	KAMV
	MOSV

	HOJV
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ORV
	93.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PCV
	90.1
	91.3
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WONV
	96.2
	94.4
	90.8
	
	
	
	
	
	
	
	
	
	
	
	
	

	LJV
	64.8
	64.8
	64.0
	64.8
	
	
	
	
	
	
	
	
	
	
	
	

	JOIV
	45.4
	45.7
	46.9
	45.2
	45.4
	
	
	
	
	
	
	
	
	
	
	

	NGAV
	41.3
	41.6
	42.1
	41.3
	42.1
	45.4
	
	
	
	
	
	
	
	
	
	

	MCOV
	32.4
	33.2
	32.1
	32.7
	33.4
	36.2
	31.1
	
	
	
	
	
	
	
	
	

	GLOV
	49.7
	50.5
	50.5
	50.3
	48.2
	49.7
	43.9
	35.7
	
	
	
	
	
	
	
	

	LJAV
	42.3
	42.6
	43.1
	41.8
	44.9
	45.9
	40.8
	34.2
	52.8
	
	
	
	
	
	
	

	MANV
	42.6
	42.9
	43.9
	42.6
	42.6
	44.4
	40.1
	33.7
	55.6
	72.4
	
	
	
	
	
	

	MQOV
	45.9
	46.2
	45.7
	46.4
	45.7
	47.2
	41.8
	35.5
	57.1
	56.1
	54.6
	
	
	
	
	

	FLAV
	44.4
	44.6
	44.1
	44.4
	44.4
	45.9
	41.1
	34.7
	54.1
	53.6
	54.6
	72.7
	
	
	
	

	HPV
	44.9
	45.2
	44.1
	44.4
	43.1
	45.2
	41.3
	34.9
	54.1
	53.1
	54.8
	71.7
	95.4
	
	
	

	KAMV
	43.6
	44.4
	43.9
	44.1
	45.2
	43.9
	40.6
	34.4
	54.6
	53.1
	56.4
	75.5
	74.0
	74.0
	
	

	MOSV
	43.9
	44.6
	44.1
	44.4
	44.9
	43.9
	40.6
	34.4
	54.3
	52.8
	55.9
	75.5
	74.0
	74.0
	99.2
	



Table 2. Percentage amino acid sequence identities (p-distance) of a CLUSTAL W alignment of hapavirus G proteins.
	
	HOJV
	ORV
	PCV
	WONV
	LJV
	JOIV
	NGAV
	MCOV
	GLOV
	LJAV
	MANV
	MQOV
	FLAV
	HPV
	KAMV
	MOSV

	HOJV
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ORV
	72.2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PCV
	72.2
	75.8
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WONV
	84.8
	73.2
	72.2
	
	
	
	
	
	
	
	
	
	
	
	
	

	LJV
	42.0
	41.8
	43.6
	43.6
	
	
	
	
	
	
	
	
	
	
	
	

	JOIV
	29.8
	30.8
	31.0
	30.2
	26.8
	
	
	
	
	
	
	
	
	
	
	

	NGAV
	26.6
	28.0
	27.6
	27.4
	28.4
	34.6
	
	
	
	
	
	
	
	
	
	

	MCOV
	25.8
	25.2
	24.8
	25.0
	26.2
	23.4
	24.4
	
	
	
	
	
	
	
	
	

	GLOV
	32.0
	33.8
	33.4
	33.6
	30.4
	25.4
	26.4
	25.0
	
	
	
	
	
	
	
	

	LJAV
	28.8
	30.8
	28.8
	29.0
	30.0
	26.6
	27.2
	26.4
	39.2
	
	
	
	
	
	
	

	MANV
	28.6
	31.4
	29.8
	29.6
	28.8
	28.4
	29.2
	25.2
	41.2
	54.6
	
	
	
	
	
	

	MQOV
	29.2
	28.6
	29.4
	29.4
	28.4
	28.6
	27.0
	24.6
	39.6
	44.8
	42.4
	
	
	
	
	

	FLAV
	30.6
	30.0
	30.6
	30.2
	30.2
	27.4
	26.8
	24.4
	37.6
	46.0
	44.2
	50.8
	
	
	
	

	HPV
	30.6
	30.0
	29.4
	30.2
	30.0
	28.0
	27.0
	25.8
	37.4
	47.0
	46.0
	52.2
	85.6
	
	
	

	KAMV
	28.2
	29.2
	28.4
	28.0
	26.6
	28.4
	26.4
	25.4
	38.0
	43.0
	39.4
	51.8
	56.0
	56.4
	
	

	MOSV
	28.0
	29.4
	28.2
	28.8
	29.0
	26.2
	27.0
	24.8
	39.6
	42.4
	40.0
	50.2
	55.0
	56.2
	80.8
	




Table 3. Percentage amino acid sequence identities (p-distance) of a CLUSTAL W alignment of hapavirus L proteins.
	
	HOJV
	ORV
	PCV
	WONV
	LJV
	JOIV
	NGAV
	MCOV
	GLOV
	LJAV
	MANV
	MQOV
	FLAV
	HPV
	KAMV
	MOSV

	HOJV
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ORV
	84.0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PCV
	84.5
	86.4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	WONV
	88.6
	84.2
	83.9
	
	
	
	
	
	
	
	
	
	
	
	
	

	LJV
	66.1
	65.6
	66.6
	67.1
	
	
	
	
	
	
	
	
	
	
	
	

	JOIV
	49.7
	50.2
	49.5
	50.0
	49.2
	
	
	
	
	
	
	
	
	
	
	

	NGAV
	49.5
	49.4
	48.8
	48.9
	48.9
	49.8
	
	
	
	
	
	
	
	
	
	

	MCOV
	51.9
	52.0
	52.3
	52.3
	52.1
	48.8
	49.3
	
	
	
	
	
	
	
	
	

	GLOV
	50.8
	51.7
	51.6
	52.0
	51.3
	50.3
	49.5
	51.2
	
	
	
	
	
	
	
	

	LJAV
	51.2
	51.1
	51.6
	51.7
	52.0
	51.3
	50.6
	52.5
	59.8
	
	
	
	
	
	
	

	MANV
	52.1
	52.6
	52.7
	52.9
	52.5
	51.5
	51.8
	52.8
	59.6
	71.4
	
	
	
	
	
	

	MQOV
	52.7
	52.6
	52.8
	53.1
	52.4
	50.8
	50.8
	52.7
	60.1
	64.5
	64.4
	
	
	
	
	

	FLAV
	52.1
	52.1
	51.7
	52.4
	51.8
	50.1
	50.8
	51.9
	59.8
	64.8
	65.1
	70.0
	
	
	
	

	HPV
	52.1
	51.9
	51.4
	52.5
	51.1
	50.3
	50.6
	51.5
	60.3
	65.1
	65.5
	69.7
	90.5
	
	
	

	KAMV
	52.5
	51.8
	52.3
	53.0
	51.4
	49.8
	50.7
	53.5
	60.7
	65.5
	65.1
	70.1
	73.5
	73.9
	
	

	MOSV
	52.2
	52.0
	52.5
	53.4
	51.5
	50.4
	51.3
	53.5
	60.9
	65.7
	65.7
	70.4
	73.3
	73.8
	91.5
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