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Part 1a: Details of taxonomy proposals

	Title:   
	Create one new family (Mycoalphaviridae) including two new genus (Alphasclernavirus, Betasclernavirus) and seven new species

	Code assigned: 
	2024.007F.Uc.v2.Mycoalphaviridae_newfam
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Part 1b: Taxonomy Proposal Submission 
	ICTV Subcommittee: 

	Animal DNA Viruses and Retroviruses
	
	Bacterial viruses
	

	Animal minus-strand and dsRNA viruses
	
	Fungal and protist viruses
	X

	Animal positive-strand RNA viruses
	
	Plant viruses
	

	Archaeal viruses
	
	General -
	



	List the ICTV Study Group(s) that have seen or have been involved in creating this proposal: 

	



	Optional – complete only if formally voted on by an ICTV Study Group: 

	Study Group
	Number of members

	
	Votes in support
	Votes against
	No vote

	
	
	
	

	
	
	
	





	Submission date:
	  DD/MM/YYYY




Part 1c: Feedback from ICTV Executive Committee (EC) meeting 
	Executive Committee Meeting Decision code:
	X

	A – Accept
	

	Ac – Accept subject to revision by relevant subcommittee chair. No further vote required
	

	U – Accept without revision but with re-evaluation and email vote by the EC
	

	Uc – Accept subject to revision and re-evaluation and email vote by the EC
	

	Ud – Deferred to the next EC meeting, with an invitation to revise based on EC comments
	

	J - Reject
	

	W - Withdrawn
	



	Comments from the Executive Committee:

	The EC found the proposal technically sound but with deficiencies in the naming the proposed taxa. Therefore, recommendations are to consider changing names of the proposed genera as they are complicated/difficult to pronounce. In addition, please notice that ICTV adopted binomial format for the species names. Please try to address these nomenclatural issues and resubmit the proposal.





Part 1d: Revised Taxonomy Proposal Submission 
	Response of proposer: 

	We have changed the originally proposed nomenclature to address the EC feedback and adopted binomial species nomenclature. 





	Revision date:
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Part 3: TAXONOMIC PROPOSAL

	Name of accompanying Excel module: 

	2024.007F.Uc.v2.Mycoalphaviridae_newfam.xlsx



	Taxonomic changes proposed: 

	Establish new taxon
	X
	Split taxon
	

	Abolish taxon
	
	Merge taxon
	

	Move taxon
	
	Promote taxon
	

	Rename taxon
	
	Demote taxon
	

	Move and rename
	



	Is any taxon name used here derived from that of a living person:  
	      Y/N

	Taxon name
	Person from whom the name is derived
	Attached X

	
	
	

	
	
	

	
	
	



	Abstract of Taxonomy Proposal: 

	
Taxonomic rank(s) affected: Hepelivirales 

Description of current taxonomy: The order including four families and twenty-seven species.      
Proposed taxonomic change(s): Create one new family (Mycoalphaviridae) including two new genera (Alphasclernavirus, Betasclernavirus) and seven new species.

Justification: Members in the proposed family Mycoalphaviridae have a single-stranded positive-sense RNA genome ranging from 6.0 to 10.1 kb and encoding either one or more open reading frames. Members of the proposed family are only identified in fungi and oomycetes. The RNA-depended RNA polymerase of viruses in the family Mycoalphaviridae has the closest similarity to viruses of the order Hepelivirales, though the identity is lower than 20%. These low-level amino acid sequence identities, the different host ranges, and the result of phylogenetic analysis both support the establishment of the new family. The proposed family Mycoalphaviridae includes two proposed genera Alphasclernavirus and Betasclernavirus that accommodate three and seven species, respectively. The identity between genus and between species is lower than 26% and 50%, respectively, in the family.



	Text of Taxonomy proposal:  

	
Taxonomic rank(s) affected: Hepelivirales 

Description of current taxonomy: The order including four families and twenty-seven species. 
Proposed taxonomic change(s): Create one new family (Mycoalphaviridae) including two new genera (Alphasclernavirus, Betasclernavirus) and seven new species.

Demarcation criteria: 

[bookmark: OLE_LINK1]Justification: The proposed family Mycoalphaviridae includes two proposed genera Alphasclernavirus and Betasclernavirus ("sclernavirus" originates from " Sclerotinia sclerotiorum RNA virus L") which accommodate two and five species, respectively. The first member of the proposed family Mycoalphaviridae is Sclerotinia sclerotiorum RNA virus L (SsRV-L), identified in Sclerotinia sclerotiorum strain Ep-PN. SsRV-L is phylogenetically related to the human pathogen hepatitis E virus and rubi-like viruses in the order Hepelivirales. Many related viruses have been characterized in filamentous fungi and oomycetes, including Rhizoctonia solani, Fusarium graminearum, and Botrytis cinerea [1, 6, 7, 9].
[bookmark: OLE_LINK2]Biological and molecular characterization: The viruses in the proposed family Mycoalphaviridae have a single-stranded positive-sense RNA genome ranging from 6.0 to 10.1 kb. The complete genomes of mycoalphaviruses have one or more open reading frames with poly(A) tails at the 3’-end. According to the genome and polygenetic analysis, the proposed family Mycoalphaviridae was divided into two proposed genera Alphasclernavirus and Betasclernavirus. The alphasclernaviruses have one large ORF and encode the polyprotein, which includes three conserved domains: viral methyltransferase (Mtr), helicase (Hel), and RNA-depended RNA polymerase (RdRp) (Fig 1). On the other hand, the betasclernaviruses have two to five ORFs and the largest ORF encodes the polyprotein. Except for Fusarium graminearum alphavirus-like virus 1(FgALV1), other polyproteins of viruses in the proposed genus Betasclernavirus contain three conserved domains: Mtr, Hel and RdRp, which are similar to the alphasclernaviruses (Fig 1).

SsRV-L is the first well characterized mycoalphavirus and the proposed representative of the type species of the proposed genus Alphasclernavirus with RNA genome size of 6,043 nt in length (Fig 1). A putative large ORF was found, and it putatively encoded a 2,435 aa polyprotein. This polyprotein contains three conserved domains, including Mtr, Hel, and RdRp. And, SsRV-L only has a slight impact on growth and virulence of its host [4]. 

FgALV1 was the proposed representative of the type species of the genus Betasclernavirus. The complete genome of FgALV1 is 7,501 nt long and contains four putative ORFs (Fig 1). ORF 2 is the largest ORF and predicted to encode a 1,987 aa protein with a calculated molecular mass of 223.54 kDa and contain two conserved domain including Hel and an RdRp. No conserved domains were detected in the putative proteins encoded by ORF1, ORF3, and ORF4 [9].
Phylogenetic analysis: Phylogenetic analysis demonstrated the viruses in the proposed family Mycoalphaviridae were grouped together, and clustered with the members in the order Hepelivirales (Fig. 2). The phylogenetic analysis supported that these viruses have a far distance relationship to the known members of the order Hepelivirales and form an independent phylogenetic branch (Fig. 2). 

Justification for the creation of the new family, two genera and seven species: All viruses in order Hepelivirales comprise at least two ORFs and encode coat protein. SsRV-L and other related viruses in fungi and oomycetes comprise one to five ORFs and encode the polyprotein but lack coat protein gene. Besides, different from the members in the order Hepelivirales, which infected vertebrates, invertebrates and plants, SsRV-L and other related viruses are only identified in fungi and oomycetes. Based on the unique genetic organization features and phylogenetic relationship of SsRV-L and other related viruses, we propose to establish a new family Mycoalphaviridae (from ‘myco’ = fungus in Greek + ‘alpha-like virus’) to accommodate these viruses. 

The proposed family Mycoalphaviridae includes two proposed genera Alphasclernavirus and Betasclernavirus, which accommodate two and five species, respectively. According to the results of the pairwise distance matrix, the identity of RdRp amino acid sequence ≤ 50% was identified as a new species, the seventeen members in the proposed family Mycoalphaviridae represented seven different species, that infected Sclerotium rolfsii, Botrytis cinerea, Fusarium graminearum, Fusarium sacchari, and Sclerotinia sclerotiorum (Fig. 3).

Etymology: 
Family: Mycoalphaviridae, from ‘myco’ = fungus in Greek + ‘alpha-like virus’ (denoting the host and type of genomic organization)
Genera: “…sclernavirus” derives from the name of a first identified virus of this group, Sclerotinia sclerotiorum RNA virus L 

Information of the exemplars representing the seven proposed species in the family Mycoalphaviridae is listed in Table 1. 

	Realm: Riboviria

	Kingdom: Orthornavirae

	Phylum: Kitrinoviricota

	Class: Alsuviricetes

	Order: Hepelivirales

	Family: Mycoalphaviridae

	Genus: Alphasclernavirus

	Genus: Betasclernavirus




	New species
	Exemplar isolate
	GenBank sequence accession number(s) 

	Genus: Alphasclernavirus

	Alphasclernavirus alphasclerotiniae
	Sclerotinia sclerotiorum mycoalphavirus virus 1
	MT706025

	Alphasclernavirus betasclerotiniae
	Sclerotinia sclerotiorum RNA virus L
	EU779934

	Genus: Betasclernavirus

	Betasclernavirus alphafusarii
	Fusarium graminearum alphavirus-like virus 1
	MN400076

	Betasclernavirus botrytidis
	Botrytis cinerea alpha-like virus 1
	MN625250

	Betasclernavirus betafusarii
	Fusarium sacchari alphavirus-like virus 1
	MN295968

	Betasclernavirus alphasclerotii
	Sclerotium rolfsii alphavirus-like virus 1
	MH766488 

	Betasclernavirus betasclerotii
	Sclerotium rolfsii alphavirus-like virus 3
	MH766490
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Table1 proposed family Mycoalphaviridae.
	Genus
	Species
	Strain
	Genome
	Genome length
(nt)
	Accession number
	Reference

	
	
	Virus name
	a
	Acronym
	Isolate
	Host
	
	
	
	

	Alphasclernavirus
	Alphasclernavirus alphasclerotiniae
	Sclerotinia sclerotiorum mycoalphavirus virus 1
	■
	SsMAV1
	SX276
	Fungi
	complete
	7586
	MT706025
	[5]

	
	Alphasclernavirus betasclerotiniae
	Sclerotinia sclerotiorum RNA virus L
	■
	SsRV-L
	Ep-1PN
	Fungi
	complete
	6043
	EU779934
	[4]

	
	
	Rhizoctonia solani alphavirus-like 3
	
	RsALV3
	IBRS23
	Fungi
	
	6752
	MK507786
	[6]

	
	
	Rhizoctonia solani RNA virus 3
	
	RsRV3
	DC17
	Fungi
	
	924
	KX349066
	[1]

	
	
	Rhizoctonia solani RNA virus 2
	
	RsRV2
	DC17
	Fungi
	
	924
	KX349067
	[1]

	
	
	Rhizoctonia solani RNA virus 1
	
	RsRV1
	DC17
	Fungi
	
	924
	KX349068
	[1]

	
	
	Rhizoctonia solani alphavirus-like 2
	
	RsALV2
	IBRS23, IBRS11, IBRS19
	Fungi
	
	3396
	MK507792
	[6]

	
	
	Rhizoctonia solani alphavirus-like virus 1
	
	RsALV1
	IBRS19
	Fungi
	
	2414
	MK507793
	[6]

	
	
	Rhizoctonia solani alphavirus-like 4
	
	RsALV4
	7388
	Fungi
	
	7838
	MW596323
	

	Betasclernavirus
	Betasclernavirus alphafusarii
	Fusarium graminearum alphavirus-like virus 1
	■
	FgALV1
	CF16158
	Fungi
	complete
	7501
	MN400076
	[9]

	
	
	Plasmopara viticola lesion associated alpha-like virus 1
	
	PvLaAlpha-LV1
	
	Oomycetes
	
	7412
	MN551115
	[2]

	
	Betasclernavirus botrytidis
	Botrytis cinerea alpha-like virus 1
	■
	BcALV1
	BCI2
	Fungi
	
	8008
	MN625250
	[7]

	
	Betasclernavirus betafusarii
	Fusarium sacchari alphavirus-like virus 1
	■
	FsALV1
	FJ-FZ04
	Fungi
	
	7685
	MN295968
	[8]

	
	Betasclernavirus betasclerotii
	Sclerotium rolfsii alphavirus-like virus 3
	■
	SraLV3
	BLH-1
	Fungi
	
	7888
	MH766490
	[10]

	
	Betasclernavirus alphasclerotii
	Sclerotium rolfsii alphavirus-like virus 1
	■
	SraLV1
	BLH-1
	Fungi
	
	7550
	MH766488
	[10]

	
	
	Morchella importuna RNA virus 1
	
	MiRV1
	SCYDJ1-A1
	Fungi
	
	10099
	MK279480
	[3]

	
	
	Sclerotium rolfsii alphavirus-like virus 2
	
	SraLV2
	BLH-1
	Fungi
	
	7591
	MH766489
	[10]


a: square indicates an exemplary virus for each species.

[image: ]
Fig 1 The genome organization of seven species in proposed family Mycoalphaviridae. Open reading frames (ORFs) are shown as boxes, the conserved motifs are represented in different colors.
[image: ]
Figure 2 Phylogenetic analysis of viruses in proposed family Mycoalphaviridae. The phylogenetic tree of members in the proposed family Mycoalphaviridae and other related families was constructed based on the alignment of the RdRp sequence by a maximum likelihood method. The number at the node represents the bootstrap values (%) obtained with 1000 replicates, and branch lengths correspond to genetic distance. 
[image: ]
Figure 3 Comparison of members in proposed family Mycoalphaviridae. Percent identity matrix, generated by Clustal-Omega 2.1 of viruses in proposed family Mycoalphaviridae. The top half of the matrix, in the green scale, is the percent identity of the RdRp coding sequence. For clarity, the 100% identity along the diagonal has been removed.
[image: ]
Fig 4 Conserved RdRp motifs in the mycoalphaviruses and other related viruses in order Hepelivirales. The amino acid sequences of viruses were aligned using the MAFFT 7.0 software.
2 | Page

image2.tiff
Alphasclernavirus

Betasclernavirus

I

50

Y !
1 1000 2000

! ! U ! J I !
3000 4000 5000 6000 7000 8000 9000

Sclerotinia sclerotiorum mycoalphavirus virus 1 m A(n)

!
42

Sclerotinia sclerotiorum RNA virus L ﬂ:-:-:-:h A(n)

1
59

\
Sclerotium rolfsii alphavirus-like virus 1 Aﬂ
1

72

i
Sclerotium rolfsii alphavirus-like virus 3 Aﬂ

1
71 436

Fusarium graminearum alphavirus-like virus 1
1 424

48
Botrytis cinerea alpha-like virus 1
1

69

7360
7586
5936
6043
6948 7463
6945 7550
7283 7801
A(n)
7262 7888
6371 6706
7501
A(n)
6387 6699 7256
so75 7119 7811
A(n)

6552 7109 8008

62806660 7207 7611
5828

A(n)

Fusarium sacchari alphavirus-like virus 1 r|
A

6650 7198 7685
6072 6371




image3.tiff
100

100

- Rhizoctonia solani alphavirus-like virus 1 | QDW81323.1

- Rhizoctonia solani alphavirus-like 2 | QDW81322.1

- Fusarium graminearum alphavirus-like virus 1 | QGW08824.1

- Fusarium sacchari alphavirus-like virus 1 | QIQ28421.1

100

- Beet soil-borne

- Rice stripe neci

Bromoviridae @ Invertebrates
@ Vertebrates

@ Oomycetes
Closteroviridae @ Fungi

Mayoviridae

- Kitaviridae Martellivirales @ Plants
- Virgaviridae

Togaviridae 05
Endornaviridae

Rhizoctonia solani RNA virus 3 | ANR02700.1

Rhizoctonia solani RNA virus 2 | ANR02701.1

Rhizoctonia solani alphavirus-like 3 | QDW81316.1

Rhizoctonia solani alphavirus-like 4 | QX169627.1

Rhizoctonia solani RNA virus 1 | ANR02702.1

Sclerotinia sclerotiorum mycoalphavirus virus 1 | QOE77944.1
Sclerotinia sclerotiorum RNA virus L | ACE88957.1
Sclerotium rolfsii alphavirus-like virus 3 | AZF86095.1
Sclerotium rolfsii alphavirus-like virus 1 | AZF86093.1
Sclerotium rolfsii alphavirus-like virus 2 | AZF86094.1

Alphasclernavirus

Mycoalphaviridae

Plasmopara viticola lesion associated alpha-like virus 1 | QHD64749.1
Morchella importuna RNA virus 1 | AZT88619.1
Botrytis cinerea alpha-like virus 1 | QJT73733.1

Betasclernavirus
Hepelivirales

Dendrolimus punctatus virus | AAT27317.1

Helicoverpa armigera stunt virus | AAC98529.1
Nudaurelia capensis beta virus | AAC97509.1
Orthohepevirus A | AAA031
Hepatitis E virus | ADM3574:
Avian hepatitis E virus | AA!
Orthohepevirus D | AFP191
Cutthroat trout virus | AED9
Rubella virus | AAA88528.2 | Matonaviridae
Beet necrotic yel

Alphatetraviridae

Burdock mottle

Tymovirales




image4.tiff
Betasclernavirus

Alphasclernavirus

Plasmopara viticola lesion associated alpha-like virus 1 | QHD64749.1

Sclerotinia sclerotiorum mycoalphavirus virus 1 | QOE77944.1

Fusarium graminearum alphavirus-like virus 1 | QGW08824.1

Rhizoctonia solani RNA virus 2 | ANR02701.1 |74
Rhizoctonia solani RNA virus 3 | ANR02700.1 74 ¢k} 0 20 40 60 80 100
Rhizoctonia solani alphavirus-like virus 1 | QDW81323.1 82 82 Percent identity
Rhizoctonia solani alphavirus-like 2 | QDW81322.1
Rhizoctonia solani alphavirus-like 3 | QDW81316.1
Rhizoctonia solani alphavirus-like 4 | QX169627.1

83

34 31 30 31
34 33 32 29 27 26 26 26
23 23 23 17 20 18 18 19 21
23 23 22 20 20 20 19 20 21 28
24 26 26 22 21 21 18
22 21 22 18 17 17 16
22 22 23 18 18 18 17
25 26 25 20 19 17 17
14 14 15 13 13 16 14
15 14 14 12 15 14 13

Sclerotinia sclerotiorum RNA virus L | ACE88957.1
Sclerotium rolfsii alphavirus-like virus 1 | AZF86093.1

Sclerotium rolfsii alphavirus-like virus 2 | AZF86094.1

Sclerotium rolfsii alphavirus-like virus 3 | AZF86095.1

18 19 22 22 23
17 19 22 21 23
18 20 17 19 18
13 15 15 15 16
14 16 15 14 16

Morchella importuna RNA virus 1 | AZT88619.1
Botrytis cinerea alpha-like virus 1| QJT73733.1

Fusarium sacchari alphavirus-like virus 1 | QlQ28421.1

o =
S o
NS
N o
S o
X o
z z
< <
- o
o o
3 3
E E
s S
< <
zZz Z
X ©
‘E T
S o
o o
» @
B
c c
L 8
S o
S ©
N N
£ =
X o

Rhizoctonia solani RNA virus 3 | ANR02700.1

Rhizoctonia solani alphavirus-like virus 1 | QDW81323.1
Rhizoctonia solani alphavirus-like 2 | QDW81322.1
Rhizoctonia solani alphavirus-like 3 | QDW81316.1
Rhizoctonia solani alphavirus-like 4 | QX169627.1

Sclerotinia sclerotiorum mycoalphavirus virus 1 | QOE77944.1
Sclerotinia sclerotiorum RNA virus L | ACE88957.1
Sclerotium rolfsii alphavirus-like virus 1 | AZF86093.1
Sclerotium rolfsii alphavirus-like virus 2 | AZF86094.1
Sclerotium rolfsii alphavirus-like virus 3 | AZF86095.1
Fusarium graminearum alphavirus-like virus 1 | QGW08824.1
Morchella importuna RNA virus 1 | AZT88619.1

Botrytis cinerea alpha-like virus 1 | QJT73733.1

Alphasclernavirus

Plasmopara viticola lesion associated alpha-like virus 1 | QHD64749.1

Betasclernavirus




image5.tiff
Mycoalphaviridae

Mycoalphaviridae

Betasclernavirus

Betasclernavirus

Rhizoctonia solani RNA virus 3 | ANR02700.1

Rhizoctonia solani RNA virus 2 | ANR02701.1

Rhizoctonia solani alphavirus-like 3 | QDW81316.1
Rhizoctonia solani alphavirus-like virus 1 | QDW81323.1
Rhizoctonia solani alphavirus-like 4 | QXI69627.1

Rhizoctonia solani alphavirus-like 2 | QDW81322.1
Rhizoctonia solani RNA virus 1| ANR02702.1

Sclerotinia sclerotiorum mycoalphavirus virus 1| QOE77944.1
Sclerotinia sclerotiorum RNA virus L | ACE88957.1

Alphasclernavirus

Sclerotium rolfsii alphavirus-like virus 3 | AZF86095.1

Sclerotium rolfsii alphavirus-like virus 1 | AZF86093.1

Sclerotium rolfsii alphavirus-like virus 2 | AZF86094.1

Fusarium graminearum alphavirus-like virus 1| QGW08824.1
Plasmopara viticola lesion associated alpha-like virus 1| QHD64749.1
Morchella importuna RNA virus 1| AZT88619.1

Botrytis cinerea alpha-like virus 1| QJT73733.1

Fusarium sacchari alphavirus-like virus 1 | QIQ28421.1

Dendrolimus punctatus virus | AAT27317.1
Helicoverpa armigera stunt virus | AAC98529.1
Nudaurelia capensis beta virus | AAC97509.1

Orthohepevirus A | AAA03189.1
Hepatitis E virus | ADM35748.1
Avian hepatitis E virus | AAS45830.1
Orthohepevirus D | AFP19142.1
Cutthroat trout virus | AED98521.1

Alphatetraviridae

Hepeviridae

Rhizoctonia solani RNA virus 3 | ANR02700.1

Rhizoctonia solani RNA virus 2 | ANR02701.1

Rhizoctonia solani alphavirus-like 3 | QDW81316.1
Rhizoctonia solani alphavirus-like virus 1 | QDW81323.1
Rhizoctonia solani alphavirus-like 4 | QXI69627.1

Rhizoctonia solani alphavirus-like 2 | QDW81322.1
Rhizoctonia solani RNA virus 1 | ANR02702.1

Sclerotinia sclerotiorum mycoalphavirus virus 1] QOE77944.1
Sclerotinia sclerotiorum RNA virus L | ACE88957.1

Sclerotium rolfsii alphavirus-like virus 3 | AZF86095.1

Sclerotium rolfsii alphavirus-like virus 1| AZF86093.1

Sclerotium rolfsii alphavirus-like virus 2 | AZF86094.1

Fusarium graminearum alphavirus-like virus 1 | QGW08824.1
Plasmopara viticola lesion associated alpha-like virus 1 | QHD64749.1
Morchella importuna RNA virus 1| AZT88619.1

Botrytis cinerea alpha-like virus 1| QJT73733.1

Fusarium sacchari alphavirus-like virus 1| Q1Q28421.1

Alphasclernavirus

Dendrolimus punctatus virus | AAT27317.1
Helicoverpa armigera stunt virus | AAC98529.1
Nudaurelia capensis beta virus | AAC97509.1

Orthohepevirus A | AAA03189.1
Hepatitis E virus | ADM35748.1
Avian hepatitis E virus | AAS45830.1
Orthohepevirus D | AFP19142.1
Cutthroat trout virus | AED98521.1

Alphatetraviridae

Hepeviridae

Motif F

AKFFVRsBLRPRF AGYAKGPAMEA! cTB i sa@BaHBsAPHRLF
AKFFVEsELKPKFGSYAKGPEMEA! cTBIsQ@BAHHSAPHRLF
AKFFVEsELKPKFGSYGKGMVME A cTBIsql HHSAPHRLF
AKFFVRABLKPRFAGYAKQPVMEA! cTBIse@BAHHSAPHRLF
AKFFVEABLKPRFGPYAKSMMLEQ! cTBIsQ@BAHHSAAHRLF
AKFFVEAS I KPRLGAYAREGVLLE! cTBITQl HHSAPHR I F
SKEFVEABLKPRFGTYAREMKMET CcTBI TQ@BAHHSAPHRLF
ATYFLEA PRFG I - -TGFSIAS s1BLTQ] SHTLVHRL 1
AQFFLKABAKAKFGSY -GRET IEC ETPLTQ THDETCRLL
FHAIL QB TRFRATPG -FAASVNY NEAPYS! VLArAL QiBvek s SAEHVIG
FHAFLKQ@VEYRSTPG -FPASVNY NEAPYSALFGPPAL  QVPVEK| SHTAEHVLA
LEASFRTATRARAQPG - FAATLPY NTKAFNARFANAQY — QVBVSK| SHTAATLWC
SMGFLETATRVEL KRT -FALEENY SPADF \Fslxsx QAPVKRABTSHTPVTLRY
SQGFLKTATRVEL KRT -FALEENY sPADFNA I FGPWSK  QABVKREABTSHTPVTLRY
SKGFLKTAAKFRAKEG - FGCKLEP VAGTNAAFNAVFCSVAL  QABISK| THT 1 ALVEA
SFAFPENEPAKRVM - -TLGKGLKALSVTIMNQTQLQMFGDCAN E I BLEK| THSATHVAV
syaELKPEFsKkRPs - - - iIMPGELKABBVVAASDMQQA I FADCCD  ELBIEK] SHKPVHI IV
VDILM u VSTK - - - PMNSGKVI AAHsksLMFvLAVWYR  sABWTEFBTABNNVSE I F
I DELMET VSPK- - -PINTGKVI AAHSKSLNFVLAAWIR  SABWTEFDTA NNTSEIL
IsYHLKG VM - - - - -DPTKLKL SAHEKCANIALSAWVR S 1BIKEFDTVHNWYS ILV
1 TEFQRDCNRF TTGE - - T1AHGKV| sAwskTFCALFGPWFR ENBFseFPETaNNFsLGL
I TEFQRDCNEF TTDE - - PVLHGKYV SAWSKTFVALFGPWFR ENDFSEFDSTQNNYSLGL
I TEFQRDCARFTLDD - - PVAHGKYV SAWPKTLCALFGPWFR ENDFSEFDPSTQNNVSLDL
I TEFQRDCNEF TTGD - - TLEHGRYV SAWPKTLCALFGPWFR ENDFSEFDSTQNNVSLSL
MTEFQKECDRF TMDE - - PVQHNKP SAWPKTLCFIYGLFFR ENDFSAFDSTQNLVSLGN
Motif C Motif D Motif E

F RVK | @VDH pEcNRMWT S TRRSL clRvvaRH

F RVK | RV DH DFCNRMWT STRRSL CRMVARH

F RVA | RVE H DF CNRMWT SARRSL CRM 1 ARH

F RVQ | VDY DFCNRLWTSQRRSL CRMVARH

F RVRIKIEY DF CHRMWT SNRRSV| 1 VARH

F NVKLEVEY DF CNRAWL SSRRSV| vVvEH

F RVK | VDY DECNRVWT SRRRSL 1BvvARH

F cVTQlTDV DFANRIWTSSGRSFSBP | L sKF
GARVEVDH EFTSRVHLSSGRSL AKVLAKF

A AIVF EDF YHAGRFVHPLG -LFV| H

A QVRFEVDY YHAGRFVTPLG-FFV H

D| ATTLEVDV YHAGRF HNGER-Y I V H

G DTQLTEAF YHAG] 1

G ATQLTEDF YHAG] 1

R| eVFLBLDH FETs L

G GVTLEI 1D M

Gl GVTWEDEE TE1sBavLsneavvyYkamBT I LKY
oGLLDEGA V! TREET kaHLRVET PYIGLLVSAEQ-VV, VALIV
DGLLDSGAAWEP CRNT I TKHLEVEV PYIGLLVSAEQ-VVL sALE
SFMLDSGAVWE I ARNEL ANNLIEIEK SEIGF IVSQAA-VTADVVRLATRT

cLkLBVDF
GLKLEVNF
GLKMEDKT
GLKL! F
GLVMEQKT

VESHY I VAPGEGVVKDBLL
SETCSLVTRTS -YVEBV

ITWG RM
FACRL

LYAGVVVAPGLGALPBVVRFAGRL

SYAGLLVACGLGVTRBVVRFLGRL

AFSNLL IFPGAGVVCHLLRQWGRL
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