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Abstract

Mycovirus was first discovered on cultivated mushrooms in 1962. Since then, more
and more fungal viruses have been reported. In addition to infecting fungi, mycovirus-
related viruses have been found on insects, plants, and oomycetes. The types of the
genome of mycoviruses are double-stranded RNA, single-stranded RNA, circular
single/double-stranded DNA, and single-stranded RNA reverse-transcribing.

The family name Alternaviridae was proposed in 2013 by a research group in the
UK based on the paper by Aoki et al. (2009). Nowadays, we know that the fungal hosts
of alternaviruses are Alternaria sp, Aspergillus spp. Fusarium spp., and Diaporthe sp.
There are ten alternaviruses reported now. Alternaria alternata virus 1 (AaV1) was
identified in the saprophytic fungus 4. alternata strain EGS 35-193 (Aoki et al., 2009).
AaV1 has four genomic double-stranded (ds) RNA segments (dsSRNA1-4) packaged in
isometric particles. The 3’ end of each positive strand within the particles is
polyadenylated (36—50 nt), but the presence of a cap structure at each 5’ end was unknown.

In this study, I investigated that the dsSRNA segments of alternaviruses have unique
properties of terminal structures. The protein composition of the viral particle of
alternaviruses and the purified viral particles of deltaflexivirus were also determined. It
is expected to provide taxonomic criteria for virus taxonomy and to expand new
knowledge in virology and molecular biology. Firstly, I characterized the AaV1 genome
and found that it has unique features among the mycoviruses. The existence of cap
structures at the 5’ ends of the AaV1 genomic dsRNAs was confirmed using RNA dot
blots with anti-cap antibodies. Polyclonal antibodies against purified AaV1 particles
specifically bound to an 82 kDa protein, suggesting that this protein is the major capsid
component. Subsequent analysis of LC-MS/MS indicated that the AaV1l dsRNA3

segment encodes the major coat protein. And the smaller size proteins of empty AaV1



particles are also related to dsSRNA3-encoded protein.

I also investigated the two kinds of defective AaV1 dsRNA2, which is 2,794 bp (844
aa) in length when intact, appeared in EGS 35-193 during subculturing, as confirmed by
RT-PCR and northern hybridization. Sequence analysis revealed that one of the two
defective dSRNA2s contained a 231 bp deletion, while the other carried both the 231 bp
deletion and an additional 465 bp deletion in the open reading frame (ORF). Both
deletions occurred in-frame, resulting in 767 aa and 612 aa hypothetical proteins. The
fungal isolates carrying virions with the defective dsSRNA2s showed impaired growth and
abnormal pigmentation. To the best of my knowledge, AaV1 is the first dSRNA virus that
has both 5’cap and 3' poly (A) tail which is accompanied with complementary poly (U)
structure at the ends of genomic segments and some isolates have defective dsSRNA2s.

Secondly, I identified a novel dSRNA mycovirus—Diaporthe alternavirus 1 (DAV1)
from the Diaporthe aff. acuta strain IbSTRPmp18001, isolated from a crown rot of
strawberry. The isometric virions (ca. 35-40 nm in diameter, buoyant density: 1.349-1.374
g/cm®) of DAV consist of four double-stranded RNA (dsRNA) segments and 79.3 kDa
coat proteins. These four dsSRNA segments are dSRNA1 (3.7 kbp), dsRNA2 (2.7 kbp),
dsRNA3 (2.5 kbp), and dsRNA4 (1.7 kbp); each segment has a 5' cap structure and a 3’
poly (A: U) structure. Each of the four-dsRNA segments of DAV has a single ORF,
dsRNA1 encodes an RNA-dependent RNA polymerase (RdRp), like other alternaviruses,
the glycine residue is replaced by an alanine in the most conserved GDD motif. dSSRNA3
encodes the coat protein. dSRNA2- and dsRNA4-encoded proteins are hypothetical
proteins. The phylogenetic analysis of the amino acid sequence of RdRp indicates that
DAV1 is classified as a member of Alternaviridae but has only about 30-40% sequence
identity with other alternaviruses. A virus-free strain was obtained during subculture on

the media. Comparisons of the hyphal morphologies and fungal growth between the



DAV-infected and the DAV 1-free strains showed no significant differences, suggesting
that DAV1 latently infects the host fungus. DAV is the first alternavirus found in
Diaporthe sp. These results of alternaviruses may contribute to the fundamental
molecular and biochemical characteristics and classification of the proposed
Alternaviridae.

Finally, I also identified a novel deltaflexivirus which was isolated from Fusarium
oxysporum f. sp. melonis. The full-length viral genome was sequenced and the
phylogenetic analysis was performed based on the replication proteins of the viruses. This
novel virus is a positive sSRNA virus (8125 nt in length with five ORFs), classified into
Deltaflexiviridae, named Fusarium deltaflexivirus 2 (FDFV2). In the purified virus
suspension, isometric and filamentous particles were observed and were associated with
the FDFV2 ORF4-encoded 18 kDa protein, which should be the major viral protein. To
the best of my knowledge, this is the first report of particle and protein analysis observed
in association with the deltaflexivirus. The results of 5° RACE showed that FDFV2 might
have subgenomic RNAs to express the viral proteins. I will perform northern

hybridization with riboprobes to confirm the organization of the subgenomes.
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1. Chapter-1 General Introduction



1.1 Mycoviruses

Mycoviruses are viruses that can infect fungi. So far, mycoviruses are ubiquitous in
most of the fungal genera. In 1962, the first mycovirus was found in the cultivated
mushrooms (Hollings, 1962), then nowadays, the number of reports for mycoviruses has
been increasing (Ghabrial and Suzuki, 2009; Ghabrial et al., 2015). Viruses related to
mycoviruses also have been isolated from insects (Koyama et al., 2015; Liu et al., 2016),
plants (Li et al, 2009, Nibert et al., 2014), and other lower eukaryotic organisms, such as
oomycetes (Hacker et al., 2005; Cai and Hillman, 2013; Uchida ef al., 2021). According
to the International Committee on Taxonomy of Viruses (https://ictv.global/taxonomy/),
most of the common mycoviruses are identified as linear double-stranded (ds) RNA
viruses: Chrysoviridae, Megabirnaviridae, Partitiviridae, Quadriviridae, Reoviridae,
Totiviridae, Polymycoviridae followed by linear positive/negative single-stranded (+/-ss)
RNA viruses: Alphaflexiviridae, Barnaviridae, Botourimiaviridae, Deltaflexiviridae,
Endornaviridae, Gammaflexiviridae, Hypoviridae, Narnaviridae, Mymonaviridae,
Yadokariviridae, Hadakaviridae, circular single/double-stranded (ss/ds) DNA viruses:
Genomoviridae, Rhizidiovirus, and single-stranded RNA reverse-transcribing (ssRNA
RT) viruses: Metaviridae, Pseudoviridae. There are also the proposals of new mycoviral
families: Alternaviridae, Fusariviridae, Mycomonoviridae (Kozlakidis et al., 2013; Zhang

etal.,2014; Nerva et al., 2019).

1.2 Presence of the 5’ cap and 3’ poly (A) tail in dsSRNA mycoviruses
Most of the mycoviral families are reported to have no 3’ poly (A) tails and 5’ cap

structures, although positive ssSRNA genomes of Alphaflexiviridae and Pseudoviridae

have both 5’ cap structures and 3’ poly (A) tails (Lefkowitz et al., 2018). Metaviridae and

Hypoviridae have only 3' poly (A) tails (Lefkowitz et al., 2018; Li et al., 2015), whereas



Reoviridae has only 5’ cap, but no 3’ poly (A) tails (Furuichi et al., 1976). In this study, |
reported that Alternaria alternata virus 1 (AaV1) (Wu et al., 2021) and Diaporthe
alternavirus 1 (DAV1) having both 5’ cap and 3’ poly (A: U) tail. Fusarium solani
alternavirus 1 (FsAV1) infecting Fusarium solani, also has been proved the presence of
5"cap / 3" poly (A: U) structure in its dSRNA genome (Lutz ef al., 2022).

No 5' cap & 3' poly (A) ~ Only 5 cap
gl_gl /’mTGp\,—;’é’

Most of dsSRNA mycoviruses  (Fungi) Reoviridae & Polymycoviridae

C i 1 I t
Oryza sativa endornavirus (Plant) ypovirus (Insect)

Infectious bursal disease virus (Bird) Rice ragged stuntvirus  (Plant)
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Only 3' poly (A
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. - D i)
Alternaviridae

No dsRNA virus having only 3" poly (A) AaVv1 (Aoki et al., 2009; Wu et al., 2021)

FsAV1 {Lutz et al., 2022)
DAV1 (Wu et al., unpublished)

Figure 1-1. Presence of 5’ cap and 3’ poly (A) tail of dsRNA virus genomes.

1.3 Genome alteration of viruses

Rearrangements of dsSRNA genomes or deletion events were also observed in the
major genera of Reoviridae (Desselberger, 1996). The inducible genomes rearrangement
reported in mycoreovirus (Sun and Suzuki, 2008; Eusebio-Cope ef al., 2010; Kanematsu
et al.,2014), although the mechanisms and significances of genome alterations remain to
be further investigated. Defective interfering (DI) RNAs of Saccharomyces cerevisiae L-
A virus (ScV-L-A), X dsRNA, automatically replicate in yeast Saccharomyces cerevisiae
depending on RNA-dependent RNA polymerase (RdRp) of ScV-L-A, which causes lower
the copy number of ScV-L-A according to the “head-full replication model” (Esteban and

Wickner, 1988; Wickner et al, 2013).



1.4 Affect of mycoviruses on fungal hosts

Many mycoviruses are latent in their hosts, but a growing number of reports indicate
that mycoviruses can be causal agents to modulate traits of host fungi (Tavantzis et al.,
2002). Cryphonectria parasitica hypovirus 1 (CHV1) is the most well-known mycovirus,
which leads to the reduction in both pigmentation and sporulation of the host, and
attenuates the host virulence (McCabe and Van Alfen, 2002; Nuss, 2005). In Rosellinia
necatrix, white root rot fungus, there are at least five virus families, which are also well
studied especially for virus-host and virus-virus interactions (Kondo et al., 2013).
Magnaporthe oryzae chrysovirus 1-D (MoCV1-D) causes the morphology changing and
abnormal pigmentation of the host by decreasing the accumulation of melanin
biosynthesis intermediate scylatone (Higashiura et al., 2019). The high-level RNA
accumulation of Alternaria alternata chrysovirus 1 (AaCV1) in the host, results in down-
regulation of host growth, and up-regulation of host virulence through increasing AK-
toxin production during spore germination (Okada et al., 2018). A unique ssDNA
mycovirus, Sclerotinia sclerotiorum hypovirulence-associated DNA virus (SSHADV-1),
contributes hypovirulence to the plant pathogenic fungus and has the potential to be a

biological control agent of plant fungal diseases (Yu et al., 2010).

1.5 Objectives of this study

The objectives of this study are to further invest the molecular characteristics of two
alternaviruses of the proposed Alternaviridae and to identify a novel deltaflexivirus. The
major focus is on the properties of dsRNA molecules of alternaviruses and the
composition of viral particle-associated proteins. In addition, the presence of virus
particles of deltaflexivirus was investigated. It is expected that this study will expand the

unknown fields of virology and molecular biology.



2. Chapter 2 - Molecular Characterization of Alternaria Alternata

Virus 1 (AaV1)



2.1 Introduction
2.1.1 Alternaria alternata

Alternaria alternata is a fungus belonging to Ascomycota. 4. alternata is a common
plant pathogen with a wide range of hosts. According to the USDA National Fungus
Collections Fungal Database (https:/nt.ars-grin.gov/fungaldatabases/), there are

currently about 780 plant species recorded to be infected by 4. alternata.

2.1.2 Alternaria spp.-infecting viruses

So far, many mycoviruses that can infect Alternaria spp. have been reported, such as
Endoraviridae, Totiviridae, Mitoviridae, Partitiviridae, Chrysoviridae, Fusariviridae,
and Botybirnavirus (Shang et al., 2015; Komatsu et al., 2016; Chen et al., 2017; Xiang et
al.,2017; Okada et al., 2018; Xavier et al., 2018; Shamsi et al., 2019). The AaV1 in this
study was first reported by our laboratory in 2009 and classified into proposed

Alternaviridae.

2.2.3 Proposed Alternaviridae and Alternaria alternata virus 1 (AaV1)

A new viral family, Alternaviridae, was proposed in 2013 (Kozlakidis ef al., 2013) and
currently accommodates ten species, including Alternaria alternata virus 1 (AaVl)
(Table2-1). AaV1 was the first alternavirus to be completely sequenced. It has four
genomic dsRNA segments (dsSRNA1-4; 3.6—-1.4 kbp in size), packaged in an isometric
virion about 33 nm in diameter. The dsSRNA1 encodes a protein with the conserved motifs
of an RNA-dependent RNA polymerase (RdRp), however, the glycine residue is replaced
by an alanine in the most conserved GDD motif (Aoki et al., 2009, Moriyama et al., 2021).
A property of AaV1, the presence of intact poly (A: U) tails (36 to 50 nt) at the 3 terminal

regions of all four dSRNA molecules, was described in Aoki’s doctoral dissertation (Aoki,



2009). The presence of capping structures at the 5’ ends has not previously been
investigated (Aoki et al., 2009). AaV1 infection leads to phenotypic alterations in the
saprophytic fungus Alternaria alternata (strain EGS 35-193), including irregular
pigmentation, decreased mycelial growth, collapsed aerial hyphae, and cytolysis in the
hyphae (Aoki et al., 2009).

In this chapter, the results show that AaV1 has a 7-methylguanosine (m7G)-cap
structure on the 5’ end of each dsRNA segment. Additionally, spontaneous in-frame
deletions have been detected in the AaV1 genome, and these may be related to the
impaired growth of the fungal host. The main results of this study were published in
Frontiers in Microbiology in October 2021 (Wu et al., 2021). The proposal of establishing

Alternaviridae has been submitted to ICTV at the end of May, 2022.

2.2 Materials and methods
2.2.1 Fungal isolates and culture conditions

The AaVl1-infected 4. alternata isolate EGS 35-193 was described previously (Johnson
etal.,2001; Aoki et al., 2009). We realized that the original isolate EGS 35-193 contained
not only an intact dsSRNA2 segment but a dsSRNA2 segment with an in-frame deletion.
Therefore, we named the original EGS 35-193 as EGS 35-193-1d. During the
subculturing of EGS 35-193-1d on YGA plates (0.5% yeast extract, 2% glucose, and 1%
agar), we found two other isolates, EGS 35-193-0d and EGS 35-193-2d. EGS 35-193-0d
has only the intact dSRNA2, while EGS 35-193-2d has the intact dSSRNA2 and two other
kinds of dsSRNA2 segments with either one or two internal deletions. All isolates were
cultured on YGA plates, H-PDA plates (200 g/L unpeeled potato slices, 20 g/L dextrose,
and 15 g/L agar), D-PDA (24 g/L Difico PDA powder and 15 g/L agar) and V8A plates

(200 ml/L V8 juice, 3 g/LL CaCOs, 15 g/L agar) at 25°C for one week. For liquid cultures,



myecelial plugs were used to inoculate YG broth (0.5% yeast extract, 2% glucose) and

grown at 25°C for two weeks with shaking (60 strokes per min).

2.2.2 Curing of an AaV1-infected 4. alternata isolate

The isolate EGS 35-193 was cured of AaV1 infection using a modified fragmentation
treatment (Figures 2-1A and 2-1B; Kim et al., 2013) in Hamada’s master thesis (Hamada,
2015). Mycelia were collected after one week of incubation on YGA plates, suspended in
autoclaved distilled water, chilled on ice for 40 s, then fragmented twice for 5 s each time
using a tissue homogenizer (Precellys®24., Bertin Corp, MD, USA) set at 5000 rpm.
After chilling on ice for a further 10 s, the fragmented mycelia were spread on YGA plates
and cultured for 1-2 days at 25°C, and then in YG broth for two weeks at 25°C. The

process was repeated until no AaV1 was detectable.

2.2.3 Purification of virus particles and antibody production

Purification of AaV1 virions was conducted as described previously (Aoki et al., 2009),
with minor modifications. The entire process was carried out at 4°C. Briefly, 10 g (fresh
weight) of mycelia were homogenized in 100 ml buffer A (0.1 M sodium phosphate, 0.2
M KClI, pH 7.4) with a mixer and a French Press (One Shot A Model, Constant Systems,
U.K.; 35Kpsi). Next, the homogenate was mixed for 1 h with 40% (v/v) chloroform/n-
butanol (1:1), and the mixture was centrifuged at 8,000 x g (TOMY Suprema 21, NA-8
rotor, Japan) for 20 min. The supernatant was adjusted to 8% (w/v) polyethylene glycol
6,000 and 1% (w/v) NaCl, and gently stirred for 3 h to overnight. The solution was then
centrifuged at 10,000 x g (TOMY Suprema 21, NA-8 rotor) for 5 min, and the pellet was
resuspended in 8 ml 0.05 M sodium phosphate buffer (pH 7.0) and left at 4°C overnight.

Finally, the suspension was layered onto 15 ml of a 45% sucrose cushion and centrifuged



at 69,260 x g (Hitachi CP8OWX, P28S swing rotor) for 16 h at 4°C, and the pellet was
resuspended in 0.05 M sodium phosphate buffer (pH 7.0).

Saccharomyces cerevisiae virus L-A (ScV-L-A) virus particles were purified from
Saccharomyces cerevisiae strain YPH499 and Mycoreovirus 1 (MyRV1) virus particles
were purified from chestnut blight fungus using the methods described by Powilleit et al.
(2007) and Hillman et al. (2004), respectively.

The purified virus particles were negatively stained with 2% uranyl acetate, and then
observed by transmission electron microscope (TEM; JEM 1400 Plus, JOEL, Japan) with
an acceleration voltage of 80 kV.

Anti-AaV1 antiserum production was described in Aoki et al., 2009, about 1.5 mg of
partially purified AaV1 proteins was obtained from 100 g (fresh weight) of EGS 35-193-
1d grown in YG broth. These purified proteins were injected into rabbits (about 0.2 mg
per injection) every week for 3 weeks, and then the rabbits were given further injections
(about 0.05 mg per injection) every week for another 3 weeks to ensure the success of the
immunization (Protein Purify, Isesaki, Japan). The antiserum was collected after the fifth
injection over a period of three weeks. The immunoglobulin G (IgG) against AaV1 was
then purified from the anti-AaV1 antiserum using protein A agarose (Funakoshi, Japan),
then stored at -80°C.

Anti-AaV1 ORF2 and AaV1 ORF3 were produced by using synthesized peptides as
antigens. The predictions and synthesis of peptide sequences and the productions of

antibodies were ordered to the company (Eurofins, Japan).

2.2.4 Protein analysis.
Purified virus particles were analyzed by 8% SDS-PAGE and either stained with

Coomassie Brilliant Blue (CBB) (EzStainAQua, ATTO, Japan) or transferred to PVDF



membrane (ATTO, Japan) for western blotting assays. For the western assays, the proteins
were first exposed to the anti-AaV1 primary anti-serum (1:5000 dilution) and then to a
secondary HRP-conjugated goat anti-rabbit polyclonal antibody (Bio-Rad, CA, USA)
(1:10000 dilution). After washing, antibody-bound proteins were detected by
luminescence using the EzZWestLumi plus and EZ-Capture MG system (ATTO, Japan).

The major 82 kDa viral protein was isolated for sequence analysis. Purified AaV1
virus particles (50 pg protein) were resolved by 8% SDS-PAGE, and the band
corresponding to the 82 kDa protein was excised from the gel. The collected protein was
digested with Lysyl endopeptidase at 37°C for 16 h, then with trypsin at 37°C for 4 h. The
digested sample was resolved with reverse-phase HPLC, and two peptide fragments were
selected for amino acid sequencing using the Edman degradation method (Toray Research
Center, Inc., Kamakura, Japan).

The AaV1-associated proteins of empty viral particle fraction and full viral particle
fraction in CsCl isopycnic gradient centrifugation, were collected after SDS-PAGE
electrophoresis and treated with In-gel digestion of trypsin, then analyzed by LC-MS/MS
(LTQ XL™, Thermo Fisher) in Gene Research Center of Tokyo University of Agriculture

and Technology.

2.2.5 Purification and detection of dsRNA

Viral dsRNA was extracted from 0.2 g (dry weight) of fungal mycelia using a micro-
spin column method (Okada et al., 2015). Briefly, virus particles were isolated as
described above, and 0.2 ml of viral suspension was mixed with 0.2 ml of 2x STE buffer
(20 mM Tris-HCI pH 8.0, 2 mM EDTA, 200 mM NaCl) containing 1% SDS and 0.2 ml
of phenol: chloroform: isoamyl alcohol (25:24:1). The mixture was vortexed for 10 min

at room temperature, centrifuged at 15,000 x g for 5 min, and the aqueous phase was
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collected. The purified dsRNA was subjected to agarose gel electrophoresis (1%)

containing ethidium bromide (EtBr, 0.5 pg/ml).

2.2.6 Detection of 5’ cap structures

In Takesita’ s master thesis (Takeshita, 2011), RNA ligase-mediated rapid amplification
of the cDNA ends (RLM-RACE) with the GeneRacer™ Kit (Thermo Fisher Scientific,
Waltham, MA, USA) to confirm the presence of the 5’ cap structures on each of the AaV1
dsRNA segments (Figure 2-13). First, 500 ng of AaV1 dsRNA were resuspended in 10 pl
distilled water, then DMSO (90% v/v) was added and the RNAs were denatured at 65°C
for 15 min. Next, the denatured dsRNAs were recovered by ethanol precipitation and
sequentially treated with calf intestinal phosphatase and tobacco acid pyrophosphatase,
following the manufacturer’s protocol. The GeneRacer™ oligo RNA (Table 2-2) was then
ligated to the 5’ ends of the treated dsSRNAs using T4 RNA ligase. Oligo (dT)3s primers
were used to create first-strand cDNA from the oligo RNA-ligated dsSRNAs, then GoTaq®
Green Master Mix (Promega, WI, USA) was used in PCR with the GeneRacer™ 5’ primer
(Table 2-2) and specific 3’ reverse primers (Table 2-2) to amplify the target fragments.

In this study, I conducted RNA dot blot assays to look for m’G cap structures at the 5’
ends of the AaV1 dsRNA segments (Figure 2-17). The AaV1, ScV-L-A, and MyRV1
dsRNAs (1000, 500, and 250 ng/ul respectively) were heat-denatured at 95°C for 5 min
and chilled on ice for 5 min, then 1 pl of each solution was spotted onto Zeta-Probe
Membrane (Bio-Rad). After UV cross-linking twice with 120,000 uJ/cm? for 1 min each
time in a UV crosslinker (UVC500, Hoefer Inc., Holliston, MA), the membrane was
agitated in 20 ml blocking buffer containing 1x TBS-T buffer (0.02 M Tris, 0.15 M NaCl,
0.05 % Tween-20, pH 7.4) and 5% skim milk powder at room temperature for 1 h. Then,

the membrane was gently rinsed in 10 ml of 1x TBS-T buffer three times for 5 min each.
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Subsequently, the membrane was probed in 10 ml of primary antibody solution containing
1x TBS-T buffer, 1% skim milk powder, and 10 pg of an anti-m’G-cap monoclonal
antibody (mAb) (Code No. RN016M, MBL®, Woburn, MA, USA) at room temperature
for 2 h with gentle agitation. The membrane was rinsed three times as described above,
then probed in 10 ml of secondary antibody solution containing 1x TBS-T buffer, 1%
skim milk powder, and 2 pg of a goat anti-mouse IgG (Code No. 401215, Merck,
Darmstadt, Germany) at room temperature for 1 h with gentle agitation. After rinsing
again, the antibody-bound spots were detected using the EzWestLumi plus and EZ-

Capture MG system (ATTO).

2.2.7 Northern hybridization analysis

The AaV1 dsRNAs were separated by electrophoresis in 1% agarose gels, denatured in
10% (v/v) formaldehyde at 60°C for 1 h, chilled in 20xSSC buffer for at least 15 min,
then blotted onto nylon membranes (Zeta-Probe, Bio-Rad) using the capillary method.
After cross-linking in a UV crosslinker (UVC500), the membranes were probed with a
digoxygenin (DIG) labeled DNA probe. The probe (499 nt) was synthesized as a PCR
product amplified from full-length AaV1 dsRNA2 using dsSRNA2-specific primers (Table
2-2). Northern hybridization was conducted using the DIG DNA Labeling and Detection

Kit (Roche, Germany) following the manufacturer’s protocols.

2.2.8 RT-PCR, cloning, and sequencing

AaV1 dsRNA was heat-denatured at 98°C for 5 min and immediately chilled on ice for
at least 5 min. The SuperScript III First-strand synthesis system (Invitrogen, MA, USA)
was used for first-strand cDNA synthesis, and then PCR was performed using the KOD

One™ PCR Master Mix (TOYOBO, Japan). The PCR conditions were: 95°C for 3 min
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followed by 35 cycles of 95°C for 45 s, 55°C for 30 s, and 72°C for 45 s. The PCR products
were then analyzed by electrophoresis in 1% agarose gels containing EtBr (0.5 pg/ml).
The primer pairs used are listed in Table 2-2.

After electrophoresis, the predicted PCR bands were extracted from the agarose gels
and purified using the GENECLEAN II Kit (MP Biomedical). EX-7ag was used for A-
tailing and the PCR products were then cloned into the pCR™ 4-TOPO™ TA-cloning
Vector (Invitrogen). The cloned PCR products were sequenced using the BigDye
Terminator v3.1 cycle sequencing kit (Applied Biosystems, MA, USA) and the Applied
Biosystems 3130x] Genetic Analyzer (Applied Biosystems) according to the
manufacturer’s protocols. The sequences were analyzed with MegAlign software

(Lasergene7, DNA-STAR®, WI, USA).

2.2.9 Phylogenetic analysis

The amino sequences of Altenariaviridae, Totiviridae, and Chrysoviridae were
retrieved from NCBI (Table 2-3), then aligned using MUSCLE program. The
phylogenetic tree was constructed using the Maximum Likelihood method and Poisson
correction model by MEGA X (Kumar et al., 2018). The bootstrap values are marked next

to the branches (1000 replicates).

2.3 Results
2.3.1 Curing A. alternata isolate EGS 35-193 of AaV1

In Hamada’s master thesis (Hamada, 2015), AaV1 was hypothesized that would
propagate and be distributed heterogeneously in the EGS 35-193 hyphae (Figure 2-1B).
Therefore, AaV1-infected hyphae were cut into small fragments, spread out on YGA, then

screened for reduced virus titer or virus absence by dsRNA extraction followed by agarose
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gel electrophoresis, and primer-specific RT-PCR (only dsRNAT).

Three isolates with reduced AaV1 titers were detected among fifteen isolates assessed
(nos. 4,7, and 10, Figure 2-2A). One of them (no. 10) was selected and the fragmentation
process was repeated. Finally, two isolates cured of AaV1 were obtained among ten
isolates assessed (nos. 10-9 and 10-10, Figure 2-2B), as confirmed by RT-PCR using
specific primer sets for each of the four dsSRNA segments (Figure 2-2C). In this study,
existence of dSRNA2-dsRNA4 was confirmed by primer-specific RT-PCR (Table 2-2),
the stability of virus-free isolates was confirmed after subculturing several times (data not

shown).

2.3.2 Morphological effects of variations in AaV1 dsRNAs in EGS 35-193 isolates

During subculturing of the original AaV1-infected 4. alternata EGS 35-193-1d on
YGA plates, we noted sectors with distinct mycelial morphology: one with a flatter
mycelium and intense pigmentation (named EGS 35-193-0d), and the other with slow
growth (named EGS 35-193-2d) (Figure 2-3A). Compared with the virus-free isolate of
EGS 35-193 (named EGS 35-193-VF), the three AaV 1-infected isolates showed impaired
and abnormal growth phenotypes. EGS 35-193-0d showed the highest growth rate among
the three AaV1-infected isolates, followed by EGS 35-193-1d, and lastly by EGS 35-193-
2d (Figure 2-4). High levels of pigmentation could only be observed in EGS 35-193-0d,
while the other AaVl-infected isolates and the virus-free isolate showed modest
pigmentation on YGA plates (Figure 2-3A). These different phenotypes were also seen
when the isolates were grown on other media (Figures 2-5A, B and C).

To confirm the presence of AaV1 in the three EGS 35-193 variants, we purified
dsRNAs from the fungal mycelia (Figure 2-3B) and from virions isolated from the

mycelia of the three variants (Figures 2-3C). The purified virions were analyzed by SDS-
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PAGE and with a western blot probed with the anti-AaV1 antibody (Figures 2-9A ad B).
Although all three AaV1-infected isolates harbored the four dsSRNA elements, the ratio of
dsRNA2 (2794 bp) to dsSRNA3 (2576 bp) fluctuated in preparations from both the fungal
mycelia and the virions (Figures 2-3B and C). In preparations from EGS 35-193-0d, the
dsRNA2 and dsRNA3 bands had similar intensities, while the dSRNA3 bands were much
more intense than the dSRNA2 bands in preparations from both EGS 35-193-1d and EGS
35-193-2d (Figures 2-3B and C). In addition, a 2.1 kbp dsRNA was discovered in EGS
35-193-2d (Figures 2-3B and C, lane 2d, black arrows). I investigated the origin of the

2.1 kbp dsRNA in the following experiments.

2.3.3 Detection of defective dSRNA?2 segments in AaV1-infected A. alternata

To explain the varying amounts of dSRNA2 and dsRNA3 in the three EGS 35-193
isolates, and to identify the origin of the 2.1 kbp dsRNA segment in EGS 35-193-2d
(Figures 2-3B and C), I conducted RT-PCR with specific primers designed to amplify the
full length of each AaV1 segment excluding the poly (A) tail (Figure 2-14C, Table 2-2).
I used dsRNAs from AaV1 virions isolated from each EGS 35-193 isolate as templates.
In the sample from EGS 35-193-0d, I obtained full-sized PCR bands derived from
dsRNA1 (3.6 kbp), dsSRNA2 (2.8 kbp), dsSRNA3 (2.6 kbp), and dsRNA4 (1.4 kbp) (Figure
2-6B, lanes 1-4). However, in the samples from EGS 35-193-1d and EGS 35-193-2d I
obtained multiple PCR-bands, ranging from 2.1-2.8 kbp, with the dsRNA2-specific
primer pair (Figures 2-6A and C, lane 2). These results suggested that the fluctuating
ratios of AaV1 dsRNA2 to dsRNA3 and the 2.1-kbp dsRNA segment may be attributed
to these dsSRNA2 variants, which potentially carried internal deletions. To confirm this
hypothesis, northern hybridization was performed using dsRNAs from each AaVl1-

infected isolate with a DIG-labeled dsRNA2-specific probe (Figures 2-6E and F, Table 2-
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2). Only one signal corresponding to the intact, 2794 bp dsSRNA2 was detected in the EGS
35-193-0d isolate (Figures. 2-6E and F). In the EGS35-193-1d isolate, I detected two
signals corresponding to the intact dASRNA2 (2794 bp) and dsRNA2 del-1, similar in size
to the dsSRNA3 segment (2576 bp) (Figures 2-6E and F). In the EGS 35-193-2d isolate, |
detected three signals corresponding to the intact dSRNA, dsRNA2 del-1, and dsRNA2
del-2, which was similar in size to the additional 2.1 kbp segment detected by agarose gel

electrophoresis, were observed (Figures 2-6E and F).

2.3.4 Characterization of the deletions in AaV1 dsRNA2 del-1 and dsRNA2 del-2

To identify the deleted regions in dsSRNA2 del-1 and dsSRNA2 del-2, I sequenced the
PCR products shown in Figure 2-6H. The two amplified dsSRNA2 products from EGS 35-
193-1d, the intact dsSRNA2 and the dsRNA2 del-1, were separated by extended
electrophoresis (1% agarose, 18 V, 20 h; Figure 2-6H), extracted from the gel, cloned,
and sequenced. I found an in-frame deletion site (D1) near the middle of the dSRNA2
segment: the region from nt 1,275 to nt 1,505 in the intact dSRNA2 was deleted in
dsRNA2 del-1. The exact size of the dSRNA2 del-1 segment was 2,513 bp excluding the
poly (A)so, and the length of D1 was 231 bp (Figures 2-7A and 2-8B).

A similar analysis was performed for EGS 35-195-2d (Figure 2-6H). The dsRNA2 del-
1 segment from EGS 35-195-2d had only one deletion site, D1, which was identical to
that in dsSRNA2 del-1 from EGS 35-193-1d (Figures 2-7A and 2-8C). The dsRNA2 del-2
segment had two deletions: D1, which again was identical to the deletion in EGS 35-193-
1d, and D2, a deletion in the 5' region of the segment spanning from nt 113 to nt 577 in
the intact dsSRNA2 (Figures 2-7B and 2-8C). The D1 and D2 deletions shortened the
length of dSRNA2 del-2 from 2794 bp to 2098 bp. Both the defective dsSRNA2 del-1 and

dsRNA2 del-2 segments had open reading frames encoding putative proteins of 767 aa
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and 612 aa, respectively (Figures 2-8B and C). The full-sized dsRNA2 segment had an

open reading frame encoding a putative protein of 844 aa (Figure 2-6H and 2-8A).

2.3.5 Analysis of the AaV1 major structural protein

In Aoki’s thesis (Aoki, 2009), The purified AaV1 particle proteins were used as
antigens to immunize rabbits, and an immunoglobulin G (IgG) against AaV1 was purified
from the anti-AaV1 antiserum. Western blot analysis of the purified AaV1 virions showed
that the purified anti-AaV1 IgG specifically detected an 82 kDa protein band, also visible
following SDS-PAGE with CBB staining (Figure 2-10A). In the former report on AaV1
(Aoki et al., 2009), claimed the molecular weight of the AaV1 major protein at 97 kDa,
however, my further analysis clarified that the major protein band was approximately 82
kDa.

Edman degradation was used to investigate the primary structure of the purified 82 kDa
protein, and to clarify which dsRNA segment encoded the AaV1 structural protein in
Aoki’s thesis (Aoki, 2009). Since no phenylthiohydantoin-amino acid derivatives were
observed after five cycles of reaction, indicated that the N-terminus of the 82 kDa protein
was blocked (data not shown). In-gel digestions were applied to treat the major protein
band with lysyl endopeptidase and trypsin. This resulted in two clear peaks (peaks 2 and
3) in reverse-phase HPLC (Figure 2-10B). Both peak 2 (ASVQAIMAR, blue-colored)
and peak 3 (SVDWSPVGLT, red-colored) corresponded to the internal sequences of the
predicted protein encoded by dsRNA3 (Figure 2-10C).

In this study, I tried to purify the AaV1 virus particles by CsCl isopycnic gradient
centrifugation. Two visible virus particle-associated fractions formed after CsClI
isopycnic gradient centrifugation (Figure 2-11A). After confirmation by agarose gel

electrophoresis and SDS-PAGE electrophoresis (Figure 2-11B), the fractions 2, 3, 4 were
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empty particle fractions, while fractions 7, 8, 9 were full partilce fractions. The AaV1-
associated proteins (Figure 2-11C) were subjected to anlysis of LC-MS/MS. The results
showed that all the AaV1-associated proteins (Figure 2-11C) corresponded to AaVl

ORF3-encoded protein (Figure 2-12A-D).

2.3.6 Presence of 5’ cap structures on AaV1 dsRNAs

In Takeshita’s thesis (Takeshita, 2011), four dsSRNA segments of AaV1 were extracted
from the agarose gel (Figure 2-14A) and used as templates in RLM-RACE experiments,
which would yield amplicons only when dsRNA was capped (Figure 2-13). For each
segment, the results revealed amplicons of the predicted size based on the designed
primers, as shown in Figure 2-14B: 108 bp, 242 bp, 279 bp, and 307 bp for dsRNAI,
dsRNA2, dsRNA3, and dsRNA4, respectively (Table 2-2, Figure 2-14C).

Viral dsSRNA molecules were extracted from purified AaV1, ScV-L-A (Figure 2-15),
and MyRV1 (Figure 2-16) virions (Figure 2-18A). Following quantification, an RNA dot
blot assay with anti-m’G-Cap mAb was performed for detecting the presence of 5' cap
structures. The dsSRNA dots of AaV1 and MyRV 1 (positive control) showed signals, while
the dots from an AaV1-free isolate, ScV-L-A, and DW (negative and no template controls)

showed no signal (Figure 2-18B).

2.4 Discussion

In previous report, AaV1 was the first dSRNA virus to be identified with a poly (A:U)
structure at the 3' end of each segment of its genome by 5' RACE on minus strands of
dsRNA segments (Aoki, 2009; Aoki et al., 2009). The 5' m’G-cap structures were first
found on the viral dsRNAs of vaccinia virus (Wei and Moss, 1975) and cytoplasmic

polyhedrosis virus, belonging to the family Reoviridae (Furuichi and Miura, 1975). In

18



this study, I used RNA dot blot assays to demonstrate that each of the AaV1 dsRNA
segments has a capping structure, 7-methylguanosine (m’G), at its 5' end. This result can
correspond the RLM-RACE detection (Figure 2-14B; Takeshita, 2011) To the best of our
knowledge, AaV1 is the first dSRNA virus to be discovered with both the 3' poly (A) tail
and the 5' cap structure on each genomic segment.

To our knowledge, translation of particular RNA viruses other than reoviruses is
independent of the cap structure. It is known that potyviruses use a viral protein (VPg)
that is covalently linked to the 5’ end of the RNA (Zhang et al., 2015), and carmoviruses
use the 3'-untranslated region (Simon, 2015) as alternatives for assisting the formation of
the translation initiation complex. The influenza virus and the yeast L-A virus have
mechanisms for snatching cellular mRNA caps and using them to assist translation of the
viral RNA (Plotch S.J, 1979; Fujimura and Esteban, 2011). The cap at the 5’ end is
essential for translation initiation of cellular mRNAs and is associated with the eucaryotic
initiation factors elF4E, elF4G, and elF4A, which recruit the 40S ribosomal subunit
(Lindqvist et al., 2008). In addition, the cap structure also serves as a defense against
SKI/XRN1 exoribonuclease, which explicitly degrades mRNAs with no cap (Masison et
al., 1995). Thus, the cap structures of AaV1 are considered advantageous for effective
viral propagation.

The 5' cap structure and the 3' poly (A) tail have the functions of protecting the genome,
transporting the RNA, and enhancing translation (Hocine et al., 2010). Cap structures
also increase the accuracy and efficiency of mRNA splicing, which generally occurs in
the nucleus (Inoue ef al., 1989). It seems more efficient for mycoviral RNA genomes to
have a 5' cap and a 3' poly (A) tail for propagation in the cytoplasm of eukaryotic cells,
since these modifications act synergistically to enhance translation (Gallie, 1991).

However, few RNA viruses have a cap and a poly (A) tail, and the reason for this is
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unknown. Indeed, ribosomal RNA, which accounts for 60% of the total RNA in cells
(Woolford and Baserga, 2013), also does not have a cap and a poly (A) structure and is
not translated. It may be favorable for the mycoviruses to propagate in the cytoplasm
without these terminal structures as this might lead to high copy numbers.

In our previous study, the viral proteins were analyzed by 7% SDS-PAGE and the
protein size was determined as 97 kDa by comparison with the low molecular weight
marker (GE Healthcare, UK) (Aoki ef al., 2009). However, in this study, we analyzed the
viral proteins by 10% SDS-PAGE and found that the size of the major protein was 82
kDa, using DynaMarker® Protein MultiColor (Funakoshi Co., Ltd., Japan). This
corresponds with the predicted size of the protein encoded by dsRNA3. Edman
degradation demonstrated that the AaV1 dsRNA3 encodes the 82 kDa protein, which is
the major structural protein of the AaV1 virion. While carrying out the Edman analysis,
we found that the N-terminus of the 82 kDa protein was blocked (data not shown). It is
possible that the AaV1 82 kDa protein is N-terminally acetylated since this is one of the
most common protein modifications in eukaryotes (Arnesen et al., 2009). MAK3 N-
acetyltransferase modification of Gag is necessary for virion assembly of the yeast L-A
virus (Tercero and Wickner., 1992; Tercero et al., 1993). N-terminal acetylation may also
be necessary for AaV1 virion formation.

During the subculturing of the AaVl1-infected EGS 35-193 strain, I found fungal
isolates carrying virions with defective dsSRNA2 segments, dsSRNA2 del-1 and dsRNA2
del-2, which occurred by in-frame deletion events (Figures 2-6 to 2-8). Based on agarose
gel electrophoresis of the AaV1 dsRNA genomes purified from virions (Figure 2-3C), the
defective dSRNA2 segments appeared to have no significant effects on accumulation of
the other dsSRNA segments. To confirm the relative quantification of dSRNA2 segments

in three isolates, I analyzed the results of agarose gel electrophoresis (Figure 2-6E) and
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northern hybridization (Figure 2-6F), by Fiji/Image] software (Schneider et al., 2012).
The results showed that the relative quantification of dsSRNA2 segments in three isolates
has no significant difference (Figure2-6G), and the detailed results will be obtained by
real-time RT-PCR in the future. The defective dsSRNA2 segments were responsible for
altered phenotypes in the fungal host, including reduced hyphal growth rates and irregular
pigmentation (Figure 2-3 and 2-5 A-C). No deletions were found in dSRNA1, dsRNA3,
or dSRNA4. I speculate that this is because the AaV1 open reading frame ORF1 (RdRp)
and ORF3 (coat protein) are essential for viral replication or virion packaging. Similar
selective deletion events were found in mycoreoviruses. The inducible genome deletions
of MyRV1 dsRNA S4 and S10 are related to changes in vertical transmission efficiency
and host colony morphology, but not to viral replication (Sun and Suzuki, 2008; Eusebio-
Cope et al., 2010; Kanematsu et al., 2014). Several other findings of RNA genome
deletions in the hypoviruses also demonstrated their encoded in-frame fusion proteins
affecting host growth negatively (Hillman et al., 2000; Xie et al., 2011; You et al., 2019).
Interestingly, both the deletions in AaV1 dsRNA2 were in-frame (Figures 6B, C). These
in-frame deletions might have protected the deleted dsSRNA2 segments from nonsense-
mediated mRNA decay, since AaV1l dsRNAs with 5' cap structures would recruit
decapping enzymes, such as Dcplp/Dcep2, and the major cytoplasmic 5'-3' exonuclease
(Skil/Xrnl), which target nonsense-containing mRNAs (Peltz et al., 1993; Maderazo et
al., 2003; Celik ef al., 2017). Similar to the full-length ORF2, the two defective ORF2
segments contained no conserved domains based on searches of the NCBI database (data
not shown). These in-frame fusion ORF2 proteins negatively affect host growth, but the
exact mechanisms by which they effect host growth remain unclear. In the future, I will
investigate the connection between the defective genomes and host growth using a

heterologous expression system in yeast.

21



In the previous phylogenetic analysis, AaV1 was shown to be related to Chrysoviridae
and Totiviridae (Aoki et al., 2009). The increased number of available mycovirus
sequences has now allowed us to construct a more precise phylogenetic tree (Figure 2-
19A, Table 2-3). The new tree shows that the Alternaviridae family is more closely related
to Totiviridae than to Chrysoviridae. Interestingly, AaV1 and the other nine alternaviruses
have an ADD motif instead of GDD in the conserved motif VI of RdRp (Figure 2-19B)
(Aoki et al., 2009; Kamer and Argos, 1984; Koonin, 1991). The GDD motif sometimes
shows flexible glycine residue requirements, such as IDD in infectious bursal disease
virus or SDD in phage @6, even though these variants possessed the same function as the
GDD motif (Shwed et al., 2002). Therefore, I expect that the ADD sequence of RdRp
motif VI of alternaviruses is functionally active.

In the future, I would like to investigate what advantages are provided by the cap and
poly (A) structures on the AaV1 dsRNA genomic segments. The SK7 genes are involved
in 5’-3" and 3’-5' mRNA degradation pathways (Toh-E et al., 1978; Widner and Wickner,
1993; Zhang et al., 2019). Therefore, I will utilize SKI-deficient mutants or SKI-
overexpressing strains of S. cerevisiae, since this might provide valuable insights into the

roles of the cap and poly (A) structures in RNA degradation.
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Table 2-1. Current members of Alternaviridae.

Virus Genome Particlesize 5 cap 3’ poly (A) tail Reference

dsRNA1 (3617 nt, RdRp)
dsRNAZ (2794 nt, P2)

dsRNA3 (2576 nt, Coat protein)
dsRNA4 (1420 nt, P4)

Aoki et al., 2009; Wu et

33nm * * al. 2021

Alternaria alternata virus 1 (Aav1)

dsRNA1 (3676 nt, RdRp)
dsRNAZ (2683 nt, P2)

dsRNA3 (2480 nt, Coat protein)
dsRNA4 (1698 nt, P4)

Diaporthe alternavirus 1 (DAV1) 35-40 nm + +2 this study

dsRNAT (3588 nt, RdRp)

Aspergillus foetidus mycovirus (AfV-F) gzgmg g:gg 2; E% nd nd + Kozlakidis et al., 2013

dsRNA4 (2005 nt, P4)

dsRNA1 (3559 nt, RdRp)
Fusarium poae alternavirus 1 (FpAV1) dsRNAZ (2496 nt, P2) nd nd + Osakiet al., 2016
dsRNA3 {2482 nt, P3)

(
(
(
(
(
(
(
(
Aspergillus mycovirus 341 (AsV341) dsRNA1 (3588 nt, RdRp) nd nd + Hammond et al_, 2008
(
(
(
(
(
(
(
(

dsRNAT (3524 t, RdRp)
dsRNAZ (2470 rt, P2) nd nd + He et al., 2018
dsRNA3 (2485 t, P3)

Fusarium graminearum alternavirus 1
(FgAV1)

dsRNA1 (3548 nt, RdRp)
dsRNA2 (2514 nt, P2) nd nd + Zhang et al., 2019
dsRNA3 (2498 nt, P3)

Fusarium incarnatum alternavirus 1
(FiAV1)

] ] dsRNA1 (3576 nt, RdRp)
Aspergillus heteromorphus alternavirus 1 dsRNA? (2742 it P2) nd nd . Gilbert et al 2019
(AheAV1) ! -
dsRNA3 (2427 nt, P3)

Cordyceps chanhua alternavirus 1 dsRNAT (3512 nt, RdRp)

(CcAV1) dsRNA3 (2415 nt, P3)

dsRNA1 (3522 nt, RdRp)
dsRNAZ (2633 nt, P2)

dsRNA3 (2403 nt, Coat protein)
dsRNA4 (1721 nt, P4)

Fusarium solani alternavirus 1 (FsAV1)

(

(

(

(

(

(

dsRNAZ (2655 nt, P2) nd nd + Zhang et al., 2022

(

(

E 31 nm + += Lutz et al., 2022
(

nd: no data
a- poly (A-U) structure
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Table 2-2. List of the primers used in Chpter 2.

Primer name

Sequence

Purpose

GeneRacer™oligo

5-rCrGrArCrUrGrGrArGrCrArCrGrArGrGrArCrArCrUrGrArC
rArUrGrGrArCrUrGrArArGrGrArGrUrArGrArArA

GeneRacer™ 5’ primer

5'-CGA CTG GAG CAC GAG GAC ACT GA

RLM-RACE-dsRNA1-3'

5-TTC CTG AAC CCC AGC AAT AGG

RLM-RACE-dsRNA2-3'

5-ATG GGG AAA CGG GAA CGCC

RLM-RACE-dsRNA3-3'

5'-AAA TGT CAT CGG CCG AAC CC

RLM-RACE-dsRNA4-3'

5-TTG TCA ACA TGG ACG TGA TGG

RLM-RACE of 5' cap
detection

AaV1 dsRNA1-F

5'-GAG GGA TCC TGG CAA AAA GCT ATC GTA TCT CG

AaV1 dsRNA1-R

5-TTC GGA TCC GGA TAT TCC GAC TAA ATC ACG

AaV1 dsRNA2-F

5'-CCG AAT TCC ACA AAG CAA TCG TAT CGC CAG

AaV1 dsRNA2-R

5-CGC GAA TTC ATA TTT GTT CCA CTA CAC CAG ACC

AaV1 full-length
genomes detection

dsRNA2-check-5'

5-TAG CAA GCG TGG GGT ATC G

dsRNA2-check-3'

5-ATT ACG GTA TTG AGT TGG C

AaV1 ORF3-F 5'-ATA GTC GAC ATG GCG ACG TTT GGA AGT G
AaV1 ORF3-R 5'-GAG TCG ACT CAA ATG ACA CCAGAA GCT C
AaV1 ORF4-F 5'-GGG AAT TCATGT TTG ATT CCT TTT GTT CC
AaV1 ORF4-R 5'-AAG AAT TCT TAT GCA GAC GTA CCT ACT CC

AaV1 dsRNA3-F 5-TGG AGC TCC ATA AAG CTA TCG TAT CTC GAG and cloning
AaV1 dsRNA3-R 5'TAC CGA GCT CGT TCC ACG TTC GAG ACA CGC

AaV1 dsRNA4-F 5'-CCG AAT TCC ATA AAG CAA TCG TAT CGC CAG

AaV1 dsRNA4-R 5-GCT TGA ATT CGT TGT TAT CCT CAC AGC ACC

AaV1 dsRNA2-F 5'-CCG AAT TCC ACA AAG CAA TCG TAT CGC CAG DIG DNA probe
AAM2RA-C2 5-TCT CGC GCA TAT GCG TGC TC synthesis
AaV1-RdRp-F 5-CTT AAC CGC GAG CTC TCG GCA A

AaV1-RdRp-R 5'-AGG CTC CAC AAC AAG CCT TGT A

AaV1 detection of
curing experiment

*Underlined sequences indicate viral sequences.
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Table 2-3. List of the amino acid sequences of viral RdRps used in the phylogenetic

analysis of Alternaviridae.

Virus name Abbreviation Accession No.
Chrysoviridae
Alphachrysovirus
Amasya cherry disease associated chrysovirus ACDACV YP_001531163
Anthurium mosaic-associated virus AMAV YP_009667023
Aspergillus fumigatus chrysovirus AfuCVv YP_009508104
Brassica campestris chrysovirus 1 BcCV1 YP_009667006
Colletotrichum gloeosporiocides chrysovirus 1 CgCVA1 YP_009667012
Chrysothrix chrysovirus 1 CeCV1 QGR26538
Cryphonectria nitschkei chrysovirus 1 CnCV1 YP_009507942
Fusarium oxysporum chrysovirus 1 FoCV1 YP_009665200
Helminthosporium victoriae virus 145S HvV145S YP_052858
Isaria javanica chrysovirus 1 ljCV1 YP_009337840
Macrophomina phaseolina chrysovirus 1 MpCV1 YP_009667008
Penicillium chrysogenum virus PcV YP_392482
Persea americana chrysovirus PaCV YP_009666328
Raphanus sativus chrysovirus 1 RsCV1 YP_009667003
Shuangao insect-associated chrysovirus SCLV ASA47445
Verticillium dahliae chrysovirus 1 VdCVA1 YP_009507948
Zeamays chrysovirus 1 ZMCV1 YP_009551655
Betachrysovirus
Alternaria alternata chrysovirus 1 AaCV1 YP_009553287
Aspergillus thermomutatus chrysovirus 1 AthCVA1 AWCE7507
Botryosphaeria dothidea chrysovirus 1 BdCV1 YP_009353026
Calletotrichum fructicola chrysovirus 1 CfCV1 YP_009551629
Coniothyrium diplodiella chrysovirus 1 CdCV1 QDB74971
Fusarium graminearum dsRNA mycovirus 2 Fgv2 ADWO08802
Fusarium oxysporum f. sp. dianthi mycovirus FodV YP_009158913
Magnaporthe oryzae chrysovirus 1-A MoCV1-A YP_003858286
Neofusicoccum parvum chrysovirus 1 NpCVA1 QDB74975
Penicillium janczewskii chrysovirus 1 PiCV1 YP_009182332
Penicillium janczewskii chrysovirus 2 PjCv2 YP_009667018
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Virus name Abbreviation Accession No.
Totiviridae
Totivirus
Saccharomyces cerevisiae virus L-A ScV-L-A NP_620495
Saccharomyces cerevisiae virus L-BC ScV-L-BC NP_042581
Ustilago maydis virus H1 UmVH1 NP_620728
Scheffersomyces segobiensis virus L SSVL YP_009507831
Xanthophyllomyces dendrorhous virus L1A XdV-L1A YP_007697651
Xanthophyllomyces dendrorhous virus L1b XdV-L1B YP_009507835
Tuber aestivum virus 1 TaVv1 YP_009507833
Victovirus
Helminthosporium victoriae virus 190S Hv190SV NP_619670
Sphaeropsis sapinea RNA virus 1 SsRV1 NP_047558
Sphaeropsis sapinea RNA virus 2 SsRV2 NP_047560
Coniothyrium minitans RNA virus CmRV YP_392467
Magnaporthe oryzae virus 1 MoV1 YP_122352
Magnaporthe oryzae virus 2 MoV2 YP_001649206
Alternaria arborescens victorivirus 1 AavV1i YP_009553478
Gremmeniella abientina RNA virus L1 GaRV-L1 NP_624332
Aspergillus foetidus slow virus 1 AfV-S1 YP_009508249
Beauveria bassiana victorivirus 1 BbVV1 YP_009508251
Chalara elegans RNA Virus 1 CeRV1 YP_024728
Helicobasidium mompa totivirus 1-17 HmV1-17 NP_898833
Rosellinia necatrix victorivirus 1 RnVV1 YP_008130308
Tolypocladium cylindrosporum virus 1 TeV1 YP_004089630
Leishmaniavirus
Leishmania RNA virus 1-1 LRVA1 NP_041191
Leishmania RNA virus 2-1 LRV2 NP_043465
Giardiavirus
Giardia lamblia virus GLV NP_620070
Trichomonasvirus
Trichomonas vaginalis virus 1 TVVA AAAG2868
Trichomonas vaginalis virus 2 TVwW2 NP_624323
Trichomonas vaginalis virus 3 TVV3 NP_659390
Trichomonas vaginalis virus 4 TVV4 YP_009507836
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Virus name

Abbreviation

Accession No.

Alternaviridae

Alternavirus

Alternaria alternata virus 1 AaV1 YP_001976142
Aspergillus mycovirus 341 AsV341 ABX79997
Aspergillus foetidus mycovirus AfV-F YP_007353985
Fusarium poae alternavirus 1 FpAV1 YP_009272952
Fusarium graminearum alternavirus 1 FgAV1 YP_009667012
Fusarium incarnatum alternavirus 1 FiAV1 AYJ09265
Aspergillus heteromorphus alternavirus AheAV1 AZT88575
Cordyceps chanhua alternavirus 1 CcAV1 UPH33984
Fusarium solani alternavirus 1 FsAV1 OM326757
Diaporthe alternavirus 1 DAV1 -
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Figure 2-1. Curing of AaV1-infected A. alternata isolate.
(A) Flowchart of procedures to isolate AaV1-free isolates, and (B) Paradigm of AaV1-

distribution in hyphae of the strain EGS 35-193. (Hamada, 2015).
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Figure 2-2. Selection of AaV1-free isolates.

(A, B) Step-wised selection of Aavl-free isolates after curing procedures. (Hamada,
2015). (C) The AaV1 specific RT-PCR bands amplified for the AaV1 positive control
(dsRNA1-937 bp; dsSRNA2-733 bp; dSRNA3-2297 bp; dsSRNA4-1198 bp), while no
RT-PCR band was amplified from the isolates No.10-9 and No.10-10. These two

isolates were used as AaV1-free isolates, EGS 35-193-VF in this study.
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Figure 2-3. Phenotypic changes in EGS 35-193 mycelia caused by
rearrangements of AaV1l dsRNA2.

(A) Four types of colony morphologies were exhibited by the EGS 35-193 derivatives
EGS 35-193-1d (the original strain), EGS 35-193-0d, EGS 35-193-2d, and EGS 35-
195-VF (AaVl1-free), grown on YGA plates for 7 days at 25°C. (B, C) Agarose gel
electrophoresis of dsRNAs purified from mycelia (20 mg) of the four EGS 35-193
derivatives, purified by the spin column method (B), and dsRNAs extracted from
purified virus particles of the three EGS 35-193 AaVl-infected isolates (C). The
dsRNAs were separated in 1.0% agarose gels with EtBr (0.5 pg/ml) at 18 V for 20 h.
Lane designation: M, 250 ng of A-EcoT14I-digested DNA marker; 1d, EGS 35-193-

1d; 0d, EGS 35-193-0d; 2d, EGS 35-193-2d; VE, EGS 35-193-VFE.
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Figure 2-4. Mycelia growth rates of AaV1-infected isolates and AaV1-free isolate
on YGA plates (n = 3 replicates).

Each isolate was cultured on YGA plates at 25 °C for 7 days and measured the
diameter of colonies every day (excluding the agar plug with a diameter of Smm). dpi:

days post inoculation.
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(original) -0d -2d VF

(B)

VBA medium

EGS 35-193-1d EGS35-193 EGS35-193  EGS35-193
(original) -0d -2d -VF
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(C) D-PDA medium

EGS 35-193-1d EGS 35-193 EGS 35-193 EGS 35-193
(original) -0d -2d -VF

(D)

D-PDA medium

EGS 35-193-1d EGS 35-193 EGS 35-193 EGS 35-193
(original -0d -2d -VF

Figure 2-5. Colony morphologies of AaV1-infected isolates and AaV1-free isolate

on different media.
(A) H-PDA, (B) V8A, and (C) D-PDA media. (D) EGS 35-193 virus-free isolate

yielded unknown products while culturing on D-PDA medium.
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Figure 2-6. Analysis of the AaV1 dsRNA2-associated segments in virions purified
from the three AaV1-infected isolates.

(A-C) RT-PCR detection of the full-length dsSRNA1-4 segments in EGS 35-193-1d
(A), EGS 35-193-0d (B), and EGS 35-193-2d (C). RT-PCR was performed with the
four primer pairs (Table 2-1) designed to amplify the full-length dSSRNA1-4 segments.
The RT-PCR products were separated in 1.0% agarose gels with EtBr (0.5 pg/ml) at
50 V for 1 h. Lane designation: M, 250 ng of A-EcoT14I-digested DNA marker; 1,
dsRNAI; 2, dsRNA2; 3, dsRNA3; 4, dSRNA4. (D) Position of the DIG DNA probe
used to detect the 3'region of AaV1 dsRNA2 in the northern hybridization experiment.
The DIG DNA probe was synthesized using the probe synthesis primer pair (Table 2-
1). (E) Agarose gel electrophoresis of dSRNA genomes extracted from the purified
virus particles of the three AaVl-infected isolates. These AaV1 dsRNAs were
separated in a 1.0% agarose gel with EtBr (0.5 ug/ml) at 18 V for 20 h. Lane M, 250
ng of A-EcoT 141-digested DNA marker. (F) Northern hybridization to detect the AaV1
dsRNA2-associated segments. After agarose gel electrophoresis, the dSRNA genomes
were denatured and blotted onto a nylon membrane, and probed with the DIG DNA
probe. (G) Relative quantification of the three dSRNA2 segments, intact, del-1 and
del-2, following northern hybridization (F). The total signal in each lane was
normalized using the amount of dsRNA 1, following agarose gel electrophoresis (E).
Quantification of individual bands was performed using Fiji/ImagelJ. (H) Agarose gel
electrophoresis of RT-PCR products amplified with the primer pair AaV1 dsRNA2-F

and AaV1 dsRNA2-R, which is designed to amplify full-length AaV1 dsRNAZ2.
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* 20 * 40 * 60 *

Intact: CACARAGCAATCGTATCGCCAGATACACATAARGTCTTTGACCTITGGTTCGTIATGTCTTCTGCTGTTITCT 70
Del-1: CACARAGCRARTCGTATCGCCAGATACRACATAAGTCTTTGACCTTGGTTCGTTATGTCTTCTGCTGTTTCT 70
Del-2: CACARAGCARTCGTATCGCCAGRTACACATARGTCTTTGACCTTGGTTCGTTATGTCTTCTGCTGTTTCT 70

a0 * 100 * 120 * 140
Intact: GATTTCTTTGTCTGCGGGGGGTTTAGTGAGGGETGGTTGGAGTGCGATCTCCT TGATGAGCGTACCGCTT 140
Del-1: GATTTCTTTGTCTGCGGGGGGTTTAGTGAGGGGTEET TG (e Tk (e iy s Tan T S T ik Gl g 1240
Del-2: GATTTCTTTGTCTGCGGGGEGTTTAGTGAGGGETGET TGN - —————— - r:109

* 160 * 1 * 200 *I

Intact: TTCACCTTGCTGCGCACGTCGGGICTGATGGCATGATCGATGTCCATCTTGAGRARRATTCCTGGCGTTCCS 1210

Del-1: ”TCRCCT"‘GCTGCGCRCGTCGGGTCTGI—',TGGCRTGI—;TCG’TGTCCETCTTGRGMTTCCTGGCGTTCCI :210
E ] I I N - I N -

Del-2: I—————— R R I -
220 * 240 * 260 * ZBUI
Intact: tGTTTCCCCETGGCRTGTGGGGGGEGGGCTGCGTGET':":'TG’G’TGGEGGCGGTCTCGGGGGCTTTGTTGETI 1280
Del-1: GTTTCCCCETGGCRTGTGGGGGGEGGGCTGCGTGETTTTG’G’TGGEGGCGGTCTCGGGGGCTTTGTTGETI 1280
Del-2: I— ————————————————————————————————————————————————————————————————————— : -

I * 300 * 320 * 340 *I
Intact: IETCGGTCTTCTCMGGCCTGTTCAGCI—‘.GTGG-G-ETGGGTTG-GCTTGTG-G-CI—‘.CTTGCCGTGTTGGTGRTC : 350
Del-1: ISTCGGTCTTCTCELEAGGCCTGTTCRGCRGTGGGETGGGTTGGCTTGTGGCF—‘.CTTGCCGTGTTGGTGRTCI : 350
Del-2: == — e e e e e e - I H

I 360 * 380 * 400 & 420'
Intact: "TGCTGGGATGTGCGAGGTGGTCG-GT':‘GCGG-CCG-CCGTCGCGTTGGCF—.TGCF—‘.GGTCGCTGMCGGAGGTI :420
Del-1: _TGCTGGGATGTGCGAGGTGGTCGGTTGCGGCCG-CCGTCGCG-':‘TGGCF—.TGCI—‘.GGTCGCTGMCGGAGGTI :420
Del-2: I— ————————————————————————————————————————————————————————————————————— I e

I * 440 * 460 * 480

Intact: ISCTTGTCACRAGCTCCETR}%TGG-TTG-CGGTGCAGCGCGCGGCTETCGCGCTTGCTCCTGACGATATGGEGI :490
Del-1: ISCTTGTCECF—"LGC TCCATREATGGTT GGG TGCAGCGCGCGECCAT CGCGCTTGCTCCTGRACGATATGGRACE 1 490
Del-2: r ————————————————————————————————————————————————————————————————————— I
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Del-1: I__TTTGG-GI-‘.CECCGTGCCTGTCCGTGTT':‘CTGCTGGEGGCTATECCTTCATCMGGACATG-TCCCTCGACTI : 560
Del-2: - ——

I * 580 * 600 D2

Intact: ITGGCCGCGGEGTCAG!GGTTATTACCEGTGGTGCTGAGAA 1600
Del-1 :I:'GGCCG-CGG-EGTCI—‘.G-IGGTTATTACCEGTGGTGCTGAGM 1600

Del-2 : ——;—;—;—;QGG_ TATTRACCRGTGGTGCTGAGRER :135

Figure 2-7. In-frame deletion sites of AaV1 dsRNA2 genome.
(A) D1 deletion site. From nt 1,275 to nt 1,505, length: 231 bp. (B) D2 deletion site.

From nt 113 to nt 577, length: 465 bp.
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Figure 2-8. Schematic diagrams showing the genome rearrangements of the

AaV1 dsRNA2 derivatives.

(A) Intact dsSRNA2 has no deletion site. (B) Defective dSRNA2 del-1 has an in-frame

deletion site (D1, 231 bp) located at nt 1275-1505 of the intact AaV1

dsRNA2. (C)

Defective dsRNA2 del-2 has two in-frame deletion sites, D1 and D2 (465 bp), located

at nt 113-577 of the intact AaV1 dsRNA2.
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Figure 2-9. Purified virus particles from AaV1-infected isolates (EGS 35-193-1d,
EGS 35-193-0d, and EGS 35-193-2d).

(A) SDS-PAGE of purified virus particles from EGS 35-193-1d, -0d, and -2d. The
purified viral proteins were separated in an 8% polyacrylamide gel at 120V for 2 h,
then stained with CBB. Lane M, prestained protein marker. (B) Western blot analysis
of purified virus particles from EGS 35-193-1d, -0d, and -2d, with antiserum raised
against the AaV1 virus particles from EGS 35-193-1d. (C) Purified virus particles of
EGS 35-193-1d, EGS 35-193-0d, and EGS35-193-2d isolates. The purified virus

particles were stained with 2% uranyl acetate and observed by TEM.
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Figure 2-10. Characterization of the AaV1 major coat protein.

(A) SDS-PAGE and western blot of the purified AaV1 particles. Purified viral proteins
from strain EGS 35-193-1d were stained with CBB (left) or immunoblotted with
antiserum against the AaV1 virus particles (right). The arrows indicate the viral
structural protein. (B) Reverse-phase HPLC of the 82 kDa major protein after
digestion with Lysyl endopeptidase and trypsin. Peaks 2 and 3 were subjected to
Edman degradation. (C) The deduced amino acid sequence of ORF3 (759 aa) written
in one-letter code. The peptide sequences of peak 2 (blue) and peak 3 (red) were the

same as the two regions in the predicted ORF3 peptide sequence.
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Figure 2-11. Purification of AaV1 virus particles with CsCl.
(A) CsCl 1sopycnic gradient centrifugation of AaV1. (B) Results of SDS-PAGE and

dsRNA agarose electrophoresis of 15 fractions in (A). (C) Estimation of AaVl
associated protein for LC-MS/MS. Protein band®: 6.5 pg in total; Protein band®@: 0.5

ug in total; Protein band®: 0.1 pg in total; Protein band®: 10.57 pg in total.
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(A) 25755 MASCOT Search Results

Protein View: YP_001976151.1

hypothetical protein AltMyV_sM2gp1 [Alternaria alternata virus 1]

Database: AaV1-aaseq
Score: 16551
Nominal mass (M.): 82491
Calculated pI: 5.54

Sequence similarity is available as an NCBI BLAST search of YP 001976151.1 against nr.
Search parameters

MS data file: File Name: Wu 220309 RaVi-E1.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications: Carbamidomethyl (C)
Variable modifications: Oxidation (M)

Protein sequence coverage: 84%
Matched peptides shown in bold red.

1 MRTFGSRAEAY RAAQLAATDL. LTRGDWGDFG GLGETSDVFD EHERFPEDFF
51 DAPDHIDFGS SWASVATGSA DDISEEVIFT VVDYVEFRREFP YSVRGVDIVE
101 PVTAFCSFAD LGMANFPGNV SKGSATILEFR AGSARANAGA ILGTDMLMAF
151 EASVQATMAR VVSALEMLOS GWDVGGFPDV GLDVEHARED DFDDASARYP
201 QHAWLYIPSD WTEQEVAALV SLMVEGGPAA YRWGYARGDF GGEDEGNGQRR
251 ERVMPAGARW RWPGGWSNYL LIGERDRGWN VAFGGDALSV ASLSAVLREEM
301 VEARYGQRIYL DACRARARVAN BAYCPPCYQA GSKEFDIGTA FTISDEVVVED
351 GHNGGHMEQIV FPAENMVEDEF GVLFRPAEGW DEVDDGGVVQ GGCGGSVWAL
401 PVFPSQRDAD EVGRFYAPSI DDRGPGGAGR APPHFRSVDW SPVGLTVVTN
451 HGRRLFFWAW DPPFMAEDRV NEEGVEEADE VADAWVEMAA CYLREVEIVR
501 ALEGDHGVHT REGDIRTVFG TSAHYTSYQM FRLNLDGWWP ALIGLSVLRH
551 DEVVEELDER LLEPAFTKFA ADVHLLTHRT LFESGNSVAD LSDALVGAEV
601 VSEFFPAYRAR GVWPHVFSSV NMPYGNYECL ESGVLLGGGN ETEGVGFNVE
651 GSWEWDGVQR EKAFELDGSDAP ATRQSLEALD SVARKLYFYG GTLRLDVHED
701 EFVYVVEFAG SELYHEYFVE WVLEDELPS GVEYTAIGSA AHLLSPGRFT
751 DVGRASGVI
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(B) fiizvce/ MASCOT Search Results

Protein View: YP_001976151.1

hypothetical protein AltMyV_sM2gp1 [Alternaria alternata virus 1]

Database: AaVl-aaseq
Score: 5916
Nominal mass (M;): 82491
Calculated pI: 5.54

Sequence similarity is available as gn NCBI BLAST search of YP 001976151.1 against nr.
Search parameters

MS data file: File Wame: Wu_ 22030%_RaVl-EZ.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications: Carbamidomethyl {(C)
Variable modifications: Oxidation (M)

Protein sequence coverage: 62%
Matched peptides shown in bold red.

1 MATEFGSAERY BAAQLAATDL LTRGIWGDEG GLGETSDVED EHERFPEDEF
51 DAPDHIDPGS SWASVATGIZ DDISEEVIPT VVDYVPREEP YSVRGVDIVE
101 PVTAFCSPAD LGMANFPGNV SEGSATTLRR AGSARZANAGA ILGTDMLMAP
151 KASVQATIMAR VVSALEMLQOS GWDVGGPPDV GLDVRHARED DFDDASARYP
201 QHAWLYIPSD WIEQEVAALV SLMVEGGPAA YRWGYRRGDE GGDEGNGQRR
251 ERVMFPAGRAAW BWPGGWSNYL LIGERDEGWN VAFGGDALSV ASLSAVLRRM
301 VEAYGOQRIYL DACRARRLVAN RAYCPPCYQA GSKERDIGTAR FTSDRVVVRD
351 GHGGHMERQIV PARNMVEDEP GVLPRPAEGW DEVDDGGEVVQY GGCGGSVWAL
401 PVFPSQRDAD RVGRFYAPSI DDRGPGGAGR APPHFRSVDW SPVGLTVVTH
451 HGRELFPWAW DFFFMAEDEV NEEGVEEADE VADAWVEMAL CYLEREVEIVR
501 RALEGDHGVHT REGDTRTIVFG TSAHYTSYQM PRLNLDGWWP ALIGLSVLRH
551 DRVVPELDER LLEPAFTEFAZ ADVHLLTHRT LFESGNSVAD LSDALVGAEWV
601 VSRFPPAYRE GVWPHVEFSSV NMPYGHNYECL ESGVLLGGGM ETEGVGFNVE
651 GSWEWDGVQR EAELDGSDAP ATRQSLRALD SVARELYFYG GTLRLDVHPD
701 REVYVVRPAG SRLYHPYFVP VRVLEDRLPS GVRYTAIGSA AHLLSPGRPT
751 DVGRASGVI
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(C) [z MASCOT Search Results

Protein View: YP_001976151.1

hypothetical protein AltMyV_sM2gp1 [Alternaria alternata virus 1]

Database: AaVvl-aaseq
Score: 5535
Nominal mass (M,): 82491
Calculated pI: 5.54

Sequence similarity is available as an NCBI BLAST search of YP 001976151.1 against nr.
Search parameters

MS data file: File Name: Wu 220309 2aV1-E3.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.
Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Protein sequence coverage: 53%
Matched peptides shown in bold red.

1 MATFGSAFAY RAAQIAATDL LTRGDWGDFG GLGETSDVFD EHERFFEDEF
51 DRAPDHIDPGS SWASVATGSA LDDISEEVTPT VVDYVPRREFP YSVRGVDIVE
101 PVTAFCSPAD LGMANFEGNV SEGSATTLER AGSAAANAGA ILGTDMIMAP
151 FASVQATMAR VVSALEMLQS GWDVGGPPDV GLDVRHAARD DFDDASARYE
201 CQHAWLYIPSD WIEQEVARALV SLMVEGGPRAL YRWGYRRGDF GGDEGNGORR
251 FRVMPAGAAW BRWPGGWSNYL LIGERDREGWN VAFGGDALSV ASLSAVLREM
301 VEAYGQRIYL DACRRRAVAN RAVCPPCYQA GSKERDIGTA FTSDEVVVRD
351 GNGGHMEQIV PARNMVFDEP GVLFRPAEGW DEFVDDGGVVO GGCGESVWAL
401 PVFPSQRLDAD REVGRFYAPSI DDRGEGGAGE APPHFRSVDW SPVGLTVVTN
451 HGRRLFPHWAW DPFFMAEDEV HNEEGVEEADE VADAWVEMAR CYLEEVEIVR
501 ALEGDHGVHT REGDTRTVFG TSAHYTSYOM PRINLDGWWE ALIGLSVLRH
551 CRVVEELDRR LLRPAFTEFA ADVHLLTHRT LFESGNSVAD LSDALVGAKV
601 VSEFFPAYRE GVWPHVESSV NMEYGNYECL ESGVLLGGGN ETEGVGFNVE
651 GSWEWDGVOR FAELDGSDAP ATROSLEALD SVARKLYFYG GTLRLDVHED
701 REVYVVEFAG SELYHFYFVP VEVLEDELPS GVEYTAIGSA AHLLSPGRPT
751 DVGRASGV
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(D) 457 MASCOT Search Results

Protein View: YP_001976151.1

hypothetical protein AltMyV_sM2gp1 [Alternaria alternata virus 1]

Database: AaVl-aaseq
Score: 16729
Nominal mass (M;): 82491
Calculated pI: 5.54

Sequence similarity is available as an NCBI BLAST search of YP 001976151.1 against nr.
Search parameters

Ms data file: File Name: Wu_22030% RaVi-F.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications: Carbamidomethyl (C)
Variable modifications: Oxidation (M}

Protein sequence coverage: 88%
Matched peptides shown in bold red.

1 MATFGSAEAY RAAQLAATDL LTRGDWGDFG GLGETSDVEFD EHERFFEDFEF
51 DAPDHIDPGS SWASVATGSA DDISEEVIFT VVDYVEFREEP YSVRGVDIVE
101 FPVTAFCSPAD LGMANFPGNV SKGSATTLRRE AGSARANAGR ILGTDMLMAP
151 EKASVQATMAR VVSALEMLQOS GWDVGGFPDV GLDVEHAARD DFDDASARYP
201 QHAWLYIPSD WIEQEVAALV SLMVEGGPAR YEWGYARGDE GGDEGHGQRR
251 ERVMPAGARW BWPGGWSNYL LIGERDRGWN VAFGGDALSV ASLSAVLEEM
301 VEAYGQRIYL DACRARAVAEN BAYCFPCYQA GSKEFDIGTA FTSDEVVVERD
351 GNGGHMEQIV PAENMVEDEF GVLFRPAEGW DEVDDGGVVQ GGCGGSVWAL
401 PVFPSQRDAD EVGRFYAPSI DDRGPGGAGR APPHFRSVDW SPEVGLTVVIN
451 HGERLFFWAW DFFFMAEDEV NEEGVEEADE VADAWVEMAR CYLEEVEIVR
501 ALEGDHGVHT REGDIRIVFG TSAHYTSYQM FRLNLDGWWE ALIGLSVLRH
551 DRVVEELDER LLEPAFTEFA ADVHLLTHRT LFESGNSVAD LSDALVGAKV
601 VSRFFPAYRA GVWPHVESSV NMEFYGNYECL ESGVLLGGGN ETEGVGEFNVE
651 GSWEWDGVQR KAELDGSDAP ATRQSLRALD SVARKLYFYG GTLRLDVHED
701 RPVYVVRPAG SELYHPYFVF VRVLEDRLPS GVEYTAIGSA AHLLSPGRPT
751 DWVGRARSGVI

Figure 2-12. Results of LC-MS/MS of AaV1 associated proteins analysis.
(A) Protein band® (B) Protein band®@ (C) Protein band® (D) Protein band® in Fig.

2-11C. All the proteins correspond to deduced amino acids of AaV1 ORF3.products.
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Figure 2-13. Flowchart of RLM-RACE for detecting m G-cap structures in AaV1

dsRNA genomes.
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Figure 2-14. Detection of 5' cap structures on each AaV1l dsRNA segment by
RLM-RACE.

(A) Electrophoresis of the separately excised AaV1 dsRNA segments in a 1% agarose
gel with EtBr (0.5 pg/ml) at 50 V for 1 h (Mupid-2plus, Takara Bio, Japan). (B)
Results of the RLM-RACE analysis, confirming the presence of 5’ cap structures on
each AaV1 dsRNA segment. The separately excised dsSRNAs were subjected to the
RLM-RACE procedure (Figure 2-13), then electrophoresed in a 1% agarose gel with
EtBr (0.5 pg/ml) at 100 V for 0.5 h. Lane M, 100 bp DNA ladder. The arrows indicate
the amplified target bands. (C) Diagrams of the AaV1 dsRNAI, 2, 3, and 4 segments
showing the primer pairs used for RLM-RACE and for amplification of each full-

length dsRNA segment.
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(A) Sucrose gradient
20% et B 70%
(kbopp)M 1 2 3 4 56 7 8 9101112131415161718

B
(B) HL12345678 9101112131415161718
(kDa)
P—

7698 4= 76 kDa
coat protein

(C)

Figure 2-15. ScV-L-A virus purification.

The virus purification followed the published article (Powilleit et al., 2007), and
resolved with 20-70% sucrose gradient, then fractioned into 18 fractions. The ScV-L-
A viral particles (C) from fractions 7 to 9 (lanes 7-9), which showed 4.6 kb dsSRNA
genome (A) and 76 kDa coat protein (B), were stained with 2% uranyl acetate and

observed by TEM.
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31-

Figure 2-16. MyRV1 virus purification.

The virus purification followed the published article (Hillman ez al., 2004), and
resolved with 20-50% sucrose gradient, then fractioned into 12 fractions. The MyRV 1
viral particles (C) from fractions 12 (lanes 12), which showed dsRNA genomes (A),
were stained with 2% uranyl acetate and observed by TEM. The specific protein bands

were not obvious in the SDS-PAGE (B).
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Purified dsRNA samples
(from virus particles)
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Incubated at 95°C for 5 min

v
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»
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(Room temperature, 2 h)
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(Room temperature, 1 h)
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(Room temperature, 1 h)

skim milk

4

Gently rinsed
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4

—

4

Detected with EzWest
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7
Figure 2-17. Flowchart of RNA dot blot for detecting m G-cap structures in AaV1

dsRNA genomes.
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Figure 2-18. Detection of the 5’ cap structures in the AaV1l dsRNA genome by
RNA dot blot with the anti-m’G-Cap mAb.

(A) Viral dsRNAs from purified virus particles. The dsSRNAs were isolated from virus
particles, then electrophoresed in 1 % agarose gel with EtBr (0.5 pg/ml ) at 18 V for
20 h. Lane designation: M, 250 ng of A-EcoT141-digested DNA marker; 1, AaV1-free;
2, AaV1 dsRNAs; 3, ScV-L-A dsRNA; 4, MyRV1 dsRNAs; 5, DW (distilled water,
no template control). (B) RNA dot blot assay with the anti-m’G-Cap mAb. The dsSRNA
solutions (1000, 500, and 250 ng/ul) were dropped on the nylon membrane then
probed with anti-m’G-Cap mAb. The AaV1l dsRNAs and the MyRV1 dsRNAs
(positive control) showed positive signals, while the AaV1-free sample, the ScV-L-A

dsRNA (negative control) and DW showed no signal.
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(B)

Aavl 1 YAEOOEERISRLE ST FY SRARFLIRD - ——— —— AELLDAERS[HLINRATGMEI YRAWEHAR : 738
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FpAV1  :ENE K. U GTSRIVLRDAELLGTRASVENRVARISIE HDD.,. EVHACYKRGV : 701
AheAVl :BAT : SRITL/RDSELLGRGASLRSRTS [} VIIN AT EGK : 704
CcAV1  :BAF R T V. ITGRSASLKSRTSISWIH Hr:n AELFESYAAGK : 708
FsAVl  :PAEQOEERITRLEV [ FFiCTSRIILRDAELLGSMAHLRNRSS|[JIVIIN ATAEVFSCYKKGY 710
GLV :LHEL LGARINVIQILTMA - -~ ——= ELSNTLASLRST(] AT SMTDREQAT : 1459

PEIEW WRAL
Pev :WRELYEEW GRTWI [T PNFCY HIIALONV - -~ ERLFGVRVVIA WDHEGIIDLGLSEPAVMP : 780

ACDACV :ETELYEEWIGHSFLIEIINSCY TTCARMSY - --ERTHKYDPF| S IDHEGIRJIDGGTRNMGDGY : 754
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Motif V Motif VI

Figure 2-19. Phylogenetic analysis of Alternaviridae.

(A) Phylogenetic analysis of Alternaviridae, Totiviridae and Chrysoviridae according
to the amino acid sequences of RdRps. (B) Multiple alignment of the motif VI of the
RdRp of ten alternaviruses, three chrysoviruses, one totivirus, and one giardiavirus.
Virus abbreviation: AaV1, Alternaria alternata virus 1; DAV 1, Diaporthe alternavirus
1; AsV341, Aspergillus mycovirus 341; AfV-F, Aspergillus foetidus mycovirus;
FpAV1, Fusarium poae alternavirus 1; FgAV1, Fusarium graminearum alternavirus 1;
FiAV1, Fusarium incarnatum alternavirus 1; AheAV1, Aspergillus heteromorphus
alternavirus 1; GLV, Giardia lamblia virus; PcV, Penicillium chrysogenum virus;
ACDACYV, Amasya cherry disease-associated chrysovirus;  Hv145SV,
Helminthosporium victoriae 145S virus; ScV-L-A, Saccharomyces cerevisiae virus L-

A.
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2.5 Appendix

2.5.1 AaV1 dsRNA1 sequence (NC_010984)
3567nt excluding poly (A) tail

1 Trp Gin Lys MNa Be Val Ser Arg Gy Thr His Lys Ser Lew Ma Lew Met Arg Ser Asp Lys Thr Lew
z Gy Lys Lys Lew Ser Tyr Lewm Wal Wal Hs  lle S Lew Trp Pro Cys Gly w¥al The Lys Pro Ser
3

Leu Ma Lys Ser Tyw Arg e Ser Tp Tw T . WVal Phe Gly Leu Asp Ma G . Gl Asn Pm Pro

5 JAUTUTCCT:

@ -t

¥ EURRCCGARCCC SFRCGRRC

1 Leu Lew Lew Gly Phe Ang fAsn Ala Ao Trp Lew Mg Ma G Gly Ser HMs Po fsp Lewm Gy 5 lle P
z Tyr Cys Trp Gy Ser Gy Thr Lew Lew Gy Cys Val His Mg Gy Pro Thr Arg Be Ser A MNa FPre
3 lle Aln Gl W¥al Gin Gl Mg Cys Lew Val Ala Cys T Gy Val Pro Pro Gy Ser g Gin His  Ser

1 lys &g Ala Phe WVal Pro Gu Po Lys Gu Nl Asp Ala Cys Lewm Gn Gl e Gu Asp Gy Trp Gl
2 Gin Ser Gl Arg Ser Ser Arg Asn Gin Arg Arg Leu Mel Pro Mla Cys Arg Val Ser A Thr Asp Gy Val
3 Lys Ma Ser val Arg Fro Gy Thr Lys Gy Asp . Cys Lew Pro Ala Gy Ty Arg Gy Arg  Met Gy

1 Asp Gy Ma Pre Trp Cys Gin Thr Val Val Gy Ser Gy Phe Fro Val Phe Phe Val Les Ser Asp Val
z The Ala Pro Ser Gl Ala Mg Gn Ser . Wal Ala wval Phe Les Phe Ser Ser Phe Phe Lew Met Phe
3 Arg Arg Leu Leu WVal Pro Asp Ser Arg Arg . Arg Phe Ser Cys Phe Lew Arg Ser Phe . COys Phe

1 Ser Arg Asn Val Phe Cys Mis Ser Phe MAla G Val Gly Gy Asp Val Ser Val Val Ser Phe Gly Leu Thr
z Lew WVal Met Phe FPhe Val Be Lew Lew Lew Arg Lew Val Val Met Ser Lew Lew . val  Ser Gy
3 Ser Cys Phe Lew Ser Phe Phe Oys . Gy Trp Tp . Oys Lew Oys Cys G Phe Mg Aln Asp

1 Gu Ala Mg S Gn Lew Tyr Mg Lys Ala Gn Wal Cys val Val Pro Lys Ala Mg Pro Ala Val  Ala
z Arg Lys Arg Val Leu Ser Cys Thr Mla Lys Arg Lys Ser Val Lew Cys Leu Lys HMis Val Pm Lew . His
3 Gy Ser Ma Phe Ser Val Val Pro Gin Ser Ma Ser Lew Cys Cys Ma Ser Thr Ser Arg Cys  Ser

1 Tyr His #rg Asp Leu Ser Ma Val Ala Arg Val Lew Arg Phe Gy Val Leu Asn Ma Asn Asn Lys  Leu
2 The e Ala e Ser g Gin Trp Pro Gy S Cys Val Lew Ala Cys Ser Met Mg lle  lle Asn Cys
3 lle Pro Ser Ag Ser Lew Gly Ser Gy Gl Gly Lew Aa Phe Tp Mg Aa Gih Cys Gu o . . Thr  Wal

1 Cys Asp Ma Tyw Thr Asp Phe WVal Ay Ser Pro Val AMa Ag Thr G Gl Thre Tp Gy Les Lew Gly Gly
z Ala Met His Be Gin Thr Lew Phe Gy His Lew Lew Ang Gy Arg Arg Ang Lew Gy Val Cys Ser Val

3 Mg Cys e Tyr Mg Lew Cys Ser Wal The Oys Cys Ala Asp Gl Gly Asp Lew Gy Phe Ala Aeg  Trp
L]
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Tyr Pro Trp Mg Msp Lew Asp Ala Lew Wal Ala Ser Ser Thr Mg Ala Gl Ty Asp Mg Asp Al Asp
Ma llie Ag Gly Gy lle Trp Met Arg Trp Trp Mg Arg Arg Arg Ma Arg Ser Met llie  Val Met Gl Thr
Lev Ser Val Glu Gy Ser Gy Cys Val Gy Gy Val val Asp Ma Arg Gy Val . Eer Cys  Arg

The Lys Lew Wal Gy FPhe Lew Asp Arg Lew Trp Gy Lys Lys Mg Gy Lys Gy Lew Gy Mg Gin Asp
Mg Ser Trp Ser Wal Ser Lew The Aln Cys Gly Aa Mg Ser Wal Gly Mg Gy Trp Al Gl Lys Thr
Ms Gl Ma Gly Arg Phe Pro . Pro Lew WVal Gl Gh Gu Aa Tp Gk Gy Va Gy Gn Aa Ag Gh

Lys Lys Thr Mg Ala Lys Ma Aa Met Ala Tp Gly Asp Ma Asn Lew Trp Thr Arg Gl WVal Ser Phe Lys
Arg Arg PFro Val Pro Arg Arg Gin Trp Lew Gy Ma Met Lew Be Ser Gy Lew Ma Arg Cys Leu Leuw
Gu Asp Pro Cys Gin Gy Gly #Asn Gl Lew Gly Mg Cys . Ser Lew fAsp Ser Mg Gy Wal Phe

Mg Mg Mis Tyr Tyr Asp Lew Ala The Phe Lew Cys The Met Asp Gu Wal Trp Gl Asp Mg Al Wal
Ser Gly Ma Thr e Met e Leu Leu Arg Phe Cys Val Arg Trp Thr Lys Cys Gly Gly Thr Gly Lew Trp
Ala MNa Pro Leuw Leuw Ser Cys Ty Val Phe Val Ty Asp Gy Arg Ser Val Gy Gy Pm Gy Cys

Ma Met Gin Gy Gy Ma Thr Ser Lys Gl Ma Asp val Gin Cys Lew Ser Phe Ang Lys Ma Val Ag
Lew Cys Mg Gl Ala Gin Lew Lew Mg Lys Lew Met Cys Ser Wal Phe Pro Lew Gy Mg Mg Phe WVal
Gly Ty Ma Gly Gly Arng Asn Phe . Gly Ser . Cys Aa Va Ser Phe Lew . Gl Gy Gly Ser Tyr

Mot Wal Leu Ser Asp Leu e Phe Gly Pro Ala Thr Ty G Arg e Tw Lew Thr Val Phe Tp e Phe
Trp Phe Cys Arg  Be Ser Lew Ala Leuw Lew Arg Met Ser Gy Ser Thr Lew Cys  Ser Gy  Ser
Gy Phe Wal Gy Phe Asp Lewm Trp Pro Cys Tyr Wal Ala Asp Lew Lew Asp Oys Wal Lew Asp Lew

Ser Thr Mg Trp Trp Pro Ser Lew Wal Pro Wal  Lew  Lew L i g Gly Met Ser Asp Asp
Ser Gl Arg Gly Gly Gly Ag Ma Tp Cys Leu Phe Cys Cys Thr Lew Ala Pro Lew Gl Cys Leu Met Thr
Lev Asn Ma Val WVal MNa Gl Lew Gy Ma Cys Phe Val Ma Lew Trp Lew Pro Trp Asn WVal

Giu Tyr Thr Ma Val His Lys Glu Met Thr Ma Val Val Thr Ser Thr Trp Met Va Pro Gy Thr Cys
fsn Thr Lew Pro Tyr The Mg Lys Lew Pro Lew Lew Mg Lew Gly Tip Cys Pro Aln Lew Aln
Arg e HMis Cys Arg Thr Gl Gly Asn Asp Cys Mg Cys Asp Phe Asp Lew Asp Gly Ma A MHs Leu Gin
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Arg Gin Mis Gin Phe Ser MAla Asn Phe Leu Asn Aa Gl Asp Lew Thr Gly Trp Ser Asp Mg Asp  Ser Lew
Gy Ser Thr Ser Ser Llew Fro Be Ser Lew Thr Arg Arg Thr Lew Gin Gy Gy Lew Thr Gy Thr Arg
Ala Ala PFo Mal Lew Cys Gn Phe Po . &g Gy Gl Pro Tyr Mg Wal Wal . P Gly Lew Wal

Lys Gy Gl Wal Cys Ala Gu lle lie Lys Phe Ala Lew Ma Th Phe Gu Ty Lys Ala Asp Val Asg
Arg Gly val Cys MAla Leu Ag Ser Ser Asn leu Leu Ser Lew Lew Leu Ser lle Mg G Met Cys  Gly
Glu Gy Gy Cys Val Arg . Asp His Gin Be Cys Ser g Tyr Phe val . Gy Arg Cys Als

Asp Gy Gy Gy Gl MNa Gy Be Pro Be Arg Gy Lys Gl Gy Ser Pm Gl Gl Ty Leu Gy  Arg
Met (Giy Ala Ala Lys Arg Ma Tyr Lew Phe Wal Ala Lys Lys Wal Mg Pro A Asn The Ser Gly  Ada
Gly Trp Gly Mg Arg Ser Gy Mis Thr Ty Ser Trp Gk Arg Arg Phe Aln Arg Gly lle Pro Arg Al Leu

Tyw Arg Gin Mla Mot Tyr Asp Lew Leu Arg Pro Met Ty Ala Arg Ty Ala Pro Asn Met Val Asp Leu Gin
The Ma #rg Arg Cys Met Be Cys Ser Val Lew Cys Thr His Val Met Aig Pro Be Trp Trp e Fre
Pro Pro Gly Asp Val Phe Ala Pro Ser Ty Wal Mg T Lew Cys Ala Gn Tyr Gy Gy Ser Ser

Ala His Met Gu Lys Mg Met Ala Trp Met Ser Gl Gl Aa Wal Gy Mg Mg Aa Lys G Leu Lew
Arg Arg Thr T Mg Ser Gy Tp Amg Gly Cys Leu Val Val Pro T aAla Val Gy Pre Lys Ser Cys T
Gy MNa His Gy Gu MNa aAsp Gy val Asp val Trp Trp Cys Arg Gy P Ser Gy Gin Ang Val  Ma

Gy Pro Gy Be Ma Pro Pro Gy Ser Ser Lys Ma Tyr Val MNa Ma Mg Ma Asp Be  Ser Gin Leu
Gy dfrg Gly Lew Lew Arg Fro Ala W¥al Asg Lys Pro Met Trp fug Mg Ala Lew lle Ser Ala Ser  Ser
Gly Ma Gly #Asp Cys Ser Ala Mg Gl Phe Gl Ser Lew Cys Gly Gly #la Aig . Tyr Gin Pro Ala His

Thr Arg #Asp Tp Gy Gl Met Ay

Fro Glu Thr Gy Gy Ag . Gy Lew MArg Lew Gy Gy #Arg Val Met Arg Gy Val Pro Ser Val Arg
Gin Mg Lew Gy Gl Asp G Asp Gy Trp Gy Gu Gy . Gu Gly Phe Mg Al Ty Wal

Lew Ala The MAsp Lew MArg Asp Gin Wal Ser G Ser Tyr Leuw Lew His Ala Phe Lys Asn Mg Ty Gly
Cys Tp Arg Leu lle Cys G lle Ag . Ma Asn Arg Thr Phe OCys Met Arg Lew Arg lle Gly Thr Aa
val Gy Asp . Phe Ma Arg Ser Gy Glu Arg Be Val Pro Phe Ma Cys Val . Gl val Arg
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Lev Be Gy Val Asp Val Gy Gl Thr Pro Val Glu Met Phe Lys Arg His Val Thr Val aAh  Ser Ma
G Lew Thwr Trp Als Mg Mg Pro Ser Arg Ops Lew Ser Vol The . Pro A Mg Lenw
Pra Asn Mg Ser . Arg Gly Mg Asp Al Arg Arg Asp  Val . Ma Ser Arg Asp Arg Ser val Gy Ty

Thr hsp Wal Pro Lew Wal Mis Mis Gly Ag Asp Lys Lys Val Lew Ma Ma T Asp Ty Ser Lys Tp
Arg Thr Cys His Trp Phe Be Met Gy val Thr Arg Arg Ser Lew Gin Lew Gy Be Thr Pro Ser  Gly
Gly dfeg Ma Tww Gly Ser S Trp Ala . GEn Gu Gy Po Oys Ser Lew Gly Lew Lew Gn Val G

His His Wal Mot Lew Ala G Mg Lew Jk Lew Wal Gu Val Met Ag Lys Lew Wal Lew Glu Phe  Val
Thr Thr Thr Leu OCys Leu Leu Lys Gly Ser Phe Trp Ser Mg Ser . Gly Ser Lew Cys Tp Asn Ser  Ser
Fro Pro fArg Tyr Ala Cys . Lys Ala His Ser Gy Arg Gy His Gl Gu MNa Cys Val Gy e Arg

Gin  Arg Fro Asp Val Arg Glu Asp Met Lew Arg Gl Lew Gl Val Llew Glu Ser Ser His Arg Thr Ma
Ser Gy Pmo Tow Phe Gy Mg Ik Cys Cys Al Ser Mg Phe Lew MAsn Lew Al lle Ala Lew Gin
Pro MAla Aa Arg Arg Ser Gly Gly Ty Val Ala Amg Ala A Gly  Ser . e . Pra Ser His Cys Asn

lle Tyw Arg Ser Arg MAa Phe Ma Asp Ma Lys Tyw Thr Asp Gin Val Asp Ser Leu lle A Gl Gy va
Tyr Thr Asp #Arg Gy Mrg Ser Lew Met Arg Asn Be Pro Thr Ang Trp Be Lew . Ser Val Lys Al
lle P lle Ala Gly WVal g Cys Gu e Tyr &g Po Gly Gy Phe Phe Asn Pro . g Mg

Ala Ala Gl Phe Lys Gy Gu W¥al Gn Mg Lew Ser AMa Asp Gn Wal &g e The Asn Tyr Ala Gly
Ser Pro Gin Val Ser Arg Val Mg Cys Ser Wal Cys Arg Arg Thr Mg Phe Al Ser Gin The Thr Arg  Gly
Arg Arg Arg Pre Gin Gy . Gy Ala MNa Pre Val Gy Gy Pro Gy Ser His His Lys Lew drg Gy

Gin Gin Ser Gy Ang Arg Ser Thr Lew Gl Ser Asn Thr Phe Tyr Ser Amg Ma  Amg Lew Leu

Ser S Lew Gy Ma Gl Wal Hs Lew Ser Gin T P Phe The Pro Gl fArg Val Cys . Cys  Ala
Ma Ma val Tp Ma Gl G Ty T . WVal Lys His Leu Lew Leuw G Gly #Ala Ser Ala Ser Ala Mg

Asp Ma G Leu Leu Asp Ala Gu Ag  Ser e Tywy Leu Leu Asn Amg Al Asp Asp Val Met Gl e Tyr
Met Fro Asn FPhe Trp Met Leu Ser Ala Ma Ty Thr Cys lie Gy Fro Met Thr Ser T Arg FPhe
Cys Mhg The Ser Gly Cys . Als Gn Hs Ik Pro Val G . Gly g . Mg Hs Gl Asp  Leuw
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MNg Ala Trp G Ms Ala g Asn Ala lle Asp Wal Met Lew Lew Gn Gly Hs Lys Ala Asn Lys  Lys

The Gly Arg Gly Ser Thr Arg Gly Met Arg Ser Mel . Oy Cys Cys Arg Mo lle Mg Gl lle Arg  Arg
Fro Gy Val Gy Ma Arg Gl Glu Cys Asp Arg Cys Asp Ma MNa MNa Gy Pro . Gy Lys Giu

Lys Gin Val val Gin Va Arg  Thr Lew Tyr Aln Asn Gy Ser Met Amg
Ser Mo Lew Ser Mg Cys G Lew G Tyr The Ser Giv Ser Cys Mel Pro Met Wal Wal s Ala Ala
Gl Ma Gly Cys Pro Gly AMa #Asn Trp Ser e Leu Pro Asn Lew Val Cys G Tp . Tyr MAla Arg Leu

Phe Pa Pro Amg Ala Wal Tw MAm Cys Ala Ser Ala Gly Pro Ser Met Ala Ala Ser Gly Gly Phe fAsp Pro
Ser Llew Lew Val Lew Phe Met Lew Ma Lew Gin Pro Gy Lew Gin Trp Pm Ang Ma Gy Val Lenw e
Pro Sar Ser Cys Oys Lew Cys Lew Mg Phe Ser Arg Als Phe Asn Gy Ag Gl Mg Gy Phe . Ser

Wal Gy Mg Lew Ser Ser Lew Ser Gly Aln Lew Asp Avp Lew Ala g g Gy S Gy Tyr Tyr Wal
Arg Tp Ser Ma Ser Leu Leu Phe Arg Ma Arg Tp lle Gy . Mg Gly Val Ma Ma Val The Thr Ser
Gy Gy MNa Pro Lew Phe Ser Phe Gy Ag Val Gy val Ser Ala Al Trp Gin Arg Lew Leu Aug

Ma Arg MNa Llew Tyr Phe Gl MNa G Asp Ty Ty Ang Asp Val Arg Val Gin Lew MNa MNa Lys Ma
Mis Aln Lew Phe e Ser Acg Lew Mg e e The Ala Mot Phe Ma Oys S . Ay Gin Mg Lew
Arg Thr Arg Ser Leu Phe Arg Gly . Gly Lew Lew Pro Mg Oy Ser g Ala Val Ser Gly Lys Gly

hsp  Lys Thr lle Pro Arg G Val Lew Mg Ala Ser Pro Asp
The Asn Thr Lew “al Lew PFro Phe Po Ma Arg Cys Cys val Lew Arg P Be Trp Val Gy val G
Gn e His S Phe Ty Hs S Pro Ag Gl Wal Als Cys Phe Als Ag Phe Gy Trp Wal Trp Ser

Lew Pro Pro Gly Oys Ty Asp Tyr Asp Tyr The ke Lys Cys Ser Asn e Lys Gly P Asn Glu  Gin
Cys Cys Pro Lew Gly Val Met Thr Met Thr Thr Amg Ser Ser AMla Lew Thr Ser Lys Val Leu Met Ser  Ser
Als Ma Pro Trp Wal Lew . (T Lew His Asp Gin Val  Lew . His Gin  Arg  Ser Als

Lew Trp  Gin B2 Arg Glu Arg Lew Glu Lys Arg His Lys FPhe Arg Gy Lew Ma Asp Leu Gin Gy
Ser Gy Mg Mg Fhe Val Ser  wal Mg Ber Gy Thr Ser Ser Gl WVal Lew Pro The Cys Mg Ala
Ma Lew Ma Gly MAsp Ser . Aa Phe Arg Gl Ma Ma Gim Val Gk Gy Ser Cys Arg Leuw Ma Gly Leu
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Ser Ma Gly Ag AMa Phe Ala MHis Asp Val Pro Lev Gl Val Pro fsp Lys Ma Tp G Gm Tp Ser Lys
Arg Lew Gy Val Po Ser Lew Thr Thr Phe Arg Trp Ang Cys Lew Thr Arg Lew Gy Ser Ser Gy Arg
Gly Trp Ala Cys Lew Mg Ser Mg Mg S Wal Gly Gl Al . Gn Gy Les Ala Ala Wal Val G

Mg T Mg Gy Asp Arg Al Ala Gn Asp Gly Ag Gy Gl Lew Lew Mg Al Lys Mt Mst Ala  Lys
Ser Wal Gly Gly Ma e Gy Mg Leu Arg Met Gly Aa AMa Ser Tw Phe Val Gl Amg . Tp G Ser
Ala Len Giu Gy Ag Gy Gy Ser Gy Trp Ma Arg Arg Ma Thr Ser Cys Lys Asp Asp Gy Lys

Lew Trp Arg Tyr Lys Arg Ser Trp His Ang Asp Lys Lys Gy Asp Thr Trp Gy Lew Gl Gy Phe Gy
Cys Gly Aa The Lys (G Ala Gl Toe Wal The Ag Mg Ma lle Pro Gly Val T Lys Ala Ser  Ala
fa Wal A Len Gin Lys G Les Ala Pro . Gin Gl Gly Ang Tyw Len Gly Phe Gly Arg Lew Arg Pra

Ms Leu Leu Ser Lew Pro WVal Asp Phe Phe Asn  lle  Ada Tp Arg Met Leu

e Tyr Cys Lew Tyr Arg Lew Be Ser Ser Be Lew Lew Gy Gy Cys Tyr Ma The Val Len Val  Arg
Phe Thr Wal Phe The Gly . Phe Lewm Gn Tyr Ops Lew Gu Asp Val The Arg Lew S Trp Tyr Gy

G Wal Asp Mg Lew Met Lys Gl Yal Gn Gy Fo Fro Ala Gu Gl Met Lea Aa Lys Lew Trp Ty
WVal Arg Leu llie  Wal . . Arg Aa Ser Arg Val Mis Gl Pro Lys Val Cys Trp Pm Asn Cys Gly Mot
Gy . Ser Phe Asp Gl Gy Ang Pro Gy Ser Thr Ser Arg Arg Ty VAl Gy Gin Be  Val  Val

Gy Lew Gy Gin Asp val Be Ser Val Lew Gy MArg Asp Val Lew Glu Val Be Gin Ser AMa Ser Ma
Gy Lem Gly Mg Tor Ser Ser Lew Phe S Wal Gu Mel Cys Trp Ag Lew Phe Ser Lew Lew fog  Lew
Tp #Ala Trp Ma Gy Arng His Leu Cys Ser Arg Ser Alg Cys val Gy Gy Ty Ser Wal Cys Phe Gly Ser

Pro Gly Mg Gl Phe Mla Aa Gu Tp Gy Tp Leu Pm Len Asp Val Mg Gl Lys Phe Lew A Gly His
Arg Asp Ma Ser Leu Llew Lew Ser Gy Val Gy Ty Ang Lew Met Cys Val Ag Asn Ser Cys MNa  Ma
Gly Thr Mg Wal Oys Cys . Wal Gl Lew W¥al T Ala . Cys  Ala . Gu e Lew Alna Mg Pro

Lew Gly Pro Ala Gly Ala Trp Met MAsn Lew le Pro Ala Ser Phe Aa Pro Trp Lew Asn Gin Ala Wal

lle Tp Gy Leu Lew Gly Arg Gly . lie . Tyr Leu Leu Wal Leuw Pro Mg Gly . Thr Arg Les Leu
Fre Gy MNa Cys Trp Gy Val Asp Glu Pre Asn Thr Cys Pre Cys Fro Val Al Gl Pro Gy Cys
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Gin MNa Phe Ala Thr Gy Val Arg Tyr Arg Gy  Ser
Ser Cys Phe Mg s
Ser Gy e

Lew FPro Peo Wal Ser  Gly
Cys Ms Arg Cys Pro Wal

e G Asp
Arg e

Leu
Ser

His T Leu

Leu Cys val

lle Gy Phe Cys Aa Ty

Leu Ala

Phe Wal Arg

Thr

Asp Lys  Gin . Bro
The Ser Asn Asn Mg Mg Asp

Msp

Ser
Amg

lie

Ser

GEin
Ser

Gly Ma e

Lew Ser Trp Aln Wal

Cys  Ms

Val Val Met

Gly Arg FPhe

Gn Ala Wal &g Gu

Lew Leuw Ala Gl Gy Pmo
Tyw Leu Pro MAa  Gly Arg

Arg Gin Phe WVal #Asn Ser Amg  Pro
Ma Arg Leu Al Gy Ser  Ser Thr  His Gy Leu

Lew The Ala

Ser Ser Mg
Leu HMis  Val

Gy Gy Ser Thr Cys Arg Arg Ala Val Fhe Thr

64

Leu

Msp
lhe

Mt

Gy . Cp

Leu .
Tw The Lys

Wal Asp Al The Lew Ser

Lew wal G
Ser

Phe Ser Arg




2.5.2 AaV1 dsRNA2 sequence (NC _010989)

2744 nt excluding poly (A) tail

5

o

¥ E ]

1 Hs Lys Ala Il Val Ser Pro Asp Thr His Lys Ser Lew Thr Llew Val Amg Tyr Val Phe Cys Cys Phe
2 Thr Lys Gin Ser Tyr Ag Gin lBe Hs lle 3er Lew Pro Tp Phe Val Met Ser Ser Ala Wal  Ser
3 Pro Gin Ser Asn Arg lle Al Ag Tw The . Vil Phe Asp Lew G Ser Lew Cys Leu Leu Lleu Phe Lew
[+

5

o

1 Phe Leu Cys Lew Arg Giy WVal . Gy va Val Gly Vi Amg Ser P . . Mz Tyr Arg Phe
2 fsp Phe Phe Val Cys Gly Gy Phe Ser Gu Gy Trp Lew Gl Cys Asp Leu leu Asp Glu Ang Thr Als

3 le Ser leu Ser Ala Gy Gy Lew Vi Ag Gly Gl Trp Ser Alz e Ser Lleu Met Ser Val Pro Lew
o

5

[

3

1 Arg Arg Vel

2 Phe His Lleu Al Az His Val Gly Ser Asp Gly Met lle Asp Val His Lleu Gu Lys B Pm Gy Val Pmo
3 Phe Thr Leu Lew Amg Thr Ser Gl Leu Met Aa Ser Met Ser e Leu Ag Lys Phe Llew Ala Phe
[

5

[

¥ L CR

1 . Cys

2 Val Ser Po Tp His Val Gy Gly Gy Leu Ang Asp Phe Gy Gly Gy Gy Leu Gl Gy Phe Va Asp
3 Pro Phe Pm His Gly Met Tp Gy Gl Gl s Val lle Llew Vil Glu Ala Wa Ser Gy Az Lleu Leu Met
[

5 GUCGEUC CAGCAG z
o T
¥ CAGCCR £ GUCGUCACCCULCCCARRCC LZCR

1 Cys Arg Ser Ser Gin Lys Ala Cys Ser Ala Val Gy Trp Wal Gl Lew Trp His Leu Pro Oy Trp . Ser
2 Val Gy lew Llew Lys Ang Pro Val Gin Gn Tp Asp Gly Leuw Aa Cys Gy T Cys Am Val Gly Asp
3 Ser Val Phe Ser Llys Gly leu Phe Ser Ser Gly Met Gy Trp Lew Val Aa Lew Ala Val Lew V&l e
o

7

[

3 2 2 E

1 Cy= Tip Asp Val Amg Gly Gy Ag Llew Ag P Pmo Ser Ag Trp His Aa Gy Am . Asn Gy Gy
2 lew Alz Gy Met Cys Glu Val Val Gy Cys Gy Amg Ag Ag Val Gy M=t Gn Val Al Gu Thr Gle  Val
3 lew Llew Gly Cys Aa Ang Trp Ser Wal Ala Al As Vel Az Lleu Ala Cys Mg Ser Llew Lys A Amg
[/

5

[

3 ] LT : 3 3 §
1 AMa Cys Hs Lys Lew Hs Asn Gy Cys Gy Aa Al Ang Gy Tw Amg Ala Cys  Ser Amg  Tyr  Gly
2 Lew Val Thr Ser Ser lle Met Wal Als Val Gin Amg Aa Ae lle Aa Lleu Al Pro Asp Asp Met Gle
3 Cys Lew Ser Gin Az Pro Tp Lleu Arg Cys Ser Aa Amg Llew Ser Ang Lleu Leu Llew Thr lle Trip Ser
o

5 TUUGGGRACACCGUGCCUGUCCGUGUUDCUGCUGGAGGCUATACCUUCAUCAAGGACATUGUCCCOCGACT
o ....I....I....I...I....I....I....I....I....I....I....I....I....I....I
3 I = Z Iz z
1 P Tyr

2 Phe Tp Asp Thr Mal Pre Val Arg Vel Ser Ala Gy Gly Ty The Phe lle Lys Asp Met Ser Leu Asp
3 Phe Gly Thr Pro Cys Lew Ser Wal Phe Leu Leu G Aa Ik Pro Ser Ser Arg Thr Cys Pro Ser Thr
[
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RCCGGCGEECT ocuc 0GGT ] . L

Gy Amg Gly Val Amg Gy Ty Tw Gn Tp Cs . G Val Aa Am Gy Lles lew Ser . Hs Gy
leu Alz Az Gl Ser Glu Val lle Thr Ser Gly Alz Glu Lys Lew Lleuw Ala Asp Phe Phe Ser Thr Ma
Tp P Mg Ser Gin Am Lew Lew Pm Val Val Lew Amg Ser Cys Ser Ag Thr Ser Phe Val Al Am

Ma Am Hs Gy Gy Amg
Asp Thr Glu Wal Val Mst Leu Ser Gin Asp Asp Gl Glu Ala WVal Val Ala
Cys Cys Amg Arg Thr Met Lys Ag Leu Lew Trp Pro

Glu  Pro
Pro Ser Pro Thr Arg Arg  Ser

Asp Val VAl Alz Gy Amg . Am Gy Cys Cys  Gly

ETIE
ol
g

Pre  Ala

B
Gin e

GUGCUCCASCCRE ~Cn

VoVl mioe o -l T:
Ser Arg Gly Amg Leu Gl
He Glu Va Gl Tp Gly Asn

Thr Arg Ser Aa Gly Wal Thr Tp Gn His Phe His Pro Val Trp Gin Trp Mt Al Pro

t
GGRCCGEUUGUGRRAGUGG

Pro Gl Asn Thr Phe Thr
Leu AMa Thr leu Ser Pro Cys  Val

Ala Vsl Asp Gly

Cys Phe Cys Oy Val Amg Ala Gl

Wal Wzl Ser Mal Mal Ser Gy
Leu Phe Leu Leu Cy= Pro Gly

Ag G Asp Asp VAl Gy Phe G Val Asp Thr Thr Gin
Gy Val Thr Thr . Gy Leu Ag Ser lle Ag Lleu Lys

Gly Asp Gl Leu

Val  Thr

e e T

Glu Gy Ag Asn Cys Gly Gl Glu Gl

Gy Aa Gu Lew Ag Tip Amg Ag Val

ke Gly
Gy Gy Th Al Val Gu Lys Ser Ag Ser Val Al

Azsp Arg

Gy

Tp  Arg

Az Thr Arg Gly Trp His

Ag Val Gy Gy Th Gy Val Asp Ala G Gy Val

val  val

Arg
v= Asp Als Trp Val Alz Leu Val Lew Met Arg Arg Glu Ser Lew

llie

Brg Gly Lleu Aa Gly Amg Cys G

Phe Gy Asp Ser Pro Gy Val
Ser Gly Thr Arg Amg Ala Leuw

hy
Val Ab
Trp Pz

Val Gy Tyr Ag Val Lew

Gy Val

Ser
n Az Tp Gly Ik Aa Cys Trp Val Ser

Gly Cys Arg Gin

Asp Lys
Thr

Gly Ser Gly Thr Arg Gly Thr
Asp P Ma Hs Aa Ml P
Arg e Amg His Thr Amg His

Pro Trp Llew Aa Arg Gin Vi

Gly His

w Po Gy Tp Leu Asp Lys Tyr Ag Thr Val Val As G Vsl Thr Asp

Pro Leu Ala Gly Ser The Ser lle Gy Lew Ser Trp Leu
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Ag Ms Asp Gin Phe . Ser Gly Gy Val Aa Gy Aa Gy Gy Lew Ghy Gy . Aa Cps Phe Gy Cys
Ghy Leuw Thr Ser Ser Gl Val Gu Gy Tp lew A Gin Val Gy Tip Gy Gy Llys Am Val Lew Ma
Gy . Pro Val Lew Lys Tp Amg Gy Gy Tp Ag Ag Trp Val Gy Gy Val Ser Val Phe Trp Leu

Ser Arg Phe Glu Thr

G

Pro Arg R ™
Aa Llew M=t Asp lle Asp Gin Gly Ser Lys Amg Ser Ser Val Ser Asp Thr Ala Lleu Asn Amg u
Pro . Tp Thr . lle Lys Vel Arg Asn Asp Lew Pro Ser Wal ke Arg Arg Leu Thr Ala Ser Ser

CCGUT

Val Tyr Cys Gl
Ala Asn leu Llew AMla Asp Tip Ser MAsp Ala Phe Thr Val Val Amg Tyr Amg Gly Lew Pro Val Leu Pro
Arg Gin Thr Cys Ser Gin Thr Gly Ala Met Mg Lew Leu Tip Phe Val The Val Ala Cys Pro Tyr Cys Amg

UACGUCUU

7]

J UGCU CG
Asp . Cys Val Amg Ala Asp Al lew Ser Armg Thr Ala Gly Gy Gly Asp Val Cys Gy Aa Arg Leuw
lle Asp Ala Tyr Val Leu Pro Th iz Glu Pro Gin Gy Ala Glu Met Tyr Ala Val Hs Gl
Leu Met Amg Thr Ser Cys Amg Aa Phe Thr #Asn Arg Ag Gly Arg Arg Cys Met Ag Oys Thr Ala

Leu Glu Gly
Tp Ang Gly Leu His Ser

Tp Hs Val Gly Ser
Ser Met Ty Pro Ala Gy Met Leu Amg Ala Leu Phe

UGAUURCG

=

e R T

JGCUCCCA

& R e e L s Vo Ui e

. lew Ag Pm Az Thr Gy Ala Amg lew Amg Gy
Phe Gly Va Gin Lew leu Ser Lys Ala Trp Ang MAsp Tyr Gy Arg Arg Arg Gly Lew Gy Ty Glu Gy

Pro Ser Gly Cys Ser Cys Phe Pro Armg His Gly WVa lle Thr Ala Gy Asp Gl Gl .  Val Thr Ag WVal

- o

Tp T . Amg Gly Gly Val Tw Gl Gin NBe Pm Cys Phe Am
Gly Gy Lys Gy Asp Val Ser Pro Gl Gl Gy G Amg Lys Gy Phe Thr Gy Lys Phe Ag Wal Ser
Val Wal Lys Gy Met Cys Hs Amg Amg Gy Ala Ser Gy Ag Gy Lew Amg Aa Asn Ser Val Phe Pro

Gly Asp Trp Leuw Lew Vil Ala Ala Gly Pro Glu Glu Trp Cys . Gy Ala Aa Thr Gy Ala Tyr Ser
Thr Gy Tyr Lleu Ser Leu Llew Gy Leu Arg Ser Gly Wal Gu Glu Lleu Arg Leu Alz Hs Thr Pmo
Gly Arg lew Val Thr Cys Arg Cys Trp Ala . Gy Val VA Llew Amg Ser Cys Asp Trp Amg le  Lew
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=

Va Ty Al Gy Trp Gl Al Cys Phe Cys= . Az Aa Tp Po Thr Gin Asp Amg Asn Gl
Phe Met Ag Aa Gy Lys Amg Ala Amg Aa Phe Val Gl Lleu lew Gy Gin Lew Lys T Val Met Gy
Arg Llew Cys Gy Llew Gy Ser Val Amg Gy Lleu Lleu Lleu Ser Ops Llew AMa Asn Ser Ag P . Tp Gly

Glu Gly Ser Ala . Thr Cys Gly Amg Ala Asp Amg Gin  Be
Lys Wal Mg Pre Glu Amg Vel AMa Glu Lew Thr Ala Lys Phe
Mg Phe Gly Lew Asn VWal Tp Pro Ser Pro Pro Asn Ser Ser

= Gly Gin Ser Phe Aa AR As
Ala Asp Ag Va Lleu Leu Am
Arg The Glu Phe Cys Cys Gy

Ala Tyr
Hs Wal Ser Gin Ma Thr Lleu Ser Val Ser Pro Thr Lleu Lew Hs Thr Met Gin Ser Ag Tw Asp Gly Leu
Thr Cys Amg Lys Amg Arg . Val Cys Hs Pm Hs Cps Cps lle Ag Cys Asn P Gy Thr The Asp

] I I I
LI o B
] ARLGUGGUUCGUASG
Az Glu Val Lew . Arg Ser Arg Val Az Gy Ser Ag Ser Gy Phe Gy . Phe His Gin Az Ser

lLeu Lys Tyw Cys Ser Alza Ala Glu Lew Pro Asp Gin Gy Pro Asp leu Gy Asp Phe Thr Lys His Pro
Cys . Ser le WVal Mla Gin Fro Ser Cys Mg lle Lys Val Ag lle Tip Val lle Ser Fro Ser Be Fro

UUGUCUUCCCCTLCE

Arg Mzl Trp Arg Pro Wal Ser lew Gy Llew Llew Gin Gy Aa Am .
Gly Phe Gly Ma Lew Phe Hs Trp Gy Phe Ser Lys Val Am Asp G Met Gy Val Wal Phe Pro Tyr
Gy Lew Als Pm Cys Phe Thr Gly Ala Ser Po Am Cys Al Met Ag Trp Gly lew Ser Ser Pro Thr

u . Glu Llea Gy Ala Hs Gly
Pro a Ser Arg Ser Trp V&l Arg Mt Val
Arg Ser Met Arg Val Oy Cys Arg Ser Arg GIn Cys Ag Tyr Llew Ag Val Gy Ma Gy Cys Ala T

CCCCUUCG

Ag leu Aa Ma Gl Ser Val

Ser Pro Gy Cys . Lys Arg Met lle AMa . Tp Gy Ser

el Rsinietelaiciaictuiaintinlnd tial i el clnlut o)

Jol AU LU UL UL UL L LU

Wal Wzl Glu Pre Vel Ser Ang Amg His Ala Gly Gy Ala Ag Ser leu Lew Llew Gy Gin Al Aa Gy Gl
lewu Trp Ser Lew Ser His Val Gy T Gin Glu Glu Amg Glu Val Tyr Phe Trp Gy Lys Lleu Gin Gl
Cys Gly Aa Cys Lew Thr . Aa Ag Amg Ag Ser Al Lys Phe Thr Ser Gly Ala Ser Cys Am Gly
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B oLk — L B L0 A ORI L B U] 8 R Ll 8 0B LR = L3 B L) B LAk = L B L] 8 k= L 8 W] 8 W= L 8 W] 8 k= L B

- TS e
Ser . Ser Thr Pro Gl Lew Gl Ala Gy Cys Amg Phe Cys Gly Pro Gl
Ala Aa Asp Lleuw Leu Lleu Ala Ser Amg Arg Amg Gy Gn Arg Thr Gin Gly Ala Ala Ser Ala Asp Llew dsn

Gin Lew N Tyr Ser Trp Pro Arg Gy Val Glu Val Ser Al Ag Arg Vel Pro Leu Leu Ang Thr

Ser His Ser Glu Amg Gly .  Ser Pe Gly Gl Ser Gu Ala Gl Val Val Ser Gly Gy Thr Ty Gl
Ag Ble leu Ser Ala Mla Glu Ala Llew Gy Ser Amg Lys Lleu Lys leu Ser Pro Ala Glu A Met Val
lle Ala Phe . Mz Arg Llew Lys Lew Trp Gly Va Gy Ser - Ser Cys Llew Arg Arg Asn Val Tip Cys

TCGEUCGE

Wal Arg Arg Arg Lew Trp Gy Ang Amg Thr Tp Pro
Phe Gy Ma Ma Tw Gy Val Val Gy Am Gl
Ser MAla Pro Lleu Met Gl Ser Ser Asp Val Ala

Thr 3 His Phe Am Tp Tyr Lys Pro
Pro Gy Gly Lleuw Amg Ty Ala Glu  Amg The Leu Gy Am Mst Ala Ser Thr Ser Asp Gly Thr Ser His
Pro Ma Gly Cys Gly Thr Amg Asn Val Po Amg . Gly Val Trp Am Pro lew P Met Val Gin Ma

Ser Ser Tyr Alz Val Ghn Ser Az Gh Asn Arg Leu Als
Hiz Arg Thr Lew Ser Ser Ser Thr Asn Gl Ser Am Gly Val Tyr Thr Pre Amg A e Gly Leu
lle WBe Vi Ang Cys P Al Val Gin Met Glu Ala Ala Val Phe Thr Lew Am Ala Gl Ser Ala Ser Leu

UCUOUCERUGURD

Thr Ser Tp Thr Cys Phe . Lys Gl Ala Thr

] Ser Phe Hi

Lys Leu Ser Ang Ser Mst Ser His Pro Phe Leu Arg Ala Gy Ag Val Phe Arg Ls Lys Llew His  Ser
Asn . Wd Val Pe . Val Ik Amg Ser Tyr Gl lenw Asp VaE Phe lew Glu Amg Ser Ty lle Al
GCGEGGCCUCCEUUUUCUCUUUAGECCCUUGAGUCAGUCGGAUCUCCUCES

Gly Gl WVal Val Trp Cys
Az Val Gy Tp Ser Gy Vi

Gy Gly Ma Ser Val Phe Ser Lew Gy Pro . Val Ser Amg lle Ser Ser
P Am Ag Tp Gy Gl Leu Va

Ma Gy Po Pro Phe Ser lewm . Aa lew Gl Ser Val Gy Ser

JCACCUUG

Ser Gy Thr
Val Gl
Tp  Asn
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2.5.3 AaV1 dsRNA2 del-1 sequence
2513 nt excluding poly (A) tail

1 His Lys Ma e Val Ser PFro Asp Thr His
2 Te Lys Gin S Tyr Meg Gin lle Hs e
3 Ser Gin Ser Asn A e Aa A Ty Thr

Wal Phe fAsp

1 Phe Leu Cys Leu Arg Gly WVal . .
z Asp Phe Phe Val Cys Gy Gy Phe Ser Gl
3

lle Ser Lem Ser Al Gy Gl Lew Wal A

1 Ser Pm Cys Cys Ala deg Mg Wal Trp
2 Phe His Leu Ma Ala His WVal Gy Ser Asp Gly Met
3 Fre Thr Lew Lew Arg Thr Ser Gy Leu Met Ma

1 frg Phe PFro Met Ala Cys Gy Gy g Ma
2 Wal Ser Pm Trp Ms  wal Gl Gl Gly Lew Mg fsp
3 e

Pro Phe Pro His Gy Mm Tp Gy Gl Gy Cys  Val

Gly Wal  Val
Trp

Gy

Msp
lhe

Gly Wal Arg  Ser

1 Cys Arg Ser Ser G Lys Ala Cys Ser Aa
z wal Gy Lew Lew Lys Mg Fro Val Gin Gin
3

Ser Wal Phe Ser Lys Gy Lew Phe So Se

1 Cys Tp Asp  Wal

2 Leu Ma Gly Met Cys Gl Val Val Gy Cys Gy Ag Ag Ag  Val
Ma

3 Lev Lew Gy Cys Ala Arg Trp Ser Val Ma

Lew Mfrg Pro

T Wal

Trp Asp
Gy Met

Pro:

1 MAa Cys His Lys Lew His Asn Gy Cys Gy Aa
2 Lew Wval The Ser Ser lle M2t Wal Al Val
3 Cys Leu Ser Gl Ala Pro . Tm Leu Arg Cys  Ser

T
1

2 Frhe Trp Asp Thr Val Pro Val Arg Val Ser Ma
3 Phe Gy The Pro Cys Lew S Val Phe Lew
kel

Aa
g
Ala

iy
Gl

70

Als Lew Als Pro Asp

Lys Asp  Met  Ser
Pro Ser S Ay

o
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Gy Mg Gl wal Mg Gy Tyr Ty Gn

Gy

Lew  Arg

Gly Lew Lew Ser
hsp Phe Phe Ay Ser

Cys Cys A An

The Mg Ser Ala

iy
Asp  Asp
Thr

Thr

Ser P Cys

His

Mg .
Gly A Gl Asp Asp Val Gy Phe Gl Val Asp

Iim P Pro  Ala

Trp Med Als Fro Met Mt Mat

Gin Gy Asp Gy Lem

Gy

Phe Lew Pro Cys Cys  Asp Ala  Lew Wal

Gty
Gly  Ala

Lys Ser Mg Ser
Tp Arg Arg Val Asp Arg

Cys Gly Gly Ser Arg Cys Asp Leu

val Asp Ala Glu

Phe Gly Asp Ser

frg Ala Ser
Ala
Gin

Arg
Trp Lew Asp
Thr

71
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Arg Ma Asp Gl Phe . Ser Gly Gy val Aa Gy Ma Gly Gly Lew Gly Gy . Ma Cys Phe Gly Cys
Gy Lew Thr Ser Ser G Val G Gy Tp Lew AMa Gin Val Gy Trp Gy Gy Lys Arg Val Lew Aa
Gly PFro Wal Lem Lys Trp Mg Gly Gly Trp Mg Mg Trp ¥al Gy Gly wval S val Phe Trp Lew

Pro Asp Giy Hs &g S &g Phe Gu Thr e Phe Mg Gin . Tyr  Gly  Ala . Po Ag Al Leu
Ma Leu Met Asp lle Asp Gin Gly Ser Lys Arg Ser Ser Val Ser Asp Thr Ala Lew Asn Mg Gl Leu  Ser
Fro Trp Thr . Be Lys Wal Arg Asn Asp Lew Pro Ser Val Be Arg Arg Lew Thr Ma Ser  Ser

Gy Lys Pro Ala Ang Lew #Arg Pro MNa Thr Gy Ma dng Lew Arg Gy Trp T . Arg Gy Cys  Val
Ala Asn Lew Lew Asp Tyr Gly Mg Mg Mg Gy Lem Gy Tyr G Gy Gl Gy Lys Gy Asp Val  Ser
Arg Gin Thr Cys Ser lle Thr Aa Gy Asp Gy Gly . Val Thr Arg Val Val WVal Lys Gy Mel Cys His

The Gly Gly Gly Arg Ala Gl Gly Wal Tyr Gy Gk lle P Cys Phe Ag Gy Asp Trp Leu Leu Wal  Ala
Po Gl Gy Gy Glu #Arg Lys Gy Phe Thr Gy Lys Phe Ag Val Ser Gy Ma Thr Gy Tyr Les  Ser
Mg Mg Gly Al Ser Gy Mg Gy Lew Asg Als Asn Ser Wal Phe Pro Gy A Lew  Wal The Cys  Asg

Ala Gl P Gu Gu Tp Cys Gy Ala Ma T Gl Ala Tyr Ser Val Ty AMa Gy Trp Gu Ala
Leu Leu Gly Leu Ay Ser Gly Val Gl Gl Len Ay Len Ma Mis Thr Pm Phe Met A Ala Gly Lys Mg
Cys Trp Ma . Gy Val Val Lew Ang Ser Cys Asp Trp Mrg B2 Lew Arg Leuw Cys Gy Lew Gy  Ser

Cys MNa Gy Phe Cys Ma AMa Trp PFro Thr Gin Asp MArg Asn Gy Gl Gy Ser Al Thr  Cys
Ala frg Ala Phe Wval G Lew Lew Gl Gin Lew Lys The Wal Met Gy Lys Wal Mg Pro Gu Asg  Wal
Wal Arg Gly Leu Leu Leu Ser Cys Leu Ma Asn Ser &g Pm Tm Gly Arng Phe Gly Leu Asn Val T

Gly Arg M Asp Arg Gin e P Aa Cys Gy Gh Ser Phe Ala Mo Ser Asp Val  Giu
As Gl Lew Thr #Als Lys Phe Gin Pro Ma Asp fArg Val Lew Lenw Arg His Val Sar Gin Ma Thr Leu
Pro  Ser . Fo Po Asn Ser Ser Lew feg The G Phe Cys Cys Gy The Cys Mg Lys Mg Mg

Cys Wal The Hs T Al Ala Tyr Asp Aln e Pro Wal Asg Aeg Il Ala Glu ¥al  Leuw . Npg  Ser
Ser Wal Ser Pm Thr Leu Leu Mis Thr Met Gin Ser A Tw Asp Gly Leu Lew Lys Tw Cys Ser Ala Ala
Wal Cys His Pro His Cys Cys Be Amg Cys Asn Pro Gy Thr Thr Asp Cys Ser Be Val MNa Gin

72
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Arg  Val Ma Gy
Glu Lew Pro Asp

Ser Cys Mg e

Ser Arg Ser Gy FPhe

Gn Gly Pro Asp Lew
Lys Val Ag lle Tmp

Gy

Gly Asp Phe The Lys

“Wal

lle  Ser Pro Ser

His Fro Gly
e P Gly

Ser Mg Val

Phe
Leu

Arg
Gty Ala
Ma  Pm

Lew Phe His
Cys Phe Thr

Leu

Arg Ser Arg Gin Cys Arg Ty Lew Mg Val

Gly Leuw Leu Gh

Gly Ma A

Trp Gy Pre Ser Lys val Arg Asp ‘Glu Met

Gly Ala Ser Pro Mg Cys Ala Met Mg

Ala Mg Gl Asn
Leu &la  Ala  Met

Ala Asp Toe Cys Gl
Pra lle Leu #la Ser

Trp

Arg

Gl Lew Ser  Ser

Gu Lew Gl Ala
Ser Tp Wal Arg

Gy Val wal Pme Fro Tyr Thr Gin

Pro  Thr A

Hs Gy g
Met  Wal  Ala

Gy MNa Gy Cys MNa Trp Ser FPm

Ser

Tyr  Ma

Met  Aeg

Ag  Wal Leu

wal Cys Cys

Lys Mg

Ser Lew Asp Gy Glu Ma Ser Pro Ty

i  Ala . Tp

Gly Lys Pro Lew His
Gly Ser Leu Ser e

The
Arg

Tp G Lew Gin
Gly Ser Ty Lys

Gly  Leuw Leu

Ma Cys Cys Gly Ma

Trp

Ser  Lew

val Gy Al Thr Arg Lew Val val Gii Pro Val £ Mg

Ser M5 Wal

Cys Leu Thr

Arg

Gy Thr Gin Gl Gl Ang Gl val Ty Fhe

Arg Gy Vval Glu Val Ser Ma Arg Arg Val Pro Lew Lew Arg  Thr

His Mla Gly Gly

Ma Mg Mg g

Mg Mg A Gly

Ma  Arg Ser Leu Leu

Ser Ala Lys Phe T

Leu

Ser

Gly Gin Ala  Aa
ITrp Gy Lys Lew Gin Gy MNa MNa

Gly Gy Ser

Gly Ma Ser Cys Mg Gl Gn

Ser Aln Mis AMa Gl Cys Mg Phe Cys Gy
Ma  Ser Ala Asp Lew Asn Arg

Gin Arg Thr Gin Gy

Ala

Leu

His
lie

P

Ser  Thr

lle Tyr

Ser  Glu

Lew  Ser

Pra Gly Leu

Asp Leuw Leu Leu  MNa

Ser Tip Prmo

Mg Gy
Aa  Ma Gl

Ala Arg Leu

Ser Phe Gy Gl Ser G Ma Gl Val  Val

Arg

val Gy Arg Gy Gin Phe Arg His Asp Ser Asp Tyr Ser Arg Asn Fro P Gy

Ala Lewm Gl Ser Mg Lys Lew Lys Leuw

Lew Trp Gl Val

Arg Thr Tm Pro

Gly Ser . Ser Cys

lie Pra P - Leu

Ser Asp Wal Ala Asn Ser Ala Med The

Ser
Leu

Leu

Ser Gy Gy Thr  Tyr

Pro Ala Gu Mg Met Val Phe

Arg Arg Asn Val

Lewu Gin Pro Gin

L] The Ala Als

73

Tm Cys  Ser

Gy val g

Ala

P Leu

Lew Trp Gy

Tyr Gl Wal
Met  Gly  Ser

Ser Ser Arg Arg Val Ala Wal Ang Gl

Iz Lew Pro

Al

Gy

Gy Cys

Lew Arg Tyr  Aa

Gy Thr  Asg

o



Thw Ser M= Ala Mg Ala Tyr Gy Wal His Phe &g Trp Tyr Lys Pro Ser Ssr Ty Ala ¥al Gin Gin
Gl Arg Pro Thr Leu Gly Mg Met Ma Ser Thr Ser Asp Gly Thr Ser Ms Hs Arg Thr Leu Ser Ser  Ser
Asn Val Pro Arg . Gy Val Trp Arg FPro Lew Pro Met Val Gin AMa Be Be Val Arg Cys Fro Ma

Tyr Lys Trp Lys FPro Arg Cys Lew His Ser MNa Gin Asn Arg Len Ma Bz Lys Ser Phe His Gl
Toe Asn Gly Ser Mg Gl ¥al Tyr Tow Pro Mg Mg e Gly . Lew Lys Lew Ser Aog  Ser Met  Ser
Wal Gin Met G Ala Aa Val Phe Thr Leu Arg Mla Gl Ser Ma Ser Lew Asn . Va Val P . WVa

Ser Ser Wal Lew Thr Ser Tp Thr Cys Phe . Lys Gl Aa  Thr . Arg Arg Gly Lew Arg Fhe Leu Phe

His Pro Phe Les Arg Ma Gy Arg Val Phe Arg Lys Lys Lew His Ser Gy Gy Ma Ser Val Pre Ser
le Arg Ser Tyr Gu Lew Asp Val Phe Lewm Gu &g Ser Tyr llke Ala Ala Gy Pro Pro Phe Ser Lew

Ay Po Lew Ser Gin Ser Asp Lew Lewm Gy Gl Gl Wal wval Tp Oys Ser Gy Te Asn e
Leu Gly Pra . WVal Ser Arg lle Ser Ser Ma Val Gly Trp Ser Gy Val val Gl Gl lle
Ma Lenw Glu Ser Val Gy Ser Pro Arg Arg Trp Gy Gy Lew  Val Trp Asn Lys Ty
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2.5.4 AaV1 dsRNA2 del-2 sequence
2048 nt excluding poly (A) tail

T ETTL TR ITLT

Hs Lys Aa lle Val Sz Pro Pap Thr His Lys
Thr Lys Gin Ser Tyr Amg Gin B2 Hs lle  Ser
Ser Gn Ser Asn Arg Il Ala Arg Tyr Thr . Wal

Ser Leu Thr Leuw W& .ﬂ-rg T},rr Val Phe {,‘3'5 Cys  Phe
lew . Pro Tp FPhe WVal Met Ser Ser Mla Vil Ser
Phe Asp Lew Gl Ser lew Cys Lew Lew Lew Phe Leu

Phe Leu Cys Lew Amg Gy Val . . Ghy Val WVal Gly Gy T Ty Gn Tp Cys . Gl Val Ala
Asp Phe Phe Va Oy Gl th Phe Ser Glu Gy Trp Lew Glu Val Be Thr Ser Gly Ala G Lys Leu
lle Ser lew Ser Ala Gy Gy Llew Val Amg Gly Gl Trp Arg Lew Lew Pro Val Val Leu Amg Ser Cys

lew Alz Asp Phe Phe Amg Ser Thr Az Gl Pmo p  Thr
Ser Amg Thr Ser Phe Val Aa Amg Pro Ser Po The Amg Ser . Cys Cys Amg Arg Thr Met Lys

Gy Cys Oy Gy Leu Leu Am Arg Ser Arg Gl  Ang Le.l Gly . Pre Gly Asn Thr Phe Thr Leu Cys
Bla Wal Val Al Ser Cys Ala Asp His Glu Val Gly Trp Gly Asn Leu Ala Thr Leu Ser Pre Cys  Val
Arg lew leu Trp Pro Pro Ala Gin lle Thr Ag Ser Ala Gly Va Thr Tp Gin His Phe His P Val T

Gl Ser Gy Trp Amg Amg . . Oy Ag Ma Gy . Am Amg Amg Vi . Gl
Mz Val Asp Gy Ma Asp Asp Asp  Val \"d Ser ‘."al Val Ser Gy Arg Gy Asp Asp Val Giy Phe Gl
Gn Tp Met Aa Pm Met Met Mt Leu Phe Lew Lew Cys Pm Gy Gy Val Thr Thr . Gy Leu Am

AGCUAUGCUG

Mg Tw  Asp S‘er Ang E Arg Ala Gl Gy Ala Pro . Arg Lew P Llew Ser Glu Gy Ang Asn Cys
Wal Asp Thr Thr Gin Gly Asp Gly Lleu Gy Glu Hs Leuw Asp Asp Phe Llew Phe Leuw Amg Gly Gy Thr Als
Ser lle Ag Lleu Lys Val Thr Gy Trp Gl Ser Thr Leu Thr Thr Ser Ser Phe . Gly Al Glu Leu

JOCUOECCUOED

RUCUAGCCACCGCCCGUUGGEE CG

Gy Gy Gl Glu . lle Gy Gy Gy Gn Pmo S5sr Cys Leu Val Az Thr Arg Gly Trp Hs Tp Cys
Val Gu Lys Ser Ag Ser Val Ma Gly Asn leu Llew Ala Lleu Lew Amg Arg Val Gy Gy Thr Gly Val
Arg Trp Arg Arg Val Asp Mg Tip Amg Ala Thr Phe Leu Pro Cys Cys Asp Alz Trp Val Ale Lew Wal Leu

73]

I

Gl

1 |
T T
CUACGCCUCC

o
(a1}

|
T
O"Gr_\,'G'SE{ArgQ'sﬁspLeuNgG
Asp Ma Gl Gy val val Vel  lle Phe Ser Pro
Met Arg A Glu Ser Lew . Ser Ser Gy T Ag Amg Ala Leu Tp Pro Als Ser . Gin Als Tp

O ocapd— L3 @ N8 abd— L 8 0 k= L 8 e 0 Lok = L B L0 D AR = L D N8 k= L A ] R k= L 8 e @ aka— L B e
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Gly Thr Arg Gy Thr Pro
Gy Tyr Ag Val Lew Gl Val Asp Lys Asp Pro Ala His Ala Alzs Pro Po Gy Tip Lew Asp Lys Tyr Amg
Gly lle Az Cys Trp Wal Ser Thr Arg lle Arg His Thr Arg His Pre Leu Ala Gly Ser Thr Ser e

CUCACACCACCERECTICD - UeCCCeRCT

azlallllball AEJUREY, BLEIR I EY ERE

- TS s u & - -
Bsp Cys Ag Gy . Gy Hs . Ag Ma Asp Gin Phe . Ser Gy Gy Val Ala Gy Ma Gy Gb
Thr Val Val Als G Val Thr Asp Gy Leu Thr Ser Ser Gl Val Gu Gy Tp Lew Al Gn Val Gy

Gy Lles Ser Trp lew Arg Ser Les The Gy . Po Val Lew Lys Trp Am Gy Gy Trp Ag Amg Trp Val

NErY -

Leu Gl Gl he Gu Thr Nle Phe Arg Gin
Tp Gy Gy Lys Ag Val Leu Ala Ala Lew Met Asp lle Asp Gin Gly Ser Lys Amg Ser Ser Val Ser
Gy Gly Va Ser Va Phe Tp Lew Pro . Trp  Thr . lle Lys Va Amg Asnm Asp lew P Ser Wal

Ty Gly Ala . P Am Ala Leu Gl Lys

Asp Thr Ala Lleu MAsm Arg Glu Lew Ser Ala Asn Lew Lew Asp Tyr Gy Amg Am Arg Gy Lew Gy Tyr Gl
lle Ay Arg Lew Thr Az Ser Ser Amg Gn Thr Cys Ser lle The Az Gly Asp Gly Gly . Wal  Thr

COCACCACCANNTCCCCTACECE CIICE

CCCARCCACCAUUUCCCCUACACAGUGECCTCCCCCCECUCGLCT

Gy Tp Tp . Am Gly Cys Val Tw Gy Gy Gy Ag Az G Gy Vi Tyr Gy Gmn lle Pr
Gy Gy Gy Lys Gly #Asp Val Ser Pm Gl Gy Gy Glu Ag Lys Gy Phe Thr Gy Lys Phe Arg  Val
Arg Wal Vel Val Lys Gly Met Cys His Arg Ang Gly Ala Ser Gy Amg Gly Lew Arg Ala Asn Ser Val Phe

Gly Aa Ty

Gly Pro G Gl Tp Cy . Gy

Ser Gy Ala Thr Gy Tyr Lew Ser lew Lew Gy Llew Ang Ser Gy Val Glu Gl Leuw Amg Leu Ala  His
Pro Gly Arg Llew Val Thr Cys Ag Oy Trp Al R Gly WVal Wal Lleu Arg Ser Cys Asp Tp Amg e

Ser VWal Ty Aa Gly Trp Glu Aa Cys Aa Gly Phe Cys . Mz Az Tp Pro Thr Gin Asp Arg Asn
Phe Met Ang AMa Gy Lys Amg Ala Amg Ala Phe Wal Gu leu Lew Gy Gin Leu Lys Thr Val  Met
Gly Lleu Gly Ser Val Arg Gly Llew Lleu Leu Ser Cys leuw Ala Asn Ser Arg Pro

Fro
Arg leu Cys

JUCCRAGCCUGCGEACAGRGUTT

u LEL TR | e 8 ) £
Gl Gl Gly Ser Aa . Thr Cys Gy Arg Al Asp Ang Gin lle P Als Cys Gly Gin Ser Phe Ala
Gy Lys Va Ag Pro G Ag Val Ala Glu Leu Thr Ala Lys Phe Gin Pro Ala Asp Mg Val Lleu Lew
Trp Gl Arg Phe Gly Leu Asn Wal Trp Pro Ser - Pro Pro MAsn Ser Ser Lew Arg The Glu Phe Cys Cys
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Aa A=z Arg Val Az Ser Asp Val Glu Cys Val Thr His The Ala Ala Ty Asp Ala e Pro Val Arg Am
Arg His Val Ser Gin Ala Thr Leu Ser Val Ser Pro The Leu Llew His Thr Met Gn Ser Arg Tyr Asp
Gly T Cys Ag Lys Am Amg . Val Cys Hs Pre His Cys Cys lle Arg Cys Asn FPro Gly Thr Th

ul
I
=
i
0
III
(=1
=

| | |
I T I
AGUGGUUCGU

lle Aa Gu Val lew . Ag Ser Ag Val Ala Gy Ser Ag Ser Gy Phe Gy . Phe Hs Gin Al
Gly Leu Lew Lys Tyr Cys Ser Aa Aa Gl lew Pro Asp Gin Gly Pro Asp lew Gly Asp Phe Thr Lys His
Asp Cys . Ser lle Wal Ala Gin Pro Ser Cys Ag le Lys Val Ag lle Tp Va e Ser Pro Ser

CUGUUUCAC

Pro Gly Phe Gy Ala Leu Phe Hs Tmp Gl Phe Ser Lys Val Amg Asp Glu Met Giy Val Val Phe Pro
lle Po Gly Lleu Az Pro Cys Phe Thr Gy Aa Ser Pro Ang Oy Ala Mt Amg Trp Gl Leuw Ser Ser Pro

lew His Az Val Cys Al Cys Val Ala Aa Amg Gy Asn Als Asp Thr . Gl Leu Gly Ala His
Tyr Thr Gin Tyr Ma Ag Vi Lew Pro Llew Aa Ala Met Po lle Leu Ala Ser Ag Ser Tip Val Am
Thr Ang Ser Met Ag Val Cys Cys Amg Ser Amg Gin Cys Ag Ty Lew Arg VaEl Gy Al Gly Cys Al

ACCAGCGGACCGRACGRACUUTCECA

Gly Amg leu Ala Ala Gl Ser Wal -
Met Wal Ala Trp Leu Lew Lys AMa Tyw Asp Ag Leu Met Gly
Tp Ser P Gly Cys . Lys Arg M=

CTICCTICECC T

AGACCCCGUUCG

lew Wal WVal Glu Pre Wal Ser MArg Ang His Al Gy Gly Ala Ag Ser Leu lew Leu Gl Gin Ala Az
leu Leu Trp Ser Lew Ser His Wal Gy Thr Gin Gu Glu Ag Glu Val Tyr Phe Trp Gl Lys Leu Gin
Ma Cys Cys Gy Aa Cys lew Thr . Aa Ag Ag Ag Ser Ala Llys Phe Thr Ser Gy Ala Ser Cys Amg

i5 Ala Gy Cys Amg Phe Oy G
Ser Thr Gin Gy Ala Ala  Ser
Gly Gn Leu lle Tyr Ser Trp Pre Amg Gl Wal Glu Val S Als Arg Wal Pro Lleu Leu

Ser Gl . Tyr
leu Asn Arg lle Leu Ser Ala Ala Glu Al Lew Gl Ser Mg Lys Lleu Lys Llew Ser Pro Alz Glu Arg  Met
lle Ala Phe . Ba Ag Lew Lys Lew Trip Gy Val Gl Ser . SBer Cys Lew Am Amg Asn Wi
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. lLeu . Lew Gin Pre Gin
Val Phe Gy Aa Aa Ty Gy WVal Vi Gy Ang Gy Gin Phe iz Asp Ser Asp Tyr Ser Arg Asn
Trp Cys Ser Ala Pro Llew Met Gly Ser Ser Asp Val Ala Asn Ser Aa Ma Thr Leu e Thr Al Az e

Va His Phe
Alz Ser Thr Ser Asp Gly  Thr
Ag Pro leu P M=t Vil Gin

H

AGGUCGUCAUGUU sl LT
Pro Ser Ser Tyr Aa Vil Gin Gin Tyr Ly Tp Lys Pro Ang Cys Lew His Ser Ala Gin Asn Amg Leu
Ser Hs His Arg Thr Lew Ser Ser Ser Thr Asn Gly Ser Ag Gy Val Tw Thr Pm Ang Am e
Ala lle Be Val Amg Cys Pro Ala Val Gin Met Glu Ala Aa Val Phe Thr leu Amg Az Gl Ser Ala

TCGEUUCCAD

ouugCcuuc
Cys Phe . Lys Glu Ala Thr

lew Lys leu Ser Amg Ser Met Ser His Pro Phe Lleu Arg Ae Gy Ag Val Phe Amg Lys Ly Llea His
Ser Lew Asn . Val Vil Pm . VMal lle Ang Ser Ty Gle Lew Asp Val Phe Leu Glu Ang Ser Tyr e

. Ag Am Gy lew Gy Gy Gy Val Val Tp
Ser Giy Gy Als Ser Val Phe Ser lew G P . Val Ser Ala Vi Gy Tp Ser
Bz Ma Gy Po Po Phe Ser Lew . Ma Llew Gu Ser Val Gl Ser Po Ag Amg Trp Gly Giy Leu

Cys Ser Gy Thr Asn e
Ghy Wal Vi Gl Gn e
Val . Trp Asn Lys Ty
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2.5.5 AaV1 dsRNA3 sequence (NC _010990)

2540 nt excluding poly (A) tail

L]
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1

CCUCUAUGUGULRTUC TRZ CCECUCUCUACCGCUG

His L"s Na Ile \"al Ser Arg Asp Thr His Lys Ser Leu Ser Trp Ang Glu Met Ala Thr Phe Gly Ser
lle Lys Lew Ser Ty lew Glu Be Hs lle Ser lew Tyr Pro Gy Glu Ag Tmp Armg Arg leu Gl Val
Pra E Ser Tywr Arg lke S Amg Tw Thr . V3l Phe e lew Al Mg Asp Gly Asp VM3l Trip Lys Cys

a Gu Al Tw Amg Al Ala Gin Leu Aa Ma lle Asp lew Llew Thr Ang Gly Asp Trp Gy Asp Phe GI'r
Leu Arg Arg e Wal Arg Arg Ser Leu Lew Ag Lew lle Phe . Hs Va Gl le G Val B Ser
Gly Val Ser Oy Gy Aa Ala Cys Cyps Asp Ser Phe Asp Thr Trp Arg Leu  Gly . Phe Ang

I

y Glu Thr  Ser Asp Val Phe Asp Glu Hs Glu Arg Phe Pro
G Val Trp Val Arg Arg Val Met Phe Ser Thr Ser Met Ser Gly Ser Leu Amg
Phe Gly . Asp G . Cys Pe Ag Am Al . AMs Val P

Asp His Ile Asp P Gly Ser Ser Tip Ala Ser Val Ala Thr  Ghy
le Thh Leuw lle Ag Gu Val Ag Gy Po Mg Tp Pro Ag Vel Ag Pro Met Thr Phe Amg Gl Arg
Arg Ser His . Ser Gy Lys Phe Val Gy Leu Gy Gy Hs Gy Phe Gy Ag . Hs Phe Ma Gy Gly

Gy Val Asp e Val Gu
Wal Lew Thr Ser Tmp
Cys . Hs Amg Gly

Wal Thr Pro  Thr \l'.al \l'.al Asp Tyr Wal
Arg Gin Pre Leu Tip Thr Thr
Asp AMla Asn A Oy Gl Leuw A

LGCUTCCCC

Pro Wal Thr Ala Phe Cys Ser Pre Ala Asp Leu Gly Met Ala Asn Phe Pro Gly Asn Val Ser Lys Gly
Ser Gn . leu Llew Phe Val Po Gin Ag Thr Trp Gy T Pro Thr Phe Amg Aa M=t Cys Amg Arg  Gly
Ala Ser Asp Cys Phe Lleu Phe Pro Ser Gly Lleu Gy Asp Gly Gin Lew Ser Gy Gin Cys Val Gu Gl

e ACCeUALACACCOCUGCCUATUACR

a2 Asn Ala Gly Als lle Llew Gy Thr Asp Met
leu Met Amg Val Pro Phe Tip Gy Ag lle Cys
Oy

SerNaTIrThrLeuA:gArgNaﬁ‘;.' Al Ala Al
L Pro
ys  Arg . ws Gly Cys Hs Ser Gy Asp Gy Tyr Val

Mg Gin P His Cys Gly Gy Pro Gy Leu
Val Gly Asn His Thr Ala Gl Gly Arg Val O

lew Met Al Pro Lys A Ser Val Gin Ala e Met Aa Ag Val Val S Als leuw Glu Met Leu Gin Ser
Tp Amg Pre Lys lew Val Cys Arg Pro Leuw Trp Arg Gly Lew Tyr Gin Leu T Am Cys Oy Ser
Asn Gly Als Gin Ser . Cys Ala Gl His Twr Gl Aa Gy Cys lle Ser Ser Gy Asp Alz Al val
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Gy Tp Asp Val Gly Gy P Pro Asp Val Gly Lew Asp Val Arg His Al Als Arg Asp Asp Phe Asp
Arg Val Gy Thr Tp Val Val Arg Leu Met Llew Gy . Mat . Gty Thr Gin Arg Aa Thr lle  Ser  Met
Gly Lleu Gly Ag Gly Trp Ser Ala . Cys Trp Ala Arg Cys Glu Ala Arg Ser Ala Ag Ag Phe Amg

Asp Ala Mz Tp Leu Tyr e
Thr Arg Val P Ala e Amg Ser Met Llew Gly Cys Thr Phe Amg Gin lle Gly Amg Ser Amg Amg Trp
Arg Glu Cys Pro Lleu Ser Ala Al Cys Lleu Ala Val Hes Ser Val Amg Lleu Asp Gy Als Gl Gy Gly

Aa Aa Lew Val Ser Lew Met Val Glu Gy Gly Pro Aa Aa Ty Ag Tp Gy Tw Al Amg Gy Asp Fm
Gn Ang leu Cys Ang Ser Trp Trp Arg Gl Gl Len Lew His Thr Asp Gy Gy M=t Amg Gy Ala e
Ser AMa Cys Val Az Hs Gy Gly Gy Gy Aa Cys Cs e Gn Met Gy Vi Cys Al Gl Amg  Ser

Gly Gly Asp Glu Gly

Lew Val WVal Met Arg Wal Thr Asp Arg Ang Val Ser Ala lew Cys lew P Alzn P lew Gy Al Gl Pm
Tep Tp . . Gy . Ag The Gy Az . Al Ag Tw Al Cys Amg Ag Ag lew Ala Lew Als

ACGRARACCCCCGCUALC

y y Ala Phe Gly Gly Asp
Aa Asp Gly Llew Thr e Cys . Ser Val Ser Val e Ae Az Gy T Leu Leu Lleu Gly Az Met
Arg Arg Met Val . lew Ser Ala Asp Ag . Ala . Ser Am leu Gl Amg Cys Phe Tip Gl Arg Cys

~ECCTICCTTACC R R CTITIC R

Val Az Ser leu Ser Alm Val Lleu Amg Amg M=t Vil Glu Ala Ty Gy Gin Am
Po Tw Leu Leu Leu Leu OCys Arg Llew Phe Cys Gy Gly Trp Leu Lys Armg Met Gly Ser Ala Ser e
Pro HBe Cys Cys Phe Fhe Val Gly Cys Phe Ma Glu Asp Gy . Ser Val Tip Ala Aa Hs Leu Ser

Asp Mz Cys Amg Az Als Aa Wal Als Asn Amg Alz Tyr Cys Pro Pro Cys Tyr
Lewu Mzt Pro Ala Az Gin Gin Pro Ser Po lle Gy Hs le Az Ag Ag Vi lle Lys Lew Al Leu Am
Cys Lew P Ag Ser Ser Arg Arg Gin Ser Gy lle Llew Pro Ala Val Llew Ser Ser Trp Lew

Ser
Arg le Alz Ll=u Trp Cys Vil Met Gly Thr Gy VaE lle Cys
i= Lew Gly Ser Ag Oy Gy Al . Tp Gu Ag Gl Ser Tyr Al

he
Arg  Gly e . Az Gin Pmo Ser
H
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Llola

CUGCUCGGEGECCC

Arg Gin le Val Pro Ma Mg Asn Met Val Lys Asp Glu Pre Gy Val Leu P Arg Pre Mla Glu Gy Trp
Gly Ag Ser Cys leu Mg Mz lle Trp . Arg Thr Ser Pro Giy Cys FPhe Amg Ala Lleu Ag Ag Al
Bla Asp Arg Ala Cys Alzs Gin Tw Gy Glu Gly Arg Aa Amg Gy Aa Ser Az Pro Cys Gly Gy Lew

GERUCCUGUGGE

-u.-__—._'l-\_. R =L LN = N
Asp Po Val Asp Asp Gly Gy Val Va Gin Gy Gy Cys Gy Giy Ser Val Trp Ala Lleu Pro Vi
Ghy He Lew Trp Thr Thr Gy Ala Trp Cys Lys Ala Val Ala Ma Aa Aa Ser Gy Hs Tyw Pme
Gly Ser Cys Gy Amg Amg Gl Amg Gy Ala Ag Ag Llew Ag Ag Gin Ag Llew Gy Thr Thr Ag  Leu

eTndulalndnlnt

ELUS I AR

Pro Ser Gin Arg Asp Ale Asp Amg Ser lle Asp Asp Amg Gl P Gl
Ag Aa Ser Val Met Lew lle Az Trp Gi Wal Ser Met Pro Lleu Gin Lleu M=t Thr Val Asp Leu  Val
Pro Glu Pro Al . Cys . Ser Amg Gy Aa Phe Lleu Cys Pro Phe Asn . . Pre Trp Thr Tip Tip

CCCCGBCCGCAUTUCCEUUC

Ll AU Lo

Tl claledcie it s inlc

<ol UL U

Gy Aa Gly Arg Ala P Pro His FPhe Amg
Az Ang Alz Glu Pro Arg Arg e S VS

m Ser T Gy Val Am . Asp . Amg
Mg Gly Gin Ser Pro Alz Aa Phe P Phe Amg Arg Leu Glu Ser Gl Ang Thr Asn Gly Cys His Lys

Leu Ser Gin

e

GGEUL GARARAGGGCACCCGCACCCOGGGCGGAGGCUACCGACUCCUAUCCCACUTACTCCUC
His Gly Arg Ag Leu Phe Po Tp Ala Trp Asp Pm Pro Pro Met Al Gle Asp Arg Val Asn Glu Gl

Thr Met Ala Gy Val Phe Ser Arg Gy Ag Gly Thr Ag Llew Amg Trip Lew Am lle Gy . Met Ag Amg
P Tp Pro Alz Ser Phe Pro Val Gy Va Gy Pro Ala Ser Asp Gy . Gy . Gy Gu . Gl

[ o)
T

UCCUARCCGGCGCR

Gl WVal Gl Gu Aa Asp Gu Val Al Asp Aa Tip Val Amg Met Ala Ala Cys Tyr Lew Ang
Val Trp Arg Mg Ag Thr Ag Leu Amg Met Lleu Gl . Gy Trp Pm Ag WVal Thr Tyr Ala Amg Tip
Gy Cys Gy Gy Gy Gy Ag Gly Cys Gy Cys Lew Gy Glu Asp Gy Ag Wal Lew Po Thr Gin Gy Gly

TR R ST

=izl SLULG

AT

& ViR Ows
Gly Val Hs Thr Am Gu Gly Val Phe Gly
Ag leu Phe Val Ag Lleu Ag Al lle Met Val Cys le Llew Val Ag Als lle Ag Va Lew Cys Ser

Asp Cys Ser Cys Ala . Gy Ag Ser Tp Cys Az Tyr Ser . Gly Ag Tyr Az Tyr Cys Vil Amg

Thr Ser AMla Hs Tw Thr Ser Tw Gin Met P Arg Leu Asm Leu Asp Gy Trp Trp Pro Alz Leu e
AMa Pre Pro Arg lBe Thr Ag Az lle Lys Oy Arg Gly . lle Trp Thr Mal Gly Gy Lew Amg . Ger
Hi= Lleu Arg Alz leu Hs Gl leu Ser #%n Aa Az Az Glu Phe Gly Arg Leu Val Az Cys VaEl Asp
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UUCUGCGEECCUGCEUUCA

B
Ala Cys Pm Phe Cys Ma T Be Val Trp Cys Gin Asn Trp ke AMa Gy Phe Cys Gly Llew Am  Ser
Arg Pro Val Arg Phe Al Pro Arg Ser Cys Gly Alz Lys e Gy Ser Pre Als Ser Al Alz Cys Vel His

GEUUCARRCGT
The Lys Phe Ala
Pro Ser leu Gin

Gin Wal Cys

Thr Lew Phe Gl Ser Gly Asn Ser Val Aa Asp
Gly Arg Cys leu Ser Ag Gly lle Po Tp Pro
Asp Wal  val . Wal Gly Glu Phe Amg Gly Amg

leu Ser Asp Ala Lew Val Gy Aa

Glu Cys  Gly

Thr Ser Lleu Met His Trp Ser Gly Arg Amg Tip by Phe Amg Leu Lew e
Pro Leu Cys Thr Gly Amg Gl Gl Gl Gly Phe Ser Val Ser

JUGUACGGA - JIGRUGC

Asn Met Pro Tyr Gy Asn Ty Gle
Thr Cys Lew Met Gly Thr Thr Asn Al Az
His Az Leu Tp Gl Lew Amg Met Pro Am Glu Ang

Tp Lys Trp Asp Gly Val Gin Am
Gly WVal Val Thr Amg Arg Lys Gy Trp Az Ser Met Cys Amg Val Amg Gy Ser Gly Thr Gl Cys  Ser
Gy Tp . Mg Asp Gl A Gl Gy leuw Gin Cys Aa Gy Phe Val G Val Gl Arg Ser Ala Ala

B LEIE JE

UUGGLACUCUGTI

JUaRL

GUOCCGEGECT

Lys Ala Gl Lew Asp Gly Ser Asp Pro Az e Arg Gin Ser Leu Arg Az Leu Asp Ser Val Al
Aa Ag Pro S=r Tip Met Ala Arg Met Amg Arg Leu Phe Az Ly Al . Gly Lew Tip Thr Leu Leu Arg
Gin Gy Ag Vi Gl Tp Lew Gy Cys Ala Gy Tyr Ser Pro Lys Llew Glu Gy Phe Gly Leu Cys Cys

CUUCUn

Phe Tyr Pro
Gy Ser Cys Thr Ser Met Val Gl Pm Cys Val . Met Phe Thr P The WVal Amg Ser Met T Phe
Aa Gu Vi Val Lew Lew Trp Tp Asn Pro Ala Ser Arg Cys Ser Pro Amg Pro Ser Gy Leu Cys Gl Ser

I I
T T
UTCCCACGAGCU ]
hy Arg Val Lew Gl
Gly Ang leu Val Val Gl Ser Thr e Hs lle Leu Ser Leu Ser Gly Cys Ser Amg

Ala Gy T . . Ma lew Pro Ser lle Phe Cys Po Cys Gin Gy Aa Ag Gl

7
2‘9
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a
Gy B leu Pro Lew Ala Ala Pro

Ala His Leu Lleuw Ser P Gy Am P

Cys  Cys
Val

Arg Leu Az Gy
Az Trp Gin Aa

lle
Phe Glu

His

leu Arg Phe

Arg Ty

. Lew H
Ser Cys

is Phe Lew Al His Met

Ble Phe

Ser Ag le Cys

val

Lys

Ser Aa Val

n Ala lle Amg N Ser leu Pro

]

val lle Gy Pro

Ser

Ser AMlz Pro Phe Lew Tip Ala

e Ser Val Gy Ser Th
Ag Am Val Phe

Cys Phe Leu

Glu
Lys

I I I I I ] ] ]
LA e
cun z

Ly= Arg L=u Ala
Arg  Ser  Val

Glu

Ala

Phe Ser Gl

Ala

Gy

Glu

LEGCEGEU?
Pro  Pre His
Arg  Arg Asn Lew Arg

lle Ty

Cys Arg Phe Lew Ser Gin Trp  Gly

Thr Ser Al Phe Thr Wal Gly

Arg Val Ser Asn Wal

Ghy

Val

Ser Ag Thr

Tp

Glu

Asn
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Ag Ser Ala




2.5.6 AaV1 dsRNA4 sequence (NC _010991)

1382 nt excluding poly (A) tail

7
o 70
3 5 :
1 Hs Lys Ale Ba Val Sw Pro Asp Thr His Lys Ser Lew Pro Ser Val . Cys Leuw Il Pmo Phe WVal
2 le Lys Gn Ser Ty Ag Gn lle His lle Ser Lew Cys Pro Po O Asp Val . Pha Lew Leu Fhe
3 Pra . Ser Asn Arg ke Al A Ty The . Wal Pha Ala Lew Mg Vel Met Phe Asp Ser Phe Cys  Sar
@
F
o 147
k) : e
1 Pra Ser Pro Llew Leu Ser Llew Lew Phe Leu Met e Phe Pro Wal Gy . fla Pro Pro Arg Cys Ser Leuw
2 Leuw Pro Arg Phe Cys Po Pha Cys  Ser . - Phe Pha frg Ser Gly Gl Arg Pro Arg Al Ala Hs
3 Phe Pro Ala Phe Val Pro Phe Val Lleu Asp Asp Phe Ser Gl Arg Val Ser Aln Pro Ala Lew Lew Thr
-]
F
=3 2110
3 ’
1 Cys Arg Leu Arg WVal Als . lys Met Gy Ala Lys Tp Arg Pra Pm Arg Leu  Le or  Pro Gy Leu
2 Cys Ala Gy Ty Gy Tm His Gu frg Trp Aln Pro Asn Gy Asp Mg Lleu Asp Cys Leu &g Gy Cys
3 Val Gin fMla Thr Gy Gy Met Lys Asp Gy Mg Gin Met Ala Thr Ala Ser lle Als Phae Sar Gy  Ala
=]
F
@ t 284
k) : : : LGGT
1 Pha Gin Ala Pra Wal Val Ser Ala Va I Ser e Th Ser
2 Sar Lys Ag Gl Cys Val Gy . Arg His Pro Phe Lew Trp Cys Ag Pro Lesu Tyr Pro Sar Ag Pro
3 Wal Pro Ser WAl Asp Al Lew Asp Asp Asp Thr Lew Ser Cys Gy Ve Gy Ang Tyr lle Hs  His Vel His
=]
7
o 350
3 =y E
1 Mot Lew The Ag . wal Wal Gy Wal Ala Phe
2 Cys . Gin Gy Gu Phe Lew Mg Gy Gy &g Val . . Gy Asp Val Leu . Tp ¥al T Ag
3 Wal Asp Lys Mol Ser Phe Cm Gy Gy #a Val Oy Asp Lys G The Cys Cys Ser Gy G Gy Wal
-]
F
&
k) - s
1 Pro MAa Cys Wal Leu lle Arg Ag Gy Va Sor S Pro Pro Arg L Trp Vel Arg T Phe Pro A
2 Phe Gn Arg  Aln Ser . Sor Gy Gy Gy Phe Lew Lew Lleu Arg Val Phe Gy Cys Aa Gy Phe Arg Gly
3 Sor Ser Val A Pro Asp Pro G Gly Gy Phe Phe Ser Sar Ala Ser Lew Gly Al Lew Val Ser Ala
=]
F
-3 4370
I L GCTE AUAG
1 Wal Trp Ser Amg Pra Wal Trp Lys Thr Ser Asp Ala Pro . Tp Cys Pro Leuw Gy Aa Ty Wal  Ser
2 Phe Gy #frg Gy Ag Ser Gy A Arg Ala Met His Am Asp Gy Vel Lew Trp Gy Lew The Ty Pro
3 Gly Leu Val Gu Aa Gy Lew Gu Asp Gl g Cys Thr Vel Met Vel Ser Phe Gy Gy Lew &g e Pro
@
5 ODOUGGAUGCCACGEG
| =y
o e S a6
3 ARRCCUACGEUGCOCAL
1 Leaw Trp Met Pro  Arg
2 Pha Gy Cys His Gy Trp Ag Arg Ala Ala Pha AMa Ag Al Gy - Gly Cys Phe Gy Gly P Pro
3 Lew Asp Ala The Gy Gy WVal Val Pro MHis Ser Arg Als Lew Asp Gu Ala Als Lew Gy WVal Pl Lew
o
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Po Lew Ag Ag Pro Pro lle Gin Als Met Trp Lew Ty Lew Thr Ser Lew Ala Met Lys A Ser A
Ser Pro Ser Al Asp Leu Arg Ser Amg Arg Cys Gy Cys  Thr . Arg  Ala Lew A . Ang  Asp Gin Asp
Pro Pre Pro Gin The Sar Asp Pro Gy Asp Val Aa Vel Pro Asn Gu Pro Cys Asp Glu Gu e Lys

Pro Ser Lou Thr Gy Cys Cys Pro Met Pro Llew Asn Tp Gu Cys Pro Ser Mg Po Gin Lys Pre Gin
Arg . Arg VA Vel Val Pro Oy Ag . s Gly Asn Ala Ag MAa Gy Ag Ag Sar Leu Ser
Thr Lew Al Asp Gy Lo Lew Ser Hs Al Wl Gu Lew Gy Met Po Gu Gn Ae Aa Gu Ma Ser Val

Ser Llew Ser Mg Cys Pro Lew His Amg Lew lle Ag Ag ke Cys Lew Aa Vel Lew . Thr Sa MAa Amg
&g Cys Pro Yol Al Po Ser Thr Al . Sor Gy Gy Ser Ma Tp Gin Cys Tw Glu P Arg His
Wal “al Pro Lew Pra Pro Pro Pro Pro Asp Pro Gl fAsp Lew Pro Gy Ser Aln Met Asn Lew Gy  Thr

Tp “al Al Phe Lew Pro Pro Lew Gn Met Gy Lew Sw Phe
Val Gly Trp frg Ser Cys Arg His Cys Arg Trp Val Ser Arg Ser Arg Asp Gin Asp  Lew . Sar Thr Cys
lew Gy Gy Wal Leu Aa Ma lle Aa Asp Gy Ser Lew Vol Ag Gu e Lys The Ty Asp P Pro

Leu Ma Ala Sar Lys Aln Lew G Vel Arg Cys Lew Sw Gly Val Cys Ser Gly - Met Leu Trp Ala
Tp Amg Lew Ag Ag Pro . Lys . Giy  Ala . Al Ala Phe Ala Val Ala Gu Cys Phe Gy Gin
Als Gy Gy Phwe Gl Gy Pmo Arg Ser Gl Vel lew G frg Arg Lew Gn Tp Lew Asn Ale lew Gy Ser

Ala Phe Ag llke Lew Ale Thr G Lew . Gh Mot Po Ala Gy lle Ala Phae Phe Oy Low Ser Lew e
Pro FPhe Gy Fhe Leu Leu Leu Ser Cys Ser Mg Cys Arg Lew Val Ser Pro Ser FPhe Ala Phe Arg  Ser
Ser Asp Ser Cys Ty Ser Vel Wal Ala Asp Ala Gy Tp Tyr A Lew Lew Llew Po Phe Al His

Gy Lys Ser Ser Tp %ol Cys Cys Lew Gy Val Amg Trp lie Cys Ser T Gy WVal Ty Lew Val Ser
Leu Als Lys Ala Wal Gly Phe Val Yal Tp Als . HAsp Gy Ser AMa P Gy Gy Ser e Ser Cys Gin
Tp Gn Llys Gn Lew Gy Lew Lew Ser Gy g Gu Mm Asp Lew Llew Lew Gy Gy Lew Ser Arg Val

A e Pro el Cys Vel Ag le Gy lle Cys lle  Ser lew Pmo Pro Val
Gly Ser Pro Ser Ala Oys Gy . Wal Pha As Pha Leu Aln Ty Oy Gy T Cys Phe Amg Ag Trp
Lys Asp Pro A Lew Arg Ala Asp Mg Tyr Lew His Phe Lew Arg The Val Val Gy MAa Sw Ala Gy Gy
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Ala T Val
A Gy

Val Gy Asp Pre Pro Trp Ala

Mg Lew Val
T Arg

Pro Ma Ay

Sar

Gly

Ala P Ag

Aa Lys  Val

Thr Ala  Lou - Pra e Pha Lys Lew Oy Cys

Arg Lew Cys 3o G Phe

Leuw  Giu . Val Ag Lew His  Lys
Gh Gly Tp Sar Arg Ty MWal Cys lls  Ser

Gy Val Gy Thr Ser Ala

Ser Sor T Asp  Val
Gl Val Gy Mat Ty Ag  Leu

o 8
o
]
£

Sar  His

Gy Leu Gy

Sar . Al

Wl

Ag

Cys Phe

Pha Pha Arg

val Phe

Lew  Glu

Thr

Hzn

Ser Arg e Lew  lle Wal

Po P Gy Ser Lew Leu Ser

Lou Ag Ser Ty Phe Ag Als
Ser Ala Arg Thr Leu Gy Gn

Ser

Mg Gl Gy Gy Aa Wal Arg e The Thr
Gy Ag Vel Val  Leu
Ae Gy Gy Tp Cm Cys Gu
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s Lew

Ty Leu
Lew Gin #Asp Pro Tyr Cys P Pro Lew  Wial  Lew . Gly Asn Thr

Tyr
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3. Chapter 3 — Molecular Characterization of a Novel Alternavirus,

Diaporthe alternavirus 1 (DAV1)
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3.1 Introduction
3.1.1 Diaporthe spp.

The genus Diaporthe (asexual morph Phomopsis) is a member of Ascomycota, having
a worldwide distribution and broad host ranges. They are identified as plant pathogens,
saprobes, endophytes even pathogens of humans and animals. Diaporthe spp. of plant
pathogens cause rot, wilt, decay, blights dieback, cankers, and leaf spots of many
economically important plants, such as Citrus and Pyrus. The identification and
classification of Diaporthe species are difficult. At present, species of Diaporthe is
classified by multi-locus analysis of internal transcribed spacer (ITS) region, partial
translation elongation factor 1-alpha (TEF1), beta-tubulin (TUB), histone H3 (HIS) and
calmodulin (CAL) genes, and the difference of colony and spore morphology (Gomes et

al., 2013).

3.1.2 Diaporthe spp.-infecting mycoviruses

Until now, only one mycovirus has been identified in the genus Diaporthe. Diaporthe
RNA virus 1 (DRV1), a 4.1 kbp positive single-stranded RNA virus, found in a plant
pathogen Diaporthe perjuncta (Preisig et al., 2000; Moleleki et al., 2003). The DRV 1-
infected strain showed hypovirulence, and lack of sporulation (Moleleki et al., 2003;
Moleleki et al., 2011). The transfection experiment of the in-vitro transcribed DRV 1
RNAs indicated that DRV1 were related to morphological changes and pathogenicity of
Diaporthe strains (Moleleki et al., 2011).

In this study, I identified a new alternavirus, Diaporthe alternavirus 1 (DAV1). The
four dsRNA segments were packaged in an isometric particle which consist of ORF3-
encoded 79.4 kDa proteins. Like AaV1, the dsSRNA1 segments of DAV 1 have both 5' caps

and 3' poly (A:U) structures, which are expected to provide more information for the
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classification of Alternaviridae.

3.2 Materials and methods
3.2.1 Fungal strain and culture conditions

Two fungal isolates of Diaporthe affinis (abbreviated aft.) acuta, IbSTRPmp18001
and IbSTR18001-VF, were used in this study. IbSTRPmp18001 was isolated from crown
rot of strawberry by Dr. Ryo Okada in Ibaraki of Japan in 2018. IbSTRPmp18001-VF is
the isolate, cured of virus-infected strain IbPSTRPmp18001 in this study. All isolates were
grown on D- PDA media (24 g/L Difico™ Potato dextrose powder and 15 g/L agar) and
OMA media (72.5 g/L Difico™ Oatmeal agar powder) at 25°C for 5 days, and the
mycelial discs were stored at -80°C in glycerol. The types of conidia were observed under
microscope after at least 30 days culture on D-PDA media. For liquid culture, mycelial
plugs were inoculated in PDB (24 g/L Difico™ Potato dextrose powder) and cultured
with reciprocal shaking (60 strokes per min) at 25°C for one week.

The species ascription of fungal strain was based on cloning, sequencing, and
multilocus analysis of partial internal transcribed spacer (ITS) region, translation
elongation factor 1-a (TEF1), calmodulin (CAL), histone h-3 (HIS), and &-tubulin (TUB)
genes. The primer pairs used are listed in Table 3-1. For the phylogenetic analyses, species
closely related to IbSTRPmp18001 were included from previous studies (Ozawa et al.,
2019; Guo et al., 2020) and the sequences were downloaded from NCBI Genbank (Table
3-2). D. citri CBS 135422 was used as an outgroup. The sequences generated in this study
and the sequences downloaded from Genbank were merged and then aligned with
MAFFT (Katoh and Standley, 2013). Alignments were manually modified where
necessary and the poorly aligned regions were removed with Gblocks program (Talavera

and Castresana, 2007). The maximum-likelihood tree and Bayesian inference tree were
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inferred with RAXML 8.2.4 and MrBayes v. 3.2.6 programs under Linux Mint 20.2
operating system, respectively. Random seeds used throughout the analysis were set to
5566. For maximum-likelithood analyses, the bootstrap support values were calculated
from 1000 bootstrap replicates. For Bayesian inference, two MCMC chains were run
simultaneously from a random starting tree for 1,000,000 generations. Every 1000th
generation was sampled, resulting in 1000 trees. Bayesian posterior probabilities were
calculated from the last three quarters of the 1000 trees sampled. (This work was in

cooperation with Dr. Jie-Hao Ou of National Chung Hsing University)

3.2.2 Curing of DAV1-infected isolates

Two methods were applied to obtain the DAV1-free isolates. The first method is
continuous subculturing on the medium. Another is protoplast method which adopted the
protocol of the published article (De Guido et al., 2003; Anco et al., 2009) with
modifications.

IbSTR18001 strain (virus-infected) was cultured in 100 ml PDB with 120 rpm
shaking at 25°C for 36 h. About 1 g of mycelia were collected by filtration using double
layers of sterilized Miracloth (Calbiochem®, San Diego, CA), then wash with sterilized
0.6 M MgS0O4 solution three times. The washed mycelia were digested in the 10 ml
enzyme buffer (0.5 g lysing enzyme in 10 ml 1.2 M MgSQj4 solution) and slowly rotated
at room temperature for 3 h. The suspension was filtered through a sterilized Miracloth
to remove the mycelial debris and the filtrate was collected in a 15 ml sterilized falcon
tube. 2 ml sterilized 0.6M KCI solution was gently layered on the filtrate, then centrifuged
at 2,800 x g (TOMY Suprema 21, TS-38N) for 15 min at 4°C, then the interface of two
layers was collected and the number of protoplasts was confirmed by the cytometer. The

diluted protoplast solution (2 x 10° protoplasts/100ug) was mixed with 45°C
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regeneration media (0.6 M sucrose, 5 mM HEPES, 1 mM NHsH>PO4, 35 mg/L, and 10
g/L agar; with or without 100 uM Ribavirin), then poured into petridish (20 ml/plate).
After 48 h incubation at 25°C, the single colonies were selected and subcultured on the
PDA media at 25°C for 2 days.

The selected isolates were subjected to the liquid culture, then the existence of viral

dsRNAs was confirmed by dsRNA extraction which is described in sections 2.2.5.

3.2.3 Determination of viral dsSRNA sequence and phylogenetic analysis

The viral dSRNA molecules were isolated from fungal strain IbSTR18001 by spin
column method described in section 2.2.5. The draft sequences were determined by
random RT-PCR, cDNA library cloning, then sequencing. The 5’ and 3’ terminal
sequences were obtained by RACE method. The above works were performed by Dr.
Okada.

The determined sequences were analyzed by BLAST on NCBI Then the

phylogenetic tree was built by the same procedures described in section 2.2.9.

3.2.4 Detection of 5’ cap structure and 3’ poly (A: U) structure

To detect the 5’ m’G-cap structures of DAV dsRNA segments, the viral dSRNAs
were extracted from purified virus particle suspensions of DAV1, ScV-L-A and AaV1.
The concentrations of dsRNA samples were adjusted to 1000, 500, and 250 ng/ul,
respectively, then subjected to RNA dot blot assay with anti-m’G-cap antibody. The
procedures of RNA dot blot are described in section 2.2.6.

In Aoki’s doctoral thesis (Aoki, 2009), the presence and length of 3’ poly (A:U) of
AaV1 dsRNA segments were determined by the 5" RACE method on 5’ terminuses of

each AaV1 dsRNA minus strands. The presence of 3’ poly (A:U) structures of DAV1
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dsRNA genome was preliminarily confirmed by RT-PCR (Figure 3-9A) which described
in 2.2.8 with specific primers (Table 3-1) and oligo dT20) primer. The PCR products were

analyzed by electrophoresis in 1% agarose gels containing EtBr (0.5 pg/ml).

3.2.5 Purification of virus particle and analysis of virus-associated proteins

The virus particle purification procedure of DAV1 is the same with that of AaV1,
which is described in section 2.2.3 The DAV1-associated proteins were collected after
SDS-PAGE celectrophoresis, followed by the analysis of LC-MS/MS as described in

section 2.2.4.

3.3 Results
3.3.1 Identification of Diaporthe sp.

The sequences obtained in this study were deposited to the DNA Data Bank of Japan
(DDBJ; LC663742 (ITS), LC663743 (CAL), LC663744 (HIS), LC663745 (TUB),
LC663746 (TEF)). In multi-locus phylogenetic analyses, strain IbSTRPmp18001 formed
a sister group with D. acuta with moderate statistical support (69/0.81) (Figure 3-1F).
Slight differences were observed in pairwise alignments between IbDSTRPmp18001 and
the type strain PSCG 047 of D. acuta (ITS, 470/505 (93%); CAL, 452/456 (99%); HIS
429/430 (99%); TUB 455/456 (99%); TEF 283/286 (99%)).

The colonies of IbSTRPmp18001 were white, effuse (Figure 3-2A), 80 mm in
diameter after 4 days on D-PDA. Dark brown to black conidiomata were observed after
4 weeks on D-PDA. Alpha conidia (Figure 3-3A) were hyaline, aseptate, fusiform to oval,
5.5-7.5 x 2-3 pm (mean+SD = 6.64+0.53 x2.63 *0.32 pm, L/W ratio = 2.56, n=30). Beta

conidia (Figure 3-3B) were hyaline, aseptate, filiform, 14-31 % 1-2 pm (mean+SD. =
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24.10+4.27 x 1.50 £0.28 um, L/W ratio = 16.8, n=25). In addition, the isolates cultured
on D-PDA media produced more alpha-conidia, while those cultured on OMA media
produced more beta-conidia (data not shown). We tentatively identified IbSTRPmp18001

strain as “Diaporthe aff. acuta”.

3.3.2 Curing of virus-infected D. aff. acuta isolate IbSTR18001

After 6 months of continuous succession culture on D-PDA, I obtained one isolate
that did not contain viral dsSRNA segments (Figure 3-6A). The virus-free strain was
confirmed by specific RT-PCR, and no specific band was detected (Figure 3-4).

No significant difference in colony growth and hyphae form was observed between
virus-infected isolate and virus-free isolate after five days of incubation on D-PDA
(Figure 3-2A and C). There was also no significant difference in the growth of colonies
on OMA media commonly used for culturation of Diaporthe spp. (Figure 3-2B).

In addition, experiments to cure virus-infected strain by protoplast method are still
in progress. The resultant protoplasts were treated with 100 uM lysing enzyme for 3 hours,
and about 80 % of the hyphae were digested (Figure 3-5), and finally 2 ml of protoplast
resuspension with a concentration of about 1.38 x 10* cells/ul was obtained. The resultant
protoplasts grew on regeneration medium for two days, then were transferred to D-PDA
on the third day. The further confirmation of virus-free treatment will be applied in the

future.

3.3.3 Genome organization and classification of DAV1
Four dsRNA segments, dsSRNA1, dsSRNA2, daRNA3, and dsRNA4, were isolated
from Diarpothe aff. acuta strain IbSTRPmp18001 by spin column method. The results of

full-length sequencing showed that the lengths of dsSRNA1-4 were 3676 bp, 2683 bp,
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2480 bp, and 1698 bp excluding 3' poly (A: U), respectively (Appendix 3.5.6-3.5.9). The
sequences of DAV will be deposited in Genbank of NCBL

Each four dsRNA segments have ORF (Figure 3-6B). ORF1 is predicted to be the
viral RdRp, while ORF3 was shown to translate the 79.4 kDa viral major protein in the
following experiment, which should be the viral coat protein. ORF2 and ORF3 encode
hypothetical proteins. The deduced amino acid sequence of ORF1 was close to the RdRp
of members of Alternaviridae after BLAST search on NCBI, and the identities were about
30-40 %. The maximum-likelihood phylogenetic analysis depending on the RdRp amino
acid sequences, also showed that this virus could be classified into Alternaviridae (Figure
3-7). Like other alternaviruses, motif VI of RdRp contains ADD instead of GDD (Figure

2-19). Due to the above characteristics, it was named “Diaporthe alternavirus 1 (DAV1)”.

3.3.4 5' cap and 3’ poly (A: U) terminal structures of DAV1 dsRNAs

To confirm whether the dSRNA segments of this new alternavirus, DAV 1, have same
5' cap and 3' poly (A: U) with those of AaV1, I performed the RNA dot blot assay as
desribed in chapter 2, to isolate dSRNA molecules from viral particles of DAV1, ScV-L-
A, and AaV1 (Figure 3-8A). And, the 5' cap was detected with anti-m7G-cap antibody.
(Figure3-8B). This indicates that dSRNA segments from DAV 1 virus particles have 5' cap
structures.

The specific amplicons (ASRNA1: ~3.6 kbp; dsSRNA2: ~2.6 kbp; dsRNA3: ~2.4 kbp;
dsRNA4: ~1.6 kbp) were amplified from in four dsSRNA segments of DAV1 by RT-PCR
(Figure3-9A, Table 3-1), indicating that the 3' ends of the positive strands and 5' ends of

the negative strands of DAV1 dsRNA segments have poly (A: U) sequences.
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3.3.5 Virus particle and virus-associated proteins

I tried the 45% sucrose cushion method used for purification of AaV1 to purify
DAVI. In the results of SDS-PAGE electrophoresis, two protein bands of similar size of
about 80 kDa and one protein band of about 70 kDa were observed in pellet fraction
(Figure 3-10A), and dsRNA segments of DAV1 were present (Figure 3-10B). In the
results of SDS-PAGE electrophoresis of the two different purifications, the pellet
fractions were observed to have three protein bands of the same size as described above
(Figure 3-10C). The isometric particles (~35-40 nm in diameter) were observed in the
resultant pellet fractions by TEM (Figure 3-10D).

I applied CsCl isopycnic gradient centrifugation to further purify the virus particles
and viral proteins. Two protein bands of about 80 kDa (Figure 3-11A) and DAV1 dsRNA
segments (Figure 3-11B) were observed in fractions 5, 6, and 7 of the CsCl isopycnic
gradient centrifugation. In fractions 2 and 3, about 70 kDa protein bands were observed
(Figure 3-11A), but no DAV1 dsRNA segments were present (Figure 3-11B). The
isometric particles (~35-40 nm in diameter, buoyant density: 1.349-1.374 g/cm®) were
observed in the resultant pellet fractions by TEM (Figure 3-11C)

After SDS-PAGE electrophoresis, I performed in-gel digestion of the three protein
bands above and analyzed them by LC-MS/MS. Protein band @ in Figure 3-12,
corresponded to the DAV1 ORF3-encoded 79.4 kDa protein (Figure 3-13B). The protein

bands ® and @ corresponded to the host proteins (Figure 3-13A and C).

3.4 Discussion
For the identification of species of Diaporthe, currently, most studies used ITS
region, CAL, HIS, TUB, and TEF genes for multi-locus phylogenetic analyses and then

delimited species according to the Genealogical Concordance Phylogenetic Species

95



Recognition (GCPSR) principle (Santos et al., 2017). However, many studies have used
only a few strains and minor differences between these five regions to delimit the species,
which is not in accordance with the principle of GCPSR that requires the use of
representative and extensive sampling to obtain reliable result (Taylor et al., 2000). For
example, Hilario et al. (2021) demonstrated that several "new species" found in the
Diaporthe amygdali "species complex" in recent years with multi-locus phylogenetic
analyses were actually all the same species. The reason for this overestimation of the
number of species is due to inappropriate sampling, failing to notice inconsistencies
among analyses, and incorrect interpretation of the results. Although IbSTRPmp18001
isolated in this study formed a sister group with D. acuta in multi-locus phylogenetic
analyses (Figure 3-1F), it did not form a sister group with D. acuta in the ITS (Figure 3-
1A) and HIS (Figure 3-1C) single-region phylogenetic analyses. This inconsistency
suggests that this group may require further studies to revalidate the taxonomic status.
However, this is beyond the scope of this study, so it is tentatively named as Diaporthe
aff. acuta.

I identified a novel alternavirus, DAV 1, in Diaporthe sp. Four dSRNA segments are
packaged in an isometric particle, consisted of ORF-encoded 79.4 kDa proteins. The
DAV 1-free isolate obtained in this study was not observed to be different from the DAV 1-
infected strain in terms of phenotype. The DAV 1-free isolates obtained in this study were
not observed to be different from the DAV 1-infected isolates (Figure 3-1), and whether
the DAV 1-free isolates have other characteristics, such as drug resistance, needs to be
further investigated.

Through RNA dot blot with anti-m’G antibody (Figure 3-8) and specific RT-PCR
(Figure 3-9), I confirmed that the dsSRNA segments of DAV1 have 5-m’G caps and 3'

poly (A: U) structures similar with those of AaV1 or FsAV1(Aoki et al., 2009; Wu et al.,

96



2021; Lutz et al., 2022). These characteristics are as a member of Alternaviridae.

Unlike AaV1 (section 2.3.3; Wu et al., 2021), I did not observe a specific deletion
of DAV1 dsRNA segments. In the CsCl isopycnic gradient centrifugation, four dsSRNA
segments of DAV coexisted with the major viral coat protein (Figure 3-1). In contrast to
AaV1, which has empty particles, dsSRNA segments are packaged in different particles
(Figure 2-11; Aoki et al., 2009). The interaction between dsRNA genome and virus
protein should be further investigated.

According to the RdRp sequence analysis, DAV is a new alternavirus and has
unique properties of dSRNA genomes that help to establish the classification criteria of
Alternaviridae. In the future, the molecular properties of the dSRNA genome and proteins

of alternvirus can be further explored as mentioned in chapter 2.

97



Table 3-1. List of primers used in chapter 3.

Primer name

Sequence

Purpose

ITS1 5-TCCGTAGGTGAACCTGCGG S redion seauence dlon
ITS4 5-TCCTCCGCTTATTGATATGC glon seq 9
EF1-728F 5-CATCGAGAAGTTCGAGAAGG F o dorin
EF1-986R 5-TACTTGAAGGAACCCTTACC 9 9
T 5-AACATGCGTGAGATTGTAAGT .

TUB gene cloning
Bt2b 5-ACCCTCAGTGTAGTGACCCTTGGC
Cal228-F 5-FGAGTTCAAGGAGGCCTTCTCCC .

CAL gene cloning
CALZRd-R 5-TGRTCNGCCTCDCGGATCATCTC
CYLH3F-F 5-AGGTCCACTGGTGGCAAG .

HIS gene cloning
H3-1b-R 5-GCGGGCGAGCTGGATGTCCTT
DAV1-ORF1-F | 5-AAGTTAACATGAGGCTCGAGGAGGTGG
DAV1-ORF1-R | 5- CCGTTAACCTAGTGAATAAACAGCTGAG
DAV1-ORF2-F | 5- CCGAATTCATGGAGACTGTCAAGATACC
DAV1-ORF2-R | 5- CCGAATTCTCAACCTCGAAAGAAACCAG |\ /oo oo o
DAV1-ORF3-F | 5-CCGAATTCATGAAAATGGCGACCGACG
DAV1-ORF3-R | 5-ACGAATTCCTAGTACGCGTTGACCGTG
DAV1-ORF4A-F | 5-CCGAATTCATGTCTCGGTCATTCGGAC
DAV1-ORF4A-R | 5-TCGAATTCCTAAGCAGGAACCACCACG
DAV1-ORF1-F | 5-AAGTTAACATGAGGCTCGAGGAGGTGG
DAV1-ORF2-F | 5- CCGAATTCATGGAGACTGTCAAGATACC
DAV1-ORF3-F | 5-CCGAATTCATGAAAATGGCGACCGACG  |poly (A:U) detection
DAV1-ORFA-F | 5-CCGAATTCATGTCTCGGTCATTCGGAC
oligo dT (20) | oligo dT (20)
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Table 3-2. Sequences retrieved from GenBank and used in the phylogenetic analyses of

Diaporthe spp.
Species Strain Origin ITS CAL HIS TEF TUB

D. acuta PSCG 0477 Pyrus pyrifolia MK626957 MK691125 MK 726161 MK 654802 MK 691225
D. acuta PSCG 045 Pyrus pyrifolia MK626956 MK 691123 MK 726160 MK 654809 MK 691223

D. acuta PSCG 046 Pyrus pyrifolia MEK626958 MK691124 MK 726162 MK 654803 MK69122.
D. arecae CBS 161.64 Arecacatechu KC343032 KC343274 KC343516 KC343758 KC344000
D. arengae CBS 1149797 Arenga engleri KC343034 KC343276 KC343518 KC343760 KC344002
D. cercidis CFCC 525657 Cercis chinensis MHI121500 MH121424 MH121460 MH121542MH121582
D. cercidis PSCG 259 Pyrus pyrifolia MK626847 MK691170MK 726154 MK 654795 MK 691218
D. eugeniae CBS 444.82 Eugenia aromatica KC343098 KC343340 KC343582 KC343824 KC344066

D. fraxini-angustifoliae MFLUCC 15-0748 Vitis vinifera KT459428 KT459462 - KT459446 -

D. fulvicolor PSCG 0517 Pyrus pyrifolia MEK626859 MK691132 MK 726163 MK654806 MK 691236
D. honglongensis CBS 1154487 Dichroa febr?fuga KC343119 KC343361 KC343603 KC343845 KC344087
D. henghongensis PSCG 001 Pyrus pyrifolia MK626846 MK691103 MK 726150 MK 654788 MK 691240
D. limonicola CPC 28200=CBS 1425497 Citrus limon MF418422 MF418256 MF418342 MF418501 MF418582

D. litchicola BRIP 549007 Litchi chinensis JX862533 - - JX862539 KF170925

D. lithocarpus CGMCC 3.151757 Lithocarpus glabra KC153104 KF576235 - KC153095 KF576311
D. melitensis CPC 27873=CBS 142551 Citrus limon MF418424 MF418258 MF418344 MF418503 MF418584

D. musigena CBS 1295197 Musa sp. KC343143 KC343385 KC343627 KC343869 KC344111

D. pascoei BRIP 548477 Perseaatnericana JXE62532 - - JX862538 KF170924

D. perseae CBS 151.737 Persea gratissima KC343173 KC343415 KC343657 KC343899 KC344141
D. pescicola MFLUCC 16-01057 Prunus persica KU557555 KU557603 - KU557623 KU557579

D. pescicola PSCG 036 Pyrus bretschneideri ~ MEK626855 MK691116 MK 726159 MK 654796 ME69122

D. podocarpi-macrophyili LC6200 Podocarpus macrophyllus KX986769 KX999276 KX999240 KX999161 KX999201
D. pseudomangiferae CBS 1013397 Mangifera indica KC343181 KC343423 KC343665 KC343907 KC344149
D. pseudopheenicicola CBS 462.697 Phoenix dactylifera KC343183 KC343425 KC343667 KC343909 KC344151

D. pterocarpicola

MFLUCC 10-0580a”

Pterocarpus indicus

JQ619887 JX197433 - TX275403 TX275441

D. sennae CFCC 516367 Senna bicapsularis KY203724 KY228875 KY228879 KY228885 KY228891
D. spinosa PSCG 3837 Pyrus pyrifolia MEK626849 MK691129 MK 726156 MK654811 MK 691234
D. taoicola MFLUCC 16-01177 Prunus persica KU557567 - - KU557635KU557591
D. tacicola PSCG 292 Pyrus pyrifolia MK626871 MK691115 MK 726168 MK654800 MK 691232
D. tacicola PSCG 386 Pyrus pyrifolia MK626868 MK691122 MK 726166 MK654797 MK 691222
D. racicola PSCG 413 Pyrus pyrifolia MK626890 MK691119MK 726167 MK 654814 MK 691238
D. racicola PSCG 485 Pyrus pyrifolia MK626869 MK691120MK 726173 MK654812 MK 691227
D. tectonigena LC6512 Camellia sinensis KX986782 KX999284 KX999254 KX999174 KX999215
D. virgiliae CMW40748 Virgilia oroboides KP247566 - - - KP247575
D. oculi HHUF:30565T Diseased human eye LC373514 - - LC373516 LC373518

D. pseudooculi HHUF:30617 Diseased human eye LC373515 - - LC373517 LC373519
D. cirri CBS 135422T Citrus sp. KC843311 KC843157 KJ490523 KC843071 KC843187

T: type strain
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Figure 3-1. Phylogenetic analysis of Diaporthe spp.

B0 |

Phylogenetic maximum-likelihood tree of (A) ITS region, (B) CAL gene, (C) HIS

gene, (D) TUB gene, (E) TEF gene, (F) multi-locus analysis of Diaporthe spp.
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Figure 3-2. Colony morphologies of DAVl1-infected isolates and DAV1-free
isolate on different media.
(A) D-PDA, (B) OMA media, and (C) Mycelial morphology of DAV 1-infected/-free

isolates on D-PDA medium.
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(A)

(B)

Figure 3-3 Conidia of Diaporthe aff. acuta strain IbSTR18001.

(A) Alpha-conidia (B) Beta-conidia.
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DAV1-infected strain DAV1-curedstrain
(IbSTR18001) (IbSTR18001-VF)

M1 2 3 4 1 2 3 4

Figure 3-4. Curing of DAV1-infected isolate.

Confirmation of the existence of DAV1 using specific RT-PCR.

106



(A)

30 min
(B)
2 h
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3 h
(D)
After
collection

Figure 3-5. Curing of DAV1-infected strain by protoplast method.
The condition of mycelium, (A) 30 min (B) 2 h (C) 3h after treatment of lysing

enzyme, and the resultant protoplasts (D).
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dsRNA1 (3676 nt)
76 nt
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dsRNA2 (2683 nt)
99 nt

5 m’G; ORF2 (817 a.a.) =Aaw)

dsRNA3 (2480 nf)
106 nt

2316nt

¥m’é]  ORF3_CP(736aa) |=2n

126 nt

dsRNA4 (1698 nt)

1547 nt

[

5" m’GJ oRF4 (473 a.a) =2 w

Figure 3-6. Genome of DAV1.

(A) Agarose gel electrophoresis of dSRNA genomes extracted from the mycelia of

DAV 1-infected/-free isolates. (B) Schematic diagram of DAV1 dsRNA segments.
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Figure 3-7. Phylogenetic analysis of DAV1.
Phylogenetic analysis of Alternaviridae, Totiviridae, and Chrysoviridae according to

the amino acid sequences of RdRps.
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(B) 1000 ng
500 ng

250 ng

Figure 3-8. Detection of the 5’ cap structures in the DAV1 dsRNA genome by
RNA dot blot with the anti-m’G-Cap mAb.

(A) Viral dsRNAs from purified virus particles. The dSRNAs were isolated from virus
particles, then electrophoresed in 1 % agarose gel with EtBr (0.5 pg/ml ) at 18 V for
20 h. Lane designation: M, 250 ng of A-EcoT14I-digested DNA marker; 1, DAV1
RNAs; 2, DAV1-free; 3, ScV-L-A dsRNA; 4, AaV1 dsRNAs; 5, DW (distilled water,
no template control). (B) RNA dot blot assay with the anti-m’G-Cap mAb. The DAV 1
dsRNAs and the AaV1 dsRNAs (positive control) showed positive signals, while the

DAVVI-free sample, the ScV-L-A dsRNA (negative control) and DW showed no

signal.
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Reverse
transcription

PCR
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Amplification No Amplification

(B)

Figure 3-9. Confirmation of poly (A:U) in DAV1 dsRNA segments.

(A) Flowchart of poly (A:U) detection by specific RT-PCR. (B) Result of specific

RT-PCR detection of poly (A:U) in DAV1 dsRNA segments.
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Figure 3-10. Purification of DAV1 virus particles with 45 % sucrose cushion.

(A) SDS-PAGE and (B) dsRNA agarose gel electrophoresis of DAV purification
by 45 % sucrose cushion. S: Supernatant fraction; P: pellet fraction. (C) SDS-PAGE
electrophoresis of two times of pellet fractions in two different purifications. (D)
Purified virus particles were observed by TEM. The size of the particles are about

35-40 nm in diameter.
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Figure 3-11. Purification of DAV1 virus particles with CsCl isopycnic gradient
centrifugation.

(A) SDS-PAGE electrophoresis (8% SDS-PAGE, 120V, 150 min) and (B) dsRNA
agarose electrophoresis of 15 fractions of CsCl isopycnic gradient centrifugation.
(C) Purified virus particles (mixture of fractions 5, 6, and 7) were observed by TEM.
The size of purified particles is about 35-40 nm in diameter. Buoyant density: 1.349-

1.374 g/cm?. Scale bar=100 nm.

113
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Figure 3-12. Estimation of DAV1 associated protein for LC-MS/MS.
Protein band®: 0.1 pg in total; Protein band®@: 0.13 pg in total; Protein band®: 0.39

pg in total.
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(A)

(B)

pATEX! MASCOT Search Results

Protein View: KAG6359789.1

hypothetical protein INS49_010841 [Diaporthe citri]

Database: Diaporthe_protein
Score: 5033

Nominal mass (M.): 85800
Calculated pI: 6.17

Sequence similarity is available as an NCBI BLAST search of KAG6359789.1 against nr.

Search parameters

MS data file: File Name: Wu 211206 DAV1-3.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.
Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Protein sequence coverage: 75%
Matched peptides shown in bold red.

1 MVQSATLGFP RMGVNRDLEEK ATEAYWGGKI SQDELLTERE RLRLAHWKIQ
51 FDAGVDVIPS NDFALYDQVL SHIQDFGAVP ERYASSKLNR VDEYFAMGRG
101 HQEDGVDVES LEMVEWFDSN YHYVEPTLOD NQTFKLISEP KRVREYEEAK
151 AAGIETRFVL VGFVSFLHLG KADRGQSVDP IDLLDELVFV YEELLTQLEQ
201 AGASTVQIDE PILVLDLPSK AFAAFKPTYE KLASLGDKIF KLVFTTYFGD
251 IVENLEAVPK DVYAVHVDLV RNPEQLESVI GALGPKTILS AGVVDGRNIW
301 KINFERAIET AEAATQKLGA CRVIVATSSS LLHTPHTLAS EKKLDFEIAD
351 WESFASEKAV EVAVIAKAVT DGPAAVREQL EANRKSIQRAR ATSSRTNDEE
401 VEERQSNITK ADYNRESEFT ERISQQQEKL NLPLFPTTTI GSFPQTKEIR
451 LSRNELTKGE ITAAEYDEFI EQEIESNVEI QEELGLDVFV HGEPERNDMV
501 QFFGERLDGY AFTTHAWVQS YGSRCVRPPI IVGDISRPAP MIVEESEYAV
551 SVSNEPMEGM LTGPVTCLEW SFPRDDVHQS VQAEQLALAL RDEVVDLEEA
601 GVDVIQVDEP ALREGLPLRS GEEREAYLDW AVKLFRLSTT GVEDATQIHS
651 HFCYSEFQDF FHATAALDAD VLSIENSKSD AELLEVFVDS AYPRHIGPGV
701 YDIHSPRVPS EQEIKDRIEE MLQFLEPEQL WIDPDCGLKT RQWEETEEAL
751 ANMVSARKFT RREYRE

ATRIX) MASCOT Search Results

Protein View: DAV1_ORF3

DAV1_ORF3

Database: DAV1_ORFs_20211206
Score: 6799

Nominal mass (M;): 79412

Calculated pI: 5.64

Sequence similarity is available as an NCBI BLAST search of DAV1 ORF3 against nr.
Search parameters

MS data file: File Name: Wu 211206 DAVI-Z.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications: Carbamidomethyl (C)
Variable modifications: Oxidation (M)

Protein sequence coverage: 86%
Matched peptides shown in bold red.

1 MFMATDDIFPD DQFLLPGEGM PEIGMLSMEE VLAMLRAFPLE LFEMSTEKAE
51 VAEKEDRIDEL SLDGVNDERY GNGGIRVVED STAQUVQPAD ARNVTHVEVS
101 AFPRQVQPFNT EVEVLONTAF SDESQRDLAN LVRGGGQDYR AEGDFSSMVL
151 SILGHDNANA VEAPLMGLLT RIAQLEVLOR SGATAALRPN VAGWDVRTAS
201 LDAAASARFR YPGYAAFFIP HSMTAGAASA LISTLLPGGA GAYGWREFRER
251 DGADDERHDY MPSASRWLYP GGNTRVLAVF ERPPANLVYG GFSFTKANVD
301 SLVGWARGIF GHMYYDQAVE SVVAASYVYV EPEVVAENLG ENFAPVGATT
351 VHQTNDLNGA AFGWDRGGPP PGIGLLSYPD VDTNERPPGF DRALWDAARA
401 TQQAPPGGGD PLPAAFGTLR VYEDRSEVVC TWRGPAGVOM TGWAPLADCL
451 VWLGDARNGV DGVFRTFADS WHAQVVSGYL GGRYDDAHRD DSDVELAGFR
501 NWSFGYSDTAT MGLPRFSVAA IAPLVAGIHE IVAVPPADTT FTDDHNWRAKT
551 RHYVSELHVA HVFTCAERHV WEDGLDTWPF DHRAVVASMP EKRLOPLAYLV
601 NAHRGQLAAS NWQILEAVHR FEGTGESTAY YSYDVRGEWR PDEYGVVHVN
651 EATTAIRALD AAVRLTWNLN GTLDADGVAR DAFSPVRDLN GLYAPLAFAP
701 IARRNRRLGS VRLAAGVGMD ALGEGENTTY DIVNAY
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(C)

Juarett MASCOT Search Results

Protein View: KAG6366072.1

hypothetical protein INS49_000248 [Diaporthe citri]

Database:
Score:

Diaporthe_protein

3838

Nominal mass (M.): 62964

Calculated pI:

Sequence similarity is available as an NCBI BLAST search of KAG6366072.1 against nr.

5.53

Search parameters

MS data file:
Enzyme:

Fixed modifications:

File Name: ['\‘L'._: 1120 E_DE;V;— 1.RAW

Variable modifications: Oxidation (M)

Protein sequence coverage: 49%

Matched peptides shown in bold red.

-

MTSTEFGEFIV
GCANELNCSM
LISGSPNTND
RLIDRAIRAR
ARRADCRAEY

TAMPNIPLME
RLRPDPYVVH
LELPKGAGYE
QEVSQMVREN
STDGNGISEV
GHYVAAANAR

AEGMFPEDHP

GDYLAERLAQ
AAREGYARENG
AGQFELLHHT

CDMDHVTFPG
EAADEEELTR
IEMOWGHIGW
LPITILLINN
ANTAGELEER
PPKASTLDDY

VGIRHHEVVE
VSRACVVTISV
L QL
IPTNLSGATC

VGPELSRCGLE
STLRADRILN
NHFSRVRLGE
KEIQRQLOPL
SVPASFGYAV
RGYTIEVEIH

IAAANNHEAG

GDYNLILLDE
GAISALNGTG
EMAERVTCCA
VRPGPISAVT
EFALIELAEA

. ICAGC

FLDHLSTEVQ
VTENSTLFIE
RYPERRTICV
DGSYNEIENW
PALIECTIHQ

Trypsin/P: cuts C-term side of KR.
Larbamidomethyl {C)

LQAHPDLKET
SAYAENLPLI
VAVNRAEEARP
EPVISDQGAL
MGCAVALQPA

CGDGSFQVTA
NYALTMQAFN
DDCSEELITW

Figure 3-13. Results of LC-MS/MS of DAV1-associated proteins analysis.
(A) Protein band®: 85.8 kDa (B) Protein band®@: 79.4 kDa (C) Protein band®: 63

kDa in Fig. 3-12. Protein band® and @ are host proteins. Protein band®@ corresponds

to DAV1 ORF3.
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3.5 Appendix

3.5.1 Diaporthe aff. acuta ITS region sequence (LC663742)

CGAATTCGCCCTTTCCGTAGGTGAACCTGCGGAGGGATCATTGCTGGAAC
GCGCCCCAGGCGCACCCAGAAACCCTTTGTGAACTTATACCTTTTGTTGC
CTCGGCGCATGCTGGTCTCTAGTAGGCCCCTCACCCCGGTGAGGAGACGG
CACGCCGGCGGCCAAGTTAACTCTTGTTTTTACACTGAAACTCTGAGAAA
AAAACACAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCA
TCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTC
AGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAG
GGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCATTGCTTGGTGTTGG
GGCACTGCTTTTTACCAAGCAGGCCCTGAAATCTAGTGGCGAGCTCGCCA
GGACCCCGAGCGCAGTAGTTAAACCCTCGCTTTGGAAGGCCCTGGCGGT
GCCCTGCCGTTAAACCCCCAACTTTTGAAAATTTGACCTCGGATCAGGTA
GGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAAAGGGCGAAT
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3.5.2 Diaporthe aff. acuta CAL gene sequence (LC663743)

TGAGTTCAAGGAGGCCTTCTCCCTCTTTGTAAGTACCATCTCCAACCAGCGGACA
CGAGTTCAAGCTCCCCGCCCTCCTCTGCTGTTGCGCATGATGCTAACGGACCGTTT
TCGGTTTGTAGGATAAGGATGGCGATGGTTAGTGCGGCCGCCCTCGTTCTTCCTTC
TCACACACGCACGCGTCATGCTCGATCCTCCGCGACGGCCTGCGCGTGCCTAATTT
CCAACCAAGCGATTATCACATCTATTGCGAGTACCATGCTGAGATATGGCGTGCAG
GACAAATCACCACCAAGGAGCTCGGCACCGTCATGCGATCCCTGGGCCAGAACCC
TTCCGAGTCTGAGCTGCAAGATATGATTAACGAGGTCGACGCCGACAACAACGGC
ACCATTGACTTCCCTGGTACGTCCAGATATACGCCCATTGAGGTGGGGGGGGGGAE
CGCGGCCTGCTGTTACCCCTCTGCCGCAGCCTTGAATCACGTACTGACGCGCCCA
ACCAGAGTTCCTGACCATGATGGCAAGGAAGATGAAGGACACCGACTCCGAAGA
GGAAATCCGCGAGGCCTTCAAGGTTCGATCTACTCTACTCATACTCTGCCCCAACG
CCATGGGAATGGGACGGGCTTCTAACAACATCACCAGGTCTTCGACCGCGACAAC
AACGGCTTCATCTCCGCGGCTGAGCTGCGTCACGTCATGACCTCCATCGGCGAGA
AGCTTACGGACGACGAGGTCGACGAGATGATCCGCGAGGCCGACCA
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3.5.3 Diaporthe aff. acuta HIS gene sequence (LLC663744)

AGGTCCACTGGTGGCAAGGCTCCCCGTAAGCAGCTCGCCTCCAAGGCTGCCCGCA
AGTCCGCGCCCTCCACCGGAGGTGTCAAGAAGCCTCACCGCTACAAGCCTGGTAC
CGTCGCTCTGCGTGAGATCCGTCGCTACCAGAAGAGCACTGAGCTGCTGATCCGC
AAGCTCCCCTTCCAGCGTCTGGTATGCCGCCGCCCCCGTCTTCTGAATGCCCACCC
GCGTACCTTTGCTGACCATCGCCTTCCACTTCCAGGTCCGTGAGATCGCCCAGGAC
TTCAAGTCCGACCTCCGCTTCCAGTCCTCCGCCATCGGTGCCCTGCAGGAGTCCG
TCGAGTCTTACCTCGTCTCCCTCTTCGAGGACACCAACCTGTGCGCCATCCACGCC
AAGCGTGTCACCATCCAGTCGGTACGTAACATATCTGCTTGACCCACCCACCCGCG
ACGCGCCTTGTGGCATACGCTAACAACCTCACAGAAGGACATCCAGCTCGCCCGC
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3.5.4 Diaporthe aff. acuta TUB gene sequence (LC663745)

ATTCGCCCTTAACATGCGTGAGATTGTAAGTCGTCCTCGTCCCCaAAAAAACCAC
CACCGAGACGCGTCGTCGGCCCATGCTGCTTTCGCATCCTCTGCCCCTGAGCCTG
AGCCTACCCCACCATCGCGACCGCACCCACGGTCGGGCCTCAAAAACATCACCA
AACACCCTGGGAAAAGCACCCAAATGTCCTTGAAAAACGCGTCAGATTGCTAAC
GTGACCTTTTTCTCGACTACAGGTTCACCTTCAGACCGGCCAATGCGTAAGTTGC
TCCTGTCAACACCGACGGACCTTATCATCGCCACCCGTAGCTGACACGTTTCCCA
GGGTAACCAAATCGGTGCTGCTTTCTGGTGCGTCCACCACCGCGACGCTCGACG
CGCGACAACATGACCTCGAGCCATCGTTACTGACCTCGACTCTCAGGCAAACCAT
CTCTGGCGAGCACGGCCTCGACAGCAATGGCGTGTATGCACCTCCTATTTCCTGC
CTTCAGATCTCGTCCTCCCTGCCGGCTTGGCACTGACAATCACACAGTTACAACG
GCACTTCCGAGCTCCAGCTCGAGCGCATGAACGTCTACTTCAACGAGGTAAGTC
AACAGCCACGTCGTTGGTCATCTGCAGCACGATTTTCTGCCGTCGCCGGGGCCTT
GCTAACGCGTTATCGCCCAGGCCTCCGGCAACAAGTATGTCCCTCGCGCCGTCCT
CGTCGATCTCGAGCCCGGTACCATGGACGCCGTCCGTGCCGGTCCCTTTGGCCAG
CTCTTCCGCCCCGACAACTTCGTCTTCGGCCAGTCCGGTGCTGGAAACAACTGG
GCCAAGGGTCACTACACTGAGGGT
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3.5.5 Diaporthe aff. acuta TEF gene sequence (LC663746)

TTCATCGAGAAGTTCGAGAAGGAAGGTTAGTTATGATCACCATCATAGAACATGC
CTCTCTGCCCTCAGCCTTTTGCCTCAAATCATCAGTGTGCGGCCGTTGGTACGGC
TTCGTCATACTGAGGGGCGCATTTTCACCCCTCGCTCTGGATTTTCCATTTTCAGT
GCGGGTGCGGGGTGCGCTTATCAGGGAGCTTATCTCCTACACCCAAAACCCTGTT
GCAACAACACACCCACCCTACCGCTACTTCATTCATCCTCAACCCCCATCGACAT
TCCTGAATCAATCAAGCAAACCGCCAGGAAATCATGCTGACTTTCTATCTACATA
GCCGCCGAGCTTGGTAAGGGTTCCTTCAAGTAAAGGGCGA
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3.5.6 DAV1 dsRNAI1 sequence
3676 nt excluding poly (A) tail

5
o +—+—+—+ - 7
3 CCGECT J - JCURGUURRRG " :
1 Gly Glu Arg Ser Val Leu Arg Arg Glu Glu Pro Gy Lew Pro Asp G Phe Pro Lew Gin Thr .
2 Ala  Ser Asp lle Asn Phe P Cys Arg Ag Asp Lew
3 Arg Ang Az e Ser Ne Ser P Aa Asp Val The Tip
©
5
[ 14
3 CACUCUACUCCGAGCUCCUCCACCACRACGCCUUGCGGCTUCT ]
1 Gy Gu Met Arg Leu Gl G Val Va Llew Amg Asn Ala Glu Thr Lleu Az Am e Gy Aa Trp Gl
2 Val  Amg . Gy Ser Mg Arg Trp Cys Cys Gly Thr Pro Arg Arg Trp Amg Asp Ala Leu Gl Amg Gl
3 . MAsp Glu Aa Amg Gly Gy Gly Val Aa Glu Arg Arg Asp Ala Gy As Thr His Tip Ser Val Gly
©
5 E CECUU
© ...i....i....i....i....i....i....i....l z1
3 z AGCERAGTUCATCER CAUGRGCCUGGAC
1 Gin Asp Val Gy Ang Trp Asn Ala Wal Hizs Ser Lys Asp Asn Arg Phe Ser Ser lew Tyr Ser Asp Leuw
2 Ser Arg Met Trp Gy AMa Gy The Gin Cy= The Gin Lys The lle Aa Ser Vil Val Cys Thr Thr Cys
3 Az Gy Cys G Aa Leu Gu Ag Ser Al Lew Ly Arg Gin Ser Lew Gin . Ser V&l Lew Gly Pro
©
5
E e 2EC
3 E = JRLCE JRUGGCCGEUGUGUUUG B
1 Pro Ser Wa Gl Lys Tip Trp Ag Pro Asp Al Leu Trp e Pro Ala His Lys Pro His Gy Met Pro
2 Gin Ala Ser Lys Asm Gl Gy Gly Gn Met Hs Cys Gy Tyr Ag His T Asn Hs Thr Wal Cys Lew
3 Ma Lys Arg Ang Lys Met Val Gu Ala Ag Cys lle Val Asp Thr Gy The Gin Thr The Am Tyr Al Phe
©
5
©
1 leu Lew Ala WVal Ser Asp His Thre Thr Gy Lys Glu Trp Leu Ala Gl Leu Thr Ser Am Gy Val Ly Cs
2 Cys Leu Arg Ser Ang lle Thr Gin Leu Gl Arg Asn Gly Trp Arg Ser Leu Pro Ala Giy Val . Ser
3 Ala Cys Gly Lew Gly Ser His Asn Trp Gl Gly Met Aa Gy Gy Aa Ty Gin Pro Gl Cys Gl Val
©
5
© 42
3 J C J
1 Val Phe Ala Glu Asn leu Asp Gl Thr  lle Aa Arg lle  Asp
2 Wal Ser Lleu Arg Lys e Trp Met Amg Ag Gly Arg Arg Phe Ser Asn Val B Pro Ser Gin Gl Ser The
3 Cys Llew Oys Gy Lys Ser Gl . Gy Glu Glu Asp Ala Phe Amg Meat Cys Asn Hes Am Lys Asp Am
©
5
| 4G
° PPN SIS TN E
3 5 I ] T s GCU z - U
1 Arg Asp Arg Ser lle Arg Thr Val Ser Ser Pro Thr Lew Cys Arg G Lew Cys Asp Trp lle Gn Met
2 Ala Thr Asp Ag Tyr Ala Gin Ty Hs His Ag Lew Tyr Ala Ala Asn Cys Ala Thr Gly Phe Amg Cys
3 Pre Arg Gin lle Asp Thr His Ser e lle Thr Asp Ser Met Pro Ag Be Vil Arg Leu Asp Ser Asp Al
©
5
o 56
3 =L
1 Pro Thr Ser Lew Gly Thr Pro His Ser Asp Ala Tyr Aa Lys Tyw Val Asn Phe Glu Lew Gl Amg Asn Glu
2 Arg Arg Lleu Ser Az Leu His e Lleu Met Arg Met Gin Asn Met Ser Thr Leu Ser Ser Al Gly  Met
3 Asp Val Ser Ag His Ser Thr Phe B Cy Val Cys Lys Ne Cys Gin Leu . Ala Mg Gin Gl
o
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B0 L kA= L3 0 Gh D Labka = L @ L) B k= D

L T Y R

JUCUUCCCACUCACCARL

CCCGUCRCOCAUTCCUCUG

Arg Ala WVal Gl Lys Glu Thr Thr Ala Met Va Se
Gy Gna Trp Va Mg Arg Gn Pro Arg Trp Phe  Arg
Gly Ser Gy . Gly Asp Asn Arg Asp Gly Phe Gu

RCGRGCCOGARU UTGECCUCUGUCCG

Lew Lew Gy Ty P Asp Ser Ala Thr G The Gly
Cys Ser Ala e Arg Be Ay Arg Ag Arg Gin Ala

Gly Aa Arg Lew Ser Gy Phe Gly Asp Gly Asp Arg

UCGAUUUCGU CACAGRCRATTACGRAGUACAGIUL

Il Il Il Il Il
L L L L L L L |
TCUGEe

ACCUUCAUGAGCU
Aln Val  Aa Lew Gl Val Lew Asp Phe Val Thr Asp Asn Tyr Glu Tyr
drg Tp His Trp Lys Tyr Ser lle Ser Ser Gln The lle The Ser The Ala B Arg Gin Va  Ag  Ala

Arg Gly Gy Thr Gy Ser The Arg Phe Arg Hs Ag Gn Leu Arg VAl Gl Lew Ser Asp Arg Tyr Gy Lew

CACURCUGGRGCCGGUGUA

| | | | | | | |
LIS B B e I e B LI L I B
~2 CTICTIC TR

(UL LB L )

Cys Gu Arg Asp Phe Glu Gn Ty Ag A

CCUCGECCACAD

L FlL e al

Met Asp Gy Val Leu Ser Lew Leuw Glu Pro Val Ty

Val Mg Gy Thr Ser Asn Ser Thr Gy Gly Asan SBer Trp Met Ala Cys Tyr His Ty Trp SBar Arg Cys
Gl Gy Les Arg Thre Wal Pro Als Ala Jle His Gy Trp Ag Ala lle Thr Thr Gy Ala Gy Val

CIUICUGARATGCUSCTTAC

A T TR S e R

s LU UsL L DL AL

T U UgsasUigLUoL VR lLAl
drg Gu Phe Gly Ala Arg Ala Glu Thr Tyr Asp Asp Vel Lew Gu Met Arg Val Ala Lys Lew Aa Gl
e Ala Asn Ser Val Leu Val Pro Arg Leuw Thr The Met Phe Trp Ay Cys Ala Tp Pro Séer Trp Pro Ala
S Arg lle Amg Cys Ser Cys Arg Asp Lew Arg Arg Cys Phe Gl Asp Aa Arg Gly Gin Wal Gly Amg

GEUGTUUCCGEGEC!

CCARCARAGHCCCGLGCGACGEGECAC { I ! A CGECCEUCAUGCUUCTUCA
Gly Va Ser Gly Arg Ma Ala Arg Glu A Phe Gy Gu Asp Val Ala Pro Ala Gly Ser Thr Lys  Lys
“Wal Phe Po Gly Ala Lew Pro Val Asn Aa Ser Mal Ag The Tip HiE Lew Po Ala Val Arg Ag Ser

Arg Cys Phe Arg Aa Arg Cys  Pro . Thr  Leu  Anrg - Gy Arg Gly Th Cys Ang Gin Ty G Gl Val
JGUGGCGCCCGUACCACGA CALRUCGUCGRAAGUUGCAGT

GEUGCUUCCUUCAGRCCUUTGT

Alenanll el lalalal s

UGEUUAGCRGCUTCE

Gle Val Tp Lys His Lys Tp Gy The The lle Val Glu Va
Lys Ser Gly Asn lle Ser Gy Ala Lew GEn Ser S&r Lys Lew GIn
Gy Ser Leu Gl Thre . Wal Gly Hi Ty Asn Arg Arg  Ser Cys  Ser

GUGCGUACCR

Lys val bsp Gu arg Gy Gly Val g The lle Met Ala The Gu Met Arg Asp Gin Leu Ser Glu  Mat
Ser Amg Ser Met Ser Ma Gl Ala Cys Val  Pro . Tp P Glin A Cys Ala lle Ser Cys Pro Lys  Tep
Gin Gy Arg - Ala Arg Mg Arg Al Ty His Asm Gly His Arg Asp Aa Arg Ser Val val Arg Asn
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G 0D Gibdes G) O L) O ORI 03 O L) O LR e G O

O ihae 03 O L] 0 IR e 0 O

GUCGCCAT

CAGCG
Wal Ala Met Lys Pra e Thr Arg
Ser Pro Sar Mg . Pro lle Gl Pha Arg Gn Lew Val Tep The Trp Gly Asn His Pro Ser Arg

Gy Apg His Glu Ala Asp Asn Gn Ser Ala Phe Gy Ser Tp Tyr Gy Ang Gy Gly lle The H&s  Pro Gly

CRATG!

GUUACCUUGCCEY

Aa Met Gl Arg His Leu Arg Thr Val Gly Met Ala Asp Asp Tyr Asp Gly Ty Arg Phe Asp Gly Gin Wal
Gin Trp Asn Gly e Ser Gly Mg Lew Gly Tp Pro Thr The Thre Met Val Thre Asp Ser Met Gly A

Asn Gly Thh Ala Ser Gin Asp Gly Trp Asp Gy Arg Arg Leu A T Lew G e Arg T Aa Gl

CAGUCCUGCCLE

CCCURCCGEGECUGCUGRUGCULCCR

JGUCUAE

GCUACCCGUCCR

Lew wal Cyzs Trp Asp Trp g
Cys Trp Cys Val Gly lle Gl Gly
Ma Gy Val Lew Gly Leuw Ala  Gly

FCEAUGEUEIAGCUTACIGA
Il | | | Il

s maE S S ABAREaEa T

CGCURCCACGUCS GUCCCCCCUCCEUGCUGEGLT

Aa Met Val Gn Lew The Gu A Amg Gl Gu Aa Arg Ag Asp Mel Lew His Gu Lew  Asp
Ay Trp Cys Ser Lew Pro Ser Gy Ser Ala Gy Gl Arg His Asp Aa lle Cys Cys Thr Asn Ser e
Gy Asp Gy Ala Ala Ty Arg Ala Val Lew G Gy Gly Gly Thre Thr Arg Tyr Val Ala Arg Thr Arg  Ser

GUUGAUCUUCCGGEUCCA

GUUCCUUCG

Gin Leu lle Ala Gy Th Gu Gu Leu Glu Asp Lys Ty Lys Gl Ala
S Llew Ser Pro Gly Amg Arg  Ser . Ser Ser Gy Pro Gl His Ser Leu A Thr S&r Thr Arg  Lys
Ma Tyt A A Asp Gl Gly Val Asp Les Pro Val Gl Ser ke Arg . Gly Gin WVa Gk Gy Ser

GCAGCUUGUCURD

Wal G Gim lle Leu Ser Lys Glu Pro Gy Ang Ala Thr Arg Leu  Ala
Pro Ser Asn Arg Ty Ser Mla Mg Ser Gin Ala Glu A Pra Gy . Pro
Arg Arg The Asp Thr Gn Gn Gly Al g Gin Ser Asp Gin Ala  Ser  Arg

FUCGUUCCUCGEGEUCCEUCTUCGECT

GUCCGAUCGSE

AUUGCAGUCE

£ slnlzU_onls

GEGEUCCCCGUCET

Lys Asn Pro Gn Gly Gin Gn S Gy Ay
Lew Gl Ser Arg e Pro Arg Gy Ser Asn Arg Gu Gly Ser Ala Arg O Trp Ala lle Gn Ser Ser
His Cys Ser Gln Gu S&r Pro Gly Aa Ala lle Gy Lys Val Gln His Val Ma Gly Gin Ty Ser His  Arg

GCCCUTCCR

~PTIEC TR O O

1

CCUGCUGCGCCGRC CAGUCCCUACGUCUCEACURCCCUGC

CUCGRCURCCC GC
Gy Thr The Arg Leuw Wal Arg Asp Al Glu Lew Met Gly Arg Thr Ala Asp Lew Mg His Arg The Ser
Gly Arg Arg Gly Cys Ser Ser Gly Met Gin Ser . Tp Asp Ala Pro Pro lle Cys Asp Thr Gl His
Asp Asp Ala Al Ala Arg Gn Gy Cys Ag AMa Asp Gly The His Arg Arg Phe Ala Thr Pro Asn e
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CCCGGCUGCUGCA

Lew Asn Arg Ala  Asp Asp  Val b Phe _ Val Lys Ala
Pro Pha Ser Ty Ser Th Gy Pro The Thr S&r Gin Ser Tyr Phe hgn Phe Asn Trp GIn Ser Arg  Leu
His Phe Arg The Gin Glin Gly Arg Arg Ag Mg Ang Ala lle Phe . e Ser The Gly Ser Gln Gly

CAGUUCCGR

GECUUCUUCEUC

GOCUGET CCUGEUCCCUGUAUT
e Gn The Met Lew Asp Gin Gly His Lys AMla Asn Pro Lys Lys Gn Lew val Gl Trp Arg Ala Cys
Tyr Amng Pro Cys Trp Thr Arg Asp e Arg Pro lle Arg Arg Ser Ser Ser Cys Asn Gy Val  His Al

Tyr The Asp His val Gy Pro Gly The . Gly Gin Ser Gl Glu Al Ma Ag Ala Met Ala Cys Mel Hs

TUOARCTU

CUGUCECTCAG

o T W e T __--'-"-'-'-'-T-'-T':

GCCGCCUCUSULCUG FCECUUC

Sar Il ANa Lys
Leu Ser Arg Amg
Ty #Arg  Glu

Thr Ala S&r Pro Pra Lys Gly The Gly Gly Asp Met
Arg Gn o arg MWal Arg Gim o Arg Ala Pro Ala Glu Thr
Asp Ser Gl Ser Ala Lys Gly His A Arg Arg His

RLCAGCUUCUAZCGECCRCECARCE

Wal Mg Arg Gy Phe Leu Ser Lys Met Als Gly Ma Les Ty Asp Asp Ala Amg

Gly Tp The Cps The Oys Gly Ala Gl Phe Cys Arsg Arg Trp Pro Val Arg Cys Thr Met Met A Al
Gy Val Gy His Val Arg Ala Aa Arg Val Phe Val Glu Asp Gl Ag Cys Val  Val Ang . Cys Ma Pro

CCEUCCARCACCGAT LUl Cla L

Gy Ay Lew Trp Leu Pra Lys Gn  Arg Phe Met
Ma Gly Cys Gy Ty Pro Arg Thr Arg G Ala Ma Gy Amg Ser Asn Val Ser
Arg Gin Wal Val Ala Thr Pre Gy Lew Aa Apg Pre P Ala Glu Ma Thr Phe His

UUCoUUGS

| | | l | l | |
LI L B B e B N L B L
CCRCGAGCUCCCACGCUGUCUCGUGCCEOCATRACCCACACGRCGET

Val Lew Gu Gy Ala Thr Gl His Gy Gy Met Gly val Les Pro Pro
Arg Val Arg Cys Ser Mg Val Ag Gin Ser The Ma Wal Tp Mal Cys Cys His A
Gly Ala Arg Gy Cys Asp Arg Ala Mg Arg Ty Gy COys Aa Aa  Thr

LCCUCCUCTRAGCGUCUGCCA
] Sar Lys Mg Lys Tyr Met Glu G lle Ala Asp Gy

M Ser The Thi Thr e Thr Pro Ser Ser Al Ala Ser AMa Asn The Trp Amg Arg Sar Gan The  Val

Gy P Val Arg Les Arg Lew Lew His Gn Val Gin Gn Ala Gin lke His Gy Gly Asp Arg Arg Arg Leu
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GC
Leu Ser Arg Ang Ala Pro Gy WVal Asp Asp Lew Gle A
Aen Cys His WVal Val M= Lew Val Tp The Thr Lew Ser
lle val Thr Ser Cys The Tep Cys Gly Arg Pro . Ma

Tp Asp The Gin Les Mg A
Gly Thr His Ser Tyr Ala  Ala
Gly His The Aala The Pro Pro

GUUGCGCCACCGCGCCE CCCCAGUCCCRARCUGUGCUUCUGUGCUCCACTARD

Asn Ala Val AMa  Arg  Phe Gy Val Mg Val Asp The Lys Thr Mg Gy Asp Phe A
Aa The Arg Trp A Gy Phe Arg Lew Arg Gy Ser Gly Lew Thr Arg Arg Hs Glu wal lle Ser Gly
Gin Ag Gy Gly Ala Vval Ser Gly Arg Cps Gy Gy Gin Gl . His  Glu Asp Thr  Arg . Phe  Pro

WCUCCGCCRUCRCGT FECCUGTG GCGUCUCUCCUGAGCUT
Lew Lys Trp Cys Gu Al Wal val His Gly Gly Ala Asp Pro Asp Thr Arg Phe Ala Gl Am Thr Arg
Ser Gy Wal Arg A . Cys Met Gy Gu Arg e Arg Thr Arg Asp Ser Gin Arg Gly Lew Gu
Val Glu Val  Wal . Gy Gly Ser AMa Tp Gly S& Gly Ser Gy Hs Al e Arg Arg Gu Asp Ser Lys
GCCUGGCACGCAGCAUCARGICE WCUTCGUGATDCCUACASCCGCATUCCUGCG

LIGUCGE

Thr Arg Asp Ser Tyr Ser Arg lle Pro Ala Val  Gly
Wal e Pro The Ala Ala Phe Lew Ang Trp
Phe Lleuw Glin Pro His Ser Cys Gy Gly

i g - .
Ser Lew Ma Arg Ser lle Lys Ser Trp
Al Trp His Ala Ala Ser Ser His Gy
PFro Gly The Gin His Gin Vel Met  Als

CGECU

Phe Glu  Arg Ala Lys Ma S e Asn G

¥
Ser Arg Gly Pro Arg Gy Met A Lys . Mz Ser Thr Ala
Arg Gu Gy Gin Gu Va Cys Gu Asn Gle Hs G A

oo

CCaCUCC

Gly Gu Aa Apg Phe Glu Lew Gle Arg Met Mg Gy Gn Pro Gly Ty Gy e Lee Asp His Gl Trp
Wal Arg Pro Vel Ser Ser Trp Ser Wal Cys Ala Asp Ser Gin Ala Thr Ala Phe Tmp Thr Thr Ser Gl
Arg . Gy P Phe Arg Ala Gly AMa Ty Ala Arg Thr Ala Amg Lew Arg His Ser Gy Pro Arg  Val  Wal

CCUCECAUACRCECCURT

L LU allal U UL GG JZA

RCCUGEIG

Jellloaloioa

UCGGEUUAUGCUGACCUG

GUGCRAUCCURCCUGCECG
P J - Ala Arg Mg Met Asp Ale
Ser Va Met Lew Thr Cys  Thr . Arg Asn Cys Pro Lew His Val Gy Trp Thr Arg Phe Thr

Ay Leu Cys . Pro Wal Lew Glu Gy lle Val Ag Cys Th . Asp Gly Ag Ala Lew Lew His Pro

CUGCUGUC

|
T
CoUGCACCEET

TECTITICT LELDLE TR E D

CGECCECUGCUTCGE :
Pro Ala Thr Lys His Gl Thr Glo Lew Lew Ser Asn Thr Arg Thre T Pro

Cys Mg Amg Arg Ser The Wal Lew Asn Cys Cys Gn Thr Arg Ala g Gly  His e val WMz OCys Leu Cys
Aa Gy Asp Gu Ala Arg Ty . The Ala Wal Lys H=s Al His Va Ala Thr Ser Oys Thre Val  Tyr
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CRACCUGUCRG! UGGEUCCUGCAGEC! G CRACCUUCUUGEUCCGEUTUUC
l l l l l l l l 2
+—+—+—+Tr++ 1+ttt &
GUGGACAGUCCGUUCGRRACI CGEUCCGCGCRCCCU G
HWig Lleu Ser Gy Lys Lew Gly Pro Ala Gly Ala Trp Asp Lys Lew Met Pro Pro Ser Trp Ser Gly Phe
Thr Cys Gin Ma Ser Lew Val Leu Gin Ala Arg Gly lle Ser . Cys His Lee Leu Gy P Val Phe
Ma Pro Val Arg Gin o Ala Trp Ser Cys Amg Arg Val Gl . Vel  Asp Aa Thr Phe Leu al Arg Phe  Ser
Bu i Tyr Cys Lleu Asp Phe Cys Phe A 1] Ser Thr The Ty
Ser Arg lle Arg Cys Asn Thr Val Trp Dk Ser Vel Ser Gy The e Pro Pro Asn Phe Arg Gin His
Arg Gl Tyr Mal Aa e Lew Phe Gly Phe Leu Phe Gl Ma Lew Ser His Gin lle Phe Asp Asn e
CUGCGRCUGCGEGEGCCGAUGUTACACK CEEUUGUUGEEGEEUUGTUCUGCCGCCACTUCUCAG
Arg Ala Asp Wal Thr Arg Ser Val  Wal Gly Gly
e Thr Tyr Cys Asp Cys Gy Pm Mel Leus Hs Val Arg Lew Lew Gly Gly
Hg The Ala Thr Aa Gly Arg Cys Ty Thr Phe Gly Cys Trp Gly Val Vel Lew Pro Pro Lew Ser
CUGUUUAUUCACUAGUCAGHT
Arg  Arg
Gin Ser Thr Pra Asn Ser Lys  Pro . Asp Ala

CUCUGCATUGCGUACGAUGCGCUUGAGLCCAGACEG
Arg Asp Wal Thr His AMa Thr Arg The Arg Val  Cys
Glu  Thr . Arg Met Leu Ag Gle Leu Gly Ser Ala

frg Arg Asn Ala Cys Tyr Ala Asn Ser Gly Leu Pro
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3.5.7 DAV1 dsRNA2 sequence

2683 nt excluding poly (A) tail

H GECGAGCGAT CAGRCGRGGCGUG
o -}
¥ UCGCUR {ACUCCUCUURR GUCUGCUCCGCAL
1 Leu Ag Arg e Gu Gin Gy lke P Asm Gl Phe Ty Lew Gin Thr  Arg  Arg
2 Gly Glu Leu Asn Ag Gu Ty Leu Il Asa Ser Thr Cys Arg Arg Gy Val
3 Phe Gu Gu  Asn . Thr Gl Asn Thr . Ser lle Lea Pro Ala Asp Glo  Ala
o
B
[+]
¥ L JCUCOCCUCUUAGCUGRACUCUACCUCUGACAGUUCT
1 Arg Gu Gl Asn Arg Lew Ag T Ang Leu Ser A
2 Gu Arg Arg e Asp Asp Gy Asp Cys Gin Asp Thr Val Ser Pro Gl Gly . Hig
3 Arg Gy Glu Ser The Glu Met Gl The Val Lys Be Pro Phe Arg Leu Ala Ala Asp  Thr
-]
¥
L]
3 GCURCGGEGEEUCUCGCEEATUCUGCUAUGGUCGUUARACACCGARARACG
1 The Met P Gin Ser  Ala . The e Pra Ala Be Cys Gy
2 Leu #g Cys Pro Ay Ala Pro Arg Arg Tyr Gin Gin Phe  Wal
3 Tyr Asp Al Pro Gu Arg Lew Asp Asp Thi Ser Asn Leu T
L]
5 CCACCGACUUCCRACGUCRACCUUGUCCLAG
@ S N U PN B N N I S
k] GEUGGCUGALGEUGCAGUGGARCAGEUCTT GGUUCAGUTUCUGCACUG
1 Pro Pra Thr Ser Thr S& Pro Cys Pro Gu Pro Arg Thr Lys Sar Lys The - Hie Pro Lys Ser Ser
2 His Arg Leu Pro Arg His Lew Wal Gin Asn Arg Gl Pra Ser Gn Arg Arg Asp Thr Arg Asn Pro Pro
3 Aa Thre Asp Phe His Val Thre Lew Ser Ag The Gl Asp Gln Val Lys Asp Wal Thr Pro Glu e Leu A
-]
)

I | I | | | I | I | I | | |
a T T T T T T T T T T T T T T
¥ CUGUUCCGCGCCGEUUGACAR GCUGUCUGAGCCUCUUCGCGAGCCE
1 = Gn Gly Aa Ala Asn Cys Gn Ala Phe Ser The Asp Ser Glu Lys Arg Ser  Ala
2 Gin Ala Arg Cys Hs Asp Lys Ala Arg Pro The Val Ag HiE Phe &g Gin The Ang  Arg Ser Ala Amg
3 Lys His Asp Wal Met Thr A Arg Gy Gn Lew Ser Gly lle Phe Asp Arg Lew Gly Glu Ala Lew Gly
[+]
B
o
=
1 Wal Ala Trp Met Val Tp Gly Leu e . Gy Cys Ty Ang Ser Thr Val Ala Gin Gly Lys Pro  Val
2 Ay . His Gl Tp Cys Gl Gly Phe Glu Asp Ma Thr Gl Ay Mg Ser Mg Arg Ala  Asn Leu Phe
3 Gly Ser Me Asp Gly Val Gly Val Asp Lew Arg Met Lew Pro Vel Asp Gy Mg Ala Gy Gn Thr Cys
o
H L UGGCCACRTUGSEUG!
o -+ -+ t
z UCGCCUACCGEEU LWCCACCUCGOCAUGET.
1 Lew Ag Gin Pro Arg Val Ser Pro Sér Lew Mg Ser Gly Tp Pra Hs Tp Trp Ser Gy The  lle  Ser
2 Cys Asp Aszn Hizs Glu Ser Amg His His Cys Glu Ala Asp Gy His lle Gy Gy Aa Val Ag Tyr Pro
3 Phe Ma The Thr Thr Ser Leu Ala e e Ala Lys HAg Met Aa Thr Lew Val Gu Arg Tyr Asp Nl Leu
-]
5 Gl CCAURUCACGE G

I | I | | | I | I | I | | |
@ =
K] G LCC GEUAUAGUGCULACUCAURACGACCRACCCCGCUGUUACUUCARACAS
1 D lle Ser Ang Leu Ser Mt Lesn Val Gy Arg Gin - Ser  Leu  Ser
2 Ala . Asp Gly Leu Arg Gn ke Pro Tyr His  Asp . Val Cys Tmp Trp Gly Asp Asan Gu val Cys
3 Arg Glu Met Ala Phe WVal Lys Ty His lle The lle Gl Ty Ala Gly Gy Ala Thr Met Lys Phe \Val
L]
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RCGUT

R CRRTTACCTIT R AT

Azl Uelal LU= an
drg Lew Tep P Leuw The Thr Gln Thre Pro Arg Asn Ser lle Ala Gl lle Cys Gly P Trp Asn Wal
His Asp Twyr Gly Amg . frg leu A Pro Arg  Ala e Arg Ber His Arg Phe Ala Gy His Gy The Phe

The Thr Met Ala Val Asp Asp Ser Asp Pro Ala Gin Phe Asp Arg Thr Asp Lew Arg Ma Met G Arg

Tp Pm Arg Trp Ser Trp
Gly Arg Gy Gly Ala Gy

Leu Ala Ala Va Gu Leu Aarg Glu Val The Pra Tyr A Pro Pro Val  Ser

RCUG

AR CUCCURCAGUGRCUTCACUTCCCACT

His Leu #Arg Met Ser Leu Lys . Arg Val T

CUUCACUUCCCACUS

hr Ser His MArg Arg Pro Ala Leuw Phe Trp Ser Asn Lys  Met
lle . Gly Cys Hs . Ser Gl Gl . Arg Arg lle Aa Asp Mg His Ty Ser Gy Ag The Arg
P Gl Asp Val The Glu Wal Lys Gy Asp Val Ala Ser Gin Thre Gly Thr lle Les Val Gu Gin Asp

Arg Cys Mg Lew Ser Lleu Arg Thre Tyr Met Pro Ala Cys Trp Ala The Arg Cys  Cys
. Gy Al va . Mg Cys Gy Leu Thr Cys Gn Leu Ala Gly Gin Arg Ala Ala Ala
Ma Pro Gl Pro Gn Val Pro Phe Gl Pro Ala Asp Leuw His Ala Ser Leu Lew Gly Asn Ala Leu Lew

(=]
=
7
E
EC

JCATATGUCGCARCCGUUUGUACTR

g Th Phe Pro Leu Ay Arg S le Gin Arg Trp Gin Thr . Ser
Ser Gly Arg Phe Pro Ty Gly Gle vVal Ty Ser Wal Gly Lys  His Asp A
His Pro Asp Val Ser Pro Thr Gu Lys Ty The Ala Leu  Ala Asn Mel e

GUCAGGAGUGAUCAUTUACGECGE L CUCURGCUCAL
e

CAGUCCUCACURGUAL

Ser Gn Glu . Ser Phe Thr Ala The Thr Lew Gy Leu

Wal Arg Ser Asp Mis Lew Arg Arg GiIn Pro Trp Asp Ser Ser Ser Ser Val Gly Cys O Trp Ser Gin
Ser Gly Val e lle  Tyr Gly Asp Asn Pro Gy The Lew Ala Gin Aa Lea Mal Ala Val Gly His  Asn

CACUGCCOGCAGCT!

Mg Ma Ser e Ag A e . Arg Arg Mg Asn Gl Ala Gl Ala va Val Gy Ser The Gly

GCUCCGUCUCCECCAGCACCCGUCAUGUCCU

Arg Asp Gly Arg Mg Ser Gu Gu Tyr Asp Asp Asp Ala Thr A Gn A Arg Ser Trp Al VAl Gin Asp
Wal Thr Gy Wal Asp Pro Lys Asn Met The Thre Thr Gn Arg Gy Arg Gy Gy Arg Gy G Tyr Ag

CoUGUUC
UL
Tep Cys Wal Asp Gn Leu  Agg . Ser Thi Met Arg Cys Lys O Tp The Ag Pra Pro Gly &g Trp
Gly wval Trp Nl Ser Cys Ala Ser Arg A . Gly Ala Ser Wal Gly Gin Gly Leu Pro Ala Gy Gl
Met  val Cys Gl Ser Val Ala Leu Val Asp Asp Gle Mal Gl Val Len Asp Lys Ala Ser Arg Gl val  Glu
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Arg Gly Ser Glu Leu Asn Ser Val Lew Lew Trp Trp The Mg Pro Trp Thr Ala Arg Glu Lew Mg Met Pro
Gly Asp Arg Asn Ser lle Ay Cys Phe Oys Gly Gy Hs Val Pro Gy Arg Ag G Se . Gly Cys
Gly lle Gy Thr Gin Phe Gly Ala Phe Val Val Asp The Ser Lew Asp Gy Gu Arg Ala Gu Asp  Als

| | l
T T T
CGEUT ATUUUOUCCUGTUGT I
Arg  Ser Ala Thr Lys Arg The Thr Ser Thr Leuw Leu - Tyr  Val Ser
Hig Gu Ala Gin Pro Arg Ty Cys Vval Ala lle Lys Lys Gly GIn Hig Gin Arg Tyr Cys Asp Met S&  Ala
The Lys Arg Asn Lee Asp D Ala Tp Ag Leu Lys Lys Asp Asn lle Asn Al The Val lle Cys  Gin

JGCUUCGCEUUG LCRAGUCG

slaalUlis

CAUCCUGGRCCUUCCRGGUCRACAGCRATUCE

L CCEUIUCCCCCUGTACC ARG

Cys Ala Arg Ag HE Tp Gn Ag Gy The Tip Ser Ser Tip The Phe Gin Val The Ala e Ang Gy
AMa Lew Gy Ala lle Gy Lys Gy Gy Hs Gy Hs Pro Gy Pro Ser Ag Ser Gin Gin Ser Gy Val
Leu Mg Ser Ala Pro Leu Ala Lys Gy Asp Met Val e Les Asp Lew Pro Gy HE Ser Asn G Gy Cys

GCUCCEULTACGOS

GCUCCGUAVACGCGAUGACUREC

Mg g His  Met A Tyr - Leu .
Arg Gy e Cys Ala The Asp . Gin Gly Glin Ty Gu Phe Apg Ser Gy Gn Ala Gy Leuw Ala Thr
Gu Ala Tyr Ala Leu Lew lle Asp Lys Gly Ser Mel Asn Phe Gly Arg Ala A Pro Asp Trp Gin Arg

GECECCUUCS

UCGU TR TR

[ LR

[N
[N
)
]
Ll

COTIC eI OO —mr i T

(LRI UL PR

CCUCCUCCUCGUCTOCACUGCURUGCZGUT 1
The Gly Gy Pm Ser Trp Ag Arg Ser Arg Val The lle A Lys T Arg Val  Arg  Ser

Leu Amg Val Gy Lew Arg Gy Gy Gy Ala Glu . drg Tyr Ala Asn Gy Gl Cys Asp g Pro Gy Gy
Ty Gly Trp Ma Phe Val Gu Glu G Gn Ser Asp Asp The Gin Met Gl Gy Aa lle Asp Lew Ala

UEUOULSCCU

Al 4 U sheLUlzal

UGCUCE

TEICTCRCRCCTICR ™

CUGUCUCGUCEZCUCR JCGECATGE

(BLSLC LI R P C

Thr Ser Phe Cys Lee MAa . Ala Thr Gu Gin Arg Ser Val Arg Thr Phe Ser Gin Arg
Arg  Val Ser  Val . Pro Ghu Arg Gin Ser S& Gly Val Phe Gly Arg Phe Ay Ser Val Lew Phe Asp
Asp Glu Phe Leu Phe Ser Leu Ser Asp Mg Ala Ala Glu Cys Ser Asp Val Phe Aa Aa Ty

@ Ml Ala Arg Val Thr Thr Val Thr Cys Thr Thr Thre ala Ala Arg Pro
Cys Gy Arg Ala Asp Ser Lew Gin Gn Gly Lew A Arg . His Val Ag Pro Amg Ag Gln Asp
Wal  Asp Glu Pm e sf  Cys Ser Lys Gy Tyr Asp Gy Asp Met Tyr Asp His Gly Gy Lys Thr

CLGCOCCO

His Thr Aa Ala P e Gy Phe Gy e Th Ser . . 1
His e Pro Gin Leu Leu Ser Val Leu Val Ser Lew Mizs Cys His Ala Met Lew Lew Glu Sar Cys Ty Arg
The Ty Arg Ser Ser Tyr Mg Phe Trp Ty His Phe ke Val Thr Arg Cys Phe Lew Arg Ala Aa The
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CUCCAGGECUCT

UCGUCUUCUUCCGCG G GC

Ser Arg Mg Mg Arg Ser Mg Gly Gin Pro Lew Arg Lew Gl e Arg  Ser
Ma Gl G Gly Ma Lea Ala Val Ser Ay Cys Gly Cys Lys Ser Gly

Glu Gn Lys Lys Mla Leu Ser Ag Ser Ala Val Ala Ala Ala Asn P Val

e CC R

CCACCUGUCCGCCUGUURT

Asn Mel Asn Ser MVal Asp Ag Arg The e Lew Ser Mel Mg Ang Phe  Ser
Thr . Te g T The Gly Gly Gin Ty Cys Gin . Gy #Asp Pha  Arg
His Gl Leu Gly Gy Gin Ala Asp Asn lle val Asn G Aa lle Phe Glu Ala HiE Ala Ala Glu  Ser

JRCUCCGCURE

TCGh Felealizl

JilzaLLbULUUULS LA
Arg Gly Cys Thr Ser Cys Thre Asa Mg Cys Gly  Gln . Leu . Lew Gy Thr
Aa MWz Gy His Gu Ser Gy WVa Val Gn Ala Ala Gn e val Ala Ala Ser Asp Ser Ser Ser Val A
Lew Thr Gy Thr Ser Po Gly Lew Tyr Lys Lew His Lys Ser Lew Arg Pro Mal The Leu Ala Arg  Tyr

CEUGTUTASS GC

16T

LAGCIRCU

JERZALCE

I | | I | I
+—+—+—+r+++ 1+ttt
UTUCGUGACCAGCUTUACUGUUG
Lys H= Trp Ser Lys . Gn HE Thr &g The Gin . Pro Pm Thr Pro Ser Ser Val Cys Ser Pro
Ser Thr Gy Ag Asn Asp Asn lle Arg Gly Arg Ser Asp Pro Mg Ang His Gin Ala Ser Val His  Pro
Glu Ala leu Val Gu Met Thr Thr Ty Gl Asp Ala Val Thr Pro Asp Ala e Lys Mg Lew Phe The Gin

UAUGCUCCUGCGUCACT

GGECRAUCCGGAGUCTUUGUTGAGEE

T T

RCCCCUCCAR

Al Ar £

Gy Val Cys Arg The Phe Gy Gly Cys Thr Arg Arg Asn Gly Glu  val
Aa Gy e A Ser Lew Wal Gl Gy Phe Val Glu Hs Ser Gy Val Val A Gly Gy Met Gly A
Pro Ala Ser Gly WVal Leu Llew Mg Gy Lew Ser Asn lle Arg Gly Lew Tyr Ala G Gl Trp Gy Gl

Ser Cys leu Gl Glu Val Gn The Gy Ala Ser Wal Gly Val His Va Gy Al Gy Leu . The  Wal WVl
Pro WVal Lew Ala Lys Tyr Lys Arg Val Lew Pro Lew Gu Phe Met Ser Val Lew Ala Ty Arg Pro Leuw

UGGECAR

GIRE CEURCGUA CUTACCCE 3 e
Thr Ser Ser His Ala Cys Lys Gl Tp Ala Arg Ap Cys The Pro

Leu Arg Leuw Arg Met His Ala Arg Asm Gly Gin Glu Asp Ala Lew Lew Gy Als
Tyr Nl Aa e Ty Asn Tyr Val Phe Ala Cys Mat Gn Gly Met Gly Lys Lys Met His Sar T Gl Lew

UCAUUGCCCAGCGE

| | |

I I T
GUUCRRGURACGGGUCGCG

Cys Ser Asn Phe Ser Gy Pmo Ser Leu Cys The Val
Ala Al The Ser Lew Asp Mg His Tyr Ala Arg Tyr Asp Asp Arg G Val Gn Val His Cys P Ala
Gn Gn Lleu Lew Tip Thre Val The Met Hs Gy The The The Gu Lys Phe Lys Phe e Ala Gin A
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GUUCUCTOUUCCGR

STTE T e AT TR E T

i UL Y

AL LI PR T

Gly #Aa FPhe 5Ser Phe g Gl Met e
His Gu Glu Arg Ser Leu Ser Asp Cys Asp Trp Ser Gu Ala Ala Gly The Ala Thr Ser  Ala  Arg . Sar
Met Ay Ser Mal Leu Phe Pro The Ma The Gly Ag Lys Pro Glin Ala Lew Ag Leu Aa Ag  Asp Asp

AUCTUGCARRCTT CEGALRCCUGCG

T T TR S T T

UAGRACGUUUGRRCCUUGZCT WCCCCACOGCGUGEE
e Leuw Gin Thre Trp Asn Gly Thr Cys Gu Tyr Lew Gly T Arg  Thr
Ser Cys Lys Lew Gly The Gu Pro Ala Ser The Trp Gly Gy Ala  Ag

His Léu M Asn Leu Gl Arg Asn Lew Arg Wal Lew Gly Val Ala His

GRCGCUCE

Il Il Il | Il Il Il Il
AL L L L L B L L L L L L L L L
2 T TR TR T S ST

£ LUl LUl s U

CEUCGEURCES

Uiigls

UL TGELLA 2Lls
Ag Gy Thr Wal His The Thr Gin Po Cys Leu Lew
Ser His Ala Phe

Ala Met Pro  Phe

SEEFAEIEL Y 1)

Gl

LREIET Y

ARCCUZCUCCUUCCUCCU
T u Lew Gl Glu Gu Gy Gy

. Mla Arg Ser Cys The Cys Ala lle Phe Val Gy Lys Phe Gy Va T Ty Trp Arg Arg Lys Gl Asp

Glu Pro Gy &la Ala His Ala Arg Ser lew Ser Gy Ser Ser Vel Ser Gy Ik Gy Gy Gy A A

TUCUUUCGAGET

Ullelan

| | | | | | | | | | | |
1 1 1 1 T T L
GCCACGCUUGACGRCCE

GCUCCRLCUL

LEUGCCUUACACAGTS

Arg Cys Gl Leu Leu Val Ser Phe Gl Val Asp Lew  Arg is  Gly Mea Ops  Hs

Gly Ala Asn Cys Trp Phe Leu Ser Arg Leu (le Cys Asp Asp Ser Lew The Giu Cys Val Thr arg .
The Wal Arg Thr Ala Gy Phe Pha Ag Gly . Phe Ala Met e Leu Ser Arg Asn Val Ser Arg Val  Ser

LI RS L.l UUsL A Al

Ser

RUGUCRUUCUGECG UCGUTAL

Wal Gin . Asp Arg Pro Gly Gly Ser Lyt Ser Asn
Tyr Ser Lys The Ala Pro Thr Cys Arg Ala Ala Ala Lys Ala Meal
The Val Arg P Pro Leu Lew Ala Gy Ag Gin Gn Lys  Gin

e n T e e T

(=L T L wleslball Ui s

CECUUGAUGEUGUGACGGEUTICCC

Ay Thre The Thr Leu Pro A
Arg Gu Llew Pro His Cys Gin Gly
Al Asn Tyr His Thr Ala Lys  Gly
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3.5.8 DAV1 dsRNA3 sequence

2480 nt excluding poly (A) tail

LT - |

[N ST -G

PR T - RN

L0 Ll b e

w oo

W O WO ke 0 O ) O WhIe W O W) O ke

[ T I - N

(- R S

TR

Sl Uaoal

UCCUUCUCAGCT

ACCUCUUGCUUCUCCEECACGUUCUGGCCEUR
Val Glu Asn Glu Gu Al Vel Gn Asp Ag HS
Tp Ag The Lys Ag Pro Cys Lys The Gly e

Gly G Ay Ag Gy Arg Ala Arg Pro Ala

LCGGEECUCTAGCCT

Lys Lew Lew Pro Gly Gu Gy Me Pro Gu  lle Gl Met Leu Ser Mat Glu Gu val Lea Ala Mel  Leuw

Arg Ser Cys COys Gn Ma Lys Aa Cys Pro Arg Ser Gu Cys . Ala Trp Arg Arg Phe Trp Mg Oy Cys
Glu WVa Aa Aa Arg Arg Mg His Aa Arg Asp Arg Asn Val Gu HiE Gy Gy Gly Phe Gly  Asp Val

LCCTZCUCC

NI I TR BRE L

AR CTTETTR CTIC

LUl zalrabl LU UAL UL
Arg Ala Pro Ala Lys Lew Pro Glu Met Ser The Glu Lys Ala Gu Val Aa Lys Gl Asp Arg e Asp
Wal Hie Pro Arg Ser Ser A Arg . Ala A Arg Arg Gin Lys T Arg Lys Arg Thr Gly  Ser Met

Ala Cys The Amg Gu Ma Pro Gly Asp Gu His Gy Gu Gly Arg Ser Gly Glu Ang Gy Pro Asp A

GCCUCUUCCGUCUUCACCGCUUTCUCCUGGZCURGCURL

CCEUUGCCUCCGE CECRCCRCGCRCT

Arg Tyr Gly Asan Gy Gly The Arg Wal  Val Arg Asp S&r The
Ser Asp Met Ala Thr Glu Ala Pro Ala Tp Oy Wa The Gin

Arg Ala lle Tp Gk Arg Ag HE P Amg Gly Ala . Leu  Asn
ZZRRTE
! | | | ! | !
L e B B 1AL B B sy B B |
RCGUGUCGUUCACGUCEEECEUCTACGCCGEUUGE

Ma Gha Gin Va Gln Pre Ala Asp Ala Ala Asn
Leu His Ser Lys Cys Ser Pro Gn Met frg Pro The
Cys Thr Al Ser Ala Aa Arg Arg Cyz Gly Gin Arg

Pro Arg Gin  Val
Lew Wal  Arg  Tyr
S Ser Gy

Ul
Gln Pro Phe Asn Thr Gl Wal Lys Val Les Gin Asn
Asn Mg Ber The Pro Ang Lew Arg Cyps Cys Arg e

GCUSUUCTCGEEUCGICCT

GUUGUGGCUCCAAUTCCACGACGUCUUL UGTTCT

Asn Lys Ser Gln Arg Asp  Lew
Thr Mg Ma Ser Gy lle Trp

The Thr Wal Gin His Arg Gl . Gy Ala Ala Gl Ty Gly Lew Phe Arg Gin G Pro Ala Gly Phe Gy
GERGGRCRRGRCTR
Ml PR |
L B B
GCCCCACCUCCUGUUCUGA
Ma Asn Leu MVal Apg Gy Gly Gly Gin Asp Tyr Ag Ala Gl Gy Asp Phe Ser Ser Met Val Lew Ser e
Gn Thr Trp Cys Gly Val Gu Asp Lys The lle Vel A Arg Ala The Phe Mg Ala Trp Cys Ala

Lys P Gy Ala Gly Trp A The Arg Lew Ser Cys Gly Gy Mg Lew Phe Gu HEs Gy WVa Glu His
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e Gln Thr Lea Trp Arg  Ag A
Pro Arg Ser Arg Gin Arg Lys Amg COys Gly Gly Ala val

GRRGUUCUCCAGCGEUCUGGLGCARCGGLGECACUCEC
1 | 1 | 1 ] 1
1 T 1 T 1 I 1
CUUCA GGUCGCCAGRCCGCGUUGCCECCGUGAGCGCGECUTACACCGUCCGRCCCUACAUGCCUGEC

Glu va Lleu Gn Ag Ser Gly Ala Thr Ala Ala Lew Ala Pro Asn Val Ma Gly Tp Asp Mal Mg The
Lys Pha Ser Ser Gly Lew Ala Gin Arg Arg His Ser Arg Arg Met Tp Gin Ala Gy Met Ty Gy Pro
Gy Ser Ser Pro Ala Val Trp Arg A Gly Gly The A Aa Glu Cys Gy Arg Lew Gy Cys The Asp A

L L UL R DY U R

sl L e sl

ECTCAREEACTECECCEL TR

s Uiosollliza

Ala Ser leu Asp Ala Aa Aln Ser Ala g Lys Arg Tyr Pro Gy Tyr Ala Aln Phe Phe e
Arg Wal Ser Thr Ang Leu His Pro His Ala Ser WVal Thre Gin Asp Thr Leu His Ser Ser Ser Arg The
Gu Ser Ag Mg Gly Cys lle Arg The Gn Ala Lew Pro Ag Be Arg Oy Ik Llew His Po AMa Gin

CAUGACUGCE
|

GUACUGRCGUCCGCGUCGT

Met Thr AMa Gly Ala AMa Ser Al Lew Ik Ser e Leu Leu Pro Gly Gy Aa Gy Ma Tyw Gy Trp
Al - Leu Gin Ala Gin His  Arg  His - Tyr Arg Phe Phe Cys g Ala Gu lew Gle His The Ala  Gly
His Asp Cys Arg Arg Ser e Gly The Asp lle Asp Ser Phe Ma Gy Arg S& Trp  Ser e Arg  Leu

SCCEUGACT

lllzUanll CGGECCCGCCUCGRCCTCGT

A LI L L L L

CECUNUCGERCCE

i WU UL sl Al

- L B

= Asp Tyr Met Pro Ser Ala Ser g Tip Leu
Aa Pha Asp His Ala Thr Gly Leu Thr Thr His Asp Thr lle Thr Cys Ag Gn Gl A Val Gy Ser
Aa Lew Ser Thr Thr Ang A Gly . Arg Pra Thr The Arg Lew Hs Aa Wal Ser Lys Pm Leu Ala Leu

UAGGCCCUCCCUUG

Tyr Pra Gly Gy Asn The Amg VA Lew  Ala
e Mg Gl Gly The Arg Ala Cys Tp Pro
Ser Gly Ag Gu He Ala Ag Val Gy Apg

CUCCUUCRCG

CRARCCCGRGCUCCUUAGRRRACCGUUGTACE

Ser Phe The Lys Ala Asn Wal Asp Ser Lew Val Gy Tip Ma Apg Gly lle Phe Gly Asan Met Tyr Tyr
S Pro Ser Arg Arg Gin Met Ser The Val T Ser Al Gly Lew Gu Gl Ser Leu Aa Thre Cys e Thr
Lew Lew His Gu Gly Lys Cys Arg Gin Phe Gly Arg Lew Gy Ser Arg Asn Lew T Gln His Vel Leu

Va Tyr val G Pro
Thr Lys Pro . Ser Ag Top . Lew Ag Ala Met Phe Thr Ser A Gin
Arg Pro Ser Arg Glu Val Gly Gly Ser Cys Gl Lew Cys Lew Arg Mg The Arg
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CECECTTETIT =

Al UL ULA 1
Leu Gly Gl Asn Phe Ala Aa The The Wal

Trp Al Arg Thr Lew Pro Pro Lew Val Gn Arg Amg Cys The Arg Gin The Be Ser Met Ala Pro Pro
Gly Ang Gl Leu Cys Pro Mg Tip Cys Asn Asp Gly Ala Pro Asp Lys Arg Ser Gin Trp Ag Ang  Leu

GCCGACCCU LEE (I

Gly Tp Asp Ag Gy Gl Pro Pro Pro Gly
Ser Ala Gy e Gu Aa Asp Lew Leu Arg  Val

+
- sl il in it e et el sl e n (e sl Dl e sl

sGCGUGCACGCUGCGUCEUCCGCGECGEGUCCUCCTC

A Arg AMa Thr Gin Gn Ala Pro Pro Gly Gy

Gly His [} Hige ©Cys Gly Met Pro M= Val frg Amg Ser Arg Mg Arg G Glu Glu
Aa Ala Thh Gy Lew . Ser Arg e Wal Gly Cys A The Cys Asp Al Al Gly Aa Ala Arg Arg A
GUGAUCCGCUCCCUGCAGCATTC SEUGGUGUGT

t
~ A CTTR D A

CACUAGECGE AT AC P AL

sl alal o Ulaanl
Gy Asp P Leu Pm Al Ala Phe Gy Thr Lew Arg Val Ty Glu Asp Arg Ser Gu Val Val Cys The Trp
Wal le Arg Ser Lew Gn His Ser Gy Pm Cys Gy Cys Met g e Gy Gn Arg Trp Cys Val  Leuw

Ser Ma Pro Cys Ser lle Mg Asp Lew Ala Gy Va . Gly Ser Mal &g Gy Gy WVa Ty Leu
GRGAGGGCCUGCUGGUGUGCAG,

|
T T
CUCUCCCGGACGRACCE

g Gly Po Aa Gly Val Gn Mea The Gly Trp Ala
Gy Gu Gy Leu Lew Val Cys Mg . Arg  Asp Gly Mg
Glu Arg Ma Cys Tm Cys Ala Asp Asp Gly Met Gl Al

LCEGEUGUGUUUCGCACCUTTGCG

CEUCGEEUUECCUCACCUGCZCACRC

Ala  Ala Asan Gl  val Asp Gly Val Phe A
Gn Pro The Gu Tp The Val Cys Phe
Cys Ser Gin Arg Ser Gy Arg Cys  Val  Ser

Tp His Ala  Gin Val Vel Ser Gy
Lew Gly Met A Lys Trp Ser Ang  Asp
Lew Ala Cys Ala Ser Gy Lew Gy e

l l l
e f
UGGACCCACCUGCGRUGCUGLUG

E GC
Tyr Lew Gy Gl Amg Tyt Asp Asp Ala His  Arg Asp Asp Ser Asp VAl Glu Lew Ala Gy Phe Arg Asn Ser
Thr Trp Val Asp Ala The Thr Thr Leu e Ala Thr Thr Ala Mel Ser Asn Lew Arg Val Ser Ala The
Pro Gly Trp Thr Leu Arg Afg Mg Ser Ser Arg Arg Gin Arg Cys Arg The Cys Gly Phe Pro Gl Leu

GUCUGCCRC

CURCCCL LCE

Ll L 2
Phe Gly Tyr Ser Asp Thr Ala The Met Gly Leu Pro Arg Phe Ser Val  Ala AMa  lle  Aa

Pro Ser Ala [ Gn Th Lew Pro Arg Trp Wal Cys His Val S Ala Trp GIn Ag Leu Leuw H= Trp Lew
Lew Ay Leu Phe Arg His Cys His Asp Gly Ser Ala Thr Phe Gln Arg Gy Ser Asp Oys Ser The Gy

GUCGCRCCGULCG

[ 1)
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drg Ser Gin Thr Thr Thr Gly  Val  Arg
Arg Asp Cys Cys Gy Ala Ala Cys Ag Ty His Val His Ag Ag Gin Lew Ala Cys Glo

IO R T

GCACGUGUUCACUUGUGCU

CAUGUCUGGCC

| 1 | I ]
T 1 T T I
LCACGACUCECUGUACRAGROCGE

TCUGGEECCEUGAUGT G
Lys The MArg His Ty Val Ser Lys Lew His Val Aa His Val Phe Thr Cys Ala Gl Arg His  Val
Arg Pro Gy The Ser Leu Mal Leu Ser Asp Met Ser Gy

Trp  Arg Sar Cys Asn  Arg
Gly Gl His Ala Gl Glu Va Aa  Thr

UTIGUCE

CCUCCGCCRACE
Leu Glu Ala Val
Ser Trp Arg Mg Cys

lle Gy A

Cys Gin Cys Ser Ser Ag The lle Gly Ser Lew Gu Lew Ala Asp Leu Gliy Gly Gy Ala

CCAUTCTIC CUGCACGCCCCECTCACCRCCEECCT

(NS RRE LU LUC LU L B LY LI AL L D DL S

e SN

His Ay Pha Lys Gly The Gly Lys Ser Thr Ala Tyr Ty Ser Tyr Asp Val Arg Gly Glu Trp Arg Pro Asp
Thr Gly Lew Arg Val Lew Mal Arg Val Ag Arg Thr Thr Leuw Met The Cys Gly Ala S& Gly Gly Amg
Gin Val . Gly Tyr Trp . Gle Ty Gly Wal Léew Lew Leu - Arg Al Gly Arg WVal Ala Aa Gl

GUGCACUD,

Lys Tyr Gy Mal Val His Val  Asan Glu
The Asn Mer Ala Trp Phe  Thr . Met Lys JArg Pro Ag Ser Pro Leu Ser Thr Pro Pro Ser Gy Ser
Gin N Trp A Gly Ser A Gle . Ser Asp His Gly Asn Arg Arg Ser Arg Arg Arg Arg Gin Al

AGUCGCGECET

TR LTI T R A TR

I
-+
JGCACCUUGGEAGT

Uizl ali Uy
Thr Trp Asn Leu Asn Gy Thr Lew Asp Ala Asp Gy Val Ala Arg Asp Ala Phe Ser Pro Wal  Arg  Asp
Ay Gly The Ser The Ala Ag Tip Met Pro Mel Glu Ser Arg Val Thr Pro Ser Val Lew Cys Aa Thr

His val Glu Pro Gn Arg His Ala Gy Cys Amg Trp Ser A Al . Arg Lew Gin Ser Cys Ala Arg Pro

JelL VAL FUURELL U RSl AL UL

CCUGRCE

Leu Asn Gy Leu Ty Ala e Ala Ay Ay Asa Ay Arg Lew Gy Gly Val  Ag
Thr Asp Cys Met His A Ser Aarg Gy Gly The Gl Gly S& Gu Gly Phe
Gu Arg The Wal Cys Thr Ala Gy Val Apg The Asp Arg Gle Gu G Gin Glu Ala Arg Arg Gy  Ser

CGCUCCUCCUUGUCCUCCG
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U ACC T ACGAGACCCCUUCCCUCECTT

LU Al Ual baba UL UL L U UL 15T

GCUGUGCCAGUUGCGE

alzalllzal bl alL
lew Ala AMa Gly WVal Gy Met Asp Ala Lew Gy Lys Gly Ma Asn The The Ty Asp Thr Val Asn Aa

val Trp Leu Gin Mal Leu Glu Tip Met Les Tip Gy Ag Gl Ag The Gin Ag The The Arg Ser The Arg
Ser Gly Cys Arg Cys Trp Asn Gly Cys Ser Gly Glu Gy Ser Glu H= Asn Val Arg His Gly Gin Arg

GUUCGCACGUCAUUUUCAUGCT

2ACCUUCUUUC

I |

T I
RUOGRTC G 4 (51
Tyr . Phe Mla Arg His Phe His Ma Mel S5er Val Asp Ser Thr Phe Phe Pmo
Thr Ser Ser His Val le Phe Met Lea Cys Pro Ser lle Gin Pm  Ser Phe Mg
WVal Leu val Ag Thr Ser Phe Ser Cys Tyr Val Arg Arg Phe Asn Lew Leu  Ser

GCGUGC

Il Il | Il Il | Il Il
LA L L B L B L L L L
AT I Ot GoUCUGCAUNGCRD

GCCAGUCUUSUUGCUCTUCT

T RRA TR ETTTT

AU U U UL U DAl el U o UL (AL RULE NN,

The Wal &g Thre Thr Arg Arg Ser Aa Pro Ser Ala Lys A . Lys Pro . Arg  Arg Asp Wal Thr  His
Arg Ser Gl Gn Arg Gl Asp Mg Arg Lew Ala GIn Asn Asp Lys Ser His  Ser Gly Gl Thr . Arg
Gly Gl #Asn Asn Glu Lys e Gy Als . Arg Lys Thr I Lys Ala e Al Ala Arg Mg Asn Ala

leled

ANCGACTUACUTCCC

teloal UR UGG

Ma Thr Arg Thr Arg Leu Lew Met Lys Gl
Met Lew Mg Glu Les Aa Cys . . g
Cys Tyw A Asn Ser Leu Ala Asp Glu Gly
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3.5.9 DAV1 dsRNA4 sequence

1698 nt excluding poly (A) tail

B AR o Ly B ) B LRl L) B D) B LRl L) B ) B LRI L B L B LI Ri— Ly B D) O LRI Ly B CH D LRy Ly B DH B LRl o L B D

Gly Gu Mg Ser Wal Lou Ang Cys Asn Cys Cys G lew Fro He Gin Cys The Oy Arg A Gy val
Ma Sw Asp PFro Phe Gy Ma Ba Ala Aa Asp Tyr Arg lln Asn Ala Pro Al dap Glu Ma T
Asg Ang Aln B Mg Phe O Val Gin Lew les Arg e Thr Al S Mo Hs Les Gl T Asg Ay dly

Wal Asn Lys Asn Lys Sar Hs Phe His Hs Gl Gl T Thr Arg Arg He Arg Val Cys Les Gy Hs Sar
Thr Mg B2 HAsn Peo Thr Phe B Thw &sn Ly Asg Gin Asp Asp Thr G Ty Val S Val Iy
G Gin Gl . e FPro Lis Ger Sor Afg Thi Asn Asp Lys Thi Th Pro Sw Mal Ser Asg Sar Pha

Asp A Ter Thr T Ay G Argp Cys Gy Al Thr Ser Tip The Fro Ala Fhe Asp Lys Ala  Be A
Arg Thr G Gin Hs G Gy Ajg Asp Al Lys Leu His Arg Oy lew Arg Hs Ser Thr Ay Leu Ser Gl
Gy G Asn Asn Mer Glu Al Glu Mm A Sw Ty e Wal Asp Sw Gy e Mg Gla Gy Ty Gkl

Asp Mg Phe Sar Pm Asg . Lew Ber Ser Trp G e Leu Lys Gu Sor Afg T Thr Ser Val Fro
Thr Gy Ser Arg Les Ala Su val A Gy A Ty Mg Asn Arg G Mg Lew Gn Ty L
Gy Pro wal Leu MAlm Ser Leu Al Lys FPhe WVal Al Asp le Gl G e Ala As Asp Fha S Thr T

Gy Hs B Arg Mg Gu Tip T Cys Ay A Lys Alg Mei Mo Gin Sw Th Vel Hs Oy Te Ay
Asp Thr Ay Ma O Ser Gy Pro Al Asp Gy Arg Gl Cys Sor Asp Gn A Cys T Al Oly
Thr les Al G G Vel Asp Leu G Th Glu Gls Asp Asp Ala Vel Bn Asn Gy Al Lau Lou Al

Thi Les Asg Thr Cys Ser Cys Asa Leu Pro Leu Hs T Thr P Asg Leuw Gl Thr Les  Val Gy Wa
L . Gy &g Val Leu Aa I Cya Hs Os T Mg Pro Ha  Asp . Arg Arg T Tm Gl Cys
Tyr The G Asp Val PR Lou Gin Pha Ala e HAa His Asp Pro The Be Arg Asp Ala Gy Gy Asn

Gy Leu Soer Leu HE Mg Sef Sor Gn Pro He Mg Trp Fhae Asg HE Asg Thre Val
Cya @Gy ¥al &ng A&la Mo Ber Thr Glu Al Val S« His ln Ala Gy Pha Val e Gy Gl Pha
Ala Val Wal Ty Gy Pm Gl Pro P Pro Lys Ol S Ala Th S Louw Val Ber Sor B Asp Sor B

Loy Gls Al Arg He Tip Mm A Lys A Ag  Thr
Tp Afg A Ma T Gy Cys G Ly O G Arg ©n Ag Val Cys Gy . G Gy Oy Cp Sar
Gly Gy Als Pro Les Asp Aln G Lys Aln Asp Asp Asn Gl Cys Ala Vel Gu Gl dsp Val Ma  Pro

A
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Ma B Ay Ay Les Vil Sor Me Val Sw Leu Arg Sar wal Ala Lew Cys Ser Arg Tor Lys  Amg
Glu Arg Afg Thr Gy Trp Fhe Afg T Tw &g Bw . G Ma Tp Lew Ty Ala Fo Gu G Sw G
Bar Val Gl Fro Ala Gy Fhe Asp Gy s Wal val G Gl Ag G Sor Wi Lsu Pro Asn Ly Al

Mg Hs The Thr Pm Ber Thr Th Fro P Ser Lys Arg Al Arg Ser Gy Wi Arg Lo val Ay

Asp lm Asp Arg M Gin Les A Arg P Al Al Giu Gl Asp Asg Gy Cys Asp Cys The Cys Gl
lys Thr Tyr Asp Ala lle Asn Tyr Al Al Gin G Gu Ser Ly le Gy Asp Als Thr Aln Asg Al Gl

Afg Sor Asp Al Be Ser Arg Val Ser Arg A Bor Lew Ala Ser Cys Gy Les Mg Fhe A Leu Thr Lys
Gly A Ter Arg . Al Gl Cys Ajg Oy G val T A Lew Ala Ma . G Ser Al Gl
Val Gly Arg Msp Lys Fro B Vol Gl @u Gl Phe Gl Wal Lew Agg Lou Gu Vel P Pro Asp Lys

Ma e Cys Al G Asp S Cys Sor Gor Trp Sor Lys Asn Arg Cys Ala Thh Oys Thr Sar Wal  Wal
Arg Arg Cys Ala G Gl Thr His Wal His s Gy Ala Mg Thr Asp Wal A Asg Wl Mg Leu Tre Cys
Gy Ala Wal Mg Arg fog Leu Mei Fie lle Met Gk Gin Gl Gls Mei Cys Asp ¥al Ty Val Cys Gy

Ber Sor Lys Mg Cys T Thi les g Gy Tyr Lou Gl Low Asn Ser Fhe Tip P Gl Phe  Sor
His  Arg Ser val  val Gy Ay Gy Asp Ter . Als Thr Asp Sar O Lou Asn Ser HB  Asp
vl Bo Gu Al Les Leu Asp Ala Lys Gy e Fro Mg Fm Gl les Vel Les Al Ser e Leu Mm The

Afg M A Sar T Ly Cys G Wal Gl T Arg Lys Fm  Swr S
Glu Gis Gy Wal A Ser Al Al Oy Sw G Ma Asn Pm Gl Val Val Cys His O . Pre A
Ser Lys Glu Ty G Wal Ay Arg Ma Val Al Gl Th Leu Lys Ser Fhe Val Me Asp Asp Fhe Gl

Ma Afg Mot val A Fhe Gy Vel Bw Al Vel Asn Be Thr S Les Fro His Lew Al S Tp AR
Vil Hs G Tre Phe Ala Leu Al AMa Mg Sar Thr Leu PFro Hs Oy Hs le Oy Gy Vel Gy Gl
Cys Thr Asn G B Leu Tp A G Ay Gy Gn Hs Ty Les e Aa T Ser Al Gu Leu Gl

el ol Sl PR

Ag Mn Gin Thr Thw Ay Lou Cys Arg Les Thr Asn Gy A Ser Cys Pro G Sar Ala Aln Arg Fha
Gy Hs A Arg @©n Gy So Val Vel . Mg Thr G Gl Wal Val G Ala Gin Pro A Gy Les
Glu Gly Th Asp Asp Lys Ma Lew Ser Fhe Asp Gk Ag Lys Lys Llew Ser A Leu Ser A Als Vsl Oys

139




PWho b om B WMo 8 8K [ B 00 Lo W B D0 LR W B DB R W B D) B W 8 0D W L 0 )0 B O

Vol Ser Al Ang Ty Ala Cys Asp A Arg e Ag Ala Ser Val Gl Cys Cys Ser Thr Lew Asg  Ala
Cys Hs Gl Asp Me Arg Aln T Gl G Ty Gy Lew Arg . Al AWM Aln A3 Leu Ty Aa He
val Thr A Be Cys Wal Arg Gin Lys Asp Th Gly Phe Gy Ag Les Lew G He  Ser The Arg M

The The Ser Gly Ala Wal Asn Fro Arg Lys Mg Ala Asg Vel Asp Leu Arg P Val Ma Leu Th
Glu Fro Les Lew Aa Pm . On Leu Gk Sw Al Ag Gy Te Th Gy His G Tp Pm . Af
fsn Hs Phe Tip A A Gl S Ser Lys Ala Arg G Gy Oy Lles G Aln Met Ser Gl Leu  Asp

Tef Phie Gy Tre e Cys Ala Ala Wal Pro Ala Lew Afgg Gy Tp Gy Thr Ty Gy Lau - Gy Pra

Leu Sor Wal Oy Phe Vol Les Fm Ty Gn Arg Ty Ala Gy G Vel Hs Me Gy Fhe Gu M Arg
Asp Fhe Am Leu MAsp Leu Cys Cys Arg Thr Ser Ma Th Asg Val Gy Tyr e Tp Ma Lles Asg Pro G

Ay Asn Al Mg Mis Trp G Cys Mel Val Vel Arg Fra Phe Gy Ser Tp Ay Th A Ma FPhe
Gly Thr A Msp Gy Thr Gly Asp Al Tip Lew Fhe Asp Asp Lew Ser Gy val Gy Ol leu Gy Oy
Gis Arg ¥ai Thr Ala Lew G Mei Hs Gy Cys Sor Mei Thr Phe Asg Gls Les Ma Asn Ser Asp Val

val Bw G Ser G Thr P Asp Tip @n Lo Sor Ser Al The Thr Gy G Leu Al Trp Cys  Gin
Ber Ty Gin Gk A Gu Fro Gin e Gy Asn Val Ajg Ang Afg Arp Gl Ala Top Pro G Wal B
Ag B Asp Lys Ajg MAsan Fro A Leu Ma e Gk Phe Gy Asp Asp Gy A Fm Gy Lles Wal  Sar

Arg Gly Ma Thr Ala A Fhe Gy Al Arg T Les Trp G Bw Be Gy Gy Thr Tp Tp Fhe
Ma AMn Gin Arg A Vel Les Gu Pro G Gl Ang Cys Gy S Gin Lew G Gy Ag G Gy S
Mla Arg Afg Asn Ol Ma Pra T Ser Gl Val Asn Val Vel Aa Val Ass T G Asp Val Ve val P

Lou Lou Arg Trp Les Gin His Sor Asp Ser Vol Bor Arg Thr G Phe Vil Les Pm Gl His S Gly  Ser
Cys Les O Gy Cys Ser B¢ Gn B P Cys Hs Aln Loy Val lew Cys Phe Leuw Asn The Fro Gly
Ma . Wal Vsl Ala Al Fhe Mg FRa Ay Vel Thr M T Pha Cys Ala Ser Sar Thr Les Ay Gl

T Gin Ter Leu Afg Gl Ser Vel Asn Alg Ser Ser . Al M Gk Sar . . HE  Sar  Af
Ml Fro Ajg Leu PFha Ala Sor  Lew Thr Gly ¥al Hs Lys PFro Tip Al Ala &g Ay 3w le Hs  Asp
His P Ass Ser B Fr Vel Cys Lys Gn G FPhe [l Ser Hs Gl Gl Les Ass Wal Ala Pha  Thr

Wal Asn Val EBer Pro
Mot B Thr Ang Cys fAsp

140

i

(3

[xhl



4. Chapter 4 - Identification of a Novel Deltaflexivirus, Fusarium

Deltaflexivirus 2 (FDFV2), Infecting Fusarium oxysporum f. sp. melon
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4.1 Introduction

4.1.1 Fusarium oxsporum

Fusarium oxysporum is an Ascomycete fungus selected as no. 5 of the top ten plant
pathogenic fungi in the world in 2012 in the journal Molecular Plant Pathology (Dean et
al., 2012). F. oxysporum is a common soil-borne plant pathogen having a wide host range,
caused agricultural economic damage. The main symptoms include wilting, browning of

vascular bundles and even plant death.

4.1.2 Deltaflexiviridae

According to ICTV (https://ictv.global/taxonomy/), Deltaflexiviridae was
established in 2017, with three deltaflexviruses—Sclerotinia sclerotiorum deltaflexivirus
1 (SsDFV1) (Li et al., 2016), Soybean leaf-associated mycoflexivirus 1 (SlaMFV1)
(Marzano and Domier, 2016), and Fusarium graminearum deltaflexivirus 1 (FgDFVT)
(Chen et al., 2016). Until now, more and more deltaflexiviruses have been reported (Table
4-1). In general, all the deltaflexiviruses are mycoviruses, with linear (+) ssSRNA genome
of 6-8 kb in size. However, no virions have been observed yet (Li et al., 2016; Hamid et
al., 2018).

In this study, I identified a novel deltaflexivirus, Fusarium deltaflexivirus 2 (FDFV2)
in F. oxysporum f.sp. melonis. Through virus particle purification and protein analysis by
LC-MS/MS, the results suggested that the 8.2 kbp ssSRNA genomes were packaged in a
isometric or filamentous particles consisted with the 18 kDa proteins. To my best

knowledge, this is the first discovery regarding the virions of Deltaflexivirdae.
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4.2 Materials and methods

4.2.1 Fungal strains and culture conditions

Fusarium oxysporum f. sp. melonis isolate Fom 405 (race 1, 2y) was discovered
from Fusarium wilt of melon in Ibaraki prefecture of Japan in 2006. The isolation and
identification were conducted by Dr. Okada. The isolates Fom 405-W and Fom 405-P
were isolated during subculture of Fom 405. All the isolate grown on D-PDA media (24
g/L Difico™ Potato dextrose powder and 15 g/L agar) at 25°C for 7 days, and the mycelial
discs were stored at -80°C in glycerol. For liquid culture of dsRNA extraction and virus
particle purification, mycelial discs were inoculated in PDB (24 g/L Difico™ Potato
dextrose powder) and cultured with reciprocal shaking (60 strokes per min) at 25°C for

one week.

4.2.2 Determination of viral RNA sequence and phylogenetic analysis

The viral dsSRNA was purified from strain Fom 405 by the spin column method
described in section 2.2.5. The complete viral sequence was determined by Dr. Okada
with the same procedures in section 3.2.3.

The sequences of Tymovirales were retrieved from Genbank (Table 4-1), and followed

the procedures in section 2.2.9 to build the phylogenetic tree.

4.2.3 Detection of subgenomic RNA

The total RNAs were purified from 0.2 g dried mycelium of strain Fom 405 by
Trizol® reagent (Thermo Fisher) following the manufacturer’s protocol.
For DIG northern hybridization, 10 pug of total RNA per sample was subjected to

northern hybridization analysis following the procedures in section 2.2.7. The primers for
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DIG DNA probes synthesis were listed in Table 4-2. The positions of DIG probes were
shown in Figur 4-3A.

The 5' rapid amplification of cDNA ends (RACE) was performed with SMARTer®
RACE 5'/3" Kit (Takara Bio USA, Inc., CA, USA), and 1 pg total RNA was subjected to
the analysis. The primers (Table 4-2)— FDFV2-NB-ORFI1-R, FDFV2-NB-ORF2-R,
FDFV2-NB-ORF3-R, FDFV2-NB-ORF44-R, and FDFV2-NB-ORF5-R with UPM
primer of SMARTer® RACE 5'/3' Kit were used for specific PCR detection following

manufacturer’s protocol.

4.2.4 Purification of virus particle and analysis of virus-associated proteins

The following purification procedure was conducted under 4°C. For partial
purification, the protocol followed the published article (Howitt et al., 1995) with
modification. In brief, 20 g dried mycelium was ground to a fine powder with liquid
nitrogen, then mixed well with 40 ml buffer A (0.1 M sodium phosphate, 0.2 M KCI, pH
7.4). The mixture was mixed with 20 ml chloroform and vortexed, then centrifuged at
11,000 x g (TOMY Suprema 21, NA-8 rotor, Japan) for 20 min. The upper aqueous phase
of the supernatant was ultracentrifuged at 120,000 x g (Hitachi CP8OWX, PSOAT rotor)
for 90 min. The resultant pellet was resuspended in 3 ml buffer A with gentle rotation
overnight. The suspension was transferred to three new 1.5 ml tubes and centrifuged at
2000 x g for 10 min to remove debris. The supernatant was filled up to 10 ml with buffer
A, then ultracentrifuged at 120,000 x g (Hitachi CP8OWX, PS8OAT rotor) for 90 min. The
resultant pellet was resuspended with 0.5 ml buffer A in a 1.5 ml tube overnight. Finally,
the suspension was centrifuged at 1,700 x g for 5 min to remove debris, then stored at

-20°C.
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For purification of sucrose gradient, the protocol modified from published article
(Jia et al., 2017). Ten grams of dried mycelium was ground to a fine powder with liquid
nitrogen, and mixed with 100 ml buffer A, then centrifuged at 12,100 % g for 30 min. The
resultant supernatant was subjected to ultracentrifugation at 110,000 x g (Hitachi
CP8OWX, P45AT rotor) for 1 h, then the pellet was resuspended in 2 ml buffer A
overnight with gentle rotation. The suspension was layered on 20 %-60 % sucrose
gradient and centrifuged at 50,200 x g (Hitachi CP8OWX, P28S rotor) for 3h, then
fractioned into 20 fractions. All the fractions were stored at -20°C.

The purified virus suspensions were confirmed by TEM following the procedures in
section 2.2.3. The virus-associated proteins were analyzed by SDS-PAGE and LC-
MS/MS described in section 2.2.4. The presence of viral RNAs in virus suspensions were

confirmed by RT-PCR with specific primer pair for FDFV2 (Table 4-2)

4.3 Results
4.3.1 Morphologies of colonies and genome organization of FDFV2

F. oxysporum strain Fom 405, a dsSRNA segment of about 8.2 kbp in size was isolated
by the spin column method (Figure 4-1A). After full-length sequencing, blast search, and
phylogenetic analysis (Figure 4-2), it was identified as a new deltaflexivirus (8125 bp
excluding poly (A) tail), called “Fusarium deltaflexivirus 2 (FDFV2)”. Two isolates with
different colony morphologies, Fom 405-W and Fom 405-P, were isolated during the
subculture process.

Fom 405 (original) colony were the fastest growing with no visible pigment
accumulation (Figure 4-1B). Fom 405-W colony grew slowly, with irregular colony edges
and white hyphae in the center of the colony, and had the highest amount of red pigment

accumulation among the three isolates (Figure 4-1B). Fom 405-P colony was also slow
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growing, with irregular colony edges, medium accumulation of red pigment, and no white
hyphae in the center of the colony (Figure 4-1B). 8.2 kbp dsRNA segments were detected
from both Fom 405-W and Fom 405-P (Figure 4-1A).

The genome of FDFV2 has five ORFs, of which ORF1 encodes a 220 kDa
polyprotein related to replication, including domains of methyltransferase, helicase and
RdRp (Figure 4-1C). ORF4 encodes a protein of about 18 kDa (Figure 4-1C), which was
shown to be a possible component of the viral particles in this study. ORF2-, ORF3-, and
ORF5-encoded proteins are hypothetical proteins (Figure 4-1C). The nucleotide sequence

of FDFV2 will be deposited in Genbank of NCBI (Appendix 4.5.1).

4.3.2 Detection of subgenomic RNA of FDFV2

I failed to extract the total nucleic acid with the RNeasy Plant Mini kit (Qiagen,
Germany) (data not shown), while using the Trizol® reagent (Thermo Fisher) successfully
extracted the total nucleic acid in high concentration from Fom 405 mycelia.

In northern hybridization, the DIG DNA probes for each ORFs and mixed probes of
FDFV2 detected only 8125 nt full-length segments of FDFV2 (Figure 4-3B). Only the
full-length segment of FDFV2 was detected in detection of mixing five types of probes
(Figure 4-3B). None of the above northern hybridization analysis detected any
subgenomic RNA in FDFV2 (Figure 4-3B).

The result of 5> RACE (Figure 4-3C) revealed that the specific primers amplified the

amplicons which might correspond to the hypothesized subgenomes (Figure 4-3D).

4.3.3 Virus-associated particle and virus-associated proteins

To purify the viral particles of FDFV2 or virus-related proteins, I first performed a
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partial purification, and the resultant purified suspension was confirmed by SDS-PAGE
and three protein bands were observed (Figure 4-4A). The purified suspension was used
for TEM analysis and two kinds of particle form were observed, one was isometric
particles (~35 nm in diameter; Figure 4-4B, yellow arrows) and the other was filamentous
particles (~800-1000 nm in length; Figure 4-4B, red arrows).

To separate the two kinds of virus-like particles (VLPs), I used 20-60% sucrose
gradient for further purification. Total nucleic acid of each fractions purified by sucrose
gradient was extracted and visualized by agarose gel electrophoresis, and only dsSRNA
bands of about 8.2 kbp in size were observed in fraction 2 (Figure 4-5A). Since FDFV2
is a ssSRNA virus, RT-PCR was performed for all the fractions to detect FDFV2 using
virus specific primers. The virus was detected from all fractions with a target band of
about 550 bp (Figure 4-5B). In the SDS-PAGE electrophoresis, two protein bands were
detected in fraction 2 (Figure 4-5C), which were the same size as the bands in the partial
purification (Figure 4-4A). No significant bands were observed in fractions 3-20 (Figure
4-5C), but the RNA genome of FDFV2 could be detected by RT-PCR (Figure 4-4B).
Therefore, I mixed the fractions 3-20 and concentrated for SDS-PAGE. A protein band of
about 18 kDa was observed in SDS-PAGE electrophoresis (Figure 4-5D), which was the
same size as that of partial purification (Figure 4-4A).

[ used TEM to observe resuspensions of fraction 2 and mixed fraction. In fraction 2,
it was observed that most of the particles were isometric and a few were filamentous
(Figure 4-5E). In mixed fraction, clear filamentous particles and very few isometric
particles were observed (Figure 4-5F).

To clarify the relation between the protein bands from SDS-PAGE (Figures 4-4A
and 4-5D) and virus particles, I collected the protein bands and subjected to the in-gel

digestion, then analyzed by LC-MS/MS. Comparison with the database showed that the
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18.2 kDa protein was encoded by FDFV2 ORF4 (Figure 4-7C). To the best of my
knowledge, this is the first finding related to virus particle and viral protein of
deltaflexiviruses. The 49.7 kDa and 43 kDa proteins were from the fungal host F

oxysporum (Figures 4-7A and B).

4.4 Discussion

To the best of my knowledge, no viral particles of deltaflexivirus have been found
so far. In this study, I identified a new deltaflexivirus, FDFV2, and observed two VLPs
that may associate with FDFV2. Virus purification results showed that spherical particles
of 30 nm in diameter coexisted with FDFV2 dsRNA segment (Figure 4-5), while
filamentous particles were associated with ORF4-ecoded 18.2 kDa protein (Figures 4-5
and 4-7C). I’'m going to perform immunogold TEM with antibodies against FDFV2
ORF4-encoded protein to further confirmation.

In 2021, Sclerotinia sclerotiorum deltaflexivirus 3 (SsDFV3) was reported as a virus
with a tripartite genome (Mu et al., 2021). In this study, northern blot results showed that
no subgenome was observed (Figure 4-3A and B). But, the 5S’RACE (Figure 4-3C)
indicated that FDFV2 should have subgenome to express the viral proteins. The
organization of subgenomes need to be further confirmed by northern hybridization with
riboprobes in the future.

In this study, a new deltaflexivirus, FDFV2, was identified. This is the first report of
deltaflexivirus that may associate VLPs, Protein functions and the strategy of gene

expression need to be further confirmed.
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Table 4-1. List of the amino acid sequences of viral RdRps used in the phylogenetic

analysis of Deltaflexiviridae.

Virus name | Abbreviation | Accession No.
Alphaflexiviridae

Allexivirus

Shallot virus X | shvx | NP 620648

Botrexvirus

Botrytis virus X | BotV-X | NP_932306

Lolavirus

Lolium latent virus | LoLV | YP 001718499

Sclerodarnavirus

Sclerotinia sclerotiorum debilitation-associated RNA virus | SsDRV | YP 325662

Platypuvirus

Donkey orchid symptomless virus | DOSV | YP_008828152

Potexvirus

Potato virus X | PVX | YP 002332929
Betaflexiviridae

Carlavirus

Carnation latent virus | cLv | aJx15400

Foveavirus

Apple stem pitting virus | ASPV | NP_604464

Robigovirus

Cherry necrotic rusty mottle virus | CNRMV | NP_059937

Capillovirus

Apple stem grooving virus | ASGV | NP_044335

Chordovirus

Carrot Ch virus 1 | cchv—1 | YP 009103999

Citrivirus

Citrus leaf blotch virus | CLBV | NP_624333

Divavirus

Diuris virus A | DVA | YP_006905850

Prunevirus

Apricot vein clearing associated virus | AVCaV | YP_008997790

Ravavirus

Ribes americanum virus A |  RAVA | YP 009553496

Tepovirus

Potato virus T | PVT | YP 002019748

Trichovirus

Apple chlorotic leaf spot virus | ACLSV | NP_040551

Vitivirus

Grapevine virus A | GVA | NP_619662

Wamavirus

Watermelon virus A | WVA | YP_009357235
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Deltaflexiviridae

Deltaflexivirus

Fusarium graminearum deltaflexivirus 1 FgDFV1 YP_009268710.1

Sclerotinia sclerotiorum deltaflexivirus 1 SsDFV1 YP_009508363

Soybean leaf-associated mycoflexivirus 1 SlaMFV1 YP_009508374

Sclerotinia sclerotiorum deltaflexivirus 2 SsDFV2 YP_009552771.1

Sclerotinia sclerotiorum deltaflexivirus 3 SsDFV3 UOJ41056.1

Fusarium deltaflexivirus 2 FDFV2 this study
Gammaflexiviridae

Mycoflexivirus

Botrytis virus F BotV-F NP_068549

Tymoviridae

Maculavirus

Grapevine fleck virus GFkV NP_542612

Marafivirus

Maize rayado fino virus MRFV NP 115454

Tymovirus

Turnip yellow mosaic virus TYMV NP_663297
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Table 4-2. List of the primers used in chapter 4.

Primer name

Sequence

Purpose

FDFV2 detF4978-4997

5'-ACTGTTCTAAGCGCACGGAA

FDFV2 detR5548-5529

5-TCTTCCGGTTTCACATCGCA

RT-PCR detection

FDFV2-NB-ORF1-F

5'-GGCTTACCCCTTACTTATTTGTG

FDFV2-NB-ORF1-R

5'-GGTAATAGTCCACCAAATGACG

FDFV2-NB-ORF2-F

5'-ATGGCAACTGTCTTCGATAAC

FDFV2-NB-ORF2-R

5'-CTACAATTTCTTGATGGAGCG

FDFV2-NB-ORF3-F

5'-ATGTTTAGCCACCCTTTTGTC

FDFV2-NB-ORF3-R

5'-AGACATGCTGGAAGGAAAACC

FDFV2-NB-ORF4-F

5-ATGTCTGACCTGGTTGGTG

FDFV2-NB-ORF4-R

5'-TCATGATTTCCAAGTCTGCAC

FDFV2-NB-ORF5-F

5'-ATGAACGCTCTGCCGCCG

FDFV2-NB-ORF5-R

5'-TCAAACCAATGTGAAATAATAG

DIG DNA probe synthesis
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Figure 4-1. FDFV2-infected Fom 405 isolates.

(A) Agarose gel electrophoresis of dSRNA genomes extracted from the mycelia of

FDFV2-infected isolates. (B) Colony morphorlogies of FDFV2-infected isolates on

D-PDA media. (C) Schematic diagram of FDFV2 genome.
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Figure 4-2. Phylogenetic analysis of Tymovirales.
Amino acid sequence of RdRps of the members in Alphaflexiviridae,

Betaflexiviridae, Gammaflexiviridae, Deltaflexiviridae, and Tymoviridae were used.
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Figure 4-3. Detection of subgenomic RNAs of FDFV2.

(A) Positions of the DIG DNA probe used to detect each FDFV2 ORFs in the northern
hybridization experiment. Red lines indicate the position of probes. (B) Total RNAs
extracted from Fom 405 mycelia were subjected to northern hybridization to detect
the subgenomic RNAs of FDFV2 with the DIG DNA probe. (C) The result of 5’RACE
showed that specific primers detected the predicted bands. ORF1: UPM primer/
FDFV2-NB-ORF1-R; ORF2: UPM primer/ FDFV2-NB-ORF2-R; ORF3: UPM
primer/ FDFV2-NB-ORF3-R; ORF4: UPM primer/ FDFV2-NB-ORF4-R; ORFS5:

UPM primer/ FDFV2-NB-ORF5-R (D) Schematics of hypothesized subgenomes.
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Figure 4-4. Partial purification of FDFV2 virus particles

(A) SDS-PAGE electrophoresis of partial purified FDFV2 virus particles. Red arrows
indicate the protein bands. 13% SDS-PAGE, 120V, 150 min. (B) Virus-like
particlesilces were observed by TEM. Yellow arrows indicate the isometric particles,

while red arrows indicate the filamentous particles.
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Figure 4-5. Virus particle prurification by sucros gradient ultracentrifugation.
(A) Agarose gel electrophoresis of total nucleic acids of purified fractions. (B) RT-
PCR using FDFV?2 specific primers. (C) SDS-PAGE electrophoresis of purified
fractions. (D) SDS-PAGE electrophoresis of the concentrated fractions. 1: fraction 1
in (A); 2: fraction 2 in (A); Mix: mixed and concentrated fractions 3-20 in (A). (E)
Isometric particles (~30 nm in diameter) of fraction 2, and (F) filamentous particles

(~800 nm in diameter) of mixed fraction were observed byTEM. Scale bar=200 nm.
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Figure 4-6. Estimation of FDFV2 associated protein for LC-MS/MS.
Protein band®: 1.7 pg in total; Protein band®@: 3.3 pg in total; Protein band®: 0.9 pg

in total.
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(A)

(B)

[ MASCOT Search Results

Protein View: XP_031038473.1

uncharacterized protein FOYG_10376 [Fusarium oxysporum NRRL 32931]

Database: F_oxysporum_protein
Score: 4232

Nominal mass (M;): 49725

Calculated pI: 5.52

Sequence similarity is available as an NCBI BLAST search of XP 031038473.1 against nr.

Search parameters

MS data file: File Name: Wu 220309 FomZ.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.
Fixed modifications: Carbamidomethyl (C)
Variable modifications: Oxidation (M)

Protein sequence coverage: 34%
Matched peptides shown in bold red.

1 MRSLLALTLA TATSAFVIPE GFDAFNNWED DLEQTLEDIF TRLREHLDEZ
51 TEQLSTEFTZ AIHNRLQDEE VFLPADNVED DESADIFGRT GGDFTDHTTY
101 ELIRKSNHTE EFFELVQEKHE EKEFGELLNSTD ANYTLFVETD EAFEHIPHHH
151 FDEPSDEFVE AVLNYHLGIG EYPASRILFT HTIPTTLEET WLGDEPQRLR
201 TSVGFSGVRL NLYSEVIAVN FETENGIIHA VNRILVPFFF IGKEISLFEA
251 QFSTLLLAFE KTDFVEYIHN VPMVGSTVFA PSNDAWRRLG PRANAFLFNT

301 ETGERYLKAL LEYQIVPNIT LYSDEVYYGD EKVSKRLYGH GDDFHIELPT
351 LLERS W HTFESWTTIV LNGHNVIGFN DAVGENGVIQ VEETIPIPFPH

401 REGEHPSEME GEISVEELEKE RLEE

EED

ENGEL

MarriX) MASCOT Search Results

Protein View: XP_031035323.1

vacuolar protease A [Fusarium oxysporum NRRL 32931]

Database: F_oxysporum_protein
Score: 2841

Nominal mass (M;): 42992

Calculated pI: 4.66

Sequence similarity is available as an NCBI BLAST search of XP 031035323.1 against nr.
Search parameters

MS data file: File Name: Wu_220309_Foml.RRW
Enzyme: Trypsin/P: cuts C-term side of KR.

Fixed modifications: Carbamidomethyl (C)
Variable modifications: Oxidation (M)

Protein sequence coverage: 39%
Matched peptides shown in bold red.

1 MEGALLTAAA LLGSRQAGVH KMKLNEKVPLA EQLATNSVED HLQSLGQKYL

51 GASRPENARD YAFATNTVNV HEVEVSN FMNAQYFSEI TIGTPPQSFK
101 VVLDTGSSNL WVPSQQCGSI ACYLHSKYDS SASSTYKENG TEFEIHYGSG
151 SLSGFVSNDV VSIGDLEIKD QDFAEATKEP GLAFAFGRFD GILGLGYDRI
201 AVNGMVPPFY OQOMVNQKLLDE PVFAFYLDDQ EGESEATFGG IDKSKFTGDI
251 EYIPLRRKAY WEVDLEAIAF GDEVAEQENT GAILDTGTSL NVLPSALAEL
301 LNEEIGAKKG YNGQYTIECD KRASLPDITF NLAGSNYSLP ATDYILEVQG
351 SCISTFQGMD FPEPVGPLVI LGDAFLRRYY SVYDLGKNAV GLARAK
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(C) (oY MASCOT Search Results

Protein View: FDFV2 ORF4

FDFV2 ORF4
Database: FoDFV1_ORFs_211206
Score: 10324
Nominal mass (M,): 18227
Calculated pI: 6.50

Sequence similarity is available as an NCBI BLAST search of FoDFV1 ORF4 against nr.

Search parameters

MS data file: File Name: Wu 211206 FoDFV1.RAW
Enzyme: Trypsin/P: cuts C-term side of KR.
Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Protein sequence coverage: 83%
Matched peptides shown in bold red.

1 MSDLVGDTSH LTQTTFPFSA VEKTLKGPQGA GHFTLTASPG FEQLIAGRAK
51 VVIRSDSLQA QVVGPPDPTK AVTVYVAAIP NGSVKWPTNA AQILTIGGAA
101 VVQHSTYVHS QPSQLKFAVE VAHQIKPKPQ VGTEPEIVYS FIVAGAEAET

151 ESYLVIKGIV EVDGVGFVQT WKS

Figure 4-7. Results of LC-MS/MS of FDFV2 associated proteins analysis.
(A) Protein band®: 49.7 kDa (B) Protein band®@: 43 kDa (C) Protein band®: 18.2

kDa in Fig. 4-5. Protein band® and @ are host proteins. Protein band® corresponds

to the protein from FDFV2 ORF4.
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4.5 Appendix

4.5.1 FDFV2 genome sequence

B
Gy Lew Pro Lew Thr Ty Lew Trp Lew Thr Glu Cys Ang P Gin Lys Lew Val Ser Pro Pro Gy Gy
Aa Tyr Pro Lew Lew le OCys Gl Mg MAsn Wal Asp His  Arg Asn Ser . Ma Lew Lem WVal G

T Lew Thr P Tyw Leu Phe Wal Ala Asp Gly Met Ser Thr Thr Gu Thr &g Lys Pm Ser Tp T Ser

Wal . Lem . Ma Ser Ma Wal Cys Val Ser Pm Thr #Asn Arg Phe Ma Ty Leu Asp Pro e Ala  Leu
Ser Asp Cys Arg Gin Ma Arg Tyr Ala Ma Gin Gin Thr Asp Ser FPro Thr Trp Thr Gin Lew Leu
Lew lle Wal Gly Lys Aeg Gy Met Mg Lys Pro MAsn Lys Gin e Mg Lew Fro Gly Pro Asn Cys  Ser

Mg Pro Ser Po Msn Ser Lys Lew lle S S Pro Aln Lys Po e S Gy The ¥al Toe Wal Tep
. Msp Mis Mis Arg lle Gl Ser . Phe Po Ma Gl Pro Ser Pm Ser Wal Gly Lew . Len Cys  Gly
Glu Thr Be Thr Glu Phe Lys Ala Asp Phe Gin Pro Ser Gin MNa His Gin Trp Asp Cys Asp Cys  val

e His P Val Pro Lys Arg Lew Lys Lew Mrg Pro Ser Asp His
Ser Gn Phe le Lew Lew Cys Gn S Al . Ser Gy HWs Po Thr Tw ke Mg Poo . Al

Msp Leu Asn Ser Ser Ser Cys Mla Lys Ala Pro Gl Ala Gl AMa e Mg Lew Thr Lew Asp Lew Gl Gin

Arg Gin Ser A His Pro Ala Lys e Pro Met Ser Val Phe Val lle Leu Lew Val Aa Ala Met His  val
Gy Asn Lew Al Thr Lew Pro Lys Ser Lew Cys Lew Ser Lew . Frhe Ser Trp Trp Pro Gin Cys  Met
Ala lle S Pro Pro Cys Gin Asn Pro Tyr Wal Cys Lew Cys Asn Ser Pro Gy Gly Mg Asn Al Cys

Cys Met Lewm Gy FPro e e Lew Ser . The Po Pro . Wal His His Lew The Lewm The Thr Lew
Ser Ma Cys Lew Gly Pro Lew Ser Cys Pro G Lew Ms HMHs Arg Cys llie e . P . Pmo Leu
Lew His MNa Trp Ma His Ty Lew Val Lev Asn Ser Thr Be Gy Ma Ser Fhe Asn Len Asp Hs FPhe

Met Asp Arg His Asn Ser Thr Pro Cys Ser e Val B2 Trp Trp  Thr b2 Thr Gl Thr Ma P Gy
Trp lle Ala Tow Thr Aln &g Lew Al Gin Ser Ser Phe Gy Gy Lew Lew Fo Mg Pro Hs Pro Val
Msn Gly Ser Po G Gl His Ma Leu Leu Asn A Mis Lew Val Asp Ty Tyw Mg Asp Alg Thr Mg Ser

Leu Arg Arg P Pro Lew Thr Thr Phe Gin lle His Asn Ala lle Ser Phe Asn His Lewm Gl Tp Asn Ty
Ser Gy Asp His Pro Lew Gin His Ser Lys Fhe Thr Thr Pro Ser Fro Ser Thr Thr Trp Asn Gy e
Gn Gu Tw Tw Pro Ty Asn lle Pro Asn Ser Gin &g His Lew Lew Gn Pro Lew Gliy Met G Lew
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Pro Asn Pro The FPro Lew Lys Lew His Mel Lew Phe lke Ser Als Lew Mg Asn Phe S Cys Wal Gl
Thr Pra Thr Ag Arg Pra . Asn Ser Thr Cys Ser Ser . Val HMis . Gy e Ser Val Ma . Msn
Fro Gin Pro Asp Ala Pro Glu Thr P His Ma Lew HMis Lys Cys Be G Gl Phe Gin Len Arg  Amg

Leu Lew Asp Cys Cys Tyr Asn Gin Be  Be Lew Ma  Ser Ser Arg . hrg B2 PFro Lew  Tyr
Cys S The Ala Ala The The Lys Phe Trp Mg His Lew Gly Lys Gu Phe Gn lle Asp S The
Thr MAla Arg Leu Lev Leu Gin Pm Asn Asn Phe Gly WVal e Ser WVal Lys Asn Ser Lys Lew Thr Leu Lew

Phe Pro Lew Pm Wal Po Tyw Mg e Lew Cys Ser A Pro Ag Thr Ser Pro Ala lle Lew Gly Pro Ag
Ser His Ser Arg Phe Arg Thr Glu Ser Cys Val Arg Gy Gin Gy Arg His P Lew Ser Trp Val  Arg
Pre Thr Pro Gly S Val Gn Asn Pre Vol Phe Gu Ao Lys Asp Wal The g Tyr Pro Gy S Ala

Ser Ser Met Mg e Ser Lys le Phe dog Cys ke Se Ser Mot Thr Ser Lew Lew Aog Ser Ala His
fsp Gin Ma Cys Ma Phe G Ay Phe Ser Gly Ala Ser Pro Pro . Arg His Phe . Gly Gl Pra Thr
e Lys His Ma His Phe Lys Asp Fhe Pro Val His Lew Lew His Asp Wal Thr Ser Gl Val Ser Pro

Met Asn Trp Lew Lys Ser Trp Ser P Lys Be Fro Lys Asp Thr . Gin  Lew Gl le  Arg
e Gly Lys Ala Gly Mg Mg Lys Ser g Mg Thr Pro Asn Ser Asn Trp Asn Glu Ser Asp
Ms Gl Lew WVal G Lys Lew Val Ma Gk Asn P Gl Gy Ms Len e Aa Thr Gly Met Asn Pro e

. Arg Phe Ser lle WVal Pro Mis Leu Lew Asn Gin Leu Val Thr Gin Leu Ser Met Thr Tp e Leu Ser
Arg Gy Ser Arg Ser Cys Arg Be FPhe Thr  Ser Ser  His  Asn val . Len Gy Fhe Phe
Gu Wal Lewm MAsp Mg Aln Al Ser Phe Giu Pro Aa S His The e Gu Tyr Asp Lew Asp Ser Phe

Ser Ger Po Wal Lew S Pro Asn Lew The S Peo Lew Lew Gy S P The Mg Gl Cys
Leu HMis Arg Phe .  Wal Mg lle Leu Lew Mis Pro Cys Lew Gly Mis G Hs Val Val  Ala
Asn Pre Val Phe Thr Gy Ser Glu Ser Glu Sar Tyr Phe Thr Pro  Ala Trp  Val Thr #&=n Thr Tm Lew

Aa Pro Lew Val Phe Val Arg Les Met Val MNa FPre T Met Lew His Cys Trp Thr Thr Ser Tp  Asp
Ms Lewm . Oys Lewm Cys val Trp Ser Mg Lew Po Cys Tyr e Wal Gy Lew Gn Wal Gl The
Arg Thr Ser Ser Val Cys Ma Ser Asn Gly Arg val Ty His Val Thr Lew Leu Asp Ty Lys Lew Gly His
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Thr %al Phe Gly Thr Phe Thr val Al Thr Pro Leu e Asn Thr Lew G His Phe Gn Leu #Ala Lew  Thr
Lev Cys Lew Ma His Lew Lew Trp Gin Arg Arg . Ser Thr His Ser Asn Be Fhe Asn Trp Lew Leu
Cys Wal Trp HMis lke Tyr Cys Gly Asn Ala Ala Asp Gin Ms The feg The Phe Ser T Gly Ser Ty

Gly S Po Lew Ser Phe Mg Aln His £ Pro Thwr Asn The Ser Gin . lle Tyr Phe Gin Als
Arg Gl Asp Pro Arg Cys Arg Phe Gly HMis Thr Mis Mg Arg lle Pm Pro Ser Gl Phe Thr Phe Arg  His
val Arg B2 PFro Ma Val Val Ser Gy Thr Lew Thr Asp Glu Tyr Lew P Val Asn Llew Lew Ser Gy

Ser Lew Thr Ser Lew Val Gl His Arg e . Mla Pro Glu Thr Ser Lew Gin Lys Fhe His Ser Trp
Fro Lew Mg Trp Ser Asn The Gly Phe Lys HMis Gin Lys Fro Lew Cys Lys Ser Phe Tiw Ala  Gly
lle Leu #Asp Phe WVal Gly #Arg Thr Pro Asp Leu Ser Thr Arg Asn Leu Ser Ala Lys Val Ser G Len Ala

Pra Lew Ma Ser Thr Po Gy Pm Pm Lenw Wal Thr Wal Gly Lew Mg Lew Met Tp Pe Gy Phe Len Pro
His Trp His Gin Pro P Gy His Ang Ser . Pro lew Gy Cys Asp Lew Cys Gy Arg Ala Ser Cys
The Gy lle #sn Pro Mg Ala Thr Al Aeg Asp Mg Trp Val Aa The Tyr Vol Aa Gy Lew Lew Ala

Gin Thr Lys T Phe Gy Gy The Ser Wal Mg Mis Phe Gy lle Lew Cys The Mg Ser Lew Phe Asn
Pra Lys G &g Les Lew WVal WVal Lew P . Asp e Lew Gl Phe Ty WVal Arng Gly His Phe Ser Met
Pro Asn Lys Asp Phe Trp Trp Tyr Phe frg Lys Thr Phe Tp Asn Phe Met Tyr Ma Val Thr Pre Gin

Gy Thr Cys Ser Asn Mis Cys Lew Thr Ser Thr Fro  Met Met Ser Ala Asn Glu Pro Val  Ser  Tyr
Ala His Aa Gn The le  Ala His Lew Len Lew OCys Mg . Ala Gn Thr #Asn Po Cys Hs T
Tp Mis Met Leu Lys Pro Lew Pm Asp lle Tyr Ser Ty Val hsp G A Lys Ag Thr g Val e His

lle Pro His Gl val Val wval Gly val Leuy Gl Lew Pm Ser Lys Phe Val Lys HMis G Phe Lew Thr Cys
Ser Hs Thr Arg Trp Trp Lew Glu Ser Ser Asn Phe Lew Gin Ser  Ser Ser Be  Asn Ser His
Pro Thr Po Gy Gy Gly Trp S Pro Aeg The Ser Phe Lys WVal Mg Lys Ala Ser lle Fro Asn Met

Lew Mg M= Phe fsn Asp Cys Pro Pro Ser Gn Lew Ala Phe Ser Cys  Ser . Phe Mg Mg Phe Leuw
Aa Phe Gly Thr Ser Thr Thr Val Ag Leu His Ser . Arg Phe Arg Val His Asp Ser G Asp Ser Ty
Pro %er MNa Lew Gin Arg Lew Ser Ala Phe Thr Ma Ser Val Phe Val Fhe Met B2 Fro Lys Be  Leu
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. wal  Arg . Ser Lew Thr Lew Tyr Lew Asn Trp Thr Thr Ser Gy Phe Ser Lys His Fhe Gy #Aa
g Gly  hsp  His g Tyr Thr . The Gly Lew Lewm Mg ¥al Phe Gin Asn Thw Lew Ala Pro
le Gly Gm Wval lle Thr Asn Val e Leu Lys Leu Asp Ty Phe Gly Phe Phe Lys Thr Les Tp Arg Leum

Ser Leu Lys Lew Thr Leu Wal Ma Ser Ty . His Leu Leu Ser Ser Pro Gl Ser Ser Pro Gly
Asn L His Trp Ser Lew Lew Be Asn Thr Cys Arg Asp Cys Ag His Mg Asn Mis Pm Arg
Ala Gy lle #Asp lke Gl &g Phe Lew Lew The Lew Al Wal I ¥al ¥al The Ala L] llie Fm Gy

Lew Mg Phe Phe Pro Asp Trp Pro Wal The Phe Gy Aln  Ser  Ser

val Cys Ser . Gly Phe Phe Pra e Gly Arg Ser Leu Lew Ala Pro Ala Lew Asp Ala Trp Mot Asp G
Ser val Val Lys Val Pre Ser Arg Leu Ma Gy His Phe Trp Arg Gin Lew Trp Met Pro Gy Tp  Be

Asn Ma Val leuw Ser Phe Trp Cys Thr Lys Lew Ser Ma Pro Gin Asp Thr Asn Fhe Tyr Leu His Cys
Mst Mg Phe Aa Ser Gly Ala Mg S Cys Mg Mg P Mg e Gn lle S le Ty Thr Ala
Lys Cys Gly Phe G Lleu Leu Wal HMs Gl Val val Gy #Ma Pro Gy Tw Lys Phe Lew Phe Thr Leu Pmo

Gin Ma Gl Gy Gy Ser Thr Lys Pm Thr Cys Gy . Lew Pro MHis Thr
Arg Gin Arg Val Val Lew Pro Ser Lew Fro Val Asp Ser Cys Lew Be Lew Ser Ma Ser Arg Thr Thr
Gly g Gl Trp Phe Tyr Gin Ala Tyr Lew Tep e Wal Ala Ser Tyr Ser Wal Lew Pro Gy Lew  Pro

Cys Gy Lew Phe Lew Gl The Vol Se Lew Ser His Met Val Gy Cys E Gly  (Gin
val HMis Wal Gly Phe Ser Leu Val Leuw Ser HMis Cys P Thr Trp Lew Ala Wal Leuw Cys Asn Lew Gly Ser
Fhe Met Trp Ala Phe Pro Trp Tyr Cys Lew Thr Val Pro His Gy Trp Leu FPhe FPhe Ma Be Tm Ma

Lev Ser Ser Lew Mg e . %Ser Pro Ma Arg Gin Asn Val Pro Ser Mg Ma Arg Ser Pro Ser  Thr
Tyr His  Pro Gu Phe Asp Mg Lew Mg Ala Lys Mel S Ag Po Gu Lew Wal Fo Gn Val Pro
Ma e lle Ley G Asn Leu e Ala Cys Ma Pm Lys Cys Pro Val Pm Ser Ser Phe Pm Lys Ty Hs

le e lle Cys Ser Thr Lew . Asn Met Cys Gly e Ser Lew Gly Asn Pro Thr Ser Gly Lew Ser  Ser
Leu Ser Ma Gin His Cys Glu Thr Cys Val Gl Ma Ser Gy Be Lew Arg Lenw Val Phe Leuw
Tyr Asn Lew Lew Asn The Wal Lys His Wal Tp Asn Lys Fro fog Gu S Tyr Val Tp Ser Phe Fhe
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Gly Mg Mg Gl Lew Lew Pro Phe . Cys Ala Ala Pre T Thr Pro
Pra HMis Cys Tw Cys Leu Leu Asp Gly Val Asp Phe Cys Ms Ser Asp Val P Ms Lew Gl Ag Hs Pro
Lew Thr Ma Thr Ma Cys Trp Thr MNa Tm Thr Fre Ma Bz Llew Met Cys Ang Thr Tyr Asn Ma Be

Asp Arg Fhe Thr Fre  Thr

is Fro Cys Ma Val Thr Val Thr Gy Lew Ma Ma Cys Arg Gin Lew  Thr
lle MAsp Lew His Ser Pro lle His Aln Asp . Lem Pro Gly Trp Lew Lew Ala Gy Ser . g
Arg Ser e Ty e HMs Pro Ser Met Arg Gly fAsn Cys Asp Arg Ma Gly Cys Lew P Ala Val Asn Val

Ser Leu Ser Po Arg Gin Phe Ma Ser Gly Met Lew Thr Tw Arg Ty A Gl Ser Lew Ser Tw Leu Thr
Ser Ma Pro Asp Ser Ser Gin Ala val Cys Bro Thr Al Thr Val Ser His Cys His  Thr
Ala Gin Pro Gn T WVal Mg Lys Mg Tyr Wal Asp Lew FPro Lew Pro Ser Wal T Wal lle Fro Asp

Ala Ser Gn Tyr Asn Met Fro Lew Wal Wal Trp Lew Lew e Gin Ala Ser e Tyr Gn Thr Gl
Pra HMis Pro Ser Thr Thr Cys Mg Tp Trp Phe Gly Cys . Ser fAsn Arg Pro Gl Ser Thr Arg Leu  Ala
Arg B PFro Val Gin His MNa val Gy Gy Lew Ma Val Asp Pro Be Gy Lew Asn Len P Asp Trp

Gy Thr #Arg Lew Arg Gin Lew Be Gl Thr Asn Fro Thr Ang  Thr His  Asn His Gin  Asp  Ser Arg
Gly PFro  Gly Gly Ser Lewm S Lys Po Tie Gn Mg ¥al Pro The lle Asn T Mg The ¥al  Wal
Arg Asp Gl Wal Gl Ala Ala Tyw Ang Asn Gin P fsn AMla Ty P Gl Len Thr Pm Gly Gl Ser Cys

Wal Ser Gly lle Val Ser Pro Ser Lew Val AMa Ay Pro Thr Cys Gly Thr Val Gy Lew Tip Hs  Ser Lew
Phe Lew Gy Lew Ser Arg Gin “al Trp Tp His Ma Pe Hs Val Val Gin Lew Val Ty Gy e His
Phe Trp Asp Cys Lew Ma Lys Phe Gl Giy The Fro Mis Met Tp Tyr See Trp Phe Met Ala Phe The

fsp Ala Pro Gin le Fro Met The Mg Ser Trp Ala Met Ser Pro Phe Lew Lys Phe Mg Asn Lew Lew
Ser Thr Mis Pm Lys Ser Gk . P Gy Ag Gly Gl Cys HMis Pro Ser . fsn Ser Gly lle Oy Cys
Arg Mg Thr Pro Asn Pro Asn Asp Pro Val Val Gy Asn val Thr Lew Pro Glu Be Gin Glu Phe MNa

Lew Cys Fro Asp Ser Glu Lew Gin Phe Fro Asp Lew Ser Lew Arg Ser Phe Ser Lew Lys Gy Lew Thr
Cys ¥al Gn lle Mg Ser Cys Asn Phe Mg Tor Cys Lem . Gy Ms Ser Ala S Mg Gy . Po
Wal Wal Ser Mg Phe Gly Val Ma e Ser Gly Les Val Ser Gl Wal e Gl Pro Gl Gly Aln Asp A
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Ty Fmo Lew Phe

G Met Pm Ser

Lew Lem Oys Pro
Pra Gly Gly Ser
Ala Ala Pro Asn Asm Glu

Lew Pra Bz Gin Gy Phe Asp Arg

Phe #Asp Pm  Pro

vs Gly Gly Gly Ser

Ser Met Lys  Be

i




G LA -

Cys Lys Glu Met Ser Asp Arg Asn Arg Lew Cys Gy P Phe Cys  Val Ser Arg  Am
Aa frg Lys Cys Po The Gy The Ala Tyr Wal Asp g Phe Al Thr Mg Ala Gl llie  Lys
Met Gin Gly Asn Val Arg Pro Gl Pro Pro Met Trp Thr Val Les Amg Asn Gl Lew G Gl Gu Len Lys

Arg MAsn Leu Asn Asn Ty Ma Ty Ms Arg . Asn Cys Ser Lys Arg Pro Ser lle Leu Pro e Ser
Gy e . The B Thr Pro Thr Thr Gy Lys Thr Als Ma Arg Asp His Pro Val Tyr Cys Ang  Ser
Gu Phe Lys Gn Lew fog Lew Fo Pro Val Lys Lew Gn Gin Gu T e Gn Tyr The Al Asp Leu

Mg Glu Pre Cys Val Trp Lew e . Mg Mg The Lew Lew Phe Ser Asn Pro G Pro Pro Lew
Pro Gl Ser HMis Ma Phe Ser Gy . Phe G Gly Ma Pro Phe Cys Ser Arg lle P Ser Lew Pro Cys
Gin Mg Ma Met Arg Lew Val Ala Asp Lew Lys Ma His Pro Ser Val Lew Glu Ser Arg Ala Ser Fro

Lew Fhe Ty Lys Val Ser Thr Pro Phe Trp Thr Lew Ser Lys Ser His Thr Pro Gin Ser Pro Ser  Gin
Cys Ser The Lys Ser fugp Lew Hs Ser Gy Mg Tyr Gin Ser Mis The His Hs Se Ms Gin Aa Ser
Wal Wal Lew Gin Ser Lew Asp Ser lle Lew Asp Ala e Lys Val Thr HMs Thr Thr Wal Thr Lys Pro  Val

Ser Thr Lew Thr Leu WVal Phe Gly Ma Gl Val Lys Gl Lew Po Lew Tp Lew Phe Cys Thr Pe . Pro
Proa Arg Les Pro Trp OCys Les Gy Les A . Asm Asn Cys His Cys Gy Phe Ser Als His Pro Asp
Mis Ala Tyr Lewm Gy WVal Trp Gy Ser Gl Lys The Tow Ala T WVal Ala Phe Lew Ms The Lew The

Lew Ser Asn Wal  Ala Me . G Ser Cys Mg e Lew S Pro Phe Al Mis &g Pro S Lew  Ser
Pra . MAa Thr Ser Gin Cys Gl Asn Arg Val Aa Ty . val Pro Ser Arg Thr Gly Gl Val . Ma
Fro Glu Gin Arg Arg Asn Val Arg Be Val Ser His Thr Glu Ser Lew Arg Ma Gin Ma Lys Ser Lys

Lew Be Ser Lew Ser Pre Val Al Thr Thr Ser Fro Po Lew Pro Pro Ser Ser Lew Ser Lew Fro Leu
Phe Pmo Ala Ser Trp Lew Gin Lew Pro His His Cys Lew His  Ms  Asg . Ala Phe Hs Trp
Leu Asp Phe Pm Gl Len Arg Gly Ty fisn Phe Pro Thr e Ala Ser e e Ala Gl Pm Ser Thr Gly

Gly Ma Ser Ty Leu Thr Met Lewm Val Ser Thr Gly Gly Val Phe Tp lle Trp Ser Cys Ser Leu  lle Lew
Gy MArg His e . arg Cys  Trp wal Lew Gy G Cys Ser Gy Ser Gy His Ma His Ser
Gly Wal e Phe MAsp Asp Ala Gl Lys Ty Tep Gly Gl W¥al Lew Asp Lew Wal Met Lew The Asn Fro
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Gin Asn
Phe Ser Arg
Lew Ma Gl

Fhe Phe Val Val Asn Gy Asp Fro Cys  Gin

Sor Gor Ser . The  Wal

Leu

Mg Mg Gl A

Thr His Als

Pro Met Pro  Asp
Thr  Thr Ser Arg Fre Fro

ey

Fro  PFro
His  Leu

Pro
Gin

Gly Phe g
Val  Ser Gy

Phe Leu
Ser T

Asp  Pro

val Pm 3y Ser

Gin

Ser Gin Pro His  Asn
GSer Gl Phe #Msp Pro Ser P e Thr

Lew  Tyr  Ser
Cys e Al

Lew  Lew

Pro  Cys
Leu Ala

Tyr
Thr

Ser Lew Cys
Mg Ty Ala

Lew  Val Met Fro  Leu

His  Cys
Thr  Wal

Gin  Pro

Ser

Thr

Gin

Gly  Leu

Ser

Ay Ser Phe

Wal

Cys Lew G Thr Leu

Gly Lew Lew Ala Asn The

Leu Wal Ty

Wal Phe Argp Phe Ma Cys Lys His Ser Trp Cys  Thr

Lew Gl val

Thr

His

Pra  Pm

His His Gin

The Thr

Asn

G Thr  Thr

Pro Asn  Asn

#fsp Thr

Gly s

Ser Lys Gin Arg Thr His His

e Thr

Asn

Lew Ala Mg Lew Ala Ser

Tp

Thr Gy

Gin Asp T Hs Pro

Lys Thr Gy Be P Val Cys  Thr

Lew  Ser  Wal
Cys Lew Ty

GEin
Ser

A

frg P
val Pm

Ser  Fro

His
Thr

Gy Thr Cys
val Arg A

Mg Cys
Gly Al

Arg Tyr Val Gin Val Leu Gy

Wal Met Ala
Lew Trp Pro

Tyr  Gly

Asp Ang
The Gly Lew His Lew Lew

g

Gin

Lew Thr Lew Thr Gin MNa Fhe Lys

Aa Ty Thr Ty Ser

Lys His Ser
Sur e GR

ey

Leu

Ser Gy

Cys  Gly

Glu Asp Phe Asp Gin Asp WVal Gl

Leu Be A Met Tm Ly  Leu

Msn
lie

Pra

His #Asp  Arg
Met Thr Gy

Ala

Tp

Fro Gy
Lew Gy Gl Als  ¥al  Lew

Lys Gly Pro Phe Leu
hrg Gy Arg  Ser

Asp Ser  Ala

Leu

Leu Cys

Mot Ser

Tyr  Wal

frg

His

Al

Leu Leu  Ada

Thr  Tyr  Ser Gin

Leu The fsg

val Arg Pro Val

Sar Lys

Asp Mg

The Gty

Ser Met Ser

Cys

Leu Cys

val Ty val

Pro:

The Trp Lys Lew Trp The

His

Gly Ser Tw Gy Pro

His Ala  Gn
Thr Lew Asn

Met Glu Ma Met Asp Pro Arg Ser Thr

Leu
Ty

e g

Ser  Ala
Pra Gin

Ser
Ala

His Gin Pro
Thr  #sn A

Lys Pm Fro  Thr Gy

Gu  Val
Lys

Ser Glu  Be

Ser Met Fro
Gin  Cys  Lew

Asn Ala

Trp Ser
Gy Lew Lew Cys The Mg

Leu

Wal

Thr  Wal Tyr  MNa Les Val 2 Fm

Tyw Cys Val Arg Ala

Trp . Phe
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Ser Cys

Wal
Len

Ala Ala
Gin Pro  Asp

Lew  Ala
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Cys Ser Lew Be Gy Leu Leuw
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Arg Po Pro Phe lle Ala Thr Leu S5er Ala Aa Phe Pro Ma Cys Pm Gy Lew Pro Thr Lew Gly Leu Wal
Gy Arg Lew Lew Ser Pro His . Ala Lew His Ser Lew Lew Ma Lew Wal Cys Arg His Trp Gy
Ala Ala Phe Tyr Mg Hs lle Lys Mg Cys e Po Cys Lew Fro Trp Phe Al Asp e Gy Al Ser

Wal Trp Ser Il Phe Ser Lys Ser Cys Fro Cys Pro e lle The Ser Lew T Lys G Ala  Lew
Cys Arg Cys Gly Ma Phe Ser #Aa Ser Leuw Ala Mg Val Gin Leu Ser Mg His . Arg Arg Lys His Phe
val Gy val Glu His Phe Gin Gin Val Lew Pro Val Ser Asn Tyr His  Val Be Asp Gl Gy Ser Thr

Lev Lys Cys Trp Lew Met Thr Arg Tyr Ser Pro Wal Thr Asp P Lew Lys Thr Ser Cys Gin Lys  His
Asn  Ala Gl Ny Gl Thr Ala Gin Mg Thr His Lys Fo Mg Ala Mg Asn The
Ser Gl Met Lew Ala Asn Asp Ma Val G Pro Ser Asp Gly Pro lle Gl Asn Lew Val Pm Gl Thr His

Thi Leu Leu Leu Mg Ser Thr Wal Lys Ser Ala Phe WVal val Val Gu Leu lle #Asn Lew Lys Lys P Mg
Lew Tyr Cys . Gy Ma Pro . Arg Ma Arg Ser Tp Trp Trp Asn Ser Be hrg  Asn Arg
Phe e Ala Lys G His Mg G Gu Asg Wal &g Gy Gy Giy The Asp Gin Phe Lys Gu The Als

Lew Lew Thr His Met Tyr Thr MAsn Ala Met Tow Fo Po Lew Toe Phe Phe Mo Lew Asn Lys  Gly
Wal Cys . Pm Thr Cys Thr G Thr G .  His Arg His Lew Len Ser Phe Gy . Thr Lys Ma G
Pre Val Asn Pro His Val His Lys Arg Asn Asp Thr Ma Thr Tyr Phe Lew Ser Val Glu Gin Ang  Les

Asn Ley Lew Lew Met Lys Gin Be Ser His Ma Trp Po Mg Phe Ser Val Glu Thr Lys
Tre Fhe Phe Lew Ber Llys Ser feg The Mis Gl Lew Gy Ser Ala Ser Meg M= Vol . Ser e
Lys Po Ser Ser Ty Gl Ala fAsn Leuw Ala Arg Met Ala Ser Val Gl Arg Arg Asp Met Cys Gl Ala Ty

Thr Thr Ser Leu Cys Pro Thr Pm G Ser Gly Lew G Lys Ser lle  Asn Met Ser e Asn Ala Ser
Arg Gin Ma Cys Ala Pro Pro Fro Lys val Val Cys Arg Lys Ma Ser The Lew Cys Arg Ser Met  His
Msp Lys Lew Wal PFro Mis PFo Pro Lys Trp Ser Ala G Lys Mis Gn HMs Tyr Wal Asp Gin Cys e

AMa Asn Thr Wal Lew Ser Ala Mg Asn Lew Lew S Cys Pro Asn Ser Lys Mis Met Tiw Pro Aeg  Wal
Gl Arg lle Lew Phe . Ma Mis Gly e Cys Cys Po Val G Thr Gl Ser Thr . Pro His #Ala Ty
Ser Glu Tyr Cys Ser Lys Arg Thr Glu Ser MNa Val Leu Ser Lys Lew Lys MNa His Asp P Thr Amg
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Fro @&y Lew Thr Ser Ser Ser His Lew Ang Be Arg Ser Ser Mg Lys Thr Lys Asn Ma Thr Lys  Ser
Mg Wal . His Mg His Lew T Gu Ser Gy Hs Gn Gu &g Mg Lys Te Po Gn Asn Gin
The Gly Ser Asp lle WVal lle Ser Leu Lys Asn Gin Val lle Lys Lys Asp G Lys Mg Hs Lys e Lys

Lys Po Tyw G Asp Ser Ser Phe Thr Ser Met Thr Ser Pro Ser Lew Tip Ala Met Ag Leu Met Leu Cys
Ser His Thr Arg Thr Ma  His Ser Arg  Val . His Lew His His Fhe Gy Arg Cys Ma Lew Cys  Ser
Aa e PFo Gy Gn Lew lle Hs Gu Ty Asp le Ser lle The Lew Gly Asp Ala Pro Tyr Al Lew

Phe Trp Mg Mel Lys Ser Ser Mg Pro Ser Gin The Tir llke Cys Ser The Asp Ala Cys Pro Pro Lew
Wal Ser Gly G . Msn His P Gly Lew Pro Mg Gl Leu Ser Val Lew Gl Thr His Val Pro Pro
Prhe Lew Glu Asn Glu Be Be Pro MNa Phe Pro Asp Asn Tyr Lew Phe Tyr Arg Arg Met Ser Fro Fro

Bar Sar Sar Arg Lew Thr Ser Pro Ser Gy Val . The Mat WVal His Thre Pro Len Met Gin GGy
Wal His Gn Gl Lew Gin ¥al Gn Wal Ala Cys Gu Gn Trp Cys le Lew Lewm . Gy Asp Lys  Val

G Phe lle Lys Ala Tw Lys Ser Lys Tip Arg Val Asn Asn Gy #Ala Tw Ser Ser Asp Val Thr Arg Trp

Gly Thr Trp WVal Ala Met Pro Ala Cys . lle Leu Met Ser Thr Ser Cys Asn Ala P Asp Ser G Leu
Gy Arg Gy Lew Arg Cys Arg His Val Glu Pre . Cys Pro Arg His Ala Thr Lew Arg Be  Fro Ser
hsp Wal Gl Cys Asp Aln Gy Met Lew Asn Phe Asp Wal His Wal Met Gin Asp Ser Gly Phe Fro Ala

le Thr Lew Mg Pro Thr & Mg Ma Asp Cys Mg P Asn Pro Asn Met Val Lew Trp Po Pm Oy
. Leu His . Gy Lew Mis His Ma G Thr vVal Val Gin lle Po Thr Tp Cys Tw Gy Hs His Al
Asp Tyr Be Glu AMa Tyr Be Thr Arg Arg Lew Ser Ser Lys Ser Gin His Gy Val Met aa Thr Met

Arg Thr Lew Wal Be Gy Thr Fro Gy Lew . Lew Asp Ala Pro Trp Ser Arg Val Ser Pre
Gu Lew Trp Wal His Leu Ala Ser Lys Hs A . The Arg Mg Gly His Gu Tyr Ag  Leuw
Gin Asn Ser Gy Asp Arg Tyw The Tip Pm Leu Asn Thr Val Arg A Ala Val Val Thr Ser lle Val Cys

Aa Mel . #sn Arg Lys Thr Ang Leu Pro Lew Thr Ala Met Thr Les Pro Leu  lle  Val The Val WVal Pmo
Arg Cys Gl Thr Gy Arg His Gy Cys Ang . A Arg hrg  Cys  His Ser Lew Cys
Msp Wal Lys Pro G Asp The Wal Ala Wal Asn Gly Asp Asp Ala Ala lle Asp Arg Asn Oys Ser Al
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His Sor Sor Lew The His Lew Gy S Sor A The  Wal The  Wal The Ala Lew Ser Sor Lew Ala Lem
Ms Thr val Pm . Leuw Thr Leuw Gly Lew Gl Gy Lew . Arg Lew Pro Arg . Va Lew Trp Lew
The Gin Phe Pro Asp Ser Pro Trp Val Phe Lys Asp Cys Asn Gy Tyr Ag Val G Phe Ser Gy FPhe

Asn Ser Ma Ma Lew Ser Gin Fro Be P Leuw Les Gy Pre Gy Thr Gy Lew Fro Phe Cys Fn
Thwe Mg Mg Pro Ala Asn Lew Phe Mg Phe Trp Asp Lew Wal Gn Asp Cys His Phe Asp ¥al Gin
G Leuw Gy Gy P Gl Pro Thr Ty Ser Ala Ser Gy ke T Ty Amg Thr Ala lle Lew Mot Ser Amg

G Thr Lew Pm Hs Arg Thr Asn Gly Leu lle e . Thr Cys Cys Ser Thr
Arg Pro Fre Arg Thr Gy Gin Met Gy Lew Phe #Arg Fro Al Al Val His Gy Pro Gin Arg  Ser
fsp Pro Ser Aa Gin Asp Lys Tip Wal Asn Tyr Lew Asp Lew Lew Gn Tyr The Asp Lew Asn Asp Fro

Mel Pro Lew Met Trp Lew Gy Fo Lewm e Asn The Ser Pro Ser Aln Wal Ser Lew Asn Ala Tyr
Ser Cys Mis . Cys Gy . Gy Ang Ser Ser Thr Ms Gl Aa Ag Gl Pro Phe fArg . Met Len  Thr
His Ma Be Asp Wal Ma #Arg Ma Ala His Gin His Met Lys Pro Val Ser Mg Phe Ma Gl Cys  Lew

fis Tyr Ma Pro Thr Ser P Gin . Fre Phe Ser Gy Val Lew Lew Tyr
Thr Tow Towe Pro Pro Lew Pro His Ser Ser Phe Lew Wal Gu Ser Tyr Cys T
Pro Gl P Leuw Arg Pro His Phe Pro Thr Val Val Phe . Tm Ser Leuw ke Wal Lew Pro Phe Ser

fsp Ma Thr Ser Lew Pro Phe Pm Lew Lew Ser Lew Thr . Lew Asp Ser Gin Phe Phe Phe Tw Phe Asp
Met Gin Lew Lew Phe Fro Phe Pro Cys Leu Ala . Pro Asn Ser Thr Pro Asn Phe Phe Ser Thr  Ser
Cys Asn Phe Ser Ser Lew Ser Lew  Aln . Lem Msn Lewm Thr Mg Lews Pro lke Phe Phe Lew Lew Mg

Tyr S Wal Cys - s Ala  Ser Gly P Gy Aa Gl Lew Asp
Thr Ser Ala  Ser A . Thr #la lle Ala Phe W lle Thr Leu Leu Met Ala Gl Gly Arg  Ala . Thr
Fro Gin Gin Val Asp Lys Lew Leu Arg Lew Ser Ser Arg Pre Ser Trp Pro Arg Gy Gy Fro Arg

i

Arg Lys Lew Gy FPm Ser His Mg Glu Val Al Ser Ma Cys Val P Ser Met Cys Val Ser Ma
Gy Asn Lew Asp Lew Asp Pro The Als Aeg Trp Fro Wal Mis Als Cys Gin Ala Cys Als Cys Gin Lew
Pro Lys Thr Tp Thr Leu lle Pm Pro Arg Gly Gly Gl Cys Met A AMa Lys His val Mg Val Ser Cys
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Ma Gl Ser Ag Ser Val Pro Lys Lew Ala Val Ay Val Asp Lew Lew Gly Arg Arg P Ala Thr Met Lys
Lev Ser Pro Gy Ala Ser Gin Ser Trp Lew Ser Val Ser Be Fhe Gy WVal Gy Lew Lew Arpg .
Ser Wal Gn Gu Mg Peo Lys Al Gly Cys Pro Gys Mg Ser Ser g Ala . Ma Cys Ty Asp G

Gn Wal PFo Gn Se Ag Thr Ser val Twe Thw Lew Phe The

Arg Arg Gly val Gin Gly Ser Leu Pro Asp Arg Ser MHis Ser Gl Gy P Val . Gin  His Phe Ser His
Glu Glu Glu Phe Ang Gl Wal Cys Lew Thr Gy Pro Thr Val Lys Asp G Cys Asp Asn Thr Phe  His

His Cys Arg Asp Cys Thr His Gy Gy Pro Be Aa Pro B2 Hs Ser Lew Val Tp Asp Leu Cys T
Tw Wal Gu Thw Aa Hs Thw Ala Gl Leu . Ms Gn S Tw Hs Se Phe Gy le Cys Val Gl
Thr Lew . A Lew Mis Thr Mg Mg Ma Tw Ser Thr Asn Pro Les Thr Arg Leu Gly Phe WVal Leu Gly

Wal . Lys Gm G Ser Thr Mis Lew . Gl Thr Ma Phe Ag Ser Ser Gin Val Val Aa Ser Lew Trp
Ser Glu Arg Asn Ser Pro Pro Thr Ser Glu Lys FPro His Phe Asp Arg Lew Lys Tp Lew His His Ty
Lew Lys (Gly Tee Wal Mis Fo Pro Lew Aeg Asn g lle Ser Qe Wal Ser Ser Gy Cys  le lle Met

lew Ser Ser e Tiw Tor Lew Tiw Tow Phe ¥al The Ser Tip e Lys Phe Gin Gu Lew Hs Se
Arg . G HMs . Gk His Ser . Mis Lew Gly Ser Ser Phe Arg Asn Ty Thr Ag
Asp Asn Asn Be Asn Asn Be Arg Asn Be Leu Asp Gin Val Ser Gy Thr Thr Lew

Lys Pro val Thr . Lys Asp Thr  Ser Lys Lew Ser Cys Lew Mg Ser Thr Ser Fre Lew Thr
Ser Mg Ser Lew Lys Arg The Mg Mg Mis Gin Ser S Wal Wal Cys Gly Gin Asg Wal  Ser . Gin
Gl Ma Gy Hs Lew Lys Gly His Val Val Thr Lys Ma Gin Lew Ser Ala Val Asn Gl Phe Leu Asp Lys

Ser Tp Lew WVal Asn Leu Lew Ala Val Ser Mis Pro Mg Arg Ser A Leu Asn Phe P Asn Ms . Pro
val Gy Trp . be Ser Ser Lew Ser His Thr His Asp Gy val val Thr Ser frg Thr B2 Ser
Lew Ala Gy Gu Ser Peo Mg Cys Lewm The Pro The Te Giu Ser Phe Gu Lew P Gu Fo Les Ala

Tyr Tp Thr Aln Ser Mg Phe Lew Lys Lew Ser Ser A . Lem ke Wal @Gn
lle Gly Po HMis Lew Gly Ser . fMsn . Ma His Aa Ser . Ser Cys Ag
Ser Lley Lew Asp Arng Be Ser Val Lew Glu Thr Lys Lew Thr Lew MNa Asp Arg  Aa
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. Thr  Thr #rg Lew Ma Arg Llew Asp Gin Ser Lew Pro Lew Lew Asn Ala Pm Ser
ity ke G Pro Mg Asp Trp Gin Gly Ser I Lys Ala Oys g Tyr . Thr Lew His Gin
Gl Arg Thr G Leu fAsn Mis Gl lle Gy Lys Ma Mg Ser Lys Leu Ala Aa lle G Arg Ser e Lys

Thr Leu Leu Ser Wal Pha HMs Ser Ser Thr Cys Phe Gly Mg WVal Phe Les
Fro Pro Phe Cys Lew Cys Phe Thr Fro Gin Lew val Lew Gy Val Phe Ser
Mis Fo Phe wval Cys Wal Ser Lew Lew Asn Lew Phe T Al Oys Phe Leu

The Ala Ser lle Asn Lew Lew Al WVal Lew Fhe Cys Phe P Il Gy Gin

Tm e #Ma Gy Pro Asn Pro Gin Leu Arg Ser lle Cys Ser Gl Cys Cys Phe Val Ser Lew Leu Gly Ser
Gy Llew Lew Gy Arg Be His Ser Phe Asp Gin Phe Al Ang Ser Val Val Lew Phe Pro Ty Tp Ma

Phe Fhe Val Lew Phe Cys Phe Gy Lew Phe Asp Lew Phe Trp Thr Gy Glu Lew Thr Asn Ser Asn
Phe Asp Lew Phe Cys Ser Vol Lew Ala Tyr Ser lle Cys Phe Giy Gn Gu Ser lew &g T Fro The
Wal Leuw lle Cys Phe WVal Lew Phe Tp Leu lle Mg Phe WVal Leu Asp Amg Arg Ma Ty Gl Lew Gh A

Wal Gly Phe Thr Leu Ser e Ay Leu Pro lle Mis Aa Phe Pro Mla Thr Leu Gly Asn Asn Val Thr Thr
Ser Val Ser Arg Tyr Fro Phe Ma Cys Pro Ser Thr Lew Ser Pro Gin His Tm Ma Thr Thr Fro
&g Phe Hs ¥al le Hs S Po Ala Hs P &g Phe Pro Mg Asn lle Gly Gn Gin Mg Asp  His

Lys Lew Ser Mog Lew Mg Lys Ala Gn Ms fArg Lew Wal ke . Lewm Gn Hs Hs Lew Ser HMs Pro
Pra Asn Ser Mla Gly Ser Ma Mg Lew Asn Thr va Tp . Tw Asn Phe Ser e Thr Tw Hs Thr Pro
Gin Thr Gin PFro Ala Pro Gin Gy Ser Thr Fro Ser Gy Asp Be Thr Ser MNa Ser Pro Be Thr Pro

Asn Ma Arg Gy Phe FPro Ser Ser Met Ser Asp Lew Val Gy Asp Thr Ser His Lew Thr Gin Thr Thr
The His Ala Val Phe Lew Pro Ala Cys Lew The Trp Lew Wal The Lew Lew The . Lew Mg Gn Pro
G Arg Thr Mg Phe Ser Phe Gin Hs  Val . Pro Gly Tmp . Mis Phe Ser Pro Asp Ser Asp Asn Leu

Phe Pro Phe Ser Mla Wal Lys Thr Leu Lys Gy Pm Gl Gy Ma Gy Hs Phe Thr Lew Thr Ala Ser Pro
Ser lenw Lew Val P Ser MArg  Leu hrg Asp Pro Lys Gy Lew Val Be Ser His Fro  Fro  Val
Po Phe . Cys Mg Gin Asp Phe G Gy T Pro Mg Gy Trp Ser Phe His  llke Asp Mg Gin  Ser
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Gly Phe Gu Gn Lew lle Al Gy Mg Ala Lys Val Wal lle Asg Ser Asp Ser Lew Gin Ala Gin Val
G Wal Leu Ser Ser Leu Leu Lew Val WVal Pro Mg Leuw . . MAsp Pro lle P Ser Mg Leu Lys Leu
Arg Phe . Ma Ala Ty Cys Trp Ser Cys Gin Gy Cys Asp Lys Be Ang Phe Fro Pro Gy Ser  Ser

val Gy Pro Fro Asp Pro Thr Lys Ma Thr Wal Tyr Val MNa MNa Be P Asn Gy Ser Val Lys
Lew Asp Lew Pro The Pro Mg Lys Lew Sor Pro Phe The Trp Lew Ag Tyr Pro Mat Wal Pro Ser §
Cys Tp Thr Ser Arg Pro Mis Gl Ser Cys Mis Mg Leuw Mg Gly Cys Asp Thr Gl Tp Phe Arg Gl Val

Tm Pra Thr Asn Ala MAa Gl lle Les Thr e Gly Gy Ma Aa Val Val Gl His Ser Thr Tw Val Hs
Gy Pro Pro Thr Gin Lew Arg Phe Ser Arg Lew Wal Val Lew Lew Trp Cys Ser Be Lew Lew Thr Cys
Ala His Gn Mg Ser Ser Asp Ser Mis Asp Trp Trp Cys Cys Cys Gly Ala Ala Phe Tyr Lew Arg  Ala

Ser Gn Fo S Gn Lew Lys Phe Aln Wal Gu Yal Aa Ms Gin e Lys P Lys Po Gn val Gl
lle Leu Asn Leu ME Ser Leuw Ser Lew Lew Trp Lys Lew Lew Thr Ly Lewm Ser Gin Ser A Lys . Ma
Phe Ser Thr Phe The Aa . Wal Cys Cys Gy Ser Cys Ser Pro Asn Ma Lys Ala Als Ser Arg

The Glu Pro Giu Be Val Ty Ser Phe Be Val MNa Gy MNa Gu Ma Gu Thr Glu Ser Ty Lew Val
Lewm Asn Lew Mg Lew Phe Thw Ala Ser Ser Trp Lew Gy Lew Mg Pro Lys Lew Asn Pro The Trp  Ser
His . Thr . Msp Cys Leu Gin Lew His Arg Gly Trp  Gly . Gly Arg  Asn . lle Leu Lew Gly His

lle Lys Gly e val Gu Val Asp Gy WVal Gly Phe Val G Thr Tp Ly Ser . Thr Leu OCys Arg Arg
Bar Arg Val . Tep Mrg  Len Met Val Asp Les Cys Arg Les Gy Asn His Gl frg Sar Ala  Ma
Gn Gy Ty S Gy Gy . Trp Cys Mg lke Cys Aa Asp Lew G llie Met! Asn Ala Lew P Pro

Ser Thr Lewm le Trp Gu Phe lke S Lew Mg Lew Pro Lew Lew Ser Lew &g The Mg Mg Lew
Ala  Pro Leu . Phe Gly Ser Ser Phe Pro Cys Val Ser Cys His Phe Cys Leu . G Arg Gl Asp Tyr
Lev His Ser Asp Leuw Gy al His Phe Lew MNa Lew Ma MNa Thr Phe Val Ser Lys Asn Glu Lys  Thr

Gin - His Val Gin Pre Lew His Ser Lys Ser Lew Lew Ser Gin Gin Gy Met Gin Gin Val  His Lew  Leu
Msn Thr Ser Ser Phe Phe The Pro Asn Pro Ser Ser His Asn Mg Gly Cys Ser Lys Phe The Cys Cys
Thr Thr Arg Pro Val Ser Ser Leu G lle Pro Pm Lew Thr Thr Gly Asp Ala AMla Ser Ser Pro Val Ala
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Cys Trp Be Lew Asp Ser Thr . Arg  Val Leu
Wal Gl Phe Tip lle Gin HE Lys Gu Phe Phe

Thr

L
Asp

Pro  Pro fsn Ser Mg Ser Phe Lew Phe Gin

Glu Trp  Be . The Gin Lew #rg Ser Be  Lew Lys
g
Gly  Arg

hsn Gl Phe Mg Lew Asn . Asp Lew Tyr
Arg Met Asp Leu Asp Ser e Gl e Ty Thr Lys

Thr Thr Lys Met Ser Leu lle Ser Cys Pmo Mot Ala

frg Arg Arg . Wal Bhe His Ala Arg Trp  His

hsp Gl Asp G Phe Asp Phe Met Pro Asp  Gly

Phe
Ser  Phe

£ Ser
hsn Arg G Thr Asp Pro Gl WVal Ser Cys Phe Ser Mis Arg Arg
Thr  #Ma Lys Leu Bz Fro Lys Pre Pro Val Ser Val

Pro:

Ther
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